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GENBRAL WTRODUCTION



Poarasitie hdectiong i man ond entnsls copgiume o be the cnues of severe
pocial and cconomie peoblems ou soveral cestinsatsy ven in countedon wheve highly
afflclent methodn of ogricnltiwe bove heos do 2'33.@53&3&%,- mazasitiocm worsadng o
goupee of sront Sluopelal loos oo the faviming comumity,  Monoureo to combat
fostion lnolude swentracit with enthelmdethics, fprovemnsut of hypicus, climination
of vestons and ftormediote hoote a¢ well oo officient boshaadey,  But chose methode
are ftor oty anrd wet altwoys practicable and In many loctnces o difforent approach
1o veauized,

A major development in the prevestion of porapitlo adections was the
fproduction of voecination teshnigues employiug viay feradieted lavvoe (ores,
Jomntngo, Mebgyre, Mudiizon sod Upgubart, 319005 Urgubast, Joreett awd Muailigoas,
1062  Boby o yog, mony of the fendamental nspectn o the nmenity conteszed by
puch techpigmen yemoln poordy wdoratond.  This has lod to o sepcwed intersot
i the fmmune awebasiomn nvolvad i e expuision of parositan from the hoot,

i 1o eosentinl o have so experimontel syatem for axplozatory studies which
pilows o desatled analyoln of mansny of the factors Iavolved.,  Lagge domoestic onfmals
o viouitebie becosee of the thae and expenss involved o quostitotive expreimoents,

Mippoctzoneyiun braoitonain in the sec offers an oxcellopt wode! system oo it jo

eoolly quastitated, pyoducas @ gond haraunity and the e oyele io on a poneonnble
tlwe corle,
‘Thic thents 15 o gtedy of the wole of the wmast cell ond the maediotors

welsoped by R ia the muoeps xeopores of the 2ot 0 this posasite,



BN TROQEAXTEION



The oscurronce of humodiate hyparponaitivity reactions i a vavioty of
hodee borboviing pogasites Bos been noted by many yoors (soa Review by Audyows,
1062y, Relatively recoutly thope have een sugpestions that such phenomena eonld
ki hoeoficlal $0 the hoot owd evidonee supporting e hypothesin continues o
aceumulate and 1o diconased i the appyopyiate powe of this fntroduction,

RMuch researah bas boon divestad tewards chomcterioing the antibodiog
Jwvolved In mcdieting tnmadiste hyporconsitivity voactions and there hap boon. a
wnnbey of exparkments to teet the offeeto of these immusoglobuline on o tavget
enll, the mast csll (bee Roview by Keller, 196G), oo aitention bag been divected
towards the vole of the wmast cell in fumaediote hyperacnaitivity yeactions Iy vivo

anad dittle is knowe ebouk the rofe of this coll ducing parasitic Infeetions,

‘e Magt Cell

The ubloguity of must colls in vortobrates and the mony publicatiops on
agpaots of thele wmorpholapy, cytochemisiry end bnonsslogicel awd pharmaeolegical
prapertios axe an dication that thay serve ap important fuoction in the bady,  The
present divouesion s confined o coxtaln volevant appocty of moest oall streoturs fo
rolotion o thely posgible function, ‘Tholz histweical backgronud hay alveady houn
the sebject of pumerens xeviews of wideh the most sotewortly include thoae by
Michels (1938), RKiloy (A059), Benditt and Logunoff (1204), Selye (1965) and Kellop

{1966,



Tha mast coll 1o a comeetive tisoue coll whose cytoplasm is packed with
pronudae which ataln moetecheometioolly with tolulding bine (Michels, 1938).  lovpas,
Hobmaren and Wilander (3937) obcozved a zelaticpchip botwoen ot cell ponlag

ang the haporin contept of various ficsnes,  Siweo thon it bag boer shown o peveral
aeaniens that the mant call gromilas contnia loparin 2ol pasoibly othor, highly
sulphated, acdd sweopolysacchovides (Bebdlow mel Doefman, 1989; Schiller, 1963;
Hogoflodd aod Swmmexdy, 1966) HMatolopionl idertificotion of most cells b,

kil vecontly, solled uwpon the metcabeemasin of the propalon affor ataining with
baole dyes cuch an tolnddine blue,  With the developmont of now dyes aod with
gueater huowlodoe of the bindleg of polycattons and polysndons In tisoues, the basie
aya tochnljues have boon oupesceded by new methads which allow yuora sponific
recogition of polyeniong; thesa ave diccusped ia Seation I,

& bawle pecteln 19 peesomt o et coll grangles and in some gpeclon may bi
idevtified by dotochomical means Spleoe, 1903; Srowapd, 1968), Tho colonic
pm:z:tf:;}ﬂ.sa and polyaniondo hepavho hound together by tonfe Unbiages In the gravles forme
2 welotively otable motvly; o coopenuicas of Isslited mak coll graemics modeately
high sonceptrotiono of salt eve roipived for the digooctation of thig complex (Bopditt,
3964). A leapt powt of the basie protein 1o o the form of o protesiytic vasyme opd
fix £l kot thio bos chymetyypoiu«diln propertion Sonlit and Hrase, 3059 Iagunoff
aned Bonditt, 1968),

Hiday (R063) emd Riloy and Waet (1968, 1269) fowd o solationchip hetvwesn
the hiotoine contont of tiocees and thels mact coll mambaers,  Thoy chowed thag
agonts wideh consed e depranaiation of maeot cello alos doplsted the tisoue of

bistomine, Fopther ovidence ot hotaming was containod within moct eello was



suppied by the copralotion fousd botween histomine contont and mast coll aumiars

in puthologisal conditions sueh ap mast oolf twmeere (Cane, Rilay, Woene, Head and
Strond, 1956) aud wetloaria plomostose @loy, A959),  The more gpeeific localivation
af hiotomnine was foetlitated by iscluting mont colls from (e povitoesal cavity of

zave (Lvatw ond Thon, 1959) and by the dovelopmont of nenoitive fluorsoeons
rechnigues (Gulilie and Shelloy, 2906,

Papesrisnonte using loolated wags coll growalen seapended o selutions
sopiintag verylsg concontrotions of sole, ddioote thas histaming {0 rotafued within
thy gronule motsly by fonle bonding, although it iy pob cdeny whothew i in inked
o the asld mucepokssceharvids groupings on o the cavbong? geoues of tho bagls
JUXEG T (ﬁmxg, Wovotny end Uvads, 3907).  The geoasies of tho wast colin of the
wap anad saouse contain S-hydwesytyyptamdns oo well ao hiotaming (Bopdite and Lapgeanoid,
B0GAY, BT wan identified in moant eelin by Bondts, Wong, Arace and Boeper
(3208) and thena wae fwod 12 e 8 close correlation Dotweon the §-HT contont of the
tisoues and the muekoy of mage cells, Wil the developiont of the Iormaldehyde
condencation method for tho demensteagion of monoamines (Falel, 1962; Halek,
Hitlovp, Vhicme ard Toxp, 1903} the chacocteriotle beight vellow fuevesconce of
carboling, the gondencation product of mrafomanldohyde axd 547, bao bacn
Fleniifiod within mouse and #of ot ealls on suxesyous eocasions (Falek, 1202
Adomo-Ray, Dohletedim, Pose ond Hillowp, 1964 Beewbielk, 19663).

The awiess In the wast coll gronales oxe verchengeable aud &his was
demonsteated by Uvndo {1@6“3}‘ who found thet Mistaodug exkeooted from inolated

grapnios by a process of fon eshange could bo peplacsd by ooy one of o wnnbag of



brede condnes when tho paovnlon woee subooguently fuosbated fn colutions aopteloiny
cuteelde concoptiveions of the gonpective amines, B wonld ooens, thorciors, e
maee eoll grooales haviag sateleon evasioting of mbnuges of sulphated acild mugo-
pobyencohoride and asle perotcin ave ideally ovited fow vhe suontion of hapic

pwardnen oneh ag hitowadee, 647 oud dopaming,  Inthe bovlve and sheop, gome

of the mast ool contain o catesbolawmdue which o probobly dopomiss (Falek, Nyoteds,
Rocengron aad Bondlo, 19643,

The ulieactsusture of mest eolls bag bosn otadied on 2 punbisr of cocasiong,
T promales ave the oot prosinont feature i the oytaploom whitch otherwiae
contains fow osanalics,  Chovoctesistically, the granalos owe appeoxisuatoly
0, 5 mlorons f dametor, ore dolimitod by wele numdwanog and have homogencmis,
sicctrop~denoe motviven Gonditt and Logunofl, 1944, Shyoton and Clavlk, 1965;
Comiig, 19600,  The vl mowbrans peovides o stueteral baredew o tho epcopo
of tha gropssle marvtoss and 0 peobaily of considorable fumctiveal olondficonce ju
i weloose mechanioren of the enll Blomm ard Haopermagk, 1965),

Mot celin e poorly doveloped sndoplasrale peticulem oud pynedl msobarn
of mitochwndedn which cuprests thot the aelly sosrats Btle protaln avd huwve o low
mekabniie activity Mendite, 1008),  Dutheromores, e low tuemoves of loballed
sudpbrte world ndlcate hat the prenlos of adult conuective tioeus most cellc oxe
wojotively tnnetive Combn, Lapuooff apd Boadist, 196%),  The adult populetion i
wemorinbly ctable shiwe e colla fn he wormel swtove aubmol ravely wedorpo

mfonis (Alon, 1962; Combg gy ol, . 1960 Monkintopp, 1967).



Bonstions of Mogk Cole

Theoviss about maet col! sotiony axe oxtraondinexlly diverss, It ¢he
ShotnBntion of the gollo ginse baglide Dlond vessals (Ritey, 1989} oud thely content
of potort vasoncetive spbistances hove kd mony wvaestinetors to postulote o fnetion
for thaope collo i the comtrolling of the udergcivenlation (Belya, 1905 Kellop, 1966,
An Bonditt owd Logonodd (1904) pofnt out, & theory of mast coll function must ambrase
the sctivitico of the Imovwn grarale constituents, 36 iougt bo connistont with the »ate
of production aed pato oF peepotion of thy constitucaes end additionelly, should not
oply accoung 0y the dotriintion of wanot cells in pormal tioouen, but should glso
adeguegady explain tholy presspcoe o ahaepse n & varioty of patholapicol comlitions,

Hvon now, ltela io known about the fenction, 8 any, of the sxaet colls n
thely normal active state pad mege attention hao been digected towands disvovering
the effecto of poloare of the graeds compopeste and of the undevlying raechontoms
involved,  Thup, mast coll degromadation veowrs locelly in ereps of trawma whathor
of mochoniend, chomised ov bacterisl ogigis and tho dionpponrenc of magt colls ke
bean peeorded in voricuy inflovmmatory conlitions (Solye, 1960), Mot cells axe
dograveatored in onfmals uidorgolng inmedinie type hypovscnaitivity vesctioun apd
thete xole in these yeactiong is dispunsad balow,

The relapg of vasonctive auines Rem Hechorged moct cell granvics briogs
abort o leervense ik vosculor pormeabiiity which fo monifost e cedema when locatised
£ o ppeeiiic pite o ac apn snapivdactold or suophyiactio reaetion whon most cell
dogrrasmatoting cgents o autipon-oatibody eonction veapeetively bring pbout gonsvalised

waet cell demogs @ondist and Lagunoff, 1904 Selya, 065 Kellow, 1966), The



awndaog, Wistomiae oad S5-HT cange hugeased vasaulay poveabiiity ot thely effoctn
ape geanatent aod the blood wasesls beeoma vefzantory to further etiomiasion

Grooctor and Willovpbluy, $908),  The fussticns of bepavtn wion volenged fim mant
coll proslon romatn sntpmatic, aithough i welease hor feoquontly baen eosocioted
with yeduned ceopulubiiity of the Dloed (Jolwmeson, 1967),  Bondiit (1008) cupacstod
ghnt hepasin misht csobilice the chymoteypeda-ile cnppaon of e greaydes, &

fune hoewn pomtnigted that the mank eoll probeacss ave aetive o Ge valense mechsulams
o the ecll (wen below) end thes ofter seldane they minht e favelvad in acting

agaings cosepanonts fa the copnociire o, aliheugh ovidones for this rowmaing
copivonal {Tagunofl, 1909,

Virilst maat celd function may, In pogt, b geplained on the bacls of the

eifents of darpennintion, those ramains the problom of wity thess celio should ooo-
Hiopaee fnthe tloonen, A vexioty ¢f chomical anmds fovees ou fnareans ia the

wmack cell contont of tiemues; thay fageoass In e in healing woundn ond In mony
rost nflammatory conditions Benditt ovd Lapuoecd®, 1964),  Thoy have been found
o peilifavate B nobligonically otitnuloted lyunph aodep (Millar and Cola, 1968} as
viedd oo amonger ipoloted nopbold colls Hachury, 3968, Gimelawg ond Logwmnid,
1967 Ipercused membess of mack colls have freguently beon veported duthng
parssicic mfootions {(zen helew) but ttle io keowa oF the Zmctions of thoese colls, op

of the sthmolos wikeh belinge abous ey proiiferation.



The Jols of Mook Cells I Inmmoedisee Type Byporsonaliivity

Manvy lyporocasisivity xoaations axa binught abont by o specific soasitisiy
oy reagipic antihody widch 1 now ofon Wimed “howosytotiopde ™ aavibedy (14)
(Hooker and Austen, 120G, A awachen ¥ the smvlace of o tagpos well, o thog
subasipent contact with mutigon Inode 10 poloasa of phermacologic agents from that
gorget call,  The welessed agonts ot on prinmery chosk tosues of the ppaciag
stch pg omeoth touscie snd vegcunlay mrocinrss, giving sioe o (e clndeal menlfontationg
of snaphylanio ox when condined to o Uodtod axaes, cavming o el ond flave zeoction
gHeoh, I904),  HA boo hoen demonatzaied In a nendey of apecics, fncluding the
pulnsa g, wman and tha 2at Olech, 1967),

Sraces in (i @k have showi Get mest calls ave the vooin tavget celis
{Mota, 1964 slthough 1 lo poseibls ghot othex coll tyoes, soch s endothelial colls
{3loch, 1987 and eptorashromaiiin celle Caxshon ond Roay, 1963) ave alno aeusitiosd,
Rivect ovkionos for the lavolvament of mast cells i taln type of genetion inglude
the in vites volenss of nistumine from moluted, sensilived magt colly, the caposity
of sxtibistomine epd aptleeraiondo degs o lehibit (e hyporsoneitivity seaction, and
the Meapponranes of mast colls frow tlesues alter exvoswre 2o ntisen (Mota, 1964).
Tho attacheaent of BA Lo the tavget coll I indivatod by s peralsteuca ot pasulvely
sonelised ekip sitgor by Sallure to vemove It ofter sopoated waskdng from teolated
seasitised maot colls eod by the Iocaliaation of antigen on the swiroes of sensiticed
dogranlosipg subontancons wast colin (Mota, 19064 Kellew, 1966 Movat, Lovett aud

‘Calchman, 1966),



10

The mechaniomes by wifsh the oteraction of aatiges and of T4 on the
surface of she eoll hilng about the volease of vespactive muines ave pot eutively
clony, g i has beon shawn thet edigen-induced velease of histamine from sensitised
mack calle, o an enerey Tegiving pracena wideh o sonsltive to tomporeture aad
e enmyme nbibitors Hlgbory and Uendln, 1060 Mot opd Ishil, 1960, Bucher
avd Austen {3966) used phosphonaton 1o nbibit antigen udneed roleans of Rictamine
feom maes celln and sugoastsd hat ¢ waet sell eotorene wau detivesed €0 coure
membnane lyeia, although the velntloneliip of thic estermasr &6 the mest cell ohympse
daoeribed by Beadiie and Lagunoff (1962) vt nob eatablivhed,

HaA sersitivntion of mast cells osenvn tn othay species (Moahb, 1908)
basg not all romediate hyperaseeitivity veoctions ave broupht abug o the HA«tarnpos
sell-offoetor onls (Kallow, 1966}, I some apecien, notably the ply and the rahbit,
s.né.phy&m:%a way he the resuk of the ywoeipitation of asdgen-autihedy apgressios i
the hmning of biood vepesls,  'The sporepsses axe phagvestosed by polmerohkomsiony
ienkonyten and plateleta with the concomitant selzass of hydwolytic 2ugymen and
vapoaoiive amines,  The combination of vagonlop digtroction sl veloase of
biogenic oubotances, probably biinge about the severs cystamic affoers foen in ¢hia
voaction (Movor, Usinhavre, Toichoman, Boweell sad Mustard, 1962), Mota (1964)
poporied 2 glmilay voaction in the 2ot conged by precdpitniing amibodicg without the
particiration of mast cells,

it to obwlong that several meahaninmae exiar, and vary, wot only between

ppeclop, bt aloo in the typen of faducing entibody which meay bringy about dmmodiote
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hyperocpaitivity type peactions,

Mook Collo In Parasitived Homte
Talinfonero and Soxvios (1959) ebgosread that the pomilation of "Uosus bosephile*
i the dntactieal mucess of the et lnoreased In swmber devdag the course of

pfectian vwith the nemaotods Minpestegoneytue bealiopals,  Walls (0962) fouad

tist the maeck call population in the Ietectinen of Nipposteongyivn fafected wuts,
deeweaned during Sdeotion end eroaasd oo the worme had been axpcHod nod thet
the hictmmoing kovels fn thy bowel wore Miewied olerad,  In vate infoosed with

Lenptencowm sobertod, the noselior of pevitoncel waoe aulls decroencd v the early

stagas of eotion ond Jator peterned e nomal lovals (Avchor and MeGovern, 1968},
Mace sells have heen soted o leeseasn in mmber fn aevesiol spocies duving the convee
ofy ond oftas, povasitls infections (Fornes ood Fetney, 1902; Peraom, 1963 Duboow,
L8967,

Foy o pambag of poors, i€ o boeo haowa that extvacts of Aesaris produce
an affact in the bedy that closely wecemblen annphvioudn avd movs pecextly it wao
shiwn that the estracks canged degranulation of saaot golla (Ueetlo, Diament, kMégbowy
omd Thom, 19600,  Uvadls axdd Wold (1967} fsolnted a palypeptide of appyoxinealy
2,488 » §, 000 moleanior wadshn from aaaér&m exteaets and showed that i cavsed
deprenslstion of maot colle from pevm-fren vois, thereby exclnding the posolbility
Gf paiow seanitivation.

The dopmamalotion of wast colls heoupht shont by the veicese of ppecific

gipgeanniiatore shondd be Hatigpichod fram aptigen~indueod damage o pyoviously
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nensitioed mamk eells,  Brigge (LO63) found thet vommestive ¢iocue mact cells of

wieo weve netbvely sepoftlved by Wviag tefoetbono of Trichinoils splialie ond thoe

"

¢he cellp could niso be pecobwlsonsitioed wikh povitonenl £inld dialaed fvom
fnfected mice,  Active concitlontion of congastive tiogne wast celln wan seported

in wogn tnfected with Styongydodden waigl (Coldnreber ond Lewart, 1065) and Wilsoa
ond Bloch (1963) dovaamoteated thes poyitonent mang eailo from Nispookzonsyhun
Infoebad eate wore saaoiticed (o weleane blotaming on chollonge with entiporn,

Thio cocond mochonico remuiven peioy sonaiticttion of the cells hefore dogranlation

oo hdngowaine gelense takos ploce on expoture o porasitic artlsans,

Ha vad Papneibion

Sinee Oplivie (1964) vepoaxed yolativoly high levols of feagin-like antibadion
i wefs nitoy infegrion with Mippoctrenmyivg broonftlonods, HA hao been fewnd o
ppnbow of epsaing Wvbenving o vevidezy of pavaniies,  Theoo astibodios bave boon

deganged In zaibits fnfected with Schivtoroms mannonl (Avaifioy, Bodua ond Bockes,

1900} and with Bivefiaeio nadloriods (adup, Durbury. Goro and Stechoebulis, 1947),

FA haws aleo koen detected 5 heioong, shosus moakeyo and ehimponzoay infocied with

Sehlstosonn managnt Eodum. von Lichtonbers, HHelman, Biucs, Bmith aud

Sohoenbechler, 1966) as woll oo e wmice and gobbits hovhovring Triclinelia splralin

(Badom, Mote oo Gowa, 1963},
Homeogtosrosle antibudios protivccd i anbmals by Uvdng pavasitic fnfectionn

ave nimilay n meny of iy pyoporsios 0 HA artlfielally lnduecd in bavatory ashivaln
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in it they are tnoctivated Dy beativg at 56°0 o whon troated with 2 ERGLCQLEO~
athnnol and they percist at olidn siteo many days oz weehs aftoy igjection in contrast
1ol antibodics which deapocay within X op 2 daye {{iadun, Moto aud Gove, 1968},
& ie ¢he porsiotencs of these optibodics M the skin which providen the moet useful
indication of their pravence,  HA production o seoet peadily etimuloated by lving
worm foctions and an auammestin olos n the tites vecurr on woinfeotion, i
sttenpts to induce WA by vaccination with worm extracts hove proved to he
digappninting piivie, 1967,

The vousvally Weh sitven of VA dnduced Ly paranitic infoctions have gueited
much attention and it has been eugpostad that thie eondd ho the yepult of percictent
antiganie stimulation by tho nogasiton at alten whore HA preduction io pradominamt
{Opitvie, 1907).

The pregenca of Ha in Trichinella infeeted mibce (Sadua ¢t al., 1968) end In

rats infectod with Mippostrongylug {Ouitvie, 1904, 1967 Wilson and Bloch, 1908)

corgolnrate the findings that the wmouce coumective wtasue masot cells oud yatc

poritonoal mast oells ave songitlond Brigpe, 1968 Wilses aud Bloch, 1968),

Fnusimdty ¢ Poiasites

() Bvidence of Imomigy - There aow exists substantiol evidence that mony pavasitie

infoctions axa ended by g horewpolopical reaction on the port of the host,  Tha
temmination of Mippostrangyiue Infoctions s tha vat e hexalded by o drop i tho egp

production sud fg fellowed hy oxpuloion of the paraaites themeeives (Afwien, 1931
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Moilioan, Usghore, Josodngs ond Nellson, EP08; [apvett, Jorrott cnd Usqubazt, 1968),

Qrol infections with Trlchinells spivalig nee followed by long of the adult parasies

from the small ntestine Wweede e cnd of e 2ud woek of mfooilon (Lageh, 1963),

Chandize (1036) transforied aduls Nippoctrensyhe worme which wose shout to ba

expeliad Sy infosted wato futo the intestlosn of sormel yate and foned that the
vavacites vecovered and Hved for a fupther 8 « 10 dayo in the aew host hefoxe
anpoioion,

Apase fom the expulsion of pelnary infactions, other monifectavions of
Ity Jecladed the estabdichanet of zeduced worm bordons on polnfoction
tozethior with fohildition of developmoent, stunting of guewih and roduped fecundity ousd
Ioagavity of the worme in the solefocted anbnels Chandior, 190871), Thess critows

hove boen desopstyated in o pumbas of hust/pasasite selationehips including

Latyoconlue vivinorug in caitic ond In galien pigs Jervet, Jernitnge, Moltyre,

Mnltloon, Thomans and Urgubtinge, 1969 Wilsen, 1965) and Coovorin ponetatn i tho

ealf SBtewart, 1988) Oher ovidence for the nweune aspulsion of paraoiten by the
host, 1o provided by the obility of Costloone Coler, 1985 Walusteln, 1958;
Campbell, 1963} and of whole body leradiation of the boot (Loxeh, 1967) fo provess

the eoxpuislen of the wormo 2t the aid of the pedwary infoction,

2

() Porpeitle Heticens - The vavlely and complesity of hebminth setlpens have long

bedovilled attomps to eatify thoes which might be ponpousible for ctivwlating the
preduction of protoctive sptibodien fnthe host,  Excvctory and secretory proaducts

of tho pavosites, lapval exohonthing fluld opd sematic ésteacts have R boon ucad in
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atbepta 10 preduee active hinmunity sgalnnt o weelety of parosiiic tnfections,

kst o genewal, nove hog proved oo alfective as Wfections with viohile laxvae {gec
Reviow by Upquhart gt al,, 1992),  Chendles (18370} hypothesised that aome of e
eniigans wight be sneymen and his bos beca shown 1o o the cace for several pavasites
{Boulohy, 19033, ‘Theve zromaln the problend of bow to wurlly such entigens aud to
malstaln fody lovmunogeelclty apd ot the same e ety thope which stlwalate

the produotion of protestive aptibodies,

Jonee awd Ozilvie (1287) ond Wilson (1967} deutitied av ollerson profeed

feom gomatic eutvactd G eXoPetoryceerateny products of adult Nionootronmyiug

wosmnd whleh zeacts with HA,  Howevey, thero 19 no evidence thet tids allergen

ottumdaien the producilon of protective antBindics,

(e} Byldence fox Autl-navasitic Autiboedice - Poosive protection againet Nippootzoagylug

intectionn valng hyporimmpig sexa hao boon achicved on o pumnbor of occasions
(Bowles and Tolindeago, 1000 Chondlew, 19870 Bavles, 1939 Mulligen gt ol, 1265)

nad passive pretection hao aleo been condervad w0 cattlo agoinst Dickyocnuivg viviparss

Jozpett et af.» 968} and in o vagiety of oluey best/porasite yelationahips {Uogubark

ek al,, 1962y, By placing socend ctoge lawvas of Hooorie lambrienidon in millipose
chombavs, Crondall ond Arean (1964} wora nhile (o chow that the larvas coased to gEow
i ghe poitoneal covitios of hmmwans mice, bBut on bolpg placed inte ool saiee, the
Inxvae peswmed nommel grovth,  Althonpi the paseive tranafor of protection aeul the
miifivore chamber crperinents deraonoteate thot antdlndy confers oomo protection

egatnot parositas, thoy do aot show et bumseral antibody pox se o neecscortly offective



In the climingtion of parasivle Infootiong,

& hos boon kuown 00 a wurubey of yoere, that specific antibodies sgalont
a variety of amglgens ave secvered af wawous surfaces oo Raview by Pleres, 19E9),
The developroant of monospecific anpisera to the voriows clocses of heavy chalus bon
alloved (e Kentifiostion of tho calls praducing antlizedy Inthose oites and o the
fakertiond feact of o awd the ealldl, plosma cells contalutuy fed are predominaug
{Gmﬁ:ﬁbé, Coxbopere ond Pleramans, 1068 Crandell, Cobra ard Ceandnll, 1967).
Mot only ave foh preduciny colls present & fasge sumbein, Dut theve Is evitence
tunt I da preferentially aeovaied inte the gostvabiooilual and veapiratory twoct
ard to found o Bigher copceitentions in the wneo-antibodies than in the sepm
{Chodivker and Tomaed, 1963),  locally vecyetad Igh har been shown fo be osotive
agadust o anmbes of ageste nckhiding uctoria 2od vivueces Ssliontl, 1968},

¥ i8 not ¢leay whether siwmiiay meehendane opevele in paganitic wfoctionn:
Crondnil gt ol, (A967) aoted that there was en nepesse i poepan eolds comtodaing Ipdd
and fal in the integtieal laming propeie of yaihiie bavbouring T, spizalis, although
plasna colis showlang fnorasucnes for Jod were predonsinant o the mueosa ond

sereataed oo duvleg the Infoctlop,  Ioyvoases in the miwbers of lvnmtmoplohulin.

pealeeing cells bove bnen woported in the ientines of Winpostronsylug nfected pato
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{Taliafenro and Bnrlon, 300D) aud of ghnep lnfectod with Oosorbaseston colmabianum

{Ccheon, 1967), Jowrett and Shazp (1965} oboeeved an nexeosn i the punbos of
seomablosts and plaowmg cells in the nusge of eolves aftar fnfontlon with B, vivipoyeo

and Muyrpoy (4964 soted on morease n the popelction of those cello fu the abdbmaaal
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mvcasa of eolves fofociod with Ostostouta votertont,

Crokison (306G fotnd peooinitating mwiodics withio he musenlavis, the

roucope asvd nens of ohicey nfected with 0, columblapins, and wot i o mugas

amedntes, ot e vas able t deteet o soupoanibody with hostupseiutinatiuy propovtiog
{Eabeon, 196G,

R womoing £ i shown whother loeal ooesotion of omglbody b any way prekects
the bost agatnst povasiive or whethey 1€ io morely o veaction 1o the vagiety of

antigonn relesoed by the pavaalte,

Tovnotiate iyoopocuoitivity ond Avauived Tnwmnity to Fazooltio infections

Beawast (ADEY L1065 1965} ehoorved that dupoetion of Hasmonclue congartun

axvae by sheep alroedy Infeoted with the aduit paragits o with Trlchaotroneying Spp.

woguited I aone coges i the cupulefon of the nduit porositas ond s was aoeompuded
by o trnosdest pioe In e biood Botoadne and o vapld dovalomnort of ocdowma i
tho afioctad poetion of the albeecotary teoor,  Autibdotaradides, D sone IMOEGES,
bloeked #hie oifect of frophly fngmeted lorwae on the osisting infection without affenting
the subroguent 2ico in oskibody Biteo,  Rejaction of massive doces of lepvae Qivectly
o the expooed abomaniia of noraal or of hypossonoitive shoop, paptdly sl to
increaeed paristaleis sogpnentation aad oodems, only in tho hyporsenaitive nroug,
Upguibart, Mellicon, Badie cod Jepadugs Q960 notod speckios ond patchics of
ol kue c&f;s:caﬂgémﬁ?iugg to arsac of fnewveassd capiliney permeability i e lntestioal

snagonn altor siving Miopoatzonaylug lnfocted sats ltvaverong tjoctions of Beans blwe,




Wiven the dya win mized with estracto of vholo worme and given ravenously to
pate At variens ntoxvaly of thne oiter nfvckien, Thoene wao extensive biuotag of the
pneens, suesrosnopieally ovident hyseunemin, swd oo nevenaed armonng of faidity
of deoply Siwlned wmuous,

Ponthy, Jowvstt oud Uronhoet (5969) postatated thet the Ineposued capiitayy
peroeditity areonioted with a logel annplgylectle reaction woipht bo brpartast oo o
monno of aifowing o sigalfisant outvavassulay feak of plogma futo the nubopitheliol
spaced of the il ox fato the Iutacting? Juman and that the nrkthixly might then
aek Areetly on the worsos, o tont Yie ypothesin, thoy subjectad voto hoabouring

a populotion of transplanted M, bracillongio to a beterologons anaphyloetic shoek,

Maithor auaphylogls pev se toxw the aduunistration of hypuromane seyum alons hud
apy affect on the expalsion pate of the popudacion; he combinction of €10 2 faciore
accelerated the crptlsion of tho pavasites,  They copeluded thag 2 compononts might
be rouponsibls for worm aurileion,  The fleet wag o prosonse of @ &;;?cauifie pativody
and the pecoid o Joond loerease ki anucosal permeabillty which might Hoiditate the
transier of ouch optibody nto the ntertlud Lwaon,

The xole of fmediato tyee hppereuhoitivity io the eappinive mechanionms was
fusther suprosted by the eficote of outifidotaninies acd antogontoto and depletoes of

5«17 which partlally prevented the expnloion of Bipsostrengylue and of Teichinolia

from the inregtines of thely boste  (Uegrbast ¢ ol » 10060 Cowgholl, Hovtean and
Callow, 3248 Stwxp ond faesatt, 1908,  Comisone oed jte desivatives algo

pacdcrsd oo onpnlelon of panusitos, avan after the el cura process hod staztsd aud,

18



ot the sagos thne, dopletad tho futestinnl mweosy of wmoot colls exrat, Jarroit,
Mtiler aud Urephext, BUG7ond cdminlstention of thooe dynge sopprovesd ertificially

Indugnd enaphylonts Wequbo gt oy, 1068 Gelgas ond Degleced, 1966,

i9



GUNERAL MATERIAIS AND METHODE



Poncrhoepinl Ankmals

a) Strain ond Svugee A1 pate wsed were the hooded Llstey vaviety and wouro

ghtatned from Andvaal Seoplicrs 15d,, Lopdon,

b Ape, Welnht and B The onlmals woern approntmately ton woeks old, and weighed

botwoon 370 and 220 gms, . Deowale rote were vead o ol axporbaonie,

ey Moiptenonos  The roto wore kept in wive cages with mosh floors enupanded above
saye containiag sawdust o thay they Dod 5o aceess t nfected faeced,  The aplmal

, L. .
teuge tamperstire wes malntained ot approddmogely 23 €,  The wato wers fod oa o
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polloted dev et 41, cvpplicd by Shenver Yed,, Glasgowd thic and water ware availuble

Histolopdenl Pravaduven

Rots waes Hahtly atccothotisad vith teichlorosthyiese oed kiled by a blow
an the hond or by cervical dislovation.  Whore tlooues ware ot the sorae time baling
removed fow clectron micyoscopy, the rais wers maimtaived weder o deep onacethesia,

Tloosen wore rapidly encioed and placed in faative for 24 ~ 48 houza,

a) Fingtlon A yonge of fuatives wae ueed ond they vare pivpared as followg:-
i) fenxaoy's fhadd (Clovden, 1955)
Chivvoform 38 ml., Aboolate alsohol 60 ml, apd Glacial Acstlc

acid 10 mi,
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{if} Colclum anotote fovmolis (Lillie, 19065). .
4% fovmaldohyds Wyffared with 4% calehum tociaie,
(i Howrpol Subiinote {Cevicton and Dragy, EOBD,
24 Pormaldehyds in o oatevoted stuoons solution of merengic
ehxionide,
{iv) Mepowpic chlovids (Epdes, Staloy, Woizel and Wetoal, 1067),
057, M s_g;s;:zzﬁ buttered with 1, 3% codiuwm acotate,
%) satonte fovmaldehpds - acetie aotd (IFAA)Y (Baoublick, 1968al,

B, 670 Srgnaldebyde and 6, B acetie aodd,

The tlosue Blocks weze dehydrated and cleased in an aleohol - amyl goetate -

ehioeaform soien and annbedded o pacelliv war,

by ealming Techunlauos  Pavafiin eceticne of oppenrhuotely § micvons wone ptaned
widng the follovwing techniaues: -
{3} Thiagine dyem: Tohaiding Lee (B, Guzr Ld., Lowdond was veed
fon 8, 59 anucons solution ot pid ¢ @deilvadng's oltele aeid ~ dlosdiun phosphate
Paffes (L4000, 196535,  Staluing these was 45 peeonde {Spopbiek, 10665,
(ther seotiong were stolnmd with o 0, ¥4 dgusone dolution ab alwoot pi 0.3
{dye diluied fo 0, 7N HGL) for 10 winvtes followed by slnsiun B, 7 1 HCY
fo ton andaneen (Eneghiick, 190643,
{4} Copper Potholocyanine dyesr Astea blue &, 7, Gare, Losviony and
Alcion blue § GX (B, Guavr 14 ) wore proposed oo 0, 5% solutlons ot abhont

ol 0,3 (Baoubilcl, 18G6LY ctolplng thme waa 3D o 30 wmivsino and the cectiops
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were eubgsquenbly bunmersed n 7 N HCGE for ten soduaten GBlodn auwd Kelly,
19445,

fome peetionn wexe counterstained for 30 seconds with 8, 6%
Safranin © Glopking and Willlamo Sad, ) {n O, 125 B HCL ebout 31 1) (Bnevbick,
1060h),  Fop gquontitutive purposss, sections wore stadued with 8, 5% Astra
Blue oy Alcian Blue ot o8 9, 3 dop 30 minvtes, tlvsed dn &, 7 N HOL for e

wiinutes and wore countonatained with 9, 5% Safrenin O ot pH 1 for 59 pecusds,

{344 iviticsl eleetvolyie concentention soothod {CHTY Gootk and Dovling, 1265).
The following stosl solutions wore mods -

1% Alotas blue 8 GX §o distilled siter waa preparved op e day of use,

G, § M magnesiuny eiilorkie

i, 1 M sodium geotate butfer

Halning colutions woye prepared by wisdog dye, butler and dictilled
wotar to give 50 mi of solation contaiuiog the vaguieed concontRoation of
Mgk,

Eootions word mmersed ovornight 4t Lo ewperaterve in waloht
Coplin jers contadaing 50 ml of O, DY Alcien blue da 0, 625 M sodium acetose
baficy and Mﬁ&?jxﬁ. They were thon ndividusily siased o e gtyeam of dettiied

water avd sravsiorred o o fresh distiliod water bath,

{1 Soridine oxange: (G, T, Guee I, ) was used ag a G, 0015 aolution
{Jogatic: and Welnkopd, 1960) and 0o a G, 19 eelution &y distiticd woten

Seuwsiovs, 1944),
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) Blebrich seaplee (G, T, Guer L ) Oodoer and Lillie, 1961,

A O, B4% solution of thie dys was wmude an o Pyeine buffer at pid & 15,

8, % ond 9,9 (14lie, 1908). Fuindog thnes of 30 ~ 90 wmimtos weye veed,
Seme pections weve tranafovred dlvectly to 95 aleobol, debydrated and

slonsad,  Others swore pinged o distilled water peios 1o dehydration,

{vi) Sthor stalng:  Porafdn coctions wore giained with haemalum aned
?_id‘o-ﬁa\uo-rj _
aoshy Meromeory gud pexiodie acld-Bohift Penrsn, 19606).
Sectipns were debydvated throngh on paeending sorlen of alookols,

sloared fn ayione und mounted o .2, N, @00, , Povlah

o) ‘Cochudque for Pomonstration of Monoawines  (Falek, Hillowp, Thisma snd Toxp, 1962

Palel, MO423

Srondl Meaks of Hooue onsimaa thiskases 3 » 4 mon) were muonched ja
fsopcakene conted oy Monid pitzogon  they wers thon placsd on the coeled mmoduls of
an Bdwopdo-Fearse Tisme Drlor and worpe it ovemalpht avder a vacgin of 0, 801 Porr
ot & tomiprature Of .-sj,@%, A i*‘,ﬂil’ir,a.i Vapoug twope wore plactd i the chamber owior
W procassipy Gie tiosuen,

Yhe somples ware then hrousht to yoom temperature and woarmed to ::3‘?%‘:
bedore boing tranaierred to an oven winye they were treatzd with paraforimaldehyde
VR O 807 s one Bour, Thoy wore leprogtated with degaesed molton porpfiin
was ok HY - 0% in vacun for ffcon aimites.,

Somo tissuce were feaprosnated with aw eps~araldite resin mistere osing on

ddwarde-Renras sshe-embeldieg acoossory,  The resiy mizture wag hoxdensd o the



mEted mopneer oee below),  Sections tsepted for saoanamidsey aud ooxidios ovapse
atodned peotlonn worn aramined with g lofts Ceniue wiciosuono; A PG 12 3 onn
oreiting fleorr andd o 1K B30 hogwlor flkor wozge uosd,  Tho bt comree wao & mereusy

vapenr kg {(Wotan FRD 2008 w.)

Teelniopeg fon Riocteon Miesoseony

Spectmonn were semoved fiosm pate anacetiediond with Telehlororthylens
aud wae placed i deope of chdllod fhative on Blouks of deneal wak,  Thoy were
ailced fatn plegen 1« 2 mum i Guohnens volnyg grassesives ooy bledes ond trong-

” - s . 0] Q i
fogxed (o vials copgatalngy fhptlve af +47€,

o) Elotion
{3 Shoraiiebyde, A gtock golwtion of 259 shwavaldehyde pueified
by TAAR Labomatanien oud atabdlioed of pil & - ¢ wos uped,
Whe Hustive won o 9% solution ia @. 867 ¥ Bovensen's Fwarhate
banidon ol 7.8 9,4,
The bhofler wag moods up as follows «
Nugﬁi?é:} 4 = 9,334 mraflitee & parto
4 3:33'5.'-’5;? 4 - 9, G4% pynd ilieo § pavt

i85 Thpminn wizonide 5. D, 1, , Fooleh, % ‘L?S% WA prepured i

i

MiBonde's Fooophote butler

N&t-ﬁg 4] 4 21'3%@ 2, 36% 53 gl
Mo O 2. S2E 37
1,0 10 sl

02, - N
FRUNEDNE 0, 8¢ gan



{138 Lzonyt acotete (May and Bokes, Dogosham}, O, 5 ueowgl noetate
wias pyappreld on ollews «

Lyl noatnes T & g

Distilied wates 330 sl

Saeions 8 B m

Sndiwn hyderondde WY woo addesd by drops to o S of 4,9 = 5,0,

Tloouen wope Aued & 2 - 3 houge o L4 ~ 30 heaws in 4% z‘ghz.!:afmk‘{aam@.a fn
8,007 W phoophago balfor, pll A2 - 2,4 ¢ --:uﬁgﬁii.- They were ringed § tinog
Millopie's phoopdate buifer fow a winl of & « & mnges,  The saroplen wews than
Baph 4 3% ommiva febrandde fn Millanig s phooplnte hutler, oM %3 - 7.8, ondee
for ¢ « 90 wmirgon,

S earplen wore delydeated lnwedinbely bot o majority wers pincsd
vt Ringors aoletion hyes tamon $o2 & woluwtes vach,  They wess then ket In 83, 5%

vyl gectote an fee fop U0 safauton apd wers delbydsated,

o

b Bobvdsation and Sabodding

Srsnpios wore debydieted thyeush an ascending ceples of 700 2099 aud
abooluke othanel,  Thoy wore fveated fop 2 2 10 olueten with proanylens oxide and
wiaged fu a BOFED indstune of the Hoel erbeding wadla ond propylone culde,  Tho

fstire v foft overninht i opon viedg awd the tisiues ware wansforzesd to gelatin

capaien cortaming aubedding moedio.

25
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@) Babadding Beoing

oo prephuaticons woke Yees
£ih Boon-Avaldite

25 m1 Bpop 812 { G.P, Cusr Lkd)
B8 mi LOOA  (EBhell Chemicole)
15 mi Apaldive wosin (A, Uambailg®
Sl DBnegd puhalore B0
Thesa wore stiveed thovoupidy and gtosud oy 00, Vor the final mbssuro
1, 89% DMP 38 (aecslerator, (.7, Gure 144, ) waw odded and thoroughly salxed,
Bponedealdive was hagdonsd by hoothyy ot 0% sor 36 kours,

{aiy Avaldice

¥ pasta Hralét povin (CRA)
B pote Handenay Y004 {OIRAY

¢
Theos wore mived Ly stivging ovesndsit and stoved ag »%’}éji. 2% DR 3D
tnoectonaton) voe added and mixod 0 wale the fingl praparatios, Hexdoendog

) .
wan ot 600 for 4G howrs,

& Cecrion Casting and Stalning

Thin sectionn were cut with an 1H3 Mork I ulteatose and waounted on coppoy
mesh giide,  They wera doubie otalned with 29% wrongl aootots in mathanol and with
Iond oltvete {Boynolds, 1908), Thay were examinod with an ABE Bioctron Miceossops 63,
Soctions 4~ 1 Glolusss were takion foum the same blonke ond wowe womtsd
o glane olideo; they weea ctained either with Azura If - methylons bHlwe bovax
(Bichawiaon, Jarctt . end Fiake, 1968 o with hasie fuschin ts acetone {Ackorman ol

Hostogios, 1968,



Paraoitolosieol Tochnigens

Datile of the steain of M, ixecilionsin and the caltuge wmnthods ave degoribiod

by Joeraas {3500},

fudection of Rato
Maethods of comatlag lepvae were thase deoertbed by fagvatt (J908),  Boged
af 3,000 lagvar 1.0l of woley were lpusuletsd euboutansously io the proein

rapion,

2%



BRCTION 3

The kteatipsl Mo Cell in tho Mosrmal Rog



Parg 1

Finetion, Historhomdotry asd Mogpholopy

of the utesthual Mast Cell



Since Marihngw (1900 raported the prasance of otypieal oant cells in the
mtaotinal mueoga of the zet, thaly origin angd notvre has baen o diepute (Mickels,
1938; Dodye, 1968), Mota, Perrl and Yonadn (I956) thougit Gt theve wepe
comparatively fow ot eolls dn e lptestinol mucoas and Whey and Gracie (1967}
popvhed gimilar copelusione; Lindbobm (1960) woad similer higtologieal proceduyos,
aut Genewibed & yelotive sbundanee of mat cells fu this oite,  The controversy was
paytially posolved by Buerbliok (1900a) who studiad the fivotien of mast cells in
aifferont paytn of the portyoistestingl travt,  He found that they, uplilo mact cells
in the commective tinouen, waxke not demenotrated by cextadn standagd toste aftey
fxation with the nound strength of fovmaldehydo;  whon a wmibues of low concentrations
of foxwnaldobyde amd neetic ackd, various lesd contaldving colutiens op Cavnoy's fiuid
were uped, fiey could be vissalised, He also found (Bneridick, 1966z, 1966h, 19061
Kot ¢ wmask colls in the gasizedstestingd saucons showed voxphological as well oo
idetochiomicel differoncen from tho conpeative tisoue reast colls,

The loeclioation of ccid mucowsubotances in tiscves by horechemienl methods
¢ dopondent ou the atoluing of free polyanonis groups; Hus intues io govarsed by the
availablility of ouch growps after the tloones have been fixed, dehydrated ond cmbadded,
The pospibilivies eha the acid muco~aubitonee ig extvacted duxing these proccderes of
thag the prosoncs of pelycations such oo hogie protolng may bloch the stalning of the
polyanicns must Hoth e sonsfdored whon choosipg mothods guitalde for fixation ond

stadning of modt cells,

28
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Fox meny goors swinchromasie of the pranties afton stalaning with tolulding
fiep Boen naed for the Mentifleatlon of mnot eolio (Micshely, 1030, Thto basie tilosine
dye binds o acldls groupe o the glesges aud whare the grouns ave olose (o onn sumbor
thers is o pactochromntic slld G blve to violet end yod,  Meteshyowosia of thie
Lo aipnities o presence of oo electye-nopstive chasmee of mindmum sueface
density g ﬁs'ma speifie fow ony pavtiondar ackife gronps (Fenvae, 1968).

Mico-suhoiencon can Re moes meacily chavsctoined by the hesle dye estinction
methed,  Sudcer (1960 voed aruea A ey o range of pH & chavestorias sadont
aeld meeopolycaccharides.  This methed boas ghe divedvantage ehag it may not dictiuguteh
betwecn vso-gubatones caxboxyl geeups and protsin corbosyd geoups (Peayes, 1968).
Yorh tho tolniding bloe avd the busle dye estlactlon ractheds ane snpotisiaetory whan
acid muccepnbatonzes apd basle proteing axe found in closo prosdmity beoanes the
poldyoctiong way by mony lestoncas bloek the boasaphilo of tho andors (Beow, Dorling
sowd Soclavell, 19663, These methode may thexelopa foll w demonsteate e polyanions
oven though thoy ave obndent i the tlasues,

Pox the elassitieation mud Syplug of nwno-gubntonces, SBptoes, Tappl and
Srongnasd (1905) propooed thot thaiy affinfty foy the eopnoy phthelocyanine dys Alclen
blue 8 OX shonkd be voed topeshoer with $hodr niflaity or baste dyen aud thely suseeptibitity
Ep geaticolor byoluvaaidose ond ¥ m;r..m' cholorae sialidase,  Alclon biue § QX cownien ok
lnont two and posoibly four pooities chegpos per wolccuks and probably combings wigh
potyanionn by oalt Bnkages (Beott, Guintorelll pnd Dellove, 2964).  Whon uacd a8 »

Iow 21 thig dys hag Beon fovpd €0 be spectfie for salphated acid mucornlyoaccharides

{(AMES) (Lav and Splecy, 1960 and a shwnlior eopeer phthalecyante dwe, Asteoblon, hes



boen showa 80 be gpocifie fov the sulphated AMED fn wast cells Glogm aixd Kelly, 1200,
A wethod of diffogontioting botween cavhoxyl, weonls ond oulphate seoupo voing
Alcina Bilve bas heen dogeriedd by Heork and Doyt (965 who found that nddition
of cleetrolyte vo oolutions of Alelan Blue epobled them to localice and idontily polyanians,
Tido pame mothod was alzo fovnd 9 he affoctive in diosocistiyy polvouticn~polyaaion
comploxes 60 that the Alelan blve weo obls to oteln the vableshed polyanion ookt ot ol. ,
120060,
The peeoent axperiment won destgned i the feot plaes © asolect o Buative
whinh would give consistont Sxotion of ntectined maet cells OM colie) for futurs
nparinonts axd secoidly to choragtoriss fusthor fhe noture of the oeld muco-oebistapees
in the peannion of theee colls, I visw of the banls perotedn cotent of mast eell
geroponion {Bopditt and Logunoff. 1064) end ghe hdetochomical demeioteation of ehin
protein 18 most colln in cortaln oltes (Spicer, Y068) pimllor mathodn were uged o
domonagrats basde protobes a the B coll,  'The pareformaidelyde contdsunation method
of Falel, Hiflarp, Thicma apd Tozp (A003) wes uood o iestify the monoaminos prasot
in the grapwies of tho IM colin, I additlon, the fsation, hotochamlonl proportion
aid moxphiolony of the I coll wose sompoced with thooe of the corneetive tiosee

asact cell (OTM cell)of the tonaue sl oldn,

390
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Motaplala ned Methods

Pitvaan fomale boodad Liter vote walghing 100 « 230 mu, wepe soed, 33 « 2 om,
PHooho of Jejumnn were exddeed fremn o aren 1 - 20 o, postavlor tw the pylorus;
gapments of topgue and dornal shin weve aloo ken,  The sanples frove all 2oto
wore placed in Coveoy's Shad,  Tiosues frowm four of the gate were alos fized In
calcium acetote formalin, fomoal sublimets, merourie chiovkde and IFAA {soe
Greneral Mogerialo and Methodn),

The sinining tecinlgues ave desenibed in Goneral Materiales snd Methods, Foy
the CGHEC wmethod Soote and Dopling, 1905) seyial seetlons vwere et and wore dhasarsod
e o pericn of Coplin jors containipg dye solstion and inoreasiug conceatyations of
elootrolyte (O, 1 M inereracnty of j":a{{gi:iiz}i. The vango of wolavites was feom 6,8 ~ 1.4,
Hections fom Jojunns Bxed In calplum seetate formalin, wercurie ohloride and formol
oubliveato were ptalued ot the pawe time,

Pive of the woty wors given jutvaperitoneal njections of 8§ x 40 /iy
d= L-SHIRA (L - B - 8, 4 Dibydwonyphionyl-alanine)Roeh-Light Iokovatories L, ,
Colpbrouk) Hesolved in datilied water, ot ono hour ntedvale and woere kitled oue hous
Ioger (Mnecblick, 19654)  Swmall blocls of jejueun ond toppwe wove rapidly esoisod
from she treates] rats aard from B untreated vato and wese gxamined 6% monoomingg
uedig the mepbod of Palok ot o, (A96%),  After freewe deying come of the blocks wore
placed fn an ovon at 50°s Tt writhent pazeformaldohyde,  Thooe wvers used o8 costrels
£0 teot the specificlty of the woncomine reaction,  The Falek mothed, awed aambedding

procodires wers cogried Qi as deecrisad n Goneral Motorials amd Mathods,
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Results

VA h S D

Huoticn

The Suativos used and the stobaing propectice of bhogh typer of meot gell ave
oumsnarised In Toble 3, Tieose seotions wore alen stadaed with haoseakim and sanis €0
avalunte the overall mtandorde of fxation,

) Corpoy's Findd Tebls & ohows et thie Msotive was aatipfoctory for

most of tho kistochsrmieal teots cuployed,  The overall fxotion when compared with
Infiored fopanidelyde on formol sublimato wad not 0 gond booause the ayiologieal
deiaitl wos lese cleaily definsd,  There was ao evilonce of ticoue cheinkoge,

¢y Gnlolury Acetate Posmnalin  Thile wethod provided pood preseevation of

the detatled cytology without epparont owelloy or oheiphase of tho deeos, & wan,
howaver, guite nadeguate for the demonstration of B celln excent by the criticat
alscirolybs congontvation (o150) muthed (Tablo 1) viexeas the CTM colls could e
visualised uzing o varicty of staing (Tabie 1),

(o3 Poumol Subliuete  Thoe prossevetion of eyteloglenl datodl won excoliont

with thio finetive,  Althouph C0M cello conkl be seadily domonstvated with a varicty
of stains for AVPS e sialelng of 14 cells wae of beet extremely wesl (Fable 13,

¢ Merouwic Chiovide  fization by this methed wog pooy and the sections

vane difffonit to ong, tonding €o hweak wp o teor oway from the mife, B ccllg
wees sghtly wove steongly statesd fow AMES an they vore in tlvsues feed with

formol subitmete, (Table 1,)
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{2} IBAL  Dves thongh o I collo wors steeagly stainad with tolsidine hlue,
AN provided pooz ovenall fixetlon, The tooees after 24 = 48 houye fation wexe
BoHE, gressy o hondle and dildenlt to Wwhm,  Histologleolly, thors wan awelling of

the tiosues and somad of the e0dls ik the nweosa appeayad vacuoioted,

Morpholugy

M oelly wese wootly corived o he Jovdan prosiis of the groall intestine
pithough colle showing oll the chavacteristicn of 1M cells wope socoionelly ceen wikhin
tho epithelivam of the opypt vaglon,  dpaxt fvom the obvipes diliorepces n stoindng
propestios (Tabla 1 ) the M eolis ghowed o praster movpholvgloel vazistion than Al
the CTM colles,  In o fomndr the gronuien tonded o be leas duonoly pacied eo that
e nagdeus was often vivible ond the el was droouently ivpepriar fn cutdian (Figure 1),
'The M collp in the basal lowmdia propela aud ketween the gloed coypts teaded 0 b
lowpew el were reore diveros i shape thop the eranller moxe slubular cells found in the
villl, B contvest, the geansion of the OTM celly waga .mnli?w ¢ and woee dengcly
packed, o thet ndividual pranules could oot be weadily vicualipad (Flsuee 5 i

addition, thoy &eguently oboevved the mucioun Figue 4,

Hiskoshomiotry

Asdd mueanpulysaceharlde  Unless otherwios stoteds the ctoeluing tochnloues

ware carngiod out o Cagnoy-~flsed Gesue,  The pegelis ave suonnaziand sn Table 1,
YWith the Alalan blue ox Astea blue-pafvanis ehnigues, e M celln etudved Biae

(Fiopre 1) whorees g majority of OTM colls wepe wed Eigure 4 o fow amail colis

siteated et below (e eplholiem bod 2 mbutore of vod and hive gromulas, ‘The

shelning of 1 cells with coleiding bue wan vnsetisfociory with a¥l fivetives anost
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Seoin AL, Wien flwed fn Cornoy's He IM calln ahowed vory wonk porple (o

ved metnchvomasia of pll ¢ (Hpure 2) akthoush medorately stroag ovthorhromatio
stelnlog way ovident at pid 4.5,  Thae 270 colls showed doop muple mstacheomwneia ot
bhath plis,

Vith the CBC mothod of Aleise blee aofuding, the OTM eclls pialped ot
motovities os high ne 4 4 vhereas B4 colla did uot staln ot more than L3 W, In
jojonum fxed In calefum scetavesfommalin mibsore dore was no satelng of M osils
kil ehe consentrotion of mogneeiow, chioslde wag paised to 6.4 M and thors was ao
alatming et molavithea bigber Quu 4,9 M Fakde 2,

Aopddine opange was sreeticfectony when weed wih Cazasy-ined tivone bocass
i stalnad ‘L’-SN?!«, BN ond goblet velln stvoagly and 1 celle conld not ho vendliy
divtingeished,  Whon fxed in gubltmeto formol, the B calle fuoresced orongs vollow,

LM oelle fived by olther sosthed fuoresced ovangs (Talile 1),
%G
A L
f" oNYR T Dogle naotols B cold avasies when otatpad with bielsich acavist and
:

e

¢

ca T iivmmsdiotely debigdrated without siuslng bu water wera ovange ved,  Mauy suclod

Iy

e f_/: )L’?’;v"f
s b
s .

were stoied less alrongly wdth ap exengn metrchrmnensin thee aliowiug e disthction
butwaon IM vells and eoplnophils to e wode.  The sucled of G Iattes woero usually
whng ov band shaped ced the pronsles dd aot stain with bichbrich coonlet wioweae IM
cell weelel wara oval with soma clumplng of the chromatin sed wave choractepictionly
aurroassdod by duep dtolvnlng pronulen, K the sltolsed cootieus wase washod fa dloeilicd
water prioy to dehydeation the puclony stodniog wag dost Lk the tont Gell gramsies xotalngd

the dya cipongly (Plgvee 8) €T colls wore not stalwed by Dlebyioh oeavlar with ofthoes

ek,
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Whop, tleoues warve Hxed fn sblbuate fovmol o b weseuric chlopitis thave 7
wige many cells contalulng oreupne ved prdsles coettered shyonghoumt tha hkoutiug
mucony,  Move cele wese colonred in this procedsre than wonld be expectad i1 enly
the 1M colio had opaivad,  Fhere v, howsyed, no wcizay staldng ond it v wak
poseibie fo distingniel whothey the pramulated celln were easinaphils or moet cella,

No statping of UM colls wos cboonved aftey flratlon by thep methods,

Monosmdnse  Seveeel Heoveseint cells eould be digtingalehed by their colouy,
by thels mozphology and Ly tholr dictmibhuiion withhs seotives van reeze-driod and
preaiormeddehyde-ticatad jojumon, A all lovela within the epithelinm, hete were
flaphephopod colln whioh fhwpeseed heighe vellow and ofton had fue eoosesiay
eakendiug treands the men (Flpere 93, Somcthuos swall geanales which ware
ak the Hiedt of vonologion coudd o visunliced i the Sioe progeasies,  Thope woere
identified ag atereshroneliin cells,

Wikldn the laalne propia here wore grovieted celle which wers mozpbolazicaily
afintlar to awd dstedboied fo by sng apner as M orlls doeptified by other otivxds
SMpure 7y, Thoss n the viill and veper arypt vegion Htovescad wealo doll mivens
gosae b the lowey cxyet neglone Huoresced glvilavly wiereas othare bad o yollow
flreesesmee, o colour woze typical of S-hydeoyiryptonsiue,  The wonbar of yellow
flwovesvent sells wedsd to vary o sovae $ots very fow were found, wherans i othexs
most of the oalls Ju e crypt veglon had s chavactonletie fnoroscence,  Magy

ils fu the submucops, wesestery aed o the ongee thwovesced o bright vollow (Fisuee B,
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There wore goveral celin fn the viiug tips contalndes larpew, fvseguioy craugs
sollow Buopcocent gransies (Migure 4 but the hwensity of thale finorsceencs did sk
dimiodah with prsionsed exposure 1o pitra-vioket Hoht whoveas the fduopeoeonee of
eutoRouhiomaiiin m vield as B oud OFN iy deoveased markadly over the eama
poriod of thwe,  The eaee type of cell contluned to fuccssce i tlosues which wara
frecusedricd ond subseguontly embedded in parafils without peratbemaldihyde troat-
smcng,  Thors was ne feesoscsnce W the daterochremuiiin or IM eolls In vommal vets
s dn gats vialch Bnd been pro~tyeatod with L0084 v:i;@r@ pazasemneddehyds teaatmot
had boon omitted,

The contrast bekwoei jajuyme feom 2oats glven L-D0PA bofore sacpifice and
nopnal gutd woo stedblogg s the fovamer there was bheiiliont fuorvopcance of M collo
ot akl loveln ds (e endan peopeia (Mpuxe 9. Tho majority Soeorenced Hright peecn It
ane fn tho Jowey eoyet vogion remrised yellow, T8 cells in both tongue and wopsntory
coptlied to fuercsce yoblow as did $ho entexothwamndiin colls o the jojums,

Whon jojuntmn was erabedded jo Asaldige-Bpon aud tin sostions of approztnatcly
1, S wowe outs the intovsity of IM cell fluopoocence was mueh reduved. 1M colis
B the villoe oF butwess cayoto were henciore difiimi 1o distinguish bt some in G
Booed waneosn eonld still e Kagitied by the yollow fluoveeconss of thele grunules,
Buonmtion of shere pame Ndividaad cells valyy phase coptpast or aitey yeo-ctaining
the pectlons with amuwe Hnetliylone Blue-bovax ohowed them o be togt colls,
Bieneificotion of 1M eclls woo faellitated in cpony embedded soetiong by pretreating the
votn with L-DORA,  ladividuosl gravaios fo 1M cells fShwreoced brlglit gresn af all

fevols fn cher lamdng pirovaie ueept Sox o Fory with moare yaliow feovecocnca in the
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crypt poplon,  Fluoreccent oelis weps subsemucatly Hentified as soast collo by no-
aupyaination wadar phase otutract or by oialning e ootwe of omaediaely edisaont

sotionn with basie dyen {(Miouwes a, 10b),

Edgonoaton

Fhe ovesinal choloe of flxmtives for subeoguont caperbmenis wan governad
by several fectorn ncludicg the guality of fization and the noceupity of using
abpdo ot sellsbie stofudng moghods to domonatiote B colle,  Whilst o mistuee
of low concanisationn of formaldchyde aud acatle agdd (IFAA) {(Bnouthicl, 19066a) proved
g0 e oubiolont for Incating IM colle with agooovs wiuldine bBlee, i wao of less value
whon ghe coppay phthulocyanies dyes vore veed sipee the ototalngy wae weal {Tobla ).
Adddittenally, the ovepall etoadoxd of fivation by Gus mothod was poor,  Povmallchyde
Ifieaad with coloivm poetako was tekad inthis apovimont Iacaur the aelt acis ey
8 cationie procipitont for cefd wucies (Poaras, 1968 thin proved to bo upeatisfoctony
sox the demonateation of 1 coilo (Tablal ), Foussol cublituate was epnally unoatiofactory
walle mereacie chloplds pormitted oaly weals ctaladog of M celio and prrovided eitramely
pane overodl Huation,

Copmoy 'y S il not enldy gove edeguato fluetion bat fcilitated the demonstration
of I cello by a vaelaty of steiuw,  Tolvidise Blee woo of e valpe bocouse oply o
weal metachesinasiy wao dbtatecd af pH & at 38 6, 3 & provided a moderstely ateong
cptissbeematie sfohing.  Beeuse of hoe guostionable rollabdBicy of diffegent bateboo,

{he pathey mars thme-conmumding aud elaboiute buliczing proceduran reguired and
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the diffiouliics somethmos suctinterd over dehpduntion (feavee, 1908) toluidine bive
waY Nuk waed 1o any groet extent for the demonetzetion of B vella, By way of egract,
ghe sreong stntnds of B4 eclle with the coppoe phibedeoynnine dyes ond the pelativel
weommlicated staladeg mothod were considonad £0 be adoguete fo rosting demonsteatiog
of the colls,  fn ofdition, Tagnoy'e el pooved o Iiv entlodagtory for the CREC
metiod of Seoi and Dovdog (3068 cod ploe silowed i domonstention of bacls proteins
withis the greseles of 1 oollo,  For thesp fopoees, Coemey’s Suld wes the fivative
of cholto,

Thare wora wmbnoy morpholosienl diffsrcnceo botoweon M aad GTM collp, fov
o the fommar the grnenies ended to ba leng densaly pooloed co et the suckoup wog

renodly Rethwalebed,  Thero oleo tewiad o be o prootey voriarion & tho size ond the

sottine of B4 eoll then of FFR colle,  "Thip o & eppeemont with Haorhiel (A966a)
whi ehsenved fhot B collo teaded o e omaliesy Ieas densoly granuioted sad to have

sreptdy vorying shopaa,  The mgeriolopiont diferonses ves enpimoleed n the

aferasteectacel sudion that fellow {Thds Saoticn Part 2%

The steong ofinity of IM calls forr copper phathalooyanine dyas of the low
pH of 9.3 I evldence (hag thaiy granuion coptaln o onlphoted cold wucopalysaceharide,
The present Sudings ond the eariier experimento by Bnerbiel (1060a, b chow ghot
thowe gee kistashmpionl diorescos Hotweos the OTM colt ond the 11d coll,  SBuprhiei
{39685 fopnd g I colln had o waphew afBoity for tasine dyas thep UM colls oo
v e caos inthe prepont suporimont, g ono polnt of difference frowm bip daen vae
think toleidine bae ot g 0, 8 gove o woderetsly stiong osthectwomontie stofning of the

I oells,  BHoerbick (400605 napumed thot the diffcwepcen Botweon I npd OFM eolis
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raficoted Qifforenzen In the physionl praporeies er chamical compogition of the grontion
ond on e boole of ;t:ﬁ'-.'afiﬁmmznfy ezperinents with Inbelled suighnte, supgeeted thet
thove wmighe be o lower content of sulphate e the IM collp o thot theve wae o diforant
wake of geriover of culphato fnthe B coll typan,

The progat fudings sugieot that 60 ccld mmeapolyancchardds of ¢he M coll
o leos stvonpiy oulphotod thon ke counterpert o e conuective tiorues heeanas
the atolefag of the Hrmes, waloyg the RO methnd of Heott mnd Dovding (1965) s out
off by lover wwolapition of electyolyie thao the OFTM cell,  Thio 1o fuxther supportaed
by the strchg affinity of IM celly for Aleinn blue oven when sountoretaingd with aafraniy,
The same techolgue wag voed by Combs o 8% (19038) wio shoved thet duvlug the carly
gtasen of GTM goll matwration the pyanulon wore Aluian Blue popltive hut oo tho
collo motared the gravules had op fcresoing affinlty fov safpaadn. The obif io
sdafodng affiniey wag ascociated with an mcreased wrnover of yadio~cuiphars I the
eelle apd wan nterpeetad s fpitially vellocting the syuihegie aod ascwratiation of
a heporih procereoy in Alolan biue stalping grasuies, which was then followad by the
syetheeie and sconnmiotion of hiohiy mulpbated n-beparin,  Theoe findbano Emvé yoeontly

baon oubobortianed by Moyey aud Saundoss (390083 wiwo fowed o polotionstdy hetwesn thin

oxange i differsns oconcentrotlons of elgctrole,  Finally, the lower offinities of v
colln fon covidine vrpngs (Doble 1) ond forr baolke thinzive dyop (Lable L, Huspbink,
19648 would suppogt the asoumption that the acid nwcosniynacehasids of te 14 coll
pranvlen nesyasaen fowey sulphate peoupings gmp thot dn tho COTM cell gravule,

e the peenl conoeskrstions of formelcehyds wore voed ©o £ 1M colls, thoxo
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“wrag no ckadndag of the AMPEH In Qe gronslen,  Eacebilel (10002) cupgectesd that the
acklon of formalin wight tesult from the blooking of baple grenns i 1he paotoin
meicty el go mtesfering with losic 3inkagen Dotesen the protelo aad AMPS, with the
Hosolution of tha lower,  The present vesulls showed thot thin was not the eage;

M eelle could e stoined wish Alelan Mne ance tho consoptration of magpeostum
chivpisde wan yodaed (o 8, ¢ M, suppeoting that the AMES in bondad to ths basic protels
by oalt Mnkoges vhich oon be disrupted by incredand concantiotions of elestrolyte,
Thus, the pelymalons of the AMEE ove prebably smaslzd by the hosic pyotein whoen
conventional stoindng tecimicues ave wopd after formaldchyds fisation,

The stropg stainieg éf B cello with the aold dye Biehrleh searlet, Jodteated
e precenes of a bdghly bagic pratedn (e the zeeuwle metriven,  Blobiioh meaxdot hag a
gtpong affinity for highty banis protedng wicn wand in glyeine falfere at a high oy
Sploor onad TiHis, AV01),  Opicor (1003) uoted thet enly certaln maost colly fnthe
sat etafond with Slebeich soarlet, ncluding thosa of the cesvionl lywnsh node, et
he 4ld aot epecily the othesr oftee of which thio hictochemical property of the wact coll
ol b dewntvoted,  The CTM cells copld not be staived by thie moethod and it is
ot cleaw wihethoy thin abaonee of otaluing feflcots a gualftative or guentitaitve dliforence
in the peoteln eontont of the grasules of G pespoctive ool typen,  Thelr stofninvg
offinities moy, howevaes, reflzct diforont lonic honding betwaon the peotedn and tho
LWES o coch eell, B fo woll agtabliched that the most coll grapuloaoef the #at contaio
2 Tagle protein which §o probably Mokod o hwparin by louds bonde (Bagonesl, 1968),
Binchemieal nesay of the seosion Bepditt and Avane, 1959 Lamnodf and Bopdits,

19203) ond the Kentidication of o substrate prtiviey within lstact juolated rat peritoneal
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mast cells (Budd, Darzynciewicz and Barnard, 1967) have shown that paxt of the
nrotein in the granules is composed of a chymotyypsin-like enzyme and in view of the
bagic protein content of the IM cell it s tempting to suggest that a similar enzyme
existg within ite granules,

The paraformaldehyde condensation methoed for the demonstration of mono~
amines (Falek et al., 1962) was used to study the monoamine content of the IM cells,
Mast cells in the villus fluoresced a dull green whereas some of the cells in the crypt
vegion fluoresced a mederately bright yellow. The high specificity and extreme
sensitivity of the paraformaldehyde condensation method is well established (Coxrodi
anud Jousson, 1967), but the intensity of fluorescence depends not only on the nature of
the amine, but also op its concentration in the cell, and in view of the rathex close
peaks of emission of the condensation products of 5-HT and catecholamines, their
identification is moxe certain when microspectrofluoromeatric measurements are made
{(Coxrodi and Jonsson, 1907), The dull green {luoreacence of the IM cells has been
attributed to the presence of a monoamine (Enexbiick, 19664d) but on the basis of available
data, it is not possible to speculate further on the nature of this monocamine, The M
cells which showed yellow fluorescence although not as bright as the enterochromaffin
cells or the CTM cells, presumably contained S-hydroxyiryptamine,

Pre-treatiment of noxmal vais with L-DOFA caused the cells to fluoresce bright
green, but those cells in the crypt region retained thelr yellow fluorescence as did
the CTM cells in the tongue, Enerbick (1966d) showed that IM cells fluoresced green

after treatment with L~-DOPA, but did not observe yellow fluorescent cells in the crypt
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wagicn of elther treated o vuteontod rels and thege differoncos may pefloct 1o wme
of dienimiloy siraing of wat,

Thvs specificiey of the funrescence wad appavent from s abolition whon pavg-
forvanidelyde tevatmont wae omittad,  Somo colie iud a nopr-gpacifie fuovaesconce, it
ihis continved after prolonged erpesure o ultvaviciet Neght whoveas monnam g
Huorescenns wan markodly reduced by ouclhk tyeatmonty the lettar bolng o well-
secapaiicd chozackoiintic of munoasndan fleerepcont combopnds (Combodi and Jonsaoa,
1967).  The use of 1, & 10 sectlons from cptn-araldite eobodded tissue coabiled the
fhsoweseest mnot cally o be fdeptified with cortuinty,

‘Tho prcsout data cuphasioe my? eularge on the fiviinge of Enexhiek (1060, b, &)
that (he IM cell diffors histochondeally avd o n lescop evtont, morpholopteaily, from
tha OTVM eeil, Bvon go, 14 colln have all the features wihioh agsuce the identificstion
ag wast colls since Yoy eontain eytoplapieic granuics i vwhilceh theve §8 a sulnhated actd
mweopidynacelingide somplositg with o highly basle protbin and blnding bistowmin
{ﬁiﬁ&macﬁmz, Croznas ol S)8boxs, 1967) as well o 2 vwenoaming,  The unleue volationoldy
Betvaen the AMES and the boagie profels hao fragpently resnied in allure 0 dotcot IV cells
b the vepod histechomient mothoda (Mote, Yonoda and FPersd, 1986 W, 10606a;

VWhuy and Gracis, 1067, Howaver, the cspopiswenteo of Bneshichk (3800a, ) apd ds
present resulte shoyw thot M4 eallo oo bho rendily deteted provided that oultable

freation and hctochouicsl teohniques are uoed,
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The fine streeiure of the conteotlve tecas winot coll of the vt bae haeop
exsenined both i gty éﬁé&'ﬁgi@mn apd Clagl, 1965 Pejiua, 1960 Coralm, 1969)
s aftew isolotion frosn the pogiteasal cavity Bleow apnd Meegagmark, 1068),  Thoro
o pomsanal ggvesmont that st mact oells chavautesiotically ave pached wih gransien
winse seateices bavo oo ovident cubatyostore, bat ave Jdelbmited by uallt sonbiimes
Flopdith angd Lopupofl, 1904 Combe, 066), The geonlos vavy in oine foon 8,510
2 e Glmoeter Mepding and Sogunolf, 1964 othes orgpmelion axe sporse altbosgh
Golgl aompianes ore stnetines presese G, 1H08),

i was Revernary O cmaming the M cells t ectabileh whothoy moviiwlogioal
i hoiaohunical differseoes Srom tho L0101 cell wore veflooted ot the vitrastractural
level, I owas alse Ipodiont 1O eucure thak 1y methiots of flantion ond axmnbeddive pxo-
wided ool pressreatisg of M exlle so Cint reonlts feons favthey eapetbnosts eauld ba
satisfugerily evalunted,

Clowbs £1960) mophsias? the Inpostancs of exploving o sultabls Huative fog

v dnterpretetion of chanrps amcngot ook colla, poiting o ok apmivm wiponidn

and putaeskun pormangniite cnneed exitasive degreneintion, vhoreas gletasallehyde
and fopmaldehyde provided ndogeets faatien of matuke colla,  Bivom awd Hoagermarl
{396, 1907) nohisved good presopvation of isoled veeivncad moast colls veing 4%

slutnsabiechyde,  Othow aldchydes, hwluling acediein ond o combinetion of neraleln

st oo, Roecontly, metalifo dyae, hovieg op offinity Sor seld suucappiysecchariden,

hove boop incosporoted fn e Maestive; thun, Rothanium wed lncrcaced tho ooxtrast of
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the pramales Gueinizon oud Piad, 1967) and Alclen bae mpeoved the procervation of
tmoantune meet coll proeikes Conbe, 1966},

Not only shomtd B rasol coll grannies show adequute presotyation, but the
ovenall faation of the tisones eherld also be catistaotory;  oftestion shionld be patd
£ the osmaedndity of the solution op well a6 the concenteation of the fxatdve (Mounshach,
196G Mosor, Powell aud Fhtfoott, 1060, Mpreay (3960) teotad soveral fatives
wolte boffer aystemo to vary the cumololity ond using diderest etrengtin of glutarakichyda
e Sound they L 5 20 4% phuaraldchyde & 3, 007 M plicopbate befies vag sotisfactory
for Boving floenes and 2at intonting,

& predinduayy asperizesnis, It was Sund g the lower congeptrations of
shkovaldohydo did noy preoewve 1M coll soomless aud even Gwugh CTNM ol Srarion
wan adegsote withd% gletaveldelyrie. 47 slutavaidehyde piovided the mont sutisfactor
Sropion of I callp,  Addition of Alelon blue 8 GK (Condug, 19606} o Buthondum red
{Chustofson aud Pibl, ¥967) proved to bo of no pratlonlor advantage, préssmably hooouse
of the wolative jupemineabitity of e iatestingd opithelina siace thick gestiono showed
that thegs dyen 84 nob pencteate boyora e ousface opitvelivu @diiley, wpeltiohed
shosrvations),  Becovees nd one fluokive woe entively sotisthotory, the memenoloyy
of tho IM colls amdiliz peohablo aptefocts of flxntion, ave evaluated aud dlocnased

ased o I cqalls apo eompared with the conpwetive tissue spast cally,



46

Mazerials and Meghwoods

Tissues were takea from seven female heoded Lister rata welghing between
B0 and 215 wmn,  Segments of jejuunn (10 ~ 20 cm, postarior 1o the pylorus) and
amall blocks of tongue were yemoved Pom the rats undsy wichiorsaibyleus anavsiliesia,
The procedore for flntlon, debydration, cmbedding and siaining ave describad in
General Materialg and Methods,

Low power clectrommicrogyaphn (magaificacion x 1, 500) of chin sections ware
compared with the adjacent thlck sections, This nllowed the same individual cells

f0 be visualised witvastraeiraily snd by Hght micyescopy,  Thick secgions (1 - 1, 51}

were steined by the methods of Richandeon et al, (3900} aod Ackermon and Hosc.tlor
{1968),

Intostinal Mase Cells

Jdengificacion: By nalng stedned spoxy-embedded scctions approximotely 1,5 1t in thicknesy
for Hght microscopy and studying the adjocent thin sections iu the clectyon

microzcons, it wag possible to locate the same mast cell and compare its morphologicel
and stalning propexties with it vlivastructoral fectuves,  The granules of the majovicy

of mast celle, eithey statned a deep biue with methylene biue-azure l-horax

{(figures 11, 12, 15 and 14) or wers colouved a deep oxgnge-red with bagis fosehin,

AL 3 Lt o W ASTUN M e Ty

orypio aund below the cxypis above the wmscularis mucose, They were mnore varely
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found n ths mbwauconn and v cepasional cell whieh hnd ol da distinoulshing
facuras of a mont cell, was Sl tracpithelinlly (Floures 83, 10}, usually
I the plond exyote, Moot of e M colly wore funsd i the violnity of the bosoment

meinbaane of thy apitholium, oF beslde smell Hlowd vesasls,

Moppholorys  There wos copeiduzuble heteyogencity exmiyct IM celty with gegand
to pive ond shape as well av e contont Of pgranmlen,  Oa the whale, tha colle i the
vii}%ué tended g0 e omellor and move Flobular than thoso i the ceypt vogion,  Owal,
volygomol, slongoated aut epladle-shaped mast cells waye foond (Figoees 13 - 14) aud
tha paclel of the vyal apd poelyponal coliz wore veerdly apeleeled by grannlo~bearing
eytoplasns, wiorcan tose of the elongated and npladle~shoped waat colls were rarcly
eompletely surrounded by gramaios, hoving navgow vlae of eytoploom 20ee of granion
foporelly,  Some colls wowe large and wove packed with vaony pramios,  Othews
e copsfdorably smalior myd contained farr geopalon,  Hoall flugee-like processes
weys found at the bordoys of some of the M colle (Flenve 143,

Whereno the forgranplor eytoploom of the majority of mast celie containgd
gparos amnunte of endoplasmis sobicutun and fovr oxgonellos Fipuaee 17, 18, 28, 24
aped 38) thoye woere o munbor of celle wiich had rvathor wmors denso eytoplomn coptaining
craal pibocone-ite pagticios and dilaged clstornoe of xough surfaced endopleaesmic
vorloutn (RSERY (Figures 19 - 21); often the peplnucleay cioternne were Blewias
diloted,  Many of these eelio apprerved 10 be clooely velotod to, or forming ayueytine
with fibpohlinot-like colls (Wuymyes 20 aud 28), B colly, oliowhas theoa varions

feotores fpwed approsioately 30 - 359 of the ool 104 aall population,
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Crongios:  Tho majerity of I eoli grossies had homogenstus mattioes of moderate
clestyon dopoity althoush this woarlod with the sy of oudeddivg mediur,  Thoso
enviedded fa Arallite wove love sloctror-danns han gyaalos of swont colle ewnbedded

fn epesy-gvaldite wivtures,  The prasiles woees delindted by ellaminey vnlit
pmbrancs and on oucasionad pramle was bopdeyed by o doulle unit nremabeana,

Cranuie plve vorded from o4 « LG et lo gonerel owasirad about 9, G damaetor,
Alghoush in the maagority of colls the geamls wmotiiozs hod we. substeactare, thope

wite an, occnpionad oell contalning one sr twe granekes n vhich small vepicles ox

snyadia eonfippeatidng wore viswalized (Mgures 23 ond 33).  Tu tisouss thot weze

wedd fived an judsed by other celtors, oush ag absonce of myalin fpuwens o mito-
choslniad pwelilng or of brenkdown of erletae wwitoehondrialos, the IM coll grapvien

80 @ ogne cxtent showed corengponding aotisiaotory fxation and were of ualfomm

dennity and Bomogoneity. & gome oF o colly, thouph, hope wan on oceapionnl prapuls
wanae delinitiog smwombrane was copareted from the mavils by o oloay apace (Figuvs 24),
These gromdon could ofton b detected in think seetions by Hght micvoscopy,  Approximately
10 - 20% of IM celln ghavod this feature o onw or oF mont, two, of thelr gromlos, the
reragindor hoving upiforn fretion of the proneles,  Mowe vovoly, IM colle wove
vacnoloted an i the moteleas of saverel gravulse bad hook eutsected (Figuge 28),

Hia the secuad typa of mact eell with thae wexe doense nterpranelar eytopinmn, e
prenuios thomoekves el oo granslor ox particuloto meteicon, mony of vhich oppoored
to be partlally estracred o efvted (FMigaves 21 and 26),  Maet colls of thi type vere
didionit to loante on thick sectione booouge tholy granmies stained wenkly with booie

dye.
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Goled complsn:  Golgh complaxes waro found In mepy of the IM eelle,  Thay
ponded oo vary I olio and wave uenally clvated I o papenuelogy positian,  In

¥id

aome cells they wore extensive, and wore compoued of sovesnd geoups ol 4 < &

flatsned pavalled olntenend Wik amall pack-lke dmerlone op the porlvheey (Piguges 10,
23, 32, 23, 27 ond 28),  Whon o solable plons of pection theongh the conteiolen

wad poblaved, the cloberuoe wisg soon o b diseneed fn & gomi-cireday fashion
eacad olovt the cortricion.  Deose coxed vocunlos (peopsranwies) of vaiious siseo,
bt ssanlior than e grewales, wore found in the Uolgl meglons,  They ware welativaly
ppmorias in the more oleborate complexes, e wers loos oovawmen ik celis wikeh only
coatniued el Golod yeplow, If?.aﬁiz progrannla ol o denoe central eoxo gopsrated from
fhe sunromeiing ot mombrase by a ¢lear space (Pguees 37 aad 28),  Programpien wore
seeosionally fouwnd ccattored amongst the intergranuioy cytoplagrn,  Hwawms of
uneosted veolelag wewe aloo Jogaked in the Golal complax, oo thade sles varlod oithonph
the mofority wore opprosdmotoly (00 8 diamoton,  Bmolios numbers of conted vesielon
o aloo fomad and wero largar thon the snsoated vavicty moasuring approshnately
765 ~ 1000 X dlometos ard wore dictinpuiched by o bristlo«liie cost on thedy outor
sundoce (Figure 38},  Microtuboles wepa occasionafly soted in the Golgl reglon,

Thors was 5o alparecut eoletionsivip botwosn codd slae, meanwie contost and the
axtent of the Golgl complex, although, in genovel, collo which weve denoely pacled

by

with grenules tended o heve the least fally doveloped Gelgl complonon,

Iotewpranuloy Cytoplaom  The eytoplamn of e moet colle, apadt feom tho content

of gronelan, wor enremarkable ond wewelly ouly o fowr small steauds of REER could

=

Bo detected i the pejority of eolle,  Freo pibosomon were aleo fow tn numbey,  Inthe




second type of mast cell, the dilated cleternne of REER and the pevinucleay
eisterpae fraquently contained small cyioplasmic peduncles (Figures 19, 21 and 26),
These cells algo contained a number of xibosome-like pavifeles which gave them
an appearance of meveaced density when compared with the majoxity of IM cells
{(Figuves 19 and 20, «f, Figures 17 oud 18),

The mitochondria were smail, oval structures, and the cristae were arranged
in parallel, Mitechondeia wore few in nuwmber, and weve scattered throughout the

cyioplasm,

Nuclena  The nuclei tended to agsume a shape similay o that of the eall, heing
clongated in the spindle~ghaped cell and oval or polygonal in the more globoid IM cell,
Repiform and irregularly shopsd mwlel were commaonly found,  Nuclenr cluromatin
was usnally cosvsely clumped and in some cages was falvly beavily marginated,
Mucleoll were ravely seen,

Comnective Tisoue Moest Cells

The majority of CTM cella wexo oval and of falvly unifera gize and were
denssly packed with grapules,  Usually the gravule-hearing cyioplasm enciveled the
nuclel (Figure 28), The granwles had homogencous matrices and were delimited by
unit membranes, Golgl complexen tended to e small and were observed with less
frequency than in IM cells,  The progranules and Golgi-ansoeiated vesleles were
less prominent dn the CTM cell than in the IM call, ‘The muclet tendad £0 be oval with

evenly dispesged chromatin,

50
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Oifem Uronude-Dogning Galln

T aI

CTM and 1M colls wope peadily Aiffersptinied from other cells sontalaiug
gromies of fnclecipay,  Fesinophils (Pinwwe 50) were ahuadent v the fntostiual laming
popaia ond ooniaised smaliey geansles which shavpciorlstivally bad contyal doson
crysteilize bave,  Other Gotiyuishing fentures ncheded the doughsnt o Hilobad
ghape of fhp melens and $he vefvontila groomish colomy of the gravuior fn mertlons ctainad
by the method of Richaedson gf ak (L960)

Meutzophily wore wavely found i the Ingeatinal amina propeda.  They hed sanll
gronsles apd o chorngiseiatio polymorphous penlous (Figure 81,

Theye wps a pupasficial roeevoblopes batwaen moerophugos eontoining viany
lrclueions ond the et gell widch bad fear groraies, bt the mavvoephage makeiono tonded to
fa vexy hetepapeneons, mcludiny phogesomen, realdual bodies, multi-veaioday
bodien and Hpid-lite toelustonn,  Avart from the vhugosomeg, none of thoso inclusions
sbadned with any intoneity in the thick ocetions aud allowed ¢ dictinction to be wade
hotwoon et cells aud mocrophogon,  Maersphagos tendad o have moxe extensive
stingds of endoplacimnie votivalnm and smoxe abandang vasioniated eytoplomn {ses Section I,

oot 1 ond pact 6,

Igsaspion
Histochomionlly, the IM cells in the wat bad ahown ol the featuren thae
saered thale Idakification as maemt celly, namoly thot they containgd mungrous cyto-
placmic grawwles %ﬁmm matricos wexe aompasad of o eniphetad nold nusopalyanechapido-
baoko pretoin connplen (Baction & part B Tho presasg wenult showed that althoueh

thape wore movphologionl differonces batwean the cells, the grovsion wore lndistioguichable



Srpmn ghooe foamd in adull masg colip elsewhera i the body Mloom aad Havgurmask,
1965 Conts, 19663,  Tn @i stedy Ik the OTM coll pud e majonity of 1M cells
ofmtadned geansies with iunopeneses coctmn-denss matoises el ceotlined by unit
HEMDRAGRG,

The tduniiflontion of waet collg wan facilitated by exnmining thish guetiono
eroined with basle dyes aud comparing them vith adijsgent thin sectiong, soihet it
wan poyalide i some uteneos to Koptify the seme Individos] coll by both gl and
clegtror mleyvoreony,  ‘This mothod was used by Bloom aud Haopormark (1068 1967)
wie siainnd thick sections with teluidice hive aul fund thet the wnjority of moant call
paanulan staiasd deap Eﬂm;a o poneple, B o prosent exparimont, the thiclk seations
e Y dnrestingl wweona were ctoferd with eoither mothylone blue-azuee H-bommx
{Richowduon ot af, , 1960) ox with haple fucehin i S0 nectonz (Ackermon and
HMogtetier, 1968) and the M coll and 7'M ool genmdes stolued deop bivo or deop
onange~red with the weapeetive dyon,  Thug, thebe chomactagistic morphoeiogy togethor
Wwith thels srainfug prosertiss fn thiclk sections. cnabied IM eolin to ba difforentingsd
froen othey granwle-boariog cells oud rom masrophages coutndudng o wyorlety of
inotusions,

Statacd thdok sceticns proved €0 bo of perticiar valus whor asacosiog tho
skate of peesorvation of the wmoct cells ofter fhuotion boesuse they adlowsd a wuch
gapter 0 Of MUse 1 be axerained then wousld have oo posafile with thin sections
alono,  Bloow snd Hovposraoelk (A965, 1967} fourd that pume of the isoleted vt
povitoneal mact celle contaiued sevoral ved or pink granuios which fhoy wore oblo o

corziate to owollon gravules in thin soctions havisg leae alectren«danse cud more
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parsicniata motrices than normal, They asoviaed that these mevaly reprasciied
nomnal graniles that had been aliered In some way during the procesa of isolation
and fixation, They {found, however, that 47 glugeraldelyde in a phoaphate imff?m
gave opthwal standavds of fixation Bloom and Hesgormark, 19651967),

Four per cent, glitaraldehyde in phosphote buffer wae vaed to iz the
Intestinal mucosa, bat the results are noi divectly comparable to those obiained fox
isolated pevitoneal mast celle, Fixation of the Jatter reguived mindmal penetyation
by the flwetive; o addision, ghe cells bad wadengone the notentially disrupting process
of isolation, Adeguate oreservetion of IM cells on the other hand requived the flxative
$0 penatrate some distance throuvgh the fisswes, Even so, the standards of fisotlon
appeared to be equivalent te those obtained by Bloom and Haegermark, Approzimately
30 - 15X of the IM cells contalned one oy two geannles whose delimiting menmbranes
were saparated fvom the mateices by an electrolucent aresa, These altered pranules
were viaible in both thin and thick secitonsg, The matrices of some of the gramiles
ulirastiucturaily bod o leachad-out appearanee and in other celln the matrices of
gome gramiles had disappeared completely,  Since these changes wera noted in only
one op two grenules in o srasll progortion of IM cells, they were judged to be an
artefact of flxation yathey than functional changen in the celle themscelves,  nview
of the conglderable difficulties that have been encountersd i the fixatlon of mast cellg
{Combg, 1906) the prosent results ware considerad o provide satisfactory cyitovia
for judping the presexvation of Il cells in fture experiments,

The IM cells showed soma morphological hetevogeneity and although a fevw
IM celis had many densely packed granules in the cytoplaam, the majority contained

fewer grenulas which were more sparsely distributed than was the case in CTM cells,



Thene movphological difforances wonld cxploin the reposied atynical oppoarance
of the ntestinal mast calla Maxhuow, 980, Haerhiak, .‘»i-’i-iﬁn’-’iﬁ.). Sther feninras
witich eontvasted with the OTM cell were the wothey move esiensively dovelopad
Grolgi cowmplexen and the greoter vasiotions, 1ot only I slze, bt b chape of the 1M
cetlo,

The reasons fov onch diffovences ara pat cloay, Wt oo fay oo the Golgl complex
i concerpod, 1 wan well weeogalesd thnt tha atter. In gronuloeytes apd moaturiog
masg aokle, capands mnciedly during the peosess of gramile elaboration (Halnton,
amd Fagouhay, 1966; Comwbs, 1960)  The pvonsles avs manufociured in the Golpd
complex and are redisixibated in the cyteplasm and ae the cally veach maturity, the
Gaxlpd decgaapan i 218 and eaaces t aloboarate gramiles,

fe do not clear whethar an anslogy oan b duava for the M vells with zogavd
to the slza of thelr Golpl compleonse,  Por example, 2 ege compler may mean that
the cells ave produciag cranuies contivually,  On tho other hand, € conld veflect a
yousgy cell monuiacturing gramics ond e yordeticns In sino and granvls coptont of o
M celle may be hylicative of differcnt otepos of mfﬂtwfmiﬂm‘ B ey event, i€ 1
amnptivg to speculate Gt thasn colls ace fsui)jaﬁt £ o varlety of Immamologieal etlmull
Kallowiag the ewponuwe of the htostingl troct 1o @ multipHefty of antigons. I euch
elrcumntances prevell, then 1 wonkd e zeasorable €0 pestalate thay the 1M celly
conctituta a leoe ctablo popelaticn thon the OTM colis and ghae the voriations coon
amepgs: them do fudesd volloct S diflozent otapeo of maturation,

The IM colls with donse eytoplogn wans wausuol n that they had a bighes

54
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contont of pibosomes and RSN thon did the waloriy of IM aud UM calls, I
addision, thole peamde metvices tended 1o e moxse grewsior aud lsss depae thay
wag the case Ia the pejovity of mast calle, Mooy of the gromles in Chlp cell type
ghowad evidegeo of exipoction of the mateix, I was, povieps, sipriiicapt thag
thie rac of meat coll wos Gideudt w locote on thivk seotons, Ltk fo hoows abowe
the oiflely of eposy-embedded acld mucesubstansen foy bagic dyed, het It is tomptiag
b0 suggeet thot the gramles which hed o veduged alfleity fox thom, ofthey bave a
pyelior cortent of AMEPS o thet the grapules differ in thely chomdosl gompositicn
foan thoge fonnd o e majerity of waast colle,

The prosont yesulte delhacnte wagious fatunren ¢ meast coll structurs ond
prowide powme cuitevia Sy the wecopnition of wWivastyesturel vlwougos that might b the

meoul: of anboptisacd fstion,



The Actlon of Compoud 45/60 op the btestinal Mast Celd
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fo 0 pestor of exporkncete, Aoy opd Woog (1055) ard Rilby (1959) showed

b

cosmantive glocuo mars collp,  Sloce ton, o apeciiis offvote of comapound 48486
i esdoked ot pevitonenl saack colly Bave koot eunmdnud In some dotald ond o gelotione
ehip botwaon o doze givas, @0 ovtent of maot eall dowage asd the gmoint of

Bdapnning poloopnd me boen coteblished,  ‘Thus, evonslyg dopes of comypomd 88

waculted b prosgeseivoly wmore sovoys nnek cell dibyistion ond concgmdtonedy nurmented
peleage of histowmbne Hloom and Ueogerwayl, 1966),  Riloy and Wea (AD55) pave yatos
fveatmant with 48700 ovor o paviad of fve duyi ond foead that thave won o payeliol
seiotionehiy betvwaen the hintamidns value of o pavtionlnr flome and #0 maot coll contost,
Maony werhese have used (hio cubacute freotment with 48760 to sozons the maet qell

ot pon waost el histisadus contors of varions orfong (Qobnscr, 31908),  Matoraine
roreoing ot aowiand Kwels fa the Bteotlne duelng 28/80 treatimest (Biloy, 1985 Johugen,
L19638) ol thiove Iuwe bocw teventad fadivean to domonotyate mact colla i the latentinal
Inmadne peoprin (Mot Persd and Yonods, 19563 oo i boo ofion beon eonnluded that the
fateotiand hletoming coptont 10 ctoved o aonemont coll gitos,

The valldity of those conclunions st B vo-seavodned In the Hebe of Booybick’s
work (30600, b, &) sed e Sindings In the feot ?;?3-.5.5& of this soction whore wmaet colin
were damonseroted fu oz o foon abandoneo i the testiaal Jaeinn propzda.  DParthormose,
Eneshiak {A3G00) found thet 24 colle wore vesdstong £6 the dogranuloting offects of 480480
ontl #hos dasing cubacute treotinont vA AB/ED IM ol puanbzs weve 5noe depleted g

weke, in fact, loooonnad,



Hecouge of (hepe confilcting woposin, 16 aasred pulevent to ro~crmnlue the
effets of comnomyd 48780 o tha IV colin sud aecoudingly, capeebnets were doviged
WiEh o puppRoen o sdnd,  Toothe flest ploce, the ghoet toem action of £8£80 wan
fovastigated bootwoo i coamed Moy that the thoe Iapne hetween giving 48460 and
soesifeine the not in pyovisun exsperhnents Poostdlels, 19660) might Be o shor for the
dotoctisn of changes amongot B eulln,  Forthormors, & bao reocatly bacn thown
thae Jondnped ot porivancnl mant colle piven Lwg sopnrato teatments with 44/80
wlegre (o sopnraka phaaoo of depranniation (Thon apd Uvidle, 1967),  To favestipata
shive ohort topin cotion of 4860, sots vwore Biliad oae bour ofes two gepavats fntrae
paxitospal dosen of 48760,

s tho Mo of paovious Locolts after sehacuie twoatsncnt with 45700 Brosblich,
$206a) i wan boped that this salpbt provdde o way of netificially bonsting the wmoect call
primbove uslyg roppneaeaiosival metheds, Wee seoadiding o systom gomaperaiis 10 (e
effecta of Mippootronayiug focticus (ooe Bogtion 3, pogt 20, An oven longes werm
progeamne of intamnitiens 20/80 teoatiment wan alvo devioed mad wee Girected towasds

$ae ame ond,

8%
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Mekopintn and Methods

Thivty~five skt famalo hooded Lintoy sote welghtug 190 « 220 son wore uvaed,
Five woge hopt oo copteols aud thivky were teoated with eompoupd 48788,  Cosopiud
48780 wos desuived fin dlstiliad wates g give consepteatitng varying o 6, 1 oypfmd
o 0, 5 nigfml,

Rate wors divided Tobo four gromps of Sve aid Oue group Oeoud 1) of ten pate.
AR pate wore piven o tonperitonsnl done of &, 08 wag, of 48/60 followed 7 hougs
faver by a secopd doge of 8. 3 wy apd thoa In Ovonn 1 were BBlod § hove letoy,  Hato
fn Gwouns 2, 8 Cond & vom Eraated with 9, 15 aud 2, 2 myg, of 45/86 op the 2ad doy
ot with 2 x 0,3 mg. on e Suddny,  Tho woga s Guoug 2 wore caceifieed 1 houy ofter
ghe jost dose op the Hhiled deye 2 x 0.4 mp, awd 2 00,9 mg, of 48760 wovs given on
days 4 and b pogpeatively and tha 2ata i Gecop $ ware soovidioed L houw atter the fast
dese on e Eh dey,  Gronp ¢ vete worn given 8 w0, 8 mg, 28/80 erch doy until day ©
whep Galy 3 dnjeobion wan glven, the zate boing Ritlod € bours lates,  Thooe o Group §

wena ghvon e Suvther wontment aftoy the S Joy ond wore soceificed of @y vawe thae

a5 the soke i Gronp 4,

Fidotedogieal Proceduyor Al vate wene Mghtly avespibetiond with Trlchioyocthiylono

hefore bodng Billod by corvleal dislooation,  Tioouon wore takon Srom o, tHagee
el oaw of each oty plnced In Gornoy’s fhild aad allowed o 8 ovosndghe,  The coabacguont

dohydrotiag end exebeddng proceases are degeeibad i Conneel Matorials and Methods,
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The blocke of futestine wers ovlanated &0 sive lungldingl sections at vight angles
to tho gurfoce of the pmeesn, ThHe soctions wore staliad with Astea Blus sefropis
for gounkias purpoges; the deteils of the counting procciues and of he weasurements

of sanconad expaneion ove desexihad in Seotion 3, pagt B,

Pronedures fop Bloctyvon Micenocooy: Blaeks of Jehwmum foy olectran micvoscouy

ware wommoved from rats v Geoup 1, ancesthetined with Telohlovesthylens,  The
henglon and ambedding protodizes ave deceriied b detall In Gepsial Matorials ot

lothads,

Sepemimont 2

Bisht adule fomnle hooded Listow vata, wolghing 183 « 220 goe, were nped,
Cwe proup of fopy rata wao glvon o ktrapevitonend Infection of 0, 05 mg. of
aosapovre! 48/80 ance o waok for o poelad of 6 woeka,  The seeoad gioup of foug
vats wes kol veteosted as contuole,  Both proesps were oncrliiced one wack ofter
the et trentiaset with 48780, Hinologicod procedures and counting methods wepe an

duseriied foe Bxnortraent L

Beonitn

Eanepimeont 1

CHoleal Siene: Within holf an howr of the fuek treatmont with 48/80, the mnjerivy

OF pato wore saove dull thon peval, wera vipoactive o stdmndl sud waded to wash
on govateh thelr focer, v o sz gote colfapsad qed wore dyspeeate, hoving owollan

and reddoped eprg ond snouts,  Within two houws of greatinent, the wmalority of ¥ws



woze fully vovovered.  The pecont dose of 48/80 soven hours lotow eaused the eollppoe
angd prostration of meny wate ewd two died within fitecn mivutes of treatmong., AR
pirgt woptom, tha letter had mashodly ciupuatod sevesoe with pomg subaeross! aud
muconsl huemorsingo, pavtiondavly fo the colon and Honm.  On the pecopd pnd thizd
days, many rots collnpoad aoon after tWeatmont with 48780 and o ey twd 2ot
died, Op the fooxth day ond thereaftor, the tronted wats ehowed Hile o no veastion
to fwther doses of compouad 48760, slthovgh tue vt died on the £iith day of treotmont,
Rats aneropoicd ona hovy aller tveatment with 40780 on the fivet sed thivd
foye hod conpested ar hemmorrhagle sorosas and the ganteaintostinal teack wan
divtepded with pae,  Sxbserosal and wncoeol eongestion and heemerdhage wos mast
aevere i the ponterior Mo or colon, hut woo alos noted secesionally n the jojenum

and gtomach ond other ebdominn) Mood vespela wore eiten wmerkedly copgested,

Hiotologien) opd Guertitative Fladings

B Culle: Group L. Thewre waes a highly signt@icont veduction in the ovepall nurshepe
of M eello (Dodde 23 although mapy of them as hwlsod {row Aotea Blue/Sufvenie stained
sentione, wors unaltorad, A Dopostion of the M colls in threo of the cipht wate in

Group 1 hed miprated intraepitheliely o benome ghibusle lovkoeytes (Jea Section 2},

I ol of g aotge there wora IM cells whlsh bnd shed theln groanles oy were fogmented

{(Bigare 332 Some of thewm ghowed goducad alcianopbitlia and giders bad pale«otatnipg
balos ceoupd the sueled,  The nualof iu o fow oelin vare pylwotie ond eteinad brighady

with oafeonin,  Blue-gtolnday seonnle semnapte ol plub-gtalfeing dobrie were oboervad

60
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TABLE 2

IM Cells in Rate Troated with Compound ¢6/30 (AXPERIMENT 1)

MAST CELLE / VILIUS-CRWT UINT

61

GROUP 1 GROUY 31 CGROUP IO GROUPIV GROUPYV
Contyol . . " . (utreatad)
1 Gy 8% _"1‘ h
{Lay 1) { Day 3) (Day & {Day 3} (Day 8)
7 7L B3+ 6.3 10,9 10.8 8.2
i1 5.2 5,94 (8.8) 7.9 8.2 0,9 10,4
.!-0. 8 8. 9 ?‘. L ”§' (é. 3’) {)o 8 90 ﬁ }vi¢ -?6 13« 1
12,1 5. 0 LK 6.0 10, 1 11.2 16,0
11,8 33 &) £} ¥ 10,0 9.6
1:&2? 11, 7+0,3 7.5+0,8" G.5+0,8 9,7+0¢ 10,6308 9.940.5
- BE ey o s had hei i .
{ }a = mean sumbey of glokbuls leukocyies Control ¥V GPYL P < 0,001
Contyol ¥ GPIY P <(.001
D = gisd Cemtrol V GPLIT P<3,02
Contyol V GPIV P 3,05
b = globnlo lenkesytes included in total ontenl V GEV P<(,02

(s Section IF)
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DAYS OF TREATMENT

Changes in the istestinel mast cell population duving
treatment with Corapound 48/80,

I
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within tho eytoplacm of mwacrophaga-lihe eeily,

Gwouy 2. The miobees of IM ecells sorsolped doprosued on ¢the shivd doy of
fraotament (Table 2),  Theve wasg, however, o propection of apparently apaltered
M colln, alitough meny clained weakly, especeiolly o gogions depuded of epithelium,

ey fow globnle Ioukooytou wers Hund within the epfthelinm,

63

Gapups 3, 4 apd B, The populotion of maant eells wan shiphsly dopeesacd v the

Fifthy day (Table 2) apd fhe enmbars yemelned ot the oosne Jovel i hoth pronps on
Pay 8 (Table 23, No moerpboeiogicsl difference conld ha detocted bebweon 1M celle
of the trooted yoto and the control rate, and ere vios voe ehonge i ey Ustribution

o the domine proprin,  The veoults sve vegordad in Gunph 1,

Ganoyal Uhoepvotions:  Cadema wes evidert in a few villl in aomo yats i Crowp i,

Bt the majority chowed Hitle alweention in pize ox ghape (Falde &), Theve was oo
Pweacee v the wunbey of salranin-gtalning nclusionn withle movrophnpas and the
bpightly stoiniog nuclecy and evtoplnspic debaln Bn e lamine propeds suguested thoe
noveral ealla wight Do vplerpding oytolyiie chongen,  Domwe of the villi o Group 2
on tuo thiod day of treatment weve oadomntang, the epBiholivm of mauy of the others
wie separsied fvom ¢he basement wembrane ond In many fustoncos oot aliopether,

¥ wag thewnfora nog poosihle £ meesuee villue expaneion, The fntostinal mucons

fre Gupuns 3, 4 and B on the fith day of tveatiment aud thepenfior wos of normal appearance

boing tedictivovnichoblo from et o entrentod vats and there wag po evidence of

yillun cedema or muesoal axpansion,



TABLE 3

o
1
TR WIS TN

Me&mﬂ;_:i:emmw of Villng Axen in R o Treatad with

Compound 48/60 HRAPERIMENT 1)

¥,

" 2
Viklug Avea mm

Control - GROUE 1
0,054 0, 052
0,051 0. 042
0,051 5,039
0. 051 9, 056
0,040 9, 060

Mear+ 0,051+ 6,008 0,050+ 0,004

Coutyrol VGPI N, 5,
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M Cells:  The vesponse of the CTM cells varied smonpet dudividunl wobs n
Gesup 1, Boms werely showed o decvenped effiuisy Sy sefvonin, otheys e
disrapeed and the scatlersd gramles were o longer odloured by salvands, hut woars
stalaed with Astee bive (Maure 34, Gfep on azagwphous material whicli pinined
pals blus was soettared arovad the dlecharped nwgt eolie, I Goroup 2 ou the Guad
doy of treasnont, wmosk ool wombers wope depletad and thoee thal vomeind were
amall and eontolend a misose of blue and wod stohiteg peanuies,  The £th dey

of erratmont snd thoroniter showed o fuxther sedastlon in the munbews of TN eolls
with very fow fointly blue-piatsleg ool vamaindng, alitough 088 o two srall
mbpmnka-staiudng colle wore found beooath the eplthalive,  Latgow pwubaews of pieall

blucedteindng colln werw Sovd In the rgues of ghe witaetted tote of Geoug §,

ineraneeneturnd Pladines

The vtestipal lomdeo propgia wos Seet exoinieed velng ataloed zesin-gmbodded
ghick soctions under the Mght mievescope,  The IM cells showed a varlely of changss
vangher Seom the akevetion of L or 2 grenslea chnilay o et fouad in 1M cells of
noersonl ots o vather extoneive voowolation, K waes siear, howsvew, thet oytolynie
hoft eocnrred nthe lamins proprio einee many maseopheses aopiained lnseeted coll
dobeis (guven 35 and 36),

Uhtwastrocturvally, the mejority of mact cells wore wiolierad and Only & fow
dogereyating maok collo were fournd fvee in the landme peopria,  Thooe ghowed

swalling of the eytoplosm with coparotion of the promuien sad the matyloes of many
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i Clelle B Sote Tronted with Compongd 48/80 (TIPBRIVENT )

MABT CBLLS / VILIUS-CRYPT UNIT

Comtrola Troasted

k3.9 16,6
5.4 16,6
15,8 24,3

13,4 18,2

Wiaun & a8 19,6 & (5, 3 10,8 & 1.8

Cotrol ¥, Troanted P < 6,08
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of the geentlos themuelves were pagiinliy eluvted or wore mave grasulay than poral
{(Mispwes 37 and 38),  Maet coll grapudes wore ideptified withis ¢he shogosomen of
soroe of the moecrapknpes (Figure 39) bt go wlse wore sompante of othey coll types

fncludies cosinophils and plasran cells {(Mipure 4.

Hinerimont 2

With each tveotment, the fouwr oxpovimentsl vots showed mild elulent signo
zd wikhin balf an heux of reeeiving 40/80 wore npitued tw ke Qull apd Jistiens and
to somein aport from each othoy; thely fax wap reiflsd and thoy tended to sorateh
ond o xub thelr faces,  Ogeaslonelly one o twp ratn eollopaed and rometned
proatrate fom o phowt povied of thuoe, hut thay recovered papilly, At post-morten,
there war o ohvicus abrowmalities i e trested zata,

Hiseologically, o intostinod peense was of sormal sppearance in both the
teaotesd and conten) groups angd there wap no mwrphelondeal o distribagionnl
aiffexcnee amengol the IM cells,  Quantiteilvely, thers wes o ollght Jneyeans

the nymber of IM colls i the weated aa opposed to the contvol vats (Table 4,

The eumnective tasue weat calls o kath goowps sealped stronply with anfeands,

The reouls from these exporinats smphaoise the difforauces betweon e
M colls and thely cobnoutive tlooue comtorports,  Acute troatmast aven wWith saall

dobgs of 45/50 Wwtroperikonanily consed the doruption of the latey with seattesiog

6%

of thady srsnples,  BHubadete trentroont resulted in o warind depletlon of the cennoctive
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rlacge voast colls and twse findlngs dve in aprasment with tha wasulte of eariien
expesiments (Biley awd Weat, 3955 Riley, IG5 I couteast, the I cells showod
greater Penletancs to compotid 45/80; the shieal term aoups tveatimend reduced the
overall munhors bug without aanging dogramsintion of g severity compagabic g that
geen I OTM colls,  Gf moze sigeificance was tho obility of the A coll to show o
portial recovery and to persiot ia the mucesa duaving the conrse of subaculo treptmnas
with 48760,

Bonerbiek (1206c) found that IM cells wore unalisred afier treating vots with
48,80 bt ghe dnterval of vime between giving the douy nbravenonely and exselsing the
cisaun wan shoyt, aud only o shyie troatient wos given,  In the preccnt capedineng,
Ewo trestments wove given niveperitonenlly over & perisd of sovoral htaws and the
eometo pointed to o pigeiticont seduction in the unbssg of M colla In the utentines oF
Chooup 1 oeats atter the Moot doy of tReatinent,  This ohnedvoetion was supported by hoth
Hebt sadevoscopie and witmeteustusal fadings wheps IM cell domege was detected,
The difforence botwoes the peecens zesulto and thooo of Eseebiick (19600} moys theyefore,
atess fronn the donbie weotwent plves ovor a pepded of peverol lwurs vwideh might have
altowed sutficient tine for the destractitn of ¢ propartion of the IM colls,  The stroius
of waks nead i the reupective expevimens might aleo bove hod differing cuscertibilitics
g0 46780,

Claponomt AB/50 bhas a dizect effoet oo the OTM ol of the at and i peohably
dependont on euorpy yeouiving ensymntie processes in the collo baconee ite action iy

bloched by migtabolle Inbdbitors Hgboyy ond Uvads, 1957 Mota ond Inhii, 1900), and
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by suoxda i the sheonea of glusose (Olemaut ced Uvells, 1961 K bag been puggestsd
thernfors diat the voryliy degranniagion reopaanses fn 1M and O eells gy vetfluet
ghe diffeeing wevme contonts in the colls (Basebdek, 19600) and foviher work is
wocpdved o ceaolve thie question,

Durdng the subnente treatuont, fhe rombors of I colls werd yadueed ik not
po the goane eskong oo OFM eeile, M colla wexe therefors able 20 povsiat v the
wanesae duping the cowrpe of treatinent and did nug Ze@uive o post txentuast ¥oeovery
pariad,  Juthis vospact, the vesction of the OTM colls $o 48/80 was subsinntindly
adiffeanpt bacouse the posppearines of wost cotln &z the songuw and aar was eonfined
B0 the mansll, peocly granslated colls in Group 5, whore tpeaipecnt bad coascd,  The
cligenckeristic pole bl staintoy of hobir grawilss with Astan blue esafvasio would
suppest st thoge colla were equiveiont to (e mutaring colls fomd B owbeyonte aud
baby wote {Combe o ol 3908}, Rley end West (3595) pelnted sut that the OFM colle
wecoversd ofter the cesgoting of trcatwmest with 48/60 wed wove denived efthor feom
Inpme ghost colle o {rom very maall colip apparently arlsdng in the adventitia of
whe blecd vessels,

Boeridick (1966c) pave wais o subooma reatmant with 43780 and feuwd thek the
M el fneropsad g0 bwine e pormal wirebiors in the eaked rete, b in (o propens
erperinacnt, the M esll susabets were slightly depresnad fu the tvented grovos,

The difforens resuli moy veflock the pteaing of Rats voed o they wey poosibly yelato
&2 the swthods of mast aoll fixstlon, stadnlog snd guastitating adopted in the experimonts,
Dospite these doovepanedes, she pamistance of mony 1M colls during thesimeng

wonld, oo Beerbliel (19600) polared ok, bo an oxpament o favouy of histemdne i the
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fntentinal mveona bodey praposs withiin ghe wact colly rothar than fa wop wost coll
sitas and hie location for histamine hae beon aonflzmed by hloteehomical mongs
{%ﬁ%lcz-&mem, Onmon ond 8itorg. 1RGN,

‘The felluze of cubmeonte twentment with 48/00 to sulwtonkinlly mercase magd
eell coitork oF $hs Jejuram wan dloappolnting oot avon thongh latermitent tvontments
vikh el dine conued o arnnil loo In the manlore, § wos aot sofficlont €0 wogk
sumtior ottootion,  Thoese cxpaviewnts bad boon deplgeed to proavisde o method of
ariifieally feducioy on lnovence 6 the I ool popaledon by non Wmreasolagicel maans,
The abiity to do ¢hln sadpht buve been of vee in the stadies of local hypozccusitivity

ieaceions W Mipnoctiroacyine bracilioncis,




SECTIAN I

The Globule Lonbwoeyto oxd o Repdvation from

the testinel Hebepithelinl) Mant Cell
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The globuls leukeeyie (GL) 1z a coll of sivildey merphology whone ovigin hos
remnaingd unknown and whose function is uncertain, It lg {ound within cpithedia and
ehayocteristically comtains large ccldophidlie gvanvlos ox glolrsles, The G L eccurs
o many spacies and 18 particularly prominast ik povasitic infections,  Savly studies
of these cells resuited in conflicting oplndons a5 1o thely mature; they were variously
tevoand soglnophils, aberiant tisone mast calls, degramlating mast cells, plogma
celle and Russoll body cells (Michols, 1938).

Globule leukooytes ave found in the intestipul epithelium of the st during

Nippostroneyiue hrasiliensis infections (Fallaferyo and Sevles, 1939) and Whur (1960}

caported that there wag ¢ relationship between the anset of self curs and the appeayapes
of these cells in the epithelinm,

It waa vecently suggested that the GL s denived feom both the Russell hody-
contoining cell (Whuw ond Jolmaton, 1267) and fvomn e Iymphoeyte (Kent, 1962, 1966;
Tonow, 1965), iobaon (30660) and Whur and Gracie (I967) conasiderad mast cella and
GL cells 1o be unvelated and that the GL was devived from immmagiobulin produeing
celln they postulated that s function was to savey astibody into the lntestinal umon,

I the gecond part of this Sectlon (Section 1, past 2} ¥ was noted thet o gragll
proportion of 1M celly were located within the epitholinn;  an obseyvation ailoo made

by Evexbdck (1966a), A prelbaipary exsminetion of Nippostrongyvlvg tnfected rots

had shown that thore was au inorease in the suamber of ntea~apithelial celis with histp-
chomicad properties atmilar to 1M ceils,  In view of these (ndings, o more detailed
histochemical and ulrastructural examination of the relationshiy between IM cells and

G 1. colln wos undertaken,



The prescot Hudinge shew that GL ealls are dexived from IM cells and are
in no way eolated w the fanily of inmweglobudin preduciop cells,  The resalts
have heen published i conjoint papers with Jarveit and Muoewray (avvett, Milley and

Muryay, 19670 Milley, Murray and Javvett, 1267 Mooy, Miller and Jazvett, 1968),

a2
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Miogapinls swd Methods

Bight fewnnle hooded Listew yato welghing 185 » 216 gmo, woee uged, By

wore fufooted sulutanouroly in tho groin with 3,000 N, bragillonnin lagvas, They

wase Elied ninsteen dayo affes infoetion,  Threo gots wure hypesioununised with
succepsive dovce of 3,800, & 600, &,000 and 10, 000 kuvaes,  They ware cociifiood
two waeks ooy the lagt Iufeotion,

Sopmentn of jofusum appraxinotely fifteos eeptimotras bohind the pyloemg
wore taken @his 1o o site whexo thoe poranites ava fousd io lavpe numbors duing
Infectlon ~ o Seutlon §§1),  The histelogical and cytechomienl procedursu are
deseriized In Gepexol Matoriols and Meghodo,  Jujunsm wan aleo tohen fon elontron

safesoscopy and the detnlls ove given Ip Muteviale sud Metheds,

Reoults

Figtochomiotey

Maet Celle - FThe histechomicol propestics of yaant colin in povinal zot ntostiog
ove deseaiied o Souklon & pevt 1 (Tablke B, The mact celle wone moge smoerons
in fnfected pats Sootlon I, payt 2) (Ffgore 42),

flotadte Toubooyies « GL colls wore Meptified by tholv position within the epithollom

(Figura 43),  Is eootions stained with Incwmotosylis ond Bosin the gresules of the

Gl Bl thooe te the 1M coll, woere cogluophilie, but tordod o b o denacly poolud

withis tho cytoploom and wewe I many nstoncos lnrgey thon 1o granueles of the IM cell,
iferochomically, OFL aoll gremakes had the pome propasties an those of the 1M

ol Fokide B), Witk toluidine blue o8 pli G, 8, the grasules were not metechvomatie
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TABLE 3

Histochamistry of JM and GL Cells

(Tissues fixed in Caxnoy's fluid)

IM Cell GL Cell

Toluiding Blue

pi 0,3 B B -+

pll 4,0 RP - BP -+
Astra or Alcian " .
Bluo/Safranin B+ B
Biebrich Scaxlet

pH 9,9 OR ++ OR -+
Acridine Ovenge *

0. 001% oY + QY +

. Pixed in formol sublimate

fror Key goea Table X,
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Bap ghuay did ptais oxihoshromatieally, ke thooe of g IM coll,
Afegr tha Felek techaigus for moncaraines, the gromslios of gome GL goells
flapweseed wikh o wealk greon volony, v cloarly azibitobis, elther o 5-HT ov
cavecholomming, Moy of the G eells aited to Ouorence ot all (wee Section 13,

paveg & fo Fisuvon),

Ultsoctmctara

Mo Cells ~ The fise clincture of the nomual 1M cell hoe boen dogoribad Geckion 3,
powt 2% Io powanitisod xato, the I 20dls ohowed several altvantzuciuen] difforencen,
The praoskos tonded to vary io olze, some of thow halng Iavger thon thoze n notmeal
IV eclin,  Inaddition, the matrlecs waes poatiolly loet frew some of the graraiso,
leawing parecxystaiting stoectuges iguee 443, Colgl comploven woers lorgor, mogs
Tdehly doveldopad ond wova fpnguontly obooreed i in son poveniticed ondmale,  Thy
gseavslen tendad g0 e lope donsely packed sod the REER wos wore promincnt fa gomae

of the B celle in pavasitived vavs than s wovmal xate (Pigues 44},

Glotade Lewhooston « Ol colls were found o ofl fevoly within the opitholivm,  They

wore identitiod in thick sootlons steland with basle dyes (Figura 43 o and b) and wewe
etromely common in the oland crypt epithellom Soctlon W3, vaxt 23, There wore
o functionad complexen hatwaon G apd epithelial eolls oud smaell eytoplanmic
proiovgations eoukd o ohsooved n the luwozcoliviar opaces (Flgere 53),  Gramsies
Waro prosent in oll 8L colln ozamined, but tholy moepholosy vovdad,  Tho followlng

LYnen were racipaicod;
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Pypa 3, Gragdes wideh were ndistinpmishabie foom thone of the oubepitheMal
roagt coll, hoviog homogenecus mettices of raodersio eloctoon depnity and
mm:m;g;{if}ﬁ_ by valt weonbaaues (Figueen 26, 47, 49 nod ik

Type 8, Geamsles o which smell eropy oz vios of loss elogtron dense and
moxs granular watcdx separoted the donser, homogoneous materlol from the
delbraitiag menbrane (Flpuses 48, 49 apd 03, Bwall verleles and myeiin~itle
coptipaeotliong were somctiman and I the paviphery of Swos groawlen Fieure 49),

Tyoe B, The watedz wae pasilally lost foom thace gromulen, fvaving pagas
sryriaiiiee sivustnres with clectyon donelly similag £ the oulginel maseh: (Pigwen 40
awd 40y, Longitodival sivistions with » poviodisity of oopeosimoraly 76 X VAIEE DROGRNE
withie tha popecyyetelline bixdico,  Oiten vemuonts of less denco nt cdapoely sramlar
santvks wore found within thase geaenles (Figuve 48)  Bmadl vosiclen and myolin-lits
fgmron wopa occasitanally ceon within the periggaonuior manbranes agd thoese were
fresponily diozuped ot vorione pointe (Pigees £48),

Type 4,  Cramsles feow which tie walt poeigeanniny rombenoes were kot
leavipg poracxyetaliing sienchurse frce within e evtoplnem (Flgaren 49, 60, 51 and 52),

e G, colle whepe grasies of ‘Type § oad Type 4 pradonnecsds e optoplosm
hod o pasudo-veonoiaead gppearance (Cipuves B aud 52),  In seme hstancen, thnge
were degeaneative chenges affoctioy the suclel ond ndtachondein of the OL colly,  Theza
was op aven grontes vavietion in granule odze omenget G colle thon wae fommd o the IM

celio of poweeltived veto,  'The laxgee grapdes, meaoneing approciowtely i dameter,
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Fiagepedva Oolod oompltres wewe forwd nomany GL oelle,  Tuoy waees phadlay
ga those of subopithedial waet cells i povasitised wato,  Tu geneial, ag o tho flly
goaretistend B eall, ROER and pibumomen SRre spoyse,

Mauy of the mant celly in the lamiaa propeia oy vovy close o £ Dagomerns
wermbyane agd projoctions of cyteplagm oo these colle wore seauionally found in
divest contecy thronph the enithalist banument menbeans with similar projections

S the hosni oozt of the epitheiiol ecells (Plopwve BB,

Digouonion

Brporimacutael infoctions with N, Lepaitiensia afioed on ercelient oppostunity

to atedy the GL in the zat, shece 3 16 weil cotabliched $ing G L cells incroane W
wvaher duvlay fection (Tallefonrs and Secles, 19539 Whun, 1066 Jorrett ot ol.,
1967a) It baw olso been showa Bk mast cclls in the fosestinal loming vroprio oreans
i oamnubar i fofoeted roto.  (Taliaferro axst Sarleg, 1939 Velln, 1963) ond thog
thers 0 a grioatitotive relationclip botween the nepeaes i moet cell sumbers ond tle
appearance of G L ecdls (Juawett of al, . 19672; Beetion X, pagt 2).

The vt IM cell containg on neid mucapalyozocharide (AMPS) coposioted with
a baste protel: witich ditler blstachomieally fron thoee v the TMC Soetion & paxt 1),
Tho AMPS of the IM coll hoe o wealk affinity of hinsine dycn (Baeabliiel, 1966b Bection §,
pare 1) ond vt oiodas stronpdy with cappoy phigtwleuyvaelsg dyes,  The prooont posults
show the ingracpitholin GL cell han seonules coptaining on AMPS which Bluwise stahe
wesidy with thiozine dens Dot ooteine Setra op Adcian blve vhen covntarataiand with

gafrandn, Torther elwiiavitios oye chows by tho staluleg of the gromios with aczpidine
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acengs.  The loter dye alee, baving an affinity for AMPE Sumdere, 1904, Oun
e bonis of thoss teate, the AWPS in the O Lol and 1M cell ave inlisiisonizhable,

f has alpe beon shown $hot the IM eetls coutade o highly basde protein within
she prontlos Goetlon L pavt 13, Uslhyg the acld dye, Blebrleh soondet, o8 hish oilf's
the GL eeils woee found ¢ coniain & basie peoiobs with stiley affinitios fon thie
Sye ao the B4 aalls,

Somse of the GL eello cantained suand} aoous of momoestainss, bul @ poperal,
the fluorsasencs of the gronwdes wae of much Iowey Intenclly than du IM eelle,  The
fagies gboevvation e probably the cesult of ¢ Lwotional change In the celle wivpeby
moneamines nee oot frow the oronpies ond (hin fo digevssed fn Section 718, park 5,

Tha waephological and histopbemical afmilovitice hotweon IM apd GL eolls
vasEe steiling aod wene fupther ompbesised by the ultvastzuotoral findiogs gronules
dollules hy wndt raombrenen and ndictingulshoblo from IV cell granwles were Qhonevad
B maany of e GL oelly,  Tihor footures thet weps ecommon to both coll typod,
portionlondy in porasiiiesd wobs, nvluded modevately lavge Golgl complenes, fingew-lilke
epopnsaic projectivne nisd Ralatively coall amounis of BEER.

The veenks show theg the GL cail i6 ciooely peloted to the IM cell ond the
it im prolebly deelved by migration of the M ool fntn the epithelivm,  Tho migratogy
oriphs of the GL g Indicated by the aboonce of apy Jemmoestrmes ox tghow junotiosn
sotiesan I and ghe epithelial cells,  The means by which GL cells reoched tholy location

a the cpldhalinm wap srgaested by the poiots of contust betwomy mast oellie in the

Iosdng propeie aud the hoopl poata of the epltbelial colls,  Pooamisably tueh o congact
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wonkd allow the migpetory coll (o beoek thiough the hoserssnt merubrans and Lest
aeadnet the heool plasmolemma of e epithelium, & positlon in whielh weny GL colls
wapa fougd,

Bovine aud sheop GL eello woend aleo ahowmn o b depioad feom subepitholal soast
celle (Munpay of al,, W68 Mupeay, 1260 and & wvas found that this trapsiormation
fnwolved 2 logs of omidpe which was sceonloted with 2 change In the selationshin
etwecn AMPH apd bosie protelin in the gransles, I che bovipe and sheep G X colls,
ghe chamoen in the AMEY wope pesopmiead by e varying fuovesgenee of the gronulos
when atedeed with acvidine avange, and hie wos stéribated o o chenge in the stoeking
of the dyo on 2le cltexed AMEB,  (Muaway of al,, 1968; Muvway, 1468}, fis the g,
2o such chionge was detected with confine oravnge, but an alteration in the AWFS
content of the goomnlss wag depected ualng the cvitionl mi@zstzﬂ;ﬁyfa@ merhed (Hoctios K5,
naye 5y,

The histochiomical ovidoencs for pranple disebreps is fther sulbotoutiates
by the ultvastrueturel Holings where type 2, 3 and 4 prameles could ¥l be efageo
fa tiio poocong,  The type 2 grenule sosy raflect on corly lovs of companunts Som
tho metels whinh poumits vicoslication of mievovosiclon and wayaliv-itle confipurations
axoued the pepiphery of apma of the graowlen; thege ave almost cextalnly soloved €0
the rossmiactore of the gronvles hemeelves @Seotice I, vost 3. Pevthey dlocherge
of the 1 fo peobably charactericed by type § and 4 panaler where the matdioen axe
almost completaly lost and e dotimisiog mambuanes avn dosteoyed,  The paras

ocrysialling ctrpetasen may 0o the yomnonts of the baode protedn, I the bovine end sheep,
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where histochemiocnl data pointed to a lose of anine from the groanules, thelr varied
uitvastructure was thought to reflect this lose Jovzett et al,, 1967b; Miller et al,, 1967,
Muvpay et al,, 1968).

Wine and folinaten (1967) and Dokson (19G6c) suggested that there were many
shnilarities hetweon the G L avd lnnomoglobulin produeing celle,  They hypothesisad
that the globurles contained immunoglobnlin and that the function of the GL was to
tranopost antibady across the epithelium to the target site.  Duving this study, many
plasma cells were peon, all of which were characterised by the presence of extengive
well doveloped REER (Figave 60). Ik smune cells, the cisternae of RBER were
markedly dilated to form Russell bodies (Figure 48),  The latter wexe yecognised by
the pregence of 8 roush surfoced membrone sursosnding the dilated cisternae and
waexe ot oll times easily distinguished from mast and GL calla,

it s cleax from the quantitative (Gection 1Y, paxt 2}, hictochemicel apd ultra-
giructural data, that the QL is derived from the IM ¢l by the migration of the latter
fotoe the epithelivm,  The observed histechomical and nltvastructural differences haotwaon
the twa cell typoes, probably reflect a dynamic process of amine dischargs end either o
Iogs of AMPS ov & chenge in the relotionship botween I and the bogic protein (Murray st al,,
19664 Saection 18, paxt 3), The possible mechauisins by which these changes ave hrought
ahovt and the functienal sigeificonce that they might have are discussed i Section IH

and in the General Conclusions,



SECTION 11

The Intestingl Mast Cell in the Pagagitised Hag
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Nipnosirengyius bragillensis:  The lifs cycle of N, brasillewsis has heen revievd

A LA - B MO 1 AR AL AN

by Haley (3962), 'The porasies infect thelr nedweal host, the pai, ag thind stags
laxvoe by penciraiing Qe skin and they then migyeta (o the lungs,  In this slge, the
Ipxvae foed, grow and mouls, they sthasequently migreate via the vesplratory teact,
oesnphigus and stomach o the small lntesting,  Tous deys afier infection, the
majority of parasites amg found In the avtexior pave of the snovil intestine,  Thay
underzo o fingl moult and begdn to lay eggs on about the {ifth ox bl deys of infection,
Coee io the intestine the pavasites localise in the Jejuwam bot Inter in infection
thay ave godistrlnted, and some of them migrate anteriocly inte the duedenun
Oramball, 1905), Bgy lavieg reachss a peak betwean the elghth and tenth day of
Imfection and declines juei before the porvasiies ave cxpelled,  The worms are vejected
tn an exponentiol fashion bedween the eleventl and elghicenth daye of infection,
{Jaryeit ¢t ol, , 1908),

Vhe kineties of Nipposizon

e

vryiug infections have boen exsmiued by Jarvett e af,
{1946} and they deseribed four phasep:
i, Logs phase 1 {(LPL) vheree & propoxtion of the infecting dose of lnyvae
is wobilised ox destreyed before,or during.the conyse of migyarion
via the lungs to the Intestlne,
2, The platean phase,  Fhe worms nomsin as a congtawt popolation in the

predilection aite,



S Loss phane £ {LP2) duving which zhe porasites axe expalled in on
sxponangind fashion from the bomt by ew dpurawelugical mechaniem,

dk, Theeshold phose, & small vesidual vopuletion of the worm 18 aef supelled
aud aeevives fov o faiely prolonged peviod,

Thay alae showed (Javrait et L.\?,, » AB2GE) thet in ewlmals vudergoing seeoud ov thivd

infectlona LPY Lecomes geeater, the platemu phasg 18 sborieaad and the exmlsion

raze of LR incveasss,

The gestingd Mool Cell fs Nippostropaylue-iofected vots:  Tallaferroe and Saxles (1939)

et

described the histologleal changes in the izzt»mi.ﬁnﬁ:«". of Niprosirensviva-infected

rate and noted thot the numbers of "conneciive tlssus banophile” aud glohule Jeukeeytos

inereased as the paresiies were expelisd,  They did not sugpest any fuoction for thaese
sells,  Wells (1962) quantitared the maet cells in tha fntestines of infocted rvats and
fouwd ghat they were deploted when the porasites were in the intesting, but that they
fnoreasad in parober afisr the outey kad bean axpelled,  Shoe dld not, howsver,
disginguish botwern globnle lsubocyres and mase cells and it i3 ot clear wheder hoth
ocll types wore inchuded in bioy connts,  Globule Isukooyten were quantiteted by Whny

(1966) In ate dusing priwasy wdeckions with N, beaaiBousts anid e found that they

increased e namber a8 & time when the worms were bebng expelled,

Recent experiments bave establiched ¢hat the G L celis ave derived fvom IM
cells (Joxeete ¢f al,, 1907h; Milley ef al,, 1967; Mutway egal,, 1968), I wae
algo chowa thet both cell types inevensed in munbar of the tne of hehniuth expulsion

(aareit ot al, . 1907a),

82
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This Section is concerasd with the changes amongst the maot cells i the
0 i

intestival mucosa of raty infectad with Nippostrongylua brasiliensis, ic i

divided into six parte, The fivst past describea the IM cell and mucosal reaction
aasociated with the lnvosion and colonigation of the ntestine hy the pavasite hutween
the fourth and eigith doy of ifection (1. e, platean phasge).  The second, thivd, fouxth
ond [ifth pazts ave gnantitative, ultrastructural and histochemicol studies of the
1M cell duning the poriod of worm expulsion (L e, loss phase 2) and threshold phase,
‘The sixzth povt descevibeg the mucesel changes asspcioted with the expulsion of
Belminghs,

In oxder to I:«.aép the cxperimants to & mansgeable pize,and becanse the
perasites move ohout wittdn the intestinal lnmen Braodicll, 1965} a constant site
in the jejuum was examined, sud 2 gegment, approximotely 1.6 cm, in lenpth was

uged for quantitative, vlicaptructural and histochemical stwdics,



Fayi 1

The Fase of the Intestinal Magt Coell During the Invasion

of tha Rt Intestine by N, bwssillensis
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Yhomn tha larvae of N, brosilionsie reach the small ingestins o the thivd

sartd fourth doy after ouboutonsons Iniegiog, ey ootabiioh haocelves ik the joiungm
ahous 10 te 20 oo, bohied the pylorus Bramboll, 1965 jauwett, 1908y  Dorlpg thie
presens of esteblisghment, o atnhey of choraoweistic changoy ol place in the
Istentlnal muctsn these ehule the altexation of vitlus sheps wnd the developsng

1

of ooderme of the lawing propgie which e menifest a8 & domowstranle vaacuiay fealk

(Uzmgnhars 8¢ ol o 1963 Jowwets, H., 1908 Joawets, W, ~ pospopel cosununiention),

.

Gopbey expaniaents Bod shown that the “peosal Inal Josion” was puminent

A% e mives wivses woried wers egiabliishesd ond mivimal o nove-wore siten Jovvett, 1960)
am& it was eugpestad chat thone loslows were o vuct consequence of the fexding processon
of the Buwves apd of the adult wormes, A% the sawe tlene, quaetitative rosults showed

e thors wag o oarked reduetion in the anwber of IM cells Inghe affocted wseona, aud
that submeduently doslug ¢he powlod of imvnnneiogies? exspuleion of the hehminihis, the

wmast eelly peappoared M the lomina propria (Javeett of al., 19067a).

Beerek gpestions arese feom Lhaet pyeviouss pesuies,  Vou espsapls, B wan aog
clooy whether the newly fovmed eells war Jdevived fvem previonsly degranilaiad most
catln on wiother degramiablon was followed by cowplete Ivals and domtunation of the
eells Oewgelves,  'The present exparbnent was therafues desigond 0 show Ge relation-
shdp Detween guenciiveive and morphelogieal Tiadbew In ovdey to establish the avepiual
fate of the IM ealln,  Sowne of the vascuior chonges and the caavuing nflonunatory geaction
that roouls o e Intentipal hyvasion with Nippustvonsyius beosilionbis wepe aion

s,
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L]

The reavlto show thon 1M colle ave progrossively destroyed apd the scwaonta
are subooguently engulisd by maceophages,  Changeo in the sKyastyuatues of tho
vagoulatiwe as well o the sceompanying nilommatory seaction i the ming proprin
are decorind,

To obtein more nformation on tha mechonferas 0f wank cell dapramilation,
g geoup of pormal vata was treated with metabelic prodecto dorived froa adule
vynns ad the rasuits cuggent thot those metabolftes may b wespeasible fow the

dontyaotion of the mast cells,



intoniale and Mothods

Thivty-one female hooded Ligtor vats woighiog 170 « 210 gm, were usad,
Mrentyeone 2ot ware facted onboutancounly fe the flank vegion with 3,000 layvac

oF N, brasilionsia.  Ton pats wers eyt ag coatvols,
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Brgraouts of jefasum b« 2 oot In longth wosa vewoved from as ovee 12 « 18 em,

postorior to the pyloruy ond were fixed in Corpoy’s fudd (soo Oeneral Moferials ad
Methadn),  Tioeunes wore alpo taken fov clectron mingoosopy: the detaile e
siven i Geunral Matoxials owd dethodo,

The czperpmental plon is shown fa Talle 6,

TABLE 6

Mistology for M

Py of lofection Hambor of Reto ooli Cuastitation Blectvon Microneopy
4 2 2 2
3 7 7 J
G A u 2
8 & ¢ -

Contyols i it i
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Prgails of the procedorss used fop stalndng end covnting wast cella ave
ghvan ja the gocond part of thin Goctlon,  Paratfin embedded sections wero also
stained with heomaolum and aosly and piseo~Mallocy (oo Conoral Matexials and

Methods),

Bxpegiment 8

Wosea metobolites wope kindly sopplied by Ds, Bllon Japeett, Aduk

By g;u;msem:wiué brosilicasts worms wors fovkated in physiologleal! salive ot

37% for one bovy,  ‘The euperaatont contolndus matabolitos wae coutrifuced to
vomive the apse and othor devwle ard woao etoged st -00°g,

One i, of metabolits solutlon containtng Gw eguivalont of I, 600 worm
wtsAnl wan injected pgo the il valn of four famale hooded Listey vats waighiog
186 « 300 g, The vate wepe killed twenty-fonr hours later end jejumim wag
vomoved for hictology., Fraceduzas for ptolning apd suonitugion are dosorihed In

thic Hoction, povt 2,

Rooplte

Qenoral Obpsyvations

Macroseopienlly thero was mild congostion of the cagosal euriace of the

povaesiidoed veglon of the intestine on the 4% day of mfoction,  Micnostronsylus

Invean were juat vioiblo Lo i nalied eye axd were confined g0 an oren of the Jojunuam
which bogan about 310 om, behingd the pylorus and osganded come 18 « 20 an,
poataiorly,  Un the Sth and 6th days, the some approsimote area of Jejmnun wap

worve deeply congented and dilated ond the contepto wawe fluld and nweold i nature
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The eaafure and adull sorasites ware laggcr end readily visualissd with ehe wabked
eye. Beven opd elpht doye aftor Lkection, the worme were sprond over a lagpes
gros of mauecsd end e jofnmim was dlloted epd copgested 4 O o, both
anterior and ponteior to the oviginol predilection site. By the eighth day, the
wajorisy of adult poranites weke Iying fyes in tho lemen i which theve wuo an

excens of fhin Suid and of yeilvwinh areens,

Mozpholony apd Guantitetion of D4 Cells

"The lanvas were found 0 be intertwined omonget he villl, usnally st a
fevel midway botween the villue tip ond the coypt on the fouith day.  The M celle
hod disoppenyed B the fmanodicte viciuity of the lazvee apd e adjacoit BV cells
wape altered in & mankey of waye,  Mony of them ohowed o reduced affinisy fov
copper phthalocyenine dyes cad stalned only {abutly o 2loe had a pake-staining
aletonephilic holo avound the puclons,  In gome coldls, the granelos weps elyuped
and ware irragulerly distributed avownd the mcleus, g in cthere, tere wore wmany
vasusion n the cytoplosm,  Occosioually, grospies were observed aeatiered in tha
lavedna propeia in the vepion of disvepted mogt colla,  Slugle pramlen, cluseped
peopnlen or degenerate~eppoaring oot colls, wore ohoeeved within (he oytoplacm
of mocraphage~iike collo,  The ohisoges were moepe werkod on the Sth day ond the
mact colls by the cyypt weglon wave moze sevoraly daveaged thon those i the villus,
Saven and oight days efter infocticon, Gwre was a progressive loas of IV cells from
the Ivtestinal laminn propedo in the prodilestion oite of the pavaciten, By the olghth

day, 20 mact eells were fouad in the lutestlaes of fouy of tho pix poto (Figure §4)
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ond In ghe vemaining e, they ehowad cxtenoive dogenorntive chonsss owl woge
Lol s pronns of two o thyee fa the eips of several viM,  The quantiagive

degevion of the most celle fo veconded in Tuble 7,

Dlgractruotupe of Magk Cell Doovansiotion

A%

{in the fourth doy of ofection, those vore mony smart eolls fo e lamiae
paopidn which were opporently nuokered although the grownie mateiees In a fow
of them showed 2 potely decerense in electvon denslty.  More povely, on cceaslonal
colk ghiowsd  consllevabie degenovative changen;  thewty won wstensive vocusintion
of the avtopiaain apd the poxipronulor menbranes were papsturaed! 2F come polis
the plammnatemme Kself was dawoped and the pramdo comtente lecked out fnte dis
extpaceliniay opace (Pirures 55 and 36), By the fi6d duy of infection, wavmal 1M
ealle wore move difflonlt so Jonete,  Tho elterations o demaped mant cells were
exboasive and ofton the dinyostion of the pozlprapelox moesbrone hod resulted
in the fnslon of the gronule metidass o fommn a leyge boammgonaous clettron~donga
doposit arouad which oue or twd unaltared prannies romained, tes pormiting
identificotion of the ool which coald ales ko dotocied i thick pooclons (Piguras 55
aud 99),  Mdrored mact cellp were pavcly found Iying feee dn the mming propels, oinee
st of them bad been shogaesytoned by macrophogen (Figuees 063, O and 62) oy by
lose diferonsiosed colle Figare 57).  Croeuls ond wiclony remanats could freuuantly
be Mlostified within $he phagoaamnes,  Cocaolonally o macrepiicge-like coll comtainlug

wmaat cell pomvanto woo foand within the epitelium {Plovroe 633,



AN

Baperimonte § and 2

Gucatitetion of B Gells in Nippestropoyluag-nfocted zoto

and dn Rege Preated with Worm Merabollon

Exoovimest 3

COLIS/VILLUS-CRYPT UMY

e - .. & ; a z &
fray of hdection No. of Rety g Colls GLCells Total

PR

Ciontrols W 15, 9402 - 1L.940.2

& 2 7. 100, 4 - A0, 4
G ? B 341,3 0.3+ 0.5 O Lo DL
7 4 Laxia ~ 1,382

& (} g. 2:;;;@0 ﬁ e 10 2 "@'8

Hupepiment 2

Troared with p Al 0 o o o
Metalnliten N 70142 L9544 $.9EA 4

oad 5 bt LR ; " oo ' o o ol

Meog - B



91

Sin ound seven doayo aftsy wlactlopn, very fow eotmal IM sl wore favnd in
the meosn, 0 edditien, few grannle xovenosts wore found withdn mecxrophagsn ot

thistime which wan i contzast to the cavlier daya of nfection,

Eliagelopient Chasgon in the Tatogtinnl Mucong

The Inpvae wor fotextwined amopget the viEE o ghe fowad doy of nfection,
Tho piwomal clements of those vl aditcert to tho povaniies wore sepaguted by
vodomns fuld giving the sffocted vitlue o baltous appontonse, The epithelivm at
the tios of pome vHR wao coparated feon e lominn propria by o fluid-filled opaco,
A3 iho psrnbere of pavacitos neveanod on the ffth ond obah days. villus codeny
axtanded to the mojerity of vl within the prodilection oite, oven whoere the pavositos
themselves wors ot zeadily visualiced hotelopieally, By this thee, some of the
Vil wove stusted and there wae o Righor sdtotic oto gmenget the erypt epidiclial eelle
then novsual (Figuee 64) wogether with on lnczesse i the votle of crypt lenath to villup
lepgifa, VWaexo the povosites wae adiccant to the villi, thepe was fattening of the
viliug opitheiium witleh formed an indentotion avensd tho worm {(Figure 65},

The changee wepe more povers op the geventh and eighih dayo of nfection asd
tha oodeme of the Jaming propaia wag such that the cutlines of mony Vil wore
extonsively altopad,  Chavestexfotically, thexs wae an inereane & the oxypt loogth
and gho oplthelial codln shovwad o dontinued high waliotic vate,  Many of the villag
apitheliol colln wore cubnidal sud woge vocuolated (Figuse 64,

I ghe noyimal rog, the mednn progelo of the hostiual yaueaea wea populated



by snacrophegos and vadifferoptioted collo towards the tip of the villug; planme collp
were monily copfinsd to Wi owey viling ond uppor eeypt vegions,  Bosimophils and
iymphocytes wore dsteibueent ag a1l foveln fn the ominn proppla,  Botuweon e time
whon the peveeites ayxrived fn the ktestios and the elghth day of lnfectlon, thove wan
a marked change i the coll popsintion of the lawmien proprda,  Witlelly mony cells
nnderwert oytolyals, Meoma colls wore reduced in sumbor ned cosinophile freguerntly
hod ool pyhiotie pucled and miestl cosounte of istengely eosinophille eytoplasn,
Pive gud oix doye ofter nfection, reluwively few cosinophils o placinn qolls wora
cvident In the lamina propeia, At the camo e, maczophagos with abundoot
sytepiague oontninisy a vorkoty of inelnoions, bacume promipont af al) lovels i the
Inmbna pyoprin asd thove wos op fnersese of undifierontioted colley o fow poly-
marphcatcioay Ionbaeyten weo also fouad,

iy the edphth day, macrophagen wewe stlill much in evidence, but lnepeaoing

mambows of sall ymphoayteo ond larger ymphold cells with moderately abupdont
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Basophilie ovtoplosin ind beson o yopopuiete the Inndas proprin,  Momoerous ecpinophilo

heving bond or siag chapad nuclel weee nadprating Suoovgh the nulnaneosn e the
Lapal lomine propeie nud were found in smodl aumboye 6 the boeal cryet vegions

andd seattored in the v,

Liltwactscinrol Chanoon I the iotoctinol Mucosa

Dadorea of the lowing propeln wag choceved oo carly a8 tho founth doy of
infoetion and wan yoadily appareot thageaftor,  Whoreas bn tho nosmel rat, e eolls

0 o fandne propeda day elone o one anothies (Flowe 60, n e codomntons aveos
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bilood voneels aud Innphatico were mevhedly dilated ongd the cells in e lowmina
propels weee sapatated by oodema fuld,  Smell detexcolluloy pupe were found in
the veuwnloy spdothelann Figure 09), end the codothellum of spme copiliavias woo
swollon and the oytoplapm wos vacuolated ond ravified (Fisuee 60) when compared with
the copifiavies o pomual pats iguee §67).  Exdetheiliol collo o nfoctod vaks
showed fnereosed nuraberd of emell dopse bodieo s four and fve daye aftor infection
theve were many axteovesated vod bigod colile in the londba paoopeis (Filgere 70).

The oplthelinl calln covering the vilH of fofected vate wave ag deseribed
i the Vebt mberooople studios, Dot the electron widernseope showed that the microe
vl ware maskedly rodieed in ofes and n noetobers (Flguees 72 and 735 of, Filguse
7. lu addhion, thers was marbed dilstarion of the latopal mtorealiviay epases
(Bigure 78 of, Flgue 1) which was pastionlarly sovers on the aixth doy of infoction,

Botween $ho fovsth and sovouth days of fufoction, plrema cells, coginophila
ond ymphooyres all suttered vagving deprees of dowmnge with thelr rovanants helng
evident within phagesomes of macropheses and of activated vadifforougioted colly
{Figuee 74 Bosiophile were ofion dleruptsd, boe thely provasles penarolly vamoined
lutank, even soue which waze found within phogesomes (Pigsres 70 sud 77).  Macro-
phagao wase pastionarly abuedant and had langs omonnts of vacuolaiad eytopiagm
coptainlng wmerous dense lycosomoe-ihe holwfons and phagosemes,  Thoy aloo
hod smaltivasioular bodias ond Hpld droplets 1o the eyteplosm (Figeros 60 apd 5L,

Int the vovsh ourfaced cudoplacmic yetioulum wao selstively eposeee,  Their nuclei



tewded o be torge and foniform with diffusaly disteibuted cheomotin,  The wdifferentioted
nelis had smelley amounts of oytoplaer havipg fower oypenalies and deoase bodios
tme cordatning weove aluodons poeugh serfnced codeploswis retionlum (Pigure 78),

Lpmphooyees and yophoid blnst colls with more shundoxd oyvoplanm codnloing
snony piboaomoen were found within the Iunen aad % she close vietuity of bath blood
awd yawhotic voseels, pasticuleciy on e st ond sevanth daya of infeetion
(Fignwen 79, 79 apd 80),  Polymonphonveloay loukooytes wers alen fouwnd ip pmall
spambors within bloed weprels Al dintributed In ths lovdsn prapeis,

By the seventh doy, thexe wao legs ovidenae of oytolysis, and maceophagen
appegred 0 ke sliphtly leos ackive In that thay wowe saoallsr aud comtoined fowey
phogasomes, At the semo toe o minbey of colle having cytoplasn: with medexetely
well developed ondoplosmie veticuluny, bot which could Lo veodily stinguished feom
plapma culls, wore found o the laminn prorpia,  Bosinophils wore mpre absdant

than on the poeviens daye of ndbotion,

B rperhwiogt 3

The Bieok of Worm Motabollioe on Intentinal Mask Colle 1 Magg colls wore quentivated
fa posmol pake glvon en ietvavenoue deee of Nippoairencylen metabolio prodhicrs.
Table ¥ ohows thot thege was not & siznifeant reduction in the votel nwmbars of cello
fu ¢he mucoss of tveated zets,  Whon the GL el wore aeluded from the tal, the
dopletion of ot collo was giguificans P < 0,81, ‘There wan no evidoves of

vilun ozdenma o pwiceoel gxpanciean,



Ereonceion

DU N e

fis e et enporhooit, Where noks were nfected with N, brogiiloneie lanvao

ghe mansk colls wore domagod and began o digappear fvom €he loming pyopris as
ecanly g the fourth day aftor mfection ond thexeaer wera progrossively deatvoyed
wp ot oighih day whon vory few wore found,  The wovit of g villue/ooy
nethod of IM coll quantitation ave diecusssd o this Sectiop, port 2, but v the
prasent eupoviient, come ceution is neceosary bz the fterpratation of the yesulis,
Seeaune of the geons vithue distortion which bocame sovers on the £ith dny and
pareiated on the soventh ond clghth doys, 1€ wae not feastilde to mensure the villue
avens and pome allowance wuit thareions ba mode for the expanelon of the aneona.
bven 50, uging the villup crvet as a valt of measusraement, the volumaetile exponsion
In ocesutod for 3o two plonen end the yooultant exeor in feus than thot obtalned by
the flaed objective field meothod. ;:an mpie the nborent difficuities of quantitetion,
i wos evident that e majority of BN colla were destroyed by the eighth day of
fnfection in the pavasiticed vegion of the jelwram,  Thie is supported Ly the ulixoe
etractaval evidence whore IM colls wore aumorsus on the foveth doy of infeetion, b
i the fikh doy hogo weed o fow povmal celin apd sany wore i (e proocss of
sogonarotion: by the coventh day, even gresule woraseits wove difficult to find,

The couss of waet cell degracpiotice o pot been clonely cotablished, The
mapuies of tha second oxporhiment whoere G cells were foved and IM cell pumbars wope

vatuced fn rote afion trepbinent with Mpuostrongyius metehiolic producty, polnt to the

divact ontlon of those wetsholites on the B cellm, It would svars 1iloly theg

the warmn products sonteda o spoclile doepranmingor similor to the one fselated from
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Asgaris cxbracks by Uveds aud Wedd (1967}, This o supposred by the hissologiend
oboorvaticas whoere M colls fiset Meappoosad Zrore aveas o e victaivy of the
panastly apnlved lazvee,  The thaing of mast cell depranslation oud the veoults of
the worm motehalite cxporiment, do aot therelore, support the hyuothesis of Wilsop
aud Bloch (0968) thoe thees celin ave scuoitised prios to thelr degeanlation duving

eha eaply stoges of Mippostyranaariug dutectiong,

Uhtractroctural studios of mast cell dogrenuintion duasley pognsikic nfactions
have a0t previcurly been roeported,  In the prosent oupezlmont, o sotaeval lufsotion

with B, brastMenain wos woed 0 examing the uwlirostmetnned changes I the ek

eolls,  Usiostunately, IM collo ohowing cavly skovations wore nok found in sufficient
sembars for the cortain sedognipion of the caxliest chongon, MR i come calls. thore
wag pavtiol evivgotion of the pranele matvices on the fourth day ond It appooyed s

i e subootuent supture of i pavigtnnalor wanbanes ond the plosmalosan
allowed the encape of the matrivon, leaviug o vacuolsted call,  ‘The domoge was not
copfined 0 the granvios, siuce othsy ovponelles, including toe mclens, wedpgwok
dogencvative changne, I soma celln, the granule matvices bad fesed o fove logpe
olesipon-dence conplorezations, which pycoumably wove viothle an the clumped
grawnden bo ctolacd histelogival soctions,  The yopdd vptale of domnged wiest colls
by maerophopes ond wmdiffsrentioted celln wag ewildyg,  The seguskes of avopts
supsested tho the 1M oells, orce fagested by the weceophages, wers gubseguently

deatrayed by intvaceiiviay digention.
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The phagoeitoain of mact cell gramles hy othen cells hag heon notiud on
savenel opeasions (Higgivbothen: and Dovgherty, 1000 and 1950; Purion, 1963 and
it dn handly surpriciog in view of the perofusiopn of meckopheges W the intestinal
lomine proprls, thet the M eolls suffer a similay fake, K is evident that the
M eolls fis the predticotion oiten of the perasite ave destroyad sad do not xemala op
viable cells whieh ave cuboeguently able to repeucrate and produce more gropaies,

The fintdags of villueg oedoiss ope in apresment with the description of
Bawth gt al, (1960) aud of Japsett (3006}, O v foveth day, codeme wos nguclly
eopfined to those VIl which wexe hwmoediotely odjscent o parasites, whareas on
subseguent days, o logper paoportion of the vl won andometous,  The olose
nososiation hotween the locotion of tho pazsoite and the eke of vadems, is mrolnbly
sigmificant, sinee it was wwom theae oreos that the WM calla fivet diveppeored, Mant
cell dogrenuiation yoleages the vagoeactive mming, hiotamiue sud S-hydroxyteyptamine
wilzh in fhe rot inﬂuw incyvoaged vorular poviaerbility (Mopag and Polade, EOGLY
the ansociation Reween mnst coll degronuiation, the presonce of o demwnstrable
vageular leak aod oadema i the lnwedlate vicinlty of the pavaoke, ealoce the
likelyhood thet the loak keolon i ot Jeapt dnltloted by degranmiation of mast cells,  The
early ncadoed codamn probably seflects the velotively muall pumlere of javasitos
adjacent to the movcoss and the soboeguent more gensralisad oedema condd reenlk from
the hulld-up in the woiia wumbors asd thelr yodoration to diffogent arpes in e
migeosn,  The perefetence of the 2ok losion comnat Lo atteibored to mast coll digcharee

slong, bacsuse the Blesd veseels haomme pefpactory to tho sotion of the vastactive
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aminezg within a sheat pexded of time Spoetor and Willoughby, 19268), although the
setion of oot cell protesees hos not been clorified i this vospect,  In any cvent,

the prosencs of haomorshages ag woll as nlteastructural evidence of endothelial celi
damoege indicate that other factoxs ave involved in the inercasel vasculay permeability.
1t in poosible that tha payasites thomselves produce a pemmenbility inducing factor
apaxt from the wast coll degranslator which, as postulated by Javrctt et nl, (19670)

i6 necssgayy foy the eatablshment ond feeding of Mippostyongylue brasiliensis,

The degencrative chapges in the lamian propria weve not conflned to ths mast
cells; coshaophils, plooma eells and lymphocoytes 211 suffezed vaxving degrees of
dawage and were phagoevtosed ky moepophages, There wag & pradominanee of
macrogheges and of phogooytle wndifferentiated cells hetween the fowth and soventh
days of infection and this wan followed by intiltyation of the Jemins propria with large
iymphodd colly,

Lawsh (1967) and Dineen, Ronsi and Wagland (2968) have suggested that a
delayed type hypovesnsitivity reaction wmight play & pext in helminth expulsion, The
present Sudings where lymphoeld blast cells andd macrophages were shmerous in the
Jaming propein might vepyesent such a sesponse,  Oa the otber hard the mucosal changss
pould well be the prepasatory stages of o local mmuns vespinse, with 2 lymphoid
eell ~ macrophage intevaction precoding the eventual repopulation of the laming
prapria with speeific entibedy producing colle,  This is digcussed in pazt 6 of this

Section,



The Intestinal Mast Cell During Immunological Bxpulsion of

Nippostrongylus bragiliensis in the Rat

Quantitation and kinetics
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Ninpostgoneyius fafoctions aye terminetad towards the oad of the secound

wenk by an Inpuuedloglend reaction known o8 solf-cuve (Afvkea, 1931; Mulligon ot al.» 1965}
ard pocent cxpopivoonte bove shews fot the parasites aye oxpolled i an expoasntial
fachion batweon the clevauth oud olghtecnth dayo (Jorroit of al, , 1968,

A ghe éosmmeazwm@m of warm cxpulsion mast colls yeappoay in the lxtestinot
wmucopa opd ineroase ln sumbo (fovsett ¢ pl,, 1907a).  The origin of thess cells
respotns vacoriets althowgh Tellnforyo and Sarlen (1239 obnceved that thoy wore
derived from laxge stroma  cells iy the laming proprda,  The same workors eleo
noted o dnerones in the maeosal content of G, colle.

Whue (1960} Connsl o welutionship bateson the bmmmme expaloton of N, rosilonsis

aud the appearancs of GL colls in the futesting) oplthollom,  Jayvatt et gl {19670)
showed that thoee was @ pumosioal relotionshin betvweon the I and Gl eclis pud

it hno back demepstzated ghat the QL cell ig davived from the subepithelind wmast col}
(Mitlow g al,, A967; Muzray ot al,, 1968 - Scction I,

T pugposs of the droasst euporicient was to Jisoover the ovigin of the IM
colls duvivg gell cure, At the same time g saeere detalled stedy of (e quantiiotive
zototionship hetween IM and 1. eolle wap wwlestnben,  Tho moyphological findingy
axgd tho population lncticn ndivete thot M cello axe devived by differertiotion cnd
divieion of preonssoy colls and by thely subscipornt pvtewation,  The rosuits aleo
proviae o gantitotive basls for the subgequent ulivastiucturel aud hictochomical
stodicn of the moot coll xoaction &t the tme of woria expuloion {cee thin Sactica,

naxts 9 & ond 8),
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daozinls gt Mathods

Pigy-tive femedo bomied Lisiew sats welghing 199 - 220 g, wore used;
ity worn Infoctad subovtansonsly ti the proin vogion with 3, 000 loyvas of

M. bresjliensio, Theoy wero avaentheticod on the appropwiate days of Infection apd

ginsuen were remoevonl for hictologienl and uiteastructavel paeposes bofore the
onimale wore kiled by cayvical dicicention,

T poabo feow cach proup and five vninfected contwoln waye given intzopovitononl
fnjections of 3 x 40 rop/Ky deLADOEA (DL - B - 3, 4, Dthydrouyphonyl-alauine)
Kach-Light Labovatomien 14, ) st howely {wteavols and were ssexificed ong houw
fotes,  The czpeximontel plan do given in Table 4. The congrol group of ten rats
wos the some a6 that used in the flvot pavt of this section; they ware obtained feom
the pome sonred ot tho same thna 0o the ewerimented grouns,

A acgracrt of Jeimum approxinantoly B em bk lousth wan eataoved fvom 2 site
12 « 15 e, bohind the pylorus from ench vab, aod was opansd longitadingily with
fina scisgurs,  The wiman banden in the segment apd in the vemainder of the infostine
won ookiuated, bt ooy covptad,  Tissnes wove adloead to fix foy 24 ~ 40 howwp In
Caxsny’e tukd bofore dehydeotion and embalding, Blocke wero twimmed and opjentored
to obtoin sections along the lony axis of the jelmam ot #icht anglon to the purfoce of
the mucona,  Boctlons wore oug ot approximataly 6 ¢ hiciueon and were stained with

Astra Yine/oatranin Soo Gepapal Matexiols ond Mothods).
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TARLE 2

CHAR AP RIS

Grpagimcniel plon fov the quantieative, bistochemical and witenstructural efailios

of the 1M coll desing the Immumelopicn? oxpalsiop of N, brnoiliensis

Tisoues foy ‘Tlaoues for
. ™M eoll Blesteon Microooopy
_ ) , ) No. of vota ) *
Doy of lfectlon. Mo, of Rets " o0 ;h spantitation cod Palck
Jo ki LN e 20y o, 3 i . iLore S -
e % Liotochomists I T ME
LaDMIDA & hiotochomistyy Pechaiana
MU ERALISY ib B 351 i0

Day 19 & 2 &

L

fhay 14 & - 5

o

Bay 12 9 A 9 5
Doy 14 8 2 & 5

Doy 4G 7 = 7 5

[#4]

o

Doy 19 7 2 7

Py 33 4 i & &
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Meghod of Guontitetion

The w1t of the jofuman of e pat gopd o e tagee-shapad with thely brordos
axes of Piht anglos @ the long axie of the lutectine (Royeolds, Dodin snd Bheoly, 1067
Nopdetrom, Dahlgeist ond Joseiseon, 1968 go theb in longitudinal sectious thay
apposy o be duges-ahaped and rogulnely vpnced; wavelly holog aoporated bovelly
by one pland cyypi,

Fog gnmzs@:imi:iﬂm poEposee, the mmeoss was dividsd nto 'villug-erype’ units (VO

The pumbor of mask colls Iyl between ewa pland eyynts and i the laming prontia

of the villue above ware coupted,  Olebwle lovhooyies wore enumeratad in the lensth
of eplihelivm ouelindag that area of Jaming proavin.  The lattey wee dollynited bagally
by the wevseulnele wmeceses,  The whols axen conwrised 2 VO unit,  Collo wapa
guantiteted enly i those wite which were cectioned longitudinolly,

The gramstes of mact celde aud GL exlle woes opalped by Aotra bive and the
awted ware ouglined Iy salvandn, bt mitotle fSgwres aod nuclecl woes steongly
safeanin pesitive, I cellp and G colls wors guuwtitated sepavetedy i csch
villes-oryet updt ond tha mimbors for eneh ot woere obtained by courting ©wanty wts,
and worae grpresaed a9 the maon values.  Tors! IM coll counts ware rakon as e oum
of mean IM ool ond mean GL coll muvbers in dadividual sats,  An apalysis of
vegseooion Seodocor, 19661 woo carzled out voingthelopnuithng of the geowwteie
qacan of weinl IM aell pembora fo caeh group,

To give eome hulicogion of the astent of mueosel expancion, villng leagth was

messaied from the tip ) the wasenlants soesa apd the widh wag veaavsad midway
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botween the tip and the gland crype region,  'The product of villus length and villus
width, the villus area, was vecorded for ten villi in each of five vais in a group except
on day 38 whexre only fouy rats were esamined,  Mean villus avea + S2 was tabulated
for all grovng,

Boaults

The expulsion of the worm burden followad the nsual pattern desceribed by
Jaxpewt et al, (18G8),  Woyms were present in lavpge aumbers on the tepth day and no
obvions decyease could be observad until the twellth day afier tnfection, By the
fourteenth day, the worm buvden was veduced fn all yeglons of the small intestine,
Taw pavasiten were found in rats on day 16 and on the nineteenth day, worina were
diffionlt to Wceate, ‘Thirty-five days after infection, ouly very small numbars couki

e found tu the inteating of cach rat,

Lighit Micxoacope Obgernvations

Normal Rate:  IM cells were fownd at all levels in the Intestingl laminn propria and
were evenly distribuied amongst the VO unidis (Table 9); there tendad to be a higher
concentyaiion in the exypt vegion than in the lamina praprla of the villue (Figure £1),

Intracpithelinl GL cells were yavely observed, Treatment with L-DOPA did not

affect the nmubey or moxphology of IM cells (Table 9),

Pavagitised rats: On the cighth day the villi were sevoyely distoxied (ithis Scetion, paxt 1),

Ton doys afier nfectiop they had agoumed a more pormal shape although villug aven
was greater than it wag in controls and the villi remained expanded throusiiout the

couvaa of the oxperiment (Table 10),
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TABLE 9

T

Tha Cuantication of IV and GL cells in the idestival Mucosas

of Rats during the Imaune Depulaton of I, beasiliensls

v e

3 5

Total Cells Log

1

B X
Total

E4]
e @
i Calls 0

e , »,@ o
Mo, of Rats L Cells

/"J'{?

/ Vi

fection in Group 'IVG cells / VG
Control
L=DCOPA 5 1.7+ 0.4 - 11,7404

Trgated
Diay 10
Day 11
Doy 12
Day 14
Day 16
Day 19

Day 35

7

L

[

EC

210,7
6,8+1,9
L7425
51,3 4 4,7
SO.8 + 4,6
53,24 2,3

26,8 +0,7

g

3,1 :%; 3,1
. ”r_'.v 3.3

5.0+ 2,2

= ean & 8B

@ lczgm of the geometric mean + Sk

92,0 4+ 10, 3
B83.3 7.1

39,4 + 0.4

0.2029 + 0, 16
0.7847 + 0, 13
1.1262 -+ 0, 10
1, 9874 4+ 0, 04
1, 9475 4 0,05
1,9116 -+ 0,04

L. 5952 + 0, 007
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TABLE 30

Size of Yitlus~Crypt Unde }":I_?j{_liﬂg

Day of nfection Mumbey of Rota Villug Avea 111;1"12 "
Contrel & 3,049 -+ 0,002
Duy 10 B 0,074 -+ 0,003
iday 11 5 0,071 4- 0, D03
Day 12 5 0,070 + 0,003
Day 14 5 0,070 - 9,504
Day 16 3 4, 074 -4 0, 603
fday 19 5 9,074 4 0,003
Day 33 4 9, G662 - 0,002

e Mean -+ BB

Contyrol V Rags on Day 14 P <« 01

Contrel V ail other groups P« 001
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Small nuinbexs of IM cells and Gl cells ware found in the lamina propria
ond epithaelivin respoctively on the tenth day,  Both cell types had large, oiten
zeniform, pale-staining wuclel with one ox two prominent mcleoil, The cytonlasm
characteristically contained only one or two Astva bilue positive granvles (Figure 61),
althovgh a fow had lavger eomplements of granulaes, The digtribusion of the cellg
was iveegular, some VO apite contained fow, 1f any, whereas others bed ag many
ag fiva to ten, An ogeasional  mitotie figuxe was obseyved {a both IM and GL cells,

The population of granulated cells wereased on the vleventh, twelfth éml {fovxteanth
days after infection, The geomeivic mean of totel cell numbers and the mgl 3 plot of
thesa figures againat thme show that the vlas was exponential in chazacter with a
regresaion coetficient b = 0, 44 -+ 0,08 (Gyaph 2),

On the eleventh and twelfih days the IM colls and GL cells weye morphologically
shimilay to those on the tenth day, but sowe of them tended to have lorger numbers of
gropulen,  Mitotic figuven were Incresaningly evident (Figurxes 82 and 83) It atill
ware not common,  GL cells ware found in gireatest concentyrations whexe IM callg
were most abundant, althcuph the distvlontion of both types tended o be extremely
variable,

The maximum amwmbey of cells wos observed on the fouxiconth doy afiex
infection, Some were fully granuioted and woxe Indistingnichable from IM cells seen
in normal rags; most of the GL cells contained fewex granulea than theiv countorpasts
in the lamipa pyopria awd I some areas, n.any of the IM cells fragmoented and woexe,
for this reason, difficult to quantitate (Figure 84), Mitoses were readily obgerved

in hoth GL celle and IM cells fourtean days after infection (Flgure 85),
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Graph 2
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DAYS AFTER INFECTION

The kinetics of the total population of 1M and GL cells during

the immunological sxpnlsion of N, Draasillensis,
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The chonges omonget the intestinal mast cell and glohule leukooyie

nopulation during the inmunclogical xpulsion of N, brasilicnsis,
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The greater part of the GL cell population was found n the wpper paxts of the
gland crypt epithelium, very fow weve progent in the epithelivim overlylng the villus
and thoso that were, usnally had very fow grepules,  GL celis contrilnited an increasing
propovtion of the total from the tonth to the loustsenth day (Graph 3) by which time
they formaed approzimately 497,  On the sixteenth day of infection, the distrilaion and
morcholery of the grannlated cells were similax to those found in the mucosa on the
fourteenth day., Mitoses were howaver, rare, althongh nucicol could sgill he
distinguisbed In many of the maclel, The increass iu the populaiion of granulsted
cells ended after the fourteenth day,  The number of IM cells zemnined at the same
tevel vagil after the ninctecnth day, but the propoxiion of GL cells decyeased steadily
go that by the thixgy-Lifth day they formed only 327 of the total {Table 9),

On the nineteenth ond thivey-fifih day of infection, the IM cells were fully
granulated and compact (Fipnye 86} and very few appeared to be frogmonted, GL
cells ware movphologically similar to, and distribnted in the same way ag those on
doy 14,

The ovexrall changes amongsi the mast cell populatien in the integiinal mucosa

duving infection with Nippostrongviug brasiliongie ave vovoxded in Graph £,

L2,

Digcugsion
The purpose of this experiment was ot only o delineate the kinstics of the IM
cell changas bot also to establish & quantitetive relationahip hatween the pumbers of IV
ecalls I the lamina prapria angd of GL cells in the epiithelium duving tmmunological

expulsion of M. brasiliensis. Severel factova had te be considexad in chaosing o method
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for counting these cells inclhuding the distribution of the cells in the mcosa, alierations
fe tissue volume and the focility with which the two cell pepulations could be compared,
I cells were averdy dispersed in the twcose in normal vatg but during

Nipposirongyivg lofections o lavge proporviion of the ¢elly was concentyated in the

cryoi region,  Also duping infection the villi were expanded go that the gops hetwaen
them were parrowad, The stendard method of counting cells pex objective field wag
dlecorded bhocanas of theae chapges and hecauss it proved to be impracticable fov the
compaxison of IM and GL cell nunibary,

Thare were several advantages in the villug-crypt method,  The subiective
selaction of flelds which was diffienlt vo pveid dn the fixed {icld method was no Jonges
o problem and & wae algo veiatively easier to compave IM and GL cell pmmbarg, The
unit was flexible i the cvent of volume chappes o that two of the thyae dimenslonal
alieretions weye alvsady ineluded within the villug~crypt, Tt was lmpepative, however,
that the villi shoulsd be seetloned longitudinally to avoid aviefacts of call distribution
which conld axise from obigue sections of the exypt remion,

The IMeelis In novmal vags were evenly distribuied smongst the vwilli and
pumerienl diffexences hotvween Individual rags were emwdl, but the villns-crypt method
of quantitosion demonstyrated the uneven distribotion of cells in the intestines of infected
rotn sng i s retlocted by the high stondard erxvors of the meaus,

Vexy few mast celln remained in the inteaiine on the eighth day of Wfection, the
mujoricy having baen phagé&.ytmsmt by mecyophages ((his Sceilon, paxt 1), The orvigin

of she pewly devived cello was the refore of congidexable Intevest; they did in fact
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ditferontiote om celle with lnvge nuclel and prominent nucleolf, Thiw is in agreoment
witlx the findings of Talisferro and Barles (1939) and In the next pait of thia Section, it
wiil kg chovm thig the procursor cells clogely resonbie lymphold blast celly,

By ihe tepth day after infeciion, small anmbeys of graounlated cells reappeored
in the nsestingl mucosa apd theveafzey neressed in nwmbsy exponantially in 2 poriod
of zapid difforentinition, division and matwiation.  ‘The eaponentiol character of the
populatinog espansion, tha Masgt Sype of IM cell and the fraguently observed mitotic
fguvay are evidence that the pumshexs inerecsed by division, diffeveniiotion and
maturation waibeyr than by an lnfilivation of granuwlated cells from elsewheve, The
stats of flux at this tlme 1s reflected in the vange of IM cell comgs botween the tenth
andd swollth daya of infection and by the xvegular fsteibution of cells within the Jaming
propeio of ndivideal vats, By the fonsteanth day this wide renge had pavrowed and IM
celld wesa wmore matune a8 was evident {vom the lavger movhons of granmles within
individunl celln, but eves g0, mitetic fgures mmongst granalated cells wore readily
found,

The athmell roquivaed (o being about increased nambers of mast celis axg
not knowi,  They have, however, baen oboervad to develop fyom lymphaid cells of the
thymna ({Ginsbuyg, 31963) fvom thoracic duct cells, from culturas of Yymph node cells
{Ginshurg awd Lagunctf, 1907) ond to smliipdy within lymph nodes (Millex and
Cole, 1968), The presence of mast cells within cultures of thovacie duct cells
imples shat they wore depived by diffexentistion of precursoy cells vathex thas by

multiplication of an existing pepulation of mast cells althongh Miller and Cole (3903)
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postilated that both mechonisms might b2 functional,  Proliferation of these cellg
wag rather mova extensive aftey antigenie sthuulation (Gincdnirg and Lagimoff, 1907,

Miller and Cole, 1968}, It is possible that N, bresiliensis also provides a contimied

antigenic stimuins which mny be responnible for the redifferantiation and multiplication
of the mast cellg, although it is not known whot influence the earlier degrannistion of
the magt cell population might have,

Tha nnnbex of mast cells in the mucosa did not incyease after the fourteenth
day even thouph witotic activity was high at this time; in fact, a gradual decline in the

population took place, Three factors may have contributed to this phase of decline,

i. The rosualts show that vervasing propovtions of the cells migrate intea
aplthelially to bhecome (L cells duxing the pexiod of expansion,  Incrensed munbeyr

of thelagter was noted by Tallefesve and Savies {(1939) and Whay (1966) cbhseyved

that thers was an aososiation between the appearance of GL, cells and the onset of

celf eure, I wos recently shown, howsven, that the O L is dexived from the snb-
epithelial mast coll (faveett gt al., 1967k Millex ¢t al,, 1967, Musway ot al., 1908,
Seetion ) gnd in view of this arigin GL m.ﬂa wexe includad in the total IM cell connts,
Mumaerically, thare is o striking correlation batween the IM and GL cells because the
latter were found lu maximuon munbers at a thme when $he total I cell population

was at & peak, thus on the fovcteonth day of Infection approxhnately half of the totnl was
Gilocells,  The eventual ate of the latter has not yet heon claxificd, but the majority
are partially discharged as they reach their tocation within the epithelium (Murray ot al,,
19066; Section 1) and it Is likely that as they are caxxled towards the villus tip between

migrating epithelial cells they continue to dischavge their grapules,  EHventually,
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ihe complete Joss of acld yaucopelysaccharide fvora the granviss moy vender the

solls lnss easily detectad by convertional histological methods,  In any event, GL
cells were veadily visnalised in the ceypt reglon but were only found i small nunbers
Ligher up the villus, 1 is possible that GL cells ave able fo migrate back inte the
Iomdna propria DUt noue was sedn Lo migrate into the lumen, M s morve than likely
thag ihe Jdewnige of these cells coptributes 1o the ovexall decline in the nnmber of

vecognianble maet cells,

2. Histologically, many IM colla were fragrented and vlizastructural an well

as histochamicnl studies show that a Iaxge propoxsion of them were partially discharged
or wexre evon more severcly domaged on the fourteentl and sixtecnth days of infoction
(This section, pavts 4 and 5),  The severity of these changes particslariy in xats with
high counts was stxiking (this Section, parxt 4) and i presumably a mwajor factoy in the

seasatlon of the expeaasion phage.

3. The wate of cell division and differentiation was probably declining, It wag
beyond the scopa of the present experiment to estimate the wivotic aetivity of IM rells
duzing Nippostrongyhis infection, bub many cells wene aeen in mitosis on the fourteenth
dey, wheress mitetic figures were rarely found on the sixteenth day and none wag obsgrvead
on latex days of infoction, Population growth Ly el divisica had therefoxe probably
almost cassed by the ninsteenth day of infection,

There ave three sopavste phages of M cell activity which can be ralated to

the kinetics of Nippostrongylus infections on a temporal basis; the mast cells are
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degransiated when the parasites reach and establish themselves within the intesting
repeneration of IM cella begins just prioy to the incaption of and contlanes duving the
immunologizal axpulsion of the helbmintha wizi»::h occurs batween ghe eleventh and sisteenth
days of :ln.fez:r;:gm (Javeett ot al,, 1268}, The subsequent reduction of the population starts
i the middle of the self cure veaction and contintes well afier the wajority of the

parasiteg have been expelled,



Paxt 3

Wt (e it

The Intestinal Mast Celi During Imunnnological Expulsion of

Nippostrongying bragiliensis o the Rat

The ultzsstyuctore of diffeventiatingy intostingl mast cells
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in part 2 of this Section, quantitotive and kinetic studles of the IM cell
population in the infestinel mucosa showed that these cells fnereased in numbey in

an exponentiad fachion botween the tenth and fouxteenth day of Nippostrongylug

infzettons, They were derived from precursor cells with large pale-statning nuclei
and proralaent nuclecl sad the Lumature maost cells were seen in mitosis throughon
the coursa of population axpansion,

The oxigin of the M coll precursers wag not identified with certainty although
they had carlier been characterised as 'sivome’ colly becavae they resembled yettculay
cello (Talinfevro and Sovier, 1939), ‘The purpose of this uwlirastyuctural study was Lo
discover the oxigin of the newly differeatiaied IM cell apd to catabligh whsthex an
abpunt cessagion of the didfeventiation and maturakion processes was responsible for
the gudden foll off in the vate of population growth hetwaeen the fovrtecnth and sixtecnth
days of infection (thia Scetion, paxt 2),

Whilst it is generally vecopnised that CTM cells represcnt o stable population
awonget which cell divislon iz vave (Bencite and Lagunoff, 1964), vecent experiments have
chown that diffexentiotion and veplication of mast cells oceurs in a vaviety of lymphoid
tissues efter antigenic stimulation (Ginsburg end Laguncff, 1247; Millew and Cole, 1968),
1t wag of atoxest, thoveiore, to compmare tha process of IM ¢ell differentiation and
maturation with that seen in in viteo cultivation of mast ¢olls from lymphoid tlzone
{Ginslmye and Laganoff, 1967) and with the materetion of the CTMC in the vat {Combs,
1800), 'The ulrastynciurel featvres of IM cell maturation and differentiation are degeribad

and ave compayed with processes geen in the CTMC (Combe, 1966) and gronviocytes of
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vavious species, Theee findinge are corvelated with vhe histochemical features of
the cells (this Seotion, past 5) and the probable mechanisms of granule glaboration axe

degeribad,
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Matarials and Methods

The experimental yegime is described in paxt 2 of this Section, Tissues
for electron microscopy werg obtained from the intestines of five xats in each
group except on day 35 wheve onlky four rats were used, Small blocks of jojunum
wezre vamoved with fine sciosors from areas immadiately adjacent to those examined
guontitatively and histochemically and were immediately cut luto small slices leas
then 1 mun in thickness ia dreps of chilled fixative., The fization and embedding
procaedures are described in General dMaterizls and Metheds, Some of the tissues
were emboedded in Araldite and the remainder in Axaldite/Enon {see Generval Materials
and Methods), Thin sections were ovt using an LKE Mark I ultracoms, mounted on
copper mesh grids and double stained with 207 uranyl acetate in meithanol and with
lead citrate (Reyiolds, 1963}, Thin sections were alternoted with sections
1 = 14 ¢ thick which were mounted on glass slides and stalned by the methods of
Richardaon, Jarett and Fide(i26Q) or with basie Fuchsin n 50% acetong (Ackerman and
Hostotler, 1968),

Resuliy

s e darcit

Wentification of Magt Cells

In the normal ret the IM cell was fdentified by the characteristic pronules which
were packed inte the cytoplasm and in thick sections these gramiles staiped a deep
blue with the Methylene blue/azure 2 method and a bright orange red with hasic fuchsiu
(Figures 13 and 14), The uge of the same techanique i infected Tats enabled the mmature

- IM cells with few granudes to ba distinguished from other inclusion-containing cells
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such aa macrophisges and basophil-like coliz which wexe pareiculacly abundant in
the Ininloa propria ag this thing,

The granules of maturing mast cclis stained deeply with these dyes (Tigures
093 and 94) whereas maecroephage nclusions were faiutly stained and were pale green
o1 pink except occasional phagosomnes containing ingested cell debeis which could
be dentifiad ultrastructurally,  Apast fvom thedr steiping propertiea, ¢he inclusions
within maerophages tended to be more heterogencous thon those i IM cells, consisting
of denge bodies of variable size, lpid droplets, multivesicular hodies apd phagogomes,
In general, the immature IM cells had shundant ribosomes and ribosomal aggrogetos
whereas in macrophages the vibosomes wers usually located on 4 few strands of
ROBER,

The bagophil-like cells were wore readily distingulshad feom the IM cell;
they were most abundant from the tenth until the twelith day aftex infection and contained
a number of electron-dense incivsiong nltrestyuctuznlly similar to IM cell granules
but which did not stain with basic dyes, i addition these cells had multilobulated nucled,

very few ribosomes and depesits of glycogoen in the cytoplasm (this Section, pact 0).

The Precurgor Cell

The pracursor cells from which IM cella difforentinted were vacogrised ultro-
structurally because they were identical, apaxt fvom the absence of granuies, o the
inmmatuye IM celle contalning one oy two granules, They had relstively abundant
cytoplasim in which there were nunmerous fyee rivosomes and vibosomal aggregates ao

weall as a fow strands of RBER (Figuses 90 o 923,  The Golgl somplex wag well
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developad and centiriolea were commonly found at its centre (Figuvcs 21 and 92),
Often small slpctron-opaque nclusions cowld be seen in the vicinity of the Golgl or
else were brreguiaxly dispessed in the cytoplasm (Figures 90 to 92),  Mitochondyia
wars usually faivly alundont and located ln greatest mumbers in the region of the
Golgl complex, Micrvofibrils were found In the cytoplasto both axound the nucleus
(Figure 926) and in the morginal oytoplasm,

The mucled were lavge ond were oval, peap-shaped, ox reniform, The
chiwomatin was diffusely distributed bt wap marginated at the peripbexy of the
nucleus and one oy mora nucleoll were commonly presant (Rigure 90), Nuoclzay
pores ware sees in tenzential sections,

Typlcaily, the precurser celly wore abimdapt on the twelfth day after infection
and could be found in moderate numbers on days ten and eleven,  The devivation of
the precurgor cells was not clear-cut and in view of the layge vurobaers of diffoyent
cell types present in the lamina propria, the cegqnence of thelr development can only
be temtatively sugpested.

From as eayly a3 the sixth day after infection, Iymaphoid cells weve found in the
jaming propria in increasing numbers; eome were smell lymphoeytes and had only
small amownts of cytoplasm and vathey coaxsely clumpad necleay chromatin,  However,
a propoxtion of the infiltrating celln were laxrger, havipg abundont cytoplasm in which
there were free rihosomes and several vibosomal agpregates (Figure 87), The
nucled of some calle wore enlavged, the chromatin was mavginated and nucleoli waere

prominent,
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Further nuclesyr and cytoplasmic cplarvgement osenered togothey with an
incprease in the free snd aggregatad vibosomal contend so that tea, cleven and twelve
daye after infection, an increasing proportion of the cells in the laming propuia
ware the Dlast type with laxvge mueled, prominent aucleolt and albundant cytoplasmic
content of vlbosomes (Figures 89 t0 92), Some were ceen in mitosls (Figure 88) aud
some were found in lynmphatic and Mooed veasels (Flpure 87),  Further cytoplasiiz
changes included the appearance of one o two atrawds of REER (Figures £9 to 92) and
the enlargement of the Golsi complex which had been rudimentary or sbsent in the
aarlier stages, Inthe final stage prioy to the appearance of granunles in the cytoplacin

these vells were the typlesl precursor cells desoribed cavliey,

Tho Matuzation of IM Cells

Chegervations o the maturation of the IM celle were complicated by extenslve
IV cedl degranulation and the desesiption (et follows ia condinad to thogse cells which
showaed little o no evidenca of dischuxge, Because the process of maturation was not
extively asyncheonous, contlming at ditferent apecds o diifevent celis, the findings
given here, although typical for the majorisy of cells, do not allow fox the wide
variation sometires sean,

Between the tenth and gvielfth daye alter isfection, cells coptalning one or two
granules were evident in the lamiun propeia and wore ravely in the epithelivn: {(Figure
03 and 94}, They had abundant cytoplosi and, depending on the plane of asection,
axteneive Colgl complexes as well ag lncveased amounts of REER.  The gronules were

Iound in the vicinity of the Golgl complex and usuaily not moxe than four or five were
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seen within a cell on the tenth day of infection,

The granule coptept of individual cella built up concomitantly with the
density of the M cell population so that by day twelve, thovs wore gome cells i
wirlch as many as ten to fifteen pronvles were visible u the plane of section, "Theiw
pucled were shnllar to these of the pracursor cells; mitoses were moce readily
soen in the gramudated calls on day twelve than on the cavler days (Figure 95),

No gramuatesd cells were found in lymphatics ox in blood vearels,

Ag the granunio content within a cell incrensed there was an lnverse relationship
Jotwaen it the smount of RESER, and to o lessgr extent the slze of the Golgl complax
80 that fourteen doys after infeciion, wany of the cells contalued moderately lerge
numbers of gramiles which ware sufficiently loosely packed to show the intexlacing
rempants of BEER and the few remaining ribosomes (Figuve 102), Golgl complexes
weye still mederately lavge and mitotic figures amongst granulaied cells were found
with Jeast difficulsy ot this thne (Figures 3103 to 104),  Nucleoli weve present but tended
to be synaller, and the cheomatin was more densely chunped and wove heavily
marginaied than in the cells carlier in infoction,

slxteen ond nineteen days post infection, individual cells were moye densely
packed with granuies which were layger than those In mast celis of noymal rats and
fewer strands of ROER werve lying o the intergranuiar cytoplasin (Figure 100),

Colgi complexes were still fo evidence ot tended to be smaller then those on day
fourtcen and were reduced in complexity when coumnpared with the Golgl yeglons in
Bmmature cells,  Mitechondria were also seduced in numbey, were smalley and were

nwore compact, No mitoses were seen on these days,  MNocisar chromatin was more
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donsely pracipitated towards she pexiphevy of the nuclens,  Nucleoll were seen

in gome IM cells on day sixteen (Figure 108) bat were vave on the nineteanth day,
The majority of calls ware packed with slectron=dense gramdes by day 35,

Golgl complesaes when foand, usually occupied enly @ small ayea in the paranucleay

cytoplasin and the RGLA was considerskly veduced in amount, The distribuetion of

anclear chromatin wag petehy ana marginated and nucleoll were carely seen,

The Golgl Complox and Gramude Formation

The Golgt complex in the precuraor and iimmature cella betwaen the tenth

and twellth days of infection consioted of groups of four te slx clsternse arvanged in
a edrenlar op semirciveular fashion around the cenivioles (Figures 92 and 96}, The
outer cisternos ou the convex face of the complex were slightly dlated and empty
whersas the lnver cigternae on the congave face were flattenad and had moderately
electron~dense contents. In the more matre cells batween the fourteenth and
nincteonth days of infection, the complex was oriented gimilarly but tended o be
smaller and less elaborate with fewer cisternae in cach growp (Figure 97), although
laxge complexey were gometimes fovod in cells inter i lofection (Fignre 1)), Dense
cored vacnoles (progeanules} were present in moderate numbers in the complex,
Some of the debse coxen were separated from the delimiting membranes by electron~
lecent aveas (Pigure 99),  The progronnles vavied in size, those close 1o the
cleternas were small with only mederately clectron~dense centrnl cores and were
“apparently dexived by pluching off from the luneviest Hattenad Golgl cistexrnum
containing eleciron~dense material (Filguee 98),  Frogramuies in the sovipheral paxts

of the complex and in the oytoplasm tonded to be Warger with corves of about the same
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dengity as the granule matrices, 'These were often found in close assaociation with
the grauules and in soma instances appeaved to ba fusing with them (Figure 94),
Small electron-dense foci approximately the same size as the progranule cores were
obgerved within the delimiting membranes of some of the larger gramles (Figures 95
and 100), but prograpuls aggregates of the type described by Bainton and Farquhax
(1966) ond Combs (1960) were not seen,

Vesicles ware abundant in the polgl roglon and were of two vavicties; small
uncoated vesicles ware apparently dexived by budding from the cisternae and from
trangitionol elements of the endoplasmic reticulum (Figuse 98).  They were found in
close association with pexigranular memprancs and within the pexriphery of granule
matrices (Pigures 95 and 102).  The sccond variety wera coated vesicles which
ware larger and were less abupdant than uncoated vesicles and bhudded from or fused
with Golgl clatexrnas (Figure 107), Coated vesiclee were also scattered in the cytoplasm
and were ovcasionally scen to bud from the plasmalemma (Figure 101),

Within the vicinity of the Golgl complex, particularly of the immature cells,
thers wers staall accumulations of homogeneons waterial of approxiwnately the saine
density a8 the gramle matrices hut which were often only partially delimited by a
membrane (Figures 98 and 99), FProgranuies and small vesicles were clustexed around
them and the profiles of the latter could be distinguished within the delimiting
mambranes (Figure 99), A varisty of appearances suggosted that the addition of
progranles and vesicles contrilnited to a fuxther increass in size of the focal

accuraulations and that these eventually formed grapules, Enlaxgement of the granuies
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wag appaxently by the fusion of programiles to the pexigranular membraopes with
the depogition of the dense progranwle core within the border of the grasule
matrix (Figuves 94, 90 and 100),

Consistently prasent in the region of the Golgl compley were membrane dellinited
vacuelas of approximataly the game size o larger than the gramules but which had
faintly electron dense contents ond rosembled the condensing vacuoles found in the
pancreatic zymogen cells (Jamieson end Palade, 1267), Sowme of the vacuoles appeared
to ba In direct continnity with the Golgi cisternae (Figure 97) and vesicles of both
the coated and unceated variety were hudding from or fusiog with the vacuolan
membranes (Figures 90 and 107).  Intemmediste stages between these vacuoles and
ully formed gronules weve not identified although it was not clear whether the
gramiles with less slectron-denge and more particulate matvices (Figure 97) wexe jn the
process of condenasation of whether they were ariefacts of flxatlon,

Oue or two granules in the matoring IM cells bad douwble delimiting membranes
(Figure 100) and these were commonly found in the more {ully granulated mast cell
between days 14 and 197 after infection, Some graonles, panticwlarly in the moxe
mature celle, had small vesicnlar aud tubuloy elements distributed arvound the
periphery of the matrix and myelin-like fipures conld be distinguished within the
matrix (Figuraos 102 and 112),

o a fow cells, particulaxly batween the fourteenth and alxteenth days of infection
there were several vacuoles in the cytoplasm which waere survounded by single or
double unit membranes and contained a variety of oytoplasmic constituents (Figures 108

and 109), Vegicles and focal accumulations of dense material were pregent within
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soma of the vacnoles, Progranules were clogely associated with some of the latter
(Figuee 110) and in others, electron densc mateclal which was shmilar to the granule
matrices had accumulated to such an extent that it pavtially obscured the congtituents
of the vacuole (Figure 111). Tigures 105 to 112 supgest a posaible sequence by

which matrix could be added to the vacuoles. eventually, peorhaps, to form grasules,

The results reported here clarvily the obaervations made ia the quantitative
studies of the IM cell population (this Section, paxt 2), namely that the reappearance
of thoee cells in the leming propria is the result of cell differentiation with granule pro~
duction and of cell division, Ultrastructurally, diffexentiation and division were
readily seen fn the laming propria and no granulated cells were found in blood veasels
or lymphatics, suggesting that the majority of IM cells were dexivaed from cells alraady
in site and pot by infiltration of the mucosa by mast cells from other places, But,
the presence of lymphoid and blast cells within blood vessels and lymphatics would
suggest that the IM cell precursors could by devived from closewhere in the Lody.

The use of thin sections examined nltvastructurally and compared with adjacent
thick sections stained by basie dyes ensured that mast cells were identified. In a
few ingtances the same irdlividual cell could be located in both the thick and the thin
section,  Thus, the maturing IM cella had deeply bagsophilic granules whereas othay
cell types, such ag macrophages and basophil-like celly contained inclusions which
staloed only {aintly with basic dyes, Mast cell granuiles flest appeared n the blast

cells with xelatively abundant cytoplasin contrining many polyribosomesn and with large
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nticlel and promipens mucleol,  This is in agreement with the obgervations in paxt 2
of this Section and of Tollaferyro and Sarlas (1939) who noted that "connaciive tigsue
bagophile" developed from laxge “stroma’ cells in the lamina propria,

There wea, however, a striking resemblanwe botween the IM cell pracursors
and blast cells found in lymph nedes, lyrephatics and thorecic ducts of antmals after
antigenic stimulotion which have baen variously termed haemonytoblast (Poldmon and
Nordquist, 1967, Leduc, Avromeas and Bouteille, 1908) Iymphoid blast eall (Hall,
Morrig, Meoreno and Bessis, 1967) or mmunoblast (Damashelk, 1963},

The origing of the blast cell ware difficult to trace although it was posgible to
sugpeat 8 series of transformations beginning with colls of the lymphold ecries and
ending with the typical blast cells, but in viow of the lavge numbers of slasmablasts
and plasma colls pragent In the mucesd, thay may repreacnt several unrelated lincs
of differentiation, Sevexs) wovkers bhave posinlated that mast cells differentiate from
Iymphocytes (see raview by Michels, 1939) and Ginsburg (1963} found that mast cells
developad from lange lyraphold blast cells in cultuzes of thymic lymphocytes, Ina
subsequent experiment, mast ¢2lla proitferated in cultures of Iymphold cells
derived from ansigenically stimulated mice, and were probably derived from small
lymphosytes which had trensformed into laxge kymphoid cells priov to the production of
granles Ginshurg and Lagonotf, 1967),

Blast cells are coramonly found n animals sensitised to parasite antigens
{Soulshy, 1967) and recently Jamwuar, Kl and Hamilton (19068) repoxted a blast coll

trans{ovmation of Iymphocytes cultwved jn vitro and stimulated with antigea from
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Trichinelln spivalis, The cells descyibzd here ave morphologically similay to those

raported by Jamuar gt al, (1968) and it 1s possible shat the presence of Nippostvengylus

in the ntestine provides an antipenie sthmulus which nilght be responsible for the
transformation and differentistion processes,

Although differentintion and maturation of IM cells were not entirely
gynchropous, the build-ap in the mmbera of granmules in individual cells was approximately
parallel to the increase in the «;eli populaticn, Mitotic figures were obgerved amongst
the precursor cells, in the immature gronglated cells and were still evident in eyen the
more fully greovlsted mast gella,  Ginsburg (1968) epplied the texm ‘mastobiast® to the
blast cells prior to the appeavance of identifieble gronules in their cytoplaam, but
in view of the pluripotentiality of the blass cell iz wonld secm preferable to resexve this
term for the differentiated mast cell which is still copable of dividing,

The grangles in the IM cell eventually fillad the evtoplagm at the expoune of the
othar cytoplasmic components, 80 the pattern of moturation was similay in many
raspecty to that  described for the CTMC (Combs, 19663, the polymorphomcleay
leukoeye (PMN) (Baintor and Farqubor, 1066; Wetzel, Horn and Spicer, 1967), the
eosinophil and the basophil levkocyte (Wetzel ot 21, , 1967),  In the develeping
grannlocyte the RSER becomes more promineut just prioy o and during the production
of granvles and is subsequently reduced in size and amount at later stages of
maturation (Ackermaen, 19G68) and typically in the matering IM eell the REER was
progrepgively reduced in amount ag the prannles filled the cytoplaom,

The majority of the gramiles iu the matuzing IM cell apneavad to be dexived from
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tho Golgl complex wihich was conslderably enlavged jusi hefore and during the eaxly
atoge of granule production, bwt as the cells weached maturity, it decreasud in sise
and in complexity.  BEven so, these were many cells in the mucosa on the gistesuth
day of infection with sufficiently large ond appavently active Golgl roglons to suggest
ghat the production of grenules was still fn progress,  This wag tyue o & smalley
propoxtion of cells on the nineteenth day but by the thirty-fitth day, the complexes
were mostly small aud inactive.

In the OTM cell and in the vabbit polymorphomiclear loukosyie the progranules
fused to form dense aggregetes which become the precursons of the mast cell granule
and of the azwrophil gramue in the PMN (Combe, 1900; Baluton and Favquiy, 1966),
but no spgregatas of this typs weve geen in the 1M celly instead dhe majority of the
granules i the maturisg cell were large and had homopgeneows electron-denne matricses,
Jrogranules were, however, scen to fuse with alveady large grepnles; they waere found
within the bhorders of the giranule mateices, and were clusiered avound the small,
paxtiolly membrane-delinmited accwmulations of matrix, & would appeer reagonable to
assume thot the laitey awe granule precursors wideh enlarvge to form full-gized grapules
oy fusion with progresules, Golgl vesicles, avd poscibly cthoey precuraors, The
moderately large vacueles in the Golgl region which resumbled condensing vacusles
found in the pancreatic 2ymogen cell {Jamieson and Palade, 1967) offexr an alternative
wethed of granuls fermation,  Ackerman (1968) found pimilay vacuoles in the maturing
cat neutrephil and obgerved that they enlargad and fused with othexr vacuoles to form
azurophil geennles,  In the cast of the IM cell the condensing vacuole appeaved in some

nstances o bz the dilated perivheral poxtions of the Golgl cisternae, This divect
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continuity botween the Golgl clsternae and the condenaing vacueoles would presumably
aflow the acoumnulation of matrix which migbe then condense o form the typleal mant
cell gramde, The vapiety of vesicles clustered around and fusing with the vacuole
would allow further constituents to b added o the matelx,

The exigtencs of a double unit mesnbyane around acme of the prapules would
he difficult to expliin i thess gramales had been darived from coendensing vacusles,
especially since progranuies and vesicles were somethues encompasged by these
mombraneg,  One possible explanation is that the matxix precursors becoms
stregounded by merbranas dexlved from the entoploamic veticulun as hes been obaerved
in the formation of sutophagle vacuoles (Ellict amdd Bak, 1964; Brondes, Buctow,
Bertini and Malkoff, 1964 Movikofl and Shin, 1964; Swilt and Hyuban, 1964 Hugon
and Bovpers, 1960; Holtzmanp, Novikoff and Villaverde, 19673, Ths prascence of
vasicles within granules surpouaded by & unit wembrane g legs readily undsrstood,
It i vossible that thoy werve oxiginally svrromnded by a double unit membrane and that
the inner membrane was destroyed 2s has been postulated by Deduve and Watttaux (1986).
Howovear, recent 2tudies on the formation of mnultivesiculoy bodies and pinocytotic
vasicles may shied some Hght on this miechanism, The vesicles n these oxganelles
aye internalived by migeation into open-ended cup ghaped mombrapss {Gordon, Milles
ond Banech, 1905) by hudding Ldo the vacuole (Friend and Favquhay, 1967, Hirsch,
Pedorko and Cohm, 1968) or by inclugion into autophagie vacuoles formed by membiranes
derived from CERL (Hokzmeamn et al,, 1967).  Fuuther studics axe vequirsd to find

which, if any, of theso mechanieme ie functiopal in the maturing IM cell,
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In ¢he more matore cells therve were & muvher of cytoplasmic inclusions which
wers indistingelshable from autophagic vacuoles described in other cell types (Ashiord
and Poxter, 1902 Drandes ¢t al,, 19647 Swidt and Hraban, 1964, Deduve end
Wattlnuy, 1566),  Such vacuoles are commenly found in cells undergolng physioiogical
and pathological alterations end thely presencs in the maturing mast cell which
itoelf undevgoes faivly sxtensive cytoplasmic remodelling was not thervefoye surprising,
However, programtles wexe soibetimes clogely assockated with these vacuoles and
& homogenzons electron dense material appeared o acomnilate in them, A variety
of imogeds suggesated that the watyix coniihued to huild up in this faehion go that the
vacuoles m virouslly indistinguishable {rom grapules manulactured by ather
methede.  Indeed, if this represents & method of granule fvemation i would account for
tha pregsence of myelinslike figures b the altered grannles of pavilally discharged
cells (Muzvay et al,, 1960; this Section, paxi &),

It s clear that the maturation of the IM cell diffexs in meny respects from the
procass inthe UTM cell,  The granule matrices i the latter, when & veachas matnrity,
cease to sindn with Alcian blue and instead have e sirong affinity for salvanin (Combs
et al,, 19265),  Combs (19G5) showed that there was an ulivasruciural weorpanisation
of the gramule matvices ot this thoe and suggested that ag the rucopolysaccharide
bacome fully sulphated, maxinumm jonie bindiog betwesn the heparin polyiner and bagic
proteing might lead to contraciion of the granule matrix 1o oo the dense relatively
homogeneous granule seep in the mature cell,  In e 1M cell no major shiff in the
histochainical propexties of the granules occwnred hie Section, pawt 5} and theve

wag no such dromegic reovganisation of the granule magrices, Conmbs (1966)
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hypothesised that the basic protelns Inchding chymase were addad to the gmmzié
matyicer hy divoct continaity stweon the xough suvineed erdoplaswiic retivulam
and the perigesnulary mambreanes,  In the prosent study divect continuity of this
iype was not established even though the RSER and perigrepsiag membyancs were

oiten clogaly related to ope anosher, Bosic protein is, howaever, histochemically

-demeonsivable within the matoring IM cell graanie (Ehis Section, past ) and it is

posaible that It reaches the granuls matyicas via the Golpl vasicles as has been
ghows o scens! n the panexeatic symogen cell (Jaunieaon aad Paluds, 19067),

Thane were similaviges hetweon the maturail on procegges of the IM cell and
the differentiation of mast cells fram fn vitro cultuwes of mouse lymphoid cells;
facal accurulstions of electyon denas material and of vegicles within paripgrenaioy
mermbiranss were observad b hoth cell types. and the jp vitro mast cells, ke the
intestinal mast coll, stolned blue in the Alclan blue/safvenin sequence (Clnshurg and
Lagupoff, 1267), SBlnce both cell types appesy (o ba depived from Iymphoid tissue
it is tempting o speculate thet they reprosent a ditferent population frowm the mast
ectle in comnective tigetes, 1 vemales to Do ehowa, however, whether thore are
fupctioral differances betweon the mast cell derived from lymphold ticave and the
ML,

The prosest vesulis show that differentiation from lyraphold blast cells and
eell division ave respousible for the exponential ncrease in the IM cell muulers between
she tenth and fourteenth day of Infection and confivin that not enly does cell division
oareuy o the fowrtesnth day but thot granuie production in, and maturation of

the 1M cells continee on the shdeenth end nincteenth days oster fection,  This
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would tend to support the carlier spsnmption thet 2 sudden doclineg in the vate of
divigion,differemiation and maturation of the IM cells did not play a major paxt

in the cesgation of the growth phase after the fourteenth day of isfection his Section,
part 2} and it will be shown that at this tlme there s wotal diszuption and lysig of
many of the pranulated eslla in hoth the Jaming propyia and the epithelivm Ghis

Section, paxt 4),



Fart 4

The Intestinal Mast Cell during Immunological Expulsion of

Nivpostrenpylug brasilicnsis in the Rat

Tha nltrastructure of dischargiog cells
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Just prioy to the Immunclogical expulgion of Ninpostrongyivs brasilicnsis

from the intestine of the rat, mast cells proliferated in the lamiua propria and
increased in pumbey in an exponential fashion by processes of differentiation and
cell division (this Section, paxt 2).  On the fouxteenth day of infection when many
of the parasites wexye bolng cxpelled the increase in mast cell numirers stopped
rathor abiuptly even though the granulated cells were dividing and maturing st the
time (this Saction, perxts 2 aud 3),

The termination of this phase of Increased population was attributed to the
migration of almogt half of the total IM cell into the eplthelivm to hecome globule lenkocytes
and to the extensive destruction of hoth mact celis and globule leukocytes at this
titne {this Seotion, part 2).

The ultrastructuxal findings reported here confivm that there iy extonsive
M and GL cell disyuption on the fourteenth and alstcenth days after infection and
the features of the reaction axe deseribed and the possibie underlying mechanisins

aye digcussed,
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Materials and Methoda

The experimental vegime was that described In parts 2 and 3 of this Section.

Results

Day 10 to Day 12 after Infection with N, brasillensis

Ag way previously reported, developing mast cells were deteciad ten days
aftexr infection anrd in thick sections their granules stained with a deep hasophilis
{this Scection, part 3). A small proportion of cells on the tenth and eleventh days had
one or two granwles which stained lose steongly, or sometimes with a faint meta-
chromasia, M gome of the cells there were syuall vacwoles fn which pale blue
rad-like bodies could bs visualised, On the twelfth day after infection an increasing
pumber of cells had faint-staining granules or vacuoles in thelr cytoplasm (Riguxe 115
inset) although rarely more half of the grasulex woere changed in a single cell, 1M cells
which had migrated introepithelially to hecome GL cells ware altered more extensively,
but atill zetained several deep-stainlog prapwles, The findings were compatible in all
the ratg examined on the tenth to twellth days,

Ultrastructurel gxamination of the mucosa on the teath and eleventh days aiter
infection showed that the majority of maturing mast cells had homogeneous alectron-
dense granules, ‘Twalve days after infection a propoxtien of the granules in many of
the cells were altered andd theiv dellmiting membranes were disrupted (Figuces 113 to 115),
The matrices of some of the granules wexe partially lost and had become moxe patticulate
and less dense w0 that the outlines of the paracrystalline styueturaes which were

approximately the same electron density as the original unaltered matrices, became
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vigible (Figure 115}, There was a compleie logs of the matrix from some promiles
lsaving on empty vacuole paxtially surrounded by moembranss, in which paracrystalline
stroctures were lylng free (Figures 113 10 118), 'These wexe composed of parallel arxays
of fibwes whicly, o erosa zection, had a lett ice axvangeawnt (Piguve 114); small denge
particies. were found within the borders of soma of the altered granulus (Figure 114),
Apant from the alterations to the pramules, there were no manked chomges ssen 1o the
othox eyteplasmic orgonelies or the mclel of the moturing cells hetween the tenth and
twollth daye of infection, Thusg, in thick pections, the pale op falntly metacheromatic
granule was probably equivalent o the grammle which nlirastructurally hed the paxtially
axtracted matrix; the vacuoles in wiich gwall, pele blwe bodies ware seen in thick
sectlons presumably represented the gramdes where the matvix hos boen logt to

leave the characteristic paracyystalline structures vismalired alinnstaucturally.

D:ys 14 and 16 afier Infection with N, brasiliensis
Yiarnet - B R ST

L=

Large monbers of more fully granalated magt celis wore found on the fourteenth
ana alzteenth days of infection and & fav groster proportion of the total population was
lagated intraepithellally than on previous days (this Section, paxt 2}, In many of the
cells there was a decveass in stalndng intensity of at least 507 of theiv granules (Rigure 118);
others were moxe extensively altered in that all thely granvies stained with a nouch
reduced lntensity and tended to be pale blue or greepish in colour (Figure 119). Some
M ond GL cells were vacuolated (FPigure 120), or were fragmented and in the regions
where this vcouyrad, theve was digyuption of other colis in tha laming propeia and

epithelinm (Pigure 124) (his Section, part 6).
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The changes ware not wniformly distyibuted In the micosa and avcas where IM
and G L cells bod approximately the same mild elterasions degeribed for the twalith
day of infection were comatimes located close to other arees where the ealls were
gxtensively demaged, Oytolysis was most savere in the vate with the highent total
IM cell connts and was mors extenvive on the fourteenth than or the ﬁili\t&(‘.rlﬂl day of
infection,  Oaly limited aveas of mueoga could by examined by the thick section
method, but cytolytic changes wexe found in all of the five rats on the fourteenth day
and in two of the five on the sixteenth day, Apazt {xom the overall gsevexity of the
cytolysia, there appeared to be little to distinguish between the fourtecuth 20¢ sixteenth
days of infection ne the description thet follows gives a compoaite picture of the
findings on these days,

Ultpastructurally, some of the celis weve only elightly altered and were similax
to those scen envlier in infection; in most of them, however, there was a large pro-
poxtlon of disrupted granules (Figures 116 and L16), Small vesicles and occasional
myelin figuves were found around the bovders of some of the altered gramlos (Figure 116)
and in others, poracrystalline stynetures lay free in empty vacuoles, In mony IV
and GL cells, there was a breakdown of the plasmalemima which, although it retained
its oxiginal outline, had a beaded appearonce and was interrepted at pumerous pojnts
{Figure 122), Where this had occurred, there was a general decrease in the density
of the granules with the watrices being finely granudar and the outlines of the parg«
crystalline strsetures becoming vicible (Figures 117, 121 and 122),  The dellmiting
membranes surrounding the granules wore absent or were ewollen and hndistinet (Fipure 122)

and where the alterationo 1o the cell and granules were of thig soverity, there wers
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degenurative changes amonget othier organelies, Nucleaw chromntin was coaxsely
clumped end heavily mavginated (Figures 121, 122 and 128) and the perinucinar cisternac
tonded to be dilated and digyupted,  Somotimes small oval structwres wore found within
themn Figure 117) and ehinilay struetures could be visualised within the cisternae of
ROSER (Figure 117),  The ribosomaes on bath the pevinncleay cisternim and on the
rough~surfoced endoplagmic reticuhun, wars swollen and lodistinet (Pigures Y17, 122 and
128), The cleternae of RHER weze po lopger aveangad in flattenad sacs, but Instead
formed oval, circular or ixzvepulaxly shaped structures with swollen and {ndistinet
membranes (Flguces 117, 122 and 123), Mitnchondeia were vsnally small.and empty
menbrane-delimited Blehs protanded Hrony tholy bhorders,

Gowe of the IM and OL cells were slmost totally destroyed and their plasma-
lammate weve either vigible ag small fragmenta outlining the remnapts of the cells
(Figuve 328) or ¢lse were no lopger évident avound identifiable remains of the IM or
G L cell (Figures 121 and 1233, Wheve the disruption was of thio severity, the origingl
identity of the cell conld only he established firom the chovasteristic appeavapee of the
few remaining pavacrysialling structnres ox from the shadow outlines of altered
grannies (Figuros 121, 135 and 125},

A mmbey of fndividual calls, howaver, showad the complete range of changen
with the different stages in granile disvopiion and alteration of othey organcliza all
being found in the cytoplogm., Sometives double delimiting membranes were pragoent
asrovnd seme of the paxtially altered grenules (Figures 117 and 128).  In goneral,
it sppeaved az if the macleus, although extensively altercd, was the lost structure to
unclaygo disgolution and often remaoined o the last, beleg surzounded by only a fow

smell rempads of the cell oytoplasm (Plgure 121},
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Ixamination of thick gections on these days showed that most of the mast cells
i the lamina propuria were fully gramnlated and were indisginguishable from M cella
obsaerved in novmal vats, However, there were intraepithelial GL cells in which
gome of the graenules had a reduced affinity for basic dyes and others were extensively
vacuoluted (Figure 43Db),

Ultrastincturally, on ihe ninctesnth day, there wag a small proportion of cells
in the laming propvia contalning a few alterad granules, The alterations were
similaz to thoze described for the twelfth day of infection; a typical example {s
shown in Plgure 44, and although the cells contained more granules, only & relatively
emall propoction 1n an individoal cell showed any alteration, the GL cells wers
similar to those described earlisy (Section 10} .

Thiriy-five days after fnfection, the IM c2lla in the lamina propria weve
indistingushable {rom those geen in normal vars, Some of the GL celio still had
pranules in which pevecrystelling stvuciures could ha visualised, but others had granules
where the matrices remained homogengous, hut tended to leak out through rupturces
in the delimiting membranas (Figure 126),

There were no extensive cyrolytic changes sean in any of the nine xate from

which blocks of tissue were taken on these two days,

Discungion
The present findings show that there were thues distinctive phases of TM cell
activity which ¢ould be related to the extent of granule altexation, Toial cell asumbers

had increased exponentially betvieen the tonth and the fourteeuth daye of infection
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{this Szction, part 2) and the firet phass in the pregemt experiment axtended from the
touth to the twellth day where only minor changes amongst the granules of the cells
cceurred, but few other elfecis were noted,  The second phase included the fourtecnth
and sixteenth days after infection when the majority of cells showed more exlensive
gramule changes and mony of the cells thamaslves were sevarely demagad,  Not only
did the exponential incrsase i the bopulation cease over this period of tlme, but theve
wag, in fact, a slight decline in the total numbercy @his Seetion, paxi 2), Inths

final phagse on the nineteenih and thicty-lith days of infection the changes amougst

the I cells in the lumdng propris weie minimal, but the CL cells updeywent the same
processes of dlscharge as was deserived carlier (Section ID) and at the same time

the total IM cell population continuad (o decline,

The deevease in the steining intensity of mast cell granules in thick sections
could be related to the deceeased density of the gramule atrices visualised ultra~
structurally and similarly, the vacuoles containing payacrysialling structures wexe
evidant bn both thin apd thick secctions, Bloom and Hacgermaxk (1263 and 1567) and
Bloom, Fredholn: and Haegermark {(1967) used similay techniques to study the efiects
of degranuloiing substonces on isolated peritoneal maat celly of the cat and found that
slightly alieved granules stained metachyomatically with toluldine blue, whereas those
thet were more sevevely damaged, staiped pale pink, Hven though different bacic
dyes were usad in the present cxperiment, the vosults wowld sppear to be analogous
and ihe vlivasivuctural changes were reflectad by the staining propeviles of the cells

In thick sections, The technicue proved Lo be more useiul fox wider guxveys of the
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mucoesa thau would hiave been practicable using thin seetions only,

Thus, mast cell damage sad destruction war most severe on the Jouvtsanth
day afier infection and povticulanly in ihe mts wittt high vaest cell coms, The
incvensing severity of the changes which progressed from a few altered gramies
in a mast cell on the tenth day to mozre ox legs total destruction of the gransles and
the cell itgelf on the (ourtecnth day, sugpests that this was a trne funceional change,
rathor than an airiefact of fixetion and this is supported by the histochemicsl findings
(this Section, part %), The eaxly greunle changes geen on the tenth to the twelith
day veere similar to the granule alterations in the more severely damaged calls and
this would indicate that they, also, were early functional changes xathey then flxation
axtefneis,

Probably a majority of the mast cells from the seath to the twelfth day could
be viswalised with the copper phithalecyoning dyas since cach cell contained several
unaltered granulen, Histochemical sindies on the sixteenth day using the eritical
alectrolyte moethod of Scatt and Dopling (1965) {sec part 5 of thin Scctlon) suppesied that
many of the cells retalned theldr eifinity for Alcion or Astra blue at pl 0.3 end the
cuantitative data thevefors reflected the muvbers of alightly altersd and more difiusely
altered cells, although it probably did not include these that were totally lysed,
Bearing in mind the limited sreas that can be examined with thick sections, the
present findlngs tond to confirm, it do not necessarily prove, the hypothesis thot
the cessation of the maat cell multiplication phase is a¢ lopet partially due to the

destruction and suboequent digapnearance of IM and G L cells hetween the feurteenth and
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gshxeonth days of Infection (thig Svction, part 2}, Sises the clianges omopgat mast
cells on the subgsequent days ware small, the gradual decline in the total numbers
probzbly veflected the contimiing migeation and degranulation of GL cells,

In the varicus expeoriments wuere the ultrastrecture of degranuleting mast
cells have been desexibed, theve were sevaeral differences from she sresent resulis,
Singleton and Clark {1965} found that swelling and logg of density of mast cell granules
occuxred in ragn treated with 48/80 and (ot the gramules were subsequently extrnded
into the surrounding exivacellulay spaces,  The extrugion of granles was a common
sequel to the trontment of wast cells with 48/80 Bloom and Haegermark, 1965
Bioom, Frodholm and Heegermark, 1967 and the shed grenules were sowstimes phago~
eytosed by leukosyies (Bingleton and Clavk, 1905). The phagocytosis of granules and
even of partially-discharged whole cells bas often been obsexved {soe pazt 1 of this
Saction).

In the pregsent study, 1M cell discharge was not characterieed by the extrusion
of grannles, noy in the more severely domaged areos woere mast cell gramies
or partlally discharged mast cells thomselves phagoeytosed by raacrophages.  The
earxlicst change was the decrease in density of the gramile maotriz and the delimiting
membrane around such a graoule was naver found to be jutact; 1t should, bowever, bz
pointed ok that delimiting membianes wera net always readily visvalised axound
apparently norinal granndes, The probable sequance of events began with the rupture
ol the perigranular mambrane and the gradual loss of matrix which became less dense
anet rathey moxe granular, eventually fo dirapuesy and leave the paracrystalline structores in

an empty vacuole, More severs changses were noted particularly amongst the fully
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pravalsted cells on the fourtecnh day of infection, whore vistually all the grosulos
within an Individual cell might be altered in sitn, bt not extruded although the cells
themselves wers often fragmented and there was digrupiion and digsohiion not only
of the perigramular membyranes, but alao of the plasmalemmate.,  Othex organelies,
lncluding the nuclet, also showed extensive alterations,

I sowa wespeets, the changes vesemble these cansed by the n-decylaine on
lgolated ot peritonsal mast collz whare rupture of the plasmalemma and of the
perigreamtiay meinbranes eceuxrad and the totel bhreakdown of the coll was assoclated with
severe granule altvration {n sith, In the lottew instance it was postulated ghat the
proteolytic ensymes releasad from the granules might play a past in the lytie chenpes
in ehe coll Bloonr and Haegermark, 1907),  Since the pranudes of the IM cell contain
a bagic protein (Section I, part 1) and premunably, like the CTM cell (ondist and
Avage, 1959 Lagunoff, 1968 also contain proteolyile enzymes, it io possible
that the release of slmilaxy enzymes is parily responaible for the diffuse lytic chonges,

it haa been suggested that the bagie protein le prechpitated to form the pava-
crystallinge structures (Mukray e al, 1968) and Carx (1807) concluded that the
crysialline inclustons found in GL cells of the mouse were protein,  Paracrystalline
giroetuxes were more clearly d&fincdl in the hwmrpaiuee than o the fully grannlatod cells,
an fov exnmple, on the 35th day of infection where the granule matrices of the GL. cellg
tendad to leak out thvough ruptuzed mambranes, rathey than be pyecipitated as para-
erystalline bodles, & way be that these differenses reflzct the malurity of the celle

where, in foy example the mastoblast, the bagic protein has pot yot been sufficiently
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admizad ov stabilised angd 6o may be moya Hable vo precipitation than o maetore cells,
The causes of the extenslve mast cell damage ov the Uine of inununclagical

axpuision of Nippogironpyive hresiliensie from the intestinal tract, have not heen

clarified, but there arva several poseibilities,

i, The mast eells are sonsitived with homocyiotyapte antibedy avd depranulate

ag a vesult of exposure to Nippoatronpylae entigens. Hewmooyictrople antiboedy way

be detected in the serva of vats shortly after infuction with N, bragiliensis and the

pavazige ttsell produges an allergen whidch zoacts with homocytotoonic entibady (Jones
and Ogllvie. 19067; Wilson, 1967), Wilson and Bloch (1968) showed that the peritoneal
mast cells weye sensigloed o velease histamine as early as ten days afier infection

anad thot ncreasing Guangitios of bistamine waxe taleased from isolnted perfionaal

mast eells zeoaching 2 maximum on the fwentieth day when knoogytoiropic antibody could
e detseted sevologicolly,  In view of these lindings, it 18 reasonnble to postulate that
the masi ¢ell yoaction s the ingestingl lamisa pyepria and the nwngt cell g0 Gl trans~
formaion are the conseguence of aonsitisation with homoeyiotropic astibody end exposure
to worm antigen, Thus, fbhe mild chapgea in the matuving cells on day twelve may bs
the resuk elther of a relatively deflciont supply of homocylotropic antihedy shee It s
wnlikely thae allcwvgen iz in shoxt supply with the ik of e worm popuiation st¢ill being
prosedt at this tiﬁw or, of a funckional hmunaturicy of the cells,  The fncreased sevarity
of degranulazion of IM cells on the fouricenth day may be the product of ncreaged
concentrntions of homacyiotropic antibody and the intevaciion of allorgen cavelng the

lysis of the perigranular mombranss,  The subseguent stability of the mast cella moy
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regult from deficiency of allergen hecange by the nineteauth and thivty-fifith doys, very
fow porasites vemaln in the ntestine although bomocytotvople ancibody tltres ave high

(Ogilvie, 1904; QOgilvie, 1267; Wilaon and Bloch, 1968},

L3

2 The preasites may continue to seercte the specilic mast cell degranulatoy

widch prestmably was vesponsivle fox the destyuction of the IM cells during intesiinal
invasion by the parvasite (this Section, part 1),  The destruckion of the new pornlation
ol mast colls coukd clearly be causaed by degranulator secreted by the parasites, lug
thia io unkikely for soveral reasons.  In the fiest lnstance, morve than hall of the wovm
hurden had boen expsellad by the fourteenth day awd very fow parasites remain in the
intestine on the sixteenth day, In addition, over this intexval of thmes, they no longer
lie close to the nnosa but tend to bhe raedistribated in diforent sites o the ntestine
(Bramball, 1968), I the dmage was ennsed by depranulator, then maet cell discharge
could b expacierd to be wore sevare on the twelldh day when the paresites were cone

centvated in thels predileciion sitoe in the jajumim,
=

3, The union of antigen with {ree antibody In the lamipa propria may ke o factor

In the general cytolyile reactlon that vccurred in the intestinal mucosa during the
expulaion of the parasies,  Such a miechaniom has baeen postulated fov the sevexe
snparticial pecrosis and gloughing of the mweosn that eceurs in parasitic gastritls in
cattle {Jarvett, 1966; Muxray, 1908), Andin view of the extensive siructural damage
that is found i the pavasiies at the thae of self cure {Uglivie and Hockley, 1968; lee,
1969y thove yoay well e a sufficient excess of antigens to hring about mucosal changes,

A zeaction of thie type presumably would requive host cells to release biogenic substances

which might then act on the tissues,
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It ie posaible that the amines and proteolyile enzvines cucaping from Jdamaged
cells contribute by txipgaering the releass of blogenic substances from previonaly
undamaged mant celis., I addition, i€ is not keown whar inffuence the degranilation
of eosinophils (ihis Sectlon, paxt 6) might have on the overall reaction or whother they
too are affected by the mast cell products.  However, the compoxative stability of
N cells on the nineteanth day after infection even though there sre meany present in
the lamina propyis wonld indicate tha the presence of the pavasites Is veceosary o
degranulation, The vederlylng mechanism will nog be clariifisd until changes
cansed by a moat cell degranulator praduced by the worm can be diffeyerticied from
damage canaed by mast cell gengittieation and axposvre ta allergen,

Aa wap hviefly montioned in the vesults the peak of mast cell destruction was
associated with oxtensive mucounl damage, This reacticn is descriled in detall

in this Seetion, paxt 6,
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Doring the immunological expaision of Nippostronpylug from the rat Intestine,

the mast cells fu the mucosy increased in number in an oxponential fashlon, being
derived from pregursor cells by differentiotion, division and matnration (thie Section,
Paxts 3 and 3).  The histochemistry and ultrastructure of the maturing connective
tissue mast cell (CTMC) have been desceribed (Combs et al, , 1965, Combs, 1960}
and since the intestinal wmast cell (IM cell) dlifers both monpheologically and histochemically
Irom the QTMC, It seomet relovant to compars ihe histochemistry of the maturation
of thase two cell types,

Ultrastructurally, mony of the IM cells even #a they matured, wers dischexging,
oftan withowt estroding their granules (this Section, paxt 4)., Howevar, it was not
clear whether the quantitative methods included ihese paritelly dischavged cells, or
whether they only accovnted for the Intoct mast cells, By using differcutial  stainiug
methods for the acid mucopolysnccharides and by exemining the basic protein and mono-
amine content of these mast cells, the present experiment was designsd to throw further
light on the histochemical changes occurring ki maturing and degranulating maot cells,
The results show that the granules of the developiog cells corgaln a highly sulphated acid
mucopelysaccharide, o basic protein and a2 monoamine, which is probably §-HT. The
findings also point to depletion of acid mucopolysaccharide and logs of moncamines

from the discharging celle between the fourteanth and sixtesnth days of infection,
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Igiia.tercials antd Mathods

The expecimeptal plan io gven in Table &, Tisguss fixed in Curnoy's fluid
vere weed for the detection of AIMR":’, ond bagic protein, Staining with Tolwidine
Ilue, Alckon or Astya blua/safvanin and Biebwich scavlet wag caxrled out as desexibed
in Genpeal Materinls and Mathuds.. The CEC methiod Scoit and Dorling, 1968 wasg
the game as that weed ia Section I, paxt 1, and is given in detall in Generol Materials
and Methods,  The Folek techaigne for detection of monamines woy the same ag
that described in Genewal Matexials and M othads aud in Seetion I, poxt X,

(@) Acid Mucopolysacehagides: The staining propexties of the I cells in infocted

vats arve yecorded in Table 11, IM cellg in novmal roate were used as contyels (Table 11),
Cn the eleventh day of indaction, the majority o.tE;mst; cells had only small
nambers of gravules iu thelr oyieplasm,  But on the fourtesnth, sixesnth and ninoe
teenth doys aftex infaction, they weve morphologisally similar to the mature M cell
in the gormal xvat,
Table 12 recopde the effiolly of Alolon blue 8GX jor IM cells and GTM ealis
In noxmal and in dnfecied rats whoen nereasing maolarities of Mg(:lg ware added to the
staining solution, Both IM and GL ¢olls from rads on the eleventh day of infection,
stalned leoo Intensoly ot Mgh moloxicies than IM cells in sormal vats (Table 12).
In addition, the staining was cut off fox some IV cally and 2 lsyger proportion of GL
calls on the eleventh day of nfection (Wigures 129, of, 130) st lowes CEC than was
the cage with IM cells ln noymal xate (Figures 127, of, 128 and 131, cf, 132) (Table 12).
Many G L and some IM cells wape cut off by lower molavities of electrolyte on day 16

(Pigures 133, of, 134) (Table 12),
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TABLE 11

Histochemistry of IM and GI. Cells duripg the Immunological

Wi

Expulsion of Nippostrongylus hrasiliensis

Mormal Rat Infacted Rate
Day 11 Days 14 and 10 Day 19
M Cell IMCell QL QU M Cell GLCell IM Cell Gl Cell

Toluidine Blue

pH 0,3 B B+ B+ B -+ B b B B 4

pii 4,0 RE 4 BE - RP -+ RE v RP + RP -+ AP+
Astira ox Aleian o . e % o L et
Biue / Safvanin B 44 B -t B 4 B A Bt Bt B
Bigbyich Scarlet

pH 9.9 OR. -+ OR + OR + OR ++ OR. +{+) OR + OR 1+

Foxr key, see Table 1
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TABLE 12

B LA B M it

The critical slectrolyte conceptrations fox the staining of IM and GL Celle

with Alcian blue 8GX during the imonmological expulsion of N, brasiliensis,

Vielarity Noxrmal Rata Infected Rats
Eﬁlgf:tmlytc Day 11 Day 16
Mg C.:lz) IMCell CTM Cell IM Cell GL Cell M Cell GLCell
0, 4 3 3 3 3
0.5 3 3 3 3
0.6 3 3 3 3
0.7 3 3 3 3 3- 3
0.8 3 3 3- A 3= Qe =
0,9 2 3 2- i- - 2. 1- =
1.0 G a 1- - i~ ~- i-~ 1= =
1.1 1~ - 2 1w - i= = ie - 1o -
.2 1- - 1 io - 1o - i- - 1w
1.4 0 1v = ) 0 ( )
Stainlng intepaity 3 = gtyong
2 = moderate
1 = weak

?

= stoining of a few cells cut out
~ ~ = gtalning of many cells cut out

Q = 1oy staining
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(b) Basic Protein: The pranules of both GL and IM cells wexe orauge~rad vith Dicbrich

searlet, hut tended to strin loss strongly in xais on the eleventh day of infection than
in normal roats or ik rats on the subsequent days of indection (Table 11).,  Some GL
cells in indected rate stained lese styongly than the wast colls in the lamina

nropeia (Pable 11),

{c) Monoamines; Novmad vats.  The IM cells in normal rats showed the same

rango of (huerescencs a9 described earlicy (S=ction I, pary 1),

Jifected rato - Day 1010 14 IM apd GL cells conteining few
gropules wers found in small numbers on the tenth day of infection, hut wexe more
numarons on the twelfth day (Fignres 130 ang 137),  The gromules of the IM cells
hnd & modezately bheight but dirty yellow fluorescence,  Honie of the GL cellg had

o simidar bright flvorescence (Pigure 1536) but In nthers, the granules fluoresced dull
grecn (Fipure 138), Treatinent with L-DOPA caused hoth the IM and G L, celly 1o
fluwoxesce a bright apple green (Figure 139),

Bright yellow fluorescant enterochromeaiiin cells (Figure 137) were zoadily
distinguished from mant cellg bacause of their characteristie flosk shape and bacause
the granuies were not coarse globwles, but Ingtead were  just resolveble by lisht
microscopy.  Those cells were few In mumber on the tenth day afier infection, hut
vere more readily visvalised on the twelith day., T wats teeated with L-DOPA there
wexe celle morphologically similay to evterochromatiin celly, but having a groen

fluoxescence more typical of catecholamines,
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Day 14, The fluorescence of I cells vavied conviderably amongst individaals,
for in the mmcose of some rats, there ware cells which flnoresced a maderately bright,
bag dinty yellow, whercas in othexe, the majoviiy of cells hed o dull preen fluovescence
{(Figure 140),  Iu the rats txeated with L-DOPA, thorvs were meny cells in the Inminn
propeia. whdch had bright green fluorescence and often these cells appeared to be
frogmented and isolated gmmtlm or clusters of granules appeared to have sepaxated
frow the cells (Figuwe i41).

Although G L cellg were as numerous as IM calls (this Saction, paxt 2), very
- fewr showed any fluoreecence apd those that could he distinguished ondy emitied a faiat
dudl green fluorescence (Figure 140), I the pate teeated with L-DOPA, theve weve
obly ope ox twe GL cells which showed any marked flugrescence, but these contained

fawey graswlen than the mast cells in the laming propria (Figure 141).  Bremination of

T

O sections of tiesuen embedded In Avaldite and of the same cells in adjacent
sections, stained with Lasie dyes (Figuves 145 a and b} confirmed that the colls o the
lamina pyopria fluoresced beightly but the ftraepithelial GL cells showsd ot bast
a weal fluoxeasponce,
The esterochromaffin cells wers mors numerous than on the provious days

of infectdon and the majorisy had a beight yellew fluoresceence charvacteristic of 6T,
In the L-DOPA tyeated vatz, emall pumbers of entevochromaifin-like cells also
showed green fluorascence,

PDay 16,  Inall of the vote cxamined, the IM cells in the lamina propria of the
uppey cxypt veglon and villue fluoresced 8 dull green, bt there were a number of cells

in the lowar crypt region whoae gramules fluoresced yellow, ‘The granules of hoth
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fluorescent types were ofton seattered at & distanee fvom whele cells (Figuve 142),
Only & few GL cells weye visible and these amitted a very faint preen Hluorescense,

The aumbers of yollow fluovescent enterochromafiin cells woure approxinately
the sasme as found in uninfected rats,

Day 19, The maost cells in the lnmina propris of the villus and upper crypt region
had a dall green fluoredscence, but the majority fu the basal oxypt region fhwreaced
yellow, TVewer fluerescont gravales were geattered freely in the laminag propeia and
1M cells were moxe compact than on the fonateenth and sixicenth days of infection
(Pizuve 143}, The M cells in the upper cxypt and villus vegions of the L-DOPA
traoted rats Huoresced bright preen, i many in the lower crypt vegion retained thelr
yellow flnorescence,

Globmle Jeukoceytes had a dull groen flnovescence of & nmueh lower ntonsity
than thet obaerved in I cells,  In L-DOPA weated vats come of the Gl cells fiuoresced
to a pmall extent (Pigure 143),

The distribution of euterochromaifin celle was ghnilar to that found in xats on
the sixtsenth day of infection, Very smell numbers of esterochromatifin-like colls
fhuozesced green in L-DOPA troated rats,

Doy 35,  The fluorescence of IM and GL, cells was similar to that seen on the
ninctesnth day after infection but approximately cne thivd of the IM cell total fluoresced
yeliow ausi these cells were to a large extent lveated in the basal regiors of the mucosa

{Figure 144,
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In quantitative and nltrastrucenral stndies (his Sectior, parts 2 and 3) it was
shown that & new populstion of wmest cells differentiated from blage cells and proliferatad

in the Intestinal mucosa of rats duelng the muvnanological expulsion of Nippostronsyiug

brasiffonsie from the iptestinal lnmen, o this histochemical study the gromxles
in the newly differentinted celle, like the pramiles of maturs intwstingl maet cells
were found to contaln a highly sulphated Geid mucopolysaccharide (AMPS), o basle
protein and moneamines,

The AMPS was identified by its biph affinity fos coppox phtbalocyondne dyes
af pH 0, 3 and by its contined alejonophilia, aven o high molarvities of magnesium
ehiopide,

The toluitine hlue metachcomania at pH 4 and the strong oxihochromasio at pH 2, 3
also indicated that an acid mucopolysaceharide was present in the granules,

The maturing wast coll geamles were less strongly stained with Alcian bine
at the higher CB conventrotions than weie the granulus of mast cells in noxmal sats
and there may be several reasons fox this weaker affinity. It bas hoen shown that as the
CTM cell matured, ite gramles changed from alcianophilic to baving an affinity fox
sofranin and this was assaciated with an lncreaged uwptaks of labelled sulphate, It
wag auggestad that this changsover ln etaining propovtics represented the final sulphation
of a heparin precursor, (Combs et al., 1965).  In a study of mast cell regencration
after treatment of vats with polymixin B, Meyex and Saunders (1969} found that as

the cells metoxed, higher CH concentrations were requived 0 change acxidine orang:
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finerescence of the grannles from matachromatic to orthochromatic and they iator-
preted these fludings 88 an aersases, either in the mumber of vepencing disacchavide
units, cach similarly sulphated  and/or an newease in the sulphation pair disaccharids,
"The present findings are probably apalagous in thet the wast cells ase matwring

cells (this Scction, parts 2 and 3) and the waakey alfinity for alelan blue of the
matiring cell, probably refleets the meturaetion process, O the ofhicr hand, ultra-
stxncturally some of thaese cells appeayed £0 be dizchavging (his Section, part 4) ang
the stalning of the pramiles may reflsct this process, ospecially shice thoze Jocated
fatvoepithelially (i.e. GL calls) were cut off at lowey CEC han the IM ¢alln,

By weing Biebrich scarlet ot pil 2,9, it waes posgible 1o demonstrate that the
meturing mast cell grannles contained o basle protein,  The gyenslen woere loss strongly
steined than were the gropules of IM celle fu normal rags, but it io not clear whether
theme wan a lower content of hasic protein in them oy whether the trogranuiay velations-
phip hetweon bogie protetn end acld wmucopolysancharide was diffevent,

By comnparison with IM celly In the uppesr crypt ragion and villus of normal
wats which fluoresced a dull green, dhe matoxing IM cells hetween the tenth and twelith
doys of inf ection, fhuoresced a moderately bright, ot dizty yellow, As wasg pointed
out In Section I, paxt &, the lvtexpretation of mmenoamine flnorescerce vequires nuepo-
spactroflnorometric analysis together with klochemical sesay of the monosmine conient
of the tizgues, However, a similer fluorescence waes reported in tha islet cells of
guinsa (g pancxeas apd on ihe boels of the colour, and of wmonoaming assayy, was
attrinted to a mixture of dopanine avd S5-I, 1k was postslated that primaxy caiechol-

aminze conld be quantitatively transfexvad 1o their fluorophoy wheveas 5~1T, haviug
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a lower activity in the paraformaldehyde condensation reaction, may be masked by
green dopamine fluorescence (Cegrell, Falck snd Rosengren, 1967), Stmilerly,

the fluorescence in the maturing cells may represent a mixture of 5-H'T and catechol-
amine within the gvanules, The green fluorescence of the cells after treatment with
1L=DOPA could, therefore, be the resuit of the quantitative transfer to catecholamine
flnorophor rathes than to the 5-HT condensation product., Recent assays on the
intestinal mucosal content of 5-H'T have shown increasing amounts of this monoamine

at the time of Nippostrongyius expulsion (Murray, Miller, Sanfovd and jarvett, to be

pubiished), but it is not knowa what propoxtion of §-HT is ix the mast cells and how
much is found in other cell types such ag enterochromaflin cells,

When IM cells migrate intraepithelially to become globule leukocytes, they
lose some of their monoamines and there is a change in the relationship between the
acid mucopolysaccharide and basic protein in the granules (Jaryett et al,, 1967b;
Millex et al., 1967; Wurray et al., 1968; Section II). Table 12 shows that the
staindng of many GL and IM cells on the sixteenth day of infection was cut off at much
lower electrolyie concentrations than was the case with IM cells in normal rats,
These lower CE values would indicate either that there is a loss of acid mucopoly-
saccharide from the grannles or that it is less fully sulphated, Ulirastructural
findings polnted to a loss of matrix {rom the granules {this Section, part 4) and it
would seem likely that there ia, in fact, an overall reduction in their content of acid

mucopolysaccharides,
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Aggempts to coyrelate ultrastructural and histochamical findings should take
tnto account the different fixation and proecessing tochniquas employed in hoth methods,
Ultrastructurally, mony GL and M calls ghowsd extensive lysls of thelr perlpyamlar
miznbranes with appavent loss of granule matyix apd in thick sectione. these cells
o longex atf-ltimd deeply with bagie dyes (this Becelon, pazt 4),  Alkthough it provides
aeilsfactory fixation of normal woast celle (Section I, pait 2) glutaseldehyds may noi bo
abia o presesve the matyly of e gsivucturally aliered cellz,  On the othex hand,
Cornoy's fludd which has many rogctlve groups (Tuchtlor, Waldsop, Convor and Tezvy,
19663 may b more readily able 1o precipitaie the acid mucopolysaceharides even in
damaoged celle,  This is evident fvom the fragmented appenyanee of the IM colla on the
fonrkeenth day of infection and yot thelr grannies gtild stained with Alclon bive ot pH 0, 3,
Ultvagtructurally, the grannles of fyagmaented cells had shown extenslve altaraetion,
{thiz Suction, poxe 43,

Half of the IM cell toial waz located intraepithelially on the Iouvtesnth day aftex
infection {thig Section, paxt 23, vet vevy few QL cells showed monoamine flworescence
ot this time and even in the vate treated with 1-DOPA, there were {ew cells in the
gpithelinn wideh fuoveseed brightly; additionally, theve was ultvestivetural evidence
of globule leukoeyie and IM cell discharge @his Section, part 4), The staining of 1M
cells and GL cells with coppar phthalocvanine dyes ot pH 4, § mwuet, therelore, have
heen non-mpacifle o the extent that pextielly discharged cells were ineluded,  This ie
suppoxted by the staining affinities of these cells at difforent GR concentrations on the

sixteentis day of infoction,



158

Although most of the ¢eily betwaen the tepih ard twallth day of ndection had
a bxighe, bue disty yellow colour, on the fouriaanth doy. the fluerescencs of the
majoricy bad changed to dull graen,  "fhis probably woflecta an absolute loos of mono-
aminos, 1o posaible, however, that it popresents a qualiiative chongs in flueresconcs
from the condennation products of S-HT to the fnerophor of anothes monoamine,

. _ why _

Slorach and Uvndle (1908} sogposted that the reazon whey normal vat pevlionsel and
pleural mas celle contain small amounts of 5-HT and dopamine i the unavailability of
the precuwsoys,. The sawme sitvation may exist in the istostinal mmeesa becauae the maet
cells wove ablo £0 toke up L-R0OPA, The ncreasging puwbers of mast celle in the

basal part of the nmwmeoss which fluovesced yellow during U later daye of infection
suggest thoy elthisy 5-HT precnvgors were mors avallable oy this thne and/or the cell
populotion itgelf was moxe stable, the lattey possibility beiug avident both vliva~
struciurally snd quaniitatively,

}.‘:né:ééxocln?@majfih ecily were fow in nunhay on the tanth day of indection, but by
the gbxeenth day woere found in approximately the scame concentgyation us in non~infocted
vate,  Some enterochromaiiin-lilke colls were ablo to take up L-DORA aud shnilaz cnlle
have bean deseribed in the gastric and dnodenal mucosae of rats (Enexbifok, 1960,
i*&gic&mmn, Owaan and Sidberg, 1969) Haterochromedlin colls in the mouse have been
Implicated ip apaphyiaxis (Gershon ond Rose, 1962} ut the prosent Sodinge indicate
an inereass in the mucosal content of these calls ot & time when oy maat cells
axg dlschnrging.

These studies have underlined the pecessity of using a varicty of techniques to
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examine the fate of maes cells ip vive, Cell counts showed an exponential inerease
in the cell population, but histological, histochemideal and ulizastyuctural stulics
demonstrated that thore was aleo magsive dischange of these cells at a time when the
parasites wore heing cxpelled from the intestine,  The CHEC methed suggested
that thers was a losgs of acid mucopolysaccharide from GL and 1M cell prannles and
the Falek iechuigque showed that moet cells had lost thelx monoantings on the fourtesntl
day of Infection, The histochendcal findings give added supporxt to the sltrastructural
avidence that there ig magsive IM cell dacharge batwoan the fourtsenth and sixteenth
deys of infection,  This dramatic davcage to the ¢colls ls, therefore, probably
regponsible for the rother abwapt cegsation of the phase of population expansion just,
piter thee fouxteenth day of infection {thio Section, pant 2).

it may, hfnture experimonts, ke possible to correlate the acld mueopolysaccharide
changes with the depletion of monoamings and give a quantitative esthmate of the
praportion of digcharging colls, ko any event, thoeee teelndques, when used togethen,

provide a sensgitive index to the statue of the mast celly in vive,
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Previous astwdies of the immunological expuluion of N, brasilicnsis had sugpested

that an anaphylactic component togethey with antiworm antibodies ware limpoitant in
the exprassion of the reaction Urquhart gg al,, 1905 Bazth et al., 1966; Jarveit, 1968).
In: the second to the {lith pares of thig section it was foud that the IM cells moreased
in pwsber axponentially between the tenth and the fourtesnth day of infection, From
ag early as the twolith day these cells were dischorging and on the fourteenth doy
theve way mansive disraption of IM callg and alimost half the total had transfopmed to
GL cells (thio Section, parte 2, 4 aud 3),  Thewre was a sixiking tamporal relationship
hetween worm expuision (Jarvett of al., 1960) and the mast cell yesponse (this Section,
parts 2, 3, 4 ond 5) and the lattey presumably contributed the anaphylactic component
to the self cure veaction. R remains upcertain, however, as to how a local anaphylactic
reaction augments the antiworm autibody action, although Basth et al, (1960) postulated
that it might Incxcase the permeabllity of the rancosa,

In the founxth part of thiis Section, it was roted thet disruption of mazﬁt cells
was assoclated with focal cytolysie in the lomina propria angd epithelivm and this was
apporently more severe on the fourteanth they on the sizteenth day of infection, The
present experiment is a hiotelogical and ulivastroctural study of the ucosal chonges
aggociated with she self cuxe reaction, andd the nmcosal cytolysis that occurs during the
expulsion of the parasiies ave desceribed in detall, Obssreations ave also made on
eosinophil amd bagophil-itke celis; their possibla functions togethey with the action of

mast cells and other call types h the mucosal changes are discugsed,
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Mgi:ex‘ialﬂ and l‘glethadm

The expevimental plan was that described in the second paxt of thia Section,

heotinea from vais infected with doses of 2, 000 and %, 000 Nippogicongylug larvae,

fixed in sublimate fovmol were also examined, Por histological purposes,
pavatiin sections weye stalned by bacmohum and ¢osin and picro-Mallowy (sse General
Moterials and Methoda), Caxnoy fixed tissues stalned with Astya blue /eafvanis,
Totuidine blue ond Biebrich scaviet were alse examined,  Detalls of these techudiques
nra given o General Materials and Methoda,

The ulrastonetural methods and technigques for steining epoxy-smbedded thick

gections wexe these uned u Section I, pare 2 and fu ehis Section, parts 3 and 4,
Resuits

General Obsexvations

By the tenth day afier infectlon the parasites had spread over a widex axea of
tho small intestine then on provious days ond were Iylng free in the lumen.,  An oxcess
of mucus was found in the predilection site and ln the pomtesiow part of the intestine
there was o thin, yellowloh fluid,  Both Peyers' patches and the mesenteric nodes
wera snlavged, Eleven days after infection. little change was noted but on the twelfth
day there was a roduction in the overall density of the worms, They wexe found in
groatest concentration 3 0 4 cm posterioxr Lo the site from which tissues were taken,
and gome povasites had moved anteriorly into the ducdenem, By the fourteenth day,

the nnobers were marvkedly redeced and ¢he remaining worms waye spread move
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widely in the intesting, but again, the greotest wormn density was Just postexioxr

to the segment of jejonum. used in this study,  Sixteen dayg after infection, there
were few wornis in the lumen and they were widely spread in the antertor hall of the
lntesting,  Very few parasites weare fousrd nineteen and thiviy-five days after infection

and they waerg randomly scattexed in the anterior haif of the small intestine,

Histological Findings

Ten days after infection, the villl were less distoried than on praevious
daye but weve still enlavped, The epithelial cells over the villua had reverted to
a colunnar shape it miteses were nunmerons amongst the exypt ¢pithelial cells and
the gland crypis were olongated,  The stromal elements ia ¢he Jamina propris of some
villi were ptill separvoied by cedema fluid although it was less pronounced than on
the etghth day of infection,

The cell population had increased and plasma cells, plasmablasts and lymiphoid
cells were abundant, particulariy lower in the viliva, Maeyophages ond vndifferentiated
cells were numaerous at all Jevels in the villus, At the function of the villus and crypt
region the laming proprio was populated by many eoninophils, by undiffeventiated calls
with large nuclei having in some instances prominent nuclzoll and by a number of cells
with multilobvloted muclei,  The latter whea stained with Bisbxich scarlet bad small
gronwles which atained a faint ovange, They were readily distinguished from maturing
IM calle and did not stain with any of the dyes specific for ANMPS,  Ultrastructurally,
these wers identified os basophilelike cells and, with eosinophils, were infiltrating

the basal mucosa and submucosa,  These two cell types and a pumber of undifferentiated
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calls were packed between the glond crypto,

Faom the tonth tavough to the vwelfth day adter infoection, $he mucosal
changes were of degrse sathey than kind,  Qederoa become less ¢vident and the
plagne cell content of the raucosa continued o ncweane, Mitoses ware frequently
ohserved amongst the blogt celis and undifierentinged cells in the lamina propria,
Eosiuophils were mancrous and were found In oll vogions of the mucosa; the
popnlation of bagophil-lke cells remeined ai approsimptely the same lavel,  Mast
sells and globule leukeoytes with faintly eosinophilic granvles were alse noted
{sez (iig Scctlon, pavig 2 o B),

On the fouxtesnth day of infection, the epithelium of the gland cxypts wag
heavily Infilivated with GL cells {his Bectivon, poris 2 10 5) and goblet cells were
prominent, The iotestinal Jamina propria was packed with IM cells, plasma cells,
eogivophils and some wmacrophuges,  Lymphoid eells and undifferentioged celly elthough
atill present were not 90 mumsrous o8 they had been earliew in fpfectien.  Basophil-
like coells wera ravely choggved,

On the sixteenth day thers was no obvious change in the wucosn except that
basophil-like cells weve not found,  Plasioa ¢ells, mast cells and cosinophils weie
abundant in the lemina propyia and globule leukocyies wore numerous (Ehis Section,
panes 2 0 5},  Macrophages were found in grentest congentiration at te tips of
the villl, Wincieen and thiviy-five doye afier infection thers was a decrease in the
munbers of globule leukocytes and mast cells (this Seetion, paxts 2 to §) ansd a decline

in the mikctic rate amonget the crypt epithelial cells, Blaest cells and vudifferentiated
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cells were less abundnant end mitotic figures were vacely observed, Apaxt from the
strncturel components (i, ¢, smooth muscle and {ibroblasts), eosinophils, plasmo cells,
macrophages, lymphold celle apd mast colls formed the mlk of the population fa the

laminn propria,

Uleragtructural Findinega

Daya 10 {0 12 afer Infectlon © The wide lateral intevcelhlar spaces obgervad betwesn

epithelial celis on the sixth and soventh days of infection bad nayyowed, The abgoxptive
cells over the villus bad assumed a colwnpay shape and the micyrovilli on their
luminal suriace weve nereased b lopgth and were more densely packed, Many mitoses
were found amongst the ¢rypt epithelial cells,

The loming propria was dengely packed with colls although in some axsas thosa
wene apparently aeparated by cedoeme fluid on the tenth day,  Macrophages cons
-:11@:!;15; a variety of inclusions ware numarous at all levels in the mucosa,  Thexe were
many bymphold s blast cells in the lamine proprie and some of them wers found within
oF da the vicindty of lymphatics, Plasmablasts, some of which were in mitosis, and
plagmacyies were distvibnted in the lower pavt of the villus and a8 s junction with the
plond cyypte,  Bosinophils were move muncrons thaw on previows deys and ware cope-
sentwated in the basal mucosa and between the gland cyypte; they were algo found within
Pood vesaels,  The basophil-like cells ware sbinilarly distribsted and Like the
eosinoshils were often ohserved within blood vossels; one or two of thess cella vers noted
within lymphotics and an cccasionsl one was migrating amongst the epithelial cells of

ihe gland cxvots (Figore 150},
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The hagoohil-like cella ware distlnznished by having multiiohnlated nuclet
with coaraely chunpad cliwvomatin at thely margine (Figuras 148 to 151).  Chav