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A study of the funetionsl developmant of the
roticuios-endothelinl syestex in the chichk onbryo haag been
FirsTel “he various extrzesmbryonic fluide and the serun
of erbryoe at different stares in developnent were oxe
arined for their brotericidal setivity nepinst & sensite
ive sirain of bacteria «~ 3, eoiil i4lly. Therc ume no
evidence faor thig sotivity, whilst adult chicken serusm
rogsesned this property. Further investipgation revealed
tant the fallure of ambryoe flulde to 3111 3, eonli rilly
due to the relative lack of complement.

A method was devised to study the guantitative rno-
rects of phegocytosis by the celle of the reticuloeendoe
tielial systen of the chick exdayoe, using isotopically
labelled bacteria. Wor rough streinc of boeteris such as
s0..021% 1411y and L, eoli ¥iZ, the rate of resoval incresse-
ed ns the eubrye mstured from o Q value oF CeoU08 in the LU
Qﬁg sld embryo to £ = (.041 in the 18 day old enbryc. This
incresce was ayparently not due to an increasing efflciency
of the ohagoeytie cells, bt due Lo the increaned number
of phagocytiec celiz in the slder erbrics. In contrnet,
the suooth styains, 5, gold 2208, S, gellisaron 95, Legalle
inarun 924G, were rewmoved very slowly throughsut the devele
aspment of the ambyyo.

It was gnown that the clearance of [, soii Iilly
was due to the opresence of orsoning {antibody) for this
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bacteria in the circulation of the enbryo. “hen the smooth
straineg of becterin were opsonised in yitro with an opsonic
serus, these bacteria were removed just as efficiently =2s
thie rough bocteris.

«nen the bacterie were paagocytosed, itheir distrib-
uticn varied according to the age of the embryo. The
phagoeytic cells in the meabrane played a major role in
the younger embryost. As the embryo developed the membrane
lost this function, the liver becoming the major phngocytic
orian.

The study was extended to examine the intracellular
bactericidal sroperty of the pimpgoeydtic ¢ells. In the case
of e tgli Lilly the killing capnclity increased as the eme
bryo metured, Thie wes in agreement with virulence stud-
ios where the 1050 increased from 9 x 10° for the 1l day
old embryo to 6 x 10% by the 18th dmy. S, gallinapum 93,
hovever, wos very lethal even at doses of less than 20 bac-

teria for all ages. Tie one day old chicken was resigiant

to So gallinayum 95, the 1060 being & x 10" bacteria. This
change from susceptibility to resistance was later showm to

be due to the presence of opsonins for . i

the one day old chickes.

:_sill,:f and 5

)
Al

gollinarurm 95 were studied. The opsonins

wvere isolated by lon exchange colurm and sucrose gradient

centrifusation. In norrml hen serwum, the opsonins for
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Se €011 1511y were found to be globulins which, from their
chromatographic and centrifugation properties, were defined
ag 195 and 75 globuline. For S, zallinarum 95, the opson-
in was a 188 globulin. Further analysis of the opsonins
in the yolk fluid, and serum from adult chicks, one day old
chicks and embryos, showed that the 78 and 199 zlobulins
were present in all fluids except the erbryo serum which
only possessed 7¢ glebulins. Thiz sugpested that the 188
globuling which were the opsonic for J. gallinsrum 25 were
not able to cress the yolk sac membrane to the embryo's
circulation, though they could be secrcted =cross the folle
icular epithelium of the ovume This is gimilar to the yolv
sac transfer of antibodier in the rabbit. The 195 glob-
uling do get ncross the gut wall post hatching - a situstion
sinilar o the ungulates. Under conditions »f active ime
rurieation, however, the adult hen produces 7S globulins
wien vaceinnted with S, gallinarum 9S8, Embryos developing
from immunised hens are able to clesy S. gallinarum 95 from
their blood.
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At the start of this investigation, it was generally
accepted that the foetal or neonatal animal was immunologic-
#ily incompetent. Froof of this i{imramologicel incompetence
cane from experiments which showed that uhen foetal or neo-
natel animels were injected with an antigen these animels
in adult life could not synthesise antibedy against this
particuley antigen when ehsllenged. These results sup-
ported in part Pumet®s “Clonsl selection theory" (1958)
that postulated an irmamoclogically awll peried in an animml's
embryonic »sr neonatnl life. During this period it was be-
licved that the embryo was populated with clones of mesen=-
chyme e¢ellis that would mature soon after birth to celle that
were capable of antibody synthesis. Lach clone had the
capacity tc respond to one or move antigen(s). However,
if during this null period the clone came into contact with
the antigen, =28 it would with all host "self" antigens, then
the clones would be destroyed or changed in such a way that
thay could not respond to the same antigen in adult life.
Induced tolerance was cited as an exnuple of this destruc-
tinn.

llowever, it would seem uniikely that immmological
coupetence should he shut off during embryonic life and
guddenly tummed on soon after birth. A more plausible
aypotinesis seemed that immunological competence developed
in the embryo as do &ll other rhysiological functions. It
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hns been known for some time that some antibody may ve
passively transferred to the embryo, yet very little was
knowm how this could protect the neonatal animal. Since
phagocytosis by the reticulo-endothelial aystem in the
adult animal seems to constitute the best major defence
mechanism apainst infection, the development of this cap-
acity and factors influencing phagocytosis has been stud-
ied quantitatively in the chick embxyo.
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It is 2ifficult to estabiisin the time when man {first
rexiised that zecovery from = riemyy infection yrotected
animals fron subsenuent infections by ihe same organien,
e application of this observation €o inducing artificial
fomunity in wan and enionle is obscure. The inoocuwlation
of humeng asainet gomll pox was known to the Uhinese and
Arebiong in the eleventl: century, | illiams, {13603}, In
the first nalf of the 10th century, the Grechs, Ulreassizns
and Georgimns ugzed to puncture their sking with needles
chiarged with ermll poxr virus, [letcunikedt, {1308})1. Im
1721, iLady lontague introduced to Twrope the wetiod of ine
soulating conients of soall pox puptules as & prorhylactic
to smnll pox, [letchnikoff, {1v05H)}].

ne of the first arplied godientific apirouciecs %o
neaguired imeunity cowe from an Inglish proctitioner -
Sdward Jenner (1¥98).  Jenner nd lived in the dairxy coun-
try of Jlouecestor in Ingland, where it was a proctice Wy
the faymers to 2ilow givildren with lacerntions on their
handg to vdlk cows sufforing fyor oow pox to provide pro-
tection ageinst amall pox thot was xampant in those years.

It wng corzion Mnovledge smoncst daizxy formers tiwt those



wis had suffered from cow pox would not be affected Wy
gmall pox. Jonney carried out =2 peries of inooulations
in hsumeng, using the contents of the finid from pustules
of »eovlie suflering from cow pox. le showed that vaecine-
ated people were frpame to sunll »ox, vhile others uwie did
#ot receive such trestnent contracted the discave duying
an opldemic. The gencral success of sucil Lrinls encoure
aged the suthoritics to estoblish olinice for vaccination
neednet spmll pox [Willisme, (1960)]1.

in 1860, astour and his two associates, Charles
Chmmberlond and Upmdl Roux, stilmulated by Jennerts work, set
sut to devise uethods for meking vaccines, In hls azxperi-
ments with chicken chnlerz, resteur wos sble te dononsirate
thak injection of old cultures of c¢chicken cholera protected
birde assainst subseauent infeoction with & young asstively
rrowing culture »f the same stiain.  Controls that lind not
been rrevisusly vaccinated died following chmllenge with an
actively syowlng culture. Prom theps oxpeviments he devele
sped the concest of using “sttenusted” strains of Lmeteris
and viruses to confer imamity. vasteur'e idons sn the use
of =zn sttenunted strain %o confer immnity asainst subse-
nuent infootion were engerly nocepted and his experimental
Tindings were confirmed by others such as Loeffler (1S68).

.peteur postuloted tihat the mechenimm of acquired
irrunity wns the result of the microe-organicm baing wanble

o prow in a host vwhidh hnd previousiy supported its growih.
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o proposed that this wns due to the exiimustion of nut-
riente for the bacteris after the ximary infection. e
cave exrerimental gyoof af this y demonstrating tant it
wvap not possible to grow Bmcteria in = wedium which had
alronady been used for culture, unlese a srall amsunt of
Teogh nutrients vere added,

Cheuveau {1880}, though scce;pting this general ideam,

gould not accert iie same reasoning for the failure of Al-

seprisn gheey fo resist large doses of anthoms, thw
asairales weye rosistant to ssmller dosss. This, LB e
ploained, on the besls of ao izbibitery substance wiich wng
sresent in the blood plassm, and mhwse action becane oi-

wausted wien lnrge numbers of meteris were injecied.

lene Suchney (1577) advasced a further theoxy %o

explain acquired imamdss e Telt thant. since each
wieroworpnnion had & iocalised site of infection, the pyin-
sxy invasion set up an inflmmantory action, which yeinfore

lemmeante® of the orgen in auestlon.
nupdng tils veriod jmiheluglsts wore studying the

Lpt plaged by baoteris in disense. Thoir ivvestisstions
vere confined to exncining sectionu of various organs Tronm
vadiovte whia hed died ap the reoult of an infection. amy
8¢ these warkers, Oryom (1570), Srcselivschfield (10VL),
iebe {(1074) end Mdndfleish (107H), wyole of sjero-organiors
neivg ingide whifc corpunelsan. The soneraily aceecled

taesyy bty theee prthologicie wns that the niorceorganisns



and sueh a sulitable environment inside these gellis tiint
they used the c¢olls as 2 venicle for gproading infection
sirouwss tiae body. Zowever, in coatrast %o this idecn,
Jofams, in 1874, studying the vinbility of the *puirefyving
bacteria®, supgested tuat these bncleris mny be ingested
and destyoyed by the leuncecrten of the auimal. Crawits
(1877} Teit that the white cerpuscles contributed by withe
drewing the noxXious agent Irom “asesimnble fluid¥. Hoger
(1681} umde the moet yremarknble statement thot lmmamity
may depend "on the uvroperiy of the controotile cells of
ingesting the eneny wialch entere the animal body®. These
Tivdings did not, however, cotch the immginetion of other
soicatiste 1111 letehnikoff (1584) revorted his findincs.

letconikoff, working indevendontly snd ouite un-~
gware of aariier sugmestions un the role of cells in in-
munity, was attracted Yy the sungocytic capmoity of cells
of megodersml origin. ie saoved tihat {hese cells were
able $0 seize o variety of periticles Ly thelir living gro-
cesgeu. Following ingeetlon, smny of these perticles were
digested Uy the colls. ile felt thed this wae such o Nmde
amentel guenomenon that it must be a “vitel irocess of meny
aninals®,

»nile working on this theme, lLotcinikeff iistened
o n lecture Yy Uohmneine, on inflisrzation snd dimpedesis
of leuccecytes thurougl vessel walls. retcinikoff wae struck

by the similarity of the role of leucocytes in inflsmrmtion



and the amoeboid cells of the mesoderm in the atroghy of
the larval orgens of the Synnpine. e felt tunt these
tiypos of zells hwsd a very important function Lo perform in
tiie animal.

e ingerted rose thorus bencath the skin of a
trangparant starefish inrva, aod observed that the Lhiomms
wert seon surrounded Ly o mass of muoeboid colis. ietciz-
aikef? goncluded that the mecumuiation of leucocyics must
e regarded nr a Jefence mechanism vherchy tne celle are
able $o devour and ingest o noxious sount. He codned the
word “phagoeytosis® 4o Jdemeribe thic function of fhe colls.

Yetelmikoff s interpreintion of these experiments
wet with sovere criticism from some of his colisnguern,
[Feigert (1587); Deumgnrben (1908); liegier (1888)7.

s adverseries nrmued thot the ingestive snd digestive
eapreities of the leucooyte were negligibie in the defence
of 2n anlmnl seainst infection. these opposing viewe were
not without soume frundation, since fodor in L8596 zeve ave
idence of the in ¥wityes Willing of 5 presi uuchber of sothyex
ueellil by defibrinsted rabbit blood, Irom wiich mest louso-~
cybes sere thersfore removed. h

his bacterieidsl property of serun wap confimed
by Buttnll in 1088, using sers fyom = large varlety of
animels. Vetanmlikoff ws oppesed to ihe theory that jluge
acytes uloyed only 2 secondary vole of devouring desd hace

Loria mnd that the cells were not able to rid the body of
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living organisms. Acongst the supporters of the humoral
theory nf defence were ¥lugre (1888); dtter (1888)3
Jhorrin and Noger (1589)3 Douchard (1890} and luchner
{1890]), who showed that the boctericidal action of semm
was logt when it was hented st D7%C, HHe called this heat
sbile gomponent of perun “slexin®,

Howover, there were nthers who believed in istche
nikoff'a cellular theosry of Jefouce. Some of these were
lubarsch (1889}, Iibbert (1600 and Lehring (1890). These
workers opposed the hpmorsl theory on the besis that the
in ¥ityo experiments did not necossarily similate events
in yixg.

They did concede, however, thet the experimenis of
sehring and [itasato {(189C) chowed that prior treaiment of

anivmle with Z. tetanus or o,

disatherise orotected tuem

aoninst subsenuent srpopurzs to the towmin of the pong or-
paniat., They congidered this as & &pecinl onse of defence
miher than 2 goneral phoenonRennn.

The controversy took mnother Lturn when Denye snd
van de Valde'  (1896) and Buchner (1900) sugcested from
their axperiments thnt nlexin wne 5 product of the leucocyte.
These workers wio supporied the humornl theory of defence
against infection vogtulsted that the mnin function of the
lsucocyte was $o secrote alexin and that the plvgocyiic
call then played & sccondary scavenging role after the zee
tion of alexin. sfelffer {15u4) supported tihls eoncepd



e

and denonstrated by suitelle exporivents the securrence of

bacteriolysis when iiyio cholers wee introduced inio the
peritonenl cavity o»f zulnes pigs. ife snaowed that the sube
ghtonce wiich wes responnidble for becterislysis mee present
in seyum snd sther body fluids.

Lotehnmixoff repiied with & demonstration showing
that Jfeifferts chenomenon could only sccuy whon destroyed
magooyties vere prosent. le arpued that in A situation
wiere leucocytes wore not prescat, sueh ap in subocutaneous
tissue, Vibwio chioleys is never destroyed. ile writes tha
“these facts agpeared to Justify se in fthe conciusion that
destruction of micro-organisas takes ploce in the animal
body by weang of soluble Tercents, the result of phagogytic
adigepbion. Toese Teruvsnts are found under the norzal oon-
ditions withdn these phagoertes mnd eocape fryom (hem when
siaey are destyoyed or receive some transient induxy®
Lietaimikort, (1ucd;l.

Jules .Dordet (1895) mmde sn important contritution
to this fieid mnen Le studled the nunture of the motericidsl
syuten present in serus. He uns able ito Jdomomptraite that
there were iwe components in serun necessary for its bace

tericidal action asgninet ¥ilp ime of thess was

e hBeat labile alexin (which hyrlich {1900) ister cnlled
gouipienert because e belloved it to Do more thanm one sube

stenoe ), and Lhe other u hoat stable substance.
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It was not until 12G3 that gome atiempt wap made
to unite these two zomewhnt opvosing thesries regarding the
mecimniss of an aunimlts defence agninst infection. Jpight
and Dougise {19C3) carvied ount experiments vhers they sle
lowed Lmeteria and leucocvien to come inds condset with
gach otiey on = glase slide. wfter 15 minutes incubation
at 57%, itue ieucocytes were stanined snd the sverage nusber
af bncteris vrasent in ithe ohopooytic vells counted, By
these send~ouantitetive asxpevinenis thier were able to o
waive the influence »f gemun Tectors on the ingestion of
becteris Ly these cells., Althoug in sone axperiments
anly 2 small nnobey of leucscyies were gounted, they are
zived at some very significant conclueions.

Taey showed that, when becteris =ere scted on Wy
s, 1t 'renders then o yoady prey to the mwmgocviest.,
They called fthe materiels in sorum which were zble to 18-
aotl with Wacteris in thds renner “ojesmins®, aen -
teriec were sot speonised, very little phogooytosip took
place | risat end Dougies, (1903)1.

In sther agsevinents ther showed that normel sermu:
irom different anlmale voried in Ite vensction tovard siymins
of pacteria. For ingtence, zoerun frob one syecies of i~
impl could be higaly opsonic, luctericidzl ond beeterdolytic
for some orgsniens, (V. chslers, i a) but only
silegtly ecotericidal, yet wery ospsonic for other Imcteria,
(e ©oli, Boeillus. dypente

@), Finally some sors wore
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not bactericidal, but highly opsoniec for certain species
of becterin (Stanh. ovogenes, imsturells uestis,
welitensie, iniococ meumonine and Coryne-

UUD,

imllocn and Atkin (1v05) choracterised ine opsonin
in normel Tlood 2e 2 themolabile substonce, in & gon~
parative study of blood frem diffevent cuipmais, taaey cone
cluded that verious sers differed in their spconic sctive
ity. They also confixwed the finding that the leucouyte
was only capsble of efficient phngocytosis when opgonine
WeIre UresoNte

dince fstohmikefl? first defined the cells rosnon~
sible for umagscyitosie, a great deal of work has been done
on the vorious tyrver of phrgoeytic celilse. setemikoff
desoribed tuo types in his origimml thesis. tne of tuegpe
a8 & relatively larpe cell, pogsessing & lorge owval shoped
mucleue which ke ealled 2 “mmeroinee”, aad the otier o
aroller oell with & multi-lobed nucleus, which e nomed
the "microniinge”. Today taese cells are oniled the wnne
dering vacrophage, or histiocyte and polyworpionueleny
leuveneyie reapectively.

Aschof?f and Ziyono (1913), bowever, gave & ¢learer
and wore extenuive definition 28 the eells responsibvle for
hngosytosie, it hsd been Lmown | doffmors and von L6Qke
linghansen (1&7;); confick, {1869;] that, when anitsls were

injected intravenously witih particles like carmine nnd ver-
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milion, they were not eliminated in the urine or faeces,
t depomited in various organs such as the livey, spleen,
lympx nodes and bone marrow. In 1213, Aschoff snd Xiyono
coired the phrase "Reticnlo-indothelial Oystem* (H.Z.8.) te
deseyibe celln that nre capable of storing vital dyes afiexr
an intravenoue injection. Under this heading were the
fixed phagoecytic cells of the various organs as well =25 the
mobile thngocytes. The fixed cells included the Mupffer
celle of %ihe liver; the splenic macrophages, rhagocytes
lining the lymrh sinuses and blood e¢apillaries and the
microzlies of the central nervous systes. The wandering
cells were the histioeytes of the connective tissue. aond
the blood wmonocytes. In the original treatise the lymgph-
seytes were excluded, but later work by Dowmey (1918) and
ougherty (1944) hse shown the phagocytic capacity of these
cells and inecluded them in the reticuloeendothelial system.

B lore recently, mince the importance of some non-
phagecyiic celis {the nonephagocytising lymphocytes and tie
plasme celis) hing baen resliped, o now name, “The lymphoid-
macrohose eysten® which includes 211 the potential and
sotual meerophage cells, including the non=granular louco-
evtes, has been suggested [Taliaffero and Mullipgan (1937);
Taliafferc (194¢)]. This suggestion has been 1@0&0:1 to
a great extent by workers in this field.

The imvortance of the sessile phagooytes in the

defence of an anirpl wae kuowm in the latter part of the
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lnst century. ragentello (1805 noticed thint suspensions
of onrsing, whien injected iqto the reritonoun, werv isolne
ted o the liver ond syieen =itain one to $wo hours. Y-
s (1857) and baxton (Lo08) reperted ithnt whnen bacteria

[y

ware injected into the periteoneum they rapidly soacred into

tho Dlogd girean vie prpmntics, the
anterior medisstingl gland and zight l,apiatic ducte WX
ton ond Vorrey {(1000) followed the course of tyohoid bacilli
wien injected intrsperitoceslly Into ratbits. A szrll pore
cenince of tie ncteris pmesed into the general clirculation

alraet imuediately snd necumulated in fhe liver and spleen.

migo ovidesea »f neteris sntering tae

aTter Leing given per o8. Pazlfe {1uda)

i otlier welnied atraing of

Salevonells by dranning the sugsension of beoteris into the

Foatize L ovnrious fimes, the aninmls wero Billed 2l the
vlood, liver, suless, meganteyie glands snd anell intentine
exnuined. il findinge indicated that o lnrze number of
begleria, when given oy mouth, usually failed o ostablish
taeuselves in the intestine. Lone, nowaver, entored the

tisneunes of the alimentary tract and were carried to the

mesenterie 1l oM plands. in tacee swoarinente bactorias

LS

were saldom recoverud from the Ylood, tut were found in the

Liver, suleen and ginndg.

Studies concerned with the iagostion of particles

vy e seoeile pangocytic cellis of thwe retlculsesndasthelial
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syotenm have been, to e great extent, confined to in vivo
experiments. An sttoupt wae node Ly fous snd Beard {1034)
te isolate the Xaupffier celle of tae liver after thney nad
rwgooyiosed iron oxide. The Zupffer celle weye imolnted
from the payenchymnl cells by (aseing the mnixture thyoug

a strong clectro-mognetic fieid. Those cells wuich had
mhagocyiosed the iron were retained. nmfortunately the
isoloted cells become abnorsal in witro ond hence this
method was abandoned.,

Semiein yvive techniques invelving the pserfusion of
the liver of an animnl with an isotonic solution contain-
ing the ymriicles under investigation have yielded conside
erzhie informetion on the serum factors rssponsible for the
recognition of forelgn watorinl Iy thesc pngocytes.

bamwering and Jdoe {1316) found that i& the rabbit,
miagocytosis Wy the liver was enimnced vwen(;nggggggggi
Qerﬁ suspended in fdngerfs solution containing serum fyonm
aningls that had been immmised asminet this bacterium.
fhe perfusien fluld contsined antiserum, ot & dilution 100
timos lese then the sne agglutination dose. lanwering nnd
“ritschen (1923) teeted phnpocytosis of both Gram negetive
and Gress poeitive twoteria by the liver cells of the dog.
They mowed that the sospile phagnoyiic cells of the liver
ingested 40 per cent. more bocteris whem swell srounts of
antibody weve present in the perfusing blood then wien

antibody wae absent. Townyd and vardlaw (1958) studied
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magocytosis of i, ooli Ly the normal rat liver, e
shoved that shngoeytosis Yy the Yupffer cells incronsesd
from 11 pey sent. in the sbsence of serun to 41 per cent.
in the prasence of norapl himmn, rat or mouse serum.
Jenkin and Tavthicasu {1962) used the pame techniocue to
show that shen aged ™t red blood eelle were suspended in
normnl sutnlogous Tnt serum, there wng increcped IR0
cyhosis as compared to normel rat blood cellis in norrsl
antologous serui. Suchk ghudies hove undoubtedly chom
the irmportance of serum factors in enbanelng hogocylosis
by the seseile sells of the liver.

It hame been known for some time that when bacteris,
cnlloidnl marticles snd dyer nre 1%%%&;1 intravenausly.
the particies are loealimed in the liver and spleen [ Foot,
(1820}, Yagen, (1920), islocki, (1usd), Cappeldl., (19:23),
Gordon and Eotash, (1949)]. These suthors ususlly studied
the dietritufion of particles in the organe histologionily.
dore vecently Helpern, Senmcervaf and Diomsi {1553) nnve
deviged aquantitative nethods for studying the Xinetics of
wwpecytoeis of s variety of particles by the cells of the
retionis-endotihielinl syasten. It ic¢ necepsary to under-
stand thet in such studiem, only the phamoeytes in contact
with the blocd are considered. Thege jnclude the Yupffer
cells of the liver, reticular cells of the spleen (splenic
mperaphaces), the reticulce-andothelial cells of the bone

marrow and fhe lymph nodee and the phagocyiic eells lining
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%

tiie blood vessels (endothelisl cells). This then excludes
nll Gne wandering fhmpocytic cells of the anirml thnt =

not circulatory.

“here are conditions wnich must be sbserved in such
investicntions, The particles injected must posgess the

following characterisiics. Tney migt be relatively mom

=
VH
ity

renout in 2C. fhe prepsrsd snateriasl must fare o stoble
dispersed guspension in body fiuide and be nonetoxiec for
the reticuloesndothelisl colls. Mie particles should
aceurately wessursble in ihe tissues and in Llood, It
ginuld alse be desirable to identify ithen nistologleally in
the celle of the reticulsecndotaelial 5 B0 0. Maaily,
there siould not be any significant urtake of the naterial
by cells other then these under investisntisn. The olear-
ance of bacterisn, densiured protein, dyes, coiloidel onr-

von, silver, gold, iron saccherids, tuorium diexide and other

subgtnnees follow the snse fundacental kinetic pattern. Hence
% briefl agcount concerning the kinetics of vhugocyiosip of
carboen By the fixed macrophapges will in gzenersl suffice for
other warticles.

uantitobive Asvects of ihapsevtopis by the Hetiouin-

ndgtheliag Lvsten,
(e rate of pliogoevtonis is studied by mezacuring
the redoval of pertieles frow tihe blood snd the nccurulse
tion of these particles in the reticul eendothelial gells,

2t specific times after intiavenous injection of a stonde
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nyd suspension. then tne clearance of these particlos is
plotied se the log of the blood conecentration with rsspect

to time, the removal of the substance follows an extponens
tial curve. This erponential rate con Lo sxpressed ne the
mhapecytic index (1), which is & wmesgure of the slope of

the curve where X = jog & - log B.  Log = and log b are
(b - t(a]

the concentyotions of the zerticles s time (ta) and tine

(tb} respectively.

Jhen smell doses of paryticlies aye injected iheir
rate of rocoval is constant and independent of dose. Tae
hagotytic index caon snly be zeasuyed when the dose ine
jected is greater toan 2 gerinin miniral dope where the
shppgecytic index (1) x Jese = gonstant. Thls dose would
onnble one to study the avidity of the phogoeytic ¢ells in
the various organg.

The tupifer ceils of tae liver phagocytose batween
0 to 90 zer cent. of 21l injected ¢olloids. The spleon
is responsib le Tor about § per cont. and the rest is gene
srnlly distributed hetwseen the lung, bone merrow and kidnoy.
Thue the phngocyiic cells of ithe liver and spleen aye able
to neocount fory shout 25 per cent. of the clexrance.

To some oxtent the dlstribution of purtieles in the
varions orrmng ie dependent on the size of the injected
mnterisl.

Gofuan (1U4%) prepared & large nuuber of colloids

of yttrium, and zirconium cxide or hydroxide walch were of
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different particle size. These wore semsrated into lurge,
intermediate or small particles on the bansis thet the large
particles showed a Tyndnll effect and were sedimented ot
2000 g. in one hour, the intermediate showed slight Tyndall
effect and were not sedimented at 2000 g. and the semil
particles showed no Tyndall effect and rassed with relative
ease through biological membranes. hen the large porti-
icles were injected intravenously into radbbits, about 9C
por cent. of the colloids were found in the liver and splom
and 10 per cent. in the bone marrow. In the case of the
intermediate particles, 3C to 50 per cent. was found in the
bone marrow.

Since the liver is by far the largest reticulo-
endothielial organ, the assumption hiaz bean thnt the bigrer
the liver, the greater the rate of phagocytosis. As the
size of the liver varies not only between individuals, but
also between species, & correction has to be made to the
phagocytic index to allow for variation in liver size, if
one is to compare the efficiency of $ais organ between
individuals of the same species or between different spec-
ies. |

For example, the phagocytic index X for 8 mg. car-
bon/100 gm, anima) in the rat is 0.026, in the mouse 0,047
and in the rabbit C.C08. This would suggest that the
nouse shows & total pheagoeytic rate nearly six times that
of a rabbit. ‘hen the total phegoeytic rate ip corrected
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for the weight of the iiver and spleen in terms of weight
of $he mniml, i.0.

Lorrected wvelue {2) = Jeight of the animnd

i B

‘gight of the iilver + spleen /

then the efficieacy of these celis {(a} is 0.4 for the nouse,
el Tor the zai and .4 for the rabbit [DBensceryal, (1888)].
liogwever, it snould be girvessed ihot the correction is wvalid
ondy waen there are no other limiting factors foxr phagney-
togis - & peint wiich sppenxs to iave been overlocoked in
the general use of this gorrvected index.

in gtudies on the ¢lesrance of bacteris from the
cirouirtion, some wvery pertinent aguestions hinve been nn-
swered in relntion to defence mschanisms. zonaveryef,
sepestyen and Gohlosecman (1959) studied the removal of L.
B0ii 0.i1I/ 04 and Stap. aureus (girogio stxein) in mice,
rmbbilts and guinen pigs. The rote of ¢lemrunce of tooter-
iz depends diyectly on the Litre of srecific agrlutinins
mresent in serum of these anivels. These jin vive ssper-
imente have confirmed wimt had alyendy been deuonsirated
i 3itxe in Yot phngooyiocsis of bmeteris snd indeed mony
other particies such 2B carbon, starcisg bentonite, takes
pleee only in the precence of cerboin serum proteins colled
opsonins [Selson and Lebmwm, (19060); Jenkin and liowley
(1961})3 iotter mnd Stollerman (1961}}. These opsonine
#ot only sid pmgoeytonis btut in some instances seem 4¢
deteymine the rate of killing of the bacteria within the

pangocytio cells, following their ingestion {Jenkin, {1uGia) .l
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Fore recently, complement hng been showm to en-

nanee the elenrance of 3, fyrhil [Riazszi and Oti0fel, {3361)].
= e
In these axperiments mice were decomplemented Ly »n intra-

i

remous injection of an antigeneantibody corrlez snd the

o

clearance of the bacteria followsd, Then puinen pip come
plement wes injected into complement devieted mice, there
was incrensed rate of nhagocyinsis.

It ip clenr from these esxrperiments that bocteria,
ags well se ather solloids, are cleared from the cireuintion
by the phagoeytiec cells of the reticuioeendothelinl ayoten.
The rate of clerrance of these particles depends sn the
titre ﬁf cirenlating antibody 2y opsonin.

‘ntibodies

L AEbYYos.

Prom the studies in the 2dult anieml 1t seems that
efficient phsgocytosis ip only possible when baoteris nre
opsonised. Thevefore in an investigntion of the functional
development of the defence mechaninus of the Toetus sy neow
aotal enimnl it is necessory 4o consider not oniy the phas-
ocytic efficlency of the reticulomendothelisl eystem bui
nlso the developmert of serum factors om wiich the cxyression
of thie efficiency depends, viz. antibedy. The two ways
in waich entibvody way evise in the cmbryo or neonste are
olther by pacsive transfer from the mother or YW mymthesis

ont the pard of ithe foetus.
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iagsive Iransfer of sntibodicss.

T“he transport of antibodies from the motaer to the
faetus or neosnntal anirnl wes vocogniged an earliy ne 1892
by nrlicih. iie revorted that young mice born of wothers
irramiiced spainst totanus toxoid had = aigh titre of anti-
body te tnig antigen in their eirculation. e neonnie
ef noneimmunised mothners did net have antidbody unless faey
werde suckled by imsmnised mothors. hese sxpeviments
gonvineced hrliich fhet imoauanity could e transcitted pncee
ively %o suckling wice wvin the wilk.

since then g srsat deal of work has been done on
tne paspive Lysazfer of ontibodic The methods of Lrmnse-
fer can be divided into at lenpt tws catesorivs:

in) xeuters tyansfor of antibodies.

in come cugeies of animnle, antibodies are pase~
ively transferrad fyom methor only safter birta., 4 tynieanl
exprole ig the ungulate, whore tae transfer of antibodies
geours vis the out. The systen »of wocsive trancsfer of
antibodier Tron ¢ovw o the neonatal cnlf will he discusced
2g n represenintive of this group.

dxon, ceigle and Vozmauez {(1u6l) studied the wvare
ious concentrations of protein in the sorum of cows during
prepuney and after sarturition. ~hwen the seran of prage
nant cowe were studied, the levels of gnme globulin yvee-
mained falrly oonstant until two wonths befsye delivery.

At tiids poriod there wos o rise in groer globuling until
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about a zanth before delivery, wmhien the level in the asdult

wne almosi holived. This wns f2llowed by 2 srodunl rise
to s8lightly above normsl one montdh snd o raturn to normal
within two wmonths, pest partum. It iz intevesting tamt
virtually all champes in the serun proteins were sonfined
to the gzrpe globulin proteins.

A poncurvent atudy of the protein changes in the
colostrur and nilk durdng lactation expleine these meticins.
Two nonthis before parturdition the cow hos o dry reriod. At
inie time, lectation from the previour pregnoncy stors and
the increase in g slobulin can be associnted with fhe
reduced transport of protein to the udder. The f21l in
gamne gloimlin ene ponth before delivery isp due i5 the proe
duction of colostrum. At tals stere, porye globulin is
being concentrated in thie udder of the cow. After birth,
the rise in serum geras slobulin is due fe noymml lactotion
and reduced urotein transfer. It iz haxrd to oxplzin the
slight increase of gorras globulin in the first nonth wont
delivery wnlssg reduced catabolism or incressed synthosis
gnsue.  After the pecond month of lacetation until the next
dry porlod the level of zamew glokulin in the uddexr is foiriy
conetant.

The hiestologicnl changes of the wvddey during the
dry peyicd ig in some wnys similay do the erithelial fellice
ulsy changes in the hen., Jariy in the drxy peried the acinar

epitheliws of the cow is conposed of colurmer cclls. Hidway
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tarough the dry period, the acinar epithelium incresses in
size and there is evidence of secretory vaecusles. it parie
uritlon there are more secretory vacusles in the epitheliusm,
more secretion in the acinar lumen snd an inconspicuous
stronus. A% lactation the seiney lumen ie gresily emlurged
and the aciner epitheliuwnm becomes low cuboidsl cells filled
with secretory vacuoles. At the dxy period, the aciner
epithelium containsg @eall amounts of gamme globulin. During
the Iormetion of colomtimus, the scinsy euitheliunm contains
large amounts of gamnn globuiin and no aibunin. It hag heen
susnested that plasm cellis in the udder night be respongible

yrthesis of gemen globulin [ etersen and Campbell,

F> X
10X Bhe

2

{10851 ). Uixen st al.. (1961) state that at “no time were
thwre sigmificant acoumilatione sf vlamwe cells in the uddert,
ihey aye oonfident that the sole function of the acinar epnie
thelium of the udder ia to concentrate garmn ziobulins vhich
are then drained away by a network of ducts.

Thae prosence of antilodies in the blsod of neonntal
enives whlch suckled irrnmised mothers was recorded Ly Or-
cull snd Towe (1982).  Since then several pesple 0¥e 1Se
ported similay observations [ Jameson, Alvarez-lostado and
corbor, (1943}); Semith, (1530): Ferr and Zobertson, {(1943);
etc. i, it im now eleaviy establimied that the mntibodies
are concemntrated in the colastrm ond trnaferred vio the
mut of the neouste to e lymmhntics which drain into the

blood eirculation. conlin, Jloberts and Titchen {1051} have
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ghown thati the transfer takes place entir ely in the small
intestine of the calf. Tiis rermeability of the gut lnsts
for only 24 hours. In other animals like the ox, goat,
sheep, plg and horse, however, tronsfer gtors afiexr 28 hours.
In a small proportion of animal svecies such as the

rat and mouse, antibody may be transferred from mother %o
offspring both in-ulerp and ex-uters. In contrast o the
ungulates, antibody may be absorbed from the gut in thege
two species for much longer pexiods of time - 16 daye in the
souee snd 20 days in the rat.

(®)

Some of the snimels that fall into this class are
mati, the primetes, the rabbit and the miines pig.  Though
the study in man and the primetes has been sacmty, it has
been shown that sstibodies percolate tarough the allan‘toib
chiorionic placents 4o reach the foetal cirvculation [Hemmings
and Drambell, (1961}]. In the rabbit, however, Brambell,
Hemmings, leCarthy and Telawlek (1049) hnve shown that the
yollk sac Tiuid of the embryo contained the prineipel proteing
o mateynsl serum. To fest the poszlibility that antibodics
would also be found in the yolk fiuid, they weccinsted fevals
rabbits with Drucells abortus. The rabbits ore mated. and
eigiht days later, when the aggiuvtinet Ang titre of the nntere

erum wog between 1/04C to 1/:560, taey tested the yolk

:"5

Tluid of the foetus for apecific agzlutinine, They found

that the antibody titre of the yolk see fiuid of the o L0 s
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Wi car.,‘ﬁmbla to the titre rresont in matermnal serom. Jen
regnant fermles vere pmasively transfused with rabbit antie-
Zrucella serum, the agglutinine were still transforre! to
the foetus and could be found in the yolk suo., They con-
cluded tuat significant quantities of maternel antibodiecs
enter the yolk sac oroseing the blaminay onpimlopleur at
nbout the eighth day of pestation.

lorpwlogienlly, the yolk see is sn extra exsbryonie
extension of the mid-gut. 1In 16534, Rodolfo mhwowed thng,
vien pregnont female rabbite vere lssunised with Srucells
sbortus, there wes a rise in the titre of antibedies in the
fostus from the 2dnd day of postation to full term. e 4id
not, hovever, axplain the mechanim: of transport of those
antibodies from mother to exlaryo. Irambell, Heczmdnss and
cowlomde (1948) imamised rabbite on the 1ith day of peota-
tion. All those rebbits gave birth to normal litters with
eoglutinating titres in the serum similay to thwse found in —
the maternal eirculation. Following these observations,
Srambell, lemmings, ilenderson, .arry and Rowlmds (1949)
injected anti-ipucells serun into the lumen of one of the
tws uterine homms of & pregnant rabbit at the 24th dny of
gentation, Saya from the enbayos implanted in tae injeoted
axperimental uterine hoym had aimilayr agglutinin titres to
that found in the sormun of the mother (1260 to 1/320). o
ngglutinine could be demonstyated in the perum ¢ollected
from enbryoes present in the contyol uterine hom. These
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results sugsested that agglutinine from the parent were
secreted Into the uterine lumen, and from here thoy were

rested into the foetal circulation - transport being rost

rrobably across the yolk sac splanchnopleur, sinee this io
the largest and most wascular part of the faotal menmbrane
exposed to the uterine lumen. It is certain that no {tranas-
fer of antibodles takes place via the allanto-chorionic
placenta.

It has beem lmown for a lomg time that ~n “in utero
raseive transfer of antibodies also prevails in the Awves.
In 1893 Flemperer reported the passive transfor of imvamity
from parent hen to the hatched bird. Since then there have
been many confimmtions of the early report that antibodics
may be passed from the hen to the yolk of the egz [ Srandly,
looses and Jungherr, (1946); Trasey, Jukes, Branion ond
Mnlpemm, (1934)3 Irierley and Hemmings, (1956); ratterson,
Younpner, Jeigle and Dixon (1962a)].

lore recently an extensive study has been mde of
the mechaniam of transport of antibodies from the ratemsd
circulation to the yolk. Vhen adult chickens were injectod
with 2 single dose of Iodinaf“"‘u-la'bellad bovine serun zl-
bumin, the antigen was eliminated from the circulation with-
in four daye. Antibodies could be detected in the adult
from the fourth day onwards, reaching a mescimunm titre on



L
el o

the seventh or eighth 4ay, snd then declined to normal Ly
the z24th day. hen the yoliz of geguentially laid egze
were examined, thue antibody appresred four days after the
srimary response in the adult and the peak yolk levelis were

reacied five to six days after the peak serum levels in fie

I1€Tie Theso workers alge siowed ilint, when hens were potse
. . . 13} —a
ively immunised with lodine "“=lubeliled chicken garma globe-

uiin, similar resulis were obtained, i.e. the Ia&iﬂel”}~

Inbelled gamsn globulin was found in the yolk [ lattarson
L. Gley  (lweia ) ‘1

The ampunt and distribution of antibody in the yoik
n?gelj depends on the dovelopmental stage aof e ovum at
the time of satibody mynthcsies by the heon, iens have a
single ovary containing hundreds of suall gva, of which sone
zre induced to develorn and meiure. At sexunl mmturity, the
largeet ovam ig shout U0l eme in dinmeter, Theres ig = por=
iod 2f gradual deposition of yolk material until 4he ovunm

Ly Ot om, in disweter, Then Tollowe s yapid phase of dee-

lw."w

pomition of yolk and development, when the ovum increases in
dinmeter to sbout 3.5 om. in six daye [.atterson gf sl.,
(19Cus )],
During thils develovment, the trossport of proteins
is the function of the follicular epitiaeliun {(cells derived
frowm the epitheliuvm coveri the goned of the chickens) whien

are colwmey in shooe and at this time underge 8 decreass in
height. This change initiastes an increase in the tra sport

of gamma globulin scrose the epithelium. At the final stage
of development, & nonegellinlay, viteliline moubrane spoears



26,

between the follicular epithelium snd the edge of the ovum.
During the passage of the ovum down the oviduct, the egg
waite, shell membrane and the shell are deposited around

he yolk substance. In normal hens, one egg is laid per
daye. The largest ovum next in succession is released into
the infundibulum of the oviduct within thirty minutes after
the preceding egg has been laid. The fully formed egg is

(19622 and b)].

usually laid 24 hours after ovulation. [Patterson et al.,/

rotterson et al.., (19622) found that the yolk »f
the egg laid one da& alter the injection of labelled gamme
globulin was free of labelled protein since this esg was
already in the oviduct at the time of injection. However,
labelled gamms, globulin could be detected in the yolk of
eggs laid on the second day after injection. The maximum
concentration of antibody was in the yolk of egge laid on
the fifth day. There was o decrease after this time, nartly
due to catabolism of the injected protein and due to the fact
that ova developing in the first five days contained 2 high
proportion of the passively transferred labelled gamma glob-
ulin.

The distribution of the antibody in the yolk veried
in relation to the time when the eggs were laid. Hggs that
were laid shortly after passively administered antibody
directed against albumin had the antibody distributed at
the periphery of the yolk substance. In later eggs the
antibody was more concentrated and centrally distributed in

the yolk.



=Te

The mechanisn of trassport of antibody from the
Joik to the erbrio ig not cloarly understood. rtibndy
st poss the endodersal layer and the syrlanciinic nesoder
before entering the vitelline blood vesszels in the mesasderr.
It is Imown that there are phagocytic cells in the yoik saec
endoderm, walch liberate enzymes that attack consiituents
of the yolk |iemottl, {(1927): OColdsiein and Giatsbours,
(19267]. These rroduets of engyme degredntion aye trans-
Terre¢ from the endoderinl cells to the blood vessslie o7 the
Jolk sae and thence to thec eubryo.

At about the time of hntehing there is on accelerstion
in the rate of zhsoypbion of the yolk fluild, The residual
yolk that is oresent =t the time »f artchine is absorbed
into the put cavity, frew where it is transferred o the
circuletion in the first five to meven days oost hatehing,
fne velective Absorption of Antibodies.

He% all antiboedics fyow the wmother are transferyed
to the Toetal or neonatsl animnld. IDyasbell, Hemmings and
Henderson, (10851) showed that rabbit antibodies tu Jxucells

izhtherdis tomnid were Lrsnsferred proferentinlly to fhe
rebbit fecetue in eontreost to equine or bovine anbibodies %o
srucells or ivhiheris toxoid. The sntibadies to Iruceils
abortus or Diphtheris toxoid could not e detected at any

time in the feotug after the Z4th day of reptation Folliowing
paesive tronsfer to the prepnont dne. However, if the em-

Wryes were at anly the szighth rh of pestation, enu im—z and
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bovine antibodies were irsnsporied quite frooiy.

Tizon gf ale, (1961) have ghown that while there
was @n incrensed concentration of govma globulin hy $he acin-
ar splthelium of the udder of the cow, albumin, which is a
smaller molecule, is selectively vreciuded from the milk
during this peried.

In chickens, Drierley and Hemmings, (1956) demon~
gtrated that pigeon antibodies, when injected into the yolk
sac of the developing chiclk, were absorbed meh loss readily
than were fowl antibodies. - Habbit snd bovine antibodics
verae not transmitied in detectable amnunts.

In the rat, ageivtinins formed in the oouse and
meosively administered to nregnant fermles are isransferred
to the foetus as readily se the nomologous ret szglutinins.
intibodics symthesised by the cow, sagen or fowl were not
tranomitted te the foetus in mumounts that vwere detectable by
agglutination techninuesn.

In immanng, $he bivalent & antibodies, blood group
isoagplutining, and sormtic '0' antibodies, pass ithe plocenw
tal barrier poorly as comared to the in blocking or incone-
plete antibodies | Vonlauist, (1058)]. Thowrh no specific
rengou has been sugrested for the melsciive pmssage of thesc
antibodies from mother to foctus, both woleculny size and the
specics differonce nust be considered. It is Enown thnt
specific antibody mmy ocour in $wo moleculnr sizes, chinracw

tericed by their sedimentntion constant as 75 globuline and
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185 zmiabulins. Tt will be gliown later tint for the chick
aobryo the selective trunsfer of homologous sntibody in this
s:eciee smy be oxplasined by the differemce in the moleculsy
size of the snitibody.

The proteciive offect of the pnssively trsnsferred
antibvodies ig only traneitionzl. In the humen infant, for
instance, [Orlandini, Sess-orisak and bus, (1958): O(hore
meol, Srikor, furke, loss and Fice, (1956}]1 the matma mlob-
ulin level Talls exvonentially in the first four weeks., The
concentrantion iz giabdilised st & low lovel zfter one momth.
After thres monthe there is =n incrvesse 111 sdnlt leovels
sre reacied by 1S to 24 monthp. It has been cssumed fron
such dntz thnt the infant starts syntheslising mntibodien
after four wealis. in the hatched chiicken, zchtive syntheslis
pepine after one month {intterson, Younrner, .eigle znd Nix-
en. (1962BIL It ie also significznt that the antibodies
nve 5 longer nlf-iife in the neonsie than the adull.
atterson gt al., {1964b) found thet the h&:i,f«-life: af iab-
gllaed parra gl-bulin is 30 hours in the sdult hen, bt 72
aours in tie one to seven dey oid chicken. lowever, it
giisuld be noted that no studies mensuring the ste of ine
corporation of lstelled isotopes into the guman globulin
hnve Teen mnde in this szpecies. Hence, from the published
date it is nlmost impotsible to deternine the {ime ot whiech

individunis start 4o actively synthesise gocza iobulin,
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Synthesis of Antibody by fhe Fostus and Neonmtal Andmel.

It hnp hoon assweed tlhiat the foetnli or neonatal

animal Incked the capsclty to synthesise antibndies. This
wes tazed on the ohservation tnet, when neonatsal wnimmis vere
Pamiged, antibody conld not be detectied in the serum on
gubsoauent tesis [Croeset, (1949); Durnet, Stone and idney,
(19503 mborue. Janois and Julie, (1588); Sbeyt, (1258)].
Burnet (1958} pestulated tiwi smutibody producing wells in zll
animnls arose from clones of mosenchyue ¢ells mown 2 stenm
cells. Toon clone wns responsible for tm fypemtion of one
antibody. These celle underwent chongzes from o mull period
2f imoturity to 2 mature sericd, the ¢ellis at this time beling
zble to respond to s antipgenic stimulus % producing anti-
hodies. IDuring the sull perioed shildh corrosponds in Lime

to the feetal and enriy neonatal life of the anduwl, the cells
sould not respond immmologleally %o an antigenic stimplus.
#i1linghen, PBreat and ledmwar, (1986) reported that the ine
Jection of foestal or neonatal nice with sploen gells from
another inbred strazin of sice conferred o the recipient
animals @i osepoeity to accept homomraits from the donor of
ths apleen cells. The trsatod yocipient animel was juown

ng the "tolerant® andimnl. Sontrol mice, which hnd not been
go trented, rejected the praft after a pericd of ften o twelwe
ay8a This experiment hes been repented in & vardiely of
snisnls with gindilay resulis. Humnet, (1958} postuinied

that the irrsmture mesonchyme cells of an anirsl were destroyed
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or changed 1f they met the antigen during the foctal veriod.
Hixon and Jeigle, (1987) presented evidence %5 sugcest thet
net only were the antidbody forvdng cells of the neonainl
anionl not capable »f antibody response, but the biocherdeal
environment of the footus sr newborn animal was such that it
would not suprort efficient gynthesis of antibody by itrange
ferred lmamologically vompetent adult solls. The experi-
nontal ovidence of these vorkers has been challenged by Triks
and Tfba, (1859} sho sttridute the inefficiency of the trane-
ferred colls to synthosige antibody o8 due to & homografli
renction Ly the host.

meperimental evidence has now hesn roported, indic
ating that the foetnl nnd noenstal animnl vy be fmruneclogie-
ally active. Simonsen, (1987] found that when spleen cells
Trom adult hene were injected intravenously into 16 day old
chieck embryos, & noriked splenomegnly resulted in the host.
Igancoon and Boyoy, (1960] injected whole blood from adult
aeng inte 1l to 13 day old ombryos, and reported similar re-
sultas., Piggs ond coyne, (1561n ond B) uwing cytolopical
techiniques were able to show tiant the enlargenmt of the
spleon wao due to both donor sud host cell proliferntisn.
whilet it ie ¢lenr tiwt the adult donor cells were irruno-
logienlly competent, and thus able 4o react arminst host
antigens, it iz ppiarent from thelr findinge thet the host
mry slso resct to the presence of foreisn sntigen.

sevornl people have reported thnt the transfer ot
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mmbernnl antibodies in the plg sccurs via the colostrum.

The neonntal vig laocks gorrm giobulin before muekling [Harile.
{193%);3 Zarrick, latroneg Osborne, (1954): jwtavist, (1958)L.
lecently, Jterzl, Zostin, inndel, ifha and Holub, (1959) im-
muniged piglets, vhich hnd been removed Ly Cnesarien sporation
gix days before normml parturition, with Srucells suis antigen.
The pigs were fed on asrtificisl dict tarougiout the ezpsriment
furbihody to Bymeells suis was dotected on the 20th dny of ex-
Ixn uterine life, wiaich iz 14 days nfier normal term. viplets
injocted gix days after normal birth symthesiszed antibodies

on the Oth day of life and sne rmonth old pigs showed deteote
able antibodicr seven doye nfier stimulistion.

Cimiley evidence dewonstroting the imamolspical
competence of sremnture infante was presented Ly Tmith (1966).
e hundred and £if4y infantes weighing between 10060 - 2500 .
were inoculated introdermally with LS. Lyphal vaccine, fThe

cord Lleod of these infants 2id not have antibodies to I.

before imsuniontion. Seven days saibter injectiom, BO
rer conrt, of the babies gynthesised spglutinine :m;rzina-éz e
g4 flapgellar sntigen of &, B3
between 1/10 and 1/5120. dighaty per cent. of thome infante

pixt, apgiuntining tityes wvaryving

vere positive Wy ihe fourteenth dny. To detectable agglut~
ining sgainst the '0* somatic antipen were present in any of
these bables. Gtarch block clectroshoresis of the serum
shoved the antibody to be s gorenm - 1 globulin {olmo ¥mown

az Leta Omoor omeroglobulin).  Further analysis by analytical
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ultrocentrifuzation methods showed that this component was a
giobulin with s sedicentation congtent of 165. This cone
vonent of gerun is not ususlly transferred seross the o3 E2
cental barrier in hwmans | Vehliquist, {19828}].

Ihe most convineing svidence of antibody synthesis
in the foetus was sbiained by Silverstein, thr, Xvaney snd
inikez, (1963). ©Sheep hnve n gestation pevied of 150 dave
ond there is no transfer of mntornal antibodies in utero.
“hese workers snmeosthetined progunnt cwes at variocus stages
in their gestation seriod. The gravid horm of the uterns
wag mnipulnted and the posteorior end of the fostus 1ifted
througa the incigion. Toe nntigen wes then injected throush
tne wtorus snd foetal membrancs ints the wnscle of the thigh.

‘ne snfigens used Tor inoculstion of the footus wore
1010 rlacue Tozming partiecles of bostoriophare 174, 100 ns.

of diputheria tomoid, 2 mg. of viable 500, 1.25 z 10Y nest

killed H. typiwea, 1 mg. cxystaliine svolbivuin end 1 mg.

ferritin. The age of onbryos varied from €5 dsye to shout
110 daye post coitus., The presence of antibhodies was tasted
in. the vorious nge groups from seven daye post inmoeulstion.
santibody agninst phage was detected by the nphnge noutralis-
ing test, for S, tyrid by the use of tho mgglutination or by

tae tmwmed red cell haemagutinetion technique. Antibodies

againegt ovall umin and forritin wers aleo asonyed by the tnne
ned aryihrocyie heemaprlutination tecinigue and diphtheria

by the skin sensitisotion test in rabbits. Antibodlies against
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sycobacteris were tested by the modified tammed erythrocyte
haewegrlutination tecwmicue of Hoyden, {1851}, Thege tech-
sigues wvary in their sengitivity to Jdetest antibody. 355+ T

taeris wntitoxin onn be agsnyed at p concentration oF 4,003

pg eatilbiody per ml., the tsuned cell haemsgpiutination toche
nique is eapeble of detecting 0.005 to .00 pEe antibody per
nie  Antibodies agminst the galronedin and myeobnoheria (IuG)
could be delhected nt D.,001 g ser pl.

the resulis of these experiments mhowed thnt the &C

Gay old feetus wos able to Loxw oubibody to piwse /7174 witivn

&

zix doys.  Antidbedy to ferrvitin wne pregent in & titre of

B

b

F128 ten dmys sfter Lmxmnisation of the 70 day old foetus.
However, antibody fto swalbumin sms ondy produced after & very
long sexrdiod of time. fntibedy to thaile antizen appeayed in
the circulstion S0 dmye following immmisation of the 65 dny
old foetus. Dien this gane antigen was injccted into the

“C dny old Toetus, antibody sppeared 30 days inter., lence,
in both instances, the Tirut aprezrance of entibody apsinst
ovaibmudn wap detected on the 120th - 196¢h doy of pestation.
In zenersl, clder enbryos synthenised 5 hicher titro of anti-
body to these antipens. sntibody agpinst dipatheris toxoid,
se EYREL or S.C.0. ocould not be detected in sny of the exbryos.
Indeed, even norms) noveborn lombs could unt gyuthesise onti-
bediee e 2, fymind snd E.CW3. In the adult sheep, houover,
antibodies to svelbumin, ferritin, meteriophnge, S, tymd
and Beldh. conld be readily detected. niy diphtieria toxoid
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had a psor sntibedy regponse.

The contrels in the cose of the exbyyoe gxperiments
were the ftwin feoetus which vere left uninjecteds. In no ine
gtance were mntibodies found in the control eribryos. The
sorulr of the pregnant cwes wap nlso exsmined for the DTt
ange of antibodien 4o thess antigeus with negative results.

it is clear fyom these experiments that the foetnl
losk say produce antibodisce ngninet certsin antigensc.

Sehinkrel and Ferguson, {1953) also studicd the abil-
ity of the footal lowmb to mowst an Irmmanologionl response
agpinst transplontation antigens. Yoetal lusbe ot the 50th
day of gestetion were gralfied with autologous and homologous
skin. Uhe donor eiin was sutured 3o the fostal gkin sur-
rounding the groft bad and the footus yoturned to Lhe ame
ndotic savity.

otk wmlorescopic and histelogical exsudnntion of the
grefied foetus showved thet the sutoprafis were accerted,
willst the hemosrefte were rejected. In ud $ro, the suto-
srafts wers vasculox ised snnd ithe o ithelium of tae graft
and the Liost established sontinuity. The praft alse oroe
duced wool. The honoprefts chowved necrotic changes 30 doys
following transplantation. waen the gyaft bed vas wmuined

BALOL -3 Bt sily & ecar wop left in the place of the sralt.

fien v second prafi was transplanted from the szre donor to
the host it wos rajected in nine dsys, indicating o second

set enmnced pruft rejection. These exveriments miowed
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quite clearly that the foetal lsch at this age is capable
of mroducing o vigorous irvmnological recction agninst
gmfted foreign tissue.

Anotiiey analogous response between the adult and
foetal sheer is the type of antibody gynthonised, it has
been shiown that in the ndult, the initisl type of antibody
rroduced o an antigen ig the 193 f{ype globulin. dhen o
bigher dose i injected, tiae 1uc type is follovwed Ly the
mmthesis of the 75 type globulin. #hile the 195 rasponse
ie veen two or thyee days after stirmiation, the 75 is only
Tormed after seven 'éa;ga. Tne 199 globuline nave & shorter
1ife tnan 74 globulina, =nd continued synthesis »f the tno-
roglotuling (193) seeme only to persist in the presence of
the antigen, The garmn globulin (75 type) ayntaesis con
continue for meveral months. A second stimulstion leads
direoctly to an enmmmestlc response of %0 globuling.

The feetnal lemb 2lso produces tae 195 giobuiins to
whage «{1%74. <rolonged stimmlation initiates the 78 giobw
uling., Glder foetusers were move mrone %o produce 7S globe
wiine. These results o»f Silverstedn gf nl., (1963) ere in
agrecoment with U, Pnneis, %xzzli.n § . Finkelstein and Lewis.
(1262) on the premsiure infunt.

_the postulate thot the footal animal is irmuncloglo-
2lly 2ull or incompetent can no longer Lo agcepted, it is
nospible thet the foetal eubryo may wmture to rw;rfmé to
verious sntigene ne it grews. To verify tiis, it i first
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necessnry to Iy verring dases of antigens, as too Righ a
doge Ay lead to immmme pavalysis or doo smnll o dsse wsy not
ehirmiate the synthesis of detectable soounts of satibody.
Zilverstein et nl., {(1963) realised that varving doses of
mntigen must bs ueed. before any general conclusions sould
e rencihed for 'f;ii,l antigens.

flowever, it is. becoming increasingly apparent thnt
antibody symthesis pny involve nmore then one sell Hype, the
ammmve being possibly inwvolved indirsotly in tais sm-
thesis. It is importent that if 8 hotter nndevstanding of
the development end ewvolution of the irmume reeponse is io
o obtained, & more detoiled lmowledge is required of the
fate and distridbution of antigens Injected inte enbryos of

various aninnl svecies.
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terial Sireins.
in tae present study the following two species of

ncteria were umed - igcii

cend Zalmonells smilin-

2T

he siraine D, coll 2206, belong-

ing to the serotyre 0111, % and L, coli ©12 {rough) were

received from irof. D. Howley.  Ggcherichia eoll 1iliy
irough] was supplied by Or. A. &. Jardlew of the Connaueint
Hedical feseavch labormtories, Toronto, Censds. These hage
teris aave been alequately described by the sbove authors
iowley, (1082); lowley and Jardlaw, (195a}].

=Ranonells, gnilinarus

meddinerun 90 vere obitained from Dr. YillimseSwdth, Lilystone
all,

inoxum 9240 and 3.

Stock, lepax. (alieTewePR24€ ig wivalent

for adult shickens, whilst 5. gellinprus 25, 2 auiant strain

T¥ el

derived fron the {.

1 9240, 1s evivalent | illlome-

The saltures were received as freeze dried HIeDATR~
tlenw in sesled smpoules. The znpoules were spened csestics
ally ond ihelr contents resuspended in 1 sl. of nuirient
brotiz. The total contents of emch of these ampoules wms

subsuitured in 16 ml. of nutrient broth and fncubated ot 3790



for 18 hours. A loopful of the respective cultures was
then stresked out on to nutrient agar plutes and inculated,
to verify the purity of sach sulture.

___IT the culture Jappeared pure, poverml colonics were
pleked off into 10 ml. of nutrient broth. After svernisht
incubation samples -f 1 ml. wers digspensed inte sterile zme
poulen, senled and snap-frosen by imeevsion in 20lid carbon
dioxide-ethyl nlcohol mizture, The anpoules were then stored
at «2092.

den o culture wae required, one anpoule wos thnved
and the contents plaeced in 10 =l. of mutrient broth and ine
cubmted overnight.

A4 sample of the culture was then stresked on to tem
nutrient ngny slopes and {ncubeted nt '3’?"341‘5 for 18 hours. The
aERY Blopes, in one ounce sorew-cupned bottles, were 4ien ko
o 4”0,  Zach slope was used not move thmn ten times and,
ot the end of the series, = new ampoule cpened and the YO
cedure repented,
szepsretion of +%“1obelled Fnekeris.

The liguid medium for the growth of bmeteria was a

wipplenented ocasomine acid medium containine the Tollowing

inprediente:

Sndiun aitrate T, 0 Dl g,
"mgmesiun sulphate ViU el g
Glucoso Zell g,
Laessming scide 1040 gma

Hletilled wnter 16CC wl.
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‘the il of this medium was sdiusted to 14 7.0 and aftey dig-
pensing in 40 ml. smounts, sterilised by autoclaving nt 185
1b. nressure Tor 19 wcinutes | Lenpeerrafl, lebozntyoen and
Cehlasemen, (1053)].

7o 50 ml. of cnpanino ncid medium in o DGO mle ire
lenzayor flaak Ue0 millicuries of oS5 g artizopresphate was
sdded, The rilenwe ey flesk wng snisced in asn enamel basin
and pecked tightly around with zotton wools The mediun
wup inoculsted with 10° bacteris in D.1 ml. of cassnine
acld mediur end shaven at one agitation pey seeond at 2790
for 14 hoursn.

™Me ipotopiczlly lnbelled bacterin were harvested
iy contrifupntion at 3000 Yepens for 20 minutes nnd wmaiied
three timer with 80 21, of maveloelogicsl saline in fiymly
capned nolythene centrifune tubes. The third volume of
vasoing fluid contoined noglieible sumounte of radiosctivity
in the supernatant. Me mcteria were finnlly suspended
in casarming mediun. L1330 dilution of this susrension

4,

in physiolegicnl snline was mencured on the hlmadzu hioto-
gdectrlic srectyopnotometer lodel .L.50, at o wave length
of O70 mp. his 4iluted bacterial suspension of optical
dengity €016 hnd boen ghown by viable count to contain 3.3
x 107 tacteris poy ml. The original sugpension was stoande
srdized to 10¥ bacteria per ml. and keut at 4%C and not

sed for longer itihan five 4dnys.

peonisation of lactexia.

agual voalume:s of the booteria and the serum under



invectigation wore mixed and mllowed to rermin nt 4°C for 50
minutes, furing thies time there wee no visinle sgrintin-
ation or f2ll in visbility. the mixture was then centri-
Tuged =t 2000 r.vem. for 15 ninptes.

Fhe serun trented imoterial depesit was washed three
timeps with 10 =i, af 0,158 saline. Failure to smoh the
tneteris led to Jdeath o 4he smbrre, due to the toxic offect
af the serum [Tum.2.{39088)]. ™he meteria vere finolly re-
suspenided in casamine seld medivnm to the ariginnl volimie and
uged in the exveriments.

Carban for Inisction.

“arbon (C 11-1431/s yGunther Unguer, linnover) was
cbhigined ae 2 stubiliged collnided suspension et a2 concen-
tration of 22 me. Al in 2 per cent. pelngin, e cnrbon
merticles vare foiyly homosemous in size and margurad shout

850 7 [rlomai, Jemacerynf and Walvemn, {1953)1. The verious

doses of carbon were orepered by hesting the originnl carbon

for M winutes in o 56° wnter nth, ond meling eppeopriate

dllutions in 1 pey cent. zelntin in soline. The voricus
concentiratione of ceorbon in 1 por cent. oglndin wewe ot ot
372 hefore injcotion gmﬁ taken up in é rrevarmed 1 =i, tube
oerenlin gyrinpe.
ellection and Incubation of Ires.

“poe were obtained from o pure mtrain of Uhite leg-
horn Fowls.,  They werc ¢ollected and kept in the cold wpom

at 500 for not lomper than seven Jave rrior to incubation.



& *Ganmble A1) Glectric lodel® incubator with an electirically
controlled thermostat snd forced air cireulation was used.
The tomperature was maintained at 37-389C and munddity core
trellod at &8 pev cent. [Severidge and Durnet (1946)]. 21
BEEs were incubated on their side so z5 to 2llow the forrne
tion of the wescaler system on the brosd sids of fhe BT,
Saeing incubstion the yacks were turned thyough 45° twice
aadi day. ALl ogps uesed in oxperimente in the present ine
vestlogntion hnd an avernge weight of 50 o 5 o
wdnation of Smbave ¥ iability.

o noeortain whetier the embyyes were living and to

75

maxk out the veing sultzble for injection, the esozs wers
saindled in the dark room with the 23d of an egr viewer. This
W e bex with =n oval ocvening on the top side, adged with
feit, and illuminated with = 100 w#nit sleetric light Tulb,
e candling rrocedure 4id not exceed ¥ seconds snd the S Tgigh

wers not kept at room tesperature Tor more thewn 5 winutos.

vgiiestlon of jwmbryonic Blosd snd airs- rbryonic Mulds.

e ¥ <

Az srbryg ghickeng,

<ERS wers candled and the choris-slisntoic wain
{which wes often the lnrgest wvein) marked, L peneilled are
row wan pdee made on the shell to indicante the direcotian of
allentoic vein. An ayen of the shell § mme wide znd 1 on.
Long sveriaying the vein wes dvilled using o dermtint Arild

with & pobating J-3/4 inch volearbs Hoe 16 disc.



Mg.l dAngramatic sketch showing full development of
rerbranes and cavities of a 1& to 10 day old chick
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The drilled aryea was swabbed with liquid paraffin
(Farzrington liquid heavy paraffin (.565-0.890 g. at 20°%C)
ud three minutes later, the shell carefully picked out
with » pair of fine forceps. Care wos {aken not o damre
thae siuell seabrane. The exposed swerbroane was 1ightly
swabbed with more liquid peraffin to emphasize the blood
vegsels against the transparent membrane.

L 30 gauge needle fixed to & 1 ml. tuberenlin ayrimgoe
was used to withdrew blood. The needle wme ingerted inte
the veln against the flow of the blood znd the Llood slovly
sucked inte the syringe. The anount »f hlond removed wor-
ied from D2 ®wi. iu the case of the 10 Jsy old exbryo, f0 1
ude in the case of the 19 day -ld exlwye. Apge of tho one
bryo was defined in terxns of days frow the start of the ine-
cubntion. Blood from individusl enbxyes of the same age
was pooled (Pig. 2 =nd 3).

The blosd wes allowed Lo clot nt 5790 for 30 nminutes

and then transferved to the refrigerator =% 4% for 30 min-

utes, Tollowing this, the blood mme contrifuzed mt 150C
Taelis for 10 minutes and the serum collected nsepticnlly.
e samples were stored at -30%I. lost sorus sanples
were thaved snly once, or =t the west, twice, since ropoated
Treezing and thewing brought asbout o decrense in biologicnl
sctivity. ALl sruples were uped wigthin six months of in-
1tinl collection of sayum.

e  Zoldlection of Allantsie Fluld.

The giaell around the aily sac was rewoved and the axe




Mized Lge drilled prior to exposing the cinrice-allantoic
velin. The srrow peints in the direction of Llood

flova.

Tig.3 The axposed choriseallantoic vein of a li day ald

calek embryo megnifisd five tices.
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posed membrene swabbed with sterile paraffin oil (Fig.1). ——
The mexbrane was pierced with a sterile lasteur pipette in
an ares where there were no blood vesseleg, nnd the allantolo
fluid withdrmwm. The allantole fluid removed from the en-
bryonofthemmmoupmapoolmanddispmed in &
nl. amounts into 1 ounce screw-capyed bottlos and stored st
«20°C.

"he amount of allantoic fluid that could be removed
varied from spproximetely § nl. in the case of the ten day
91d embryo to 0.5 mle with the older evbxyo.

By earefully teasing swmy the sheoll mewbrane and the
chorig-allentoic membrane in the reogion of the eir sac, the
yolk sac was exposed (see Fig.1). The yolk sme fluid wms
then removed hy means of 2 ni;.arne iasteur nipette, pooled,
dispensed and stored as previously described.

The axen of siell just above the albumin sac was
cereofully broken and the albumin fluid exposed (see Fig.l).
e alburdn was collected by means of a l=eteur plrpetie,

pooled and stored as above.

Mood from sdult hons wae collected aseptieally,
geither by caxdime runcture or wvenous jpuncture of the wing
wvein, The blood was treated in the same way as the erlbwyo
tloed. The pooled serunm was dispensed in &wo to three =l.
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caounts in stexile L sunce sorev-capred bottles and stored
at 2070, Adult pig blood wes obbtained from tae Adelaide
~etropolitan Abattoir during the slaughter aof heanlthy »igs.
The perum was srepsred no described above, and sterilised
W ooelts filtration. The perun was pooled and dispenned
ag previously mentioned.
. Heasure the lmoterieidal iroverties

2£ {oxious Fludde from the Chlck

Seall {1 em. by 7.5 on.) tuben wlth slurdniun oops

were used for these experiments. The tubes were boiled in
wolgon and sodiunm metasilieate solution for 20 ninutes,
rinsed three times in tap water, three times distilled wnber
and finally three times in deionised umter {lamis, (1985)].
Yollowing vinsing, the tubes wore driod and sterilised i
matocinving at 15 1be. for 10 minutes., The weeling yro-
cedure wns very important ss uncleansd tubes yielded oy~
roneous repulis.

“erial twofold dilutions of the verious ebryonic
flulds were mde in miniznel medium [Davis and Fingloli,
(1950)].  idnimnl medium was used as the diluent because
the tost organisw wos killed in suline [All, (1959)). Gon-
trol tubes gontaining only wminizel medium were slso inciud-~
@d. The tubes were allowed %o equilibrate in & 37°C wnter
bath. From =n 18 hour broth culture of Je 00l) Iilly a
suiteble dilution woo made in minimel wedium to give opprox-
imately 1000-200C bnoteria in C.02 mil. This diluted sus-
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penslon wans alss equilibrated at 279C before sddition to
the tubes contnining the various fluids. Af interwzls of
0y 15, 30 and 60 minuter after adding the bacteria, dupe
licote volumes of U.1 ml, were nlated on to dried nutrient
agnr plates. The nlates were incubated at 37°C for 18
houres znd the moterial population counted.
wiion of iachterie

3

2

atercining the Tiante of Glimd

The sgps were cendled and the large allantolc vein
pencilled for s length of 2-3 ome in sren of shell of the
sore length snd § mme in breadth wos drilled snd removed as
previously described. sare wes itaoken not to demsge the
saell pesbrons. The egne were then kert in o bonch ine
cubntor thermuostetically controllsed ot 37%C {(sse Fig.4),
mmiform femperature snd humidity in the incubstor being
gontrolled by & revolving fan.

Aommrple containing & = 10 isotopionlly lubelled
bacteria in Cod nl. uns injeeted intravenously in the dir-
ection of the bDlood flow. 4 needle {Iizzy Hypodermic
Heedle, stainless stesl, luer type - length 1 in., zrugs 30
attaocned %o & 1 ml. tubereulin syringe wae used for romowal
of blood smuiles. 4 sirmdler-sized needle wng olso ussd for
injection. A% interwvels aof O, 5, 15, 30, 45 snd 60 minutes
2 sampla of Col4 ml. of blond wns removed fron the vein.

e Bblond was injected inte mwil Durham ftubse (3 om. by
Cod Gie } and 0.02 ml. »f ench sample irmediately pipetted



Pig.4 Dench incubator used during the course of the
exporiment to keep onbryos at standard temper-

ature and humidity.
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on to filter paper pupoed to steel planchettes, The egpe
vere zept in the bench incubstor during the course of the
sxperinent.,

The nmount of radicoctivity present in enca parmle
wag sesayed using 2 thin nica end-vindow Geiger counter
installed in = Fueclemy dnicapy sutorntie sanple chuanger
21104 (Huclezy Chileagn, “hicago; with sn automatie urinting
timer Clll, coupled %to o model 183 senling wnit to record
the results. This ayroratus was modified by the insertion
3f 8 General Zlectric helium filled ithinewindow Gelger

sownter tube which increunsed the vengiilvity of the moschine

tareefold.
. PG ; Ce—
stribution of InJected I -lshellod ZFocteria in the

semeloning dhielk Soby
Cizty minutes after the injection »F i elabelled

hacteriz, the embryo wae perfured nith saline ot 47°C.

rerfusion wng corried suk by intrevenous injection of the
warm ssline in the Jdirection of blood flow at the rate of
1 wl., per nincte, The effluent fluld ficowed sut »f the
savered vein 1 ome bohind the peint of injection. About
10 ml. of seline was used ner enbryoe before the offiuent
fipid wae free of blood.

Following perfusion, the gpleen, liver, cembryonie
marbranes snd the rest of the srbyyo were sach peparntely
dipested for 12 nours at GO°C in 10 per cent. solium hy-

roxida. The wolume of ech digest was measured and (.00
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le of the respecitive digesis zsssyed for radicactivity.

A ganple of thie orizinal becterial incenluzm was zlse e

sayed giving =n estimmte of the tofel avount of radioe-
activity injeocted inte the eubrve.

Jacterial suepenaions were used to blochknde the
reticulow-endothelial systen. Iecteris sere grown in s
500 ml. Tlesk containing 200 =:0. of sterile muirient broth.
They were inculmted b ITCC for 18 houre under agitation
for muxicmr asyetion. The bacteris vere horvested, wnshed
wwice in saline, and atandardised ns deseribsed for radio-
active bacteria.

) The sianderd doses used Tor blockade were 2 x 10°
bacteria or 4 = 10° tacterfs injected in Gel ml. nf cup=
apino medium. The gifectivencse of blockrde was detervined
by corpering the rate of glenrance of 0.1 #i. of 2 x 10°
pRelobelled bacteria between such treated enmbryos, and

-,

ambryos thet had been injected with Cll nle of cnencdno meds

ivm only.

The egos were proapayred as degeribed for bacterisl
slearances @i C.8 mle of the colloidnl ourbun suspension
weg injected intravenously. At the sewme time intervals os

nonove, Co04 ml. of biood was withdrewn and §.C2 nl. sanglos
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delivered inte 3 ml. of (.1 per cent. sodium earbonnte gole
ution. “he concentration of carben was deteruined by
reading the sptical density ot 675 nu. in & specirothoton-
eter UF, {"Optical Milan*, Italy)., The experimental sone
ples vwere compayed with o solution of C.l8 nl. of norwd
sEbryo blood in 3 ml . of Gl peor cent. modiun anrbonnte
{iozsl, Bonscerraf and Halpern, (1953)1].
dsemapintination Kethod of Lesaying ihe T

Idigpopolronccharides of the verious bncterizn were 36w

rared by the phenolewater mathod ne denerihed by Jestrhal,
ideritz and Bister (1962} lipopolyssccharide at o cone
contration of 250 pz./ml. sme treated for 18 hours ot 37°0
with C.02 1 sodiwm hydraxide. The nixture use then sde
Justed €o il 7.0 with 0.8 hydrochloric ncid.

vor the abservption of Livopslrsaccharide on to cheep
red Bloed cells, ihe nmethod of Crnmpton, ‘ovies and Tutcii-
inson, (1958) wne fellowed., The oryihvooytes were vmahed
in saline and mede ur me A Z.b por cemt. (v./v.) solution.
sgual wvolumes of colls and lipopolysaccharide solutiom (finsl
concentintion of liropslysescciaride in the mixture was 50
jfte/tle } were incubated for one hour at 37%C. Pellowing
inoubstion the cells were washed thyee times with an C.5
per cente Solution of normel heated robbit serum in saline.
The serus hed been heated at 57°C for 30 nminutes to destroy

haerolytic comploment, Pinally the sensitimed cells were
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ande up as a D.0 per cent. {v/v) soiution.

~erisl twofold dilutions of serus were prepared in
haeragglutination treys such that the fluid volume per oup
wng Ce2 tle. To each dilution an equal volume of genpite
isod celle wie added snd the mizture incubated at 279 fop
&0 minutes, Lontraels of lipopolysaccharido-tronted pad
blocd cells egninat saline and unsensitiszed shean red hlood
cells against sera werc included. The preatest dilution
at wiiich visidbie aggluitination of the srylhrecytes ocosuld be

debected wns taken as the end point.

The vaccine wan prepared by wasiing an avarnigy
brotn culture sf bmeteriz twice in saline, resuspending in
saline and asating at 100°C for twe hours. The turbidity
of the hacterial susrension was adjusted teo ihe sguiveient
of 5 x 10° viable srganisne by optieal density messurements.
he birde were then injected sccording to the following
seihedule, Two intravensue injections of 1 ml. with a five
doy interval were followed Ly taree & ul. intravenous in-
Jections meven days npayt. The bMyds were allowed to rest
for ten days and n final Iintromiscular injection of 1.5 ml.
of waceine wan glven.

Lerum wag ¢ollected from the birds before the course
of injections and also during the subsecuent laying porioed.
sEE8 were collected fronr these hens one week after the final

intramuscular injection.
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lethod for Vetermining the Agslutination Titre of Towl Seormu.

he bhecteris were wnsghed off an 18 houy mutrilent agar
Blope with 10 . of {,18 ¥ saline. The organisms woera
then wmahed twice with ﬁﬁlﬁ ¥ oenling and standardised ¢
give sunroximately 2 = ‘Q Beoteriaml, To this o equal
volume of ahsolunie nlicohol wae added nnd the wixture hented
at 57% for 20 minvtes, washed nnd stendardised in saline
to give apnrvoximately 2 x 10 bacterin, ml.

Tunfsld dilutions of the serun were mede using .10 B

!r‘ﬂ

soline 2o the diluting fuid. A eruel volme of the above
standnrdised alceohol treated hacterinl suspenesion uwas added
tn esch tube., The tubes were incubsied at 3770 Tar 1B
hours. Tae aoclutimtion titre of the serun won expressed
in jeme of thae greaiest dilution of the merun giving vise-

ible arplutinntion. Controal tubesn of bacterin suspended

Lo,

anline wore inciuded in the tast.

Intrnvenous Inneulntion of Unjek whr

Rl e

(o, and dntehed Uhickens

£

spes wara condled and the ghorio-allentoie vein warie
for 5 mm. siong its lengil. The sros of shell nhove ine
vein wne removed se Dreviously described, Varisus 2ijutions
af the test bacterisl suspension in C.1 ml. volume were ine
jected into the vein in the direction of the blood flow.
Any erp vilch hnenmorrisaged was disearded. riheros serving

ap sontrole ére injected with the smse volume of hiysioe

‘a-d

sgionl saline. After injection fthe shell muabrene wns
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resezled by spraying with Yobecutane (Zvans Fedieal ILtd.,
Livernool) %o prevent dehydrvation. igpee were csndled at
daily intervels and viability assessed by movement of the
enbTyo.
The sne day old and one week old chickens were in=-

Jected via » leg wvein. Tie chickens were housed in worn
broodey compartments. Control Girds were injected with
3,3 ml. of moline by the same route. deaths of birde were
recorded sfter every <4 hours.
Tote of Imetexis in the Various Ovpans of the imbryos and
Heiehed Chickens.

A osuiteble dilution of an overnight broth culture

of the bacteria was injected intravenocusly inte z» grouyr of
chick aenbryos, At various times after injection the hlood
wig sampled, asnd the epbryos nerfused with swyn szaline ag
previously Jdescridbed, The iiver, spleen and menbyrone were
homogeniged in stevile pyrox homogenirers fitted with fefw
lon peetles, [(vab. Ho. 31-Triei; Janajios Instruments, New
tork, | snd the respective organ homnpenates spsayed snd
bacterial population estimsted by wlsting osut duplicate 0.1
si. smavlies on Lo nutrient agsy platen. Two eabyryes wvere
teated at ecoh time period. The plates were incubated and
the numbers of colonies present ¢ountaed the next day.

~ith hatehed birds, n~ similar procedure wse followed,
and the numbers of beoteria assoclsted witha liver, epleen
and Blood determined at verious time intervals after intrae=

venous injection of the test dnse of bncteria.
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Analysis of Sexum froteing of the Chick “wmbryo and Adult

Ty
g i.enc
P Aol t

(e} _uslitative anslyeis - zone electronioresis of

gerun rrofeina.

Sarrles of serum were anslyged for thely varisus
serun componente by the Srince model I parer 2lectroriiore
opie cell, staudardised at 150 volts, and 12,0 m.anps. for
18 hnours in £.0757 veronal Wffer at @l H.6,. The piripe
were dried in an oven ot 120YC for 30 minutes and then
ptnined for 30 minutes in G.1 por cent. asnlution of byrome
rhenol Ylue in aethsnol. The strins were then washed in
£ per vent. scetic neid witil 211 mcokgreund staining e
recoved ond Pinelly dried =t 1209C for 18 mimutes. They

were then placed in & closed vessel conitaining armuenium

hydroxide to zllow smxirun eolour development and finally
papsed t(hroush o Spince ilodel R.A. anslytrol. 2eom the
graphs obbnined by snnlyeis of the poner strip in the snaly-
trol, the individual serun componenis wore exyrecped ng mg.
of protein per ml, of merum.

(%] Juventitetive estimntion of total gerum protelns.

Serum from smbryos ond adult birde wae collected nnd

nesled me nreviously described, The protelin content wne
determined at 280 sp. in = fhipadszu Spectrophotometer.
yantitative 2stimmtions were made by eomparison with a
ctandard protein curve of bovine sorum albumin [ Commone

wenlth Cerum lab., Ustch Ho, U-G850000:5). tee Pipede



Piged Tne standard protein curve.
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=gilulosc.
Hetaylesineetihyl {(lGAl) sellulose sbhtained from

saantman wng pretrested and wseined by the method of Lewy
aad Ssher: {(1960). The cellulese, suspended in .01

g 2t gl B.C was packed in & golumn {1 x 15 enm.) with

nitrogen at 1¢ 1lh.,/s0. ine It wee then wvashed with &0 nl.
of the above buffer, core being taken to prevent the columm
from dyyving out. During the sourse of the experiment the
tempersture of the coelumn was kert constant at 4°0 by cire
sulating vcold zefer thwoush an cutexr jacket.

Five uml. of serun (adult hen serux snd oxbryo merum
contained a toixl of 178 wg. anud 107 ug. protein respect-
ively) taat asd boen dizlyeed agzinst 500 nl. of tae sane
affer was then layered on the $sp of the colume For
dielysie, cellulose dialygis fubing type Visidng 36, wl
pore size U4F was used nt nll times. The serusm was then
gluted off the eolurm Wy n hosphste buffer gradient util-
ising & six obambered mixing apperatus as described Yy
rebermon and Sober (1888). In tuis syotem the tuffers had
a decreasing o from gl 8.0 to Wl 5.0 and an inereasing wol-
ayity from .01 Lo Ga.4di e fiannl traces of protein were
sluted with OO to 30 ml. of 1 or Bk RaidpiOy at pi 5.6. The
coluwn eluntee were collected in H mi. aliquote 2t & flow-
rete of 1 nl. per winate in 2 fraction vollector designed

and manufactured by iefon Industries Lid., Gouth Lustrslia,
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songtant volumes were regulated Ly 2 photoelectric ceil.
inoalr pmy exhausted each sample from the coliecting cell
inte s¢lid-clenned test tubes sn & Lurntablie.

The tube contonis were assayed for protein by »be
sorption at 280 wp im the fhimndzu Spectropiotometer. On
the besis of the slution mmttern, the contents af sertsin
tubes were pooled, dimiysed in 0,18 ¥ saline, coucentrated
by “Carbowax®, and redimlrysed assinet O.1b 1 saline. ‘ne
mls of esch of the fraetione wns taen assayed for biologicel

ﬁ,utiﬁﬁy‘

Lsolay
Une mle smuples of 40, 3D, =0 mnd 10 per cent. Buce

rose in 1 I #all wers layered successionnlly iﬁhiﬂﬁte?ﬁiﬁy

tubes of the 0..../38 uSpinee woior. Tile diseontinuous

-

sucrose pradient, after being sllowed to eguilibiate fox

;T
~!

<4 houre at 470, wos gverinred with 1 ol. of serum. The

tubes were cenirifuged in o puingeoud 5.../38 rotor at
3L,000 wepems for 1€ hours in & Spincs ultracentrifuge aa
deseribed by ‘unkel, {1560). After centrifugstion, =ach
“lusteraid” tube wap capped with a rubber bung bearing a
19 gauge hypodernic needle comnected to & piece of rubber
tubling. The tube was sently pierced st the Luottom with &
45 ppuge needle o o distance of sbout 1 mue By veans of
noecrew ¢lip attached to ihwe plece of rubber tubing, the
flow rate could be regulsted to I drops/minute. LA series

of neid cleaned tuber contnining 3 wl. of 0.10 I saline
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ware used to collect the two drop aliguots.

The protein content of each sample was assayed Yy
absorption at 280 mp. on the Shimmdzu Spectronmintometer.
“n the basie of the sodimentation pattern obtained Ly osiote
ting the protein content sgmrinst tube number, the sauples

were finally pooled to zive three main fractions. T

samples were concentrated by means of & L.:1.B., ultrafilter
under vacuum according ¢s the method of Avensson and Grone-
wall {1267}, After 4lalysis in C,15 1! galine ihe concen-
trates had s finsl volume of 3 »d. per fraction. The

fractions ware thon assayed for blologienl activity.

+ i



In the study of the host defence mechanisms of the
adult aniral, there has been a great deal of interest shown
in the bactericidal properties of normal serum., Nuttall
(1888) showed that the seryum from rabbits or dogs was bac~
tericidsl for I, snghrapis and 3. subtilis. ©Oince then
there have been numerous reports on the bactericidal provp-
ertiee of serum from a variety of animels against a range
of bacteria [lmir, (1909); lackie and Finkelstein, (1932);
Skarnes and Watson, (1957}; .edgwood and iillemer, {1956);

N

ent, Stevens and Lawson, (1961); GSterzl, Xostka and lLanc,
(1ze2)].

The bactericidal effect of serum may be attributed

o

-

in general to the presence of specific antibody and comple-
ment. However, under certain conditions such as in the
presence of Ithylenediaminetetra-acetic acid (LDTA) and
lysozyme (an enzyme present in egz slbunin), becterisn may
also be lysed [hepaske, (1958}]. 1In the present study of
the functional development of the reticulo-endothelial sy
tem of the embryo and ite relationship to immmnify, it ssenme
ed important to investigate at first the bactericidal prop-
erties of sera and extraeanbyvonic fluids at various stages
in its developmeai. If such & humoral mechanism as dcse
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cribed above were proment, it could guite well affect the
subsenuent studies recording tlhie wival of breierin followe

bragle wire

ing injection into

~illy, me tiis strain is oxirenely

veneitive to tne bactericidal acilon of norrnl adult cailcizen
serws [ AXL, (138831,
e experiment.l dezsign is given in Chapier 1T and

sore® of the wvesoults abtnined are prosented in Table I,

Teither the serum, nor any of fhe eirn~gmbryonice fluilds

siinwed any bacterlceidnl sctivity e €nll L4lly st
any of $he developmontal stoges studied, from $en dnys to

-

vy 3 L
2LNGEY @

h.
A
&

2

tloe of natehdap. nly the deots oobtained ueing
the highost concentration of the warious 1

uide of the acbryoe were
Tevaid of bDoctericidal activity, the experinent 4id not clie
tabliish whether thie lack was due $o the absences of anti-
body, absence of complement, or both. zpeTinents were
degigned 4o teat for the prepence of tlicge factors in e
chalcelr eubyyo serun.

sorum pool from 20 adult ehdchens was tested for

Fl

its titre of siecific antibody %o e €nii Lilly and the
presencs of haccolytic corglevent W ihe motericidal test,
tale beling o gensitive metiand of detectins both these fnc-

& im R R ] § N T o s 1 T n] - - 3 b %in g L P
LTS, Jane oresuite dn Teblon 10 oand 11D show et the coole



oy

BRYCKIC FLULDS FOR

JF_RSCHRICHIA GOLT LILLY,
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serun from ndult cadclkens wns banctericidal for thie DLET -
isin.
It ig interesting to sote thet serun abinined from
one day old chievens pongessed a baciarieidnl systern for
e 20id Lilly, waerens the sorum taken fronm anbryos one doy
srior to nmtehing lacked this boctericidsl proexty. ine
garun of Lthe one doy old ohickeny nouever, is not o active
ng the adult cihicken serum.
in view of ine vresults, the proseace of compleoment
n tae serum from the chlck eobryo was investigeted v the
Tollowing two methods.

.gtaod of Aseay Tor the rosepes of Uomsnlevent in P1 W)

Lerum,
e 8043 Lilly weg ireated oy 00 minotes with adult
gadeken serun witicn hnad been sreheated at 5790 for A rine
utes Lo remove the ieat labile gowscnent of complenent.
Yoliovwing this, the bacteriz were woshied in 100 nl. of
mioirel rmedium, dilvied in minimel mediun, and finally added
in 2 volume of C.0d zd. $0 L sle of sodbryve seyum, Tale
geve betveeon o X 10° to 5 X 195 baoterds per nl., Tuplicate
“eld mle samples were plated osut at 186 minute interveois.
-ontral tubes contained 1 ml. of minirml mediws instend of
GLDPYO BETWN.
Tae results presented in Table 1V indiente tand the

bacterie were not kiiled under these expevimental conditisns.

“ince the bacteris vere treaied with antibody from the ndult
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serum, the failure of the enbryo serum to suyplenent bac-
tericidal activity could not be due to the lack of antibody

but %o the lack of complenment.

taenolytic Assay for Comnierent.

in view of the grevious results, serum from embryos
at different stasees in develownment were cxanined for their
titre of conplement. ine metinod followed was essentizlly
tinat desceribed by Rabat and inyer (1961). nheep red cells
vere weshed in saline and sensgitiged by mixing = 5§ ver cont.
solution of cells with an saqual volume containing 10 mininm
heenolytic dose of rabbit haemolysin obtained Trom the Jom-
monwealth Serum Loboratories, l.elbourne. The mixture wasg
allowed to incubate for 15 minutes 2t 37%; and the excess
anemolysin yemoved by centrifugation and wansghing in snline.
The sensitised cells were nixed with neat serum, in-
cubated nt 37% for 60 minutes and then kept at 4°C for 18
nours. vontrol tubes included neat adult chicien serum
mixed with sensitised cells and saline nmixed with sensitised
cells. Following'incuhatisn in the cold, the tubes were
centrifuged at 1000 re.peme for 15 minutes and the super-
natent read against standerds, for percentare lysis. The
standards were prepared by mizing varying volumes of 2.5
per cent. normnl sheer red cells with distilled water, hence
standards representing 10 per cent, to 100 per cent. lysis
were obtained. the resulte are expressed in Table V.

It ie clear from thege resulis that wiilst under the

above experimental conditions enbryo serum appeared to lock
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hacmolytic complement, adult serum possessed tuis activity.
However, the lack of complement may be relative rmther then
absolute. It wns therefore decided to test the presence
of complement by the more sensitive test of licGhee (1852).

Acecordingly, 14 day old embryo serun was titrated
for the presence of complement. Various amounts of serunm
were mixed with 02 mle, of .25 per cent. sensitised sheep
red cells as desoribed above. The final volume in =il
tubes was made up to 0.6 ml. by sddition of veronal buffer
at 1l 7.0. The mixtures were incubeted at 37°C for one
hour and the results scored as positive for lysis and nege
ative for non-lysis. The results in Table Va show that
embryo serum does contain small amounts of complement. The
amount, hovever, was not enough for the bactericidal proper-
ty of embryo serum to be evident.

It is interesting to compare these results with
those of lLywooch (1917) who failed to demonstrate the prea-
ence of conmplement before the 21st day of incubation. OCher-
men (1919) also found that complement activity for sensit-
iped sheep red celle only appesred ulien the eszbryo chick was
pecking through the shell. rolk, Buddingh and Goodpasteur
(1938), testing both serum and extraeembyyonic fluids, were
unable to demonstrate any complement activity for sensitised
shecp red cells. They reported that after hoiching, come
plement is suddenly present and it seemed to increase to a
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meydram in the odult fowl. ur wressnt results show taat
enbryo serun dogs ponsese emsll arountz of corrnlenent.

Joetericideld sctivity of obrio Uerum to e goii iilly

Ster sddition of Complement ag o Tast for soseific Auti-

Lody in the  ohryo.

cince enbryn serwn seemed %o lack eufficient cone
wgment to constltute n bactericidel wechsniss, it was
deeided $o suyplement this with eorplerent from adult cuiei-
0Tl SOYUN. hocordinmiy, the antibodies presant in adult
ciieken gerun 0 . eoll T41ly wera rewmoved hy incubating
the eerum with 100 Ze 921f 1illy per ml. at 4%C for 18
Loursa. nig trestrent, willst recoving antibody, would
rotein memolytic conplenant, e treated serun wus cene
trifuzed ot 3000 ropetms for 1D mimates to romove the boge
Lerin, ond fiaelly sterilised in a Swinny tyve syrince {il-
bor (13 om. Tilter witii o pore zize of Cedin, Ledford, !luss..
Tetiefa wate Ho. @ AW 20 1300} nttached to z lusrloks syThye
{ioeton, Jilkinson and Co., Veldbey Gats Yoo 18505).

e experiment was onrrisd sut as presented in Table
V1. e inocuintion of bmeterisz into the sanples and cie
perivental vrocedure wuns the same nfe described rroviously.
The resulte are shiowm in Tokle VI,

It is obwious from these resulie thet the addition
of eonplement to seram from the evbrys constitutes »n ef=-
ficiont wectericidel mechnnisn. The controls did not ghow
iy activity exeept norral merum wileh rotained its bneter-

icidal nsotivity,
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wanglusion.

in this ¢hnyter the following conclusisne may be
rencied. The serum and the exirs-esbyryonic fluids are not
bacteriecidel for g, eolf 7illy. The Failure of embryo
serun o kill L. esll Zilly is due %o the lsck of sufficient
complerent snd not Lo the lack of mntibody. L fully devel-
oped tactericidal wmecnanism ise, however, present one dany
aiter hatehdng which sugspesis thnt both sntibody =nd suf-

ficient comgplement are present.



it is now well established fhnt the reticulo-
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linl sypltew constitutes mme of the most imsortant
et defence mechanlsns aceingt bacterin. ventitative
studies have showm that any particle injected into the
blood ctresm ie selectively rescved hy the fized ningo-
gstic cells of such major reticulsesndothelisd organs as
e liver and spleen !llownyd, {(1s61)].

Adlist o preet denl i imown regardineg the piwgocytic
copnalty of these orgnns in moture snirnis, little i Fmown
rogeriing tha functionnl development of thais sysienm. Lere
tanin evidence would supgest thst these dwgocrtic cells mey

participate in the events leading ta antibady aynthesi:

Aetwen, (1061))].  Hence, if we are to sbtain n better
unierstending of the ontoseny of the iwune resgor
tac animnlts ability fo differentinte Yeelf' Fron 'notesslf?
it is inportant fhoi the funciionnl develomsent of Lthe
reticulo-endotilelizl myster be szplored wmore fully.

qart from two early rerorts | Heard and BSeard, (1827);
Jaodpnsture and Anderssn, (1u37)] littie ig knouwn about the
mawpocytic caoncity of the reticuloeendotiielinl systen of
the clilck sobryo. ihese esarly owperipments sere of o cuple

ntiy

fe

&, rolier than o gquantitative, wwture, pwpgocybosis
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being nemsured by the ability of tiae phngoeytic cells to
¥ill bacterin dropred on $o tae chorisesilantoic membranc,

A study woas therefore desimed tn investipnte the
nwgocytic eazncity of the yeticulnesndotielinl syotenm of
the ohick embryo and itis iumportance ss s host defence mech-
aniss ot various stague during development.

Soth smooth and rough strains of btneteris and cole
loidal carbon were employed in blood clearance atudies.
‘he dyumsics of phagoceytouis, the relotive uhagocytic cape
acity of the warious orgens of the chick embryo and the
part played by serusm faotore in phrpocytosis hwave boen ine
restisated.

wienrangs of i~~“slsbelled ., gold illy iz foe Shick pbryo.

e 2pid LAliy wnp gyown in the presence of LV¢ as
ecrtiiophosphate, washed and stamisrdised, Jdmbyyog from 10

to 1% days of development were prepared for clearsnce stud
les as previously described, jach ernbryo was injected with

- 10° bacterie suspended in Q.2 nl. 6f capeming zeid med-
ium and 0,08 samples of blood taolen from the chorioe-allmntoic
veln vere assoved for radioactivity ant 2, 5, 185, 30, 45 and
G0 minutes following injection.

The results were ploiied as the log of the counts per
vinute zpzainst time. A typienl curve snowing the rate of
elimdmntion of becteris from the circulation isg illustratod
in Fip.u. it wa, be seen thnf ithe glenyance of these part-

iclag from the circulation is represented by an exponentisl

CUIVeE, ‘ne rate of clenrnnce or phagocyiic index I may be
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obtained from the slope of the curve (sec Pir.il. It wns
obgerved ihat the clearance Trom the ¢hick enbryo ¢ircula-
tion of 231l particles studied remained 2xponential until
75 per cent. 1o 80 per cent. of the particlses hnd been ro-
woved. ihus the phagoeytice index ¥ ig only o measure of
the rnte of elimination of particles during this initial
exponential phase.

e rates of clearsnce of [, goli 1iliy from the
gireulstiom of enlck exhbryoes at different ericds in their
development axe given in Table VII. ach I value given is
the anvoerare result ohiained fyon nt lesct LG embr)os. it
waes found in these experiments that the woristlion of the
wmgocytic index ¥ from one egg € another at = particulsy

stage of the iancubation was not srent =ond seened independe

it of the egg.

Following each experiment at a certain stage in the
development, the eubryo was removed frowm the egp, dried by
vistting with filter paper and taen weighaed., After weigh-
ing, the embryn was digsected, the liver and spleen removed

03

and the weicghis of these organsg noted.

The blood ¥olume of the enmbryo was calculated in the
follovwing manner. The armount of radionctivity in terus of
counts pey minute injected in o conatant voiume of Celd =l
of camnpine sedium ints emah ambryoe wes mow nt the stard

of the @xserizent. Thae exponential glearance curve ol

tzined was extrapgolated to zero time and lience one could



'-"r; "

deternine tiae extent to which the redioactive rntorinl had
been diluted. The volurme of the injected material smitie-
plied By the Ailution fuetor save an indicntion of the

wlosd wolume 5 the chick subyye {(Table Vil).

3
o

aiult anipnls, vhere antibndy is not tie limiting
Tactor in piscooytosis, thore ic so. 2 correlation bhetueon
ihe size of the liver and the rate of witake of the perticle
by this orgun | benscerref, (La88}]. Oince tue size of the
liver moy be relanted Lo ihe weight of the erdbryo, & correc-
tion can be mnde %o the phagnceytic index X, which ould allow
Tor this. indig correeted phapocytic index 1 muoculd be gorne
stant Tor individunls 2f an experimental groun, providing
tiwmt e observad ghange in the paeocytiec index is velated
aotirely to canages in liver size.

It =y be seen fyom the correcied paspocortic index
given in Table VII that tiwe ocbserved incresnce in rates of

rmgooytosis of L3311y Wy chick erdbryee at different

stazes in thelr developmont might in general be expleined
hy an ineyeese in liver aize. flowavey, mabseguent yesulis
will sioow ftaat tiads geneyplisation is subject fo sorme modi-
ficntion.

garance of e @o0li 331y in 30

LG, SmbTyeg .

uring the course of these experiuments, it wes not-
iced that exbryoe at the 1L7th Jday of incudbetion cleared

e ©o0lil Lilly exponentially saly during the Tirst 15 minutes
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(Boe Mpe¥l. Following this exronentizl phnze the amount
of padionctivit, that could be recnvered from the bland
aowed an increass yather thwn the expected decline. To
explain this, twe possibilities weve considered. Firstiy,
toe removal of micro-orgnnisms from the blood of the exbryn
et e due to mechmmicanl trapoine of the bmcteria in small
enplllarics, and tiherefore the rebound ohoerved after 15
cinutes of the emponentisl clearance mignt be expleined by
relense of bueteris frowm these gites. A pecond explanss
tion could Ge that the increace in radiomctivity in the
blood after 18 minutes wmay be due to fhe lzbelled praducte
2f {he dipgested bacterin being mmosed back into the cire
culntion Trom the prgoeytic cells of the reticulo~ando-
thelial syster.

2o obtein an anewer te these twe poesibilities, an

T G-

exreriment wnp designed in wihleh the number of living

terin and the smount of rodivactivity in the clirculstion
wase corpared at the some bimes.

goii 1411y (2 x= 10Y erganiems in 0.2 i,

i

.abellied
af easnuins sedd mpedlum) was injected intravenously and ot
tine intervals G.08 ml. saoples of bload were taten for
asssy.  The Bloosd wag then trepted ag followe ~ (.08 nl.
saample of the biood was pipetied on te a2 planauotie for
ageay of radiosciivity, snd z further .02 ni. diluted in
100 mle of medium and duplicate Z.1 nl. snoples af the
dllution siremd out on to rnmirient zear %o determine the

viable count.



iniﬁn 7

‘he rate of clearmnce of viable labeiled 1, coli
1iliy as compared with the amount of radiosctivity
in the c¢irculstion of the 17 day oid chick embryo.
Xeewy llecovery of viable baclteria.

o s hecovery of redicactivity.
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The resulte flluptrnted in Pir.?7 sugpepted that the
incrense in rodiosctivity foliowing tne initind fnll is
not due to re-enbtry of visble bmcteris inte the circulaniion.
Pprther data to e dipcussed later would sugpest tast the
rmterinl ie relenved fyom cells of the reticuloesndotihelial
aysten following the ingestion of the labolled bmeterisa.

Clesyange of Usimenells salidnasyum 95 as wonosred with

ci = B

Singe the rate of clenrance of Iilliy increanp-

the zze of the enbmyo (mee Table VI, it was ine
toresting to corpare this zate with ihet of saother enteric

stranin of bWacheriuve, nosely Jalpmonells gallineayum il

*

Uhick zrbrves st different stares in their frncubation were
injected ag described for [, enii Tilly and blood samples
soliccte? nt time intervale and nesaved for radioumctivity.

Toe resulis of these exverinments are given in Tablo
Vi1, and ooy be comparel with ithe rates of clenfﬂﬁﬁe nt
e ©0li Lilly in exbryes of the pome age group. Tacse
results, which asre the anverase ryesultis from eix exbryes ot
anch stape of incubation, #hew et wile nli 1illy wng
oleared srosressively faster as the ambryo metured (from
o (1,000 in the 11 day old onbyys to ¥ = (041 in the 18
Zay ald swbrye)] there wes 1ittle enhmenced clearance of

. 95, It was apparent from these sbsorvations

that different strains of bacteria are trenied nulte dif-
ferently, by the doveloping eabryo. In view of thepe Tind-

inge, a survey of the rotes of clenramace of = limited nunber
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of bacteria was carried out.

e Falliinarum Ly the Develoni

Two further strains of 3. coii {one rough strain

s €033 7IZ and one smooth stysin, e ¢oli 2206) and one

oo

.

:.. ;.4'

strain of G240} were 1lmbelled

with °* and standardised as sbeve. The rate of olimins-
tion of these strains sf bacteria frowm the circulation of
the chiick owmbryo waes followad. The resgults of these stude-

ies are given in Table VIII and compared with the results

obseyved for s, enil Lilly emd J. galliy z 95, saeh

mingocytic index pziven is the sverasze resuli from six ame-
bryos at escn stnge af incubation.

In cases where the psgocytic index was greater than

= (1,010, the actual wvariantion between individuanl enbryon

wag not grester than T 0.U02. In experiments vhere hae
teria vere cleared plowly with K waluce of X = 0,003 the
varietion was o 0.GC1.

The moet interesting feature of these results is the

finding that roush strains of Tmeteria such as Lilly

coli
mnd e gold K12 are cleared yrosressively faster during the
development of the chick ewbryo, whereas the smooth strnins

are paagocytosed extrexely poorly.
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In the preceding casgteor, 1t weas Yound tist vough
straineg sf ecteris were revoved frorm the eirculation o
tae ehdiek exbrys whilst smooth stroine were removed Ly oot
varison sxtremely siowly. Dram ouy knowledge of the thagoe
e tesis of Tmcteria by the reticuloeendotiiellal cells in
Yive, =nd the in vitrs studies on the upliake of lmelerie Ly
cells puch s the mouse peritonenl merormagses and [olyw-
aaorohonucienr leucogyies, the abave osbservation could be
intexpreted to mean that tie ¢hick eulrye possosses antie
hody against rough styaine of becteriz but not azelinest smoody
straing (see chapter I). lecently, oterzl (1563) has suge
gested from liver zevfusion studien in the wyat, that rough
ctroing of bacteris ony be phagoeytosed in the nboence of
antibody. However, initinal studies on the boctericidal
sroperties of onick zerun hnd snowin that the serun from the
chick embryo did possess antibody amminet . eoli 1311y (sce
Jannter 1I%). it was therefore of some importance € de-
teriine wbether in the present systen, antibody wag the wmain

fector in deterpining the rate of removel of these twn

sirnine of .. apli.

Several workers have atudied the kinctice of yango-

oytonis of varioug particlce fyowm the cireulating tlood of



adult animals. If animels are injectod intravenously witha
=« large dose of certain perticles, then some time later
this is followed by a similor injection of a sumller dose
of the same particles, this second dose 1ls removed slowly
by tae phngocytic cells of the reticulo-endothelial systeum.
The term “blockade" has been used to describe the failure
of the phagocytic cells to remove the second dose of part-
icles. In the adult rat, the paagocytic ecapacity of the
cells returns to normel after three days [ Senacerrnf, (1958)].
‘However, if the second dose is opsonised in wvitro, then
thaese trested particles are cleared almost as rapidly as if
the animal had not been injected with tie first blockading
dose [Jenkin and Howley, (1%6i}: lurrey, (1263); idler,
(1963)]. Jenkin and Rowley, (1861) suggested that the
initial injection of the large dose of particles had de-
pleted the animal of clrculating opsonins for that particle
and taat a later dose wis not rewoved because of the lack
of serum factors. Tnlg is in contraet to Hiozzi, Densecer-
raf and Halpern, (19563]) who suggested that the phagocytic
cells had become saturnted and were thus unable to ingast
the second dose. Using this technique of reticulo-ends-
tlielinl bleckade, the factors responsible for the uptake

of the two rough straine of bacteria were studied.
zperiments Designed to “BElocksds” the Neticulos-indothelial

In these experiments blockade was induced by the ine




jection of & suspension of unlabelled bacteria. The ef=-
fectiveness of the blockade of the reticulo-endothelial
syetem was tested Ly examining the clearance of the same
strein of radioactive i“~<lsbelled heeteria, The depree

of inhiibpition in the clearance rate of the lavellied dose

of bacteria wns a measure of the blockade. In all in-
stances the total volume of both injections was 0.2 ad,

A1l experiments were cearried out on 14 day 21d evbryos.
Control, unblockmded enbryos wers also tested in each ez
periment with isotoplealily latelled 3, ¢oli Lilly to verify
that they benaved normally with respect to clenrance. CJas-
amino acld mediunm injeeted gontrols were included to verify
it priox injection of the diluent filuid had no adverse
gffect on norsel clearyarice,

Alrstion Yo Jeteyvine the Dage of eoteris deouiyed to

P vasfavma  32% s .
LJWues LIoorece.
"sl-m-‘WM\-‘wv-\«'

oses of 10°, 2 x 10%, and 4 x 10

Tt

Zs €21i 1illy sus-
pended in O, =d. of cssandino wedium, were injected into 14
day old enbryor, six erbryos baing used for cach dope Lest-

3

. . : _ . ; - L)
ed. Cizmty minutes loter, the clesrmance ysmie of 2 = 10°

Jibryos injected with C.i wie. of casamine neid mediumm served
as contyrols to ensure that thds diluent fluid produced uo
gimnzes in the normml rates of clearanceé. As an additicnal
control, embrycs injected with [ Feulabelled bacteria were

used to verify that the norrmal clearsnce rate wes within the

limits that vrevious study hsd zhown (see Jhapter IV).

&5
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The resulis in Table I ghow thnt the deree of
biosckade wae doze dewendent. As there waz no significant
difference between & x 10° and 4 x 10¥ bloekeding doces,
the formey wre used so the standard amcunt injected in 21l
asubsenuent exrerirentso.

rntion of the ‘eriod of Pinckode,

ip experinment wor designed o0 invectigete tae
length of time Auring which bloclmde In the enbryo persist-
el irevioug exyeriments by Jenkin ernd lowley, {1261) ind
gnown that in the adult mice the blocknde rroduged Ly mo-
Leris rmiidly returned to normel. it wns imgpoxtant for
sabgeausnt eperiments that blockeds was effective durine

the esperiment. mbryos wore injected with & = 107 none

o

abusllied buoteris pnd, at 30, o0 and 90 minutes following

e

njections tae ¢leorance of 2 x 108 labeiled boctorin was
Tallowved. sontrals, as degerived in provious augoeriments,
were included,

The results in Teble . gnow that fram 30 to 150
rimutes nfter the orimexy injection the phnpocyiic eapmciyy
of thae collz of the raticuloe-andotiielial systen in the zhlelr
aubrye wou considerably reduced with rapaxrd te . _c¢pli 11l
The 00 minute peried hne been used as the standerd for sub-
pecuaent sxporinants.

The lmte of Jlearance of .. exli .dlly in Blocknded (high

=

tes Wigs Yo

If "olockade" of thie roticuloe-endotiielisl systen can
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be explained in terms of depletion of opeonins, then a
second dose of bacteria that have been opsonised in vitro
should be cleared more rapidly from the circulation than
ungpsonised bacteria. However, if the opsonised bacteria
are not cleared more rapidly, then blockade and clearance
of these rough strains of bacteria have to be explained in
terms other than depletion of opsonins, Sixty winutes
after the blockading dose of 2 x 16° 4, goli I1lly, the
clearance of opsonised labelled L. goli 1iliy was followed.
The source of opsonins was elther adult chicken serum, or
19 day old embryo serus. vontrols, as described in the
previous experiment, were included.

The reosults in Table I show that the opsonised bace
teria were cleared in the blockaded embryez st a rate sim-
ilar to the rate clearance of unopsonised bacteris from the
cireulation of exbryoe that had not been blockaded., Howevery,
tae disappearance of unopsonised becteria from the blood of
the blockeded eubryos proceeded much more slowly. These
results suggest that the uptake of rough straina of bacteria
by the phagocytic ¢clls of the reticulo-endothelial systen
woe devendent on the presence of antibedy (opsoninj. vhen
sntibody is limiting the resction between phagocytic cell
and bacteria, the organisms are phngocytosed extremely poor-
7. This 18 in keeping with the observations of most other

workers.
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The imecificity of Cusonineg in the Chick imbrys far Roumh

ckreins of dactarie.

tt hag been shown that rough streins of ., coll are
cleayed rapidly from the bload of chick enmbryo. ilowever,
it is not apparest Crowm thoge studice whether the apmonins
Tor ls ©0li Lilly and those for L. goli =12 are specific for
the respective straine of beoteris oy directed against con-
mon antlgens ghared by both.

in the Tollowing sujperiments the 14 day chick azbrye
wes blockaded with L. goll 18 mnd 5. gallinoyum Y. It

was reasoned that if 2 depression in the raie of vleartnce
ent, then this would sugcest that the chiick arbryo posgecs-
s€ gormon sosouing for both strmins. If, nowewver, ithe
clearsnce rate of L. enli 1illy was not sltered, fthen it is
iively that the major vortion of the antibody agminst these
two straine was different. e goilinszwe 96 w B injected
into the chickx eubrye ag & bilocknding npgent to ssyve as &
centrol. rrie styein of bacteris had o very low clearance

rate and therefore 'ms unlikely to eouypete wilh 5. €0l

iilly for swvalliable ocpesonins.

in the experiment non-radicactive [, ezlii ls and
e grlliinayun 95 were prejared as descriled and « x.i@a
guspension of bacteriz was injected ns a Llocksding douc.
The yate of clearance of labelled . @oid ALilly was taen

folloved. e vesulbe in Table 1Y shiow that when the
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vlockade was initizte? by L. gpli 12, a subsequent dosa of
e c0li Lilly was cleared more slowly than in control of
unblockaded cubryos. ilowever, blockade could not be a-~
chieved by the primary injection of a smooth strain of bac-
toria such as S, gallinayum 96. Opsonieation of I, coll
141ly with adult chicken serum resulted in a normal rate of
clearance of this organism from the circulation of chdck
crbryo blockaded with L. eoli 2. (See Table LIX).

These findings indicate thnt, since 1t was poesible
to deplete tae embryo of opsonins for J. eold 1illy by prior
injection of a blockading dose of 3. gold 112, both these
strains have common antigens against which the major portim
of the antibody found in the chick embrye is directed. The
evidence $hnt je goid 1411y opsonised in witxo ie cleared
after blockading the embryo with 2, gsij ©12 also substan-
tintes the above statement. It is also spparent tiat
s pallinagzum 95 does not compete in any way with the anti-
body directed asainet L. goli Lilly or je gold ¥12. In
this system, reticula-endothelial blockade cannot be due
ta the saturation of the phagoeytic cells at the dose levels
employed in these experiments.

oIfect of Tresting the I
Uarioug Ocsonic Sere smd ite Subsequent Uleszmnce by the

ietioulo-indothelial Cystes of the Chick mbryo.
The previous experiments showed that L, coli 1illy was

cleared progressively faster as the age of the emlxyos in-

crunaed, Tt hos aisn been demeonstraied that tnig increase
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in the rate of phagocytosic seeme to correlate in part with
the increage in size of the liver, [However, since the
rate of phangoeytosis in mature animals may be controlled
within certain limitsz by the titre of antibody, it wos con-
ceivable that the observed rates of clearance of ., goll
1411y in the chick erbryo did not reprcsent the maximua
vhngocytic efficiency of the raeticuloeendothelial aystemn.

1411y wes opgonimed jp vitro with serum from

17 dny old and 20 day old embryos, and 2lso with pig and
adult chicken serum. The latter two adulit sera hnd been
shown previously to be highly opsonic for a number of spoc-
1es of bacteris |[Jenkin and Rowley, (180l)]. The rates of
phagocytosis of the treated bacteria were compared wiih the
rates sf phagocytosis cbserved using unopsonised bactierin.
Lebryes at various ctapges in their incubation were tostod
ané since in 21l age groupes the results were essentially
gimilar, i.2, opeonisation did not increase the rate of ang-
ocytosis of thie strain, only the results sbitained with 12
da; 0ld embryo ayre given in Table XI1I. in view of the one
:La.nced- clearpnce in blockaded embryocs following opsonization
with adult chicken serum (Table (1), one may conciude that
thes phagocytosin of thie strain of bacteria Wy the ehick
embryos is not limited by the titre of opsonins, but by the
aumbey of phagoeytic cells.

sffects of Opeosnising " moogh” Cirsine of Jaclerin.

In the cdult anizal, when bacteriz are cleared at a
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5% DL BOTICHLO-mDOPHALTAL ST, 0 Tl CHICE ELERYO.

Ltrain of Bacteria| GCerum Used for yhngoocytic Index :
Upsonisntion

o COll Lilly llone CeUkA

o Coli Lilly 17 day old embryo
serum (0016

~e €011 I41ly 19 day old embryo
geyum 0,015

‘v 014 .Lill." ;ig gserum 0.014
s e0li 1Idilly Adult chicken serum 0.014
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very slow rate from the blood circulation, it hias been
sossible to enhance phngocytosis by treating the bacteria
in vitre with antibody before injection [Jenkin and Rowley,
(1961); Biozzi and Ltiffel, (1961)]. It has been showm
(Chapter IV) that smooth strains of btacteria are eliminated
very slowly from the circulation after intravenous injec-
tion.

Isstopleaily labelled smooth strains of bacteris,
e gallinarum 90, L syum 9240, and L. goli 2206, were
opsonized with adult chicken or pig serum and thelxr clear-

ance from the blood of the chick embryo at various stages
in developuent followed. The lnbelled bacteria were op-
sonised and injected at a concentration of L x 108 organ«
fems in 0.2 ml. of casamino acid medium.

The resulis given in Table IV indicate that the rate
of phmgoeytosis of amooth strains of bacteria hy the chick
eubryo wne limited by the titre of antibody.

If these opsonins are mnde available to the bacteria
srior to injection, then the rates of phagocytosis of the
smooth strains of bacteria are similar to those observed
for unopsoniged rough strains.

It hns been suggested recently taat the phngocytosis
of carben Ly the reticuloeendothelial aystem is dependent on

tie presence of serum ppsonins, [Jenkin and Rowley, (1061)].
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K3

Indeed 1t would arpear tamt a voriety of non-visble particles
such asg bentonite snd starch require thae presence of ceriain
gerum fsctors befors they are ingested by vhagocoytic cells,
Jotter and Stellermmn, (1961)]. In this study, vaerious
dagses of carbon were injecied intravenously into 1< day and
X7 day old enbryas. The clearance of carbon wasg mecsured
as described in Chapter II. The regults suown in Table -V
indicate that, though carbon was phagocyiosed by the I. day
0ld enkirye, the rate of clesrance wnes 2f a low orxder and was
independent of the dosea injected. However, in the older

day aubrvos the rate of rewmoval of carbon wes more rapid
and showed o gimilsr dose relstionship fs thiat cbserved in
the adult animel | Bioz=zi gt al., (1983)].

The Uffect of the Dose on the Nate of clesymuce of Bacterin

from tae Cipeulstion of the cnick Smbyyo.

Cince it was apparent thai the clearance of carbon in
the 17 day sid esbryo w»ns dose dependent, it was of lntercst
to see i{ the clearance of bncteris was aleo dependent on
the number of organiems injected.

The yesulis given in Table <Vl show that the rate of
clenrance of bacteris, uniike sarbon, was independent of the
dose of bacteria injected aver the range tested.

dstribution of liadiomstive Label Jellowing Clenywnce of

Isotouically Javwelled lackepian Irom Le

Jeveigping Chdcyx pbrio.

The clearance of isotopically lalelled bacteria wop
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followed over a period of 60 minutes. The embryos were
then perfused as previously described (Chapter II) with worm
saline vian the chorize-sllantolic vein until the effluent flui’
appeared free from the blood. The perfused embryo, its
liver, spleen and menbrancs were digested with codiunm hyw
droxide and the radiocactivity associnted with each expressed
as & percentage of the injected dose.

The regults illustrated in iig.8 show that, during
the eerly stages of incubation, the extra-arbryonic meie
branes of the embryo account for & high percentage of the
manterinl paagocytosed. The importance of these structures,
as a phagoeytic system, decreases toward the time of hatche
ing, when the liver is the most important organ of phago-
cytosis.

cince §. gallinayum 98 is cleared only very slowly
under normal conditions, the distribution of the label was
deternined following opsonisation of this strain with adult
caicken serum. A detailed analysis of the distribution of
the radioactivity in embryos at warious ages is given in
Table 'VII and Table iVIII. It is clear that wvhen 0, galle
ipayum is opsonised, the pites of chagncytosis are similar
to tiwmt of Le eoli Lilly.

It was clear from these ntudies that rough nnd smooth
streine of bacteria were only phngocytosed in the prasence

of opesoning. The chick erbryo possessed opsonins for the



#ige&  The percentage recovery of radionctivity from
various organs af the developing ohick enbryo.
0. Total recovery.

6.0 enmbrane recovery.
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rough strains but not for the smooth strains,

Juring the early stages of development of the chick
embryo, the phagoecytic celle localised in the membrane played
2 major role in engulfiag bacteria. As the embryo matured,
the liver became ~ more important organ of phagocytosis.
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1+ seems clesr thnt while opsoming are nceded to
facilitate the untare of pardleles by phnpscytic cells, tirey
ray mleo vlay an imvortant pard in deterrining the rate of
iliing of boeterin followiag ingestion Jenkin, (1963)1.
Llthough 1t ane meer shown thnt mwmgocytic cells of many
ndult anipels possess the ability to kill = rreat number of
hacterin in the presence of sresning, 1ittle is knour PC-

carding tne nature of tnese intracellnley bactericidal mecii-

snieme of chagocytic cells nor the develosmant of fhis po-

tential, vinnlly, it ig ot ¥nowm what changes scoury in

the resistance af the ssbeyo sgninst pacterisl infection &2

1t vasses from the sobryonic stare tn the neonnte and ndalt

- Intraven

e Fate of Living Ul eoii fdily Foliowin
£

ae undek srbryo at Uiffevent tores AN &5

waiuge of Ceo% mlde sontaining I ® 10" log phnse -
ferin wsg injected into the anorisenilantoic vein. it ver-
inus time intervais, twos arbrroe from the axperinentnl sarice
woere tyentod ae follous. v osample of (o3 ule of blood wa
dithndrown and duplicatce Cel mle gonplew ginted an o sutrient

AT The ermbryog were then periueed wita 10 wl. of warm
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anline until the perfussie appeared rec of blond, fhe
iiver, zvleen and venbyones were remeved by disgection,
aomopenised and dusnlicate €01 ml. zamples ploted to deter-
mine thie number of viable bactarin. The volume of the
omagenised organg wog neasurad s that the total sunbey
of bncteria in the various organs could be anliculntied.
TablesXI. and . show e fate and distribution of
tie bacterin ot Aifferent stapres in develoment of the ooe

N oy .
[ uie I Mg Lunpovitance of the mecbhrancg ap o nhoae

srgat i svident and the inereasing thinmocytic onpacity of
the liver sos the sebryo meturesis nise anparent. The Iéw

fiore the Ltotal recovery of vinble bmcteria

s
b

sulte in #lpge 9,
ig plotted aecninet tice, supgrest that in the younper cmbryos
(it ond 15tk day) very little ¥illing oceours during tae
firat sixty winutee followine injection. After thie the
rete of aultislicsntion of bncterin asuceedp ithe rate of kxill-
ing. in the slder evbryos {1iih and 17th day) insested
uoeierin eontinue $o be killed over the tice poriod studied.
This experiment wns repested using . gallinsrus @0,
Cince this orgonisn is vewoved very slowly from the sircul-
ation of cobryos at all nues, phiagoceyiosis eing limited By
the mboence of specific antibody, it wag aprarent ipt un-
proonised bacteyria would not messure $he bactericidal poten-
tinl of the cells of the reticuloesndoihelinl system for

tials particular sirain of orseonisos. Yhus the fate of

Lo gmliincrun 90 in tae guick embryyo wns followed aftey
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Figed ‘e fate of Jiving 2. coli 1illy followinz intra-
yenoug injection into chick subryo at different

stoses in their development.
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sopsanisntion of tie bneteris in vwitro with adult chicken
HOTN G

Only two age groups were studied; the 1L day old and
31d eubryo, since from tne previous studies with

e @nld Jilly the grentest differences in thae rate of ¥ille
ing wers revenled st these apes,

fhe resulits of this experiment are given in Table

I end tae totnl recaver, of meteriz nlotted acssingt time
illugstirated in Pig.ll.

It ig suparent thot toe boctericidal ecapncity of the
oshnpoeytic celle af the reticulo-cndatlieliel systerm of the
caiek anbrye 2t ony one are waries according to the 4ype of

reanisn tested, In the 17 doy old enbrye . soli iilly
wng killed sver o three hour peviod, wiwereas the opsonised
Le mallinsrus 20 ghaoved only an initial silgat decyease in
the first 58 minutes. Mhie wae folloved By o ctendy in-

crease in aumbers,

The differences botwesn the rate of killing of Z, ¢old

Lilly nnd U, prnllinsprur 90 will be discuseed more fully lot-

BT

‘he previous exveriments denonstrated that, depending

an the age of the esbryo, L. goli 1dlly wno inactivoated ¥y

the niwneocrtic celles of fhe reticuloesondstielicl syotem,

Ce_goliinnyun 980, o ever, wog poorly phngocytosed wicreas
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"{gelC The fate of S, gallinayum 95 orsonised with adult
hen serum following intravenocus injection into

the 12 and 17 4dsy old chick enbryo.
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opsonised Up pollinazum 9. was pngocytosed but not killed
ng efficiently as Se goii iliy. These resulits suggested
that the resistance of the erbryo to infeciion by Llhese vwo
strains of bocterie would vary.

Various doses of Ss galiinerusm 90 opsonised with
adult chicken serum anel 1, eoii 1illy werc injecied into

serinenis were terminnted

webryos of different ngoc. The

after four daye for L. ©31i 14lliy and aiter two days for
Se fallinarus 5. The 5C per cent. lethal dose (. .D.00]
wap oniculsied by the method of lLeed and fucnahl (15287

e resulis is Table LI1 show thant there is consid-
erable difference in the rosistance of the chlck subryo
tovnrds infection by thege two srpanlisuk. The culck ome-
brye wns relatively more reslstant $o e g2ii J3liy ol a

vy untlil at the

young sge and its resistance incrensed rapldl

18th day the 1.,0,30¢ was € z 10® bacteris. ith

ool iy

gailin-
nrup 99 end oosonised S, gallinexws 90 the onbryom, however
were nigaly suscertible to shsllenge, and all were khilled
by lesc than twenty acteria. The only difference In ve~
sistance thol one c¢ould messure in calek embryos challenpged

with 8. mallinmrur 59 unopsonised and fe gallinarus U0 op=

sonised wne that the lnitter groun of enbiryos showed an ine
gcranse in suorvival tive of 24 hours. There Wty A0WaTRY,

ne difference in asveresll sortality between these two grouns.



hge of o tyRin of Fpeler:
mbryo Opsonised =
(Dey} | Jie g0l Lilly | . smliineyum 95 | D. aedlinapus 90
00 percent. lethal lose
11 9 = 10° { 20
12 { 20
13 2e5 x 10° £ 20 @
14 4.2 x 10°
15 1 x 104 £ 20
16
18 ¢ = 10% {20 {20

{ = 3iesms than 20 bacteria

& = opgonlsed with adult chicken serun



37.

The Chonpes in Jiesistance of the Chiel asbryo to ection

Lo ee pailinaman §O

Lird, zhe above szperiment showed that thds bnclerls was
nighly virulent for the embryo [«illismebmith, {1286)]. 7o
understend the trensition from susceptibility in the exbryo
tc resistance in the adult Tizd, bacterial survivael studies
and host resigtonece studies were done using one day old and
peven d2y o0ld caickens.

Yarious doses of D, gallinarum 5 were injected ine
travenously into one day 5ld and seven day oid shickens post
notening. e chickens were observed Tfor Z1 days and the
LeDeB0uwns caloulnted by lced and luench method).

It i clany thnt after hotehing there is a drmmntic
chonge in the rosistonce of this species to infeotlon with
Se failinsrus 90, nick embxyos that were susceptible to
less than 20 bacteria have an L.0.00 of & = 0% at one day
after noteidng and an L.7.00 of 2 x 167 on the seventh day
poet hatcoliing.

Tnaterial survivel studies were confined to examining
the baotericidal potential of the phngoeytic cells in tvo
argeng, the liver and snleen. A doge of apyyaxinetely £ X

mim 55 in Uel wle of snline was injected ine

trevenously into the lez vein of one day and seven day old

rlee of Blood

andckens. EX A

and homogrenised liver snd srleon were taken frow twn birds



Gl

and plated for viable count.
The results presented in Table ((IIT1 show that the

one doy old chicken is able to kill the phagocytosed J.pall-

g5 90 aver a period of sixty minutes se compared with

the continuous ¥illing over thvree hours by the meven day old
chicken. In this regard it is apparent that the chick ope
brye at 12 and 17 days of development deals as efficiently

with . goli 1illy ns the one day and seven doy old shicken

deslo with o
A in the study with other anirmels [Jenkin and Hows
(19613 Dlezzi =nd “tiffel, (1961}], the clearance of
vacteris in the neonstal chicken is mainly confined to the
iiver and spleen. It con be seen Trom the Teble ~iITI that
widle the counts in the liver decreape due 1o killing, those
in tie spleen incresse, indicating either muitinlication of
boecterin or scoumlation of bmoiteris from the cirvenlstion.
It im 4ifficult, nowever, tu sepsrate Iiliding from mltipli-
cation in abeolute walues, as & dynamic state existy hotween
bnotarie being romoved from the cirenlntion, tmceteris boing
killed, bacterla sultiplying and being relessed begk Into
$ne blieod viroculntion. it iz only yossible {o demonstrate
an avernll increasse or decrense which represents the resuite-
ant of these parameters (Fip.il). The resulis, however,

give supporting avidence to the voncert of & developing host

defence mechani ohi.
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Figell The fate of S, gpllinarum 95 following intravenous
injection into cilekens 3 day and 7 day vpost

hateidng.
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In this chaptier the intracellulnr bactericidal
potency of cells that had phagocytosed 3, ggil 1illy and
Se gallineyum 95 wos: exnmined. It wae apparent that the
capacity of the phngooytic cells to Xkill i, gall I4lly ine
creaced as the ewbryo matursd. This ability wns a_so re-
flected in the increase in resistance to this bacteria os
the exbryos grew plder.

Se gullineyrur 95 wos not killed ne efficiently as
Ge @oli 1Lilly in ewbryos of all ages. The killing onmpnce
ity of the phagoeytic cells were, however, evident in hntceh-
2@ birds. Thie change was also followed hy the incressed
resistance of the hatchad birds to this crganism.
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M.L diiias

It is guite clezr that opsoning are required for tae
removal of bacteria from the Blood of the embrye. Altaougn
opsonins for the rough and smooth strains of bacteria used
in the present stud; occur in the aduit chicken, the blood
of the erbryo contains omgonine only Ter the rough strains.
The occurrence of these opesonins for the rough strain in
the circulation of the embryo may be explained either &y
syntheeis Ty the enbryo or.paanive transfer from the mother.

1t bas been clsarly demonstrated that proteins are trens-

Terrad from the mother to the embyyo via the yolk sac fluid

‘Lrieriey and Hemmings, {1556); Iattersen ei al., (1963a)].
One poassible explanation for the lack of tryansfer of opssn-
ins for the smooth bacteyrim could bhe that the concentration
of mntibodies to the smcoti: strains in the serum of the
adult bird was much lower than the titre of sntibedy to the
rough strains. To test this hypotiesis it wne necesanyy

to measure the titre of opsounineg in the serum of the adult

and swbyye against these fve sirains.




were wnshed and sensitised with the liropnlysacchinyide
sorpovient of the '0' gomatic antigen axirected from both

e ©o3f 1illy and [, pgallinagur: 90, a8 described {pee Chnpne

tey TI}. OSultable dilutions of the sore were made and,
after addition »f the sensitised red cells, the mixiuye was
ineubatad at 3770 for 40 mdnutes, The hnemagglutinction
titre wae read at the end of $thils fipe ond efMter standing at
170 overnisht.

The results given in Teble IV indlcate thot tae

ndult serur npossessed antibod: against 5. goiil Lilly o 2

titre of 1/320 s conpared Yo L. eollinorus 90 wnich woe

only 1710, nile 14 wos possible to test for (e premence

af apsonineg for oo gtudics in the 15

dny old enbrye (see Chapter J}, it oan he seen from Table
TV fhant the hvemngplutinntion assay wos not sensitive
ansugh to detect thwese antibodies.

‘he cassiye Tyansfer of Upsonins for the imooth -

[ et

Le pnllinayun 9o from ITremnised Hens to thie Chdgk caubrig.

Tt woe Found thet the hen hns o relatively low fitre

af oysoning for the smooth strain of L. fadiinerws G0, It

ang been sugrested that s a result of fole low titre, only

o smell ssount of sntibody wos transferred from the adult

i,

Yhay
en to the ohilek erbyrio,. mngﬂphis gonld account for the ax-
tremely slov rate of clearmnee of this orseniem from Lhe
circulntion.

)

dene woere imuniped with o bhent Tilled wvaceine of



TUE TITRG OF 2 OTTIBODY TN THE Oxps WROM AT HENG AND ONTCHR EMBRYOHN G0 INOT CITe

s e o
GAlLLIRARTIY jﬁfi,

LiY¥] AND B,

Gource of Source of

Haensgglutination Titre«

~ntigen Jerum

1/10 1/2¢ 1/46 1/80 1/160 1/320 1/84C ©

e coll Lilly adualt Chicken

Jerum & + + + 4 5 + -~ -

15 Day 914 Chick

Embryo Serum % - -
Se gallinaruw 93| ~2dult Chicken

Sexrum + + - -

15 Day 01d Chick

Lmbrye Serum

The hsemsgglutination titre ig expressed by the reeioroesl of the dilution
serum and indicates macroescoplic sgglutination of the sensitised red eclls.

21 =« Salins + Senslitised red cells.

Serus + Noraal red cells.

o2 =

of the
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=s gallinarum 95 over a period of three weeks to increase
the titre of antibody. One month later the experimental
fertile eggs were collected and incubation commenced. ILm-
Lryos at warious ages were then injected intravenocusly with
isotopiecally 1labelled [, gallineayum 97 and the rute of clear-
ance of this organism followed. The agglutination titres
of serum of the adult hens were determined agmninest both live
ing and killed S, gallinayum 95.

The results in Table ..V ghow the agglutination titre
of the pooled sera from the immmised hens involved in the
experiment. The agglutination titre for both living and
killed bncteria was 1,/1280.

The rates of clearance of J, gallinarum 95 in these
enbryos et various stages in their develomment are given in
Pable V1. It is apparent from these experiments that
e gollinepun 90 is cleared from the circulation of the em-
bryos that were derived from imamised mothers. The rate
of clearance slso increaces as the enbryo grows older. This
would perhaps suggest that the rassive tranafer of opsonins
oceurs where a sufficiently high titre of antibody is pres-
ent in the adult hen. IHowever, before coming to any dzfine
ite conclusion, another important factor must be taken into
account. /Antibody may occur as two distinet molecular en-
tities defined on their behnviour in the analytical centri-
fuge as 190 and 75 globulins. This may also account for
the apparent selective transfer of antibodies to e 8013



TrBIE XXV,

TR TITRE OF AGOLUDINING TN THE SREUM OF HERY

MUUNISED o 3E

Treatment of Bourece of sgglutination Titre #

S geldiaamin | et 1/10 1/20 1/4¢ 1/80 1/320 1/1280 1/2560 1/5120 C1

Living Rormal Hens - -
Tmezunised lens | <+ + + + + z - -

Kiiled Normal Hens - -
Tamunised Hens | + + + s 4 + L - -

*« The sgglutination titre is expressed by the reeiprocal of the dilution of serum
and indieates macroscopic sgilutination of the bacteris.

81 = Galine + Dacieris.



Age of Zmbryo

Fhagooytic Index K

14 day old embryo

Untreated adult
Impmnised adult

0,002
o011

17 day old embryo

Untreated adult
Immnised adult

0.003
0e0B4
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Lilly in contramast to those for S, gallinaruym 95, selection
being based on molecular size.

The chemical nature of acquired specific antibody
has been extensively studied since Tiselius (1937) first
defined them as gomma globulins. fHowever, until recently,

nothing was nown sbout the nature of the naturally occur-
ring (natural antibody) opsonins present in normal scrum.
ilowley and Jen¥kin, (1962) and Turner and Rowley, (1963) were
able to characterise the opsonin for £, typhimurium C5 in
normnl plg serum by physico-chemical and immumno-chemicel
wethods, as a 195 macroglobulin. The present work has showmn
that opsonins are necessary for the clearance of the two
strains of bacteria from the circulation of the chick em-
bryo. The opsonins for B, goll Lilly are present in the
serum of the adult hen and also in embryo serum. On the
pther hand, opsonins for S, gallinayum 96 are present in
adult chiicken serum, but are not precent in embryo serum.
Jaen the sdult bird is imrunised against S, gallinagup 95
then opsonina are transferred to the embryo's clrculation
via the yolk sac.

In view of the possible selective transfer of anti-
bodies based on moleculer size, it seemed important to in-
vestigate more fully the chemical nature of the opsonins
present in the adult hen and the chick embryo against both
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these two strains of bacteria, i.e. [, goli Iilly and
e fallinarum 95.
Changes in the Concent

MMMM of thwe gk mbxrg.
Since the selective transfer antibodies may be based

on moleculer size, it seemed important as a preliminary

step to investipgate the changes in the concentration of
verious serum proteins during thedevelopment of the chick
erbryo.  articular attention was paid to those proteins
whose electrophoretic mobility was similar to the two classos
of antibodies described for adult animals, namely 78 and 190
globulins.

Jeveral investigators have analysed both qualita-
tively and semiequantitatively the sorum proteins of the
developing embryo [loore, Shen and Aleznnder, (1945); lare
ghali and Deutsch, {1850); ileim and Schechtman, (1954)1.
lswever, in most instances, the enalysis wns of 2 qualita-
tive rather than quantitative nature. In this study the
various serum proteins have been analysed hy paper girip
electrorhoresis and the verious components quantitated in
relation to the total protein content of the serum using
absorytion spectrophotometyy, as descyibed in Chapter 11

The results of ithese experiments are given in Tuble
—VII. 1%+ ig apparent that during development from the
1246 to the 19th day, there ia about a twofold increase in

the totni orotein concentration., iowever, in tiiis sane



Age of Type of Serum Protein Total
Lmbryos A, beta | alphe | albumin ¥yovein
Concentration of protein ng. /ml.
12 day Oeid we'? el lese G.7
15 day 0.88 S Sed =0 G.8
17 day Lo B4 3.4 Zel wal 10.5
19 doy 1.85 De2 3e8 5.7 15.4
Adult .70 7.5 Jeb 18,0 44.0




time reriod, there is o {ivefold increanse in the total
soount of poroa zlobulln in fue rogiosn of thae 70 antibody.
e betn globulin leovels do not show o marived increase, It
iz in this rogion thint the 1890 macrogliobulins mn, be found.

sroctionntion of Ceorun fron Adunit Jhickens and Chaigik | fie

bryos by Ion xeanpee uellulose (slumn.

e galurm wns prevared znd the froctieuation of
adult ond enbr,o serun carried put ne desceribed in Chantey
b Adult hen seran that hnd been dinlysed overnisht
saingt the thosyhnte buifer used to stabilise the colwm
wag auplied to the oolwm ond eluted uvsing & phospante buff-
ar gradiont of vorying ol and solarity. the total zwount
a3 srotein oo plied to the colunm wvaried from 170 og. in the
cose of adult cuichkan serum bo 107 mge wlion enlryo geyum
from 1% sy old oolbryoes was used. A series of congtant
volume ziustes from tae eolunn (O ml.) were assa od for
theiy srotein gontent by absorution ot LU0 .

The elubtion curve for tho protein wne dravn ze sliown
in Figeli and TPig.ld. It ig avoarent from the table mn
lrels mnd HFig.1é that proctienliliy 100 pey zont. of 4he
proteln wng rocaverod. U the bngis of the elution curve
$he contentt were pooled into the various Ifractions and ¢one

trnted by dinlysis acainst "carbownst.
wpeny fox Uvsonins in the Jorious serun Fractiong.

it hes been ghoun in the srevisus cannter (Chapter V)
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that, following introvenous injeciion of o relntively large
Y

doge of s €211 :3iily, it wns possidble to Jdarlete the one

brye of circulating gposonins for {int strain. Jienmee, in
the blocksded exbryo, n subsoquent smnll dose of e goli
141ly wng wot ¢lenved Trom the bBlood unless the bocteris
were apsonised in witrg.  For the nmss, of the biologicnlly
active froctions Tor e eonii 1illy, 14 dsy sld enbryos were
blocknded with 0.1 wle of 4 = 10” bocterim.  After 6C min
utes 107 /ul. isctorically labelled I, ©oli Liliy thet and
been treated for 15 sinutes st 47C with 1 nl. of fraction
were wasied and resuspended in .0 ml. of copaoing mediwa.

& volam&,containiﬁg Oel mleof 2 x 10° vacteris was in njected
into zach enbryo. The precence of gpsonins wes Indicated
by the ability of the celis of ihe reticulosendoitiizlinl syge
tex to cleny the lobelled bacteris from tue bload, st o
foster rate Limn thnt sbeecrved in the control hlocknded
ombryoe Injected with: unopsonised [, wmold 1111

in the cose of J. golliiaorus 90 it wns not negessnry

to blockade the eubrye no this orgeniam wne not gleared 20
ficiently unless sosonised in vityo. Hence the presence
gf apreonins ¢ould be neapuyed directly. 4t lesest threce an-
vryos were used to aspny wnd% froction.

e blologienl nctivity of the warious fractlione ins
been cxnressed as follious. In tie cese of ithe blocknded
asnbryosn, thie controls pave & 4 walue of G005, This Tisure

wap publtracted from the experimental reculic and any increszse
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of ColOT over that of the control wons considered sipgnificant
and given fthe arbitrary value of one dlologienl unit. for
sxmmple, if one of the fractions zave o 0 velue of (.025,
thls waeg equivalent te four blological units. Cimilarly,

1 D8 the contyols gave 2 I value of G.003.

for e i
'y result of 0.003 aver that of control wag expresced as
one biolegical wnit.

The resulte siown in Fig.ld and Fig.1b mre the -
ber of biolegiecal units contained in the fotal volume of
anci fraction.

Me blolopmicnl activity in adult chicken seryum for

v G wng aluted over two melsre

g&m&w
ity ronges. For e aoli 1illy, activity was eluted Letween
DeDll %5 Gelll and il 8 to il 6, zs well as at C.4il to i and

g 56 wng found in the

ot @l Dedle  Activity for L

< “ e e ol
I G to Bebe

o
Tals

ziuntes hetween O 3. to U470 buffers and at )
in the r;«;z::‘mr;gqf, serur ):w‘ﬁﬁ.ﬁty for L. goii Liily wmo eluted
at G.0LN @ﬁd'ﬁﬁ Galle

“yowm previous studies [Mahey and Horbett, {(1559);
Turner and Howley, (19¢3)] it has been shown that the 70
rorms plobuline aye sluted asver the molarit) and pi ranges -
0011 to Gl and M & te o 6 respectively, viiile the 133
mrersslobulineg nre eluted at high molorities and low pi
{grenter than 1,50 snd pil 5). This would suggest that ihe
setivity for L. goli {illy resided in both =z 75 and 18

antibody, while only the 195 component of adult chijclken



Tigelid The elution pattern of sdult chicken serum froun
diethylamincetnhyl cellulose coluwm under incressing
molarity and decreasing uil.

Table shows the total somount of protein recoveyed

from emch Traction [(FR).

Fire1ld The total recovery of biological activity for =

2illy snd e smllinarun 95 fyom fractions of adult

chicken serui. The molarity range over waich these

fractions were sluted is nlso graphed.



Total protein applied to column 172mg

Total protein recovered 178 mg
10+ FR1 1-2mg
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09 | FR3 534 mg
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FRG 23-5mg
07- [ FR7 99 mg |
| FR8 37-7mg :
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Flgeld e elution pattern sf 19 day old embryo perum from

& diethylaminoethyl ceiiulose 2olumnm under increasing

molarity and decreasing 3.

Tnble ghows the total amount of vrotein vecovered

fron each fraction (Fd;.

#Mo.15  The total recovery of biological activity Tor L. coil

(linarun 55 from fractions of ambryo

Lilly and L.

BeYUlle

e molority range osver which thege fractions were

elunted iz slso grazhed.
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Total protein applied to column: 107mg

40 Total protein recovered: 110mg
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porum was cpgonic for Lo palliinoyun 96,

S“roctionsdion of Uerun by Suerose Lrad

It uns sugrestive from the resulte in the previsus
experiment ihet mneroglobulineg in the adulit seyun were ope

B Sl The g,

gonic for e @oii Lilly nwd
globulin, which wms pregent in adult zerun and algmo in eme
by, s serum, was only sctive for _, goi) 1illy. However,
sien tihe ane doy old chicken wns examined, these birds could

cleny e gallinomus 20 efficiently, the ¥ value being C.0458.

ey

This suggested thnt at one a2y there were opsoning in the
sorun of the neonctnl bird 4o enable the phagoeytle co=lils

3T the reticuloeendstiielisl gyaien to sloar

Gl It 45 ot this stage that the L.0.s0 for this sreganiso
ineresced o L X 1@4, wille one day prior $o hntching the
sibryo wos suscertible to less thon 20 becierin {sce Chap-
ter VIl.

It is clenr thst Jdurinzg hatcening either spsonine
were being repidly gynthesised by the chlcken ox these op-
soning were being sageoively iransferved vian the gut due to
abserption of the remmining yolk just prxior te aatching.

Lecordingly, the density pyrodient sethod described

by delmsn, runkel snd Froanklin (1856 wao used to trace

tise vresence of ousoning for both e coli 1411y =nd

inezum 80 from noymal adult chicken serxum, the yodk fluid,

subryo sorun and one daoy old chicken serum. jarious ¢oNe



e

gentrotione of sucrose were used to obtain & pradiont that
would give maximum separntion of the high moelecular welghi
196 giebuling from the low molecular welght 7o globulins.
e crodisnte were prepared snd a test sanple of sme wle of
sdult chicken serum centrifuged and analysed far the sedi-
mentetion rates of proteins, as described (Chapter 11},
e elution pattern of the wvarious proteins for the differ-
ent sucyose gyadienits are shoun in Jig.lo. It 1g clesr
tant the gradieat sonsimting of 40, 35, 20 and 10 per ceut.
sucrose gave fas best sepureiion. In all subsesguent annlye
peg, tis pradient was used.

Sepus from sduli haens, one da, old chickens and 18
dny nld epbrroswas centyifuged for 18 hours in a gucrose
cpndlioent e fencrinsd,. dstive yolk fluid is unot opsonic,

either for . goll Lilly or 8. galiisspas 90, This may be

due 4o eitlher the iow concentyation of spsonine oy orgoniste
tion ooy be inaibited due te the high concentration of lipid
sriny froctisnatisn step was indicated before subjecting

%

thae solk fluid to density gradient centrifusetion. Fresh

Joilk fluid was diluted 1:8 witi 10 per cent. Nall, aver-

tayed with 0.1800 kadl, and centrifuged for five houre at

40,000 oy in a Spines ultracentrifuge [Tumer and Cook,
{1s6a}]. The low density lipid-ricih lamyer was removed and
the reoidual yolk Tluid wee disliysed In 0,180 daul for 20
hours at 49C. e dialysed sxtyect was found to Ve op~-

znonic for boih . moli 14liy and . gallinayus 90 and wne



Fipelé  Ledinmentation pattern of proteins after centrifugne
tion in various sucrose sradieais.

o Cuecrcse gradient consisiing of 40, 35, £5

4

2
W

and 10 pey cent. sucrose.

X ..% GCucrose gradient ¢snsisting of 40, 40, 50
and 2C sey cent. sucrose.

) & Oucrose pradient consisting of 26, 40, 3C

T

and 20 per cente. sucrnse.
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100,

therefore used as starting material for fractionation.
e serz snd yolk fluid froctione were collected
ep outlined in loteriales and fethods after sucrnse gradiont
centrifugation and asenyad for vratein by absorrtion =2t
SE0 mp. The opiical density o€ eaca frectisn was grajdiied
ag o funetion of tube number as snown in Pig.l7-20, on
the basis of the protein curve the tubes were pooled into
three Tractions. e faster sediventing fraction was
represeanted as 1l, the second ag M2 and the uppaey 1lips-
srotein layver =g N3, apalyticnl ultrocentrifure patterns
»f theee fractions from pig serum and human Serum Fve w1owW
that the penke correspanding to ¥Hl and M2 are maeroglobe
uling =and 75 globuline respectively. Thess meroglebulins
are not only 198 moleoules but mey Ve = heteropenous mixe
ture of globuling with sedimentation constants vnrying {rowm
19 to 400 globulins [iunkel, (1u60); Turner and lowley,
{19631].
The total amount of srotein recovered from these onlle

ples it given in the reapective figures (sec Fipa 1T =il e
The percentase »f smeroglobuline in the yolk oxtract and
sne Aoy old ehicken was 2 per cent., as compared o ihe
adult chatcken serum which hnd 11 per cent. The RS had
about 3C to 20 per gent. of the toisl proteins.

Lssay of Blological sctivity of the Fractions {rop Lucrose

Gradlont .

The standsrd 4
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ayum 9& wes opsonised with 1 ml. of each fraction.
volure of 0,2 ml. containing & % 10 treated bacteris wns
injected into each embryo and tie rate »f clearance f{ollow-
e To assay the bislogicalyactive frmition fopr . enil
iilly the embryos hmd to e depleted of opeonins as des-
cribed previously.

The resulis showm in Pige.zd, 24, <6 and 38, are the
summation of results obdtsined from three aobryos for ench

»

tent. we the lipoprotein {FRX) shoved ne biologieal act-
ivity. these repults have unit heen included. The third
colwm: renyesents the opeon etivity of the siarting
unrtorial,. Fiolosieal setivity of sach fraction has beon
expressed as the increass in phapscytic index shove that
aof controls, i.w. the clenrance values of uncvsoniged Wec-
terie.

It is apparent from the results in these Tigures
thaet both 70 zlobulins and 195 globuline sre apaonic for
biir buoterin, Thaougn 190 globuline are not present in
arbryoe gerus, the presence of the 7¢ slobulins enhmnces tao
clearnnce of j, ¢l Lilly in the chick auwbryo. on the

ather snd, the opsonin foy §, pallinasurm 35 is the 190

mlobulin,. swen though this nntibody ie present in all
finids, including the yollk {luid, it ie not present in eu-
bryo serur, Henee it seems poesible that the failure of
the 19 zinbulin to pet ncrnse the yvollk merbrane becnuse

aof ite meleculay pize may be rou;onsible for the inability
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vedimentation uvnttern of proteins of yolk extract
after centrifugntion in sucrose gradient.
I'able shows total weight of protein recovered,

Sedimentation pattern of rroteine of enbryo serum
after centrifugntion in sucrose pgradient,
“able shows total weight of protein recovered,

sedimentation pattern of sroteinsg of one day old
ghiicken serum afier centrifugation in sucrose
cradient.

Table shows total welght of protein recovered,

cedimentation pattern of proteins of adult hen
gerum after centrifugation in sucrose pgradient.

Takle shows total weight of protein reeavered,
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of the embryo to remove these bacteria from the blood,

of DImpmane Clobuling 1r from A He

Lzpndeed Ageinst O, zallinayus 95.

several warkers heve shown that the injection of o

variety of entigens into various animals produdes firotly
s vapidly sedimenting 195 mmeroglobulin which iz then fol-
towed by the production of antibody moleculss with a sedi-
mentation goustant of 79 [Henedict and Browm, (1#6<)s; Uhr,
Pinkelstein and Franklin, (1962)]1. Apard from snalyticnl
centrifugation date, these two globulins may be identified
by treatment with mercaptoethanocl. The biological zet-
ivity of ;ﬁz:e,c:g*m_::lsmliﬂ antibodies is destryoyed by such
tprentrent while the smmller 79 globuline are, however, Fée
intively resistant. In the previous experiments it was
ghovm that only the 195 globuline were opsonic fo¥ L. hile
inarunm 90. 7t was supcested that the slow clearance of
thie bacterin in the chick suwhyye was due to the failure
of this glebulin to cross the yolk sac menbrane, MHowever,
when chickens were immnised with a hest killasd vaceine of

94, the enbryos that developed from eggs af

these hens weye able to clear the organism. Tt is possilie
thnt thip enhnnced clearance was due to the synthesis of 75
antibedy by the immmieed parent and transfer of these
angross the yolk membrane to ithe aubryo ag in the case of

antlbody apeecifiec for .. cpii 1dlly.

To test the wvalidity of this argument, the opsonic
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activity of both normal serum and irmunce serum wns titrated
in ghiclk embryos (see Tohle IYITr). sm the resmult of thils
titpation a dilution of serum was Shosen fay merenvtoeetinnnol
troatment that still gave just the maximum rate of oleny-
nnce, 1., 1f§ far narwal serum and 1/&@ foy ineane serili.

£

. mixture containing eauzsl yalumes 21 SOXRUE and Gedl WOY=
eaptaethanel was incubated at 3980 for one hourv. Following
incubntion the mixture wee dialysed svernight at 4%¢ appinst
s hosphete puffer, Leonie atyength 0.8 at pl  .7.0. These

nereartoethancl ireated sera Were then used to opsonisne

Jinarum 25,  Clearance Was followed ja 14 day old
prbryes snd each snmule was tested in three esbryvos and the
results sveraped.

1t is aozarent from Table LATA that whem normal serum
iz treated with mercaptoethsnol, the bislapicenl activity for
Se gpllinagum 90 18 dentroyed, while immme sernm s£ill re-
tning mimest all its notivity. This suggeste tiaat the
hypereimmne serum contning mainly 75 globuling that are
avgonic for O, gallinerus 60, shercaes in the normal SeYUD,
as ghown previcusly by athey methnds, the spsonic activity
in nssocistesd with maecroglobalin antibady.

conelusion.

The results frorm this chapter showed that specific
7o glakbeling and 197 globuling were spsanic For e cold
1411y and &, gallinayum 28, Undey norcal circumstances,

e @oli Lilly wans removed [rom the biood circulstion of the
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chick embrye due to the presence of 75 globulins for this
bacteria. The 75 globulins for S gallinarum were not
srogent and anence this organism was not cleared. lowever,
198 gicbuline were present in the yolk fluid for both or-
sanisns. Tt speemed that the macroglobulin antibody do
not cross the exbryonic membranes until st the time of

nntehing, waen they .arg absorbed across the gut wall.



v study of the functional development of the retioculo-
endothielinl syetem is in part a study of the development of
the host defence mechnnism frou eubryonic to adult life,

Tt ie ciear that in the adult animal this defence mechanism
is devendent on the interpylsy of two systems; firstly, on
the obility of an animnl to actively produce antibody nnd
secondly, in the presence of antibody (opsonin) the phago-
cytie cell mhould ingest and destroy the organism bafore
it multivlies and kills the host. In 1961, *ehmen ime
plicated the vhagscyiio cell in yet snother fumction. Ils
work saowed thot wien the macrsphage ingests an antigen, nn
intraceliular product is formed by the phingoeyte which would
aprarently stimlate antibody croducing cells (lymnhocytes)
to synthesise antibody.

Tram time to time the importance of the bactericidal
activity of serum as o mode of defence in vivo agninst cor-
tain becteria has been debated. Though antibody and comn-
plement constitute an efficient bactericidal wmechanism in
vitro, their efficiency in yive is n matter of conjectare
[Topley snd Wilson, (1955)}. Tt has, however, been devon-
strated that in the case of the shick erbryo, should this
mode of defence operate in yivo, it was not effective due
to the grmll amount of corplarent in embyyo serum (see

JhapterIIil).
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The phagocytic cells of the reticuloe=endothelial
syster of the chick embryo were able to remove efficiently
the rough straing of bacteria, c.g. s coli 1illy and s.coli
712, but only poorly the smoocth strains, e.g. S, gallinarum
9t, L, gallipazum 9240 and 3. goll 2206, An inert particle
like colloidel carbon was alse phagocytosed, ‘hagocytosis
by the cells of the chick ecbryo has been recorded by other
workers. rarlier reports indicated thnt dye particles were
rhagoeytosed by ectodermal, mesodermnl and endodermal cells
of the early blastoderm [Xiyono, (1918); ‘abrowska, (1950)],
but the phagoeytic preporty of these cells disappeared two
to three days after incubation. lerez del Castillo (1857)
roported that caoxbon was not pheagocytosed Wy the ‘upffer
cells of the liver in the 1: day old chick ambryo. e found
that efficient phagocytosis only took place on the 16th day
of incubation. His results are in contradiction to the
present work, where phagocytosis of carbon wos recorded in
the 12 day old embrye. Indeed, ficol, Cox, Zilbey and
S¢rachan, (1962) recorded phagooytosis of carbon by the 10
day 0ld cmbryo. lent (1961), using other inert particles
1i%e thorotrast and colloidal suspension of silver (fs.gllo)
was able to demonstrynte phrgocytosis in the four day old
enbYyo. In general, the phagocytosis of particles by the
cells of the chick enbryo hns been damonsij.mtod higtolngic-
ally and is therefore of a qualitative rathor than & quanti-

tative nature. Tt is imposeible from these results to oltain
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any iden regarding the kinetice of phagacytosio of mmrticles
' nand their subsenuent fate.

The results on the distribution of rndiomctive mat-
erial showed that early in zmbryonic development the oxtra-
evibryonie merbranes functioned as a phageaytic organ. Later
the liver played a more proninent role. These results sup~
corted the findings of Zent (1961) who studied histologically
the distribution of thorotrast and colloidnl silver after in-
travenous injection.

In the present study it was found that, as the om-
Lrys rmtured, there was a concomitant increase in the rate
of phngocytosis of rough straine of bacteria. It hoo bheen
sugrested by Denzcerraf (1958) that =n increase in the nhago-
cytic index ¥ may be due eithey to an increased number of
mngocytic cells or to an increased efficiency of the same
sumbar of cells, To differentiate between these two as-
pects he introduced the corrected mhagooytic index ¢ waich
measurod the phagoeytic efficiency of the population of
cells, making sllowance for the increased number of phngod-
cytic cells in relation to the increase in weight of the
animel. 1€ the incresze in the rate of phagocytosis was
merely due to the increass in the number of phagoeytic cells
reiated to the increase in liver sise, then a shonld give a
relatively constant value throughout development. However,
if the 1 value increased, thenm this would indicate an in-

creasing phagooytic efficiency of this systems hen the
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phagoeytic index I wns corrected in the chick embryo for
the incroased weipht of the liver and spleen the ¢ walue
wag found to be fairly constant (see Chapter ITV), This
suggested that the increase in K as the enbryo matured was
due to the increased number of cells.

On ecloger anmlysis it is apparent that in the chlck
erbryo the obtained corrected index o is not significant
gince, in the early stages of development, a considerable
amount of the injected matter is phagooytosed by the extra-
evbryonic membranes. If one allows for this, it is apper-
ent thnt the importance of the liver as a phagocytic orgen
incyesses markedly with- the age of the enbyyo.

It is aiso apparent from this work thnt the correct-
ed phagocytic index a is only of wvalue in circumstances whexe
cerur factors are not limiting the rate of phagocytosis, 5
soint ignored hy Denacerraf (1958). This fact is apprarent
wien one considers the rate of clearance of the smooth
strnine of bmeterin, In this inetance the phagooytic indes
* verming constant throughout the development and, if one
were to 2porly the correction 1 to these resulis, the ef-
ficiency of the liver as a phagoeytic organ would appear to
deerenga, Hence, if a is to be significant, one must study
the rote of rewoval of a particle in circumstances where anti-
body does not limit the kinetics of this reaction.

It has been shown in the adult animal that a primary

intravenous injection of & large dese of particles would row
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duce the clearance of a2 sudsequent srnller dose of the sane
perticle [Denacerraf, (1958); Jeakin and Howley, (1961);
iurray, (1563)]. senacerraf, (1968) sucgested that the re-
dncod clearance of the sscond dose was due to the s=turailon
of the phagocytic cells by the yrimary injection of particles.
Jenkin nnd lNowley, (1961), lurray, (1963) have challenged
this explanntion n_mri ah:avm thet when the second dose of
particles was opsonised in yitro, then thias dose was removed
at the normmal rate. ™ay suggested that the first dose do-
pleted the animal of opsonins, resulting in the slow clear-
ance of the challenge dose due to the lack of opsonins rather
tian safuration of phagocytes.

ince recent investigstions [Filer, (1963)] would
suggest that the second explanation was more plausible, o
similar nethod was used ts detect the yole of opsonins in
vhngocyionis by 4he cells of the retienlo-endothelinl system
in the ehick eritryo (see Chapter V). It uans shown that
withh the range of particles tested, opsonine were necessary
Tor the phagocytosis of both rough and smooth strains of
vacteria in the chick embryo.

In the developing eilck embryo the rough strains of
proteria were removed efficiently from the blood while the
gmooth strnins were phagncytosed very slowly. The repid
removal of the rough bacteria was clearly due to the pres-
snice of opsoning for these bacteria in the circulation of
the ecbrys, whilst the absence of opsonins for the smooth
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straing ex;lained the poor clearance of these strains of
bacteria. Tt wag alss shown that the opsonins for the

griooth bacterin, S. pallinsrus 99, appeared in the serum
one day post hatching.

‘waminntion of the serum from adult hens ehoved
that there were opsonins for both the smooth and rough
stynins of bacteria tested, though thie titre of antibody
for the rough strains was higher then the titre of antibody
ngainet one of tae emooth strains, J. galiinarus 9.

There were several possibilities that might explain
the prosence of opsoning in embryo serum for rough gtrains
of bacteris but not for the smooth strains. In view of the
differences in opsonie titre of adult hen serum for these
tws phnses of becteria, one siumple explanation could be that
the paseapge of antibody from the hen to the developing ova
in gitu was dependent on a concentration gradient. lHowover,
subsequont work showed this to be an unlikely explanmtioan.

Two other likelihoods remmined. Firstly, it wae
sroposed that the chick embryo could aynthesise opsoning for

.o €01l 14lly during exbryonic development, but the ability
to synthesise opsonin for S. gnllinarum 99 only appeared post

natching. necondly, since antibody mny exist in at lonst
two distinet malecular sizes, it was reasoned that the opson-~
ing for 4. g9li 1illy could be transferred from the yolk Bac
anring foetal 1life, Wt the opsonins for §, gellinayws 96
gould only be transferred after hatching, selection being
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based on molecular size. It was saown that the second ox-
planation was correct as the apsonins for I, c¢oli [illy were
both srall molecular weight globulins as well as  large mole-
scular weight globulins. Iy taeir sedimentation pottemn in
a density gradient these globuline resembled 7¢ and 190 mol-
ecules | Turner and fowley, (1963)]. The opsonin for C.pgall-
inayum 95 was 2 195 globulin (see Chapter VII). It was shown
that though the 195 globulin wne present in the yolk fluid,
tihis was not transferred scrose the yolk membrane, hence the
failure of S, gallinarum 95 to be ¢leared by the embryo un-
less opsonized prior to injection.

e present study ahows the selective transfer of
proteins via the yolk smc to the chick embryo circulation.
1t seems thnt the transfer of antibody from hen to the eme
bryo and newly hatched chick takes place in three stapes.
The Pirst is the concentration of antibody, both of the 198
and 70 type by the follicular epithelium of the ovary into
the ynlk fluid during maturntion of thie owvm. m: concen-
tration of protein is similar to the concentrtion of gamra
clobulin in the eolostrum by the mcinar epithelium of the
ndder of the cow [Dixon et sl., (1961)]. The next stage is
the tranefer of the smaller globulin (79 type) ncross the
7olk sac membrane. This situntion resembles the yolk sac
gronefer in the rabbits and mlso the transfer of 77 glokuling
via the plocents in man end the primates [Erambell, (1958].
The third ster is the transfer of the 195 globulins via ithe
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it nost netehing anmlogous to the tran isfer systen in fue

Y

ungmlotes | ixen et &l.. (1961}i.  In this case tie yolk

>

soc of the embryo is absorbsd by the put during the first
five 4o seven davs vost hatcuing [rent, {1961}, During

\
tais dime free sbsorpbion of the layger proteins take place.

s

mie is, of course, reflected by the ability of the oue day
nld chicken bheing able ton clear 5. gallinarur 95,

one of the eoriier suspestions for the failure of
the embrvo Lo clemr S. gellinarus 95 was the low titre of
sognmina for tais argenism in the adult hen. it wes arpued
thet sa increase in the titre by ircwnisation of the adult

s

would inerense the amount of opsonin incarporated in the yolk

jrtts

£Inid of the snbryo and hence tra :ngfer would ensue, e

-

sunbascouont test of this hyyp

othesis snowed that embryos that

.

develoned from immnised hensdid in fact cleny 5, rallinarum

EECIN Hovever, previoug studies on the response of saivals o

an antigenic stimulue had shown thet there is - primery syn-

thegis of 190 rsiobulins which is soon follawed by the vro-
duction of 75 plebuling | iar, Yinkelptein and Franitiin, {ljbwb;

-

senedict and Brown, (19021, Since these hens were immunised

with several domes of [, goilinarum 98 and the eges cellectecd

four weelrs since the start of the vaccination course, it was

rensonable to assume that the smerum of the adult hen con-
tnined 79 antibodies for thin atrnin of bacteria. Thase 75

rlobulins rust have been transferred to thae yolk fluid during
agr formotion mand then been transferred to the cmbryo during

development, as they were able to cress the merbrane barrier.
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Thus the phagoeytic cells of the roticulo-endsthelinl system
of the chick embryo were now able to clear I, gellinamps 99
from the blood, The validity of this arpument was sub-
ptantizted by the foct thnt when imrune serum from vacein-
nted hens wag treated with mercaptoethanol (C.li of mercap-
toethanol at nl 7.0 destroye the biological activity of the
raoroglobulin antibedy), the oysonic sotivity for L. gallin-
orun 90 was retained. This indiocnted the relative absence
of macroglobulin antibody in this sera, Towever, when
tormnl hen serum was similarly treated, all activity agninst
this smooth strain of bacteria was lost. This would sug-
gegt that in this instance ns before, the selective trans-
fer of antibody is nst based on a coﬁumtmtion gradient

but on molecular size.

In the sdult enimml, while opsonins are essentlal
for pangocytosis, these opsonine seem also to be involved
in the %illing of bacteria inside the phngocyte. Jenlkin
(19632) showed that S, tyuhimurium was sble to rmultiply in-
tracellularly in the absence of opsonings, though in the
presence of these opsonins the bacteria were killed, It is
clear that the rhagooytic cells of the reticuloeendothelial
systen in the chick ewbryo are able to engulf baoteria from
the Dbloed. The rate of removal increascs as the embryo
matures and phagocytosis may be followed by killing of the
ingested organisus.

The evidence of such intracellular killing came fron
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exparisents in the older embryos where tiere was relense
of 32 10belled particulate rotter into the circulntion 15
minutes after the clenrance of viable bacteria (see Chap-
ter IV). ‘This is similar to the release of %% from mouse
peritonenl macrophages after ingestion of labelled bacteria
[Tenlin, (1963b)]. (hen viable counts were rmde on sacples
of liver, spleen and membrane (the principal organs concerned
with phagscytosis) there wns definite cvidence of very good
xi1ling, though in tie early embryos (10 to 14 days of in-
cubation) killing wes not marked.

in apparent peradox in the present study ic the slow
rate of killing of the srmooth strain L. gallinsyas 99 followe
ing opsonisation in vitro (smee Chapter VI). 'The fallure of
the phingocytic cells in the erbyyo to kill ewven very sunll
doses of bacteris under apparently good opesonic conditions
might be ex lained as followe. It hns been shown that iie
runisation of mice with a heat killed vaccine of L. tyilid-
mriun ioes not offer protection to challenge with the
1ive bacteria [lobson, (1957)]. It has been suggested tuat
in thils cnee not all antibodies are effective in promoting
Adestruction of the bucteria following phagocytosis. It‘
goeme thet antibody to o heat labile antigen may be ncces-
sary to neutralise antigen sites on the surfucc of the Lage
terie that otherwise moy interfere with the intracellular
enzymatic degradstion of tae engulfed bacteria [Jenkin,
{1964)]. This explanation my be applicoble for the fail-
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ure of S. pellinapum %5 to be xilled by the phagocytic cells
1.0, the right type of antibody was not present in the serum
used for opsonisation. Another renseon may be the guantify
af antibody needed 4o initiate the tootericidal mochanian.
Tt could be srgned that a minirun number of sites of antigen-
antibody complexaes on the bacterial surface are needed hefore
the bacteris can be effectively degraded.

1t is apparent thaat in any population of phapgneytes
there are always o number of incompetent cells thot coymot
411 inpeeted orszanisms [Jeniin and Benacerrof, {(1960); 'ack-
pness, (1260)]. These cells may be very irpmivyrs phagocyles
sr senile phngocytic eslls. This would irply thet a number
of bacteria will always multirpiy intracellularly. In the
cape where onsoning are not limiting, these bacteria would
be re-phogocytosed after release from the initinlly infected
phngocyte. £ guch a situation oceurred in the ndult sniral
it geems ressonable to assume thnt in the developing embryo
a greater number of immature phagooytic cells would be pres-
ent. radesd younger exmbryos would contain more incorpetent
cells tinn olier embryoe. This was supporied by the evide
ence thnt waen I, gsii Tilly was injected into embryos the
slder erbryos wore more competent o %411 this organism than
the younger enbayos (mee Canpter ¥1). Hence, even under
conditions where s snomins were not limiting, the sroportion
of corpetent cells to incompetent cells mey decide the fate

af Ltiwe hnnoi,
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in the case of J, mpllinayun 90 were opgoning are
not norally vpresent in the chick embryo, both the awrber
af incoupetent cells and the limiting amount of zntlbedy
would increase the likelinosd of the death of the host.

Thus, wien opsonised 5. galliinayun 00 is injected into the

srzibrve, 1t ie possible that not only a percentage of Lac-
terie would multinly intracellulariy, Wt also the progony
aof these ovganisme would be unozesnised and eveniurlly fatal
mmeterenis would result in the host. 4t west ander these
cirounstances, host rvesistance can only be messured by the
vrate of clearance af the srgpaisr.

14 hae slge baen suepested thnt e miniopl amount of
syvesnins nre needed o be present on the bacterisl surfoce
before even conpetent celis can 1ill the bemcterim. Thie i
sunported by the svidence that in {he hatched chicken where
antibody is nresent due to absorption of the rolk, ithe inc-
teris are offectively killed. Jowevey, wien antlibedy is ncl
nrenent, se in tie case of the subvyos, the bactorie miitinin
Hence ar increase in the number of competent cells, togethor

with increased suprly of cveonine, could sxplain the resist-

i % 6 v s € 7 . —
ance of tac seven doy old chicken to 2 x 10 Do zallinazum

25 while erbryos were susceptible fo less than 20 orgon

It ip sprerent frop the present study that the pag
seytic efficiency of the reticuls=endothelisl system develops
ne the embryo zrows older. 1t is also obvious that the

ability of certain cells of the erbryo to phasgocyicse porte
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iclas is sresent 2t some of the earliest stoges in develop-
mente Tt im poseible that during development there is n
geloction for snecinlisation wntil, in adult life, only
cartnin typee of cells ars involvad in active phsgocytomis.
lnvever, there 1s no doubt thot these seavenging colls pley
an important role in the ingestion of erfeie self=-conponents
during ontogenesis [lomaneff, (1960)]. Since the present
stuly susrests that recognition of foreigness Ly the orbryo
ip dependent on gerum factors, the quostion arises as to
whether 2 similsar mechanism also axists for the identifica-
tisn of funectional self from non-functional self. Studies
on the adult rat suggest that effete and demeged erythro-
cytes arc removed by the liver only in the presence of serum
[Jenkin and ¥arthigmsu, (1862)]. If humoral factors are
involved in the ontogenesis of the embryo, it would iwmply
thunt specific recognition factors are present from the very
enrly ctope in development and poseibly independent of pues-
ive transfer from the mothoer. This study enphasises the
mportance of antibody (opsonin) in aiding the recognition
of injected foreign particles by the phagocytic cells of the
reticuloe-endothelial aysten of the chick eubryo.
nince the phsgocytic cell may be also involved in

the pathway to antibody synthesis, it is irmportant to in-
vestignte the intracellular events that follow phagocytosin.
tn this connection it is interceting to note that the pop=-

ulation of mnecrophages in the early embryos are less con-
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petent to kill ingested bacteria then the phaagocytes af the
oldor eubryos. 1t is possible thnt, ns the enbryo matures,
there is alse a change in the intracellular functional cap=-
coity of the mmerophage to deal with more antigeas. This
may be the reason why in some erbryos like the footal sheep
only certain antigens can induce antibody symthesis [silver-
stein et al., (1563)].

There ip & grest need for increased lmowledpe about
thie events that follow phagocytosis and its relationship to
subgequent sntibody synthesis, since it may well be thet the
rate of antigens within these cells determines the lmecuno-
logical competence of the developing eubryo.
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