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AB'ÎRACÎ

A ttudy rrf rd. of tbr drv¡lo¡rnt of tbr rottor¡to-
rndothrllrl ryrttr tn fortrl rnd ¡¡rtrl rrùlr

A rur¡lorl rrtbd rrr dtvllrd rbrrlùy olclrlnoo
rtr¡ûfrt urlng rlrblr urd mn-vt¡bl¡ ¡rrttolt, r.rìl r¡Éoyrd to
rro*trln tbr ¡bryooytlo rbltlty of vrrtrout pon¡lrtlom of
erllr ln f,oetrl rrtto It ril tbor¡r türt tblr Droprrty of
tb¡ rttloul,o-rndetbrll¡t ryrtrl lnornlrd ¡rrogrurtnly durln6

fo¡ttl llfr, r.nln d rt¡tla úurlng nro¡rtrl llfr r¡¡d tbon lne

or¡¡lld rrpldly. Îb. ülrtrlbutlon of tbmr Sbrgroftl,c orllr
rm drænrtrrttd Þy btrtologtorl ntbodr Þâtng lfcüt ü!d

rlretron ¡lorolooptr lnd rlro Þy übr orgf,n dlrtrlbutlon of
ltoûoplcrlly l¡Þrthd hoùælro

thr brottrloldrl rbl,llty cf tür orllt of tb¡ rrtloulo-
rr¡d¡tbrtld ryrtc ln fortrl rnd n¡trl rrtr nr LrrrrtlSrtrd
ln rr3rrd tc tw ltrrlnr of brotrrlr, rt nl rboün to br
¡bænt ln fottulrr rnd brou obvlour to¡rrdr tbt rnd of tbr
ruokllng ¡nrlod.

lbl prmrnor of rntunlr otnonlnr to _¡rf,ooqrfh
tIütr¡¡rlrn Gt ln tæun f¡ot rrtt of dlffærnt rgtl rrr

lr¡vuttg¡trd by qurntttrtlvr rnd grrllürùtvr letbodlr It rrr
rborn. by æuro ¡nd cblolc rtn¡/tf tb¡t.o¡ronlnf ütra p¡r¡6nt ln
rll of tbür t.rr .nd thrt 3b¡ opronlo rotlrlty rorr¡lnrd rt thr
,rE bvrl untll rbortly brfort rrrnlng¡ fror rtloh tln
tbr rotlvl,ty l.norottad rrpldlyr



chmrotælrrtlon of tbrtr o¡nonlnr Þy bteoholorl ttobnlquu
drnartrrt¡d r bot¡rc¡rnrlty of tbrr¡ rntlþodlrt rad tbor¡d
tb¡t ln ¡dultr th¡ reJcr proDortlon conrlrtrd of r¡croglobullnr.
rn fo¡t¡l r¡t ..ru¡ tbr spronlo rctlvlty nl rrlnty ln tbr
tÐnrü¡€roSlcbulln frlotton, lt rel dtrnrtrrttú, horrv.r;
tb.t fcrtrl r.rln oont¡lnrd ¡ rlrllrr pnoDortlon of
norro3lobutlnt to tbrt found ln rdult rrt r¡rr¡r. tb.
pre¡nndrrlao. of lt-¡ypr ratlbody rm tttrlbut¡d to r
¡nrrlvt trrufrr of rrtern¡l ¡ntlbody.

rt rrr conrldrr¡d tb¡t tblr .tudy pnovldrr r trobnlqur
rnd b¡oLtrcund tnfcntlon nrc¡arrry for futuro rtudlu
oono.rn.d rltb tbr qr¡rntlt¡tlcn cf tb¡ produetlon of
,.rur prot.lnr. tt¡rroldly rntlÞodltt, by foottl rrtl.



t'blr tbrrlr oontrl¡r ne ntrrlrl Drrvlrtrrty
ruDrlttrl þ r¡l fcr ¡ órgrrl ltr rtrt hlvrnlty
rad to tbr brrt of ry fnrrl.ttl¡ rnd Þrll¡f
It o¡rtrl¡r a¡ nt¡rlrl lrrl¡urly nËllrb.t
or rrltt.o bt ¡nùÈæ tomcn r¡o¡pt rbañ

6ur rrf.nloo. tr ndl ln tbr te¡to

tff¡n c. n¡rD¡

trÞrtnryf 196¡.
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CE^?1EN I

rttrFoDpqlrgr ArD nrI¡ET pt trlïRAlu4t

tbr rry ln ûtcb ¡ bmt d¡frnôr ltrlf rptrnrt I'rfrctlonr

tlrrtp b¡r rlnrld¡3rDtl lqnrtracr ln tbr runlvrl cf

ùEdlvtd¡¡tr r¡ð of crrunltlu rld hm tbrrrfrr¡ rttnctrú

tbe rttrntlre of blrtcrlrnl¡ pbllrrrlÞrrt rlrú rolrlltlltl rtltro

Brf¡r¡ tr. ûrr! of bltttqt n! Ürt u!,llttü¡lt I|1t3

ú¡rr-æfrnln to ¡rrDrrr fcru rf fæC rEú drinl l¡la b.

b¡t rlrt hrnt tl crrÞrt tt r ìÐ/ D¡.t l?l¡3 f6d' |L

nrllr¡t hlrrr r.f.r.rtl tr lrf¡otlrat úll ndr lt¡ rn

¡t¡rÉf¡ü Drttlllt of rb¡ut IOOO B.t.¡ trû lt nr art rnttl

tbr fcurtb r¡ltur¡r BrGo th¡t Îbno¡rttdæ¡ tbr f|.rrlt ralttrr lf

¡cl¡Etlflc blrtrr¡r¡ roprt.t tbrt tbml ûo Èri rufl6od

flÐr ¡ltrlf,r falll lrbpqrrntly t3oto3Ù.4 frcr tbr dl6lllr

Vrrloul prefrylrrtlc r¡¡tur'.lr Drrtlorluty r¡rlnrt rrfl,l¡rr.

rfr. t¡otlpô tr Cbin¡ ln tb¡ tStU e.rtúft rlá 1rt6 ln

ltlr tflmr la tþ¡ f6tb c.¡rt1r¡.1to 1Èr olr¡¡ of lrflotlorr

ûl,trurr ¡nd tbr nü¡l È,1 rãlob tb¡y rpr¡rú rat lsorntrly

¡ntütetrd b¡r tncrrtcr¡ l¡ ti$6. In tb. rlÉ c.ntor1r

l¡r¡mabor! (16?6lr ¡.tltütoð for blr |;vrattrrl of tå¡

rtrrotoclta, trt rld drlorlþeit brotul¡o
Ë. ftrrlt tr¡rrlr¡trl ¡vlduor ln tb¡ trlt¡ra læld

for tbr vllu¡ of DtoDbtlrstlc lndurtl¡ rf rn lafrollrur

dlrr¡r err fru tbr rrrt cf Jr'¡lrr lnb¡ltb¡tl l¡ t?tt.

I
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Drrplùr r¡¡rSrtlc lrrotl;rtlor ¡rd nro! r¡reuhtlcn lt rrr
Qrrlt llc yrerr brfrrr Drvrlat (tt5el r¡prt.d t¡. Drrt.t..
rf rllro-crtnrlru tl tb¡ bboð rf rüæp d¡rllg frrr rnttnr
¡rú rlrc tbrt blrü úLluttt¡t of tblr bbod rr¡lá prrüuot tbr
tr'rl üllilL la rtbor rnlntr¡ tbærþ ¡nrltlvrfy trytl,ortln3
for tbr flnt trr. rlor-æ¡ralrrr lr tbr rûlrlo¡y ef
lrfrotbul dllrr¡rle

Xù r¡r froh (1876l rùr brcrrtr rf btr |,ryrFo".C Èrctrr$-
trglcrl trobrlqurt rrt rbb to lrlrtr tb¡ ¡nthn¡ Þrrlllu¡
l¡ lurr lulturr frrr tbr Þlod rf tnftctod rllrrlt ud tblrrly
tuþrûmtlrt.d tbr cl¡l,r r{r Èy Drrrlrto lrrtru t; trr¡btlr¡
tb¡ rca¡rpt rf tbr r¡rolfLelt¡r rf llfrotlcot 6l¡rr¡u trttilrú
tÞlr Ìü.rl.dBr ut rltb ¡luricrl rr¡rrlr¡tr lrvmtl¡nt¡ú
tbr pr.vl¡tlor tf úlru'r by lrtrrrlroh¡ rtb¡6r ¡f lnnLnthl.
rnr àlr ¡lrl t¡rtrrr lr rtto btDotbrltrå tbrt ûbr rtrtr rf
lnmtrty tr rlcrrblrl, dlrræ¡ rtrult¡{ fror tÈr rllrl,artlrn
fr¡r tbr bmt rf r¡r rlmtlrl rutrlut rt tbr th cf tbr
lrttlrl rr¡rrlrr¡r rltb tÞr rloæ-¡rßrln. ÎÈtt tbr rtl¡rrltt
to tblt rrr 1¡ frot thr orrr rrr rbrn Þy Rrur rad trrrlr l,E

llEE. ltrlr rcrl ,.or¡ tr br run¡rtst rat rr¡lltflrd b¡r

arbrla¡ rld flt¡mto (rttol cnmtntrd tbr rûvmt rf r
lprolflo r¡Þrt¡ncr la ¡n r¡lntr Þlæt ftllorl,n3 lnrtlrtlr¡
rltb r tlrln. lto lrttr rlrtlr¡ rlrr úrnnrtrrt.û th.t tblr
rnrlty ¡rnlü bo ecnfærrd rl r¡ntlrt rrlr¡l by tettttlr3
aorrÐ fnr rn lmnr ulnl.
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Il fttS Egob¡¡r d6c;rtrrtrd tbr Prr¡.Ëe. lr ¡rrrl

trrt¡ of r brrt-tlblh brctrriltü¡t r¡lrtrlol Ðl lrrn u
clrytrrrto Slrn rft¡r tblr Brdrt (t8t5l rbruló tÈ¡t tb'

tarrr fru ulnlr lnnl¡¡t tltb lücbn vlbrlor b¡d trr
rntlbtotælrt f¡ctrr¡ - olo tb¡ brlt-bbll¡ frotor of &rcbnor

rnd tbr ¡th6 r rDr¡tflc hrt-rtrblo fr¡tcr nfrrr:¡l tr rr'
rtrtlbrdtr.o Dbrll¡l {f896t r¡rn lltrlducoú rtbrdr fæ

rtpd¡¡tfrb¡ trrtd taú r¡tttrrln rt t¡lrr¡y ¡rutty
cutrlbttrú tt tÈ¡lr r¡tl¡¡r! ull 1¡ tbr trrrtnrt rf
outrlr¡ lnfættru, dlt.rt.l.

trtb¡r lp, gftrp prropertl cf mttbrd¡ rrr ónnrtr¡t.ð
by ?frrft'tr tr rttlr tüor lr rbr¡ra tbt t¡. l.rü rf lrlrrlr
lnnlæú e3rlart tùr cboþn vlbrll rrr brotorblytlr for

t[t rrSrnl¡r. Eo ¡flr rb¡¡¡| tirt tnrrf¡r rf tbll ,.¡'¡r
to ¡ntbtr mrnl rnlrd ct¡¡fær¡d lnralty¡ Durlr¡ { lltl}
¡rcrlþtt tb. r¡¡n¡rtlra rf brct¡rh lf tbr r¡nrlflr lrnl

-Otì

l.r[ trü orllrd tblr ¡hrmnr rl;tnthrtlrl¡ r r¡ctlra

rl¡l¡b l¡rdrtrt¡æ (ttC0t lcof, rqllrtrt tr ld6tlfy lu¡¡r

blord t¡¡¡rr. åt rbrut tbr ¡r tlr. {¡tt?l f¡lrr¡¡l d¡lrtlrt

tb. lerrtlrn rf r ¡rrrolpltltl rbo¡ oulfsr ftltgtr nr

úl¡¡t rltb tp.o!fl! lüt. lotlll ltlr rorotlon lrtr¡¡

ælublr ¡¡tleÐ! rnú rntlÙcdy lr r t¡t ûl¡b lrl il6.

l,rbopttrt t¡nllcrtlr¡rr ut 1r urld ln olt¡l¡ll rná frrolll¡

rdlclar.
ftoro ¡o¡r¡ntrttlS fçt, rrdo lt ;¡pr¡þlr tl ¡a¡¡n
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t¡rt tmltt to llfrctlout tL.rl¡l ooula þ. rrDl¡lrod

W CbÕ cÈu¡cr Êl¡b torl plrlr ln tb¡ t.rur tf u lrfrrt¡d
ä¡rt rnt ¡nrr rlll tùærÈy þ th thær7 rf ümrd Dlfrrer.

It lr lrtfr.rilllg thrt ¡t lbr nr. tl,r ¡r tblt rtæt
rf tü¡ nrt ¡hyrd fn fn¡rfty Þy teürr flctrrt ru mfrltlnS
frDtr*r¡c. ,r. r1r Þrlag Clvrn tr thr t¡ctrrtlrr ¡f rlr¡1r1
rrltr lr tbr bodt rùlob r.ül rDh tr rrrnl¡lr trrtlc¡lrtr
rrtttr l¡trotr¡ed trtr tbr ¡raf Èf lrtrrvrnmr lEfrltbrr
lmr lÙr rlúalr rf ttr Ittb llrtrry rnrrrr trrtrtl¡ntorr
hrrr ntrrtrt tbrlr flldln¡r r¡ tb¡ frtr ¡f l¡trrrcurl¡l
frfrtrl trrtlcb¡ r l¡rrtrbrrltrrl 1¡¡ fttl trtr¡ cndltrl
fltb tr"l¡l lrr¡ tÈr flrlt tt liJr.t rlortr-rrt¡ll¡lr rnú

tr rt¡tt tlrlr rrrnt f¡lr tËr rlrrul¡tlrl ¡L.ar ltrrr
crly rcrtrrr lrrr ¡Rr! rf tbr ¡¡rt plrf¡rr Þ tä. llwr.
rghn. lrq¡r rtd b.B. nrütr - rlDr¡lrlly tlr flrrl rf tlrm
rrt¡¡r - trl rrryll3 tb ¡trl: rf lrfotrô r¡tætll.

lr .rnrr rrln rf flttntrr. ¡uænlrt th.
orltulu rptrlt rf ¡rrtlrrlrtt rttæ rlrtr.d errù¡ tblr
t rltd rltb tb. .rptrtl¡ ùrlr¡ rl th drltmrtl¡r of urtrrlrrtr
r¡rltc. ttlr rttn¡ob bó tr tlmr f¡mlrttry ortrlr b.f;¡
|ilrrr Hlrf rcc*tln¡ tr ttrlr rflËrltç rt llcrtlrr rr frr
rnryrl,r tbr f rt¡nrrlh¡r rf fu¡ûfrr (ftttl. trnrbr (f$el
t.c tr l¡rr brrtr ûbr flrrt tt rrrrlbt r.r nlrtpnful
lbfrlrtrSf¡rl frrctlu tr tbor trllr r¡á tr ltrtlnlrltb
tbr frm otl¡r crlt, rÜrb u flbnbl,¡rtr rtlob rtrtlnr



,

¡..nr¡rt. t rltlolrr tt ¡ llrltrË r¡torto Ir ftrrrllrl
tbt¡¡ trllr lr r to¡nrrtr 3ror¡ r¡t o¡ll.ú tb.ü clrrrt¡r¡ltllr
Elr rbrrvrtLt, cf r¡ f&JåtE r¡rrtlr lf tä¡rl lrlÊ¡ l,;

ûtot l¡ nr tù¡lr þr¡ lnfclll.r brrlttr¡3 rff taa f6brlll
rlrlrtrrtrtrá rtu L rrS¡utrð t¡rt tblr nl I ¡trt lr
tb¡ nrrtrltlrr rf flbnùhlt¡.

It at lftrtrlbrffrt (tfryl frtrr¡nrtlllr¡ lf tlr rbrt
t¡¡rdrry trprtrrttt ¡lfl,ob rda.t t¡ tbr ¡llrtlr¡ ¡nüt.af.
rf f¡t¡¡p¡ttortr .id rilcù lrSSlrtrl tr blr thr frl É¡trü
W DÈ$oc¡rtlo ætlr ln Èæt úrflall uh R¡rtltr L
crcrlvrú . Itlt¡¡ of crllr tt¡¡çrl¡rteå th¡¡qt¡¡rt tbr
lrdyo Îc tütn orllrr brrcnrr Ltablbff rrrrllr{ r

nrct¡tlrr finrtl6. trl rl3¡ltrd tbrt l¡æcytol ûr dlr-
¡ùr¡rr c¡¡rll t¡ rblllrrd lulrtlt lr¡ ¡¡utr laflrntort
Dac.tror rù1lr thr trr¡r r¡rlwlartt .r :lllrÈrrnr ülnr

rrl crrærrld ;lùb ¡t¡ml,r lnflrntlrr llô lbl rntlb¡ rf
lrrt¡ oæ;n¡.ul¡r ntrrl¡l llt l ¡r tt¡ llAff¡Ifff rf nlælr.
It nr ttlr htrrtnrtrtbr rllcL prrçtrd ll'r tr lrtrrlrr¡ ¡
tfrory of trrrnlt¡ - tbr tlr¡rl, .3 Grthtrr Drf¡rrr - rtlcü
ir¡nrúrl r¡lrr ttr ¡blllly tf trrtrlr lrl}r tt tilrv. Drrtlo-
lrtr ntllr frrr tbr ll¡rl ll tlurr fl'¡ldr.

I nrtrl b¡ùtl¡ botrmn tbr lætr¡rrlltr tf tbrt lrr
rttnn¡tly rlôrly llru¡rrt rlrrr rl tlr roblrlr rf
lmfþ rlúurri frr nn¡r trl?lr lanrt. rf ùbr rürrlt
rltl ûlob tbr rntr¡rrlrtt ru¡Èt tl rrbttr*lrtr ttrlr

rr|nEtr nqt lr¡nrtrat ¿lrort.rlrl nrr núr ûlrb
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.vrnturlly trrd to tb. rrocnolllrtlon of tb¡trr dLfforr¡c.t.
llrnyr ¡nd l¡sl¡f ln f895 tloonrtrrÈrd ¡nbrncrd pür3o-

ayterl'r of ¡tr¡Dtooocci ln lruntnd ulnll, rnd lrtrr. ln
t9O3r frl¡bt rnt Dou3lu rr¡nndrd tlrlr knorhd3r lnd lntro-
duord th¡ oonorpt cf, rorn frotor rlll.ob ¡nb¡nord Dbrgþoytorlr.

lbry rborcd th¡t tbr åg,J*!Àg pb¡¡ocytorLr of @
Ifg¡lglg by burrn ltuoooFtrr ru ruob grntrr ln thr Dn¡t.nco

tb¡n ln tbr rbtrnor cf bunn r.rul. lbrr¡ rorhrrr oonoludrd

tbrt rr tbr t.rrÐ brd nc b¡otrrlold¡l rotlvlty cr dlrraù

¡otlon cn tb¡ huooc¡rtor lt lurt oont¡ln tub¡trnort rblob

ndlfl¡d Þrotrrlr ¡nd nnôrrrd tbm úr. rutoo¡lttblr to

¡ùr3ccytollt. th¡r rubrtrno.r ürro orlbd lcplonlnll rnd

lt r¡r lrpll,od tb¡t tboy plryrd r prl'rrry rol¡ ln tbr
rvrnturl drrtructlon of rtoro-orglnt'lnr. Irnt lnvortlgrtlonr
hrv¡ llnct dr¡onrtrrtod tbt lqnrtrnot of o¡rronlar la ttr
pbr¡ooytcrlr cf b¡ct¡rh rnd of larrt ¡nrtlohl rucþ rr
crrbon rnd rtrrob (Xolren ld LoÞrun, 1956r. rad b¡ntonttr
(Stollrrnn, l9ól l. il¡ny ef th¡ flnr d¡t¡llr of tbt
trnt¡rrotlon Þrtrron opronln, ¡nrtloh rill plngoo¡rtLo oolt
h¡v¡ nct yrt br¡n rluoltttrd, but th¡ grnrrd oonotpt

glru r 3ood ¡nnprotlvr cf thr ¡nrt pleyrd Þy rtrur f¡ctcrr
rnd ¡ùrgooytlo o¡11r ln bort dtf¡noo r¡¡lnrt rlerc-orSrnlru.

rcllerlng tbr drrorlptlon by råtcbnlkoff of r rtrdrtprnd
ryrtrr cf pbrScoytic orllr for th¡ purpor. of bctb loorl rnd

3rnorrl dofrnor tberr r.r. nat Lnvortl3rtl,cnt of thr crllr
of tblr lyltrr. lbr¡¡ lnvr¡tt;rtlcnr rat. rrrdt Dr. d¡fLnltlvr
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b; tho mr rf ¡ lrcÐ rf 6ytr dlrrrrrrlü þl tbrllrlo
Îtör brt tbr fæprty rf frrrlr3 otr¡¡l-rl,rrorm¡l¡ rrtr
tfrt Ílnr rrrvll fru tlr rlro¡lrtl,nt bbrd by orrûela
crllr. lr ¡ r¡r¡tt tÈmr mltrt DrGrn rrtrtrllyr rtrlmú.
tbtrt rtmrrrtltu ütrl tãltfitrd f¡ ttCt üt nfbbril ñ.
url llthlrr rr¡rlrr frr rllrl rtrblrt¡ trrtËæ tlvrrtt¡ntlrrl
ü¡!r r.¡. ri rtot by crlúru È. ttrtmtlorll,y rnrtrt{ nl'
tlr¡rm rf,trr lrfrctlrl¡ r vmtrrû, .t tbrrr dtrr lnto rrlrlro
tbt trttæ nrttr üütüatr6 tbrt tbi nrlor¡l crllr rülrlb
mrulrtrt tbmr c¡rm frrr tlr ¡lrorl¡tlrE nnr cf tär l¡¡¡
tttro ttmr lrltr tbtob ül¡r r¡¡nrnùft ¡È. n¡¡r¡¡ù¡lrl ¡f
rt.ùrlbff rrr fr¡no lr¡lrt tù. il!tuü crtrlr rf vrrlrsr
vrrorl¡r b.úrr ôlrtFlbr¡trü tr¡rqb¡¡t tbr or¡nrtlvr tlrtuu
rf tbr Drdy rnt fr¡rlE¡ r rrtloutur ln æ¡rnr r¡ù ¡r tbr
rplmEl llvrr, brlr nrFlr ¡!d rtrt ¡lüllo nrlru ll tlc6
clllrd lL¡ ncro¡å¡C.t l,n !6nr¡tl,r¡ tlttu¡ r¡¡ttl¡¡r¡¡¡6¡rlr¡r
æ11¡ br¡rrr rf tt¡lr ¡brnlr frrr r fl¡rd ¡trtr tc r
rl¡rrtrry ùrbrvl¡rr tberrlrd 1r bcrl lrfl¡ntlcEo Ir Ittt
ll¡t ff trá llycm rft¡r lnr¡rtllrtlu¡ ïftb ltrtblrr rrrrlr.
rltrá tbrrr crtll rülrtllr¡tttrr rt nr rt tblr nn tl.r
tt t db.r. t¡ùtæ tr;rttllrtrrr flrrt r¡¡¡rrtrt tbþ lürr rf
¡ I ntloul.-.rd.lb.url atrta.r rü¡ù nr t¡tæ fçtler
lærl¡¡rd llrtr r D'.r trfl¡lùr ..Ê3.tt lt tlûb.ff rl
l¡drr 1r ltÉ.

lrllrfærl rrt þül|nr. rtre rrrûrrlr3 tblr nôlr¡û
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ln tt ? rlth ¡nrtlculu rrfrr.r.l tc nlrrtrt l¡f¡ctlrnr.
drrr ¡ttrEtloa tr tbr rcrltrt llrttrd oralrpt of Arcùlff
rná blr ocll¡r3wr tr tbrt tb¡tr vlrr rf tür nrtl,¡¡ltn rEd

r¡detbrtrlrl rlentr crrrloctsrû th. l4.rtr¡or of ùbe raro¡rtr
cf thr btcrd r¡ f,¡rt rf ttr :rrr¡rtr¡r ryrtuo tÈry rcDætrd
tbrt llr¡1rr {rto6l ¡¡r úrnrrùrrtrú tc tt¡rr lrtt¡frrttra
tbrt h bcrl lEflr,ntrrT ótrturbran.ü lpùoi.d ctl,tr of tbr
Þbró rllrrtrú lntr tbr l¡rlrl rnd rrpLdly tnr¡rf¡nrú:
lnt¡ rcr.opürlrro rt¡rr crllr tb¡l llrlrd Þrä¡rrü ln r
rlrtl¡r frrblor tr tbom orllr tælvrû frrr tbr rrtlor¡b-
¡ráctürllrt ryrtl t ôæorlbtú ùr r¡sh¡ff rt ì1. trt nr
tbrlr ru¡¡lrtl¡¡ tÈmf¡rr thrt tblr drfrlroc rtrtl of orl,1r
rb¡rld br 3lvra tbr rrl rcqrnbmrlvr ;cnrctrtlca ¡f
rl'yr¡Èrt{-'rcrrlt¡ltr rtrt¡n tr l¡olufu brlb rrorr¡Èr¡rr ü¡ú

tbllr ¡rFrromt¡rto

fn V5, ÌrÞrcþ rnd Crcrhy rurvryrd tbr lltærtrrr
crlcünll3 tbt trrnrfcrr¡tl.r¡ cf lyEåcrytrr t¡ nr¡rlÈ¡¡rr
rrü rtrre ¡¡rrfi¡rrd nny rr¡nrhenta tr rbloh ¡lür ccvtrrlltn
ütar ¡prllrú tt rur3lcrlly r¡cerlrtrå lhll¡o rl¡rrtln¡ orllr
rttrcbrd ùbrrrrlvrr tc tb ov*rtl¡r üùtob ilat rrrved rt
r6t¡r l¡t¡rvrlr, flnd r¡d rtrlrrú rnû rrrrl,nrl úoro-
rcoplcrll¡r. Bl tbrr rttlú tbry ot¡lr tr b¡vr rb¡rr tbr
tr¡nrfrrr,tbn f¡rr tyqtrcytr to ron¡år¡r. llorry {¡t6ll
doubûr tblr rrldr¡¡rr flrtty, Þrcrur &rrlr (lt5tl üd
ocnrr { rte r t trvr rbrrr tbrt r¡aåcoytæ unllhr Dr.qrt.f
lnd ¡nl¡rrr¡Ërnucbu ll¡cor¡rtrr tr nt rtlol tr 3l¡rrr
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r.oondlt thrt rl¡otron nlcrogrlpht h¡v¡ not ¡rorlt!'vrly

drronrtntrd tlr¡ rlrrtfnôlr of lyup[rocytor frogr vrnuh¡

rltbcu3b ronoo¡rt.r r¡rd noltror¡ù¡ l'¡vr þlrn l..n f,rcqurntly

to .rorttf rnd tblrdly bos¡ulr tblr¡ lnv¡rtlßltlonr g. rctt

fr¡qurntly rrdt ultb flrrd tlrru¡r tbr trruforrrtlon of on¡

cell ty¡n to ¡notb¡r b¡¡ nrv6 b¡rn tlollr f,or brr lt Þr¡n

l..n ln tlr¡ue oulturl (t¡drrrttgl$l or la rrbblt Ólt-

oberþorr (Pbort. Srndrrtrtnt Dlorry¡lgtt0l. In oontr¡lt to

tberc obrcmtlonr Eolub ln 1958. drrarlb¡d rr¡lælrrnt¡ ln

rbtcb trr phord dlffurlon obr¡þerr oontrlnlnS lyr¡tbooytcl

fror tbr otrtornl obyll tnto rrþbltr. Ultbln r for dryr

norcpbrei.t rPpörrcd rnd bt tbr rl¡tb rrok tblr rorl tbo

Drrdonlarnù o¡1t¡ rttbln th¡ obrnb¡r.

Thllr t{rrcbrrl (t96r} blr nor d¡lorlbrd tbr Ptl'r¡r of,

lyrpbocyttr fron blood vott.lr to rn ¡¡trt-v¡rculrr loortiont

tbr rork of &lub ronrlns ¡t I ringþ 9$oo of lvldrnco te

¡upÞort tbr trrmforrrtlon of lyr¡üosftr to lrcrc¡ürgr rnd

tbrroby ltt oonnrotlon rLth ¡¡¡ pbrSooytlc rlp.ot of o¡llulrr

drfrEcr rrobrnttll. Untll ¡or. lvld¡nc¡ 1r rvrlt¡bh tt

rl.rr unr.ttontbb to lrpllclt. tb. lyrpËccytr u r

rroro¡Ërgr pr.ouraor.

Pryltng frl¡bü (l95tt, drrcrlþrd tlrr rottoulo*rndotblllrl

ryrt.r tt t oolltotlon of rtdrlt dlttrlbutrd n¡rlnobynl

c.llrl obærctrrtrrrd by tbr rnüln¡lr rltb rlrleb tbry ¡Ër3ooytorr

rr¡11 Inrtlolet rnd colrl. oolloldr. In 1956 thrlbrll

rttr¡pt¡d to drflno tb¡ rrtloulo-o¡doùb¡llrl tttt.¡ on I
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b1.t¡b¡fl6l Ù¡rlr Èy lrlr3 tÞr rtbrd ú¡crlb.¿ b¡r nlr-

brtr¡r {fttlt. ¡l ùrt rblrr tbrt tlo crllr rf thlr ryrt6
ürC ¡ tpr.¡¡r.rt rfflrttt f¡r r!1ç¡ r¡t aor¡ rtbry rtrll.
ubll,r tb lbrrl¡ll bmlr for tbll -lrl rtrlnll¡3 (ntltrr¡rllrl

rrr l¡t br¡r lt r¡r lo.r t¡rt ibr crlt'¡ l¡rrtrrtrú tf

tllr rtÈrô. ¡ltËorfù rnr ltnrrrrrrr rlË rlrllrrl¡ ll¡trlÙät.t
tr tbr crlûr rf tbr ntloub-efl¡tt¡llrl ryrle á.Ü¡rÈrrtOl

þ frrrt¡nrl rtlrrlr of lrrtlrl¡ utÊr,Irr I¡rrlrll nr¡lprtrt
tbt tbr tr¡ter arûrr rf ç1þ rür¡r tf tlr rtrl rtrtrrll3
rrtÈolr rltùt bt rrcorrtd fæ l¡r ¡¡. utrlrl lrr¡tæ ,rmtrrtlln
6 lt grlá þt tbt tbtr rltrå trtr¡ rbtrt6l b¡ ¡rcrtrr
rtÊtltlrltt. Iútþ¡ll r!¡r lb;rü tht lt¡ill¡ytrl ¡¡û

¡¡ltrltlrr ptlrulrr: ¡rllr rl.an ultrrtlÞl¡ll?a t r|,1rrr ltr{ lrr'r

mt tbærf6¡ ¡f tblr tyrtlr. Ectb blæt rarc¡rtrr; ûlcb
üilr rbrrn Þy lrrrhrtl tc Ül 3rrblt rrfflo¡bftl¡ lnü It
Bb.rt rd llorry llgtrl to trlnrfrn Lrür ncrrlbr3l, ll¡

rrbblt ür-ob.-ül rr. rd blrtlrcytil {blltff f t&f I r|trf to
rrtrrurt hrt rotlvr Þrt fndlrta Drtr.ursorre; lf non¡lürærr
åt tb. Dr.t nt ttn. tù¡rrfcrrr rùtrþ tU fbr¡ocytlc flaotlo;
rf tblr ryrtrr b¡r Þrr¡ r¡ll útflr¡úr th. blrtrluo.ll rf ìbr
orqnmlt o¡ttt ir l¡ ler¡ ùût rnú rr rrftmt trcblt¡r¡
n¡rú ûc Þr {rrrl,r¡rd b¡fcrr tllr ¡nrbllr cr¡ þr rrlolvrdr

l¡rr tür tln tËrt lt nl flrt rbtül thrt tnrtlctrrr
r.a. rrnvrú fru tb olr¡nl¡tLl¡ ÞLtC rtt.qltl àrrr tæ!
núr tc tr¡rntltrtr tbll pbenrnre

8rl¡ rf tË¡ lrrllrrt rrfrnneu tr tbr nt¡ cf r¡rvrl



{1

cf brct6lr r¡r rrdr Ët Eull (frfll rn¿ Ilrrrrl¡¡ r¡t Cor

(ftló}. tbr f¡¡.r l¡rutlSrtor f.rilá türt ¡filæ lrtnv¡nor|lt

lnJrotlnl r rrlblt lltlr r ül.¡toÊtlol rf Ê$DF¡'fr glrÐ+

tÈ¡ nrÉlr lf rl¡blr ¡t¡nlg ttrt oru![ bl r..c?ond fr¡

tbr ctrrrulrÛla3 btocd fr¡ fr.lg.¡tty rrðuclá tc ¡ll la

flftru tt trrnt¡r rlnutur |t t¡ttlr nrtr¡r borrvlr.

lrJrlted neårr ll'rflrr ¡lrcnrtlloll¡ ¡ Colt af @

EIgIç¡lff rlt fcuEú tb¡t tnet¡-flrr ¡nr cilt ¡f Ûbr ¡tllrlrú
ü)r. *111 rlrlutrrtttr3 rn to rrr borr lrt*r

Ir¡nrllntr 1¡¡ù ¡¡ tbol. å6çlÞr| rÈcv¡ ¡rtrbllrbd

t¡¡t ln tb. ll¡¡ rnlnl ttnûlar t¡ot¡rlr ¡rf dtff.t tt t¡'¡lr
ürrì¡ r¡nvrd bt tË. ntriuh-erdrtb¡url ltrtË rt clff¡rlr¡rt

rr3¡1. I¡ rûtltlrn lc tb¡l lprtll¡tlgr Drl¡b¡r ril lbrr

lfttf l êtvrbDtú r qnrtltrùlvr trlr¡r rf rr¡r¡ ü¡ürb. ¡¡tlr3

ruGúoæ tl¡¡l.dl rd olnrtrd rplr tÈr rr¡ltlty rltb Ê1,¡l

tblt ntrrlrl nr rnvrú fær tbr btcrd¡ rlrlt Dtr tbr tlvrr
1r tb. ú06 ||bDlt. ¡rln¡ tltr !¡rtl rblrh.|l trrtl¡ gt

rnlr¡ rld tä. lEa¡ tn lbr ¡rt fr¡r û13b .r!¡r lt na
rrtl¡tuüttry tl.rmf¡r¡d tr tbr llvær lort lltfgt ü¡t
ri.t .Il t ltt&l {uutlürtrl tbl tlrtrllutbn lf c¡rb¡r la

r¡ùDltr üy bl$rlotlcrtr rtb¡dr rt rh¡rrd tbrt Dtt rf tbtr
gtr¡¡ld rrl rrtrrot¡l fror tùr olrculrtlol W tË. çell"s.of -ttre

ntt¡¡lL¡-Õåd.t¡rlhl ryttrr of tb llv*¡ rDbr¡ rrt lllrey.
Snlt guEtl ürrt fcu¡t 1r rtbç orltft tu.L r¡l tbr tol¡
r¡rn¡r r¡ú ltrDb n.dltr Cr¡plll (f 9f9r fttOl nrfr¡ clllcLdal
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lrrn (grcb5$rú lrrn r¡lürl rlrúlrd btrlrþ¡1611¡r tùr

otSpt rf r1¡ç rrú 3af¡ rft¡ ürr|¡9 trrer r¡t rt vrrlcu
tln l¡t6¡ll ¡ft¡r l¡lrotler ¡f tå¡ etlLl6' Br filrl

tbrt tbr colto¡Cd t¡rt ¡¡¡ rü7rt n¡rldly bf tbr orll¡ rf
tb¡ rrtlcu¡.-.úotÈ.11d ltltlr ûf tbl llvlr ud rplær ¡il
rlt ülrtrtbrtrd [n r ltrltrr frrhlcE t¡ tù¡t rf crbrlo
gotb trot rnt Crprll r¡nr*¡ú ör flndt¡S crrÙre ¡¡t lr.r
r¡¡Dtstlvtly lr rlo¡¡ of tb¡ f¡¡r¡;o[¡rl ortrlr of t}r ll'v6
rt ¡ fnrt tf tbr rrttrtrtbÚlon ef tb rtryl¡lr frll¡lr¡
tb. lrltlrt rr¡ltú cþ¡ruæ fr¡l tbr bl6ü Dt ùlr tet¡tlr

tÈrlP¡ttrlo
In rn rfflrt t¡ tlrr¡tltrtr ttilocf¡orl. rlsr mountrly

rrd ta ¡¡1¡ t rr. lltlntr Lncrlrúfr rf ttr rot¡tlrrr
vrrl¡rn þttrrt f¡¡ rùr¡t t¡r ttr rf l¡lrbl 1r tt0t h¡vr

r¡Élrl fg;frf¡f tæblllurl frr tblr tnr¡lrLr l.lrbä
áocrlt¡l I rtbú rttl ü¡tû be trrutf¡rtrt tb. Ë¡|Ðr¡rtrrll
¡f brotmfr bt frnrroytfl !¡r ortrnttrg¡ rltb tbr rl'i .f r
rlorrlcr¡r¡ tà¡ l$¡r ¡f Drrtl¡trrl tr.l.tt ll tù¡ f¡mrrfirl
rt r¡rl¡¡r tlrr foll¡rl¡t Gtll-tnrriltr i¡trr¡¡tlrar 'trrttr

llyættætlcrtr ¡Þrcml¡¡lcrlt¡ fql.rù¡nt rna¡lt tlcb
rtt rr t¡ þr thrr tf Írllùt rnú Dru¡tr$r lltotl. fr$rr¡rr
l rtttl, l.nn ¡ ¡9fl 1r rlrrlrs ( ¡rtr l. ¡u¿l rt rl. ( rtt&l r
br¡r {ft¡olr tbrl¡nerr (ltttt. Rrrlry íttttt rnd cotr rüa

ror'rt ltrl?l brrr D¡rr¡JtrrLrrlT rrftmd rú rlú¡r.a tbr
r¡plloetlr¡r of fE Jf$L crtl ryrtrrr to tb. ttuüy of bclt-
¡nnrttr tntrrrotllnr. lbr ruultt cf twtrtllrtlem lf
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tblr typr b¡vr cnrbl¡d a nunb¡r of Ú¡rrotr of thr rctlvltLor

of tb¡ crl1r tnglla¡t¡d Ln bort dlfrncr to br ¡tudlrð Ln

prociro. rrlrtlvoly rtlpl., rr11 oontrolhd lyltlnr rlr'lclr

rvold tho rrny unknorn ¡nrrrotlrr of ln vlvo rr¡nrlrrntr

but nblel¡ ¡rr only of eny rlSnlflornoo ln tb¡ undrr¡t¡ndlnt

of ho¡t drf¡no¡ lrob¡nll¡ lf tb¡y orn bo rrlrtrd to j[gJ&

¡l.turtlcnl.

It ru fror rn .sJÅ!.æ. rtudy of pb¡cpoytorlr tbrù f¡nn

(f921r) rborrd thrt r r¡tbrntlc¡l for¡ulr oould br ulrd to

orloulrtr th¡ rrtr of pbrgooytorlr. ltrr rqurtlon tbrt hl

dortvrd rrr f . f;¡fffit . I rhml X s tbe'rr'tl of ¡¡l¡rCpoytorlr.

A r tbr totrl nulbrr of ¡nrtlolo¡ rn6 X : tb. nrlÉ.r of ¡nrticl¡r

lngiltrd rt üllr¡ t. 8¡ drronrtrrtrd rltb ¡nrttolol of olrbon

rnd qugt¡ tbrt tb¡ gto sf ¡¡hl¡poytorlr (Il rrt d.P.adont

prlr¡rtlt uDon tb¡ obrnar cf oclll'rlon brürron ¡nrülol¡ lnd

oo11 rnd rtl lndrprndr¡¡t rltbln llrltr of tb¡ nuúrr of

Inrtloht pruent.
Írnn (l9s3l dr¡onrtr¡t¡d r¡tootlvr pbr¡ooytorl'r rbrn l¡o

rhorod tlr¡t undrr o6tlln condltlonr orrbon prrtlolot Ü.r.

¡hr3eoyto¡rü lgJrsIE four tlr.' rcro rrpldly tbrn qurrtl

¡nrtloþ1. Eo oonrntld tb¡t n¡trtblr of thl¡ Inrtlclcr
r.ro Dbrgiooyto¡td to rny rrtlat ln tb¡ rb¡lncr of llrur.

uudd *.Jå. (193lrl oouldrrrd tbrt ttrlr rrhotlcn oould bl dur.

rt l¡rrt in Inrt. to tbr dlff.r.ac.t ln lÞlonPtt.on of

¡¡hrfpoytotltrprcrotl,n3 lubrt¡nolr frel tbr rortn. Itr tblr

connrotlon lt 1r lntlrrrtlag to netl th¡t Brnrolrrlf, lt r1.
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( t9tõt brçr |üorr tìrt fE Ä!-!ll¿ rrtnrlrrtr crltrrldr rrr
olrtpd rt ütffrrarû gt¡ l¡ tbr ta¡ {¡o rrÍrllr flth¡¡lü
tbry ¡rlt rrf66er tr lrru frrtrrr lt rl¡r ¡r¡lbllt
Itr tbt¡ l¡rtrnæ tt¡c, tbrt ttlr lr r rrfþotl¡r ¡f tb¡

úlffçr¡cr lr rdrar¡ltlt lnrËrttrr rf tbl rottrrlé¡ tutrd¡
h¡f!¡lt r¡¡rl l.Élnt.l fr ft¡f ut¡ú rldlcrltlv¡ crlbfdrl

tt¡rin tlrrldr lll¡rltr¡rl l tl rhlrnt lrD.rùrrtr ¡. trrt
tlrlr tflrtb¡rlr 3ürt tbr r¡rrrl rf ¡¡l[ ¡rrtl,oht rnl I
nttç rf ¡tr¡¡e nrultln|¡ fnr tb.lt rrrdcr r¡rlt 1ã

tb¡ ¿ln¡l¡ûln¡ blord ut tþrr¡f¡r'r tbrlr ¡rnú¡n ol¡¡lor ef

¡cltptlnf r ¡ü¡¡roytrr ltr¡ rtrt¡t tbrt !çorl. of tbr

rrtr¡tlvrly lr¡tl Clr cf D¡rtlrtrlr lrtrctri ¡brfrolt.llr ürt

rlnrt l¡rtr¡trmoul ctr . tbr lrrtl,¡þ hrl arntrotrû ttl

¡Ërfpcytlo o¡11 rd übrÈ tùr or¡nolty rf tbr orll lr ¡rntlnlr

¡tr¡rogtorlaS tutllht rr. Þt n¡lurrDly ¡ffrltrü ntlt'
tL lqrrrtrd D¡rtlch¡ oolttltutrd r nra rf tbr ortæ rf r
frr ¡rrr orr¡l of tlr c¡ll oolln. ÎÈll ocr¡ld ru tt¡ lrfrrtlon
rf tltrnll¡ rltllcm tf tlortn dlrrlôr ¡nrtlolrr l0 ¡r¡rtrrrf
lr ûlutor ¡nr ;Ër¡rr¡rttr Il vtrlfþl¡ tb¡æ mæqltlrar
Itrflrlû rnú brt.l¡ttr tùor.a thà.ù tbr prtlol¡r r.an rnvr{
frrr tb¡ elreulrtlr; lr r trl¡¡i¡rtr. tr?r¡.¡tht fr¡blrl rltb
r otrttut frr¡tlr¡ lf tbr trtrl r$r¡ of Drtttolrr b.ln|l

".rt 
l frr uy 31rrr rürrt Dclrd cf tln¡o

llm rr4f,¡rttrrE türt rrúlr¡cttvr rr¡L¡rr culü br

trcæFrrtrd la rtorr-rrln¡ln rr tbrt tË¡m routô Ür urtá

ln ¡tlrr¡rrr ttntlrr for rr rdrlr¡¡tr ¡Eutttrtl¡a of
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lbr¡coytlr ¡etlvlty nr nd¡ by ErrrT rnú t?llr tr Itlrt.
It nt rrt r¡rtll l?59 brrrrrr türt 8¡¡rcærrf ¡rú bfr
lollmür¡rt, rÈ. ürd þrn r¡¡n6ú ll rrttrrlyr ttrldy of tbr
trn rlvp furtltn rf ttr rrttrtnlt-oedrtbrll¡l ryttrl rlnct
l)59¡ ¡DDtrlrC tblr trobrl¡ur tr furtbæ tarrttl¡rtr ùbr

klnrtlcr cf rrnvrl tf Þrctælr by tblr r¡rltrrr Lctrrlr
3¡orl| l¡ r Dt rDharüu.-fr.. r¡ôlrr tr Êlob rtdl¡¡ct i.ri-e

¡Ërr¡ùorur (pf I nr rdürd tra tbr fo¡r of crtb¡¡¡ücrÈ¡tr
laoorpcrrtr tbtr lrbrlr r;d tb¡lr r¡lor¡l fnr tbr ctrouhtla3
blord rry Þr drnnrtnt¡d tbrrrfor. bt rrn¡rln3 rtrl,rl blced

nrylrr fcr ndlerotlrlty. täl¡ ntb¡l ll umntlrtly tbr
ttr. r. dl¡orlbrd by Ërlprra !!.-i1,. ( tgsS ] ruc uæd orrbln
prrtlctrtr la tbrlr utra¡lro tr¡rrrtrr.ntlr Blood nr¡lhr
ulr. hrÖnl¡rr¡d la ðtlutr lrdLur otrboneto rnd tb¡ r¡tultrnt
t$tprt¡rþË r't.trü frr errbcn crnt¡at by tprctrepbetontry.
1Èr r¡ruLtr of ln ttvo gbr¡ocytlo u¡rrrtnntr frcr tblr lrr3r
lrcut cf rcrlrrr hrvt b.rE a¡rrr.rttd r¡ thr pbrSooytlc ln{rr
{r} rad ùrvr bml ürrlvrú r¡f-trr plotttn3 tbr lo3lo cf tbo

cc¡ciltrrtl¡¡ cf prrtlol¡l r¡rlnrt tt¡. by rn rqurtlon
rlrllr¡ to thrt prcDomû by Frnn - ß ¡ lor !¡t¡c''r:' llr co¡lç..Þ

tb-tr
rbrrr t r tLr rt r rnd br Íror thla Srcup rf nrknrr brl
Go¡. t¡forntlo¡ oorcrrnlr3 tbr olmranot of, nrtout ¡rgtl¡ll¡ -
brtb vlt¡l ¡ad non-rtt¡l - ln: lloo. rrtr, gulnu pt¡r rad

nbbltr. rtoy bryr rbrrn tb¡t ln nl¡tlcn to tat cm prrtl*lr
tbo feåotlenrt rottvlty of tbr rrtlculo-rndctlrllrl tyrtlr
v¡rlrd l¡ tbrrr r¡nctrr, but tbrt tbr rrßr¡ âlrtrlÈutlcn rf
lnJoctrd collcldr uu rlrlhr¡ Thry drnnrtrrt¡d tbrt tÞr
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r¡tr cf olorlËo. rtl dc¡¡ dr¡nndrnt ¡nú tbrt rbov¡ r
rlntrnl trrrrl, I rrrlrd lavrr¡ly rltb tbr ûoro (Þ) tntrotrd

ao tb¡t I ¡ D - I Gcûtttnt. Tl¡rlr rcrhrt útrlvrd th¡ f¡nulr
. åIiã.. A/î tÜrlrr ïr1¡ rd I r.Prctoat tbr rcl,3bt of tbr

rntlro tnlrrl, of tbr llvrr llú rpþ.n r.tP.otlrrly lllur-
trrtrd thrt I Fr rmela3ful pbrr¡loytLo lEdrr rr¡ obt¡lnld

þy trtln3 lnto r¡eount tbr ll¡t rf tÈr llrrr tad lphla.
lil¡trrr cf tbll ßr.up rllr rtudl'¡d tbr rffrctr o¡¡ tbr

pbrfpcytto or¡nolty of tbr rrtlsuh-rndctbrlfrl rttt.¡ cf

¡rrtrl Þlood fler lgrarorrrrf gþ-g1,, l955lt of tl¡ (Brnrerrr¡f

rt,,. ., 195?l t of blcohln3 donr cf oolltld (E¡er¡rrrrf gþ-.!å.

l9r5¡ tslout. tJLåfþ 195?, ¡ r!6 of r rl¡tun rf prrtlchr
(Brn¡crrref g!-$¡ l?r$ rd Blr¡rf t!.-$r 11956l. 1Ër ¡ffrot
tbrt grrtloh al¡o þ¡r rn tbr rrtr of ollrrtnc. bu bern

lnv¡rtfürted Þy Doþron ll?5?l r¡O tt b¡r bæn ¡brn tbrt
srlt¡ of tbo ntloulc¡r¡ôotbrltrt ryrtu orn pbr3royterr

¡nrtlelm ûlob trrt ¡rr¡ttt lE rl¡r - flor I I ln¡ltrrrt
(sruldrrr¡ lgtt l ef roFa vltrl é¡rrr tr ll rlorc¡r fer pl3ron

rrd crtlr (xrlprn *-JÉr, tr57r. rr 3rnrrrl trr¡r lt hm Þrtn

fouad th¡t tbr 1rr3* tbr ¡lrrtlch tb¡ trr npld rrr tb¡ rrtt
cf clotrllgir

In r11 cf tboæ u¡lrlnttrr rr Gorat¡d u¡nE Þ7

Brnrc¡rrrf ( tt58 l . cbtvrcnt ¡ ¡9SSl rnd ¡mrñtul . rerttrr
þrfcrc tbrr, tbr rrJtr ¡nrt of tbr ¡tr¡cc¡t.r¡J cf putl,obr
lr rttrlÞutrbh ts thr b¡p¡tlc pãrfpcytrr cf tbr blood

rlnurotdr of the llr¡rr Îb.r c¡!,lr trr rtntr3lcrlly
rlturtrd to ¡oaltcr tb¡ blocd rùD.¡I. Ia ¡!L-g!g,
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rtudtcr tho Ltvcr br¡ b¡on ¡hovn (Borrcrrraf tå-S. 195?l

to roDovc rpprorlnetoly !O por cont of, rn lnJoctod dore of

collold rltbln JO nlnutor. Eardl¡r rnd Eouard (,1959) coq¡arrd

tbc clotrrnc¡ of f3 epccler of b¡ct¡rle lurpoadod l'n lorun

and pcrfuroô througb llolrtod r¡t llvorl. î\hoy found tb¡t tbr

prrctntago ruov¡l varlcd botrron 36 rnd 8/, lllurtratt'ng e

¡rlectlvr uptrke. Horard (196ll ruggclt¡ tb¡t tbo rpparcnt

rrtt¡trnco of b¡cterl¡ to phr€loaytolllt com'ntcd upon by

Blo¡¡1 t!-ålr (f960). nl6bt bo crplrlnrd by thr flndtng

tbat ¡urfaoc chargc affoct¡ tbe rulorptlblllty of b¡ctorla

to pbagocytotlr (l{udd .S'' t93lt}. Cboucroun (1936} ¡borrd

tbat tbo cbarge on lndlvldu¡l b¡ctorlr ln r oultur¡ vlrlcd

conrldcrably and follor¡d r Gaur¡l¡n dirtrlbutlon. It lr

conrldrr¡d tbrt thlr verhtlon !n ohrrgr llgÞt rccount for tb¡

varlrtlon ln tlro otor rt¡tch tho crponcntl¡l pbrrl of blood

clotrlnco of parttrclot ocourt.

Slncr Dcnyt ¡¡¡d Loc¡f (t8951 drænrtrrt¡d cnh¡nerd

phrgocyto¡l¡ ln trnunl¡od anl.arll. ¡nd Urlgbt rnd Douglrr

(¡gO3) tntrodua¡d tho concrpt of opronlnr, nutoroul rrprrlnrntl

hrv¡ drnonltr¡trd tb¡ rtgnlfleanc. of, tborr rntlbodLrlt

rb¡tbcr ln norrrl ¡lruu Or ln .lnun¡ loruür lbl ln¡rortrnco

of olrtonln¡ ln bo¡t drfone¡ bu born rupbrrl¡¡ô by Jenkt'n

and Rorlcy ( l96t ) rbo bav¡ o:ulnrd tbc P¡rt tbrt oplonlnr

plry ln pbrgoeytorlr of vtttl ¡nd noB-vltrl prrtlelu rnd

ln ¡o-orllcd rR.E.9. blookrdrr. It 11 3rnrrrlly brld tbÂt

opronlnr rct by coatlng partiolo¡ and tbcrrby ¡rko tbln
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rr. .ra¡bl| tr pbrlpoTtorlr¡ r¡d lt ,|.ü tbr!¡.f¡n

tbrt tbtlr rctlce 1l oan of càrl¡|n¡ tbr ür3f¡or pro¡¡¡tlil

of tb¡ lnrttalrr gorbrir tbr ¡urfror cürr¡lr

Th.¡¡ lri I vrrlrty rf tv¡¡tr rl¡tob orn frllcr tËr türfrr

oytcrlt cf r ¡lrtloh, ld tb¡¡ u¡ ¡f oo|rll6.r.bh rl¡nl'fl'

s¡tlot tr ¡ batt ta ltr drflncr r¡rtnrt rlorc-rr3ullÍl¡ lf

tbr ¡nrtlolr lr lntl¡rltlblr lt orn mrrtn ln tbr cells' öf 'the

rrtleub-tnûctb¡tf¡t r¡rrtlr f¡r r tr¡ìt ba3 tlrÜ (flor.yt

196e1¡ lt ota br dr?cllt.d ln rn lltrl-u.llslg rlturttca

(Crtfuy-$r1tb. l96a I ¡ or Èr trrnrflrrlt to ¡rrrrob¡rrl orllr

u dr¡¡dy rratlcnldo rfr Ëonllr, tbr ¡'brreoytlc o¡ll o¡r

dl¡rtt tbr ¡nrtlaþ lt el¡ Þr cr4Plrtrly êlr¡.apùod rnü

âtlpoæú of Þy rroro¡br¡¡r l¡d pclynr3þouol.¡r l¡uoo¡rt¡¡

(tbrrtr r9ólln Îb. frtt rf lncertrd Ùrotlrlrr lt n t rc

tlrplt troldrd urd dlprnúr n¡on tb. ttpt rf Þroùlrlr (Sutlr¡

t956r. rnå thr lDr.l.r.l (notrrtro; rüd TrE Srnt t l)991 ud

prcbrfrty tbr tltrr (J6tln ud ßrrþy, f 9óf l cf oproilnfr

sutrr ôrlcrlþrd tbro lrau?f of brotorlr rllb 8.3lrd to

tbrlr frtr rttbln lùl:oeytl¡ crtür. trlrltlt obllÐtr

.ttnortlul,u Þmlltrt llrob rl @ rur.$!

ûlob trt 3tn ¡lly Bnrþ!. tr anltlply or .uñlt. rft¡r
pùrrpoytotlr (ltrpnt ¡ad 8b¡yr¡rnt, lg59ll rroondl¡rr

froultrtlrt l¡trto¡llul¡r tnrrrltlr ruoþ rt .üIgtÞlg$!tråg

tr¡Þro¡llorlr ¡aal W rùlob lr. slprblr cf

ultlpltortlon rltbln 8r8o orllr rná ln tblr rry gpduor

dll.¡llt rEd 'tblrôly oÞll¡ntr latr¡orllulrr ¡nruitrr
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ruob ¡t rblab Grn onl¡r aulttply rltbt.n

thc cyto¡llatn ef, or11r.

Irlort of, tbl¡ onornout fl'rld of rtudy in rblcb thc bunorrl

ud ccllulrr rrprotr of tbo r¡tt oulo-ondotbcllrl ryrtu hrvr

bron cnrrgrtlorlly lnvrrtlg¡t¡d ovlr tbr ppt oontury br¡ b¡¡h

dlrcot¡d torrrdt tbr drfonoc rbLoh n¡trl ¡nl¡l1r ¡¡blÞtt

torud¡ pottlblc ¡ntbogcnr. It br¡ Þoen trcltly allulod

tb.t tbl,r dtfonot ancb¡nl¡r ttrrtr rt or ¡bout blrth lnd

thrt brforr th.i¡ tbr rnbryo 1l lmunologLcrlly lnoor¡rrtont

(Bt¡rn¡t end tr.nn.rr lg/l+91, Bllllnghar !U!,11956) ultb

obgrnt orporlnontl prorldtd rlrrt u¡t rpPrrontlJr dlroot

conf,lrnrtlon of ühlr prrdlotlon of L¡unologlarl unrotpoRtlv.-

n.rt to oontect by entlgonl,o n¡torlrl tn foct¡l or oarly

nrorrtel llfr rnd ;rl tornod by tbru :roqulrtû lounologlorl
tol.r¡ncor. fboy lnJcctod ncrÞorn ulco of rn lnbrod rtreln
rlth rphrn crl1¡ fron rnotbor lnbrrd rtr¡in of utec rnd

found th¡t tbr lnJcctod llot Ln l¡trr llfr could not nount ¡n

luunologtcrl r¡¡otlon to trrftl fron tbr donor rtrrtn. Îh.
flndlngr of tbrrr uorkrrr rppuontly provtdod rn enrrlr to

Br¡rnct ¡nd X'ennorl t quortlon rr to rby rnLnrlr ¡r¡ unpatponrlvo

to tbrlr oün conttlturnt rntlgtnr. llrlr Bbononen of Lnuno

tolorrnsc b¡r nrny rl¡!.lr,rlthr to lmunollgleel parelyeir

flrtt dorcrlbod by Frlton (t9ll9) fn rogud to pntunocoocsl

polynochrrldrr !n at.ar. Inuno parrlyrlr 1¡ tprctflc

¡nd c¡n be lnduccd ln ¡dult rnlrrlr rlth dolo¡ rbloh yrr¡r

yltb tbr rntlßrn u¡¡d. Botb of thr¡r ¡rhtnomnr lrt hrvo r
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flnltr dur¡tlon¡ trt te .or. r¡tlat Corr dr¡nodrnt rnd ¡tp¡lr
te prrrnt tb. ocnvtrll of tbr lrunr lrfpcall r

It brr rlrs bø¡ tlruud, barlrtr, ùbrt r drvrhtt¡¡

¡bryc rrtirr ullon trnnr r.tt il.r cf ltr rtblr frr ltr

¡urvlrrl b.tb lr utær rad Ilg!-MgE!1 rad t¡¡t tbll
prctrctlcn trr prcrtdtd by rr¡ cf D..ltY. rtlrnl trrnrf6

{Br¡rþrlr g!jår, lt5t }

lba atrdt oî r¡trrnrl tru¡rfrr lf lnrnlty ru

rrt¡Þllrbrd þ Bbrltob trn ltil rbra br rbcr.d thrt lnmlty

r3rlnrlt trtuur oould br tnnlfrrr¡ü fror l"n¡¡lr¡t mlc¡

tr ¡rlu¡G rlct þotb Þrforr ¡rd lftrr tb¡lr blrtb¡ |'blr

drrcnrtntlc¡ trürþll¡hrd frrr tb¡ brllr¡ln3 tbrt ll¡ ¡nll

¡t lmrt ln¡nr rub¡t¡ncol oould Þr trratfrrrró frcr r rt¡.r

to b6 tout¡G l¡ tt l¡rt tr¡ routlr¡ rlr tbo r¡tlrul Þrfrrr

þlrtb tnd Þ7 rrr.ry morrtlctlt ¡ftar Þlrth. lror tbr

ralnlr th¡t brv¡ trn l¡rtrtlSrtrú r loroüÈrt olnfurll3
pl,otur .nrtttt úo¡r. rltl rnd rlcl brro þctù utrrlal rd

-nrrt trratfrrr rrÞbltl. ¡uLert Dt¡r reú rr r¡¡lur to

brrr u ¡1nrt uelurlrrly ut¡rlm trrnrfæ rùlll tbr

dorrrtlo¡tod un¡ulrtrt larrrtlSrtrd rppnr to trr¡¡frr
trunlty tc tbrlr toun3 Þy rry cf tho cobrtrr¡¡ la tbr flrrt
frr bur¡ rf rucbtln3 (Bruþrllr g}-¡f,rrl95l!.

On tbr turfrer, tb¡ r¡cb¡nllr cf ntrrar! trrnrfrr ln

rtn¡lr rpp.rrt .rr¡r tr uptrrln - Cbr photntt cn tbr rnr

b¡nd p.rbrpt rot¡ rt I fl'ttg tbrougb rlrlob rrtrrn¡l utl-
þlodlrt trrcclrtr tlcn¡ rltb rtbrr nb¡trno.l Ll.llrry for



2t

tht rrlnlr nutrltloa rnt ¡rorth. rtllr on tbr ctbrr b.ró

rntlÞrdy r¡d otb¡r protrtnr lr¡ r¡orrtrd Leto tb¡ tcloltrrr
rnt rtlt rbtrcb tbr otryo ôrtnlt ¡nó tþrcrbl 11¡ ltf 3ut rrll.
1Ë. lrtt¡r rrob¡nln rtparrt ln ¡ll¡aor to br trrr¡ Þrt thur
tr rrldr¡or ràlcb tuSStrtt tbrt thr fomr lt ¡r .rnDnaout

rlqlllf lcrtioa.
Îb¡ rrnll¡a rlluto-cÈorbnlc ptrorntr lo.rr tc brvr

æclvrd tc Þrlr3 mtrrart ¡nd fcot¡l otrroulrtbar tc ¡t,rr
rpprrrlntbE fcr tbr ntr¡.to cf uobrn¡r rltbtut rtrln3.
Grcrrlr ln ft0t trcporoô I tobtr. flr tbr chnlflcrtlcr rf
plrorntr rcocrúl,ng to tbr luûrr ¡d t¡rp of tlmurr
l¡trrlrla¡ Þrtrmr fortrl rat rrtrrotl' Þlerúr. tr cbærvrl
tb¡t l¡ orrtrln ¡nlnfr tho fortrt rbrrtm rrr dlrretly

r¡¡nrd to tbr ntrrtrnr rpltlrrlturr rùl1r ta ctbrr tb¡rr t r.

yrrylag ôo3mrt of rrorlca of rrtrrml tllrull¡ brrrn
ln ltr6 rddtd to tblr cl¡rlfLcrtlrn by úlrorlbta¡ rnqrlo
ln rùtob fcrt¡l tlrru¡r u.r. tlrr rtrvtú. Îbrrc .rlrtta
tb*rfrro r rrrlr rf phottrl t¡¡æ fror th¡t flr rrtrylr
cf tÈ¡ borr rnd p13 la rblob the r1¡ tlrrurr torlltt -
tbr crplllrry ¡nôrtbrt lur, rrtrocbyn rnl tr¡ftobtut of tbt
fortur rnd tb rplthrllur, ccrrocttr¡ tlrtu¡ rnd crgl,l,luy
raöotbrltrur rf tbr ntrrtrr ,ncol. - to tbr rlrytr¡t t¡r¡n of
plrcrnte cf tbr rlt, rurr rrÞblt rná 3¡llrr pL¡ la tbl¡b
cnl¡ fcrtrl radctbrllur rcpmrtrr tbr t¡o olrculrtllra.

ftt¡ ntb¡r r¡cü¡nl,rtlo tp¡nrrtb oorrplrt rltb tbr frot
tbrt utlÞrdy pm¡rd to tbr fcttnr lod to rttorptr tc
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Gcrr.l¡tt th. tr¡nrfrr of grrrlr¡ lngnlty ¡nú thr rtruetur¡

rf tbr ptrorntr. It trt tflsrod tbrt tbo f¡rlr tbr trryr¡¡r

6¡nrrtta¡ tbr trc clroulrtl¡or tbr ¡rretrr r¡l tbr trob¡Þltrfty

of {trffullca fr¡: crr tc tbr othæ. fl¡lt Srln¡ !'m or¡drall

rü¡n r.asltl rbor tbrt tbrrr l¡ ln lÞl¡nor rf foltrl tr¡nrfrr

[n tbr bcr¡ lrd pl¡ rbtoþ brvr r lll hyrrrd blrrlrrt tb¡t

tll.rt Ir o.ntltrr¡bl0 fort¡l trrnlfff ln rrÙbltr rl¡lcb brt.

r ttnÍl. lry6rô bgrl¡ rsl tbrt âtJt trtsr Ð r! l¡trrldtrt¡

t¡¡ttrttcn ln rblob t.r¡ ratlbody ll tr¡rlflrrrd vl¡ ¡ four

lry¡rd Þtrrl¡r. ltl brnE. Èaultlr, rltb r Èbrll (on tnt

n.lr.r ¡nrtrrttt¡nl lrytrrd brrrl¡r 5d ¡¡olulltllt fort¡l

tr¡¡lflr, ud rlta rad rl¡. rltb r llr3b hy¡r{ bgrl6

but rltlr b.tb fortrl ¡nd nro¡¡tr! trullfor, .¡ìr nct eorpl.trly

raocnsllrbh rltb lbftr.erl oonolptl. ît lt 1r cmrldærü

tbrt trrerfrr c63urt br ¡lryl¡ álffurlcr thrlr v¡rl¡tl.lt

st nct l¡rPrlal¡3r borrrrr. llnoa thr rrtl lf ðlfftlrlla

loro.t r nuÛrr of r¡rl-Drrruþll rÛñraa lr lbltrü by

tbr ltgt prrrrrbh leyrr rnô tct ùy tbrtr trtrl lrrrbrrlr

Irukrnbtra tra f æE lnlrotrd r b¡rlur rul¡brtr luaplnÜloü

lnd nôt-prtbo¡ulc rlcro-erlÐalalr |¡tc DrrlprÊt rrbblt¡ rnd

3feor.r.d nrltbtr cf tb¡rl f,r¡r tbl ooaolptulllo Slrll'rrl¡l

Tlrlectl ( f 92f l rôrlnttt.raú ouÞol plrtlolor to r Dr.ainrl¡t

do¡. ¡üû t. Pr.lilat ort., rrÞltt rrd ¡ulnor tle, rld

oÞtrlard tbr r¡r rtrult¡. Er ornntró o¡ tbr ¡br¡r¡or rf

orrbon Drrttol.l fr¡r tbl lnórtb¡l|¡l c¡tlr ûlob tl¡r th¡

nttrarl vrllrlr tn tÈr Dlro.tt¡ of tþ¡ 6cA ¡nd ert rü11¡
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thrlr crunt¡r¡rùl ln tbr ll'vrr, lglron r¡rú brnr grtìor rlrl

totdrû rttb nürfpoytol.ú l¡¡.blE ¡¡¡rtlcþr. Orlânr¡ (f9Ctl

bcrrrtr uftû tryprn bl¡r tn rlrll¡r .¡ttrlr¡ntl cr rlor rrd

rrtl rnd fru¡á tb¡t tÞtr uttrr-dorororplc 11 brd ln frot

prnrtrttrd tc lon cf tùr fcltrl ttr¡ur¡ to Þr ¡b¡¡roytcæd

Þy tropürbþrtlo 3!rnt lrtlr. oÈrrlrllc r¡ltholl,rn 6d th¡

rnttbrllur af tb¡ vltrtllnr rû'rtlo, but brd r¡prt.ütly Þcrn

trr?tnt.d fpr .nt.rl¡3 tbr f¡rtulat. Tlrþctl lurtbrr
p¡rcrtr tbrt trTpra blu¡ rnrt Þr ol tb. þctú¡r tlrr cf

trrn¡trlllon¡ fcr tr¡c.a otn r¡rtrr tb¡ fætrl clrculrtlu lo

tbr nbþlt raû 3.llrr Dlü.

Rra¡nt rr¡rrlrgt¡l rrld¡nco h¡¡ p¡or!árð laf6rtþa

rül¡b orllt frr I rtvlrltn cf tbr .rrlltr r.oþrnls¡l rrrürt

trlrolcAlorl ocEorptrr tsrnboff lÈ-gl¡ (ltlll rb¡rcô tbt ùt

lnterfrrla¡ rttb tb¡ vlt¡lllrr otrorlrtlonr rf rrbÞlt ceEolpt-

ut.t trtntfrr of ¡nlrlrr fiual,t¡ ürt Dratlatrå. It r¡r

re33.tt.ô tbrpftr. tbrt tbr rontr rf trrr¡lf¡3 rrr vl'r tbr

utrrlEr l¡¡¡tr uô tbrou¡b tbr yotts Ho lrUfc¡ 1r ræ¡bc3orotlor

rlly Drrt 'of tUr ¡¡t rrtll tc t¡e fcrtrl ¡lr¡rl¡tlt¡o Enubrtl

r¡¡d trlllCry 11156l rlC Bgnl 11957! rf,tb rl,rll¡r ¡tudþr

hrv¡ rtotr tbrt rrtl ril ¡uln¡¡ Dtfr trrr ¡ llrllrl. rrcàuln,

lnt la rúúltlln¡ tbrt rlt. trrnrfæ utlbrdy vlr tbo ¡ut
Þctb brfrn blrtb - rpttr.rtly by drlnlln¡ rtrtonlc fluld¡ -
md ¡nrtnrtrlly f¡cr rrrrrrft loerltloË!. 1o rûd tl tbll

rvldrEo¡ of yclb trc trtlrf¡r. Drqlrry (tffql brr lbora tbrt
tbr collr c? tbr yclE tlo tr. rctl'rrly Dlnootttrc ¡rd tbrt
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lrbrlhl rntlbody tatrcdnort lrtr tbr utrrllr lna ol¡
Þr rb.n to ¡nrr rlr tber¡ crllr lrtr tbr fcrtrl tlmrr¡
f$rtbrr rrldrlcr rplErt tb mrly ldmr cf rlqÉr ûl,ff¡rlu
brr oeü"rotrd ¡laor lt rm th.rn Èf Xctlrt ll lrrt türt tt
tn¡lrlmlt¡ ¡f ¡rtlDrdl.r frr¡ thr ntrrlrltr tr tbr frrtrl

olrculrtlo¡ lr r trlootlrr proclarr Er tùrrrú tb¡t hrrlo¡rrrl
úlpùthtl¡ utltlrln nrrFr¡d ln Sulre gt3r rad rdrlllrtortd
¡nrtrrly f¡ lrtr DrrcnrËot ¡lrrr.d ruúlly lntr tbr fortur¡
hrrr¡ útpttbrrlr utlto¡ln cn tbt otber brit dlt! mtr enl

nrttbm ótt DrDrtn úlCrttrú tcnlc¡pst ¡rttrr.rtr tltÈrr¡b cf
nr¡b nlhr nboulrr rrllÈt ¡ Aooo¡{trr¡ tr ülrræ ¡s[ Errlll
( f 9¡17, nlroulrr rl¡¡ prrtr¡l plryr r.rr E rtr frr ttry brrt
rãcru üb¡t ooqrlrtr Rb r¡¡htlrln¡ ¡lúob rr¡ ¡rtlntrü tr
brvr r æh¡ulu rrt¡bt rf rÞcrt tOCrOOf ft nt tr.t bt
ür¡rrn pl,rcutr rt rtl. ttrrrrr lnoqll,rtr Rb rntlÞcúbr,
rltb r prbtbty nbo¡lu rrl¡bt rf rÈout l?OÒOOe r¡¡ræ ùc

Drtr tblr pl,rerltrl b¡¡rllr rltb fllle 8ûrt ll tl,.¡f,.
brvr hrrrrrr rb¡ra tb¡t ?û rq¡lEr tffùtbrrlr rrtltrrll
rrrcbrl oo¡¡cotrrtlenr rf mt :l¡! tbrt 2 D¡r otrt rf th¡æ
roblrvrd by rlübr ¡ ?t tr llõ Èrrlt¡rut rrtlÞcty. yrlqulrt
(t9tgl rn¡¡utr tbrt tbr ¡rrlrÞttlty 1r la ror r¡t
ccEnrctrl rtt! cutrla Grn ¡ltbulla frrotlurr Crqlþtr fb
rntltrdlrl, lrlr¡SlutlEtrr rnt t¡r¡ürtd o ¡atlbrdl.r lF.

tnrrarto br pmrr¡trd f¡or ¡rtæ1r3 tbr fortrl clrortrtlrt
raú tbmr brrr ù¡rr fü.ü¡ by f,ldær t ItS¡l tr Dr rro
otcrly rrlrtrd tr lrt¡- tbrt tc ¡rn-3lcbullarr
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It can b€ r.cn that ¡raarlve matcrr¡al trancf,er of tmutrtty

bas a place of, strngular lmportanco ln the conoept of, an

anlmalc rarly dcfencc agalnlt tbo e¡ternal cnYlronment'

and that lt appearod to be s rôatonabls natural eontoquenoc

of the proposltton of cmbryonlc lmunoLogtcal l"maturlty.
In contradtstLnctlon to thts propotltlon, bouever, ovidenoe

bas aocumulated ln reoent yaars of the ray ln rbtcb tmunolo-

loglcal oompotencc deielops Ln ttre obtak mbryo (trartbtgaau

and Jenkln, 19631 and !n footal tbcep ($tlversteLn, llbr¡ and

t(raner, 1963¡ Sllvcrstcln, ThorbeÞko. Krancr and f.ukcgr 1963r.

Tbe forncr rorkcr¡ demonrtrsttd by ln Ylvo phagooyttc olperl-

montg tbat thc phagocytlo lndc¡ (f) of tho rough rtraln¡ of

bact¡ria uscd lncrea¡od rlth lncrcaslng cmbryonla sGie and

that the rsto¡ of closranoe a¡4roer to Þo drpendent upon tbe

pres.nc. or absrnoo of t.rum opronlnr. lbe orlgln of, tbeco

optonlnl ual not srtabllsbrd, þut lt ra¡ argu.d'íitþàt tome

of these Lmunr ¡ub¡tanao¡ oould be produced by the enbryo,

and lf tbtc raa to the onbryo tat to somo orttrnt at 1ee¡t

lmmunologlaally independent of matornal tranrfer. Stlvcr-

steln and hls co-rorksrt stlmulatod jlgJS.gæ. a tcrlcs of

f,oetal lambs vltb a varlety of, antlgens and at detçrulnod

ttmes colleoted theLr cord blood. tho blood aamplea vhlob

rGrô asaaycd for antlbody agalnat tbe erperl.mental anttgsns

al.oarLy dercnstratcd tbe prcaenco of speolfto antlbody.

rmmuno-êlectropborettc technlquea rhofod that both 75 gamma-

globullns and t95 beta-lN¡tnâGroglobullnt Y.ro produced.
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lbc¡t aro tb¡ tyP¡¡ of rnttþody produocd ln ¡dult¡ ¡nlullr
(utrr rnd f'lnkrlltrln, 1963). lrhr rrporln¡ntr furtb.r rhor¡d

thrt botb of tbc¡r typor of rnttbody rrrr produold ln rphcn

c¡llr rnd to r lrrlor ¡¡tont ln tbo c¡llr of tbr lyrph nodol

drelntng tht Lnltlsl llto of tnJoctLon of anttgrn.

Ublh ovldenc¡ lucb rl thlt hr¡ rldcnrd lnd oonpllcetod

tbo ftrld of, lnveltlgrtLon end nrgrtrd tbc elrunptlon th¡t

fortrl ¡nln¡l¡ rro lnunsloglcally lnconprtont, lt bg not

dotr¡ot¡d fron tbo rlgnlfk¡tnc¡ of Pr¡rlvc l¡tlnnrl tr¡nrftr.

In ¡ddltlon to dcuonrtrrtlnS ¡ oontlnuoutl!¡ drvlloplng

fortrl lnunoleglcrl conprtrno¡ durlng tbr pcrlod of gortetlont

tbcro forrgolng orporhontl rpprer to ru¡4rcrt tbl oontcnÈlon

tb¡t tb¡ rctloulo-ondoth¡hll tlrttor l¡ not only rn orgrn of

dcfonco but b¡¡ th¡ Prl¡ordtrl ProP.rtt of, dtrpoclng of, or

prcperlng for r.-utlllletlon. thr bortr ¡nrtlouþto rrtt.
produotr. lbr¡l lrttor ¡Èyrlolo3!,orl funotLonr ¡r. froqurntly

ovrrlookrd, or rt thr bort glvon looond plrcr to tho

prtbologlcrl er¡nctl. l[¡nlllrn olbryor ln partloulrr

thcr¡foro ftnd tbon¡rlv¡r aonfrontrd rltb übrt ¡ppGsr to bc,

fror tho prrænt tt.to of our knorhdgo, ¡n lntolublo probhn.

On tb¡ onr brnd, durlng g.ttrtlon tbcro 1r rn tnth¡tr
rclrtlonrblp of tro g¡notlrPlcrlty dlr¡lull¡r snln¡ltr rnd

on tb¡ otbtr tho n¡od f,or thr onbryo to dlrpo¡o of or tf-
utlll¡o ltr off,rtr productr by r t oh¡nlrn rhlcb. blo¡uro

of ltr lnunologlcel lnpllcrtlonr, tbould G¡ut. Lt¡ drrtruotlon.

1bo@of.tb1¡Dohrlt8l¡lr1onPlotb¡tr¡onnetbrr
erd foetur 1¡ not €1.1r. Erulnge (fggf l pol,nt¡ out tb¡t
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ttlr ôrr¡¡or1 rf ¡)r.l¡nnGy brvr b6r trráltloarlty ovlllr

rr¡brrlpd¡ b¡¡t tb¡t th. br¡rrlr rf Þrln¡ 3oltrt.d ç.

vart lOllo
Dttgltr our lrûts .f la.ulrð¡r tt¡ lÈtrrlrll¡lerl ¡¡nctr

of thr rotloul.-enóctbrlfrt tttt.l blt. rro.ltrd o¡lt

rl¡rorrátc ¡ttr¡tlrnr It brr b6¡ rb.lü tbrt tbr rlirrPrtló

ûtts¡ìr rf tË. tt.tln rr3rç tt dtff$ult tc drfllrl r¡d tbrt

ntt cf tb. lnvutt¡¡ttrlnr cf ltl turotllnr b¡vo b6n lat¡r-

Drrtod ta rl3lrd to tbr P¡rt tÈ¡t thry glrt ln batt trfrnor

rrcbr¡1nl. Ir¡ r¡t bSolc¡lcrl ornrnlty rürtbæ rf rnl¡¡ll

or otllr ül¡Dc¡¡l cf trtt. 1r r .crttr¡t rftulaürrit. It lr

r fr¡¡örnltrlly lrG.ttlrt ntlllty lEt tbmrÞy cÛralt rrþlt

rrt lqnrtut tbrl úlfrnorr If tbrH trr rotlvltl6 orn

Þr rrl¡ptttû. blrl;rr Þ tËc nrr ltft[ tbft t.oü t¡ þr

tb¡ ultlntr ln Þlrlc¡loll .ûtlllry. 1Èrrr lt ¡ ontllú¡¡Þlç

rrount of lltrnturl¡ rneb lf Lt ¡t r frtrt¡r rE¡nrftllll lrvrl¡

rülcb t¡¡lr rltb tbt ¡ùtrlrloflort futcttrtna of tbr r¡tlcrlo-

.naotbrllrl lyrtlrr Derl ltlr?l Íry:rrtl tb¡t tb. Dùfrlllolll¡rl

fu¡otlrU rl:. tücfctû rrô b¡vr r e.llrlg rtp.ot bllLlfsbtrd

b¡l nbr¡po¡rtorlr red r btngl rqnot tuob ¡r tb. Dt¡duttl.a
cf !ûrnl rcn¡r ¡hbull*s.

ltr rolr ef gù¡rlctrc¡lorl Dhr¡ættorll Þ¡r Þ6n r.tloÜrú

Þy ltlrtcbor (lr5?, la rrSrr{ tr ärrntoclglr. It lr bll

vlor tb¡t tb¡ rtttoulc-eadrthtlfrt tt.tl bm r t¡lrflr. rcl.

ln tblr Draoaat rnd raPrttrttf ro nll tbrn r Þl,oaü oor¡nlcl,r
orntrry. Yrnncttl (195?1, b¡¡vtr, Ln tb. I'lrüt rf
.lt.¡tl"t lnv6ttS¡tlcnrr oantld.rr l! Dr¡çfn tbrt üür
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ptlor¡tj-rndothtllrl rytü¡ glryr rtl rotlrr ¡rrrt la tb¡

t¡trrndlrrt rrt¡brlt¡r rf l'rlnr
,rbrDrcürctloncfrrru¡llbutln!b'throrll¡oftbl

rrttoulc-rnürtÞrttrt ryrtlr lr lrrr U.ll toctmntrd but Srlnr

ltrltrü t¡lpDcrt frcr SrÞ1¡ä (tttgl 1n1¡tlCntlr¡r rn{ Þy

iaf¡rrncr fr.r tbr coacrpt of ratlÛrúy prcdsotlon by tbr

rrtlcutrr-rndetbrllrl t¡ttlr. In tbl¡ httrr rrrprot r3lla

tt 6¡l Þ' t¡'lt tb¡t trf¡n¡r ¡robrnln Drla¡l tbe nrt

r6d11y ðlle¡rnbþ blelr¡¡ of tËrlr rrfnltu¡]r brvr Þ¡en urod

tt ¡ Þrllr for rr¡r¡lEc I ¡hyrlallcloll tnoÞlü. Ib.th.r orllr

oftbrrrttoulo.rntrthrlhlt'ltrÜrrrdlrrctl.yr.rD.Fllbl.
fer rnttborûy pr¡dsotlcn lr oerrrntly doubtrd Èy troü¡rd {lt6t}

rná ¡rt lt rrrrl ¡r¡1,Þ11 tt¡t tbry ou ¡rntducl ¡r11

qu¡ttltlrr of tblll tuÞtt¡norr (N¡rrnnr rnd 6tev.rlr lt60l.

Bl¡rert rEd tt¡nrr (lt$9l pr¡dlot¡d th¡t orllr cf, tbir Itlt'r

r.ra llac.lllry f6 tb¡ trrt¡ Of rvlatt rùlob ¡rrcrôr rntl'

bcdt ppduotlc¡ r¡¡t tbtl ¡lblnornu rrt drnlltntrú tn rr¡

ÅgJ$¡A rrtt.r by rlrhn ttt5tl
D¡on gd ¡rotrg¡ (ltt?l conotrrá¡d fær orp¡¡.lnEtl ln

û[cb 6r¡ntrnt lyrf¡Ëocytol r¡rr tr¡nrflprd tc nrcntll
rtþbltr tbrt tür nro¡rtrl rnlrlr 16r nt rþlr tc ppvldr

g ttrtþtrrat ln rtl¡b tbrrr crr¡rtrnt ollllr orult .rDrlll
tbetr lrnrrlr¡lerl rotlvltlur Îùry tu!f,lrtrd tbrt tbr

¡nuolty of lrunrl¡¡lo¡l rotlrlty lt tblr r3r rtlËt rrrult

fror I drfloltno!¡ ln rnrlronut r¡tbm tb¡n r ôrfllX.äot

ln tbr solll r.tgonllbl¡ for rnttbrdy pnductbn.
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SllvfrtrlE !l-!f. (l96tl urvr árrra ltürntl¡¡ tr tùr

unlq¡. ept¡6t¡nlty rb|rb tÞl ¡nllg fr¡tul provlôrl for

tbt rtr¡ût .f lnn¡lr¡lor1 ¡È¡mrlr 1r ¡¡ lnu¡clc¡l¡rl
lvlr3l¡r ¡ sllcqrlle¡trd þ r brrt rf u¡rrlrtrt rctlrlÈ16 ln

rùlrb rrt lr-lrllrd l¡¡¡¡¡tl rnlnlt rr. lË.tltrblt lrvllrrûr

tt rrr ¡$ln¡t tbtrr lretÛr¡sld tbla tbrt r rtudt cf tbr

trvrþ¡rorü of tür rrtlsulor¡tóctbrllrtr qt¡|rr l¡ flltrl

rnl.h (ur¡n¡ tb¡ rrt rl I rnll¡r nútl! nr natrrtrLra¡

lblr lnt¡rôn¡tlr¡ ¡t blrtrrlcrl lurvtt tllurtrrtrl tbr

l.qlrrtrur t¡ ¡rlnlr¡ la ¡nrtl¡rlrr nnll¡ rf ttr r¡tloull-

rnðothcltrl rTrtrn ud lnúlortr. ¡¡¡tl ln ûlot r lrcts of

lrfrtrùlra trrlo*et¡r [l¡ltr rç u¡d6¡t¡¡¿il¡ cf tblr ryltrr

Ont trcb rr.rrl b¡l br¡n obcl¡¡r fcr ¡Ðtrrrtl¡¡ ln tül¡
prmrt ttuü¡rr
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CSAPlSR II

a

lbr rubfrlt nttrr of tblr obptrr 1r dlvldrð lEto

tbnr lt¡tlon¡ I

lo BlrloStcrl lr¡rrott
Br Elrtclr3llrl lr¡rrctr
cr &loobul,cr! Årprott

I. BIOI¡OTSAL TgPËCTg

l. hetrrl¡l ôtrrlnr

(rl clt thlr lr r rncth
rtnla rbleb Lr Ytrub¡t fcr rlot¡ IJSO . l0e

rr¡rnlrm (run¡¡æ r¡d Rorl.t 1116l. Þut lt nr
fcund to bo rvlrubnt frr rrtto

(þl Sqllç.atflr ,tvJùlp[rn fre6r tblr r¡ctb rtrrln
rrl drrorlbrú by JrnrrE {ftry, üd lt rvtrrlrnt
for rlor. tht I¡50 brtEg rtDrxlntrty 106

cr¡tElrrl¡ Iù rrl fornd to þr rrtrrulrEt fer ¡rtl.
(c) gltrrarffr rr$fnnq 9sr r nctb rrlrubnt

nrù¡rt rf t¡¡C oÞtrlnrú fmr
Dto E. r1111¡rr-8rltb¿ Lllyrtcae Erll¡ lrlu.
En¡lrn{o It rrr frwl tc br rrlrrrhaù flr r¡tr¡

(al Srl,rarål1 ¡Jgrrrttdir st ?tt I I nrth ¡trrl¡

lrotrtrd fr¡r fur llrlü It ru tbÈrlart fror

Drr l. n¡þlr trrtloul I¡rtltutt cf llbr¡y rnü
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Iafreûlrur Dlmrtatr &ooþ llcrnt¡la trÈcrrtcrTt

trr¡lltonr ltatrntl U.t¡Ârr ll r btfÈlt vlrulrnt

cr¡lnltr fer ¡Xcr rnd rr¡ founü tc Þt tvln¡l'¡nt

frr ntt¡ 1Ël ortnnlrr ru drlortþaû þt¡ fillnrr
rt ¡,1. (1,t571.

(rl FrcFrtgbir o¡ll t106r tblr lr r nrtb rtr¡in
rl¡lob ll rrlrublt for rlc¡ rEd ntr rd rrr
rrfrrrrd tl Þy RÑhy ( f rt¡1.

{f} T,rqhrleblr.ecll (Lltlrll tblr lr r rouSb rtrrln
rbloh ll rvlrulr¡t fcr rL¡r ¡nü r¡tr ut r¡r
rrq¡rl,lrd þ Drr Â.c¡ r*Clrrr Orrnru¡fû ltdlcll
R¡æ¡reh t¡Ècr¡torlrt. lrrrontr. C¡ErC¡o

(¡l Dl¡brllfbf¡ oa#l lftr tblr lr rlæ I rre¡ù

. rtnlr rtlob lr ritrulut frr rlor ¡rd ntl
rnü p;rvlcurly rrfrrrrô tr bt Rrrlo¡ { tti*} r

ll¡lrtrnuc¡ of Þrctrrtrl ttnl,lt

'fmrrl ürlld prr¡¡ntlr¡l ef oulturu ¡f tbmt ¡trrlnr

ütr. r¡crlrrd ln ærlrd rqloulrr. üüen nqutrrá tbr

rrynubr r.r. carnrd ultb rrttlo Drrcrutlr¡r rnû thtlr
eo¡trr¡tl ¡r¡¡lrl,fl¡ú tn ¡nr rlr ¡f nutrl¡¡t brrGbf

ltlt lur¡rmrloat Í¡t thra rnÞ-culturrd i¡r l0 rfr .f
r¡¡trtrrnt þrotb rnd lnouþ¡trd rt t?oc frr lE blsrl.
Îc y*ify tbt Durltt of rrcb o¡rlt¡rr r llcpful of
llçutd fret tbo lnsnbrtré brotb rrr ltr¡rhrd lltc ¡
nutrtrrat rSrr plrtt¡ larubrtrd ¡t ,?Oc rd rrufa.ü



32

for bcm¡rnrlty of celrny fanr If tbr eulturr

r¡ryrrrrd Du¡r. lrv¡rel colonlrl üfrÐ plohr{ cff rtd

fnosr¡lrtrd leto l0 rl. of autrlrlt brotb. tttr rrr

lnoubrtrd for lE bcurr rft6 $rlcb tnr rlo rllqrntr

of;. tbr oulturr üürt ûtlp.rrroú lntc rtrrlh rr¡nulrr,

6rþú l¡d ftr¡nf¡ppn try lnrrlln 1l rolld 6rÞra

ûfcrldr/atb¡rl rlrfbol rl¡turro Îl¡rlr rqrruþr úlr.

tü¡n tttrad ¡g -lOaC.

läer r ¡nr*loulrr b¡otrrlrl ltr¡l¡ ;rr t iulrrd, ¡!

r¡;pro9rlrtt rqnufu rrr tb¡;¡d lÑ tb. o.lt.ntl pherd

lr lO rL. rf autrl,rat brrtb r¡d lroubrtrt fcr lt bourl¡

I arqrlr cf tb¡ ¿ulturr rrrl tb.tr ,tnr¡lad citr n$trllËt

r3r3 tlc¡¡t, ccrrttlnrd .14 oßl ounol lGflfrorã)ad bettllr

rad laosb¡trd *t t?0c for 16 borrrlo 1t¡lr .ßìrr rto¡nr

Íor. tbrn tttrar ¡t ¡cc. Ereb rlc¡r ü¡¡ ure{ Eo Drt
thrn trn tlmro

), Brdl¡rrtlvr lrrttlr lrbrlllq lf Þrqlrì¡b¡
Brctrrlr rlra ¡¡crû ln r lu¡phrr@o¡¡¡.lrrr reld

rdlur úrrorlÞri by ErHlrrrrf tt-$. (ltttl. 1ülr

rrdlur rrr rutrslrv.tr ráturtrd tr ft 7rO rnt
dtr¡raæt ùn 50 rle rnuattr lbrt rrqulrd üùll
rnrat ru rdûrd to r 5OO r1. Eltnyæ fhrk rbloh

rrr plrord ln ¡t tau.l buln ril ¡nolrd ¡brt
tffùtly rltb octlrn ro¡1. 1r tblr flrtl rrr edürd

Ooj rllll-ourl. cf ¡rtlr¡ctlvr ¡Ëerptorur tf2l It
ortbepbr¡hrtt rnd 0.1 rl. rf orlulno rold rrdttn
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crntrlnln¡ rpprorlr¡t¡tr1 lo? ¡rotlr1¡r 1.btr rdlrr

ttr tbaa rSltrtrd rt rat rtrobr D.r r.$.ñá ln r bot

noor ¡t 3?'c for r ¡rrlrü rf l8 bcurlo

Aft¡r tblr tlr tþ¡ b¡3t¡3l¡ ¡ll¡.. brrvlrtrû $r crat'

rlfu¡rttca rt SOOO f¡Drlo fcr lÛ rln¡tra rnd nrblü

tbrte tlmr rttb !O r1r lf ¡ùfrlrtrClorl r¡llr¡r ln

frrlr[y fùct]Dortd ¡rrrtbe¡|. o¡ntrlfu¡r tubrl. lt

ru¡rrrnrtrtrù flÜr tb. tbfrü ñrÞtac rr. atolr tc

ooFtrtn mrtt:lbh çurntttlrr rf rrúllrotlvltT.
Àftrr tþlr l¡¡t rrtttr3 tär Þrcttrlr ror. ¡.rfl¡¡a!Ðrd.ú

trl ¡¡r¡rllo rclú r¡dlur ¡t . o$otntr¡tton rf fot

or¡rnllrr/.l. fre olaotntrtù1oü ü:t ¡¡t1rtrt bt

rln¡ lf opttoll trarlty (o.D.l erlnÍ r iblndru

¡ùoto-rlr.ctrto qrot¡ctüoturtlr¡ rd¡l Q.R.IO¡ rt r

r¡r. hn¡tb ot 6?5 rltrtrl-rlereqto It nr rb.lr tbrt
r¡ o.D. of 0116 rt tbl'r ¡lt. hruÛb nuld ¡lvl tbr

rryulrtd cûactatrrllo¡ cf Orlf,¡|¡ú. lblm rtt aalþ¡¡t

rfrr krpù rt tr'c uü rcr¡ ¡.t $t.û fcr nrr tbrl
flvr üryrr türt r.rf !.rübad .lob tln Þlfcrr Hllr

b. Grrþcn-ru

a rb.llre fru prr¡nntlrl tf lEdlr ln! (¡nts Ic. orr/

fblfrl pr¡¡Drrtt bf G'urtþrr lrGn¡r. Srnworr Geru¡1,

r¡t tr.rtrd ¡cc.rÚln¡ tc thr rrtblá tuorlbrd þ
Blurtr,' g|.-åå, (ftttl ;tvlE¡ r Dmtiêtr ¡1¡¡ of t.ll
tärr 5OC .¡¡trtrcrr rt r ¡.nc.rtrrtloa ¡f 3t rry.rfA,.
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t¡ I P.r c'nt crlrtlno rt D8 ?'lr' lbo vrrlour dolrl

ef orrÞca ltr. pn¡¡rrrú b¡r nrrla3 tbr turpontl'rn cf

t?oc ¡¡nttl lt llqrp,f¡d rnd nhlaS rpprrprtrtl ôllutlor¡r

tn phyrlolo¡tort lrllnrr Àr tbl sr. oonolntrrtrd

rolr¡ttoa¡ roltdtfþd rt rocr tn¡nrrturr tbr¡r rnd tbr

tyrtnSrr u6d fcr lnJrst¡b y.!r. nlatrlr¡d rt t?Öç

áurlng tbr r¡P*Xnntr.

j, rp¡rrlçqlnq lrtl)T
tlrlr nt.rlrl rm oþtrl¡ed fron tb¡ Dor Ccrntnl

ocrlprrttrrn¡ llûlrtd, lllobl¡ll¡ ue$oÂ. ltrr ¡rrtloh¡

r.rt rgålrlodr of rrlulrr alr. rlrotroulcro¡r¡Dblcllll

tad nüumd Eoo AnSlùrrrr ln dlrrtl¡,¡ Â rtoots

tutllrüllon of 106.t r¡./r1. Irl boDt rt ScC rnd dltutrü

lc ¡byrloletlorl nllEe ¡t roqulrtd.

6. ltp.f,lur dfgrt{lt
Tb¡ ntrritl ut 6 rra lttrrotrlrtr - I pr.t¡ü¡tlcn rf

tb¡rlsr dLotldt ruufrotu¡d Þy lrrtlSr rnd toor Insrr

Ortmlt¡ t{lcbt¡¡l¡ U.S.Arr ü¡d rrr L¡tob n.r Itt&r

.rDtrìt drtr ürnutr¡r lt6t. Î\bl ¡ultrnrlon coatrln.á

flr pæ otrt to 86 ¡rr ornt rf rtrblll|rd scltroldrl

tborltn úlc¡ldr bt nltn. 85 prr o¡nt ¡¡urout 66trla¡

t¡rü 0rl5 Dtr crnt rrtbyl ¡n¡1¡Ê ra r D¡rt.r¡lrtlvl.

7. Orropl4,ùl?n lf brlttrtrr

[qurtr volrm¡ ef tbr btctrrtrr (tO? crSr/rl.] r¡C t¡r
!.rrr nrplr tr þr lnrlrtl3¡t¡d t rt rt¡¡d rnd brpt rt
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lrcc fqr iO rlnutrl. Durla¡ tbtrr ttrr tbrrr r¡f nt

t¡r¡nrtnt rlor¡loopl,orl t3¡lr¡iln¡tþn aor Ü1, tb6r ¡

rrductlon 1r tbr vlrbflfty of tbr or3raln¡. llr

rlrtutr ru tbrn o¡ntrtfilCi.t ¡t SOOC rrpclr for lo

rlnutrr rnú ùbr drpolitrt brcterlr ïlr. rr'hrd tbp¡

tllil rltb le do of ¡'È¡rlcle¡to¡l lrll¡eo hllcrl¡¡¡

tbtl tbr cr¡r!¡lrt r.r. rur¡nedrd la r relur of

orlr¡lno relü ntl¡¡ rq¡¡l t¡ tb rolulr cf blot6þ1

rutDOilloE orl¡hrlly umd fer tbr procrdurl cf

e¡rrEtr¡tloE ¡ed rcp iürn rarlt f,cr lrrdlrt¡ Elfr

Str¡lrr of rnlnll
Tbr lnlnlr ulrll kr;t ln rrtrl .r3., l¡ ¡lr-ocadltl¡lrd

&tora rrl¡trlarô rt llo$. f¡d ud rrtor ú.tìt ¡rrll¡bþ

rû tlþltpr 1b¡ tro rtr¡hr ef ralrrlr $r.d utrnrlnly

l¡ tbt¡ ttudt ütttl¡

fr) Eroórü rlrtm ntr rt rulrur ltr3lr cf trcrtb ut

traSilnctr rnd

(þt gúl.r rùttr rl,or tf ¡ltber .rr ud rE ¡".rr.r

þody rll!þt cf lE-2O ¡r.
otb¡r lalr¡lr ul¡ü Ttrl lrborrtor¡r ftrp-¡lrcd rrbbltl

rnd rbltr t¡¡born .33r frcr r lrs¡l obl¡hrn ftr:.
Drtr¡nl!5¡tlca ¡f rtrt? c{ rrlFmloY,r{ fr}q
I¡ltl¡tlt cF. rdult Þroh rrr plrcrd la r Gl¡t otlrllSbt
rltb ll¡ úor' .rcb o?or fcrr rltbr of 13¡ rnd ¡ßcúl

tr br ¡¡¡rtrofnttto lttr Droeadsrl bonver frrqulltly

Drlduord m Dr.Cpuclll. lblrllla rnd Ro3rrl (f96t.)

9 t
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lo.

brvo ruggrrttd tbat ¡ucb flllur¡¡ crn bo duc to th.

frl¡þ r¡tt havlng ontorcd rn ott¡ndrd pbrr¡ of, dl¡ortru¡

b¡crulc of prolonSrd rtgrogrtlon fron buckr sad thrt

!t ean trkr ¡ovorel deya f,or tblr to perr ¡ftrr tbr dor

tt lntroducod to thr buok. 1o ovorcolr3 tblr preblln

l rur1l rlro crg. to contrln tbo buck for thræ dryr

r¡t conttructod rltbtn r hrger c.3. ln rblah tb¡ door

r.r. bourod. At tbl rpproprlrtr tlnr thr buok rrl

pleccd ovrrnlgbt rl,tb tbr dorr lnd rn orp.ct.d nunbrr

of prrgnlnclo¡ rclultod. Conclptlon oould tbrn br drt¡d

to rlthln rpprortlrtcly 12 bourr. lbo g.ttrtlon

pcrlod for tblr ¡traln of, ratt rrr found to br rpprori-

lrtcly 22$ days. An ¡v.ragc nunbcr of conc¡ptulrl rer

lO to 12 rltb ¡n .ven dlrtrlbutlon l.n orob born of tbo

blcornurtr utcru¡.

Preprratlon of prtfilrlnt_r?tr for orporlrontr! proordur6Õ

Tbr conduct of tbl¡ rtudy dopended uPon tbo drvrlo¡nrnt

of r trchnlquc rhtcb vould rllor fo¡trl rrtr to br kcpt

¡llvc rnd l'n ¡l n.tr norr¡l condltlon ll Potrlbl. for

,cvarrl bour¡ vbllc thr vlrlout op.rrtlvl procodurrr

ï.ro prrfornrdi Tbrro r.rl ùbul bôth rna.tth.tLa ¡nd

aurglcal problant to bo ovrrcon..

It vtt flrrt of ¡11 n.ecttlry to flnd r nctbod by

rblcb e, prrgnent rrt oould b¡ nrlntrlncd rnr.ttb.tlc

for neny bour¡ rltbout rlgnlf,lclnt pbytlolo3lcel

dlrturb¡hccto 1o thl¡ ¡nd r nurbrr of ln¡lltbrtlo
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ntÈrdr ürr. lnrrrtla¡trdr lbr brrbltrr¡tll¡ ¡blne-
brbltrnr ¡nd ¡natoDrrbltolr. dlrl lnd urrtbrn¡ rlrturr.
rrrtbrn¡ rü oàlonlcf. rl¡tcrr lEú ¡¡nt.-ty¡)o
rohn¡tr orûlErú rltb ¡¡ rutortlorlly rmplrrtrd

Ítl.onr r¡r.rtb.tlo r¡ob tl Eltr¡sr o¡ltr ud or¡¡on

úrtrlvrrÕd bt l¡t of ¡ trrobr¡l ltEnrh. lrrr tll

r¡trnrlvrly totrd rnl frund to br unntlrfrlttry.
A rrt t¡ttrfrcücr? rtbcd frr rlatrnrnot cf

rEmrtbrllr ru borrçlr rvr¡turlly drvltrû rrd tr urd
uaobrn3rô tbreutbout tbr courtr of tbo ltrd¡rr ltt
m¡r¡blrtl. Drocrdurr r¡t rt f¡lbrrt

åftrr lf¡ùtly ¡n¡rtbotlrla3 ¡ Dr.t¡¡rnt rrt ln r
olord contrlnu f llhd rltù rtb¡r t¡Dourr t¡ trtr . of'

lllr r¡¡lrorlrtoly oar ¡rrtlntrr ln ülrr¡trr lu
r¡nrrô rltb ourvld lolr¡crr frer tbr rlôúlr ¡f tb
rntrrl¡r D¡rt cf tbr l¡¡L. lbtt rnorv.ra{ tL. rtr¡tl
rlrlclu cf tbr mob rnl thr tr¡obm r¡rlü tbrr br

rr¡rrrd by blrat úlrtrotbnr I rnll trr¡tllrlr
lûcltlür tro tc tbro¡ r¡ ltn¡ ru ndr brtrma
crrtllr¡rü.üt rlagr tn tb. vlclal,ty rf tbr fonrtb

or flftþ trrobul rlÊl r¡d r brvrlbû a¡rlrn olanrulr.

r¡r¡rrrrlrrtüú3 ô¡{ tb' .lnûrrtllt rl¡r cf thr trrobr.
tu lnuÈrd for r¡¡rrerl¡t¡lt onr srr 

^ 
bl¡b:ts rilt

llt¡tur¡ rrr plrcod ¡rouad tb¡ trrob¡r to flr tÈr

cruruh' ln ¡lrcr. Grrl brln3 trbu to rvold clcl¡lt
rrlrtrû a.rv.l rnt vrlllll. Îc tùlr ¡rmulr r¡r flttrd
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r Î-pl.co tubl to onl arn of, rhLob rr¡ rff!¡od r
fl¡rlblo tubo for tho dcllvrry of rn¡oltbrtto ßrt.t
rbl[c tbr otb.r lru ta¡ op.n to r11or tbo voluntery

rerplrrtLon to b¡ rt rtrorpbrrlo prrrtur.. tbt ldlrd

rpao.r !n tbr Î-glaco r¡r rrtlnrtrd to br rLnllrr to

tbrt ln thc rrrplrttory r¡rtt.n of tbc rxpcrtnrntrl

rrtt. thr nl¡turo of rnecltbrtle girt.t rrt rupplbd ln

rotrrd qu¡ntltlcr fron notal cyllndrr¡ of corprrllod

;ra.t rt rplrro¡l¡ltrly tbr tlL flov rrtr It th.

tldel ¡1r flor of tb¡ rrtl. lblr nl olleulrtrd to br

epproxlratoly 2OO ¡l.frlnuto. frl rnr.ttb.tlc ¡rcblno

rrr ¡u¡t¡rllod by Cononrorltb Indurtrlel Gerut

lorronlvl&lilr Soutb Aurtrrllr, rnd ul¡ rl$lhtly
uodlfled rltb ¡¡¡11 volunc flor rotrrl lnd r Gold¡rn

trlotb¡na trlrourllcr (flg.tl. It rlr rltb tbt¡
r¡oblnc tbrt tb¡ nrlnttnrnol rnrcrtbrtlc rlr ru¡lplhd

et,ù flor retr of IOO nl./nlnutl orygon rnd tOO r1./

ntnuto nltrour o¡ldc. Etlf to thrro qulrtrrr of tblr

slrturr r¡t prt.¡d througb tbr Gold¡rn vr¡rcurllrr
contrlnlng ¡nr.ttbotlc ¡tbor. Tbo rolultrnt rlrturo

ulr rupplled to tbr rnt.rrl rblob could b¡ rrlntrlnod

Þy tblr nr¡n¡ ¡t tbo upprr tlllt of tbr plrno of rurglcrl

enmrtbo¡h for lore ùhrn 2lr beur¡ lf rrqulr.d. In rn

¡ffort to ¡¡trbllrb tbrt thrrr rnd tbo htrr lurSlcrl
proordurrr producrd ¡l lltth abrn3. tn tb¡ rnl¡¡l¡t
pbyrLology .r pottlÞl. o¡rotld Þlood Pr.tturt
rrcordlngt t.r. obtrln¡d urlng rtrndrrd pbyrlologlcrl



l1g.l. C.I.G¡ ¡ãrartb.tlc nohlnr rltb flor¡õ.t.rl
¡nd rtbæ trpourl¡lrr

ll3r tr llrrur
3rlnl.r uæl
for n¡ll
efglDft
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trobrlqurl. InrlSllflcrntlT rnll nrlrùloal ñt.

rbrrrved. ifl¡ll cc¡flrrrd tbr rrr t¡rrÐrrl lÞlrrvrtl¡rl
rf tbr rElrrlr ocntlaulag rtttrfrotcry ttrtl rblb
uü¡r tb¡ órrorlbrd r¡edlttcnt ¡f .nr.ttÞ.tltr

rrllorln¡ tr¡obol o¡rrulrtbn ul o¡lnrotlcr t¡
tbr rn¡¡rtbrtl¡ n¡blm tbr r¡trlr rrrl fl¡rt to ¡
rl¡lú ttrrr¡nrr rrr¡¡rrû ln r ruplnr brtä rrlrd ¡nriülnn.
lbo tuÞr to tùr ¡nr¡ttbrttc rr¡hlrt rrr ctrqrl tc thl,t

rulport rnd tbr trcblllrld rllnlr rorr tb¡n tnrrfrrrrd
tr ¡ Þrtb of Rlaßrr l¿cb ælutloE rt t?oc. lbt brth,

¡rd¡ frcr trrrprr ¡Þr¡l orrr¡ttd rltb r chlcrlfo¡r
¡clutbn of lrrrpu, nunnú lr! orr ¡ lrt or. ¡ lO srr

rld r¡r p¡rtlt fftf.'d rltb ll llùnr of tbr rþcrr

rolutlcnr lbo b¡th rlt nnt d by nrßl rf br¡trt
rrtlr pryrd rl¡ r tbrnrtrttcrlly ¡utrclhd ntrr
brtb tbruuft lcrpr rf ¡lrlr tublnS Ittn¡ ¡r tbo flcor
cf tbr btth. t oratlari¡da r.¡¡fuÌt tb¡rnrt¡r nl
fl¡ed ln th¡ trtb lt u rdått prmrutlen la trqrrrrturl
srntrol¡

Îb. rrt Rr tuhrrlt{ ln tbl¡ brtb tt tbr lcrrr
bc¡trr of ltr tbrrrol¡ or¡f ftr tbr Þlmt ,narlrìr
rrelrúla¡! b¡r¡ rhrvn tb¡t oouldrrrÞh obrn3rr ln
bb¡d Dr.trlrtr cculd þo l¡rduord Þy rlffÈt pr'rrrur.
on tb¡ rÈmt rrll.

Îb. turSlort procrôurrt útlt tb.ü ¡url¡d outt-
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¡Ë utarìr-tr.ttorlor taoltlcn r¡¡tro¡lnttlt tbrm
oro lon3 rrr nð¡ tbrru¡b tbr rtlar rbdortr¡t
rurcul¡turc lnú ¡rrltmrn tr rr¡næ thr l¡trr
¡bdorlnrl vllorrl. lbr 3rrvld bloornu¡t¡ utæur ru

3rntly r¡tælertrd ud rrpDortrd ca ¡ rubrrSrd Prrr¡rrr

t¡Þh rbleb rrr tlrrfrnt¡{ tr rllor coãüoctlon t¡ rrl¡-
trln I ù¡r¡¡rrtturt of 3?oc rltbln tþlr ru¡¡rrrt (rl¡.t1.

1þr utrrlno rr11 nr tb¡n dlvldrd bt ¡ lon¡ltrdlnrl
lmlrtcr¡ r¡tlrerl¡ntrrlly frc: tbr rDr¡ rf r¡r
utmln¡ hrrn tc tbr rpa¡ cf tbr otbæ rr¡d tb¡ eoEorptulrl

tbærby prrllntrtr lto fortrl rlrbrrtrlt (trlk nc
rplurcbmghürr uü ¡nloal r.r. útvldrd dlrtrt to tbr
plrcrnte to rvcl.d notloElnt tbr lrr3er vlt¡lllrl rtulll.
Bt tbl, rllnt tbr fortultr Í.r. rrDrmd ceenrctrd by

rr¡r of th¡lr ccrd rurrl¡ tc tbtr plrerattr. tb.
co¡nottronr of rùlob tc tbr ntrlnr rrll r.ra ¡aülrturÞrd.r

Itot r.ra rup¡nrtrdr ln tbe ortæ of tbrlr rttrobnt
tr tbr utrrul. on tüt ttbh rnd ruh¡r¡rd tr r úrpth rf
tne to tro ornùhtrrt ln tbr ürrl á ¡ËyrbbSlcrl
r¡tlnr (r13. &1. It rrr loll¡rle¡ tblr tur¡lorl
prr¡nrrtlrn tbrt rtl rr¡nrh¡nt¡l opærttrr procrdur.t

on nt forturrr co¡tü,esdr

lber¡ ¡rroeodurot rarta nl,l¡l¡r tbr lntrtvrmu¡
laJrotlon cf nrlour rubltrn¡rr lad tbr upl,ntlrn ¡f
blooú nrplu.

Îtr ùb¡ latrrvrnrur laJrotlra ¡ t0 C¡rrG. aroûh
nr urldr lbt brvrl cf tbr ¡rtül¡ rrr nûuood to rbtut



flg. 3.

Flg. ll.

A prognrnt
rrt rltb gnvld
ut.rut ort¡rtor-
lt.d rnd plrerd
on r rupDort
l.n pbyetologforl
rrllne tt 37-A

Fottrl rrtt
ranYrd fron
tbr utrur .nd
f¡or thc
fortrl nr¡brlnol,
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b5c, rnú tbr ¡rtål¡ nr ¡¡r.ntrú to tj Gro tf flnr
ptlytbrnr tuÞ1,r3¡ tülr nr rttrebrd to r frct r¡nrtttd
cRl dr tuùrroulln ryrlagr. ¡rd ru uroô t¡ introduor
tbr ùrlt ntælrl litc tbe crblt¡l Þrrncb ¡f tbr
rntælor frclrl vrln (rl¡. Sl,- tllquotr rf O.C5 rl.
üorìt u'.d ilolnrl,rrl¡r rr tbt vrturr lnJrottd l,ttc tb¡
rrt fo¡tu¡u rltb ál,luttmr bolaS rrrra¡rd rccorülag
to tblr rclrnr¡ Tbl tubrreslln ryrlnt nr t¡rtr{ frr
lrob leJrrûl¡n trblr3 srrl tc rrrludl rlre ür yolrnr
árllvæ.d bt tbr ryrtag. rl. ollrldrmü tr br rdrqrntrly
orantrnt ¡l lßlortrd Þt núl¡rotly¡ oruatt rldr ce
lurtrr¡lvo ttllvrrl.t f¡ro¡ tÞ¡ t¡lrla3r. ltrn frt E

drr¡bt rtrtËrr cr aot tbr ntrrl¡l brô b¡ra tnJrotrd
latrrvrmurly. fcr lf ¡ rlutl,rr rrr dr¡nrlt¡d eutrldr
tbr rrlll r bhb ¡f oonrldtrrÈlr ÞropættrÊr rtr ¡dLrtety
ryldtnt. If tblr otcurrd lrr lt dtd ln rÞ¡st onr ln ten
lnJrotlcrr tntr fort¡ru rldrr tbrn lå dryrl tto
¡rrtloulu frtt$r utr dlrcmdrd. trtlrfrotorT
treJrotlonr latr tbr r¡l,nr rf f¡rtrl rrtr frnû36 th¡¡
ls tryr rrr vlrtnrtl¡ lryrrrr.bl. rltb tùr,. rororcrpll
rrtbcdtr

lbra bl..ú ru tc br nrvrd frcr ttr f¡rturu for
rrrtlr¡ ufrt procrüurrr lt rrr oþt¡lnrt by oerdlrc
il¡rlrrtl,ln (ttt. 6¡. lbr btord rrr otlhotrt by urlES
r¡nolrll¡ prrptrrd (, ¡'f"rrr ptSr&dj (t!*t tt. 'o¡ F.Ol rl¡
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cr¡noltyl fltt¡C rltb rpprrllrtrly er. cr. lrng â6

gru3o r¡ldh¡. Ît¡ brvrlr of tbr nrldlrl nrr rcducrd

to ¡bost b5o. 1l¡r ptDottu rrrr routb otlontrd r¡û
eould Þr rtrrlltrrd by Þoflfüt or ruteolryln3. 1l¡r

ÞlrrdLa3 prclrúur. útt rrlrly uEgrcduotlvr rftrr tt¡
t6th dry of 3tltetlrn. Brforr tbll rtrSr bbrdln¡ by

oudLrc mplnttrtr or bf rn¡r ctþrr r.¡Ët frr tþ¡t nttrr
nl Grnal¡r uuucorrlful. lbr roo¡n of tblr llvrrtl3ttba
r¡r tÞor¡forr ltrltré te r ttrtdy of rrt ftrtsrl l¡ tbr

¡rrled rftrr tþr lbtb rd 16th dry frrr ocaorptloE.

Succrrrlrr uptrrtlc¡r r.r. aot rrytotrd ln rny rf tbr
u¡rrlrrltr rrd rr¡b rrrylb rtn¡rrt tbrrrfcrc
roprotutl cr¡r rûryo raü tþ¡rrby roartrdtrrbly ülorruu
tbr lnbtrr¡t lrntr rf urlaS rln¡b rnlrlr fcr luoorulvr
mplrrtlorrl.

tl.@
¡U .etútrrrt rnd orpr ur{ tl cutrl¡ bl,roüf r.et¡ .l
nbryrlto flulür rlr o¡lìlfully ath.d roocrrüln; to tbt
frllorin3 r3lnnr
(rl rlrb coEtrtEær rd o¡pt æ¡nrrtrly ln brlltng
Crl¡oa (rl¡rtc¡t rnd r11r¡l (¡urtc) Ptto Ltü,l rrn
rcdlul rtmlllortr rolutl,on frr !O rlnntu¡ (b, ïrrb
trn tln¡ ln trp ntrr¡ (ol lr¡b t¡a tlnt ln
dl,rtlllrá rrt¡rr (ü, Yrrb tbrrr tlrt ln ütlr¡¡Lrrd
rrtæl (rl Rrplror erpt rn{ ¡utorlrvr.

12. Gclhotlo¡ tf nt lrrrn
Bl¡ed rrr colhatrd b¡r cmûlro ¡nrnctu¡r fro¡ ¡ctb
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foetrl rnd nttrl r¡tr oonlld¡¡¡d to bo tn Sood b¡rltlr.

l'ootrl rttl ü.r. bbd by tbr pl,plttrr drrortbod

prrvleurly end rrt¡ fron bl.rtb to tro to tbrrr r¡lk¡

of egr t.ro rtbcrlrrd. pl.nnod out ruplnr on I oork

dlrr¡etlng borrd ud ¡ft¡r openl.ng ttre tborr¡ rlr.

lrrangulnttcd by bþcdlng fron tbo h¡gt rltb r P¡rt¡ur

plpettr. Ratl rÞovr tblr ltl úor. blod froç ùbo blmt
rl'tb 1 25 trugo noedh fltttd to r lO rl.r ghll lyrlngr.

Blood obtrtnod ln tb¡l¡ r¡¡rt rrr ooll¡ct¡d tn glarrulr.

ruhrd ¡¡ dolsrlb.d rbovcr r.t ltood on thc þrnob for
lJ rlnut.t to rllor olottln3 tñd thcn kcpt rt lroC for

!O nlnutrt to rncourrgt slot r¡trrotlon for nr¡l¡rl

raoovar:r of t¡rt¡1. Af,tor tbl'r tl¡o tho ltrun rrl
rlttrdrrrn ul'tb e pl.pottr end tgun ln oonLarl glerr
oontflfugr tubrr rt ISOO t¡polo for flvr rlnuÈll.
ft¡r clerr ttrrt oolour¡d t.run ru pl,prttrd fror tbr
prokrd o¡1ûr rnd rtorrd in apprortrrtrly thrc¡ nl.
volunol ln lrb¡ll¡d ftvr nl. tor.r top bottbr ¡t

-zooc. Thol¡ tarur rrryhr rara tbrrrd not roro

thrn trlor rnd r.r. urrd ¡r nltr to th¡ tlr of

oolhotlon rt potrl,blo rnd ln eny oalo not longor th¡n

olgbt rtrtsl rftor coltoctlon. All tlruü nnpllr
unl¡rl othorrlr rt¡trd r.r. ¡¡oolrd rluplu fron rt

l¡rt flvr enlrrll.
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13. C;rlttctlpn-rJl rlt r*Iç?rlo-.,fl'ul{
ÎÞtt lr tb¡ l¡trr-flrtrl fluld orsllled bt ùb.

Dhôontrl rr$rrnrEs'' ¡d lt¡oluêrl tb¡rrfcrr tbr

rrcccrl¡rto rd rnlotlt flulü¡. rar tÈr prttcr.

cf tb¡ prorat ttudt lt rrr ûot ooatld.rrd nlcrlnry

to ttr¡tt tb¡6 ftutdl lrtnrrtrlt rnd thrt t r. tbrrfcrr

¡notrô. 1ùr lntrot ¡onclDtuu r.rr úrtrobrü fror tb¡

nl,l of thr rtrrul. dl¡nllû ln rtrrlh lrtlnlo ntlnr
to rctrr trrcu of blorü rú rl,p¡t rltb rbrrtut Drlrr

IËrt rtt tbtn brlû ct.r r Þcttl¡ rnt tär rúrrmr

l,n¡lrrl rltb r rcrl¡rl blrtr tc prrri't tbo flulú to þl

orllletd. An rttlrDt rrr r¡ür to rrold tbr læf¡

vl,trlltm Yrltllro 1Èr rt¡toül,e ftulö frcr fcrtulrr

of tb¡ rrlrr lltùæ ru ¡rrchd rnd thlr olr¡r øtrourlrlr
fluld ru ator.d rt -tOoc.¡ It nl tÈrr.d Eot nr. tbrn

trler rná r¡r urü It ntlr tc tbr ttr. rf ooltrotlon

rr¡nrr!Þh rd la rny cur not 1oa3æ tblo rl¡bt ;¡lhl
¡ftæ oolbctlrar

lS. Crltretlpn-rf, ¡lr rrrm
lbr plC !.ru. urrd r.r Dr.Drnrd fru tb¡ blæd cf
ämltby DlSl rtrrrütlr¡û ¡t th¡ âÁrlrldl lrtrcpclttrr
rbÞ¡tolrr r¡d ru brnálrú td rtrr¡d ln r lalaor

l,ütnttorl tr Èbrt dmorlbrd fcr rrt lfrlrr

15. Dutr? ¡f, ¡!¡r,fhratq
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Tbr úmt3n rf tþr r¡¡rrlrrEtr sono.rnot rltü tblr
rrprct of tbo ftrálr rr. derrlbrt undrr tbr foltrlulE3

üætla3ll-
(rl Brotrrllt clrrru.. ttrdlrl

(bl ûrrbr¡ otrtrurer rtdlor

{e I åttrt cf r¡ncElo rotlrlty of trrn¡ ril r¡rtr frrotlc¡lr

( rl rrt. rtrrt
(ll,t ohlcl orb¡yo ¡..¡t

(tl Or3rn dlttrtbutt¡¡ rf lnJrctrd ¡nrtlohr
l¡l Erot¡rteldrl rotlrlty rf nt t.rur
(fl B¡otrrhl lsrlvrl ln frrtrl raö mcnrt¡l rltl.

(rl Flotælgl,plpulFor,rålú*r.q
rcrttl r¡tr nr. ¡rr¡n;rd m h¡r rfrlrdy boE

lrrertrùrdr I tor¡ rracr cf frrr lO? tr t't r lo8

lrotcplcrlty hDtlbd Srlnlrll¡ tYÈlrlrtn C5

D.i O.O5 rt. lrr rrtd ln r ûcm trpr¡ára¡r oflæ¡tf.
rtuty bt tb. rtÈrd tt br úrlorlbrö' rror tbr r¡r¡ltr
cf tbtr rtrúy lt rrr droldrd tc ul. 5 ¡ lC? *3r./ *.

f¡r r1l öl¡rr¡nor rüutlrr l¡ fortrr¡l ef rll, r¡rrr

AfÈrr lnJrctlle tbtr drr¡ ort tr,r¡rlr of Qrel d.

ürr rtDlrrt¡d þt r¡rü1r ptmcturr frcr rrcb fcrtulr

At lrmt flv¡ firtulrr t r. urrå ln trcb llt¡t blr¡d

rqtlu Þrln¡ trLm rt l¡113¡& üd 5 rlnutrr rftlr
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tnlrotlr¡ for b¡¡tætr otrnnd rrpltltry ¡¡ú rt l¡8¡l¡ 7

rrrd lO rlnuttl for Þtotrrl¡ clarrrd rr. rlorly.

artr fror Þlrtb to 7 drtr rf rgr ü.r. lnJrotrt rltb tb¡

trnr voturr r¡d orncratrrtlca of er¡rnlrrr rt tbr

fortumr rnd ¡ rlrllrr uunt ¡f bhcd ü¡l rlplntrd

by emdlro ¡nmctun rt l¡t¡5r ? ¡äa l9 rllrutlr rftrr

lnJrotlet. Ar rrtr rbot. tha rt¡ cf cnl rrlt ülr.

furrrú lt rrr o.ormrrt tc um rmtbrr tnJretbn rltl¡

ltr t¡tl¡ cf thrm ¡llntr ú.ft frrlrrrtly hnvtly
pll¡r¡tod r¡¡ó u r c.ñt.quanoÞ ùrt ebrcsrrt trll lrlllr
It nr tbætfort åroldtô tc ll¡Èûft ra¡.ttb.tlr tbr

tbr relrlr rttb rtüm. nlrcv. tù¡ rbln rn tbl lnnæ

u¡)rot ¡f lnl blnd bþ rt l¡lt t. tÈr florrl rllar

Intr¡vrmrn taJrotlru lat¡ lbr rrln rm ndr rltb

r t5 C¡uf. rr¡ôl¡ fltt¡{ ùo r I rf¡ tuÞrrrullE r¡rrlnl¡o

thr dcær of or|lrrinr for ¡nlnlr lborr r¡l nlb rld

Í.rl rdJuttrd rocr¡úlr¡¡ te tblr rll3ùt rad rrl

r¡t out ln lrbh l r
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r,ågüJ
Dclr cf orSrnllrl for r¡tl lÞovr 7 ûrtr o1å

rar tdryrl

1|l

I!¡r of or¡r¡lrrr

loE

rl lot

IE trlO I

56 4¡ loE

t¡r 6rle t

Ât lnrt flvt blcod nrtlor úlr. trtro 1¡?r nsb

artrl rrt rücYr trc nrll lf rfp bl blmdla¡ fror tte

ntp-o¡ùlt¡l v.nosr plrrur l¡rtr ¡ Q¡Ot rtrr 31ü

flllrttr roolrúll3 tû tb¡ ntb¡rl duorlÞrd bt Bll¡¡l

tL-ú. ltrStlr lbr btoed ru¡rbr t r. t¡hra ¡ù ttn

lntær¡lr rlrtlrr to tborr ur¡d fcr ¡tuôllr oa tbr
f¡rtrl rrtl.

lbr bllrd lrçlrr thrt r.rl ectrl¡otrd botb frrr
tb¡ burt r¡a frer tbr nùrr-lrþlt¡t ?aLut tluur
rrll l,nôtrtoly úr¡rrlteô rnt¡ clrculrr dlror of

Itrtrr¡ Xrr ! flltæ FD.r prrvlcurly lut tc flt tbr

trrllrblr ntrl Dfulcbrttl b¡lú¡rr ñr uunt cf

rrtlorottrrlty trepnt l¡ lrob ¡qlþ nr tü¡n ¡rqfrd
ur|,l¡ r täln rld¡rlaárr oat3æ ccuntrÌ lütrll.d ll I
fucbrr Cbtcrlp ¡¡¡lcrrùlo nqür ¡brntæ CllCå



Îtlll etlfÍ D'Îo'rdÌ ¡oq'tlo tt 'toP 'q¡' "^'ql 
(r) üT

Dlqî¡otlD lr rlr üll 'lr 
uoq¡rt tc rotlorftrl ;l't

(ql

rg¡ pür ¡¡, r.tlt tt (rpTolloc ¡oqÎû ¡o!

ll¡osolq ¡¡ü u'ttr¡îÜtesoo rrll ¡¡t Ec ?ül lc o¡ülr DÚl

# r t lJfúlr (tl ropüf o1¡Ioctrq6 rql

rtttnÛtro oî Patll tlr rcltlr¡tr ¡rlîulsod¡r ÜTtll Ft 'rfl

ltuÏttt ¡¡oÏlt¡æoot¡la te¡ fr P'flo¡d ule:l l¡or lu¡lnnco

Jo rP¡tllr orl rrült ro'¡J prlltÜlqo lttnll¡ Íl'I,

'F.lu$ot .q ÞInto lrllotec 'ql tllun Cc¿6 1! p'llqntut

l¡ll .rtlld plltlnÛcrÎ rq¡' oto*rIú ¡ltÜ l¡¡1Î¡lns

Pol¡p clro prfrld trnDllr P'rÎ:¡rl'P r pur 
'uTllt

oIr¡ctcrîr¡Ï¡.|rufIrâ.IllrnbrprulolPrtnlïp.lroql

rql c+ Irr ¡lIîrtl t rî n'{lÎ t¡ll rl¡dnr Pcolq

Ílî ooürrlolo ¡ltttl lË¡tr oî 9rla oatl tlunoo r1qr¡^

, Ilrrrr¡o-e¡or: pattaqrt r¡¡re¡úctral Jo aour'¡loto

rql ,Üf¡ll¡r.lr Je goqtù'n 
'loqt 

tql} Jo pr'!}lul 
'f rp¡ctol¡tll .tll¡loü

lql.I'tr|Ï¡¡îr¡ur¡'lllpl'rl¡'rllttolflå(l¡ctr|Í
rlprlotuülog ¡roC û1¡Sootf ¡r¡'l¡oÐl rqnt ¡otllcüt ¡"t'Ð

rcguîr'r'r¡fgl Þ'Ir1¡ - ]lllrq oÏ¡tortg ll¡olloÐ I Jo

sotl¡rtnl oql ¡q DoT'tîpü tlr fnll¡rddr lTtlJ' 'rllnlr¡ tq+

¡r¡oet¡ rt l¡un lo1¡rcl ú8t t'Pil tqÐ cl pr¡dnro ll¡o

.r.l1l ltllüolnl Bl qllr rleÐroîtlc ro'rotrlS nr¡onfl

8t
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ret¡ su of th¡ ordcr of I ¡g. of crrbon/lOO gt: of

body rolgbt rhlr¡h rrr rbovn by Blo¡¡1 !93!. (1953)

to bt on tb¡ platrau of a dorl dopondonco Gul¡vcr A

eonrtant do¡c of O.b ng. of a¡rbon ln O.O5 11' Últ

rdnlnlrtored to tbo footuttt of all agct rnd tbl¡ r¡r

cqulvalcnt to I n€;./too lpo of body rolgbt for tbo

fo¡tu¡or nc¡r t¡rc. Blood arryler Ü.r. r1¡o obtrlnod

rr Ln (r) aþovo (rt tlnl $, lr 2.3t lrf 5 ulnutrr

for tbr nrttl anlrrl¡ ¡nd tlnor lr21)¡5t 7t l0 alnutc¡

for tbo foot¡l anln¡lrl rnd ror. lm¡dlatoXy doporlt¡d

lnto O.1 por oont IerCO, for hronolyrlr to ocGutr

lbt ranplr' of foctrl blood Yer. lyrrd In O.J nl. of,

tho llarco, ¡olutlon ¡nd thr rauplor of netaL blood

t.ro lyrod ln J ll. of tbr tlnt ¡olutlon. the

optlcrl d¡nrltLo¡ of tbo !u1. lyratrr u.r. r¡¡d In

I o¡r glrrl co1lr ln ¡ gbirrd¡u rprotropbotonot¡r ¡t

I vlyo longttr sf 65O nllllnicronr us¡lng O.O2 n1¡

sf nor¡¡l blood lyrcd ln J ul. of O.1 por cent.

NarCO, ¡olutlon ¡t a bl¡nk. Î|bo conalntratlonr of

cerbon ln thc¡o lpeclnlnl rcr. thcn dotcruinoal þJ

rcferonc¡ to ¡ ltrnderd curv. {rtg. ?, vblcb b¡d bcrn

pre¡nrod by dctrrnlnlng t,n ths t.r!. ray the optlerl

donrlty of lyrcd blood lruplcl contalntng fron 16

nlcrogrrmr to J2 nlcrogrrnt of oarbon Pcr o.o2 nl.

Tbo optLcrl donrlty (¡r e druu r¡¡dlngl of th¡
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Carbon corìcentration Wgl 3rú haemolyscd samplel

Stand¡rd curve f or carbon cqrcentration at O-0. 650 mp on a

Shirradzu spectroPhotometer.
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O.5 nl. ltrplotr becrurr of tholr rnalhr volunc.

trr. o¡tl.n¡tod tn e I cr. glrrr nloro-erll Ln ¡
ELlgor Sprkkor rprctropboto¡ctor (lCrn Htlgrr Ltd.,
Iondonl urlng r rrd fllt¡r (Ilford S¡nctruu FLltor 6OEl.

lbo conotntrrtlonr of tb¡ nupbr rtr. crlculrtrd by

rrflrlnco to I rtrndtrd ourv. prtptrod ¡t provioutly
and u¡fng 0.5 nl. of neb of tb¡ prrvl'ourly drrorlbod

3 Ë1. rtudud lyratrt (ftg. 81. Tbr concontrrtlonr

r.r. plottrd r6atnrt tbr r¡oordrd drun rotdlng.

lbr plrrgooytto lndr¡ (f) u¡¡ tb¡n otlouhtrd r¡

dorcrtbrd ln (rl lbov..

(o) 4l¡¡v of orr¡o$!.o ¡ot{"ltv of rrru¡. tql rprur lTaottcnq

thr vtrlour rorun or tarun freotlsn nrylct üarc

urod to opronlrr Lrotoplcelly l¡Þclhd Srlgonrlh

typblnurlun CJ rr d¡rarlb¡d rbovr.
(f) Uou¡¡ Array

XIr¡ trobnlquo for rou¡r olc¡r¡nc¡ rtudl¡t rrt
r¡r¡nthlly tbtt dororlbrd by Blo¡¡l ÉlÅ.
(f 9531. I'sllorlng opront¡etlon tb¡ l¡b¡l1¡d
b¡otcrl¡ ror. !.nJoctrd lnto r trll vrin of lg to
2O gu. utoo at r conotntrrtlon of lO9 orgenlln¡
prr lO0 gü. of body urlgbt. At ruttrbh tlre
tntrrvelr O.O2 11. blood rarpler r.ro rlthdrrrn

fron tbo retro-orbltrl vanour ptrrrur, phcrd onto
dl¡or sf fllttr ptp.r rnd rlnyrd for rrdlorsttvlty
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rr drlorlù.ú rberr¡ îr nàr¡¡ooytlo lnúu (fl
nr ortcut¡trd rad 3lrr rn rtlirül,cr rf tbr
oprcnLc :otlvlty cf tbr trrtr torrrür tbr trrt
cr6nlln. At ltrrt tùr¡¡ rloo üìrr. uæó for r¡rb
rltrt rad th¡ ræult .t¡rctrüú u la rt.rltr of tbrtr r

ÎÈe rEtlþodl rrtlytty rf tÞr tt?rr rnú rrrr¡
ftrülrnr rt tttaürlrrt by run ohurnrr ttrdlra

urr. rtpr.ar.d rl blllc¡lorl mltr of ¡otlrltf.

Ittrr nlt r¡r drfl.ard by lnrrtr tl-$. (t96tl,
rrr tÞ¡t *gcunt ¡f rntlbod¡ ñlob rould lr¡ertu¡
tbr ntr of olrrrrno. (fl tf tbr rLrulrat rtrrlE of

{r}FQn?1lr,.t?h$*l,qp Þt r f¡otor of OrOl cr.r
tbrt oÞnrvrá ln tbe clrtrolrr. l'bo tttrl

I

bl,clc¡lo¡l unltr cf totlylty rf t¡cb rrrpb o¡uld
tbrl Þr cÞt¡lnr{¡ Èt nrltlplyht tb¡vttnn rf tbt
nrylr by tbr vrltt rbtrl,nlü f¡ot üb¡ rÞorr

ol¡rlrtlcn" lt¡ nlt rrmlnlf,ul rrult¡ r¡rr
obtrllrü rôtn tbr r¡nhl rrrr rf ruob ¡ dll¡tbn
thrt r å¡cr¡lll la lËr¡roytlo lrürr (f, trt
prr¡lrtbnrt tc l¡orltrlrc tætr dlluttcnrr

Cþtr¡L rüryo lttltr
1l¡r tmblfqrr ulrd for ¡t¡¡rrtet rtuclrr ta
¡bl¡ts r$r¡rcr rrr tàrt tt¡orllrd Þ7 thrtÈlß¡u

t¡d J¡nhtn (lgóll. r.rÞ.lhd brotæh (r ¡ tot

or3t. rer¡lrn{rô ln ôrl rlr ou¡dn rciü rülur).
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toü tr¡pbt cf rùlcb ü.rt oDroal,rrd rltb fc¡trl
rrt r.rur, cr fr¡otlcar tbætof r.r. laJrottd
lnto tbr ¡nrvloutl¡r trDurd obcrll-rllrnt¡lc rrl¡
of ló dry old cblot rtryolo B¡rod reqrhr rtr.
mplrrtrd fror tbl¡ vrln rt tlrr t. 5t t5r l0r
l¡5 u¿ tft¡ rlaut r rld O.Ol rl. dr¡rrltrü cll fllùrr
prp.r plraobott¡r ¡nd un¡nd fer rrdlorotlvity u
duorlþrd. 1ü. DËrtpettlc tldrr (fl ru crlculrtrd
fcr neb ¡orur rrrpb rad na thr rltult ef
oh¡nm¡l ln ¡t lcrt tbræ tt3üo llt sblats

rrbr1rc chtrrner tttdlra rlr. rlro otprofttd r¡
Þlclo3lo¡l unltt cf rotlrlty by ûrfl¡la3 th. unlt
ta thlr lartucr rl tbrt munt of tattboiy rbLob

rculú Loerrrrt tbr rrt¡ of olnrrnor (fl of
õrlnnlllr tç¡blmFlur Gt Þt ¡ frctor of O.COI

crlr tbrt obr¡rrot LE tþr oont¡tlr.
(r!l orrq {l?trlÞut1,oa, of rrobqtcr*Ê¡Lf,lÞr\r,rr br,qr?Tlr

lblr rtudy nr rrrtrlotrú tc fcrt¡l r¡lrlro frrl,r
r¡rô frcr ccnceptlo! tor. l$t lt- rad g!- tryre

InJrotlra of j ¡ lO7 l¡otoptorll¡r trbrlhd
slltt$¡l,ls,tv¡bln¡rlu¡ c5 rt I drtrmlnrd rtülo¡ctlvr

oourt rrr rldr rooortl¡ß tt tbr rrtbod dolcrlù.d tÞcylr

.{t tl.r lntrrnlt of I r S¡ lor lgr 60 r¡lrd ll0 rlEutm¡
0.ol ll. blood nqrtrr rrr. rrplntrú for rrHy cf

ndlcrcttr¡tt r¡d tbr roprotln lrnor¡Êu¡.r nnvd
rd dlr¡rctrür îb¡ btrcd rolulr of tbr fcrtrl r¡tr
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ttr orloul¡t¡d Þ7 drttrrlata3 tbl dltutlo¡ rf tbr

laocsl¡¡ of tbr lrrtrplorlly l¡Ërllrt rrS6llr ln tbl

blrcü of tbr fertul Èt altr¡Dclrttn¡ tü¡ otrrrr.rGl

ourta te rÜe tl,rrr ltl 
"rrloul 

or¡trlr thoiltr¡
llvrr¡ lua3, lütr kldnr¡r¡ Þrrln rnú l¡rlrre¡ reü tbr

rt:lËt¡e o¡ttttl ef orob fortrl¡ Lr. lnoubrtrd

¡Ërrtrly frr l8 bcurr rt t?ot ln rE r¡çrcprhtr rllun

of l0 ¡rr oret lrot. If ¡ftrr tblr tlr ðl¡lrtlcn nt

not ccqrlrtr lprtl¡ br¡t rrr ¡l¡tlll¡d to óllrrlv¡ tb

rrnrntl. !t vel¡m of rrob úl'fr¡t rlt nlr¡r¡d uð

O.Ol rl¡ nryrltr ü.r. mn¡rrd frr rrdbrottrlù¡rr A

brlrnot ¡blrt roccuntln¡ frr tþl tltrl r¡dtrrrotlvlty

lnJrcttd ru tb¡n r6¡rbþt to lllgtr¡tr tb¡ ¡nrooltr¡r
dr.ttrlbutlon of, tbr rr,ilorotlrlty tn tb. vrrllul orlftl

¡t vuloul tLr. lntrwrlr.
(rl
.$¡rr¡r rrr cltrl;rt frrn ¡rt¡t r¡lntr¡ rat rrrrlr led

rrbryoale ftuld f¡rr frtturea ¡l torlcrtb.ú. Elcbrrloble

g?tå ll.üfyl nl urrô tr ùbr trrt r¡ullrr lrtc
s¡rrfully nrbrd lnll trrü tubo rl,tb rhnlllrn orpa

rer plror'ú 0.1 rle of tbe ttrt ttrrrr 0¡b 11. cf brHl

rdlsr (tc glvr t trrril útrlutton ot llsl ¡¡d

r¡¡rrorlrrtrly lol cr;ul¡¡r fror ro lE bour brotb

culturr of tg9 crgl./d. ln orol rlr cf brnl rcdl,uro

Eûryonlc fluld rll urâ unállut¡d rnd tbrrrfrn
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r¡rprcrtrntrly lo3 or3rnlm ln o.OÊ 11¡ tlr. rddrd to

9.5 nl. of thlr fluld.
A Þl¡nk of O.5 rl. of brHl rrdtm. ts rùlob thlr

t¡r nuúcr of orgrnlnr tarl tátrd. rr¡ ulrd ¡t r
ocntr¡l. lbr r¡rplrr rlra lEoubltld tn r 3?cC r¡trr
þrtfr durlng tbr tr¡rrl¡rnù rnd dnpllortr Or0tr rrl.

nrylrr uæt trkra frcr rlcb tubt rt ttrn O. l0r 8Or

lrO ¡nd 60 ¡tnutm rnô Elrtoó onto drLrd nutrtrnt

¡Clr plrter. Îb¡rr r.r. tþ¡¡ lnoubrtrd rt 3?oc f,or

r¡ryrorl,rürly lE bcurt untltr tbt oolontrrr could þr

rcüllt o¡untld. fbr ocunù rlultln¡ f¡or uob leqrb
nt .rprrrtrd rr ¡ plrorrtl¡r of tbr r¡r¡ tlrr oclat.

f f) Brot¡rlrl rurvlv¡l ln footrl rnú nrcrrtrl ntt
lbr ntl u.rr prrtnrcd rr Fr.ylcurly drrortrbod rnd

l.aJrotrd lntrr;rnourly rttb rp¡rrrrlrtrly ¡Ob

Salrntlla tynrtln¡r1rn G5 frer rn l8 bour brotb

rulüurr of lO9or3t. lrrl. At ttlor g. lr5.- l0r lrjr g0r

t80 üÉ tt0 rlnut.t O.Ol ü. cf bl¡cd ïrt ¡tplrttrd.
rltb rtrrllttt pr.Grutlonl, fror tbr borrt ¡d plrtrú
ca ¡ drtrd nutrl¡nt rjrr plrtr. lbr conorptur fror
rbl.ob tbr bleod nrph ru rrplntrú ürr ¡.¡ltnt.d
fron ltr utrrlnr oonnrotlcm tad plrotd ln r ¡ttlto
llrr P¡trl dlrbo ltr plrsrntl. rd ltrrr ror. tbrt
dl¡rretrd frcr thr oonorptut, rttb orr. brlng trhrn te
prcvrnt oontrrlartlon. rad plrord ln ¡tætrh tlrrur
¡rlEdrrr. lbr ptrrerntr¡ rnd fcrtrl ttrrrt rrro
bonS¡alrot La I rl. rtrrLh lrctcnlc r¡llneraá tbr
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a.co¡trl ltrv¡n ü.r. bon3ratald tn b rl. of tbl¡
¡olutl¡n. S¡rolrlly dtrl|ntd tllreo ¡rlndær ülr. ndr
tr oc¡rr rltb tbr lnll rr¡rn llm¡ rnll roltmr r¡rtil tb¡

nr¡urlùt for roc¡¡ntr rrfcrrry lf þrstrrlr. Srob

ùlrru¡ 3rlnúrr (rt¡. tl oclrltt¡d of r 3r¡dr¡¡trð

ocnlo¡l rP¡rr¡¡r cmtrlfucr tubr rltb r rÎrfhar
p¡rtt¡ turnrd to fft roourrtall tbr rpllrl I tr
of tbr tubro Into tbr b¡rr cf tbr lrflrE rlr tbnrtrd
r brur brndtr t rr r tO or. ttr vrltn cf tbr
phcratr rnd llrrr eoult tbrn br rrlrlrrü la tbf

¡rrôurtd tubto .tftrr ¡rlndlql tbr or¡lrrr lrqrlrr
of l.l rfr of tbr bcmaünrtat ültìl pl¡trú tntc trlld
autrtrEt r¡rr plrtrlo fr¡rt úfrt lacrb¡trt f¡r
rptrn¡lntrl¡ l9 brun ¡t !?cG r¡la tb. srballt oluntrú.

lbr totrl nrûrr ef vlrblo or6llrrr le thr vulou¡

trSrnr eeulü tben þr crlcut¡t.û rt rny Slrrn tlrr þ
nftrlelr tö thr t¡t¡l vottnr cf tbr brnlpn¡tro
Îbr rrrultl rrrr ¡rrrratrd rt tb. lotl' of tbr
¡onolatrrtlon rf or3rnlnr plrttrd r¡rlart tl,ra.

B. gISloI¡GrC^rL ASpECIS

Slrtclr¡Lerl ur lnrtlonr rrrt nôr rt tn byrlr¡
I r Lt¡bt imlomrcop¡r

8o Shotro¡ rllrclerp¡ro

Ll¡Þt rterrto?sr
ltr flrturl ¡nrlErd r.Bl r¡pú lS-, lt-. tO-¡ rld 8t-

ür¡rr raú tbr ntrl rEl:lr trnl t n;tbr oldr

t t
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$¡ncûrrnl rara trhra of no¡rrl tM¡ur ¡d rt lf trbr6.

t. lO. l5r lor 6O. 9Or lto rnd IEO rtnut¡r rftæ
ltrJrottE3 omÞcn rnd brctrrlr by tbr rtbcd rnd la ùbr

totrl drrrüy dlrorlbr{o
All of ùbr rtrrlrl *rr trErn f¡ur r¡r.ttb.tlrû

lnlrtr or fror rnlrlr lndlrtrly rfttr tb¡lr üotbo

ülthout ôrhy lt ru plrord*I¡ rn r¡proprlrùo vrlrnr cf
lO per lrnt brffurd frnl ntlro fr fl¡rtlcar
Aftæ rt fort ltr brurr ln tblr fl¡rttrr tbr ntrrhl
nr trtnd rnt :ubtætrd to ro¡tl¡r rrr rrbrdülrr3

proorduru ¡d nr tbr; ¡rotbn¡d or r notsy rlorotlr

¡t I thlobnr¡r of ta?op rloron¡. 1l¡r rrotionr rorr
tbrn flortrd oatc almr rllá¡r rpá rtrlard ln r ¡crtlrl
n¡ rLtb lrmrtcrylLn rnû lotla, gol¡rohnonttro rtbyhnr
blur, gnr rtrln or lrturrttd rq¡rlour plcrlc rcldo

Oov¡r rll¡n r.rt rpplld vltb rDr ?rrf (Goorlr 1r Cuù¡

Ltûr¡ Lcndoat r*fob rrr tbrn rllorrd to rclldtfy Ln ¡
,?'c laoubrtor¡ Ît ¡lldor tar. r¡rrlmd ed ¡lüoto-

trrpbrô rltb ¡ ltb¡t¡rlclttoeD.t (Crrl ?.tL:s, Gerrrryl

rlo¡o¡cc¡r rltb l nn3t of ¡rerrr! to 2OOO tlr¡r n¡nlfl,er-
tllr.

t. Blrotrol rlcrolco¡ç
lbr rnlnlr lnrlnrd rrrr lO åry old rrt frtturr rnd

3 natb old rrtt. Iafrotlon prcoräEror rarr tb ¡rn
rr tbor rl¡lob ü¡to þroe drrartÞrd. to ltr¡rntlcnl

úor. lnJrotrd lnto tbr forturt¡ (SurDrnrlon A rnd Bl

¡r¡d ont rur¡rnrlcn ($nr¡nnrleu Bl rrl !,aJtctrd lnt¡
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tb. , rntbt old rrrlr¡l¡r lbr oonrtltutlm cf tÈorr

lrrDt¡¡rlcll Ütllr

Eur¡nnrloa A O.t rl. trrltln l"5A ¡3.frl'l

oroú rl. crrbcn (te r¡./r1l
O.C6 r1¡ hltrtyrcar lrtr¡ (t1;6.1 r3oD.r

O.lt r1r 8tælf,r lrttcalo nttranr

IrJrct CoCS rl¡ af tbtt autt)lnllÐn tntc orcb fc¡tuao

$rqrl,rl tar¡r trhr¡¡ rt l. l¡ reð 16 rlnutrr¡

8nl¡nErtca B 2.o 11. cubrn (!2 *./tf.l
Itao 11. I ot I totû or|lr"/rt
o.i rl. Îl¡orrtrut (e5o f./.1.1

Oao rlr cf tblr rul¡narlrr Ílt lrJrotrd latc tÞ. !
nrtb old rrtr rad g.O5 r1. lnto tbr fortrl r¡tl¡
6r;ht ürrt trkra rt lr 5r si rnC l! alnutrlr

ttr lrtrnttüt urld ln $ur¡n;rlon ts rrrr rlùbrr
tulF¡Frl.lr rltrtrþríl8 st ?f5 or @ lllfttl
Oaol ruvrú fr.or tbr rnlrl tbo tpoobrn rrr Lnülrtrly
ûrra¡færrd tc r orrd cr rl¡f¡b r árcp of tår flntlvr

ts prr crnt F0¡ tr erlStl DùtrDhrt¡ Þuff,ml ård Þ¡rn

Dl¡odr 1þ. tlllcln¡ rrr Dlrord ln tbr flrrtlvr rnú

flmlt dlrlúrd lt r rorl¡nl blrürr 1tl,¡ rtæl¡l rrr
tb.r ,lrcrú ln r rtr¡¡rrrü Þcttlr orntrlnlaS Drr
flnùtrrr r¡¡d rtrrrd ùa thlr for rt lmrt t bcurlr

ltr rprclrtr ¡.ro ûrà¡lmtr{ tþrru¡È r lrrhr of

rlorüelf rÉ Stdtrd ll rllbæ rlnldtrtrr (clÞ¡ Lttrr
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B¡r1ol or l rlrtur. cf rrüÐl t¡d butyl rrtbrorylrtr¡

lbr r¡brddrd r¡noln¡¡ ürrl lrotlon oa I trurh¡r rl'crett¡r
rt r tbtohnur of 5OÛ 

^a¡ttntrt. 
îbrt r.ro ¡trü¡od

rltb rltbrr uneytr rootrtr. onr D.r clnt DhotDüetunSrtlo

rcld or t¡r Drr ornt lld bjlrcrlôr. Ër r¡ctlcnt
n¡l r¡mlard ln r lbl,lll¡r Drtl. IOOB rl¡otr¡onrtrcroloo?ro

c. BroctEtrrcAl. LttrPtrclg

Ia ùblr rotlcn tbr btceb¡ntc¡l lrtrrirlr raü ntbldt
ulld to r¡rrlnr tbr lrrur of n¡trl rrtr rr¡d th¡ rrlur ¡ad

obrycelo flr¡ldr cf fortrl rrtr trr ducrlbrde lhe¡ of

tbrm lnvrrtlnttonr úrr. dlrrotrü tc¡rr{r ulrrtllnln3
brt¡ q¡nlttrtlvrly rl{ qrnntltrtlrrly thr o¡rrcnlo ¡ctlÌtt¡r
ef tbæc t.rl fcr C5. ttr rrtbrdr
ur.d tn thlr rtudy lnvelvrö tbr fctlorlng proordrrrf re

rÞrorlÊlcn rptotropbotcrtrlt prtærttrlt rhotropücrrrlr¡
It¡rcb.¡tol rkctroDùorard.t¡ rqrlut utt¡¡¡ rrductlcn
by rulpüydr7l rn3utlt 3.1 flltmtton oürorrtr¡rrpbtt
drerSùy Gntlrnt ultnor¡ùrlfuptlon¡ l,cl rrob¡nÍr

obrorrto3rrpb¡ ril lnum-rhotronüerutrl ¡

l. .åÞrorptlan tDoctroÊotortry

ttr prct¡ln oo¡t¡Et (rf./rl¡l of vrrllur ¡rnn rnd

r$rlronlo fluld rrrpl,rr rad l¡rul frrctlen. rlt
ætfntrü by rtfrnaor to ttrnd¡¡{ prottln curvlt
prrprrrd ln tb¡ fcllcrlng nnnar. A rtqrlr of tO ¡l;
cf ¡nrhd t natb ol,ú nt l.rrÐ úra dlrl¡rttú rlth
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¡.ntl. r¡ltrtl,oÈ ttrlnlt Orl5l{ h0f rt ttoC for tlr h¡urlo
Dn¡llcrtr & rl. trryltr of tbt rrtr¡trtr rãd tþ¡
dlrlyHtr nrt drlrû wtrnl¡bt ln r ?Ooc ovon uú r¡rr
tbo¡ T¡cuur drlrd rù thlr trqnntsrr to oenrtrat nl3bt.
Xt nr drtorrl,¡rd b¡r tblr ntüod tbrt tbtr mrrtr
cont¡lErá 6T.6 r¡./rl' cf gnotrfa Èt úry rrl¡bto
Duptlortr rrrlrl dt,lutlrnt of tbr r¡tr¡trtr of lrSOO

úllutlrE 1r ltotonlc r¡ltrr. ü.r. ¡rr¡nrtå rd tbr eptlcrl
úoarltbl rlrur¡ü ¡¡r UrY¡ rÞrcrgtlo¡r ¡t I Írv. lt¡¡tÞ
of 8te rltltrlorronr le r üblnôrr¡ r¡ntùrc¡Èotrrtrr¡
lbr nqlrl rrrl rrrd ltr aet ct rtllrr crllt urlg
lrotrEl,c trllnl tt ¡ blrrlr A ttrndrrû ourçl ru drrra
Þy plcttll3 cptlcrl dr¡rltt r¡rl,nrt rl¡rrr3nn rf
grotrfil l.l. rnd tbe ltmrr mtrtlcatbip rbt¡tnrú lt
tllurtrrtrû ln Dlt. 9.

Frçr rlrr¡.?ltgtrolFqlrrq
Srrrn rarlyrlt by tütr ntb¡d rr. oq)lryrd tc m¡nntr
bot! fmùtl rnd lrtrl nt r.rn uü rúrpnlc fl,clár
l¡tr tbrlr nJ¡r a¡q)rnaatt - gnr¡ Þ¡tl-r r,rd

rt¡ür-¡lcbultnr rü ¡lþrrla. Itlr rotbcd tlhroü ùbr

¡lroutrgr dl,rtrlbutler cf tbrtr vulrr¡l protrln
ürrrrDt tr b. crlonlrtrdr ü¡ trobalqm umd ru
rl"rf.l¡r te th¡t úrtorlbtd Þy Jraohr, ltglll. Îb.
t.rn rnt rrDr¡rorl,o fluld tupl.r rlt|r rnrlytrt 0r lnDrr
rtrlDt (ïtrünn ! r¡ I fn I õ;taoc (ilrrl¡f a¡ D¡Dtr
drtrr¡üo¡mlr orll* tbLa orll n. c¡lerrtrd fcr 16

tosrr rt l5O vrttr r¡rú cortrll.l ?.rürrl, buffrr¡
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llnlo rtrra¡Êb O.e?!r pü t.6r Allquotr crtû¡lllnt
¡¡ry¡crlrtrly 6OO rlorolrur of prctrln vrrl rgpll,rd te
tbr ¡np*r fellcrln¡ tbt prrird cf rlrctro¡üm.aU
tbr prprr ttrlDt ü.rl rrnont fror tbr or11, ûrlrü rt
l lOoC fcr !e rlautm rad tÈr¡ rlnrd frr 6 rlnrtrr
1r nthrnol¡ 1är rtrl.¡r rrrr ttrlnrd fcr rl¡ rl,¡stu
ln e.l Drr cü¡t brrcqrbrncl blrr |'l r¡tbrnrll rr¡b¡d
lE 5 Drr cut rortlo t¡ld tc rrlrr tbr Þrch¡rountl

rt¡ln r¡rd drtrd rt lleo0 for lj rlnutrlr tÈr rtrtrnrd
rtrtgr ü.r. tbn tndlrtrt¡ phtrü la r olrtrd vrr¡rl
crntrlnlng rnnlrr h¡ttro¡ldr to dlor rrlln¡r oclo¡rr

drrrlo¡nrlto ltrt üfrr rrmv¡d fror tblr conttlnrr
lt r¡qulnd filr qurntlt¡tlcn ln I Sgl,aoo tnrlytnl
(þdrl nBl f¡or rhlcb rnrlyrlr tbr vrrlo¡l¡ GrouDr rf
prrrtrln ü.r. rrprorcd lt r p*cratrjr of thr totrl
a.rsr prrtrla. tt trtrt protrln ooasrntntl¡n rf ilob
nrph rr¡ hnoun rnd tb rnuatt of tbrrr frrotlonf ln
r3./r1. rrr tbroÞ¡r orloulrttd,

l. Eì+rcì,.rrl rlrtro¡bcqqtlq
lblr r¡tbo€ cf rlrr¡n frr¡thnrtlcn rrr .r.ntrrlly tärt
árrcrlbrd u¡r $rl,tbtrr (ttttl teó lr ur.d 1l thlr rtudy
for tro ¡arrlrclrrr llrrtly rl ¡ r¡tbrt cf rcrr¡lln3
v¡rl,¡ur nt tar¡ rd ¡rbr¡'rlnlo fluiår ùo rbrr :lr
dlffrruorr. ¡d r.aonäly m ¡ prrtr¡tlvr rrtbrd for

l¡olrtlng v*lour r.rur frrotleEt fcr blchglorl rrtly.
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lbr ratb¡d for botb of tb¡to purDol.l r¡¡ ldrntlorl
uorpt tbrt r lrr¡æ nol¡ne of lrrtu r¡r ulrd la tbr
prr¡nrrrtlrr pneetúurl¡ ltr 3rl rrr pr¡¡r¡rc{ b¡r bltlnS
r rl¡turc of, 6O l¡. cf þdrolymd rt¡rob rEd 5OO rlr
of O.OÊt{ Þcnt¡ Þn¡ffrr rt pt 8.6 u¡tll tbt rtuob
rolutlen rlrobrd tbr nqutrrltr vlroorlty. 1È1r rl¡turr
rrr tbàE ¡¡brultrd of rlr by ruÞJretlnC lt to rrducrd

prrrrrrr for b5 $raondr¡ porrit lnto r Poralr¡r fcnor
rbrr¡ tt rnlnrd unü¡r r rcl¡btrú Llô fcr tbrrr bourr

rt nocl trqrrrrtrrr¡ ltr prrvlcurly luÞrtortrd lld rrr
rrrrrü rftrr tbi t.rur rrrplrt (rDp¡orlr¡trly Or05

rfo Drr n1l for tbr tonrnla¡ prrorúurr tad 1.8 11.

D¡r trl fcr tb¡ tno¡¡nttrr retbcdl nm plp¡ttrd lntc
tbr Enfonrü rrlllo Lllut¿ vrr¡lllr nr Dasrrd sræ

tbr r¡¡fror of tb¡ ¡rl to prlvrlrt ûrb¡rünülr¡ rnd to
rrt¡ln tbr r¡nrl nrylaa ln tbr rrtlr. the 3tl rrt
tbrn elrrprd vutlorlly rlth tbr b¡rr rtuáln3 ì¡ tU
uodt tl¡otrod¡ vrttrl rd r DtD.r rlol corntGtlÊ¡ tb¡
ortbeâr rbotrcól vlrrrl to tbt utD.r ut of ttr ¡rl r

A tÞtrltld rf t.5 voltr/lro úlr tËltlrd for lt bo¡rr
rt rrtr trqrrrttuto ¡ âft¡r tblr tb. tbt qn¡rrtt¡r ru
úlrnntlrâ raü th¡ rrltllnr nnyltr fü¡ 3¡1 rrr

rllard for tbr ronrnlE¡ Drooodun td ¡ürù¡¡ó t¡
ulüo Þl¡ek tO B fcr 60 r.ctndt rft¡r rblrb lt rrt
rrrbrt ln mthraol/rrtrr/rortlo rcld relvrnt t¡ rmvr
Þrotground ltrla. ltr prc¡nrrtlrr rttrob-3rl rr¡ out
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latl b¡ri¡ontrl rtrlpt ¡tp$o¡lntrl¡ ool clo rldt¡
rttb rrfrrrnor to r rttln d lrn¡ltuúlnrl ltrl'P frrr
tbr rtrôr of r¡eb ¡lo1¡ to inrt¡¡tr 1¡ r¡ob Þerl¡oatrtr

ttrlD r rJcr pntrtra þüd. îl¡rtt rtrl¡rr of rt¡roh-
grtr nn flnrly r¡¡ærtrd rltb r rorl¡rl blrdr lnd tbrt
r¡trrotcå tbnr tlnr ln r Þbn6rr rtrtb lO rl¡ of le
¡rrr orEt (n¡ltaO¡ tt !ü ó.5. ît tçrrrrtrrt nr
flltærd tb¡ûu|ù r rtat¡rrd tl¡rr furmlr E¡ob

fr¡rtlonrtlcr ru tbro tirltrr6 rtüù ¡enttrr rgltrtloa
r¡rl¡lrt b. tr5¡r ¡. Cl rt lcc fcr tl blurto Êr rrtret¡tu
r.ûr frrrrl drbd to r¡ryrorlrrtrty lO rlo rllqtlotr.
rrdlrlyæi rlrt¡¡t C.lril Ir Cl rnû tton trh¡n tc drTlrrr
üt frærr drtln3¡ n sb frr¡ttcn rrr dlr¡lná la onr

rl¡ of Þuffrr lt pg fr¡ lnú rrnyrd for frotrl¡ coato¡t

rnd for c¡nrato rotlvl.ty ¡æt¡¡t C5.

Ittlrr¡ lllrr

lbr rtb¡d krsö{ rrr bmtd ¡n tÞ¡t drr*lbrd by Vrn

rlea tåJl. (ll¡¡t. 1. I cl¡t dr rtryrl¡ ¡f I lrlo
nllae dltutl,o¡ cf rrt tttur cr rûr¡nnto fluld rrr
rüôrd b {l. of rtu¡h ta I erl prr ornt t¡lutlrnr
tl.rr rlr rf nãóÐùrtr bufftr tt DE:?¡O r¡r rddoú rnd

tbr rlrtur troubrtrd rt t?OC for 15 rlnutelr &lt
nl oortrtd by rdálr3 ,O r¡. of dLrtLlllû rrttrr
Icur rlr cf Co0lf lodl¡r tolutLla ru rdtrd rnd tbr
rlrturr rrdr tc loo rl¡ rlùb rrtlro ttar nrlta r.m
turytú fcr cptl¡¡l drartty ln r llni,ou lptotro-
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¡brt¡t6 rt 6tO rffllrlo¡clr srl¡¡r r lrlCOO dll,utlon

in nlfnl ¡f tbr crl¡û¡rl r¡rDlr ¡l I bhr*r lt

r.alltt cf tbll rf.rt r.r. .r¡rlrrld trc rrtltrrT unttlf

rl. c¡lc¡trttû f¡rr tbr rr¡rnral.n (l
O.D. Elrnh

¡ teo - hltr/loorl,.
5, nÉuotfrl Þß tuhÞ¡rJirrl, mi¡rntl

8rryhr of thrr nltb olü rrt tlrln r.r. rrúucrt Þ¡r

t-rrrortta.tblrlr A Orlt[ relulien r¡a pr.Pprd by rôdla¡

O.?2 rl. cf t-a¡t.*ortbrnrl te lO rlr of fËorybrtr

bnff¡r .t |lg 7.O. gal rtr of tblr r¡lutlln rrr rdû¡d

te ont rl" of th¡ trrt ltttr ttll rl¡turr úll
l¡ouÞttrd rt t?ac fcr 6O rl,¡uttr rd tben úLrlTrd
r;rlnrt tul lltru rf orlSll lrcl rt lroc for l& bourt.

lbr mr¡lr nr tbln u..¿ to cptortrr @
F¡¡rln Ot rt ¡rrvlourly drrcrlb.d rÉ rlfr¡rrú fcr
blclo¡torl roûlrltyr

6. Grl ßlltntl¡p ùTÊrtcrrr¡þr
t|t¡ ntbrt cf t.r¡! fr¡otlm¡tl¡n by 3r1 flltrrtlu
urd l¡ tbll rturly lr olrntlrlly th¡t rf f,ltrl¡núrr

rd f lctl,n f tt52l. lt rtrrlrl rrd. $r¡Èrûrr G-IOO

(¡ a tbrrrrclr, úp¡nrlr, $rrdml lr r rrcfaltËtad
plfyürrtrrf,e ttr Sr¡ùrÉ.¡ trt rlcrü tr r t50-ft0

r.b frretlcn rnd tblt fr¡¡tl¡n rrt tbr¡ rl¡lrá ll 0rlll
trfr-à¡¡grrtt-'rrtbyl-ulEo-ntb¡ar {mfg} - E Cl br¡ffæ

DE 8.0 flr lb bcurr tt ¡llor rr¡llh¡r Tã. turbld
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ru¡rrrnrtut rrr rrnvtú þr üocrntrtlen rad th¡
rrtrrl,rl ¡nobrd lato r vrrtl¡rl oolun rruurln3
b or. ¡ 5O on. ln tbr f,cllcrln¡ nnrÚtr. ftr ccluüt

¡u clcrrd rt ltr brrr rnd tbr¡¡ onl thtrd ftll.ü rlth
buffrrr å tbtn rur¡lnrlr¡ of tb. .l.1 rrr lntrcduord

rnd ¡lloird t¡ lrttb cnto r 3lur rocl Drd tlturteú

rt tbe b¡r. of tbl colrrn. Brc.rt buffrr rrr drrfacd

fror tbr eutbt rnd thr preorll of flltfn¡ rnd dnlnlng
rrr oortlnu¡d untll the oolwr nr ¡nckrt tc rltbln
! crr cf ltr top¡ a.r. Þrlrç trlrn to pnvrnt d¡tlngr
A rrlærolr rrr tbrn plrord on tbr tc¡r of tbe echiln

rnd thr Ctt rubrd rltb tbrc tllrr ttr crn volrr¡ of
Þuffrr. 1!r 3rl nr rllorrá te rqulllbntr rt þtc

orrrEl¡bt , 
¡nd thr rnlntn3 rluttrn ¡rroordr¡ra, urrl

crrrlrd'out rt tblr trpptrrturl¡ A fb¡ün¡ It. I
dllo of flltæ Frpæ nr plrord on tbo lurftot of tbr
¡rl rnt tbr rroær Uufiæ rrrvrd È¡r pl¡rtter lta
lorn nr¡rlr nr tbrn rlrrty rppltd rnú rll;rú to

dlffur t¡to tbr trlo ltr ¡1ú¡r of tür oolrm tbovt
tbr rrl r.l. rr¡È¡ú rltb brúfæ rr¡ú r cnr tltrr rtlrrvolr
ptrerd oa top of tbr oclrm rnd f,fllrd :ltb þuff*o

Elutton proomúoâ bt ¡rrvlty rt r ftlr rrtr cf l0-l! .1./
hour la 5 ¡1. lllquotr rrtrrd bt rn ttqtrrnforlly

re¡ulrttû drop oeunttr rnd ootillcttd on I frrotlon
oolhotor. lbr cptlcrl drn¡ithr ef tb¡te fnottron¡
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rar{r rnü rt ¡ rlt. leEfÛb cf, tt0 rilllrto¡rnl ln rnl
orr ¡tlto¡ crllr ln r Ehtnd¡u rprctptbctortrr¡ rn

rlutloa oarr. tlcttln¡ optlorl üorlty of rlrrtr rCrln¡t

Dr:oü¡:orllrr roltm rf, rlurtr ¡nt dr.rïn fru tbtr drtr
¡d l¡ùr frrotloal ú.rt ¡rrbd roc¡rúlnG tr tbl n'l*
p.rt rf tblt ¡lutloa ¡rttrrar Ît¡æ pcclrú frrotloEr
üarl o.Botütarùrd b¡ ¡)r.ltur. dfrþlll la L.I.B.

ultrrflltrr¡tfs lþrrrotr Ulnrthr s¡rdrnle 1Èl

c¡nm¡tr¡trô frrctlcnl r.3'r thrE ern¡lü fc; trrtlln
coûc.BtrrtlrE ¡¡û for rDrarlc rctlrlty tcnrúr

c5'

DpFr tir rr,r{Årlt, pltrìcrE$r$qEl*re
Îb. rD¡rrttrn of lrrtriu lütc blû rad lrr nlrouhr
rrl¡þt ceqnnraùr üm brtl dtrrrlbrû b¡ lurtsrl {lt6e,
rbær rotbrt rrr rçl?t.i ln tblr rtrtyr

å lrcr'ln ;rrrtlrrt rltb ocnrlrtrrtloar rf SO.t!.

rj uÉ tO prr ornt .$Galto f! tlt fr Cl r¡t prr¡nnd

fn år ¡ l¡ ll.u¡tr¡clár trÊrlr Oû. dr rllqmtr rf

uû cf tberl trorlta olacratntlcer naan tr¡ære
luo¡rrrtrvrly lE rrcb cf tbær trlbrr lornclE3 rltb
thr rlt crlorntntr'd rctutlon¡ 1!ü atlutlrnr ülrìr

tÞrn rll¡rrd tc rtnltttntr fcr 2& burr tt lÛC rft¡r
rblrb tlrr rrob trbo rrr lrtrnt rttl ¡m r1r rf
¡rrü rrrplt rltb r prtrln oo¡cretr¡tlra rf r¡¡rorlrttly
30 rc. lú. ttr trþ¡r r.r. umtlrú |,n r svltg rlng-
rrt ¡rtcr rad errtrl,fu¡rå frr lt b;urr rt !5r0S toprtr
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l,n ¡ Sptnoo (lbdrl L' uttrecrnürlfugr. Aftrr tbt¡
tln¡ tbr nrpb ürt ræted fror ccb tubo by blædtng

tn tn drop rllquotr fro¡ ¡ bott pl¡rcrd Ln Ltl b¡lto
Irrb rltqr¡ot rrr ooll¡atrd 1n 5 ¡1. bottlrl to rl¡lob

hrd brln rddrd pmvlourly t nlo of O.l5I lr Clo

ltr ¡rrotrln oontrnt of rrob of übr¡t ruplrr
ru ¡ttryrd Þy opttrorl drnrtrty rr ¡¡mvlourty duorlÞ¡ür

ln ¡luülon curtr trt úrrütr Ëy plotttnS opttorl dcnrlty

¡gttntt tb¡ nrptr nr$or. trrotlcnr for rltry úrra

obtrtnrd Þy Doollne thr oontrntr of tbe botthr rttb
rtfrrrnoo to tbr nJor Dmkr of tbr rlutlan o$!Fc¡

Îb¡r¡ plolrd nrptrr u.ro oonorntrrtrd by lln.ttur.
dldyrlr¡ úrrlrod by r¡rotro¡üctorrüry for protrln

conc¡ntntlon ¡nú rrrryrl for tbrlr otlonle ¡otlvttlrr
c5

8.

1l¡r n¡tbod duortbod þ lurnæ rnd Rorhy 11963l for thr
fno,tlonrtlon of lrrur lnotrlnr Þy d1-rtbyl-r¡tno-rübyl
(D.tr.t.B.1 orllulot¡ lon rrobrngr olr¡un cbronto¡rrpby

rat .r¡rloyrd ln tblr rtudy. Îb. D¡Dolrt. o¡tlulorc rrl
grrtrutrd rnd ürrb.d by tüe rtbotl of Prtæton rnd tcbrr
{ft60t. tTo orltulerc, rur¡r¡rdrd tn O.OII nhorpbrtr br¡ffr
rt Fg 8¡ ru ¡rchrd lntc ¡ oolrn¡ lrâ ocr ¡ 5O G[rr

u¡rúrr nltreGrn rt ¡ Dr.tturo of lO lbr./rqur¡ Lnob.
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A r.t.rvrlr úrr tban rdü.d ùo tb¡ colrnn rbl'cb rrr
r¡rbrd rltÞ IOO rlo of tb¡ C.Ollq Dü E.O ÈrDÈrtt brfftr.

Durln¡ tbr r¡rlndrr ¡f tb¡ rrf¡rhrat tbr o¡lun
rm trpt rt r ooaltrat trrptnturr cf &oc b¡r ntr
olrr¡ulrtlng tbrorill¡ ùbo ¡uürr Jrobrt ¡f tlcooluno flr.
r1r rf rrt tfrtil ûlob b¡d þrr¡ dlrl¡nrü r3rlnrt 5OO rlr
of tbr rborr ptornh¡tê Þuffæ nr rlorly h¡rrrrd oa

top rf tbe ooh¡n. lbl tor¡¡r rrr tbe¡ rlst¡d frcr tbr
colo¡r Dt nun3t of IOO rl. of tbt O.Ct¡t pE.t.Oo

pboæù¡tr þuffrr. G'ndtr¡lt rlutlcn rrr tbrn lrrorldrd
fror r rlr sbltbrrrd rlrlng r¡rynntur rhl,hr te türt
d¡rorlbed bl htrrron ¡nü Sobrr (lrfrlo In tblr r¡rtr
tbr buffrrt brd r ül¡rtulrl pf, fror pE tr0 tr pg 5.6
rad rn lnorlrrlng llrrlt¡ frcr O.0l lt to O.ll I. lbr
flarl trrolr of, ¡rtrln r¡rr rlutrd rt,tb !0 rl. tf
lll ¡Èrr¡Ërtr brfftr tt De 5.6. lbr rlurtr fror tbr
tolr¡¡n rm orlbotrd ln r fr¡etl,rn colbotcr lp¡tca
Indrrtrlu, Ëtruront. Soutb .Àutt. ) la j rl¡ rll¡urtr
It r flor rrtr of cnt rl./rteut¡o Tbrrr rltqurtr Í.r.
rl,atrlerd rt ¡roc tÞrou¡ülut tbr oourr¡ cf tbr rr¡rrlr¡nto
lbr frrotlcm rtr. mn¡rrd fcr prctrln c¡ttrnt tnd rn
rlutlca ¡nttrra dnra frrr rhleb tbr ccnt¡ntr of tbr
tt¡brr r.r. ¡nolr6 la roocrdracr rtrth tb¡ vrrlrul ¡nrtslr
Tbr pcch{ nrptrrr r.r. olncrntr¡trü by prlrur. üldyrtr
ud uny¡d for protrln coatrnt rnd cptrnlo rotlvlty

to SrlÇÇ¡qll+ t;¡blrrrirn CJ.
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9. Prcúuotla! cf ¡rtlaorn
(rl Aü¡lt n¡ùltr r.ro lrr¡nlr¡ú by rtrr tocc.tlt?o bl-

uorlly tnfrrtlcr¡ rf Q.! rtr cf trrl¡ú ¡dult nt
t rtr lntr rrob EtÉürct¡ r thl urlrlr rlr!
r.tt.ð for llr úrtr follcrl¡3 rbloÞ I rl¡ cf rúult
rrt ,arrr rar. Gltrn lrtrrvrmurltr für lrm
rr¡ ootl.otod ll 6r¡r lrtrro

{bt rtult rrÈt Í.r. l,EJæûri fosr tlnr lntrr-
¡rrltcrrellt rltb tC6 vrrub Edþl¡üb
lf¡Þtggåg Ç5 rt tro úry lntrrvrttr Îtry ülr.
r.ttrü for lT ürtr ¡¡l rtrln traloctod Þy tb¡ rrr
ro¡tr ¡lrd ;lth tbr nn oolrrrtntlol ef ltrla¡
*Crllnr. 1àr Lrü nr ælbotrt lA úrta lrtrr.

lO. Inr¡c-ol¡ctrcûæull
lte ntbú fcllorrd l¡ tbmr rtullrl tlt .r.onthtly
tbrt ômorltrd þl tobrlôr¡frr (f9551,

Ercti-rtm llllfor l¡tcrrtorlu, Drtrett¡
Il,obl¡rnr U.t.Arl nl lrltld rttb dlrtllhd ntæ lnt
tbrn rrdr tc r .8. Drr crat ¡¡1 rltb tl,ttlll,oú trtlrr
Tlût. rtrcl ¡tl rrr rlitrlr.a tt bcc ultll rr¡ntnú
ûr¡ lt r¡r llqutfbó by rlnlntr t¡p.rua. lE r ltrrrorr
It nf tb¡n dllutrú rttb u rqurl rllrllr¡ of rrnnl
Þuffrr¡ l¡atro ttrtntùb O.lO rnd pE ü.6. lbrrr rt.
of tblt hot ælutbn ürt tlprttld o¡tc 3 lnob r I lnob

¡lur rlldu, rbl,oü brd prrr¡,autlt br¡a oo¡trd rlth
OrlS t¡r out rltr. rrt ¡llorrd tc arl. lTo no
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r.l1l ú.r. übrn sut lå teob¡r frræ thr r¡ú cf thr

rltdr ¡üd ù lncb r¡nrt l¡d tbr ¡ryr¡l r¡pl¡û. tht

¡rf nt tb¡n tavlrt¡ú r¡d tub¡rotld te rhotnclücr¡lr

It 6 voltr/or. for f! rtnutrl rt roor trryrr¡.ltl|t.l¡

A lca¡ttudlnrl t¡tulË ¡rt tb.â 3¡t l,n tbr 3ll rldÜrt

botræ¡ tÈ¡ rrllr ut fllht rltb ¡ntllrrtro lcrtt-

rl¡ht bcurl tt fcC ln r btilló ttnr¡hü. rlr. lllrrrt

for tb¡ dtrrle¡nrrt cf tbl prlotpttla bldl¡ fb.

.rcatt r¡Èlrorcr rlll luobrd ¡ut rt ¡oC rttn nrnlrlut

rr¡brl rf vrro¡d Þuffrr¡ lralo ltr'n¡tb o'lo ttr ?'lr

fol,forr{ bt 9.1t I h Gle 11¡r Dufflr taltl r.¡r¡ 3¡ovod

by rrrblrC rttb ðtrtllloú r¡trr rt ðoC r¡á tlr

preotrgttLil brldt fl¡¡t by lrrrr¡fil¡ tÈr felr l¡ rnr

p.r ot¡t r.attl r31t for lt rlr¡¡t¡¡r lblt r.r. tbrn

rt¡lnrd for 15 rlrutrl ln r,r1ôr Þlrcl loå r¡16 tbr

.tc.l. dt. rÐrr.ü by rt¡r¡¡tod rrrbln3l la t ¡rr eent

rortlc roldr ÎL¡t ülrl tb¡a úrbd ov.r PnO, uá

uulr¡dr
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CEAPlER III

GLEARÂICE SltrDrES rr rOElåL ^0J5D råf,4¡l_84e9

lr Introdgctlop

lbo neob¡nl¡nr rhl.ob Prot¡ct ¡n ¡nLn¡l rgrtnrt th.
onnlprrrcnoa of ntaro-ortrnltnr blc r Þl.ca of

rLngular lnportrnoo ln drt¡rnlntng tbt ¡urvlv¡l of

tho anhrl. Tb¡ rotlct¡lo-¡ndotbrll¡l ryrtu of

a¡nnrlr h¡r bron drrcrlbrd rr providlng e rrJor ¡nrt
of tbl¡ protrotlon by rctlng ¡t . vldrrprold ryrtcn

of collr rblcb brvc thr proprrty of ph¡gocytolll.

It rrr ruggrrtrd ln rn ¡¡r11¡r ohrptæ tbrt tblr
functlon of tb¡ rettculo-cRdoth¡llrl ryrton aould bc

r f¡¡rùbor ónto3rnlo rtrp þy e ryrtou nbLcb h¡l
¡volvcd tc dtrorhtn¡to brtvr¡n th¡ rrtntldr rnd

Inot rrntodr ruþrtrncrr of rn rnln¡lr orn bcdy. It
lc con¡ld¡rrd r¡uonrblo to propor. th.t tb¡ nrtbod

by vhlcb tho lmunc nocbrnl¡n 1¡ orprrrrrd ln thr
rocognltlon of. to.tßt. Burn¡tr¡ (ry591 t¡rnr lrrlf I

rnd Inst srlft l¡ ln tll probablllty rn onlnrntly
ccono¡lc¡l ¡ppltcrtlon of th¡ Eor. prlultlvo lr¡ntrdr

or rnot rutod! dl¡crluln¡tlono
lbc functLon of tbo retlculo-¡ndotb¡lh! ryrtrn

¡t th¡ luunologl.cel 1evcl ber brrn onrrgrtlarlly
lnvrrtlgrtod ln n¡trl rnh¡Lt by nunrrøu¡ rorkfDfo

Ont of thr n¡ln notbodt Ìrrr bo¡n by utl.ng vl.trl or
' ncn¡vltrl partlclcr ln cloarrnc. rtudlc¡. îb,¡tt rtuübr

.r. cont1dcrod to trtt tbc pbrgoeytlc crprclty of tbc



rot¡c¡¡lo-.ndctbollrl lytttrr Untll tbt tln of tblr
rtudy tht drvtb¡nrnt rf tbr rrtlculo-¡ndoth¡ltrl alrrtor,
rnd by frpllcrtlrn Lrunrlogloel ocqrrttnotf of ftrtd
rnlnl¡ b¡d rrctlvrd lltth rttt¡tlcnr It rrl ¡rr¡nrd
ln frct tbrt tbt rrnrllrn fortur r¡¡ lrun¡logl,orlly
Lnccr¡rrtont rnd tbrt rn¡ ryldraor ùc tbr aontrrqt
oculô br dlrrotly rttrlbutrd tr r ¡nrrlrr tr¡nrfor cf
lnuat lubrtrncor frrr tbr rrtrrntt ¡nlnl.

1Þr rueltr ûf lnvutlC¡tlcar oolrcurr.nt rltb tblt
rtudy brvo dt¡artr¡trd thr lrr¡nrhglo rÞlllty of
fo¡t¡l ücrp (Sllvrr¡trln g!.-¡f., lg6tt rnA tbr dcrtb¡nrnt
of Lrunrlc¡lcrl ooqrrtrncr ln oblol ¡lbryrr (xrrtbl.3rru

rnd Jrnkln. 1963¡. It yr¡ oontldtr.d tb¡t r tttrdy ef
fo¡trl nnlr rluld oontrlÞutr tc r ¡rotrr u¡rdorttlrdlnS
of tbr drvrlo¡rrnt cf tbr lrun¡ nr¡rart lnd Ltt
rrlrttrn tc rtbrr btotogtorl phrncron¡. tü¡ ol¡rrlnor
fror tbr þlceû of lntrrvrmurl¡ lntrcûuord ¡rrttoht bm
thr¡forr bæn urrd ln tblr rtudy t¡ lnv¡rtltrt¡ tbr
¡Èr¡reytlo ¡bl,llty cf tbr mtl,oull-rnd¡tb¡llrl ryrtu
of fortrl rnd nrtrl rrtr r¡d to grla toro undrrrtrndl,ng

cf tbr rry la rùlcb tblr rblltty drvrlopl frrr tbr fr¡trl
to tb¡ nrtrl rEhrlo

Dor¡ l¡Yol la fcttrl rrtr
S¡lnnrllr tnùlrurlur Cl nt tbr or3raltr r¡l¡otrd fcr
tb¡ drtrllrô elrlnno¡ rtudlu tbrt r.rl donr ln foetrl
rnd a¡tr! rrt¡. lblr crgrntlr ru obo:rn Þ¡crutr rf ltr
r¡ll knevn cbtrrotorlrtlor ln rulo cbtr¡no¡ rtrdtrrr

b a
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(Jrnkln, lt6l I rnA Þtoruæ pr¡llrln¡rlr rtudhr b¡d

rber¡n tb.t lt rrr trlrultnt f¡r rltl. ft rrr tbælfcrr

rntlot¡nttd tb¡t tbtr cr¡rnln ¡outd br olrrpl rfflobntly

fru tb¡ blcrü rf rdult rrtl ¡nd thrt lf tbr tounS.r

¡alnlr vrrlrd ln tblr cr¡nolty dlffrr¡nar ln olr¡rrncr

rrt¡l þrtpon rntnlr of dlff¡rrnt r3.l resld br pldtly

rbvlou¡. A dtffrr.Rct l¡ rlrrnno. rrtll ult ln frot

drn¡ltntrd rt tb¡ ûrr¡ ttvrlr rtrtrá ln Cbrptrr II.

À ôer. cf ! r lo7 or¡r./o.o5 rl. rrr oÞrr¡n flr fæt¡l

rrt.t LG rrr þrrtd cE tb¡ tclrlrrllù! rrt¡o (tO9 c¡;¡.tl

loo lr. Þody rrlr¡btl uæd fcr rum ohlrrnor rtudlrlo
In trdrr tr da¡rtr¡tr tbrt tbrre ür. tl dr¡rrnúraol ln

tblr nnt. r 6r¡r lov¡l vuytrn3 frrr lo7 rr¡1./o.95 rl.

tc 2.5 r lo8 ægr./o.O5 rl. t.rt ured la r dur ürprndlncr

rtudy ln te-dry fmtrl rttto T¡þh 2 rb¡rr ìbr rlrllrr
ß vrlurr rÞtrlrcd ¡t thr vrrlrul ßoaoratrrtlrnr rf
srlnnrfþ trplhft'u.rLHp c5 tbrt r.ro u¡¡d ln tbll dor
dr¡raüraor rtuðy.

îågl.t t
lbr rrtultr of tbr trr dr¡rrnürnt tr¡nrlroatr urla3
Srlrn¡llr tv¡blrurlur G5 ln 20-dry fortrl retlr

Dcro of s-tr¡Llqr¡lrn c5/O.o5 rl.

t0I 2.5 loI¡ 5¡to ? rot 2.5 ¡ tOt

f lo.o' o.o5f o.o5& o.ollg 0.05ó
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or Ctnrrnoo af

Flß. lO rbrrr r ty¡lcrl otrrruo. rurl. fcr 5 f l0Torg¡./
O'O5 rl. for r lrrlrl of l!-dr¡ frttrl rltl¡ 1Þr tlrr of
thr rrporlrnt ru lrtrndrü to l8O rlnuttt to ltlurtrrt¡
th. leltlrl nptd r¡prntnttrl pbm¡ cf, olorrnco. üurlag

rbl,ob r¡rprcrlnrtrly EO prr ornt rf tbr þrctrrlr rrr
rarovod, r¡¡d tbe valt rutb tlcrar rrrrtl cf thr rtnlnúlr.
Îb¡ ntr of cblnnt¡ rf ¡nrtlollrr frcr tbr clrsulrtlnS
bleed rrr f,ound to b. tlrllrr by Þeth vlrbb r¡rd r¡db-
rotlvr ratrt r¡tbodr lr¡d orn þo crlcul¡trd fror tbr
or¡rnrntlrt rmtlon cf tblr +rurr. by tbr tqu¡tlon
r.cl'c2 rberr C l¡ tü¡ ltG oonsentrrtton rf rltþtrl0
,uuï3 l"tl.n lorotlv¡ ootrntl ¡t tlr 1o ltr n¡r¡ltr frcl
tbr rrrlæ of ol¡tr¡¡ror rtudlol ¡trrlld rut ut1n3

Srlã¡nrlh tr?hl+rlrn Ct ln foottl rnd rrttl rrt¡ rrr
pnrentod Ln t¡bl¡ forr rnd tr ¡ corporlt¡ ¡r¡plr ln ftSr ll.
Tb.r. drtt lllu¡tr¡t.d tbrt tbr pbrCpcytlc t¡rdr¡ (I vrlutl
vrrl¡l rocordlnG to tbr r3r of tbr nt. rt or¡r br t.an
tbrt thrrt ürt ln lnltlrt rrptd rnd prrüri¡rlrc lEerrrlr
ln I (fror f r O.Ot6 to f . - O.O55l rr tbr fmtur rtunr
fr¡r ló- drt¡ to tl- dryr end thrt tbr rrte sf olrrnnoa
rrr nlntrlncd ¡t I hvtl rhllrr to th¡t rt blrtb
untll rbouù tbr tlrr ef rrrnln3. Tbr tnlul¡ rorn rt
r¡lprerl.rrtrly ll- drtr Frt prrtur rnd frer tblr tlr¡
untll tro ronth¡ of rgr tÞrrr lr tn r¡rprcrlrrtt:
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(, a

druÞ1[n3 le cl6rln l mtr frrr I . 9.O55 tl f r O.g9O.

Durtn¡ tù¡ nr¡t ralh, satll tbl ral,rl¡ çr tbnr rntbr

.tü. thr ol¡rrtaG. r¡tt rSrla 6¡ubhr tc rrlob f, ' e .Ût¡

9t¡rrracr rf rtrlrut othlr rr+lPlr¡l ln fortrl, nl;
Otbrr ttr.fat rf 9rrr n¡af,tlv. brotrrlr rorl urd trr¡

olnrrnr. rtsdf.t l¡ fort¡l rrtr rEd tb¡ rrlultl,
lacluúln3 tbrr fcr c! lsl
rbrrn ln lrblr 3. - 

rågdå¿
A orr¡nrlroa cf th. f vtluol rbt¡lnró rltb r rrlrctlu

rf Gnr n¡3¡tlrr rr3¡¡¡lru ulrð lor clrrrrloo
rtudhr ln firùrl rlt¡¡

fr¡r tbr rtuly rf tbr ol¡mrncr lf tblr tro¡l¡ tf orSrnln
ln fcttrl rrtr r¡rd lt- tO- tnú li- trtr tb. laonrtfuç
or¡nolty tb.t tbr nturln¡ frrtut¡l rlltplr¡r frr olnrln¡
brotrrlr frrr tbolr ol,roul,rtla¡ blroü ü¡t ¡3rtn nüt
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.Þyl.rr. 1Ë. r¡tr¡.¡{lnril¡ npld olnrrncr of tbr

rru¡b @ rtrrlnl nl rvld¡acrd lrü tbr

rlrlhrlty ln f rrlu¡ f¡r nrth !Cþlgâ[l¡¡, (rlth tb¡

rrorgttrrn of Ê?lrnrllr tntrlltilúlt 8t ?951 rm l¡rltb
I¡ohælcbl¡ ocll ,lOC rrr d¡¡nrtntod.

trtr Drrvlru¡ rrrl rf frrtbl¡rru lrrd JrnLln {f96t,

hm bl¡bll¡Þtrd tbr lqnrttlcr cf c¡rralar ln tb¡ o!üaln3r

of rlo¡o-or¡nnlnr le cbtol r*ryri. Îb¡æ ua¡t rl brvr

rþrrn tb¡t thr lddltlla rf rnn clatrlnlaS c¡rrl¡ln¡

for rn or3tElll rbl,rb by ltærlf rrr art cl¡pô nuld

lubrtrntlrtly lner¡ll l,tr oler¡¡tr¡a rftrr cppnlntlrä.'
It rrr tburf¡r¡ droldrt tr trrt rürtbr tt¡ r¡l¡tlrrly rbr

ctr¡rrncr r¡tr rf lrrr of tb¡ nætb orlrrirrr by tþo rrt

fortur ru ü¡r t¡ r trflcbnc7 )l aar¡r opllrlalo'
grh.nrU¡ t?pþlrpr!,uÇ ct nt rproalrrd fcr tbl'r trrl¡l.r
rltb rüult rrt torur Èlrb rrr hrr¡ fror Dutl rrllt
rtudlu¡ (rrr cbrptæ TII to erntrla c¡¡rldrrrbh
rpralc rotlvl,ty for tbt¡ tr¡tallro' tt¡r Þ¡ctrrll r.rr
tbra ulrô frr clrrrlnoo rtudhr la le-e¡¡ fintll rltt.'
thr rrlult¡ fror tblr ltudy rb¡¡râ ttrt b¡tl tb¡
opronlr¡d r¡d unrprrElrô brotrrlr ürrr rürrtrd rt tbr
tlú r¡tt (ßr O.O6&l ln¿ tbtr ruS3rrtrü tbtrrfen tbt
oploaln. r.r. nrt nreomully thr llrltln¡ fmtrr le tùr
rtcrrr olrrrt¡oe rf tlr nrtt O'tÐ m|ttlvr Dr¡t¡rl¡.

l. Gbrrt¡or rf otrbcn ln fc¡tet md ertrl rrtl

rrltrrLn¡ ùbolr rtudlrr cf b¡otrrtrl cl.u¡no..
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rhrltrrc-frr ¡rlrtla-rul¡nnård cuÞor r¡r umú lE ¡

Itrllrr rr¡r to ltulnt tb¡ ol¡rÍrnca .f nttr-vltll ¡nrtlclil.
It lr relarrled¡ed. bltvrr, ¡l rnt lùr¡dl'l brrr

drnnrt¡trd. thrt ostra lr act r btrlr3lorlly blrd

rluÞttlr¡t¡ lrvrrtbrlru lt, er. prorldrd r ff¡ftlo rtbcd

cf ðrnnrtr¡tla3 þleod o!.¡¡¡lrr ¡¡nolrlly ln fo¡tupl

ú|llr. tbt rbrt¡or ef fur rnd ptlr¡tttlon tllourd obre3Ú

trn rlln rtû rrStn Golo¡r to Þr ¡allt ob¡rvrd. l|br f

vrlrrll fer tbl ol.rnnor of e¡rÞcn ln þotb fcrt¡l ril nrt¡l

ralrlr urlË¡ I d¡rl rf o.S r3. errtoa f¡r ttr fcotrl

rnl¡lr rnt r drç rçulvrlrEt to t r¡./lOO |¡. rf bcd¡

rrl3bt for tbe nrtrl rnlrll *. lhaÜt ln f13. l!' 1È¡l¡
ptultr ûrcErtrttr ¡lrln tbr lnopr¡lr¡C f,unotlon¡l

or¡nclty of tbl fcrtrl ¡Èr¡pottlo l¡rrtrr rnú rtrrr

ôlrcnrtrrtt tbr rrlrtlvrl¡r ccnltrnt rry la rblob n¡t¡!

ntt olmr r Þcdy rcllÈt ôrtrnlnrd drr¡ rf otrboeo

f r Í?g figlrt4oartslp þrtr¡rF , 
qblgrlaq, otçrrrnor v¡lqlp .rnt

Þrdr ,rnô crfit¡a. rrkbt,
8ofrr¡nc. ,rt ndr r¡rll.r (cþ¡tûrr xl te th¡ êrrlv¡tlrn
by Brnro.rnf !S-!å. {ftltl of l ¡c o¡l1rû rolrrotrd

¡ùr¡roytto lr¡dr¡r {rf¡lbr v¡lu¡l Êto¡ nr latrcducrd

tr trhr lntr rcocuat tbr lnéltrldnl vrrl¡tloa ta rrl3bt
of tär nln orl¡lrt ln rblrb fùrfprftl¡ rlrnEtr rf tbr
rrtlot¡lo-.nüotbrtfrf ryrtor ur frr¡ú lE ¡nlnlr rf tbr
¡rx rlr nd totrl body rrlSbt. 1ür rl¡hr rllur lr
obtrlard fru tbr rqurtlrn ,l= ,F rtær f t¡ tbr

U.1.1. '
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trtrl boút rrl¡bt, Trlrr' tbr rrt¡þt ¡f tbr llvu rr¡d

r¡¡l¡rr rnó I lt tb. phr¡rrytlo lnó¡ro

D.o¡ut. lt b¡r Þ¡rn tÞr.rvrt la tbl¡ rtuây tü¡t tbl

llvrr rnd rplr.a lGc.unt for rptûrrl¡trly 9O FÚ oott

rf tb¡ putloulrtr nttrr pbr¡ro¡rtrrár tbr r¡tlr Í
T.l ol r

lt onr rtlob lrn b¡ u|.d to Slvr rn tltlrrtr of tb¡

rctrtttvr ¡runt rf ¡Èr¡clyttro ryrtl rvrlhltl ltr

rnlr¡lt rf dlffrrlnt rSal¡ frcr trþþ lr !t ola Þl loat

tbrt forttl rrts frolr lt-dtyl to StrdrTr of r3r brr¡

t¡¡trcrl¡trly tür trro , l" .- rrùlc rÊd tbrt tblr rrlb
T.l.l.

lncnrlll ln ertrl lalnlt ¡¡ f<lrfr cf r¡lr tbra

dror¡llu to lE-drtl, to ltrornlr r¡rln durln¡ tb¡

nrrt tr¡ rntbl. It 1¡ lntrrlrtla¡ ùbrt lrbþr b r¡l t
rblob trbulrt¡ tbr ruultr ¡f olurr¡ror ¡tudbÜ rltb

$rlËrn*lr tînblrurlu¡ c, ld |lrtcn ruD¡otlçrty lbrr

rn llapUl la rtpbr vrlur fnr lE-éry fl¡tn¡¡r tr l- A],

Dûrt attrl rnlrl¡¡ thr ¡lnär v¡lur tÈôn drorrlllr ultll

tbo r¡þrtr r¡¡ t6-dryr o1{ rnt tä¡n lnsrrU¡ tc tbr ¡3l
of Elr- dryrr l'brlr r.üultt rÈcr tb¡t thl rltlsull-
rndctb¡llrl ryrtæ lnorl¡ltt ltr rcütvlty fror tb

tcua3tlt frotur trrtrd untll tbr rnh¡l lr rÙrut rar
ræh rld. ltlt rctlvlty frllr rltrbttf üurlnt tåt nrrü

thrrr r¡1ts¡ !r rtrt e¡nln ra tbr rrt r.¡obrr rdultbJcd.

3o Ccrolurloal

lbr chl¡ìr¡lo. rtudlm Èrvr dcnrtrrtd tbtt fcrtd ntr
p.n.rr r fuaetlcnl ?ürCroytlo ttattrr ¡rú thrt úurln¡
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the porlod ¡tudlcd ltr at¡nctty to r.Eov. tntrrvenouely

lntroducrd partl,olo¡ fron th¡ ,,èlroulrtlng blood torr
tb¡n doublcr. Durlng thc ttrc por!.od tbore le r fourfold
lnor¡u¡ tn body end llv¡r rolgbt, but th. rrtlo brtrron
thr rrtgbt o:' tb. body r,nd tbc rrlgbt ef tbo llvor ro¡r,lnr
oonrt¡nt. Tbc lneros¡ln¡ rrtr of ¡ùrgpoytorl'r dsr¡ not

¡¡tp.lr to bo dlreetly relrtcd to tn lncrrallng llvtr
rrLgbt for lf lt rcro tbo ¡lpb¡ vrluc vould r¡n¡1n con¡tr¡¡t.
It could horevtr bo due to cltber a dl,rproportlonrto

lncrcerc tn tbc nunbæ cf phrgooyttc o¡11¡ or te ln
lncrr¡¡lng cfflolcney of tho phrgooytlc crllt tbruclvc¡.
tho rrp¡rlncnta lndlorto that fron th¡ bcglnntn3 tb¡rr
collr ln thr !,lvor rbloh rrc knern to h¡vo lnportant

funotlonr ln nrt¡l anln¡lr b¡vr tbo rblltty to noo3nlæ
and pbagocytoce f,orcLgn p¡rtlcllr. Thl¡ lcpllrt, in
tornr of our prcrrnt undout¡ndlng. thrt tbc fortrl rr,t
por.cfr.l ¡ noobrnlrn th¡t lr ururlly ¡ttool¡trd rlth
lmunologloat ecnprtonoo. rt rlro rupportr tbr concopt

th¡t tbc rctLculo-endotholl¡l ryrtrn rr devrloprd nrly ln
footrl llfo ¡¡ a ncc.rnry phyrlolcgtcrl eyrtcl Lnvolv¡d
prlnerlly ln o¡tebollrn rnd rn¡boll¡n and ln norurl
oondltton¡ roccptr thc ¡rcondrry ðuty of b¡t drfcnor
¡hou.ld lt br c¡llcd upon to do ¡o rfter btûùb.
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clArlDn ¡Y

TUB I}¡81NIEÜÎIOT r¡D BACjÎINICIDAL ABILIÎT

OT 1tr0 TTIED IACROFtrTG¡¡B Of lED

rotrA¡. R.ÀÎt

-

Irtmdsotlon
ür flnd nlrc¡Èr¡.r .f tbr llvu lrrr bern rb¡re ln
lnrmrrbtr. ttuúllr la nrtrtr r¡rl,nlr tc br chlrfly
rrllr¡rlbl¡ frr olmrlE¡ rlæo-¡r¡rel¡u red etbrr

¡nrtlulrtr rtt¡r fror tbe clrc¡trth¡ blord, lnd tr
brvr tù¡rrfon r¡r lryprtrat Drrt ln br¡t ûrfrac¡ r¡rlmt
bbrd-Þornr lnf¡¡tlr¡ lr¡r¡lrrle 8l¡rrl *-il. (ltttl
urln¡ cubll. ¡nü årnrolrtf gf,-¡f. ( ttt5t urlr3 bmt
árarturrd bnr t.ru trrtrtE¡ orqrlor rl,tb rrúlnrtlrr
lrdlrr 1¡ 

f tt l. drrrrtr¡trú tbrt tb uptrtr Þ¡z llvur ¡¡t
r¡hrar ¡f v¡rlrur ralrrlr rprolrr ¡ûGourtrú f¡r
rttrorlntrly te |lrr out rf ¡Èrf¡oytmrt nùrrlll. Ît
rrtlc. rf tbr rru¡tl rtrrrd Ëy tbr llr* rni r¡É,.tr
rr¡rotlvrly nr f¡u¡rd bt tàræ urrùlrl tr vtry rlll¡ th¡
ðrrr 1Ëo llvr rcceuttrt f¡r tbr rfrryrolrrtlrr tf
u¡Êrlt rttb rnll árr.a rf n¡túly rlcrr{ t¡rtlclæ,
rùlh urürr tbr mrr olronrtt¡oatr tbr rplmn tcol up

cnly tnor rruEtl¡ Tttb l¡r¡r ttær lBrarcrrrrf¡ lt5t,
¡nd rltt brl tfflcl¡rtll pürf¡ctttrrd ¡nrtlcbt lu¡ù tr
¡rlrttn rur¡nadrd oclbltbl cbnrl'ur ¡trrpùrtr (Dobroa,

1917, tär prc¡rrtlrn rf, tnJrot¡d prrtl¡lm rc¡lræcd
frcr tbr llvu lr¡rcrodr rbll¡ tÈe rþrntr ferd ln
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tbe rnlr¡¡ ¡nd bcnr rrr¡oü lnort¡rd. Ulla; lrotrrtrd
rrt llrrrr Srrdlrr ¡nt E ür¡{ ( lt59t drnaltrrtrð r
otntló.rrblr dlffuraor la ulÊrtsr of l! r¡nolrr rf b¡ot*l¡
fr¡¡ brotrrlrl rul¡rrntlcar ¡nrfurü th¡lrr|h tbr llvrrrr
frr ¡nrcrntr¡r rrnvrl vrrlrü frcr 36 pæ ornt to E? p.r
crat¡ tbur dunrtrltlnS r octrtldlrrbl¡. rtbctlvlty
la tbr Þrro.at of nËrrrcytcrlr Þt tb. trl;lr. 1lùr

olnr¡nor fnr tba btoad of ¡¡trt ÈtDor cf ¡lo¡ro-erctnlnr
bm þæa tÞoru tr Þt ðr¡n¡rárnt to r oonrldærÞb dlSrrr

cn tbr prrlrror cf ¡nrturrlr or qnclflo ratlþdlrro Îa
rüdltbn tr tÞlr phr3roytrrlr rebrncl¡¡ rffrot rf rntlbcdltr
It ¡rurl3r.trt þy Jrnbllr rd Rrrhy ln t96l 1¡ tb¡ ll¡ht
of tb¡lr rort la 195, tbrt tbr rr¡ntr frtlerln¡ ln3ætlrn
of rlo¡rc-rr¡ralrr¡ rllÈt úrc br dr¡rndrnt on tbr trmanoa

ef tb¡t¡ ftotcrlr R¡ntd dtrtruotlon of rtcrc-er¡trlnr
lr lnltlrtty dr¡rndrnt rn rrpld ¡Èr¡roytclh, but tt lr
n;t r n.orttut oonraquanor. rt üú drnn¡trrtrd Þy 8l¡¡¡l
rt ¡l¡ ( t96el fn rr3ud to !ücobrotrrl¡r t¡rD¡roulorlt¡
ll¡ch¡nr.r I f ge f I f¡rtb* drcn¡trrtrl tblr pol,nt by

ßreln¡ r rlld rvlrultat and r dælvtd rlrslrnt rtnln rf
Ltttrrl?. lrnoerùr¡rFrr tnd rbortd tbrl,r nür of u¡rtrlf bt
nroro¡thr¡rr ln tb¡ Fut. plrltonnl rtvltt te Þ¡ of I
rhltrr cr{r but d¡rcartntrd ¡n oaorrour dl,ffrnncr ln
rurvlv¡t rlt¡lr th¡ rlrubnor of tbtrr orSrnltg rnd

ctbtr rscb ¡r e,pllrrrr tr dtprnd

¡a tbrlr rblltty to r¡trrt ln v.lvo r¡ f¡oultrtlvr lntn-
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e.llulrr ¡)urllt.l. Acqulroú lnmlty to !*!:þg$,
rqrclttircn¡,r rrr lÈ¡rn Ùt tr¡o&rnür to þe drn tc rE

rpD¡pnt ehrn¡r ln tbr lntrlnrlo Prr¡t rtlu rf tb¡ ù¡t
rrcrrogtrlpr rnú not tc btnrrl flctorrr Caq)llsrtlon¡

tÈærfcrt rrl't. tn rùtlqrtln3 tr trfl¡r tbmr ¡nrr.ttrt.
Crndltlöat for :rcrtb of ¡ a¡rb6 rf lr¡anlrn lnrldr r
crltr roulü ¡.ar to Þl ruUlptlrtr t¡Drrrntly tbryl tr
oltb6 r Dtl¡r¡or utlbllrLrd brtrlrn ¡rortb rÑ ûartb rf
tbt cran¡lru cr Ùbrn lr lrcrËb follcrrd Þl rr1rlrr of

lr|lnl¡rr frtr tbl e¡11. ?bln tr il ¡ .oat qu.Ro'

¡n¡rltttrtltl ¡f rtbr orll¡ rrld tbr o¡roll rr¡nrtr ltr¡lf.

Xn rôdltlra to tblr tbrrl Lr tb¡ lrllfÞfltty rf 31tl-

pllortten la tbt ortrrcrllulrr ¡rbrro.

n rt.t rnd TÈltÞy ( lt59l brrr drnutrrtrá rl'tb å&lllgl,
¡¡lrrlrrntl ullat rur. ¡rrltonnl rr¡ro¡br¡rr rnt hnnr

r¡¡t. ftru¡ tbrt cn3r tÈ¡ vlrlout ttt olrr ef lrrr n lttl"a
or¡ralru u..ü rltr. ¡Ër¡loytolrd tboy l.ra ¡qurltr!¡ rrpltlt

drrtroyrd trrrl¡rrotlvr ¡f tbrlr vlrutraar for tht lrulro

It trorr rvldrEt fror tËrr rt¡¡dlæ tbrt rbtl¡ o¡ú.llnl

.r. r.qnlnd for ¡lb¡ooytortrl tbrlr roh tn ô¡t¡rrlnlnS
tnùrrarttulrr rurvlrrl of froultttlvt lntrro¡llulr
org¡Ellr¡ tout to rerT fror onl t¡trrrt te tbr rtbm -
f,r¡¡ vtrubnt ûlob fr pùr¡roytrrá

Þut n.t tlllod to vtruhat
rbtsb lr rrpldfy ¡rbr¡toytord rnð tsltbd. If, borrr*,
6rh¡art lr tvpÈfruqfF r¡lrtl ttr ¡rtbr3rntc rfftct
frrr ¡n lntrrcrllul¡r loortlon lt n¡rt on tbr onr brnd
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b¡ rufflct¡ntly opronlacô to bo ph¡¡paytoted end yrt not G¡rry

rnougb oPtonln rttb !t to produor ttl I'ntrrcrllulrr d¡rtb'

Jrnktn tnd Rorþy ( t96f ) b¡vc cn¡lbrrlrod tbrt tt tr probebly

thrt tb¡ lntr¡r¡¡llu!¡r fetl of tblr orgrnllu ¡nd tbcrrfore ltr

potcnthl ts produco dlrürl le drplndont on tb¡ tltrr of

lrrur f¡otor¡ et tbr tll¡ of lnf¡etlon'

In tblr erpoot of tbo rtudy en ettupt vr¡ thcrrforr ndr

to drt¡rrlnc tlrr orgen locetlon of tt¡o phrgooytlo o¡13c of tbr

rrtl.culo-ondotbrll¡1 ryrtru of thc foctel r¡tr rnd to detcrclno

tbt b¡ot¡rlatdrl rblllty of tbr¡¡ orllr tn tbo llvcrr of

fortrl r¡rd noo¡r¡trl rlttr

9Is¡n dlrtrtbutlon of lntr¡vonourlv Introtod irotoDlo¡llv

r.b.t.l¡d S C5

In the¡e erperLnntl ret footu¡c¡ egcd lll-r 18-r and Z?-daya

r.rG lnJectod rlth 5 x lo? lrotop1crlly labotlcd (p32)

C5¡ A¡ tho lrotoPl'aallY labo11rd

rutpontlonc of bacterla Yere u¡ed for up to flve dayr tbo

proceutlon ¡rl¡ taken of r¡¡btng and rotutpondlng tbo organl¡m

boforc e¡ch crperlmcnt. Îbl¡ val donl bceau¡o tt r¡¡ found

tn tbe lnttl¡l ¡xporlmont¡ th¡t a¡ nuob r¡ 15 P.r c¡nt of th¡

r¡dloacttvtty lnJectod eould not bc reoount¡d for ln rloovrry

rx¡rcrlnentt. It ra¡ aublrqulntly found tb¡t tblr vu duc to

tbo losc of, dtrlyrabl¡ phor¡ùato rhl'oh oould bc rcnovod fron

tlrt b¡otcrlal tutpentlon by veeblng. Unlcr¡ tbl¡ prrcrutton

ya¡ ttkcn ¡uall qu¡ntltlol of labol eould bl dctretod ln tbo

artornEl clrculatlon.. llloro-organllnlr otr thc othor b¡nd
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rolr mvar úrtrotrô ln tbr ntænt olr¡utrtl¡ae
lbr Þbcd clllnno. nt follrnd for lt0 rl¡uto urd rt

rrob ¡f tbr ôrtrrrlErá tLnr e ccncrptul (rr trr errcrpturr
ff tb. llttrr rtrrr rlbnd üupllorttrnl t¡r rrlr¡å frer ttr
rtùrcbnt t¡ tbr ut¡rl,nr ntl rnl dlmrctrü lnte ltr nJcr
crgtrtr lbr¡r trrl {t3¡rtrú rltb Jrdltr b¡ir¡¡ldr rd thr
roultr¡t rt¡rl¡l rrrr¡d fer rrltrnrttvlty. 1ür rrrultt
rf tblr ¡rtrt r.ro .r!F.!trt rt r D*rrntrap cf tàr trtrl
rr$¡r rf rlurtr lnJrctotr

Ia tbrtr r¡rrrlrrtr tår rElnlr r.$t nrt prrfrr.a
rr¡â or¡mtrrntly ¡ ¡¡rotrrtl¡a rf übr naforotlrr rrurrtt

rrooværd frcr rreb rrqrtr cra Þr rttrlbutrl tc ro*rlarü
bbeå, Ior r rllll¡r r.lrrn l¡¡ crl¡ufrtlr¡ tär tctrl
rr..yæt rf rrúlmctlrl,t¡r tbr mlmt rttlrt¡d ù¡ br tr
tÈr Þtrct rt rqt or. tlr nr net lnllrÉrt ln tlr fl¡urr
frr tbr totrlo,

lrblr f rh¡rr tbr rrær¡n btcrô vcln cf lb- ló-r tt-
lrÉ tl- üry fortrl r¡tr tl rrkthtrd ry tÈo tllrtlu rf tbr
rr,ål¡r¡tlrr lrbrl rt ¡.rt tlr. ¡ftrr lnJtotlr¡ r Lnrn ¡rnþrr
cf rrtl¡rottr oountt. trt nr r nüoaar¡ry ttrp ¡i tb
c¡lcutrtlonr to r¡ttntr thr blæd rrlrn (îrþt 6l rl tb¡t
ür totrl nilorcttvr scuntl Ln tbr blocd orult br

rr¡rt¡lnrt rt rny ¡1rc¡ tlr.
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cf tbr forturrt rt tlrrt rt r rrr lnoluúcd la Trblt ó tr âtr
übr olor.r oorr.trtl¡n Þtt¡r¡n bl.od lolmr rnd bcüy r¡llbt.
lbr rlor orrrllrtl¡a brtnn bbod rcln rnt Þcdy rrl3bt
ln nrtrl ¡nlllr tr rrll l¡r¡lunr

lrbtr 7 Ls ¡r rrrq)h of r brllnlr rbmt relountlr3 for tbe
útttrlbutlon rf rrdlnctlvr l¡bd¡ rnd trnor prunrbty
rlcrc-or¡rnlrr lÞrorun lf tü¡ lntrlnrlc loartton rf thr
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3¡rislatar cf llþ, lE-. ¡rû tl- dry fortrl gtr rcrr g¡¡rrü
for rrtl,c¡otl,vlty frltrorln¡ tbl lntr¡ru¡cur lnlrotlc¡ ¡f
5 r lO7 lrctrptorlly f¡Þ.11.ô c¡
tbrt tht cbr¡r¡¡G. cf tbur oratElnr ñt rlnrt rntlnl¡r
d¡r t¡ tb¡ rotlvlty of tbr llvær rt rr¡ rlro rvldret
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ln tË'r *¡nrr.rntr tb¡t tb¡ rffrorraoy rf rl.rl!s.
I'lorrllld ultb r¡. ¡D.otrlly rr thr f¡rtulrr narrad
¡nrturttbn r¡d thrt tblr rrr áur to rn r'.rr¡rrn3 .rDrclt,
rf tbr rlr*. ttr 

'ut rf rrrdt*otlrrtT 1' tbr rtb*
orS.'rr. lnorudrnS tb. prrcratrr üra ærlrd*rd tr br rur tr
tbr nrlrh¡r blr.d ln tborr .¡frrr rr tr ¡cntr¡lnt¡a üurln¡
il[rcti¡n¡ Îb. t¡trl r.¡.rfrt rf rrll.rctlvlty ülf crnrldGd
tr br rltLl¡ tür llrltr of rr¡rrrrntrl lf?.rr

!.

Bro..¡lr rf tbr rmrrtr of tbr or¡ln dlrtrr,h$l.a rtrdro
ú'crlbrd ln thr Þrrcrdtrn¡ rrctr¡¡ of tblr cbr¡Ërr rt r¡r
ro¡rld*rd tbrt r rtudy cf ttr þrct*trordrt rbtllt, lf tËr
eolh of tbr ntrc.lo-rntothrtrrr ryrt.. of frrtrl r¡tr
lourú br lrrlt.d te r rtrrd' rf tbrr rÞlrlty l¡ thr rhr¡¡qttl¡
srth of rrrtrl l,trv*r rwrrtbrr' lû rrr do¡ltrt te
rncrrdr trr plre¡at' ln th. tnr'tr¡rtbn nrnly þ..¡rÐ. rf
tül rrlrtlrrlT l¡r¡r rr¡r¡ttty ¿f rrllorctlvltr 

'trtn¡ü ln
tblr oFSlrr Errtrour*ly rn yrur.3rr f¡rtulu (rruk 7¡.
rttùou:b u b¡r bl.n orptrnrdr tt ,1, eotrfrrrr*rd tbrt tùl:
ru dr¡r tr rrtrr.nú blcrd. r¡rttrtl, tb" or¡rrlrl ürür lE
thh rtuty n. er, åf¡nrrf,rtrly
tgf or tb¡¡r cr6nr'r r*. hJrotrt r,¡trrvrlrurl, ratr
fert¡t rrtl ¡frl lf-. l&, lO-¡ rRô ti_ ût¡r¡lo tt ú¡trg1¡¡.{
tlnr r brert nrgtr rrr rrprrrtrd f¡* ilô fort.' rd ûbo
ll'YT rnú phelltt hcr¡rnlrrd ln rúrqrntr 

'oln t el
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¡trllr lrotrnlo nlln¡; 1ü. Þbcú r¡rû r nryúr rf
thr blrlra¡tr rlrr plrt¡d out rnt tbr ¡rfonb¡ oouatrd

rft¡r lno¡Èltlcno trbr tcttl nr$rr of or3rnlr¡r ln tbr
blcrd. llvrr rnd ltmrntr rrr tbrn ¡rloclrtrt rd tb...
r¡rnltr plrttrü rr tbt lcG¡O o¡noutrrttrrn rf ætnnlrra
t3rl.nrt tlr.
rt r¡r rvldrnt fror tbem nrrltr tbrt fætslll rt ¡æÞ
of tbr r3.r rnrlard trrrt¡d tbr rlero-crçnllu ln r

.rlrtlæ nyi rt ru rlro rbrr¡¡ tlrt tbr ¡rs¡rr rf
or3rnllu r.or?.r.d frcr tã¡ pl¡crntr rrt r r¡fbotlcn
¡f tb¡ nrs¡r rf or¡rnln la tbr olrculrtln3 blrod,
r frct rülob ru¡¡rcrtr tb¡ ccntrnttra rúvrrord l,n tbr
¡rrtvlcur l¡etl0no Dttr rt lbcür r typlcrl btctrrlrl
¡urvlrrl our?t fcr C5 la gt- d¡y
fmt¡t ntr. rt rbn tbr r¡l¡ttcubtrp brtnra tbr
nnÞ.r of cr¡rnl,¡rr la tbr olreulrtln¡ Þboú ¡at ln tbr
llvæ oüæ r ¡rrlct of l8o rlnutrr rd lllr¡rtntm tbr
dlrrEn¡nner rf rrlrr¡ln fror ttr blæá riû tbrlr
prllr.ttl'r roounlrtlc¡r ln tbr llçrr. rt rl.. rlr3¡rrtr
thrt I'r tblr trr grrloú fort¡l ¡Ër¡ocyt!,c o¡l,lr rrr
unrÞb tr hlll tbr Çrbalrlr?. Êrob tþry brrr rr.ovrd
frrr tbr clroulrtl¡n. In fret tbær l¡ rcn lndlcrtlcn
tbrt ¡rcrnlrr¡ roturlly ocnno. to r¡ltlÉ'. A. lt
hrd bær rbrrr nrþ tn tbl Dmrrrrt ttudy thrt rCutt
rrtr r.r'l not ¡u¡orptrbh to tbtr ¡nrtlonr* F¡l¡rnr$¡r
It rrr Dr.lr.d tbrt tbr orllr cf tbr r¡tl¡ulc-.ndotbrllrl
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atttrr r.rl br¡t*lcLarl trR¡tr lto rn ra rttrryt tr
dlr¡tr¡r ttr r¡lr tt rül,ob r Þrot¡rlcldrt nolnnlrr bronr
ortrblllù.Cr le- ¡¡¡' næn¡trl rrt¡ ¡¡ú Pl- dry rmntfa¡ ntr
r.r. auDlacttd t¡ brct¡rl¡l lsrtlrrL ¡tndlr¡ urtl3 rp¡rorf.rttt¡r
tüo-fcld ¡nÉ f¡ur-fold tür fr¡trl dorr rf cr:rntrr rrlrctlyrlt.
tür ruuttr rf tbtrr rrpælratt trc rhrn ln tl3o lT" rad

rll. It frlr rlû1où lt c¡n br rrra by ooqrrlr¡ rltb ll¡¡ rl
t¡rt tbrrr ü¡r lf, ldlc¡tücl of hctrrtotmlr rt lcrt la
tb. le-dry nrcnrt¡r rrÉ rrrr¡r ldlortloa of tsrlllr3 ta tb¡
8l- d¡¡r lrrnll,n¡ rrtrr Xt tbnfær ep¡n*rd tLt tbo

br¡t*lrfüd rÞllity rf tÞr Ërfrrytlc otllr rf tt¡ llrtr
drlrblrt to r dcnrtrrÞtr hrrl durln¡r tb tr tt¡r Drrt rf
tbr ruollln: ¡rrl,cú.
rn tb. fl,rtt rrctlrn ¡f tbir cbrptæ tbr r¡lnlrl rrprrmú D¡l

JrEFln rd Rcrlr¡r (ftóf l t¡rt c¡nratEr rot mt elty b¡r

rffrltl¡r tb. Drrortt tf tË¡.¡rytrrtr tot tllc Ìt ortrlÞutla¡
tr tbr lrtno¡llulrr drttr¡¡ttra tf rlorl-or¡relrm lf rt tbr
re¡utrlt¡ tttrr rctßrrtrd tbrt tbr fmt¡l ¡rttr rrrbtllty tc
hlll, tbr tmt ¡rl¡nlrr rrËt ruult frrr ra lnrufflolrntþ
ht¡b tttrr r¡ronlarr lbr frrtlt rrt Èrt rtrqurtr rDrcalat
bmrrr fir ltr orllr of tä¡ ntlsul¡-rtûotbrltrl r¡rrttr tr
¡Èrrel'trrr ¡t tbrtr n¡tnr hv¡l fer tr&runrlr tf¡hf,,fiFtui
G! brsrnr lt nr rbðtu ln rtulllr t¡rcrlù.d la cbr¡tæ rxr
thrt tb¡ rtúltlrn cf r¡rrnla dlt nrt rürncr tbr ¡lrrrlrcr
of tblt or3lsltr. In rl rrúrrlotr tr úLt.c?oa rtrtbrr
oPttntr r¡rcntlrtlcn ¡culô rltrr tb¡ tbælrr of b¡ottrlctdtl
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n¡tllrrtlor of tÈ¡m orllr rltrorlnttly tob opmall¡d
¡rbnrlh tçlHFtrflÇ C! rær hfætoá l,at¡ r trrl¡l rf
tt- drf føtrt rrtr frr tbr ¡¡¡rtott tl ¡ þrctælrl nrrlrrl
rtuúy. Tbr rtlultr rf tblr ltut¡r tro Èora tn ll,t. l? rùf.b
lllurtntu ln coqrrrlron rltb tl3. ff tfrt thlr lDlcrtrnti¡t
prccrdurr dtrd mt prod$cf I b¡otcloldrl lntrr'crlluht
¡nrl¡onat r¡ð tbrt ùbt rr¡rnlrrl bebrvrd l,n r tlrllrr ny
tc tbr naegrcntr¡û oEer. lbl otnna¡r rttrûbt lE Gbtpt* IfI
!rË rlro ürlnrtnt¡ú tbrt tb¡ ¡utù ¡rr4æ*?ùfr oolt
rtnlar urlá r.rl rrrvrd f¡or tbe ¡lroutr¡tla¡ Þtocd rltb
¡rtrrordhrry rr¡lült¡ rlrü tt nr tÈ¡rrf¡r tnmtl¡trd rl
tr rürtbrr thrrr r.r. btctæl¡tCr¡ ncùrnLrt Dnr.tt lr
thr erft,r rf thr rrtloulo-ra,irtü.t lrt rtrtm f¡r tbmr rr¡r¡ln.
ccrlrqucntly r¡¡rnrlrtely tOl +rc¡¡rår¡lr colt (fflfy! mto.
lrltctrd lntc ¡ ltrlr¡ rf tt- 6¡y fortrl r¡t¡ rnd btotælrl
rurvlr¡l .q).rhü'tr uaáætrbla. tl¡. ll lllr¡rtrrtm tbr
roultr ¡f tb¡ll rr¡rrlrntr td tÈ.rl tþ¡t frr tht¡ nttrtlt
olnr¡ú orcnnllr tbr ftrtrl, crlb ¡f fb¡ r¡tl¡¡b-rnårtbrlååt
tt.t.r ¡r rtr d¡flol¡nù t; thrlr tretælcttrt rbtlttyr
Ccnolurlonl

lbr rtrûtrm ártorlbrt tn tblr obrpt* brra r¡¡ln dnnrt¡rtrd
tb¡t tbr pür¡nottlc rlDtct cf tb¡ rrtloclc-rtÉ¡ttrrltr¡l rtrtr
of fittrl rrtr lr r ûrvrlrpln3 r¡rrtuo tb .rlra ilrtrlÈrltlon
ttcdl.t Dro;tôr rrld¡ncr fcr tùlr by ûnnrtntln3 brtb tE
ln¡r¡rrln¡ rrpltlty of upttEr r¡¡d rn lmrrrlr ln th. lotrnl
nmbæ rf rrSrnlru ¡lnnt f¡lr tbr ¡trsrt¡tba rr tür
r3r of tår fcrtrl rrtl lnonll¡l¡ ttr ¡brrvtttrrn of
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Íutbl¡rru tnd JtaIln { t t6t I tfrt the rrbryonlc rrÞnrrs
of oblchr rt rn nrly rtr¡r cf laouþttlon ¡os¡untrd 1rr r
¡onrldrrrblc prrorntreÐ ¡f ùbt rtælrl pb¡¡ooytcmd rrl nrt

¡nnlbbd ln tbtrt rtudy. ttr plrorntr rnd lta ra*rrntt
rar. trntrd to3rtbrr rnd rrr¡ oon¡ld*rd to Þr cntr¡ ¡ntrlrtly
tnvrlvrd la tb¡ rltbrstlvlty rblcb tbrl ú¡r. fou¡¡ü to ocntrlao

An lrûnrtrnt Durlþfo Ln Dæfoúrln¡ tb¡tr or¡rn
úlrtrlbutlcn rtr¡dlo nr tt tbcr tb¡t tl rrt l,a fr¡t tbt tlræ
rnd tb¡rrfrrt nrt erobrþlt th¡ orllr of tbr rrtl¡ulo-
¡Edotbrllrl ryrt¡l of tbir ortro Êlcb r.r. rrrlrcnalþh fcr
tbr l¡ltlrl ngld cllrrrnor of rlcrc-*lrnlarr rnd tb¡t lt
nl nrt dur tc tn¡ryln3 tn nll vrrnll ¡f ¡tbrr .rlf,Fl.

1Èo brotcl,elúrl pro¡lrtlrr ¡f tt¡ c¡lli of tbo rtlc¡lo-
r¡rdctbrllrl rytttr af tbr hrtrl llvtrl rt lnvrrtl¡rt¡d ln
tbil rtudy ú¡ nct bor*rr rbor tbr :rm dtvrto¡1n3 t;rad
durlnS fortrl ltfr but rrtbæ lt ¡tp.lrr tb¡t tbL rr¡¡rot cf
drrrlo¡rrnt of tbr bott drfraor nchrnlrr of tbr rrt ûrrtlogr
durlng"¡cenrtrl llfr to þr rrtrrtlv¡ly rffrotlvr b¡ rÞeut tbr
r3l of nraln3. lbl gbr¡ooytlo crllr ef fo¡trl rrtt rlrllr
rbLr to ¡Èrgco¡rtcm qultt rffl,ohntly rrr rp¡nnntly unrbh
rltb¡r te tlll tbr brotrtrr tutrd cr to ¡rrcrrat tbel frer
nltlplyln¡. thr nncvlrlcn cf r¡tr¡ rtt o¡tcntrat dorr n¡t
obrngr tblr rlturtlon rH rulSrrtr tbrt tbær rrr otb¡r
f¡otcrr ln¡nvrd rþlcb dryrlop rbrtn¡ thr flrrt rr¡hr of
n¡t¡l llfr¡
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CEÂP lDR Y

TgS SISIOI¡GT Or CI.EARåilCE BT-ÎSE rTXED }IACROPEACDS

or ronlAl. AxI¡ trAlAL R.{ÍrS

Introductlon

Hlttoloßlcrl lnvrrtlg¡tlonr of tbc eoll¡ rnd orgrnr lnvolvcd
ln olnrtng putlelrr fron thc clroulrtlng blood brv¡ bo¡n
nu..roua. By tbl rnd of tb¡ nlnotronth contury uorkrrr lucb
¡r toffnrn rnd V. Rrokllnghrurln (lg6? I ¡r¡A f,u¡rff,rr (f E?g, tsgg)
hrd prrrentod a pl,cturr of tb¡æ cell¡ ln thr livorr Tbr
accurrclr of tb¡lr drrerlptlonr rrd¡ rlth tb¡ tcebnlcal
ll'uLtatlon¡ of, thc tLne rr r¡r¡rkrblo ln tho llgbt of prrrrnt
dly roflnrd trobnlqurr of rleotlon ulorotcoplr rblob brvr rddrd
llttht orcrpt of nlnutr d¡t¡ll to thr¡o orlglnal dtrcrLptlonl.
îb¡ ¡¡rly lnyutlgrtorr urtng colloldel not¡lr ruch er gold,
rnd vulour ¡nrtloulrþdyrr ducnrtretrd tbr vonoloul
ce¡nalty sf tb¡ o¡llr of thr r¡tleulo-¡ndotbolirl ryrtrl of
thr llvorr of nrtal rnlrrlr to pbtgpoytott thlt lnJcctod ¡rtrrlrl.
thoy dcron¡trrtcd tbo ld¡rl rnrtoulc¡l rlturtlont sf tlrtrr
collr for conltrntly mnltorlng tbr cl,rcul¡tln3 blood rnd
olurlng lt of fcrol¡n prrtlchrr

rn tho flrrt thlrty lr.rrt of tbtr crntury thlr ro¡mrob rll
aontlnuld by nu!.rout uorkorü rbo rttonptrd to quutt trto by
hl¡tologlcrl rnd abr¡lorl notbodr tho uptekr by vmlout orGrnt
of lntroducod ¡rertlolor, (t¡r¡lævr ( 1906), Ranvhr, ( f agO¡,
Arcboff et rl., 1192t+1, Eoôt.- (fgzt rtc.lr rtrloeklr (lgetr).

-
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Drlnkc ¡ad Ebrr¡ (ttrll, Cr¡4rll, (ltttl rnd ?full, {lttó} l.
r¡or tb trr of tbr nrly lav¡rtlætllnr lt rrr clrtrd Þy

rortstr trcb m &pf,frr tbrt tÞr¡t ¡tr¡rcytlc ¡rllr t.rr |nrt
rf tbr rilctb¡llrl lleln3 rf tbr bh¡d llnrrcldr rf tbr llytr
rnd tb¡t th¡l fcrrrd r rynoltlrn. ¡ vlrr rlrttb br¡ b¡r¡ üotd
frr nry t.¡n. (lrr¡rtt o lg1gl. ràlh tbær crllr hrvr rld¡
n¡lflsrtlrnr (Prrtr. lttõ}. Dr.r.!t try ¡tuúhr rltb tbr
rlrctrcr rlrrrrcc¡r (Jezequel, lt62l lfltortr tÈtt tbty t¡¡
m¡nrrtr ¡rllr frrrlr¡ D¡rt rf tÈr rndrttrllrl, ltnln¡ rf tbr
blocú rlEr¡lrltr.

B.crur. rf tbrlr rvld ¡ür¡rcytlc rÞlllt7. tbrlr ldlrl
la¡tlrlrel tltr. ril tbrlr 3rr¡t nuÊrr {t¡r llvrr otrtrlnr
rrl pür¡lcytrr tbra rat ctbrr rrlrnf tlorry¡ ttótr. tþr
fl¡rð ncrrgàr¡rl rf thr llvrl b¡rr Þrrn rcorptr{ ¡r tb.
nrt h¡rrtrat ¡læup cf ollr tn tbr rtlolo-rtórtbrllrl
rtrtrl. rt Þil rlrrrüy Lrla rqbrrrmd tàrt mllr turb rl
tþo¡ lr. ocarlüorrd tt br;r r rr. frldrrrtrl fnrtl,tn tbm
tÈrt üürc¡ trr rftrn rrorlbed tr tb¡r. fbr ohrln lf rv¡ntr
rÈlcb fcllor rrytbro¡Ër¡rcytrrlt bt crllr rf lblr ryrtr fcr
rrrrjlr ¡rrrêt rcll rct u r rârl for tüe rry ln rblcb tbr
o¡llr of tlr nttcutr-rndcthrlr.r ryrtc f¡lfll r Þulo
¡Ëyrlrh¡lrrl functlcn by rtfflfn¡ ¡treeo¡rtmrC r¡brtrrott tr
r rtrp la tb¡lr utlll¡rtlon la rtlæ ¡rllr. ttr rrrr rf
T¡¡mttl llrt?l ¡r¡ tdlertrd th. Drrt llrrr{ by tbt ft¡rt
r¡oro!ùr3m tf tbt llrrr ta tl¡ rruttllt¡tlrn rf tbr boúyr¡
Jolc¡rl¡ ¡urr{rt tnn rtær rÉ Er¡ttt (ttÍt}¡ lr rn
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¡botrvnl*o¡rrplllc rtudy hlr oonflrrl tbrt tbt ctt¡bcll¡¡
tf tb¡ hrm3lobln of pùr¡rcytcrri rrd ¡¡llr l¡rtc nlrc¡l¡r
rf frrrltla trlrr plrcr ln tb¡tr or1ll. It lr;in tblr fcrr
tbßt tbr lrcn lr rtorté ûn thr bcay or ¡rmll cn tr rrytbr-
bl¡rtt b¡ tbr rttlrulrr o¡ll¡ cf tbt rrttbroþlrrtls ltlrtr
tf boa¡ rrrcr for hmro¡bbln r¡ratbmlr.

At ¡n lnt¡nolôglorl loy¡l f¡rbnn (lt59l ¡¡r ü¡lnrtrrtrö
tbrt tb¡ lntt¡tr of ra ¡ntleea tbnu¡ü rüronlù¡jrr lr I
rrro.tttrt rtrp ln tn ;llrq tattÞrdy ¡rcúurtttu lbr¡ rrorntly
rorlrrl rt tbr lrtùrr lnt Dll,¡¡ grlt Inrtltutr (lt6tl ¡rv¡
rbem fa IAJåIg rtudlrr tbrt frlhrl¡¡3 r lcnl lnlrctlrn cf
r buvlly lrbrll¡d Dotut trtl¡on tbr rrorrpbr3rr cf tbr
rt¡lcnrl ftn¡lù nrdtr rttrln tbr lrbrtlr{ rrt¡rhl rültr
pr.trc¡þly hrndltrt on to tb¡ ptrln orllr tbr lnfcrrrtltn
atottr¡tt frr rntlÞtdy rtntt rlr. 1l¡r rvld.nor tbæ¡forr
¡u3c¡ttt thrt tbr ¡ùt¡lololt cf lrru rrtrbolln rtr¡üt þr r
rlrlhr hlná lf prcorúrr¡ tc,,tb¡! rtrptrú fcr tür brndlla¡ rf
rntl3rnlc rrt¡rlrl by rrcrlpbrû¡r raú tbo rubr¡qutnt preductlon

of rntlbodt Þl phrr crlh. llrr ¡nrrlÞtlfty thrt rntlbrty
fcnrtL¡n lnuolvft th. ¡nrtlol¡ntlon tf, r tllr of stllt ùm

b¡rn rrvllrrú bt Ulrthr t!.$,. {lt!?t.
lntrodrotbn of rhotrorrllo¡o3n¡fir brr ¡nrrfttrú I

¡rntrr ueáuttrndln¡ of tbr prrcmt cf pù¡¡rott¡rlt Þy,,, ttre

bo¡ntlo rloreDh¡fofo P¡rkt uü Cbl3¡rolat ltr56l t¡rnrtrrttt
by tblr r.¡lrt tbr rrpfúfty rltb rùlcb fnlroprd o¡ltrtdrl
Golû brcu u¡oolrt¡rt rlth tbr llrrr Dþrlpcytrr lr rtst
rnt rlr tb¡t tärlo ¡rrtlobt ¡attr tbr ortlr ¡ltb¡r bf r

t''



93

r¡Ëucldrl cr chft-llLr drprrtrlon ¡f tb¡ erll rrÛrrnr
rblch lrt¡r el¡¡r¡ rt tbr l¡ll turfrcr tc Prrdr¡. ln lnÛrr-

c¡llulu L¡olurlono

DmDltr tb¡ rrrt llt¡rrturo üblob r¡lltt oacrrr¡lal ùbr

blttoloß/ of pbi¡coytrrlr ln nrtrl ¡nlnlr nr prrrbur
pfrrrso. ern b¡ fcund tr r crrypbrnrlrr rtudy ln f¡ltrl
rrnl¡.

Icllorln¡ tbr dræn¡tr¡tlon ln tblr ltudy thrt rrrlcul
or¡f,nr of fortrl rrtr ïor. or¡nÞh ¡f ooll¡otlt{Ì lnflctrt

¡nrtlclrr ¡ad ¡t ol¡rlnC tbrlr slrcslrtltç btrcd cf frrrl¡n

¡rttrtrl l,t rrr drotðrû to rttrdy ol.rr.ncl bt blltol¡3toel
ntbodt. A vul¡t, of ¡nrtldhr ürr. u¡.d rnú tbrn lnrluúrd

vl,rÞþ brotrrlr ra¿ lnrrtruþlo tulp.alolúto thry r¡rl ulrd

rb¡r rd ln v¡rlour eoûl'nltlcnlo
2. Llrbt rlo¡cre¡nv

l¡ Ornn ülrtrlþetlqn rt lalrctql Tr3lo4lr, ll fortrl. r¡t¡
Btorulr of tb¡ elnrty doflnrd ury ln rblob otrbon orrl b.

dnnrtrrt¡ú la blrSolo¡lorl r.et¡ont rnü t¡rruæ lt¡
ülrtrlDutlr¡ cürr tbr tlr P*lod rtudlrd rDlrrrrd tl Þr

rlrll¡r tc tbrt ú othrr ¡lrrtlclrt 1ù b¡¡ Þr¡r ulod fn tbtl
rtuty m tbr nûrl f* th ¡rttorn cf obrrrnor by tb¡ crltr
rf tbr ntlcul¡-rn{ctbrfhl rytt¡r cf frrt¡l rrtr

orSrnl rtr. rcrrt frn thr rrlrlr u¡rd ln tb¡ ¡rrÞon

oll¡rract rtudl¡r - d..crlbrrl tn Cbrpter IfI. Îl¡et r.to fl¡rü
tr fcrr¡l nllar rnd trblrqurntlt rlctlrnrd. rurttd ¡nd

rtrlnrü rltb rltbrr br¡lrto¡ylln uá ocrlË or ¡rtuntrú
rquf¡rt plorlc rold.
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Or¡rnr frcr frotrt ntr r3ad l&-. t6-r lt-r tO-¡ üd
ll- d¡fr t "o rnrln d bttt.hSlltlty !O rlnrt.t rft.r tbr
lntr¡v¡rour lnJrotlon rf 0.b r3. ¡f ¡rl¡tln rur¡ntrd.å orrùan

ultb r ¡lrrtloltt rlm lmr tb¡n tOO rnltg¡¡¡¡lr llr cbl!¡lrsa
rtuülu ll Gbrytæ III b¡ü. tbtrn tb.¡ tbr olrrrltof cf ¡rrbtn
frrr tbo ¡lrc¡l¡tl¡l bbcó rrr rlrtrrlly crrfrtr rft* tbtr
Dælrrl of tlr. ttr cr¡rrr t¡ul,arû rrrl¡ llnr, lplrrr. 3lttr

lnËGrrú, lurç1. Lrtrtrlldnotr rlrratl 3hnd, bnlr. Þonr

nrrrrrf pttrrntr rrÉ firtd rrÞrllol ¡

ü'llb tir ntr cf u¡Êrlr rf oubrn ürt rbrlæ¡ly rlclrr¡
r¡É tb. a¡drr of Ë¡frcytlr crtlr hr la tbt trruiSor footuæl
lhr er3u tlrtrl¡¡tlrn rrr llrllu h tbr f¡rtrtot rrr:llrdr
Â {ocrlDtlr¡ rf tLr úirtrlÞutlcr cf r¡rbrn la lO- dry fr¡trl
r¡tr r11l ,rrr. tbtrrfrm to ¡lrr tbr ¡rnærl ffrt¡m rf tbr
.r¡¡n dlttrlbutt¡n of ¡¡rb¡E la frotrl r¡tt rbcvr tbt r¡r
tf tl- üryrr

It ¡brutú br rryùulred tbtt tb¡ nrtlolrr rlrr cf orrbon

srtd ln tbrrr tmmtlçtl¡nr lrtchrdrd tbr ¡crlÞltlty ef
t .la¡ latlrldurt lrrtlctu Þ¡r tl|bt rlcrot.oÞt .nå tbrt tL¡tr
¡rrtlobr rnl¡r brcur rlaLblt ,¡E rcllcnrtttrtno rält rut,
tbrrrfcn. türt rt f,r m ¡Èr¡coytcrlr r¡l o.D¡rrErd tt nr
rnly rrLlt ñlcb brtl fùrfcottor.ú r ¡nrntttt cf crrbu thrt
ould Þr llrntLfl.C u rclttlturnt orllr rf tbo r¡tlrulr-
radothrllrl ryrttr.

ttmr or3rar, tbr trlvrr. rplrn rÉ rdrurl ¡lrnd ü¡rt
rbrtrnô rsntorltorltt tc bvr olhetrd rrrtra. rnd tbt
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bl¡tolc¡lorl rrprot of cloer¡neo Ln tbc¡r org¡nr rtll bc

dorcrlbrd flr¡to
Llvrrt of fo¡ttl retr, ln coren rltb llvorr of othor

fort¡1 rnlnrlr, brro r htcno¡¡olrtlo furiotlsn rr r¡11 ¡r
functlenr tttrtbut¡blo ùo nttrl ltvlrl. llrr prctonot of
hronocytobl¡rtr rnd tb¡tr rotulüant rorb¡ of c¡ll¡ glvot

th¡ footel llvor r luob ltt¡ oon¡nct rchltrctum ¡nd r
oonrldorrÞly lorè dlv.rr. crll Dopuletlon tbrn tbrt of n¡trl
llvrrt,

åcongrt botb tbe btlntla ¡nronobyrrl orll¡ rnd tbt
broopol¡tlc ttrrur, blood ¡Lnu¡oldr rltb ¡ dl¡rotar tuo ts
tbrer tlnor tb¡t of rn rrytbrocytr bavr r¡trnrlvr rrnifi.ottlonl.
Tbr rlnuroldr .r. lln¡d by rcrallo vr¡eulrr c¡rdotboltun

lntrrr¡nrr¡d rltb drndrltlo pbrgocytla aellt - thr tltorn¡tllont
of f,upffrr (Flg. l9). lbr proêort.r of tborr coll¡ rpp.rr
to o¡trnd botb lntra- rnd crtrlr vl,tGularx.y rnd tbo lett¡r
r¡tenrlonr ¡ppo¡r to ¡rarr botrotn tbc ¡rrcncb¡rnrl rnd

b¡¡ropohtlo c¡11¡. rt Lr tbr drndrltlc eollr rhlob rrblblt
r voraclour rp¡r.tltc for forcLgn pgtlclt¡r Ar frr ¡r could

b¡ d¡tcrrlnod lt rrr conrldored thrt thr nJcrity of tbo¡o

collr y.r. lnvolvod Ln tho pbrgocytorlr of cubon rt tny on.

tlmr
Tbr apbrnr of tboro fort¡l rnlnrlr rlro h¡vo ¡ bllre-

polcttc functlon rnd do not trrvc r, nrkrd dlvlrlon lntc rrd
and vh,lt¡ pulp. [tvrrtb¡l¡¡r tt o¡n br r..n follorlng tb.
plrrgocyto¡L¡ of orrbon tbrt tblr org¡n contrl,n¡ p'hrgocytle

ccllr rprtrd ror. or lrl¡ rvrnly tbrougbout ttt rubltrnol¡
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6plcrn

Adronrl

?hotonlcrogrrpbr of orgrnr fron r 20-dry foet¡l.
rrt 3O alnr rftæ O.& tg. I.l. olrbon, der¡on-
rtretlng tbr colk in thrro org¡nr ublcb
phrgocytor¡ü crrbon. Uo& E. r l3OO

Flg.19.
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(t13. 191. lbry rpp.rr to br ocnrtrútr¡bty lrr¡ doaúrltlo
rnd tnlhr tbrn tbolr oountrr¡nrtl ln tbr llvtr. B¡orur
cf thr rrrllrr ."Grtr r1¡r rnt r¡¡rrEtly rnll,rr ¡r¡Þrr of
nbrfcoltlc stllr tbr tnlr.n rrf eruld*td tr rcotunt for r
rrlrtlvrl¡ rrtl rrurt rf tbr ntælrl oh¡rrú frcr tbr blmd.

ltr rdn¡¡rl ¡lrad rrr tbr tblrú ælrn rülob ürår frrr r
!¡rtr.aottlo !¡let of vllr, rrttlarl trro cf tbr ¡lroul¡tln¡
o¡rbon ¡nrtlrbr. Ëtrrtrh¡l¡rl trrtlrrr tbcrrt tbrt tbtr
c¡rùon rrr lhlt.ü tt tbr fort¡l eortrr rnú ¡¡r trrttrtrt
rltb orllr br¡rl¡3 ¡ ¡lrlr rlrtlrrlty, botb cf rLtrrtlrn ¡rrú

rr¡Ërb6r, to tb¡ für¡noftlo orll¡ ln tür llvrr. ttr fortrl
cortrl. rùloh oo'¡rtlt¡rto tbr bulk cf tË¡ fortrt 3l¡rtr
c¡nrtltr cf lrr3t lrrmlrr ctl,l¡ trnúlE¡ t¡ br rrrrr|tü ln
sorür rt brvlûÍ I rlcb crplllry bbod l¡pplt. ft lr rttn3
tbllr vrærb tbrt tbr pt¡reo¡rtle crllr ¡r¡ rltu¡trl llll. l9l.
Îb.t r¡rtÐtr to b. nro crnctntrrtrd trrrrdl tb¡ ntrl¡Ërry cf
tbr ¡lril rblrb lr tbr rltr f¡rr rbloh tbr trxr c¡rtt¡
trnflltr¡t¡r th¡ fætrl clrt¡¡ trd rv¡ntndly trhtr ltr Dlroe
ln ¡ronrt¡l llfr. rt lr cculdærd thrù tbr ontrlb¡rtbn
rülob tblr .t3ra nh¡r trrrrúr bhcd ohrn¡ot lr rlæ
rcl¡t lrrly tnrl¡nlflcr¡t.

Thr rttæ rrSrnr ln rblcb êrrÈon oculü ùr ártrlt.a
rrrrclrtr{ rltb cellr r.rl tÈr Dho.rt¡ rnd lutr. fùr
orllr ln tÈ¡¡r tlr rr3¡m l,rçrlvrd 1r tÞr lbrf¡¡¡rürrlr of
0rDrn tanl bnvæ Y.¡1t rlûf. X¡ tùr lun3r rnll rnnrtr of
c¡rÞra üirra rtld.at ln orllr ñc¡r tfr rrr dtfflorlt tc
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¡l3¡rtrlno lt 1r pæb¡bb tÈrt üor. cf tbr ûrtbcn tllr il
tb1r orlü¡ rrr tru¡¡d ln r¡¡torlrtl br¡I¡tttrlo

llrr ptotrnl trtä hfntrratlt trn tbr Dlrcutr .b.aú
crnrldrrrbtr pbrlpcyttc rotlrlty tf rn .ccrllr¡tl lrr¡t r¡ll
obrrly lrleolrttå rltb tbr tyrottlrr (tl¡r ltl. îtrlr
ülan ¡lrlcÈrbly trvfËrbt¡rtlr ¡lrnt crllr l¡ tbr o;tr9,trn rf
¡tl¡b tbr o¡¡ten ¡DF¡rnd tc rnln ln r úta tlffur rtrt¡
tÞrn tàe rrgld r¡lr¡trtton ¡lrr ln thr ùr¡nttc llnnrlürl
r¡æotbrttl 1l¡rrr trllr lr tbr ¡lrcrntr ú.rc r¡uad¡ô rt
dld nt ù¡yr thr ob¡notctrtlo ¡Erto.rt t aa.t fir rrrqúrl
la tbr pbrþoytio lrl1r rf ttr llvu.

frr othm orfrtrt r¡ularð¡ Srtr lnn.rr¡l. brart¡ htrúnry¡

brrla, bcrr nrrrrr ut fortrl r$rltta. dld mt crlttlnt
rr fæ rr oruld Þr trtrnlElá¡ ln¡r lrllr rbl¡b r¡prrrct tr
l¡rr ¡Ër¡rcyteæú ctrbone

bo crpr$rrn of {lttrlbqttrn rf lEtrÊtrd n¡tlcbr åF

fo¡tÇl +qü 4ult rFl llrÇr.
tË¡ rrLrd vtrhtlor¡ la rrobltret¡m brtr¡r¡ frttrl rd

rdult tlv¡rt ntb* tb¡n ¡ r¡rlrtlcn ln ortl tynr ærr tr
roo.nnt fer tbr ¡bçlour ûlffurnor l¡ ðlrtrtbutler rf
¡br¡coytortü ¡nrtlchl. 1l¡r fr¡trl llnr bm brrn rbtrr t¡
br hr¡ crr¡not rnd rp¡nrratly lf nr ü.11 ortr¡ttrd lattnrl
rtr¡rctr¡n (tte. 20¡. fÈ. rårlt lLræ rn tb¡ ¡tbæ t¡¡6 lr
lrll, tn rn to h¡vo r bl¡ùly rrlulm ¡trroturr rttl thr
?lr¡n¡btrrl ortlr ¡f trob ¡nl,yhrdrrl Lobntr trrrn¡rd ln ærûr
rrllrtl'¡¡ f¡o: tbr cratrrl votn to tbr prl¡Ërqy( 113. tt l .



rlgeS0r thrt¡rlo¡r3rr3b rf r80.'drt flrtrl rrttrlvrr, !O rl'nrr ¡ftrr, ¡oïr erbon ta ô l¡
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lb¡tod,c*.o¡rr¡ù ofur ráult nt llyrr
tO rlnr. ¡fùry IrY.
Grrbca tr ô 8¡ t gs

tlg. gto

ll3. t?. Í'botolto|'Fr¡ù .f ¡ß ¡dult rrt rlvrr rft.rr.Y-. cr-rbont drænrtrrtlnc -tb. 
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Âround tbr porlpbory of ¡rch lobuh rrr portrl ern¡lr rnd
brtr¡rn tbr oordl of tbo ¡nrrnob¡rnd o¡llr thrrr tr¡ rlnur¡ol,dt
contrlnln3 blood tbrt drrln¡ lnrrrdr to tho tntrtlobulrr róln.
lbc ho¡¡ùttc ¡rbrgoo¡Érr rr. rrrlngrd, elong thrr ¡lnuloldl.
rt r¡r prcrunrd th¡t th¡ phrgooytlc ooll,r rt tbr prrlpbrry
of orch lobuh rorr tbr on¡t nbLob Dhrgooytorrd tbo bulk of,

tb¡ o$bon brcruro thor tor. tbt firrt to onGountm ¡nrtloLrr
ln tb¡ blood florlng fron tbr port¡l o¡n¡l to tbt tntr¡lobulu
v.ln. rn contr¡tt to tblr tbr relrttvr lrok of orglnlntLon
ln tbc foetrl liver u¡rnt tbrt hrrr tbe phrgpcytlo o¡l1r ¡ll
b¡d rn o¡r¡rortuntty to t¡hr up ombon rnd oontaquontly it rrr
...n ln thrrc ¡¡otl.on¡ th¡t tbr nrforlty of thr fortrl
brprtle phrgoerùlo crllr brd rü¡gooytord o¡rbon.

rblh thr fo¡trl ¡ürgÞoytrr oftrn rp¡rrlrrd to h¡vr ror.
c¡trnrlv. procrrr¡ tbrn tbo rdult phrþeyt¡r tblr .pp.rnno.
oould poÚtbty br rùtrlbutrd to th¡ l¡rt conprat uobttocturr
of folt¡l llvær rnd thr .ltc thrrcby vlth rblcb tbr¡ drnûrtttc
proc.rlor could br d¡non¡trrtrdr

rt rar frcqurntly obrrrlrd ln rdult llvrrr¡ bourvor,
th¡t tbo oubon-ftllod ¡ùrgoeyt.r ror. r¡r¡nrcntly not only
rnclorlng tbr cord¡ of coll¡ but al¡o ¡nrrlng bctr¡rn tbr
lndlvlduel ¡nrcnch¡mrl crll¡ (trlg. Zpl.
ûr Î1¡. rro*ro.r uf o¡tÞro otg.".o"r b- tbr lltrt It

foetrl rnd rdplt rttr
Llr¡rr r.r. r¡ævod fro¡ footrr rrtr rt d lll-r lg-r lo-r

lnd 22- dryr, rnd frsn rdult rrtr rt tl'ro l.Z.t+.6. Erl0r 15¡



99

lgr 601 9Or ltO rnd tlo rlnuttl. lba r.l¡r.rc. of .wntr
tltb ü.r. ,o.r tr ¡cour r! tb. tlr. rft.r lnfoottcE lncmtrtt
l.tr r rrt tttlll¡¡ pltterr tf tbr Dro¡.rr rf ¡Ërfpc¡ztltlre
l'br flrrt rvlórr¡t rf tbr olc*¡no. cf orrþrt ült ¡ùrbr¡l
llrttb¡ttrlly rlrrt fntbtrty rfttr ttr ¡rrÞra brú brla
lnJætrd lEtrrvrnrurty.

lbr rüra3rr in tbr fÈrf¡o¡tlc crll¡ of tþr fætrl llvær
rrr lllurtnù¡l fa fl¡tr t! rÉ ll utlr¡ ¡ f0-drt ræl¡t ¡¡
rn urryrtr rf tbr ¡rtt*n cblrrvrô ln tll ùbr qrr lrrrlatd.
Îb. D¡rtlolrr ef crrbca r.r. rttnr.rtly ût*rlbutrt rvrr;'tbl
lurfr¡¡ cf tbr ¡ür¡rrytu ¡d thrlr trrrcotrtt lE tbr car

rlnrtr rrr¡rlrt. uLlh tÈr ol¡rnica ¡f Drrtl¡lrt frrr tbr
blrod oontletrû¡ tbrlr lrrttrelrr rl¡lcb ürd ¡rrrrmbl¡ bæn

trìr¡ lrtr llltr T.rr crll¡¡teü fir tbr Þrdlrt rf thr rllr
ra tb¡t tbr nnobl rf lbt ltrrpcytu rlr. rÞæur¡ü frcr vllïr

1ìr r¡tl¡ulm ¡nttær prrúrrrc by tbr hltlrl maaol,.tlcE
tf tLr t rtlslor rltb tlr ¡nro..r.t of tbr orllr nl lrrr to
dlrlalrh tlrrly uatll la tt¡ !o rlnutr rrrylr tbl,r lrttrro
bú tln¡¡nrrrt. At tblr rtrtr nrt of tb ¡rrùlll lr tbr
¡år¡toytl¡ oltrr ürt taor tr br la r ¡nrtnrrlmr lr¡rtlllr
ltlr crlrclerü rllb tb. tlr rt tlcb cll¡rr¡r. nr
cr¡llúrmd tr Þr ä.rr ærylrtl,rtr ¡æcrtlrl tr brrtú r.rt
rt¡dlu rrú frcr tbl¡ tlr unttl tbr uD*lrrntr ürrr
t¡rrLa¡trd rt lt0 rlnutrr tbr bUtcloltorl plotup rclErú
3ha atD.

tt nt. rt rülob tbr orrþo! nr plotrd up by tb
t$.3.tr.r cf tbr orllr rlÉ tb¡r n'.ü lnto tbr Ècúy rf tb¡



[ormrl Ll'vcr I alnr af,ter I.V. csrbon

â nln¡ after I.l. crrbon ll ulno efter I.V. clrbon

Î19. 23. Photoolcrogrepbr of llver¡ frou âO-daI foct¡¡l
r¡tt of tlnr tntervalr rft.r the I.V. lnJectlon
of O.ll 69. carbon. fire r¡¡relnnco of the
retlcul¡r ¡nttcrn due to the csllcctlon of
crrbon by tbe bc¡rntLc phagocyter lt Gvldent
H.å8. rISOO
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6 nln¡orftor I.V. c¡rbon I nlnr¡nftor I.y. carbon

Õa -¿ît
15 nln¡. ¡ftlr X.V. ctrbon J0 ntnr. ¡ftcr I.V. carbon

Dlgo 24. Photomlcrogrr¡rbr of, llvcrr fron zo-day fort¡l r¡tr¡t tLne lnt¡rv¡la eftrr tbe r.v. inJcctron of 0.4E€. crrbon. thc pro€ro¡¡lvo collectlon of carbon
lnto a perLnucle¡r loc¡tlon ln tbe heprtlo
pbrgocytea 1s ep¡rarent. H. & E. I l3OO.
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!.lt rultd rltb tbr l¡r rf tbr fcotur¡ Þ¡ln¡ ebrllrrty
frltæ rr tbr r¡r lnorrrltt. 1Ër ll¡tur lLn lr tbr rúnlt
llrrrr u¡r rr;brt thr rrn m tÈrt l.rr Ln tbr frttrl llrmr
but rrùlÞlttü r "trt nob tro rtpld obr¡æ. I3 nr pcbrbly
tbr ¡n¡tæ ¡ffllftnoy of olrrnnor rblob nl¡ tþ¡ nrlos:: ct
,brlpottrrlr Lrrt eþrbur ln tbr rúultr thrn ln tb. rtor
rllon ytrrlca r.tt ln tbr fr¡ürl llvtrtr rd nür lt rrt
tlfflrult tc ðttrot by tblr rrtbú trr rldr rrrtflcrtllnr rf
tb¡ rtult ¡brfre¡rt¡tr

A aurtttcn ürt Dord ¡t tc rttth¡r tbr prtlolrr ur¡lrtrd
rlth r !Èrlp¡¡tlc orllr ürrt rvtt tr ùt¡lr flml l¡cttbn ln
tbr æll bt ter lEtrrcytr¡lurl¡ f1rr frll tlr Drrlortrtt
lln!út rr rbthæ tt rrl dut to tb. tr¡rDc.lt.r rf ûbr erll
brl¡t rrtnctrd ud tb¡ orlt rrolnúln¡-n¡r rftrr lh¡¡¡cFtrrlnl
Itr auotr of frrrlæ ntælrt. ra u rûtlpl tc lnrurr tbrt
qrortbE I rrr¡nt ùm ¡f cerÈtn nr llttotrü lntr I rrll¡
of fætrl rnd ¡üult rr¡tr ¡ tËo lo rlnrtu rft* tbr lnlttrl
úcrr r¡¡û tËr ¡ttrr tô rleutrr rftæ tÞ lrttld t a. - lal
tb¡ r¡lnll norlflsrd rosaral¡r¡ ûo tbr tlr lclr cr.l ll tÞr
æ13llrl rr¡rmlmatr. It nr raûlrt¡nttû tbrt lf tlr
Drìrcut t htt rrtnctrtr thr blrtolo3lort plotnrr frllrrln¡
tbr rornû úrrr rf ¡rrtlrlrl nuld frll t¡ th.ü tàarr
Elrtclrll.¡l r¡lrlnúlon eld tÈ.r Þcrrræ r gletErr tlrllæ
tr tbrt rftæ r rlnSb lafootlrE. r¡orpt tbt tb trdl rf täo
lrll¡ ülr. rlnrt; l¡rård rttb cr¡ùrll (ff¡. t5l. ltlr
ül33..t.ür tbærfit., tbrt tb Dro¡.ttol rf tbr Ërlrctttro
orllr rlrrlnrü utradoú lnt tb¡t tt. Frtl,cul¡tr rt¡rlrl



I atrno rftrr 8nd dorr of <¡rrbon I nln¡o rftrr ând ôtr of
olrbon.

$ ntnl. rft¡r end dert E nlnl. rftrr gnü doæ
[19. 25. tbotonlorogrrDhr of ltvrrl frou ?O-dry fortrlr¡tl ¡ft¡r ¡ ,roond do¡a of cubon¡ tlkrng lo alnr.¡ft¡r tb lnltlrt lntrctton .t ¡æó tlurr tlr & lr¡ ltOO.
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^

urt tbLftrd by a.r otbor rrob¡nlrr o¡rærtta¡ rltÈln
tbr ¡r11.

d. 4trrtrl'btrtl¡r¡ ¡f ,rltrtrilrtr,if, nrtlgtrt lg tbÊ il,lrrrr
?f fcgltl rd 'rÉult ntLo
Ttrlou¡ rlrtnrrr of dym r¡¡d o¡rÞcn rrd tbr tro rotutlcu

ur.d for tbr rbotrcn¡lcrr¡rrpblc rtuôt to Þo drrcrlb¡d la
thr errt lrotlcE ütrt lrftotrd lntr¡vrmurl¡ rrd tb. arl¡nt
r¡ulmû rt tlrr rp to tl.f rlnut¡to

It rrr cþrorv¡d tb.t tËûrt ¡rrtlolrr rbtob oould br tlla
Ët ¡f¡ùt rlorucoDt r.rt tc bo fouat rlr¡d tc¡rthæ l¡ tÞr
trr ¡àr3ocytlc crll. Crltr rbllb brð ÊraÐcttcrort ole ty¡n
of Errtlob nrc uûelnn r¡û rvo üäaþ tbr¡r rlro Lan lt nr
Lqnr¡lþl¡ tc rry crtr¡orlorlly tbrt cElt ent ty¡r of Frtlsl¡
b¡á btrn ¡Ër¡poytort by tbr oa¡ orll

Îb. ffadfn¡r ln tbr ltv*r cf Þctb fetttl rnü rdult
rnlnk ü.rr r¡¡rrrnüly ¡ultr ¡l¡nlhl ¡nd Lrûlcrtrü tbrt
nrt cntry o¡116 rn lnütvlúurl orll pår¡eoytmr dlffrrrat t;prr
cf ¡nrtlohl bst tbrt lt crulé rlro ¡brlcc'tom ¡nrtlclcr of
dlff*rnt tlrt.
3 r ëhptFon rlpr¡teouq.

lr l.ntr?tluptl¡n

rblh tt rrerd rrrllrrÞly ronoturlvr tÞ¡t tbr nùrlncytla
orltr ll tb¡ ¡Etnlt r¡nln¡d ürr. l,n frct rn¡r¡trfln¡ tÈ¡
vutrlu¡ ttrt ¡nrtlohr (r¡r cbr¡tæ II} lt nr drotrdrd to
lrla furtbæ æltrncr for tblrr lf Eutbl;, bt rh¡tron
¡lcrlc¡rDùr. rt rrr rtm ec¡rlt*rd tb.t tblr rtbrá cf
rtuty rlrùt rúd to tbr pl¡tun cf thr ru¡Èllort cf tbr
þr¡rtle Dt¡fr¡frtu rf tbt r¡t rnú nlr ollrr¡rr tbr prrcrlrr
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cf fbqrcyttrlr b¡ lblrr crllre
fu ¡rrtl,olrr rlrotrt frr tbtr rtudt rlrt ronrlðtrrd tr

Þr ldr¡tlfl¡bt.r by rhct¡lr rlcro3rrDàlo trcblanr ¡d
nrDnratntrd r nnlr cf rlro frcr IOO Aa¡rtrcn ûr t rlonnl.
lll of tbr prrtlob¡ ¡novri tr br mrüt1y túr*lftrró uorpt
1n tb ol.r rf færltla rãlÊb eculd Eot br útrtln¡rfr.d frr¡r
tb¡ rEiosrnort ftrrltln ¡lrudt Dnttat Ln tbr tltlurlo

b¡ Thpægrtorlor Èr ìp¡qtlo rq+trllrrr-ln frptll rq4

nìùd r¡tl.
tr tbtr lar¡tttSrtton rt¡turu rf ttrtlelrr {ru Chrpttr

II I nr¡ tnf roted lntrrvururl¡r trtr lO- ü¡f fortrl rd ü$-

dr¡ nrtrl ntr ûl'ob rtr. ncrlflccå rû tl.rr ¡lD,to lg rt;utllo
fü. llvrrr rf tbmr rnLnlr úarl lrlrmd for rnrl,Ertlrn Þ¡r

rhctr¡n rllrrolro¡lyr lbr rrtultr rf tblr lnrutlntloa
drnErtrrtrd qultr olmrlt tb. pürrpolttc rblllty of tbr
fcrtrl br¡ntlc rrcrr¡Èr¡.¡ rrå tb¡ rlrtlrnrbtp rlrlob täerr
orllr brv¡ to thr brntto ¡nmaob¡nrl otllr. rt rrr r¡¡nrmt
tl¡t tb. rrtr rf uptrhr Þy tbo rdnlt ortlr ürr rr. rrDlü rnd

lÈrt th.lr orllr nrr tqul¡¡rrú tr útrtr..y tÞr ¡Èrfnsftrmd
þmûerlr rÈrrrrr tË.r. ln trrtrt r;trrl. .lDr¡þd tr br
unrþl¡ tc do tl¡

lbr urtni,orl rrlrtbnrbt! brtr¡rn tË¡ r¡onDb*¡rr rd
tbr Dmrnob¡nrl cellr rrr mll rtorn ln tb¡ rÍctt rtælrl.
trt cculd br rrr¡ tbrt tbr rorr¡Þr¡er nr. ol,rrely tDDll.d
to tlr hr¡ntto ¡rllt ¡nd r¡rr oÈmrvrd, rt lllurtrrtrú ta
l1l. 16 t¡ rrtmd b¡tmrn tbr t. nal,GÈbourlag rlnuældrr
1àr næc¡tr¡rr rrrc rlto rb¡rl (1tr3. ,?, tr ¡rtrad ..rtrt
¡lr¡æltt to Dmrn.È¡lr¡l ¡rllr rn tbt rtÞ¡r tldr¡
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IItrn flldl¡¡r drnnrtntrú tr rn rv.e 3rrrtrr dr¡ru tË¡r
rrt Èrn by llllbt rlorrroolt tÈr trdrrl ¡trturtlrn rllob tb.
ron¡iürlrt brçr for rnrrl4 umntrü nt¡rLrtr frrr thr
clrosl¡tl,n3 Þtrcrdo

ft¡ latlrtr rrlrtlrnrblp ¡ùl,ob nl rÞrr to rrlrt
brtrrrn rû¡rp¡rlüa rnd tbr rlllos þordrr of tbr rülrtrlt
¡lrr.rclürrl orllr darrtr¡trd u lônl rrlrtl¡arblD fcr
tnnrfrr Þrtm¡a tt¡æ erlll. ,Erclrlr of tÞr lt¡r ctünot
mturr cf fr¡trl llr*r rnd Èrorur lf ùbr ornrld¡rrÞb
pnogortrm rf bmr¡olrttc tllrur¡ tt nr not DorlÞtr to
drrnttrrtr ruob rcll-doftnrd rnrtulod ntrrtlonrblpr
brtrrr¡ th¡ rercDül3rr rEd lrrracbt/rl orllr of fmtrl llvrrl.
frrætbobrr fortd br¡ntle nlrrrlÈr3ra ftr. cÞrr¡çrd tc trvr
rlrllrr aÈrr¡ctætrttcr to tbo ntrl rrolo!Ërf,otr lluy ü.r.
lrr¡r Drorlmet orll¡ lntærpætrú rlrnttt trttlh rÉctbdlrl.
crllr slob tla.d tb¡ bbod llarrrldro

A Grctr r¡tl¡n of r ttplcrl rlsureld trlrrd b¡r rrtrlh
mdrtbrllrl orll¡ ln r fcrtrl llvrr lr rbm ll ttt. lt. In

tblr fl¡urrnlrlretrd orrbrn rEd ¡rlyrtyrr;r htrr ¡rn to ...a
ln tb lrnn rf tùr llnulold.

11¡. S9 llturtrrtu tbe Ftrlnol rf tnfrottd Drc$¡rlrFLn

ïlt (Hffyl. nrbln ¡ad thonlnrt ln tbr lnru rf I fr¡trl
llvrr rlrurtúo It ürnn¡tr¡t¡r rürt nl pnbrblt r rbrLatr¡r
rrtrfret ef tbt brot*lrl rytcplur frol ttt orlt nlt. lttl
rDpnnaür nt f..r tbror¡|Ëcrt tÈ¡ ttrrú¡r. ll3¡ tC rh¡rr rn
nrly rt¡¡r cf ¡lùræoytorlr rltb r ¡rtndc¡rd rf rl ùr¡ntlo
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næc¡b3r ¡.nn;lo3 to lbr¡rc¡trrc ¡ rlcro-ülrËlf,to lrg
rtb¡r Drlntr of latrrrtt æ. r¡11 ltlurtntrd ln tblr rt¡rtroa
rl,c¡t¡¡rr¡bo îbry rrr flrrtly tlr dlffæræt ln rltr ¡nd

nrrDtr of rttcob¡ntonlr tr¡ tùr rrcrr¡tr¡r rri tb to¡nttc
¡lrilcSlrl crtrl - tblr¡ ts tbe l¡tü¡j bof¡¡ rmb 13¡ nnr.rt
rrd ltlrr¡l tlrrl 1æl¡r tbra Ln tf. fi¡lrrr. ltr r¡read ¡nlnt
rf lEt*rrt It r rrtrtln tbrom¡ rf rrfmtctl¡n ln rercDb¡ær
¡rrt lûr ¡h¡rdrn¡r ln tbr ¡rnrnl$nl'¡tllr¡

lflt. !t rrú ,l rà¡r tn rtr¡W li tbr ¡brlpqrttrlt of r
brrtælrl orll. ed It¡ . 39 trnrtrrtu tbr lrtrrorltul¡r
bntlrn'of ¡ ¡sæ ¡f b¡otrrlr¡ t rsrrne rsol¡l¡d
v¡rnb ornt¡lnln¡ tbnr b¡ttætr, euùon rnl tãmrtrrrt rrn
be rrln tr tblr rcÐlÈr¡rt tb. rtbæ brctælr ¡rc rnolclrd
1r r¡¡nnûr vtnrolrr rra ¡ tnll rurrlt ou Þt raln nÈteù

¡r¡t¡l¡r orrbl[o tl mrr¡rotrd frndh¡ tr llluttrrtrå [r
rlt. !s. Îütr rl¡rr tlo !rrrl¡r.. cf brot*lr¡ crrtra rad
tb¡¡otrut t¡ I r¡ourh rttt r orntlntl.trt rôrut ln r
Itvrr Ërangrrl orll. tr¡. Lra rtrlrct ¡ltcr¡rE ln tbr
qD.t rl¡bG Lr¡d ¡rrtton cf tËr rhrtrrn rlonr¡rrË lr r ¡rod
I'rütcatfoa cf tÞ. a.l¡r .ldrEttt¡ru tl3. ti rbrr tbr c¡ltrctlon
r? ¡nl¡rrtyr.D. lrtrr rd cuË¡n lntr rv¡rrl vrcrehr ln r
forttl ìrnrûl¡ !Ë{Ð.ttr t6 rlnrûrt rft¡r tnJrctlreo Tblr
rlætrru rlonlr¡rÈ r1ro ltlurtr¡tr; thr tnrtrno. lf rls¡o-
rtlll rt lbr oltl lryfmr rl¡loh l¡ r .ona cü¡n¡ttrtrrtl¡
rf tb¡¡o crlh.

Îb. prra.nr. cf Èrotælr nr rlr mtrl ln tb. ¡rrraoSnd.
orllr of tb f¡- drt llv¡rlr lte rr,pldlty rltb vËLcb tbr
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brcttrl¡ rarr r..a t¡ br úrrtrryrd ln ùbr l:raoÞtn¡l orltr
lr ¡lrrbrpr lndlc¡tlvr cf tbr úrvrrt¡ttng trrry cf lnr¡rrrr Gc

rùlob tbmr or3mlnr rrnl prrÞrblt ruÞfretrd. tl¡1. t6 rnd

l? ûrn¡¡ttrrtr tbr l¡tt rr.ultt rf ür3ndrttcn cf b¡otrrlr
ln boprttc phrtrcytrt (lt¡. ,41 rnd ltrrr p¡rtncütrl erllr
Itll. t?1. 1Þ¡ nrlrá úLffrnrnoe ln tb. rry ln rhlob tbrtr
ottlr tnrtrd botrrl¡ rrr rrÉr clrlr lE tbrtr ¡È¡tc¡rrtbt.
IE crntndtrtlnoticn te tär gmrnobyrl crlh¡ tbr ncrcfùrfpr
r¡Ðrtmd to ret oa tbr Þr¡ttrlr ln r l¡cb lu¡ tt?trr rr¡r to
¡roduot rryt!,ln fl¡urttr ûfù rrr rbstrrr¡ rlcrclrr¡blodty
tyAlorl rf pàrr¡bcl,lplürr

S. glonrlurloqr

ftr blrtolo¡lcrl lny¡rtl3rtloar ûuorlbeú ta tblr eürpttr
b¡rr rÈcra tbt tbr orllr nrr¡þl¡rlþlr for tbr el¡rrrnol cf
frnl¡n ¡nrtlohr frrr tt bl.rrd rpt æ rtrllrr ln frrt¡l rnú

nltrl rttl. lbrrr ær tlfflr.Bo.t bcrrræ rf rn¡tolf raü tllo
ef tbr r¡oürllnr rvrtlrþb frr þrot."l¡ldr¡rrdrtLar tË.
lrttm ûtrnrtr¡trr rrt nrcbrbly thr funotbnrl lnturlty
ln tbtr nr¡nct rt lr¡tt of tb¡ fcrt¡l b¡¡ntlc ¡Èt¡ooytrr.
It ru¡¡nrt¡ tbr flEdlrçr úccrlbrd la Cbrptrr It tra rblob
It nr lhouE tbrt tbrn orllr r.rc r¡¡nnntl¡r unrÞtr t¡ tsl|,¡

tÈr tilt or¡¡alrrr untll tbo rrt rnobrd tbr r¡r cf rrul,n3.
l'bilt rt¡¡dhr brv¡ úca¡trrtd tbrt l,et¡odu¡¡d p¡rtt¡ul¡te

nttor lr lE frtt ruvod fror tbr dlntrlrtfn¡ bfcot by

¡br|þcttrrlr ¡¡¡ü tbrt tblr funotlcn ln turntltrtlvr trru
lr dur ¡lrrt rrolu¡lvrty to thr brprtlo roroÊrrrr of tbr
llvu ln fortrl rtttr lb.tf ruult¡ rnltrrrt lürrr do¡rtÞrd
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ln cb¡ptu tÍ úrrr lt nr rbûa tbrt tbr ftrtrl lllrr roü
ortlrotrt ntt rf tbr ndlcrotfvft¡ cl,urtd fru tb¡ ctrout¡tl¡r¡
Þlcrrrl rftrl tbr lntnvrarur lElrotl¡n lf lrotopllúlf l¡ù.lf.d
br¡tul¡.

lbrt lEûlvldu.tr r¡cn!¡hr¡rr orulü ¡Èr¡ncytan ¡rrtlcl¡r
rl¡lob rtrbô roanlirnbly ta rl¡r rrr trna¡tntrd l¡ tblr
ttdt. lbrr¡ rmultl ¡lre trEûtrortr tb¡ ¡rcr.¡o. rf r r¡rlatt
cf rlncalE: 1¡ c¡acratntlcar arfftclrat tl Drnlt Ë.Or.tttalr
bt tÈo b¡¡ntlo rror¡lt¡¡rt of f¡rtrl lltrnr Ttr blrtolcalerl
ploturr of rtrorrr ¡llrn¡r*r lE trrr ¡f rlor* urohtlon
rf ùbr trrt prrtlchr rltb tbr fortrl r¡¡¡r¡hr3rr of tbr
¡nuaSrrt fcrtunr t¡rrlnrô coutr{ rrfl¡rt rrl r irflol'tnot
rf c¡mnlnr tb.tr r l¡¡t rf drrrl¡¡rnt of thr orllr ttnmlrtro
ltr flnúln¡ of Êr¡o.¡rtlo æl1r le tÈ. Etrtgrr¡¡ cf tÈr

rtrrnrl orrt¡r tf f¡¡trl rrtr r¡r¡rrrr tr l.ná ætfn¡t ùc

thr ¡nrrlourl¡ llreurrrt prlnry frmottrra of tbr ntloulc-
tatotbrlld r¡rrtrn. llm rrrrrn ttrt ¡Èr¡otftrll{ orrbtn lt
fcred ln tþlr rttuttl¡n l¡ fortrl r¡tl rad art lr rú¡lt
rnlnlr rtlüt b¡ rlr¡r tr thr ohrrfe fror I fortrl oortur to
rtnrr rorllrr rblrb ccourr tc;¡rtr thr ¡nd of fo¡trl l,lfr
rnt la mrly nrtrl llfr. ttlr ohrESt-rv¡r rnùlttr dt¡rurtùrn
cf tÈr fcrt¡l cortrr rad taftlt¡rtlon fnr trtr trrfrrt
Sonrtr tl¡r rrúulfr by tbr tfi¡. cortt¡o fàrf?.¡tt.l rür
nnbrbll ln tblr riûrrtbe to ürrl rltb tbr rffrtr rtrri¡l
td trk. úp fir th¡ aúr ¡r¡t n btoeú-ù¡rnr fonlfn
Drrtl¡l¡r.



t07

lbr rlrotron rlcre¡rrnhlo ¡;l{rr¡¡ rbrrd ¡rltr
olnolrlll;rly tärt tËmr ürrlf fi¡notl¡nl fmtrl lb¡po¡rtrr
ñtcb brrrv* ¡¡¡rrr¡d te lrct tlr rblllt¡ tc br¡rb åcre

þrot¡rlr. On tþr rtbæ brnt tbr rËnrutlf ¡rrtlt
órltrdttl¡r rf tb¡ þrot*lr Ln rdult norr¡ürltr tentr tl
rulp¡3f tbr ¡rEtrntlcn tbt tbrn orllr rt ral¡ Êrfrcytmr
:d ortràollrt ec¡úu ¡rçrunlr hrt tärt tbl do lb|.l ln
rneb . ürt tbrt ttr ort¡È¡ll¡ ¡rctnrt: crn bo r¡rutlltrrd
lf r¡qulrad.
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(8æ Cbrp¡IIl¡ tn br¡rtfo pbrgpcytc lHl orn b.
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upp.r hft eDrrÐTr Brctrrl,r (ðl rna clrbon (øt
crn bl t.en lntldr tho bcp¡tlc ¡rhngoo¡rtrr r 5OOO.
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Ietrcáuotlcl
It h¡r rlnrdy þrra rqlbrrtnd tbrù pbr¡rcytl,o crlll

lad ¡ærn frotort ¡pp.r tr Þr lEtrrdrprntrnt la bort ürfrnor
rlrlart lnf,rotln¡ rlcro-cr¡¡nllr¡. fr¡oroul ¡orbrr Ë¡rr
dnnltrrtrt la r vtrlrty lf rr¡rr türt ¡¡nolflo rntlÞod¡
rabrncol ¡Ër¡nlytotlt rnd tùrt lc-orlltd rnrturtlr rntlþoül,rr
ln ar¡ul lrr¡ ùrv¡ thlr Drolrrtt tc ¡ ll¡trr trtrnt.'
Subrûrne¡r rblcb frollltrtr rr .voa prrrlt fÈr¡eoftc.lt
Trr. erlbô feplo¡lnr. 'bü rrl;bt rná Dor¡lrr tn l9et rnd

lt Ir tb. rtudy of rr¡tur¡lf cDlonlnr tt letfffgff¡
tf¡Þlgflg C5 1¡ lm¡r frcr rrtr of v¡rLcut r¡ot rltb
rblob tblr cbrptm Lr rrlnty ocno*rcd.

Rrrlry rEd Jrntln {ltóAl rnO îrrnor taå Rorh¡r l¡9f0 b¡vr
lnvutl3rtrd pt¡ tortn .trcalår tr thlr rtrrln rf $ll¡Cgll¡
rr¡ê tb¡ lrttæ ¡crl¡rl h¡vr ru¡¡rrtd tbt lnttfrt nrt by

å¡rartrrtlE¡ tbrt tbrr¡ oprnln¡ rrr not tbr :lr¡rl¡rl
trtrrfllþ¡lln-typr rntlbollot tnrduord Þy rDrelflo
ln¡alr¡tlcn bul lrl brtr-norc¡lcbullnr rltb ¡ rdlnntttbn
oæfflclrnt of 6AOfl9. Íor th¡ rrrrlaúrr cf tblr ehpttr
olulo¡l ¡ln-3lobultar rl11 br rrfrrrrd to r,t 79 urtlbodhr
r¡¡t tbo rrorc¡lobullnr u l9S rñtÈodlrro A vlrr ürr Þtrn

erprlrlrú Þy tbur wrkrrl rntl by funlrl (t960l tUrt nrturttr
oproalnr tc ¡nrtlculrtt rntllrnr ruob rr r¡ú bbod crltt r¡¡t
brotorl¡ blon¡ tc tbr nero¡bbr¡ltn olrlr cf rntlþcd¡r rblb
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rntlbodl.l pr.auord ln rrr¡roar to bu¡lrrtlca rltb tàrrr
mtl¡rrl lr. ooronly of tbr ?s tr¡r rltb rn l¡rly l?E rrl¡rmr¡

rrthodr of r¡l¡tlñ¡ for tbr ÞlrhSl¡rl rctlvlty trerr for
tbr ntrrro¡rtrrlr trortln¡ rffrot of l¡rtr¡ lorur frt¡ttrnr
rnú rtr¡ralo fluldr brvr þrrn by tbr la vlrc D¡r. ob¡rrEor
rthed dr¡crtbd by Elor¡1, .L¡¡. (lt'tt. tbtr tr r
roarltlr rnd ùr¡bly nDroduolbh r¡tbrd fcr drtrctln3 rrrlt
quratltbl of c¡tcaln Þr¡t rb¡r. ln .yrt nr. trnrltl,¡r raú
rqntly rrprodrciùh rrtbrd nr r.qrlr-d. cb¡n¡oor r.rr
üonr la oblct otrtrr Þy tb. nthcd lrrcrl,bld bt f¡¡g[t3¡¡¡
rnd JrErln (lt6tl. rrctcpl¡¡tlt t¡b¡lhú srltrnrlh tnb¡mrluÇ
c5 r¡r tbr trlt cr¡lnln ur¡Ë r¡elurlvrly ln tbær olrrnEcr
rtrdlrr. 1l¡lr ¡nrtloulrr or¡.alrr lr clly t.qf rbrly cllrrcd
fnr tbe bllod bt tbr orllr of tbr rrtl,oulo-rdctÞrllrl r¡rrt¡
of $r1r d¡ltr rl,cr rnð cblcl osr¡ruo Tür ururlly grvr r f,
vrl,ur rf r¡rtlrorlntrly C.OIO ¡aú O.CCI. r.tpoctlvrly. In
r¡cb tttrt uan¡nonl,rcá lr¡ulnl rrn, u¡rá .t ¡ ocntrol.

crnrldrr¡bl¡ dlfflortt; àm brrn rr¡rrrlrmr{ lË nsrln3
tbr vtrlrur pntrln fr¡stl¡rr cbtrlnr{ tn ,tbr rutrrty cf
rnlyttc¡l 

'tbodr rqÉctrd ln tblr rtrúy lE orü* tbrt fror
onr rotbd to tbr nr¡t thlrr u¡r ü)r rlrllrrlty la tbo
fnotbar drrcrlbrd by tLr r¡m rrn¡ ñt0 dlfflcutty rrr
rao¡untærd rÊ tb. llt*rtun lt lr lllurtntr{ Èy tbr
fcllortq årflrtttrnr ef finrflobulln. tlrrllur lúr?,
drflnrd Grn-Sbbulla¡ ¡r thrt tr.Bp of prrttlnr rürrla3
ertboúll rr nc rl3rrtton .n rhctrc¡Èrrrrlr rt pE ü.6¡ ¡
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Prtæron rnd tobæ {mcrlËd fir{bbrlln rt thr prt¡tn
frrctlon rbl,oL dcu act blrl tc D.!.A.r. orllnl¡tr ln tbr
plrt.ao. of O"elll buffæ. lrrnrr ril Rcrb¡r. lr¡ lt6t frr

¡onfl*ntlra rf tht r.rk cf trhry rlrd 8or.ùrtt (tr5tt, olrlrt
tbtt lntio-lbrtrrDür;¡tlc æld¡a¡t rbcrtd tbrt 3ltrlr
3lobrlln.ould br rlutrt by 0.lr buff*r rnú tÈrt tblr frrottra
rl¡rlt¡l Þotþ trrr¡{r thr crtür{r ril tbr ¡notr¡ In ¡ldltlcr
to tblr tbær rrr tvldrro. fro¡ tÈe prrtrat ¡tudt t. rÈtr
tbr Ë¡tær¡re¡fty of tb rulcûr frrctloar oÞttlarúo ft b¡r
Þüa coelldrrd ¡trudrnt tbærfort to ulr r rlqrtt ¡llrürt
3rnærl ryrtm ¡f nonnclrtr¡rr ¡lrllæ tr tbrt ru;¡utrd by

trl'tbl¡r (ft5tl. Illl' !t rn¡rr r dirlrrntlc ntrrlr¡trtlrq
tf tblr r¡rlttr la nlltlcr t¡ ttr ornn ¡nttrr¡t run la
tbt¡ rtrü¡r of rtrrob-3rl uú DrDör-ttrlp rhotrr¡Ëertto
rerlyrr cf r¡t loltr¡

t. Yrrtlqll rtmo\rc1 ih?lro¡tærrl?
E*r¡ fror ló-o lt-. te- ril lÈ dry r¡t forturll ud

fl.'rr l-r 7-r lLn tt-,. 56-o Ü¡- úrt ¡¡ú rdnlt ¡rtrl rrtt t.r.
rt¡otroDÈæmrc l¡ rtrroË{rl r nrta¡ I rtrdrrt trchnlrn
rlth ornrtrnt tcEdltlcnr cf vcttrgr, fE rnt ttLtnt ttüþgtu¡lrl¡
.t oonlrrl cf tlr- c¡t t a ranr rlt run on rlcb ¡.1 to rllcr
crqnrlron fror ¡¡rl to 3fl. Ît¡ ¡u¡ltr of tbta ¡rcerlrr ¡rr
lllurtntrd tn Ìljr. lg rnå le nle¡ rrr Dürt¡3n¡Ër cf tÈr
rtrlarl ¡rl ¡s¡frct rbtla¡ tbr ¡ntt.rnr obtrtnrú rt nrb r3t
trltrdr rblh lt ru ¡vldrat tbt tt¡¡r¡ rrr r¡r ¡rrnll
tlrllult¡ ln rlrotro¡Èontlo Fttæn fru fcrt¡l tr ¡árlt
tarur tbfft rr'. rDrclflo ülffürnort. trt r¡r rlra f¡r
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lnrtrEor tbrt tbr srth¡úr rtSntln¡ 3rrrr{lcbultn rrr
drfllbnt la tbr fcttrl nrpbr ¡aú lrorr¡rod lE renolntrrtlon
untl'l rdultbood 1l tbr nrt¡l rerglrr. A ü.ll û¡ftarå büú
trr ¡rrrÚnt l,n tbtr ro3l,oa ln tbr mt¡t nrpt.' r ¡b¡rt ülrtuor
fnr tbr r¡pllortlon rrll. 

^ 
Gbrnjr ooourr.t tn thr rlá bltr-

3llbullnr frrr tbr fo¡t¡l to thr t!- drr nrtrl rlt trrn,
ttr dr¡Þlr b¡¡rrl rvlúrnt ln thlt rrSlcr tn tbr r¡e¡nrttl Lrn
r¡rynrr.d to rtv¡rlr ltr lntmrlty u¡tll tbær rrr cnly I
rla¡h brad frrr tbt r¡r rf tt- trylr rtr trrnrfærlr brnd

nl rlrn tc lntrntlfy cvor tblr a¡¡ürtrl ¡rrlcú urt t¡t rra
lntrnro bmn¡lrbl¡ b¡nd tr.fart la tþrtr rrl r.rr¡r rrqlhr
rrfloctrd tb. Clfftoulty tn oolbcttrn¡ crrglrtrl¡r nm-bermlypá
nq¡lrr f¡u tb¡æ ¡rll rnlnl¡o aD Lnor.u la lntolrlty
cf tbr Dert-tlbr¡ralE þrnd rp tr 88- dryf rrr mtrdr tl rrll tr
rn lr¡rr¡¡ln¡ qurntlty of rlb¡rlr rnd irorrlbrrl¡r

rt rlr rret.d tbt thr rrllr cf tbr ¡DDllortbn rrllr
6rt¡rlontrd üurtr¡ rhotro¡brrulr. the ¡fftct Þrlnt rr.
trcaounßró rr tbo r¡. of tb¡ rnlr¡l¡ la¡rrrlrôo Tl¡lr nr
rttrlbutrd to tbr ù¡árolytlo rotlvtty rf lrnn rqrlmr
tbo rrrultr of rrr¡yf fir tblr .a¡tr rrc û¡lcrlþrd brhr.
. rn r rlrttrr rrtr Þ¡rt rttb o.t rl. r¡rDbr ln rElu¡ra
rp¡lllcrttr¡ rcllt. trbryonlo fluld f¡or ló-. lE- tnd go- drt
forturrr rrr rt¡of¡p-¡ùârlt¡d. ltr rlrctro¡Èrrrtlo nrttarn,
rücrrd r frl,nt but ¡btl¡r dlrtrlþutlo¡ to tbr nJrr brlir
of th¡ r.rul Drotrlnr rl¡l¡b rl3rrtrd tornrúr tbr rrrd¡
Itlc. t9l . Dlrtructlcn of tbr rtmob of tbr rrllr ulr
rrtrnrlvr, tnrtleulrrly cn thr crtb¡dr rlðr of th¡ nll.



ll2

t. hlr,f:-rtrf?-?lÇ,rtTrûtntlq
Errlr frrr 16-¡ tt-. 80- ¡¡¡¡ tt- ¿¡" frrtrl rrtr rrd

frcr 3-. ?-t te-f l!-. !6- lnd ülr- å.t art¡l rrtr tlra llrotro-
DbrþtÉ ufd.r rtrdmdlr.a coñilttrri. .Ë DrD.r rtrl¡n rltb
ooa75 lonlc rtrr¡ltb Dü t.6 rerc¡rl ùuff¡r. Tlrr rtrln.t
rtrl¡r rcrr thr¡ rarlyrr{ Þ¡r rbær¡tto¡ ln rr¡ ¡AnrlytroF
r# tbr trrcln¡l r¡ .Þtrlmd nn rottrnrd rooorúla¡ t.
tÈr nJer D.rLr tnt tbr ¡nrlr*age corFrltlon rf tÈr ¡x.rùrlE
frrctlenr crlcrlrtrd.

ttmr rr¡rltr trÞul,¡trü tr¡rthæ rltb tÈ¡ fneûl,rn
oorllntntltnr l¡ r3¡ lsl,. r¡r ¡Èrrr tn Î¡bh !r rt nr tLr¡
tblt tbr 3rn-llolultr turtltrùrd ll. ¡ra*rl tr¡r r
rlrlhr pnDætloa of þrtþ fortrtr rnt arttl rtù lorü uEtll
thr ulnll rrrt t0- rlrlr rtt rtü fror tbrn cn tbrrr ütt ¡
rbrrg lncnrlr. 1l¡r brtr-¡lobrltnr ooqrrlrrú ¡ frlrlt
ernttrat pn¡rrtlrn tbrcr¡bæl ¡ll tbr r¡r CrorD, ¡tltr tÈ¡
rt¡br-t-¡loÞulinr rËorrð (rltr e¡f r!¡ottbat r blrù læ¡l
turln3 frrtr!, llfr uü tbra r crnrtrnt þut lorrr trvrl rrl
rlatrl,nrt uatll Elr- dr¡rr lf r¡n rùta thr nryrrp¡rt&n {ærrtrrú"
It¡ dnÈr-t-¡bbulrnr¡ re thr rtb¡r h¡ad coattLtutaa .
conrt¡nt rnll pmlcrttcn drrLE¡ frrtrl llfr¡ lncr¡¡r¡d for
r.v.r úrtr rftrr blrth ral th¡n dromlrt f¡r tbr nrrt frr
rr¡lt lnorruln3 r3rln ccatldærtty lE tbr eltæ ulr¡ll.r
f,rrrvrr tb.r. ftuctrrtlrnr l¡ rlDt¡-t-3l,rbuttr proD6tlr¡r
rl¡bt rtrpl'¡r rrfhot lnrorylrtr rr¡rrntt¡l rf tbrr trot¡lrr
frcr rlhlrlEr ttl rlÞ¡nl,n frr¡ttrcr ¡DDO¡¡, tr ptr1¡ r frlrly
corrtrrt brrl ln tbr ratr t¡¡rllrrd.
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Proteln analyclr of foctel ¡nd netal rat sorun vlth porcentago
dl.rtrlbutlon and concentratlon ln ngy'ml¡
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?r¡rrr-ltrlp rloltrcptærtlr rnrtta.r rrn rlro dlnr o¡¡

lS-. ló-. lE- ffrd tl- {rf rûryrElc fluldr þt r¡rylyla¡ r
0.1 r1. nryÈr tt mcb p.Dat ttrltr lluld frcr ll- drt
folturr rm tbr rrt rrturt trrtrú Þæ¡rlr tÞ. .ü'rtorlo
fluld ålrl¡trlbrt li volnr {rrlnt tb¡ t¡¡t try rf fætrl llf¡
ulttt tbær rlnle¡ rnly r rrll quutlty cf vrry vllccur flutrrû

It trno Îb¡ rrrultt ¡f tbon rnrlyrat ¡ro rbtrl ln 1¡Þ1. 9 r

ftrt {rrertntr r rtrltln¡ tlrllrrlùy 1¡ tbr Drr¡¡rtrlr
llrtrlletlrn rf tbr r¡ln Fnot¡ln o.rtr.rÒÊtr ¡f r-¡rcalc
fluld h tÈ¡ù cf rrt l.rä. It crn br roln tbrt tbr ¡nrcont¡lp
dlrtrltrtlu rf mrb fnatlrn rrrlnld ronrt¡nt ln tlr Drrlod
brtrrrr llr- dryr rm lt- dr¡r rrl¡¡û t¡¡t tbr Drtr-¡hbnlûnr
úrcr¡¡trú rd ¡¡rtlnurd tr drorrrro up tc tht llrt tr¡r.
Srtnra üb¡ lttb úr; tt tlrt ir¡ tbær úrr ¡ dl,tDrirDrrtlrtrt¡
lncrrrlr ln tbr grlrtl¡bullr lrrrl lll ¡ rlllbt lnorrlrr
ln tbr pm¡nrtl¡a cf rtbnl¡.

S. e¡¡¡ntttqtlÏr ìFrt¡l? rrllr¡ll¡n br r¡tctn¡ù¡tf,Frttrf
Dl.t¡rtlr¡r rf trl00 rf :æur rrryrlrr rnó l¡8e rlllutlrar rf

rrÞr7onlo ftuld la g.15tl rrlln¡ r.r. F.Frr.t ¡rró th. optlcrl
ûrnrlùy lttrrrlmrl þt Url. rbþrptlct rt I nrr bgtb ef
ttC rllllrlcroar. 8Í rlflrrrcr to tb¡ ?nrvleurly pr¡:rcd
rlrntr¡d o¡r:l tbr frotrln rcn¡¡rtntbat ln r¡./rl. rlat
üttrrrln û raú trt rrcrr{l{ lE Î¡bltr t rni gr lb.af rrlnt
la lcrfur¡th¡¡ rltb thr r¡rultr cf ittorrttrl¡ thrtro¡Ëortrlr
rar.. mrú to rrttrtr tbr D¡¡ttla ocetut rf r¡ob nln
tlrctrln frretlrno lbl r¡mlt¡ rf tbrr lrlcnlrtbnr rn ¡lr
¡lrtn le tbr lrblrr, rd ¡rr plrrrrtrd ¡rr¡Ëtorlly lE ll¡. |f
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rblob lllurtrrtrl tbr oÈrn¡tn¡ ¡nttæn ef rorn p¡rtoltr
cono¡ntrrtlonr u thr ntr rturrd. tlÞlr t uü tl¡. sr
lllurtrrto tbrt tbo t.trl trr¡r protrlnr rb¡r r tl¡-fcli
traorl¡lr ln orn¡utntl.n orrr übt rgr rür3a rtudl|d rnú tbrt
tbr btt¡-3lebutlnr r¡d tlÞrniar lnorrrlr b, ¡ rtrrllrr rrnnt
hrt tbrt th. frn-¡ltbulla r¡d rl¡ùr-l-3lcþulln frrctLrnr
lbrr I 10-¡¡¡6 laorrllr rrr¡lctl.vrty rblh tbr tl¡br-l-
¡bþullnr d¡ublrd ln ¡cnclntr¡tfen. rt orn ruo Þr l¡rn
fror lrbh¡ E r¡¡t t tbrt tbr totd ¡rctrtn oop¡¡atr¡tlnaf cf
tbr footrl lrrr¡r rrn¡rü frcr brtron thrr tc flvt tlrr tbr
ocnoratntl¡n cf ¡rrtrln Ln tbr rûrycalc fluldt ¡t tbr
ocrr.t?cl¡dlne lgtr lt.rt rrrultt rpl||rr tc þ¡ ln ¡rrærl
r3rl.r.nt rttb tÈr cbr¡¡fn¡ prttarf,f aarn on tbt rttrob-¡rl
rlrotrc¡ücrclll.

5. $nntl,ìdfp¡ r,rì,tt¡tfpn ¡f ltru rürliro
lbr rry tn *lrtob tbt ltuoù-trl rer dur¡rô t¡rurú tbr

¡DDltartlca rrllr rürn rrt lrn¡ ¡nd rûrycnlc flutûr ç¡r.
rpplbd lrrr¡Êrd rn lnvr¡tt¡rttrn l¡ùr tbt tryrtur tltlvlty
rf tb¡r lrryrl¡l. tËr rc¡ult¡ rbùrlnrd by loûlnr/rtrob
tltrrtlrl lrf rb¡rn ln lrbtr tO ürú lllurtntt tb¡ lrlrtlvr-
ly rrcrnrl lcac.¡trrtlcn of tttrob rrdr¡oln3 rotlrlty ln
tbæ¡ lrlphl.

6. ?b]lJrAr ^.t.r lf .pno"lÎr ì. c¿,.

lbl drlræ tr rùtlb tbr tæn fnr 8O- rnd 2e- û! fcottl
r¡fr ¡nó l-r 5-s lL, tl-r lü-r 5ó- rld !lr- d¡y nrtrl ntr
rnb¡ncrd tb¡ olrrrrnco cf ÇÇlrn?llr ,t!ñ,lt$rtqil C! rftrr
e¡ncalnttra rltb r¡ob rorr: llryúr nr lrlryrd by cllrrrl¡cr



l. totrat scrum protcins

2. t-gtobutin
3 B-gtobulin

l on gtobutin
5 (, gtobutin
6 atbumin

50
10
30

birth wean

20
10
0

7 1t, 7 11, 21 28 56 a
Age (days )
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ÎABI¡ IC

â4rlrrr ¡ontrnt cf rrt trn# rRd

rrbr¡ronl,e ftuld nrytcr

S¡qÉr

Etryonlo
lluld

lcrtrl

I¡trl
Ernn

I Ârnp rf bln¡n t.rtl by tã¡ nr rrtb¡d f,or rru¡rb

Slrr r v¡lu¡ rl,tb r nËaif ¡f fr¡r 6O te toe urltr/tOe rl.

rtuûlc ln rloro lllor ¡lrrrcd tbü rrl¡¡1r rl¡rn unr¡mnlr¡d

fror tbrlr ol,reulrtbn rt tn lttract r¡tr rf ß¡ O.OIO. 'fblr
¡nunt thrrrfor¡ nrt Þr rubtn¡trd f¡o¡ tbr f vrluu tÈorn

ln 113. St tr obûrl¡ tbr roturl lnorrur la clmnnrt rrtr
6ur to tbe olrsnlnr ln rrab l.rur lrr¡rlro ttlr ft¡un¡
rl¡leb ;bon tbt f vrtrurl oDt¡lnrd rlth ..ob nr;lr. lllurtntrr
tbr ny ln rblob übr o¡rrnlrtrat rÞllltl rf rrt tælr ob.rttr
rltb ilt, rEd ûrnnrtrrùrr tbrt flllcrlnt r coart¡nt trwrl
fror lrtr fcrtrl to r¡¡lnrtrl llf¡ r ooarlüærbh lnær¡m l'n
cDr¡Elnr to tbr tr¡t cr3rnln coc¡rta nalr tb. tlra ef nrnla¡.

i¡¡ {drfrl ^A4r1eæ Gont¡nt
unrtt/loo rlo

ra 22ô'.

¡üûoro

tt bllto

? ?t9

t?9?
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56 ,5tz

E¡ rsto
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lbtr l¡orrtlln3 trraú o¡ntlnurå r¡nttt tb. r¡ta r.rt !ú- áryr
clt rnd tbrn frlt rlf¡ütly úurla¡ tbr nr¡t ftur rrlhr¡

?. lltrrìl¡p, q¡Î orcnlo irtlvtûL ln rûllt,nt-ræç
s¡rlrtr dllntlcr¡ Trrl Dnrp¡rrt fnr r nr¡rb cf rrol¡rt

rånlt r¡t rrrr¡. 1ülll úllctlua ü¡a. ut.¿ to oDrrrlrr
lrtrDlnlly hbrttül g¡fÇ¡gtlf,+ tJl¡lån¡¡frr Ct rtrtc[ nr
tË¡n n¡rd fæ clrrnacr rtnúlrl trn rlelr ltr ruulùr rrr
grrl|ntrú ln ll3. lrl rl¡!,cb rb¡rr ùb.t tbr p¡1¡ nt úllntrt
out tt t¡! rttËrÉ r ndurtlc¡ lr tbr I rllut. lurthæ
druùllr¡ ûilt¡lcEr llrlnirbrrl thr ¡rtlrltt l¡ r linrrr frrbtor
u¡tll lt r ltrlutlrn rf l¡llt tbrrr nt nc ¡rllll¡r cf rctlrlty.

t. Bmt¡rl¡ltrl rctlvIty tr Llllt

tt rl rrtn trtt fir tÈr Dr.tr.oo. cf rntlDrdt lr bctb
fortrl ud r¡rtrl ttrn rtr¡rlm r ùretælrldrl rtnt ïü
¡æfont. Îb *tr¡¡ln uæd rr¡ W {LlfUl
rùlob hrú bma rbrrn to br nErltlrr tc ttr brot¡rlrlú¡l
rctlvltt of l¡nr fror ¡ v¡rbt, at rcrrrlte 1r dttutl¡¡t
tf lf-r lb, tO- rnd tl- trt fo¡trl rarut lnt ?-f ll-. lt-r
5ó- r¡¡c E&- d¡t ntrt mrur ül!ìr rfl.d t r lol ,e¿rüærÎþtr
st¡f {Llffy}. 1ü¡ll nrglrr ül3r llotltd tt t?ec rnû rt
tlrl C. lO. te. lr0 rnd fO rlnrttr rllqurtt r¡rr tlrtrd ¡nü
tbrn lEcubrtryl r¡rt ¡rmtrdo tb ¡rtultr frr rrcb nrglt rrr.
.¡pfrlt.d tr D.ßt.atr6r rf tbr ¡a¡r trr .lut rÉ tlr rhoün

.a r blrtr¡rrl la tl3. &b. It crr br rrrn tÈlt tl¡rn lr ¡l
ln¡nrrl ln Èrot*ioldet rlttvlt¡ fror tb. ló- dr7 fmtrtr
t r|lr lrrylll t tÞ. 7- drt nl.ntrl nrilr rt¿ türt fr¡r thlr
lrttr; rlp tc t$- drtf tbr lrçlrr ¡rlotly nrduo.a tha art*
of vlrblr brctrrLr t¡ r hr¡l ûlcb oruld rt br cru¡trt.
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I a Cbrnat¡rlntlon of opronlnr to e5

r¡ Prrprrrtlvr rtrrok¡rrt ¡bstEppborrJllg
A ttrob-fol on rtlob l.l rl, (gO *. 1 of ¡dul,t rrt ¡ln¡
h¡d dr¡n rhctrophonrd u¡r ülvldcd horlrontrlly l,nt¡
¡lgbt rtrt¡r to lnoludr ln rloh rtrlp r nJor ¡rotrln
b¡nd. lbr pnotrln rrl gtr¡ctrú frour oroh rtrrp of cpl
¡¡rd th¡ fr¡ctlonr rublrqurntly prc¡nrrd for blol,oglorl
rtrr¡/ by opronlrtng 8¡lænrllr lvûl¡uTrrn cJ for rpurr
olllr¡nor rtuúhrr lrotrln r.cov.ly by tbmr r¡trrotlon
rrtbodr vr,t 2J ¡nr ornt rl¡trob u¡r roanrbrt lorr tbrn
tb.t nportrd Þy othor rortrrr (Turnrr rnd Xortrry¡ lg6tl.
opronlc rotlvlty ru found tn th¡ frretlon t rblsb
contrlnrd tbr filt nvlng, Grn-gtobultnr rnd tr¡otlon 6

rblcb oontrlnrd rlybrrßlobullnr or ¡nrt-rlbrnlnrr tb. r
vrluu for tb¡æ frrotlonl, tlob uoro conorntrrtrú by
frór¡t-dtyln8 ts r volm of t rlr ütrt O.Otlr rnü O.O8O

rcr¡rctlvrly. Îl¡1r ropnrlrntr r prr ornt .nd 5 ¡rr crnt
of tbr qryl1rd opónlo rotLvitye tblh tbtm r¡oov¡rht
of rctlvlty rræ lov ln oor¡rmlron vlth tbr vrlul rr¡prtrd
by lurnrr rnd RoriLry (l96tl lt tbould b. erpùttlæd tbrt
tbrlo rorhrr¡ lnolr¡drd tbr rt¡rcb of tbr ¡DDll,crtl,en rrllr
ln tb¡lr rtor mvlng brtr-globulln frrotlcnt rnd tbrrtforr
ln rll Df,cb¡blltty tbt ncro3lobln rnttbodluo Tbmo

b¡vr bæn fou¡rd frp¡ rubttqurnt lnvmtlgrtl,onr to rooount
for mrt of tbr opronlo rotlvlty of rrt llnr[o tll of

tbr fnctlonr r.r. rattyrrd by rttrob-Brl rhotro¡Ècruh¡
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th prtt.ru of rùlcb r¡. r.¡rnoduord dlrgrentloelly
tn llg¡ 45. lbl¡ dmnrtrrtrd tb¡ rrcoy.ny lnd tbr
rrlrtlrl brtrrcgrnrlty of tbr frrotlonr¡ uprolrlly of
freotl,on 7 rütcb sonttlnod tbo grortrt o¡ronlc rctt;ltye
trrctlcn I nr not d¡nnttr¡blo b¡r thfr oetbodo

b.

It brt bron prlvlcuely rr¡nrtrrl by Brnrdtot rl r*" (tg63l

tbtt lul,¡È¡rdryl unoou¡rllng r¡¡6rntr ruob rr 2-lrrcr¡Êot-
tb¡not otn rrduc. nonDgtcbulln rnttbodto rltb ¡
rcrultrnt lorr ln tbrlr blologtod ¡otl,rlty. Gln-
gloÞullu lr. rlro néuord b¡r tbor rrlgrntr but tbtt dom

not mclrrtrlly rtrutt ln lorr of rctlvttlr It r¡¡
bto¡ult of tbr ruggrrtlon by Rorlcy rr[ Jtnktn (lg6P]

tbrt n¡turrl o¡ronl,nr tn plg r.ruu r.r. proÞrbly trorro¡
globullnr tbrt r rlqrb of ¡nohd rdult r¡t rorr¡r rr¡
rrduo¡d rltb 2*ro¡gto¡tbrml lt on. rtrp ln rtttqrtlng
to shmrotæl¿r ttr rotlvr prlnolplelr A rr¡Dh of ptrg

tartn ru rrrduord rt tb. rr¡r tl¡. to ob¡ok thr rfflotcy
of tb nduotton¡ llnor Turn¡r ltg6gl brd prrvloully
drtrninrd tb¡t rul¡lrydryt rrduotlon of no¡¡l pl,g rrrul
ruulo rlnrt rll¡lnrtr l,tr þtotcatorl rotlvlty torrrúr
Orlnneth ty¡hl¡urlur G5.

âftæ nduotlon ttr trqrlrl r.r. illltyrû rgrl,ntt r
lu6r vclrnr of O.l5 tt IrCl for ?lr bourr rt &Oc to nn¡rl
tbr 2-anror¡rtootb¡nol fror tbo rrurbr. rbtlr rr¡nly-

¡lrlartlon orn ocour to to!. r¡trnt rl¡rn tb¡ ræorpùottbrnol
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l.r rævrdr tbl¡ do¡¡ ¡rot mrult ln r¡tturrr of Þlotogl,oel

acttvlty (ncnr¡toü g}.-gf,. r 1963l .

lbr¡¡ r¡duccð lcrìür trrylcr rt I l3 dllutlon rcn tbcn

trrt¡d for o¡rronlc ¡ctlvltlr Îbr loæ ln tbr ¡otlvlty
of tbr plg ¡crt¡ raf .t rr¡reotrd rnd tbe f vrluc fcr tbs

rrt lrrur *: ßr¡ OrO9O. Îl¡tr lndlo¡trd rfürr rrfurncr
to tbr prrvloul tttntlon ef o¡rronlo rctlvtty (rrr rupnl
tb¡t rptrro¡l¡rtely 8O to 90 prr ornt of tb¡ totlrlty brd

b¡rn drttroyral by tbr rul¡ùyd¡'yl rtel¡nt ¡nd r¡t prrttnbly
rttrlbutrbb to ¡roroglobultrnr.

C. ..

orntrf.fuÍrttpn.
In.rn rffort to rtudy tbr blologlort aotlvlty torrrdr
trlqr,nrllr.Jùv¡Þluurlur Ci of Þotb tbe noroglobulln rrrd
loutr æhoulrr rrlgþt rntlbodlar ln nt l¡run; I ¡!o
(65 oc.l of rdult nt loruo üal retnntrd l,nto tb¡rr trc
p¡rtt by drnrlty gredle¡rt ultrrcontrlfu€rtlono tlgo ,t6

rborr tbr ¡¡¡nr¡tton ¡nttorrr obt¡lnrü by thlr mtbod ¡nd

lllurtr¡tu tbr dtvt¡Lon of rlrrl lrotrlnr lnto tvo groupl.

lbo croroglobulln fr¡otlon - Fr¡otlon I ¡ orontlrtrö of I
¡r.r e.nt of tb. rppllrd ¡rrotrlno Îb rr¡rl,ndrr rrr ¡noloð
tn tro frrctlonr on tbo b¡rlr of r ¡a¡l,l þut oonrtrnt

trougb ülrtob rp¡rnnd on tbr or¡¡t of thr l¡rger p..L rbtob

ropr.ltnttd tbr butk of protclno Î{¡r¡t tbro frrstlonr
r.ro eonolntr¡trd by pnrturr dl¡tyrlr rnd mnytd for

o¡rronlc ectlvlty rnd pnot¡ln centont. The nrultr of
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tbrtr ..nyr ¡r. tborn ln lrbh t I fror rt¡i,ob lt cu be

r.on th.t 69 por G.nt of tbc ¡pplled pnotrtn r¡rd 2? ptt
crnt of tb¡ egpllcd ectlvlty ürr roeoyorcd.

ÎABI¡ TI

to¡nntton by drnrtty gredleht ultr¡orntrlfugntlon of
I nl. of, edult r¡t tcrlu contrtnl,ng 65 q. of

protrln rnd tl2 unlt¡ of otrontc rctlvlty
to Cj

lbt bulk of tb¡ ¡ctlvlty oeound tn Frtotlon lf tbe

ncroglobutl,n frrotlon¡ rnd tl,pcr or¡rt of tbr rlcoycrrd
protrln tbætfon eccounta for ?l ¡rr ccnt of tbc totrl
rettrltyr Frrotlonr I rr¡d 2 oont¡ln S? p¡r Grnt of tbr
rctlvlty ln 8? ¡rr cent of tb¡ rooov.rcd pnotcln¡ Tbr
frrcttonr oont¡lnlng tþc rnll ml¡eul¡r urlgbt protrln¡

¡uffæed tbr n¡ln lorr of, ¡noùotn ln tblü lnd aubaoqurnt

Ê
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o
a
¡¡
h

a

8ãtr¡tYot¡.Ëo{, ot trrlã O{t
;lO¡,ocaÞot

Oqr

a
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oa, otgt¡ôoÕ&
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arl I ÞOr{*f O

äÊÊt¡ I À¡

I{r
dtl
É+|
td!õÞolrrt brl+, Ocl,Þgng
f¡r. Ooot.

Porcentag¡ of
o¡nonlc rcttvlty
Brrld on
totat

¡ctlvlty
rplLrd

B¡æd on
totrl
rctlvLty
rreoværd

I 5.12 5.1 ?,8 22 t9ú ?3.1*

2 5t35 2lol 92.6 lr 3.6 llo3

t J. trl l8¡6 ?EÒ6 Ir t.6 t).3

lotrl I 1.8Ë t4.g 69'O 3o 26.8 loo
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e¡¡rarl,rontt rl¡an ¡r?rttur. dlrlytla rrr ulad to

oonc.ntr¡tr tlre fr¡otlontr In ¡n rttllpt to nlnl¡lr tbir
lotl, tbo frrctlom rora oono¡ntrrtrd to ¡ ¡tnlnm vol n
of rpprorlntely lr ¡1.
thc ntbod of qurntttrtloo of tb noroglobullnr utod ln
tblt rtudy ürr bu.d on tbe ertraDtlon th¡t þotb tbo uloro-

etobuünr rnd tbr rrntndcr of tbr larrn ¡r¡rotolnl brú

ldrntlorl utlncttron corfflolcntr. Îblr atttglÊlon h¡l
probrbty fntroduord ul¡pr ¡rrortr for lurn¡r (t¡npt¡btfü.d

d¡t¡l b¡l rcccntly ¡hom r dlff¡nnor tn e¡tlnetlon
oorfflclont Þ¡tr¡¡n tb¡ rroroglobulLn rr¡d rlnl,rÉor of
Lnr p¡rotrlnr ln plg t.ru6 rü.n lrolrtrd by dcnrlty
grrdlrnt ultr¡orntrtrf uCnü lon r

l'brr¡ r¡¡ultt tb¡rcforc ruplprt tbe ."ldonce obtrtncd by

mro¡püooüh¡nol rrductlon ú¡n lt r¡r ottlnt.d tbrt 8O

Ilor c¡nt to 9O ¡nr ornt of tbc o¡rcnlo rotlvlty r¡r lo¡t
by rcduclng tbo n¡aro€llobullnt. Strrcb€¡l otrrot¡o¡üororlr

of tþ¡ fr¡ottron rnó lmrrp-rlretro¡ùorrrll of tb¡ fnotlonr
rgrlnrt r¡nolflo nñlt ¡ntl¡tr¡nr to rrt ¡rn¡a doon¡trrtrd
tb¡ rrlrttrr betrnogrnrlty of thoæ tbmc frrotl,ontr
lrnrrtlon..,lqf fo"ltrt ¡lt ,rtT$u Þrv-,,frnttrtp *¡4lrq¡L ultr¡-
q¡ntrlfsgîirq&.
trn r ¡lnllm ray to tbr rbov¡ 3 ol. (fO5 o1.l of 2â- dry

fottrl nt lrrrn ür. t.¡nnt¡d by dcnrlty errdfrbt ultr¡-
orntrlfugttlonr El,g. tr? ¡t¡orr ùb¡ fr¡otlon¡tlon Fttrrn

obt¡tncd by tbtr nathod¡ Îb ¡rtorlel ¡rr dlvldrd lnto
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trc fr¡ctlonr on tbt b¡¡tr of tblr p¡tt¡rn rnd trrotlon I
ü¡l conttderoó to scnt¡ln tbr ncroglobultrn ¡rortlono
lbr lrrtr fr¡ctlon volrnt ülro oonotntrrtrü Þgr prcrurr
dlalyttrr rnd tùr rræltt ro obü¡tnoô ylr. r¡try.d for
trotrln oontlnt rnd btotoglod rctlrltyo 1b¡tc trqrtot
u.r. rtlryrd for o¡nonl,e rotl,vfÐ by abtol rtryo el¡$¡nor
Itudlorr ft brd br¡n rboür ¡nrvtourly tbrt forttl rrt
torrÐ cnly r¡blbttrd r rrgl,rnl lnorlur in cl¡¡nr¡ot
rrtr ûrn utrd to o¡rcnlæ Cj

rnd rrrlytd by æuat o1lrrr¡ror¡ tlg¡ tr| ¡horr tbe

rr¡uttr of tbr .trryr tad rrrrrlr tbr tl¡fbrtty tn
noFo-globutln oontrnt of botb fortrl r¡¡d rdutt r¡t t.rrn.

ÎTBI¡ I2
8r¡nretlor¡ b¡r drnrtty ¡frdl¡nt utrtrrorntflfugrtton

of 3 nl¡ ( lO5 a8r I fortrl rrt lorrn.
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a c hÕaf o{, Lß art Io Ê) )ll Ora Ol. arga¡.(l aroa¡

t l"E I t.o lO.5 I 3O.8

2 ?.6 6l.a 58.t rt &9.2

lotrl ?.b 69.2 6g.g 2,6 too

Îb¡ trbt. rboü.d tÞt 69 D.r orr¡t of tbr r¡pllrd ¡rrotrLn
rrr r.co?.rod tnd tbrt !l tlor cont of tbr bfotroglctt

¡ctlvlty rm ln Írrotlon I vl¡lob conrtltut.d lo.j ¡¡lr e.nt
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of th¡ a¡tpllrd protrtn. Tb. hrgot pro¡ortLon of, tbt
rotlvtty (69 prr ctntl rrr ln frrotlon â rblob oontrlnrd

58 por crnt of tbr rlptlrd ¡notrlno lborr rcrultr
contrut rlùb tbo¡r for rdulû r¡t ¡lnr l,n rbtob Dtt
of tbr aotlvlùy rrr four¡d l,n tbr noruglobt¡lln fnotlo¡¡
Sttrobr6rt .nd lûüno-.hotropborallr of tbc frrotlonr
drænrtr¡trd tbrtrr rclrtlvr b¡trroeütrtrtyr
Gel .flltntlon oh¡uFto+¡ñr ?f ¡dult .qrt trrr¡
lte lndlcrtlonr fron uoror¡rtortbrnol rduotlon srd
lr¡nrrtl,on by dcnrtrty grrdlot utürrorntrlfugntlon rrrr
tb¡t tb nJor prolprülon of rrù ltnm op¡onlnr üær
ancroglobullnr. Îb¡rt ntbodr bnv* u.lÞ rnrtyttrctt
r¡tb¡r tbür proprntlvr rnd to ebtrln tdrqu¡tt rmuntt of
protrln for furtbr l¡rrrtlgrttoa lt rrr droldrd tc
crploy grl ftltntlonr lbtr ntbod nr uæd to rrlnnt¡
tbc lærn tnto r fr¡otlon rLtb r ælccul¡r rrtgùü grtntrr
tb¡n IOOTOOO rr¡d r frrotlsn rltb r nolccut¡r urlgüt
rnl,hr th.l thlt. tor tbl,¡ ¡rr¡r¡Þtr r ootrm cf ¡nly-
drrtren grl (tr¡Srdr¡ G lOO t rlfoU retr rt I ælrsulrr
rhn rú .ü¡rloyrür A typterl etutlon D¡ût*n tt rboîn

ln tl,g. b8. trt drænrtn¡tr¡ thtt tb. ran¡ r¡r dlvld.d
by tblr mthod trnûo tbræ rrtrl dcflnrd ¡¡rktr lbl ncro-
glôbutlnr rcr. elutrd ln tbr flrrt rnll prrk rnd rrpnl¡nt
l9 ¡rr cr¡t cf tbc p¡rtrln oontrnt of tb¡ ¡h¡rGrr fb.
tub. oont¡ntr r.r¡ poôtaú on tbr b¡tlr of thlr ¡nttrrrr

to Elyr ùbn¡ frrotlonr. llrolr frrotlonr ütra rlreyd
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frr opronic rctlvLty ¡nd for prot.ln contont. T¡blo 13

tborc ttrc re¡ult¡ of thl¡ rtudy !.n rblctr ltr nl. (gro EE.l

of ¡dult nt r.run v.r so¡nrrtcd by gol futrrtlonr Tbc¡o

fractLont ï.r. concontrrted by prerrurc dl.alyrtr to thc
voluno lhorn Ln lrble. 13"

Î^BLE l1
Sc¡nretlon by gcl flltrttton of ltl nL. of rdult r¡tr.run cont¡lnln€ 9tO ng. rnd 1568 unlt¡ of opronlclvlt to

Thlr frrctlon¡tton procodurc rc¡ultrd ln r roeoy.ry of 90.2

¡rr cont of tho rPpllod tctlvlty. fbe flrrt frrctlon ¡eprr¡ted
sontaln¡a 5b pcr ornt of tbl¡ eetlvlty lnd uat conrldered, in
thr ltgbt of provlour uork; to b. th¡ mrcroglobulln f,ractlon.
thoro n¡ allo oonrldcrrbl¡ rcttvlty tn lrrctlonr 2 and 3
úlcb contrtnld lZ p.r cent rnd 3o ¡ror cont of the actlvlty.
rcrprctlvely.

In ¡n rnd¡¡vour to lnvrrtl,grtr Dre fu1ly tbc cb¡rrctsr-
I'rtlcr of Er¡ctlon I en allguot of I nl. (glr ms. ) of tblr

Pcrc¡ntrgc of
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frrctLon cone.ntrett u¡r eubJeotcd to dcnelty gredtrnt ultra-
contrlfugrtlon. I1g. Itg rhort tbe reptrrtion lrttæn
obtrlnrd ¡nd d¡renrtrrtes tbst tbtr ¡rtcrl¡1 could be dlvtdcd
lnto thrre rcll defln¡d perkr. tbolr r.ro uscd at I b¡rls for
Dooltng thr contrnt¡ of tbo tub¡r lnto thror frtctlons rhlch
conrtltutrd 57 ¡rr crnt. 19 por eent ¡nd 2lr prr oont of tbr
racovar.d protrln. ror¡rcttvely. lbrto fr¡ctlonr r.re
conoontrrtcd by pr.trur. dLrlyrtr end r¡reyrd f,or opronf.o

ectl.vlty rnd protrln contlnt. Thc rclultr rrr lhorn ln
lrbh lll fro¡ rbùctr lt crn be ¡.on th¡t 65 por cent of tho
protrl.n. cont¡l.ntng 29 pcr crnt of thr tctlvltyr r¡r reoovcrod,

¡nd th¡t 12 pcr ccnt of thl¡ actlvlty rra ln tbc flr¡t frrctlon.
rfuch rnrll¡r rnountc of ecttvltlrr 9 por cont rnd 19 pcr oent

Ter. found ln lrectlon¡ 2 rnd 3 rrr¡roetlvoly.
lAB¡,8 l¿t

Sc¡nrrtton by dcnrlty €f¡dtont ultrr contrlfugrtlon ofI 11. of lrrctlon I frou thc gel ftltrrtlon of ¡dultnt t.rum contrlnlng 16O unttr of opronlo ¡ctlvttI
to c

I
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tblt drnrLty grrúlcnt ul,tnocotrlfucntlon of thr nos¡-
globultn fnçtlon frrol tbr erl flttrrtloa rhercü tbrt
û11¡ tbr nJor Drrt sf tbr rottvtty Rl l,n tb. bottol of
tb¡ tubrl a rtr8nlflc¡nt munt of rotlvtüy urr rprrrd
tbrcueüeut th¡ contrntr of t¡br tuÈra ttrrô-grl
rtrctrogborülr ef tb¡ f¡ratlonr rnd l,mmo-rhotiro-
¡üorrrlr rgrlnrt r¡nolflo rrbblt ratlrln,n to nt lcrtn
rb¡rrd tbt botb tbr lattlrl sÐl fllùntton f.¡lntlon
¡nd tbr drrrtty grtdtrnt ultrrssrtrlfugntlon of Í¡totloa I
fro¡ tbl,r roFntlon bd ¡xrduord rrlrttyrly batrrograrour
fr¡ctlon¡r

l.

crlluloæ
übllo tbr ¡rrrvtourly dr¡crlÞ¡d rr¡rrlnntr brd rbom cbrt
tbr rro¡octobulr,n frroüloa of rdutt rrt lær¡ ooatrlnrd
rrt of thr oll.onl,nr to c¡ tbry
¡1¡o rüoÛd ftrltly tb.t tbrt fr¡ctlon rrr btt¡r'Ðßtnr¡or¡t
rnd roondly tb¡t thr rrnl¡¡dæ of tbc Lruü contrincd
d¡on¡trrbh opronlc rotlvltyr rn an rndorrrur to furtbcr
cürrrotrrl¡¡ tbr ogeonl,ntr ¡nrtlculrly tbom otbrr tbrn
tbo narocloDutrn rntlbodtu, b, 11, 11160 ra.l of r6ult
rrt lrrt¡ nr frrctl,on¡d bl¡ D.D.A.I, ocllul,om oolrur
obrcnt¡gre¡lryr Flg. jo rbrl ühr ruultrnt rtutlon
F¡tt¡rrr obtrtnrd by tble Ð¡nr rrlng r rulr¡r of ?Jo rl¡
of pborpùrt¡ buffrr rlth ¡ €lr¡ðlcnt of O.Ol !t to Orlr0 lt.

Elebt fr¡otlonf r.r. obtrlnrd on tbr b¡rlr of tbr nfor
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IABLB 15

So¡nrrtton by D¡E¡A1S¡ orllulor. colrüt obron,togr.Dtry
of l¡ ol, of rdult nt r.rtþ oontel,nl,ne ?,60 FBo of

¡¡rototrn rnd t¡ltg unltr of o¡nonle rctLvtty to
t¡lmnrt¡.l tyDbfrõurlrn C5

Drrkt of thlr rlutlon Fttornn tlrotr ü¡rìr oonec¡rtr¡ted

by pnrturì¡ dlrlyrlr end mtoyrd for ¡nroürln cor¡trnt snd

bl'ologlcrl rotlvttyr Tb. r.rultr of tb¡r rl..yr ¡r.
¡bor¡r ln lrbl¡ 15 vhlob r.rvrr to ltlurtnto ùb.t ært
of tbr ecttrvlty rrr rlutrd or¡r tbr æl¡rlty rrngc of

ootâ !f to oÒ32 ;o qy lnftrrno. fron otbor lrrcrtlgltlonr
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tbrre frtotlonr (lnottonr 6 üÉ ?l rrrt onrl,dæ¡d to
oont¡ln tbr lgt nrcro3l,oÞulln rntrÈcdllh t rnll rnunt
of ¡ctlvlty rrl ¡lro for¡¡ú ra tb. otbc frrctloar rltb
tbr rroeptton of lr¡stlon t. å¡¡¡t frc¡ frrotl.oæ 6 rnd ?

thr C¡rn-globulln frrottron Ílrrstlon ßl rrl ræn to æntrln
rrt tctlvltyo
I cr¡¡ Þo læn f¡o¡ lrblr I5 tbrt trrotlou 6 rnd ? onùrlned
t6 ¡rr ornt of tþr alDllod protrln rooovrrcd¡ tbc nrtt
orcnll rrsov.r¡r of ¡notrfû b.fat 75 psa or¡rtr lbr
blologlorl rotlrl,ty of tbær tn frrotlcar rooorntod for
8o Dæ crnù of tb¡ rcolyrrrd rotLvlty rnd ru ooqÉrtely
drttroy¡d by trr¡tmnt rltb ¡*srgtortüræl¡
8tücboßll rhotro¡åonrtta tüor.d tb.t rll of tbr f¡letlsnr
üar| brtüoßlrûloulr lxno-¡lroüro¡Èorrllr cf ¡rob frrotlon
rSrtnlt r¡Þlt ¡ntl-rrt t.rrlr rbll¡ rtrrl dnnrt¡rtür3
tblr brtæo¡onrlty¡ lllurtrrtrú,ærr otrrrly tbrn thr
rrn¡tt¡ of tb¡ ltreobrgrtr rhotro¡¡bonulr tbe ny ln Ël,sb
tbc fnottonl brd bern tr¡nrrttú.

f r In?t¡no-r,l¡otroïFcr¡tlr
ln ¡ddttlon tc trltln3 tbr frrotlou fra tär rulou¡
m¡¡¡ntlon ¡roorúu¡rl duorlÞcd ¡bovr æ- drt poclrd
fottrl nt lærr rnd 8O- dry noobd dryonlc tluld¡
nnr poobü rdult rrt rrnn ¡¡rd lrnn frou rrt¡
b¡r¡rrtnunr to S,tpenrllr tüúrrtrrgÇ o! nm rubJocùrd to
rhotro¡Èortrl,¡ rgrlnrt r¡folflo rrslt mtlrrnn to rdult

*t r.run. lbc rrrurtr ¡* ûcm ln rrg¡ 5r rbtob



A Foetat serum controt

B Adutt serum controt

C 20-day embryonic ftuid

D Adutt serum

E 20-day foetat serum

F Adutt serum

a,

_LOv-¿3<í-/-

-

-.S-2fi3-o'N-

I pre-atbumin
2 atbumin
3 post-atbum¡n
t, "c -gtobutin
5 nlß gtobutin
6 ß-gtobutin
7 ß-2$-macrogtobutin
I ð-gtobutin

A

B

c

D

EI

F

Fig.51 lmmuno-etectrophoretic anatysis of embryonic ftuid
and rat serum
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etrDbtrcrlly dænttrrtc th l,nunologlorl vutrtl.onl
b¡turcn tbr nrylur Adutt r¡t roru{n produoró tür
fourtæn dlrtlnguttbrbh ¡nroiglttn brr¡dr. th. ruùrtrrdlng
f¡¡turrt of tblr Drttæa ü.rl tb four ùrntt rtlob
ooourrrt l,n tb¡ rtbrnln rrglon lrlÞr,nln t¡ & G r¡ü Dl

¡nd tbr 3nol-ßbbulln Þrndr Ëob rrt¡¡¡ürü fror tbrl,r
¡lrotro¡åorrtlorlly árflart rono to tbr Dæ-rlb'rnto tooor
¡n r¡cb of tb rfnü¡/¡rtr-¡¡trobulln rr¡rt Dort-¡tù,r¡¡tn ¡or,rtr

tbrrr nt on llll d¡flr¡rd ù¡núr ¡nal ln tbt brt¡ rorr
tbrn urr. -tn rrll dtflr¡rd Ërtr-9â bnúr ¡r¡d om b trrtl
band.

I mqrb of tbr b¡¡rrlrnrnr r¡t ænnr rlrl,b brlne rtnrttrtl,y
tlrl,l¡r to tbr norul a.rrär rbnd rn l,nttnrlftcrüton of,

ü. b.nüt ln tbr grm-eloDulln and botr-gtrobutrln torrotr

ltr ru¡rlu of fo¡trtr rrt t rtr rnd rúr¡¡on|,c fluld rburd
r å¡:t¡rO rbi,lslty ûe ¡rcb otbæ rlth ùbr uor¡'tlon of
ür dbrnln lom¡ lbry ür¡rl b¡ordly rl¡tlrr to ùbr túult
t.ru!¡ hrt rltb r rtrll¡lng dlffrrrnc. ln tbr ¡trbnnLn rcgton

rnt rn oværlt rrduatlon ln tbt nr$rr of pmolpltln
Þ¡ndt æ¡nol.rlty fn ùhr ÞotrqgtoÈutln ngton¡ Tür four
drnr bü¡Cr of ¡lbrnla ln tb rðulù acru üür,. rbmnt lõ
thr fc¡td rrrrn rblohr borvrrr .rbtÞltrú e frlnt ðtffur¡
prr-rtbr¡ln brnd r¡¡d I ôlffurt l¡nrt-rtÞrnlnr looa

oonûrlnlag tbmc br¡¡dtr 1tr fortrl nry|,r oontrtn¡d
Ërút coanï¡atþ¡dlng to rlfË¡- baùa- raú gf,n-globullm

rnð thr rlfnr/Urt¡-Slobr¡l.ln rtrturr of rdult rtnr.
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â Delr-rlÞrnln fona rrr ¡btont ln tbo rrbryonl,a fluld rnd

tb¡rl nt only ono þ¡nd ¡n tb. ¡n t-rtbrnln lorÐo Îf¡ær
r.nr tbrr Þ¡nól tn the ¡lbr¡ln ¡ono rbleb ütrnnntly
GrarortÞnú.à to rtbrntn B ¡nd G of rdulü r.rln rltb rn
lltrrlpmd brad ràlcb nr ôr.lSnrtd rltrrnln B, r Îb
grttrrn otbrrrir nr .rt otlrlty tbe rün rt fo"
fortrt ttrurr
1o obtrln rn l,nútortten of tbr n¡r ln rl¡lob tbr fort¡l
llu¡ro-ehctp¡Soa.tto grttæa chrngd tc tbr aûutt ¡ntttrrr¡
20dry fottrl rrrt ænrq, .r¡a ?-r tb. 3fur rnt 8l¡- d¡y

n¡trl nt lrrrr n¡ rhotropberrred ¡grfn¡t nùÈl,t r¡rtl-
rrt ltrln¡ llg. 53 rbrr tb¡ nrutt of tbrtr tr¡rrlnntr
¡nd trnútrrtar rn lncreutng ooqúlrlty of ran,ll

!¡rotrLnr rlth lnon¡rlng rgle tl¡tr urr F¡tlcululy
rp¡nerat ln tbr dbr¡ln rd tn tb. rlËr-g¡ebulln nglonl.

trtt¡l r.rr¡r brr Þrlo rbost tc oor¡tttrn r rl¡ll¡¡
¡no¡prtlon of rlb,uln to tbrû prrrlnt ln rúult r.rrn
In fort¡l rnn borrvæ tbrrc r¡rr rþ prcolgltln braü¡

ûDrrrrt¡trr¡dlng to tür ¡ptlùlon of ¡lÞlntnr rttboucb rtbrnln
rm ¡rrrrnt ln tbe øntrol (ltgre 5l¡ Srlr 1llr ürt
trhrn to Lr¡dlortr tht f,ortrl rtbur!,n r¡r ¡ntlgmlorlly
dtffurot froa rdutt ¡lb,tltnr

rn tbr rtpbr-slobulln rrgloa of fccürl r.rür lrvr¡rl
tnrclDltln ùrr¡üt coourrcd rrr&\ b¡orult of tb¡tr l,rtærl
ûlrplrcmnt. ü.ra rugß¡rtlvt of r oolkctton of ülorìoe

globullntr ftrltrr tb.L ü¡nôr ülr'r ¡rrrrrnü ln tb¡ footrl



A 20-day foetal serum

B 7-day natal serum

C l4-day rntal scrum

D 28-day natal serum

E 84-day natat serum

F l:3 ditution of 84-day
natat serum

A

B

c
see key on fig.5l

Fig52 lmmuno-elcctrophoretic anatysis of r¡t serum from
animals d various agts

4ñ

-



r3r

¡nd ?- dry nrontrl fortn trryfler tbry útrc not 3o

rp¡¡l¡¡ç¡¡¿ ln lær¡r f¡on rttr oldrr tbrn üblt¡ llrlt n¡r
borrv* bo du¡ to r¡inlng Þy thc lnt¡nro rlürnln b¡r¡dr

prurnt ln nrplcr fro¡ tba oldrr ¡¡¡lnl¡r
lO. Conolr¡¡lon¡

A plotur. r.rgrr f¡or tblr ¡lptot of th¡ rttrûy of r
drvrloping brænl ryrtm rE. ob b¡r ltr orlgln ln frrt¡l
llfr. 1Èr rouror of tbr brrnt frctor¡ ¡lrlob rro
ror¡nnll'bh for brotælcttrl rotlvlty rnd opronlo rcttvlüy
of foot¡t r¡rd nronrtrt Lrrn nr noü Lnnrtlgrt¡d tn tblt
rtuúyr

Îb. yrrlrtlon frun rdult t.rt.n t.tn Ln tbr rt¡rrb-grl
rnd füü¡p-obotrughoratlo ¡nttrrr¡ of fo¡trt rnd neont¡l
t.rrn lr rn l,¡rdtc¡tton of, r obrrçt,ng rrrrn ¡lrotcln
a!.trth¡tlon rl tb ¡nl,nl ntumo to rbout th¡ tt¡a of
rnnlngr lt rbout tblt tln ln rdutrtrt¡rpr ¡rttrrrr lt
.rt.btlrb.úr Îb pt¡trru ln o¡rontc rctlvlty rn6 ùbo

gcnrrrl ll¡tlmlty tn dlrtrl,butlon of pnotrlnr l,n tb¡
fort¡l rnd neo¡r¡trl ænn rt rrrrn fror tb rürrür3ol
olcotro¡åonrtlt It rugg¡rtlvr botrvrr of r úr¡tndonoo on

ntrrn¡l trrnrf¡r. tlrl,r obl¡rçrttor¡ tr ar¡¡¡rtd by tbr
rtúhrLty of ,arl! Irotrln ål¡trth¡tton ln tbr rúr¡nnl,o
ftutdr. tbt rry þ rùtcb tt b¡t b¡rn tborn (Brttrl,l

t3-$.r f 95r I tu¡t ¡ Drolprtlon of nttrml trr¡uf¡r
occutr l,n tbo rrbblt.
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tho o¡!¡onl.o ¡ottvlty ln r¡onl rdult ¡¡¡ ¡¡¡'¡¡ lrr¡
brrn rbrn to rrlrt nrlnly ln tb¡ noroglobullnr rr¡ü lt
urr rtfrn d tb¡t tbort o¡ronlnr u.rl th, .c-ctll.d
I nrtunt I ¡ntlbodl¡lo tbær n¡ bel¡rcr .r rlgnlflo.nt
ræunt of o¡nonlo rcütrlt¡r tn Þotb tbr grmÇglobullnr
¡nd ùb¡ ¡nrt-rlb,rml¡r rblob Bt ûDntlrrrroó üo rr¡ult
frpo rltb¡r or ¡11 of tb fououlng rltrrtlonrr ltrrtly
tbr rctl,rtty trn tbr roarrorÐfloÞtrlln frrcüloa oauld

r¡rulü frur tbr ¡noülo. of otbm rnGlþedr¡t dlrrct¡d
rgrln t rl¡i,hr rntlgrnr rne na¡ducrd Þy r r¡o¡at or
.¡rrEur3rnt rnülgrnlo ¡tln¡lulr ttoondly tbrt tblt o¡ronle
tctlrlty r¡r Dæodus¡d b¡r ûnrturrtloa cf tbr noroglobul,lm
durtng fncÊEonrtt¡n Drocadlsil. Th.L tro rryflr¡rtl,onr
,o.e untlhrly ln vleú of rl¡ltrr rorult¡ obt¡tnrd frcr r
vrlrty of ¡rtborlr rad ulth tlffr¡rat t¡ tohr ¡f rrn¡o
Îb. tbrrd rlturtton rlrlob lr.ür tb nrt ltbrly lr tbt
tbr lntrtlrl rtlu¡lua lúrcb orurrd tb. Þro¿¡¡ctlon of tb¡
rtrolflo l9t nrorcglobulln rtro rtllúrù.d tbr oonttnu.c

D¡uductton of 7t ¡ad ¡¡o¡trlbunfn ar¡tlbodl.r¡r 1ã.

Drlr.no. of rstlra noroglobullnr l,n fortd rnn,
.vrn tbouerb tb¡ ordæ of rctlrlty nr ü.ry ler¡ lr of
ln¡rrtrnor ln rutne¡ttng tbrt tb¡ fortr¡t lr ln frst
¡r,otuolng ton of ltr orn lm¡rptoglorlty ratln pretrlnr,
llnor lt lr rcll doornnüod tbrt nrcro6toÞultm de

not nrdlly nrl tbr ptlrorntrl br;lor tn r vrrtrty of
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r¡ùlnl. (Irl¡utlt lgÍ8r &*.1 ¡t6otr 1þr D!'rrmæ of
llFrDortLrrtrly rlr mttrltt lr¡ trñtl¡¡ t rf fortrl
a.rlr næorûr Ër c¡trüfoo türt ñ rf forû¡l
bnnl l,rnl,t¡ I" b* trrcrlÐll Þt ntrlrrl ilrrffæ¡
3¡r lt fr l¡rrn tärt ?l lltfHlr. rür rrt r.raffy
rd ærr rfol3ffrllt tn¡rfrlrrf to tt fcrtrnrr
cf ¡l;r rûlr¡lr (Trfcurrf fttsl )
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ßÞrrt rnd tlrr¡illrt rùen r.rl.ülra tbr ¡rtra.n rlt of tbr
lnrnr rrrpol t fr tgjg ¡cnntrd tbrtr rrr brrt fl|,hd tr
r¡r¡b ar.n tbt flr¡t lorrl lf ¡aåorrtrdln¡ tbr roobralrs
Slrrby tbr cr¡nolty fir rn fnnr rortr.nr. i¡ ¡rtrÞlt&¡t
ûr¡r1!3 drvrlc¡rrntr. ',ttlr rtrtrr¡t blübtilbt.å tb. rr¡r ln
úloL tÈr úærb¡rrntrl u¡nctr rf lnmclc¡t brrr Þrln
åttrtt¡.'û rlûb tbo trclo rtruqrttcr ttrt fcttd ¡nlnlr ¡rr
lnarte3hrlly lnor¡rrtlnt. Ërt thlr h¡r brlll u þñrrr¡nt¡d
¡at rtrlrrûln3 rtrurDtb¡ Èm Þr¡n árrn¡tntod Þ¡r lrv*rl
rtrdllt ..ncürroat rltb thr prrrlEt tar lùlob brvr aåoüÉ

l¡ rrrlout r.tr tb¡t fr¡trl rnlrrlr brçr tbr otprctty tr br
lnnartr¡lcrtl¡ rrr¡rrnllrl ovtn tf not l,n tbr ftll blcrE råult
r.it.. rb¡t ll rrt thr.. ¡tudtr¡ brvt. !a tbrlr auü ür!r,

ôrnnrtrrtrô I ÞrordulaS of lnunrlcalerl brrl¡cat rr
rsryonlc llfr prloædr. 1ür rrrb cf frrtbtSrru ud üo¡tsln

It9ól| rad of sllværtrln t3,$. (lt6rl t¡t fcr rrqrh tborn

¡ dtv¡lrDlnc ¡Èt¡rcytlo r¡ltten ln cblohr oa tbo r¡r¡ Èrr¡d rad

rn tbr ttbrr rn lron¡11a3 oÞlf,clty to rrr¡rrnd Þy rnttÞcdy

frrrrtlon te r rldrr rrnra rf rntl¡rn¡ ln lcrtrl t¡rbt rf
tncrnrhJ ltlr

Srrnrt (t9tt, brr rtr¡rrd tbr rurvtrrt lrlur cf tbr lnnrr
rotbrnln rnd orerldær tb¡t tblr brôry orrplu ¡lraorron
brr æelvrü frr tùr rln¡Ulm pur¡rr ef . bæt drf¡nor rûrtErt
¡ntbrSrnlo rlsrc-lr¡raltu.
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trrlu.rblt lftrr brvln¡ fcunt la ¡ ¡lttrr rf rrr¡llr¡
r¡nolrr tbrt nrcnrtlr u.rl rrlrtlvrly lnrnrtrSloelly
laolr¡ntrnt ln r rrrlrt, .t r¡tr lt r¡r orelldm.d tbrt
lrynolo3lort roeb¡nl¡u drlrto¡nd fnor rbout thlr t1¡r¡
In rrn¡l¡ rt lrüt tbr drprrxllnsr on rttrnrl trutfrr fcr
fortrl bert drfrnor är¡ rrrÞrbly bora rscrptod ¡r rrlrcn
rmuSÈ frr prorurln3 thrt fortrl lrrrlr do æt rrqulp tbt
protrotlcn of rn trùü¡. robrnl'r. Täe hck of o¡ll¡ rnd
cr3¡at ûlcb rro lntlmtrly oonnrot¡d rltb rn rninlrr ¡t¡p¡r
to ferrtr¡n ratr3lnr b¡r rllr bæa roft¡trd rr dolnrtrrtlaS
fortrl rE6 rronrt¡l rnaobglorl lrrirquecy lorer t!-$,.
ltttl. Dllon rnd ürl¡h llgs?, brvr ¡rruontrd rrtdrace thrt
tùtr lr nrt rc rurb ¡ d¡ftrcrrnct ln tbr rllll Dnt. r
úrflchnry la thr nrenrl r¡vl,remrnt rblob ¡mntr tbr
rrprrlrba ¡f tb¡lr lmmloSlcrl ooqntrncr.

â¡rhrt tbll blch¡rcuaó tbrn tt¡ r¡tultt cf nolnt ttr¡tlrt
rltb f¡rtrl rntnlr rt¡bt provlér r t¡nllblr llar brtrru
prlrltlvr pbr¡ccytlo ryrtru rnd brrt def¡ror rrohr¡lrrro rf
fuactlrnrl pbr¡¡cytro ¡rrrr ¡ad tbr productlcn rf mtrbrd¡r *r
roorptod r¡ tbr brllræt¡ cf Ln¡nol¡¡lerl oor¡rtrmr rt trc
bvrlr tb¡n Lt r¡¡rmrr tù¡t fortrl, ralnll rboulü br roorptrd
il blrta¡ übll rtrtul. rf ln frot fmtrl rnd n oartrl rn¡lr
h¡vl no nlrd for I ürftacr rrobrnllr rSttnrt rlsr¡l-orSt¡ttü
brcrur cf rrtunrt pretrctbn, lt .lr n .ornry tc rrplrln .

tbr ¡rrrraor rf qrml¡lrüûolo3lcrl rrcbrnt¡rr la fbrr
fr¡trl tahrlr r¡ulnrd.

It n¡l born iltrbll¡btc l,n tþl¡ rnd rtbæ rtudltr tÞrt lb.,t
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robtnlrlr lr. t¡ftslreù ln cer¡:rlrta tc thrtr ln rtrlt
¡nlnlr raá tb¡t türy crvrtrD Ln n¡nltrá¡ rnd rol¡r durln3
fr¡trl urd mrn¡trl tlf¡o Tb¡ ool¡rpt cf r ryrtrn rf crllr
ràlsb rtco;¡lrr frrr!¡E ntorhl la rärù lr p¡rbrbtt r rlrllrr
fmblre t¡ tt¡ dlrorLrlnrtlr ur¡r ln rùlcb r ual¡dlul¡r
cr¡rrl,l rroo3nl'u fcrú rlrût, rlo¡r r¡¡rln¡tlono rn thr
tlrr¡ll ¡f rrr ooltllr¡ ralrlt. ruob u tbr rr¡rlh Cmlrn-
trntrt. tbrrt ur tr br frun{ hrSr urÈold ¡rllr rllob
rpD.¡r nrt clly t¡ trratpcrt food, Þut rlrc to dlrlræ of
rrlte rt¡rtrl. Itlr lrpllrr r furtbr rávr¡rol, ln ttr
Dbtlo¡rnrttrc atnr.. la rrco¡nttlon ¡rrc3.trt lf tb¡¡r ollr
ol¡ mü l.lc¡nlrt rt|Öt rrntrt¡ tt rrll rl ¡rrrtrúro &rtätr
tbrn ru¡¡nrtrnl tbrnfrrr tbrt ln¡nr nshrnlrrr ¡vrlvrd
fr'grfc brorulr rf türlr ooütldar.bk rurçlrrl nlur lt rr¡rr
rrrrlnrbb tc rrlu. rlrn¡ rl,rll¡r llnrr tr tbrr¡ tuatiltrd bt
tsrytu (ft6t) nr brt n¡¡rit.ü thrt tbur mobr;hrr rf blrt
ôrfmcr ôtrrlo¡rt rr ¡ Ertnrrl ornrr¡umar frrr rn rlrmûy
utrbllùod r.cclir¡ltlon lyltrrr tblf ryrtn rip.rrr to utrlt
ltt .û.Dr lurl;l f¡rtrl ¡rd nrcnrtrt llfr, ud to Þrorr
o?ærtlr. m r btat ú¡ftnot lnebrnlrr rftrr tbr yrun¡ rnlrlr
ararSa frcr r ¡rctretlvr ntrranl onylrtnnt.

Scytra. Þy rErlcar rltb rtbor bl¡bly r¡rclflo bl¡cb¡llorl
¡Ëunrner Dcrtutrtrt tbrt tbr rtbod cf rrco¡rltlll rl¡üt
br dr¡raúrnt ¡E tbr rfftntrty cf ocrplnntrr¡r rroror1¡cuhl.
trr¡r nrûrrr cf tblrr o.ourr r¡trt rltb rEly ftn¡ rtr¡ctunl
dlffrrrr¡clr, ln rn¡r onr rDocler cf rEl,rdrr rf tbrn flnr
dlffrrrnû.r ll ncrrnhculu ocnfl3urrthn rr¡n tb.
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dlffrr¡aor þrtrclr r..olnltlrn cr. it[rto..fpltlcn tto bf¡bly

rlrclflo F¡lur. of, tbe tlrrc.fl flnðr I rmlly ¡rDllartlo!¡
Itlr hvrlttr¡rtlon lf tt¡ trvrlc¡rrlt rf thr r¡tlerlo-

¡nrlrth¡l1¡l rtttrr ln fortrl ntt ocnnood rttb rr¡rrlroetr
ú¡rtrnrd tl drtrrrlar tÈt funotlcn¡l or¡nolty of tblr ryrtlr
ln rr|n¡{ tr ltr nbUpc¡rtl,c rbltltye ltr r¡tlr rt rüteb

lntrrrrnrurl,¡ lafrotrd vl¡blr üld nn-tlrÞll ¡nrtiolu t ñr

r¡rvtd f¡¡ tb¡ ctroulrttra¡ Þtreed rrl drtrnlnrd by ¡rrEtlt-
rtlvr rtüoðr. It rrr tþrt rltb rll tbt ¡rrttrohl utrd

tbrt nnlb rtr¡lnr cf bretrrh nrt r¡rrrd ç.It aulollT tllr
rrotL rtartrtrr b¡r crqnrlton t rll rnvrå rtcrly. It Rr
tnnrtrrt.t tb¡t 1¡ r¡3rrú tr tj
rt b¡rt, tbr alor r¡tr lf ollrn¡.. nr mt n c.rlrtl¡t
erutrd bt r órflolracy rf torur ogrcnlm tc tblr ¡rlr¡¡llr
1ülr rr¡t ftrd thrt .or ctbr ll,rltln¡ fr¡tor rrr ¡tarrtlvrt
but lt nr dtfftrult tr unúrrrtuó rbt tblt at ln ln¡¡otofl¡¡l
trrr.. It rtrrüt brvr b¡rn tbrt tÈ¡rr trl r l¡ch rf tbt
rrq¡lrlto rproalEr Lr rirlt rrt lrrn frr tblr nrtb ttlr¡!
to þt ¡l¡rrrd la frrt¡l rrtl.

Xù ttr d¡nnrtntrü ln tblr r¡rü rth¡r rtulllrr türt tb.
llr¡r rrr tbr Dtt totlrc or3ü¡ 1r l¡rvln¡ blooú-Drrut

forct|n ¡nrtlobre ¡t lr bt*¡rtlr3 tr aotr tb¡t rtll¡ ln
fortrl rrtr tbo t 

- 
1rú¡¡ r¡rl,nrd oor¡trnt tÈr lùrfrcytle

Ú-.l. r.
lnðrr {r, rnd tbr rir¡r r¡lrn (E.,- {i t tu¡errrrrá. rt

U.1.1.
rDplrtl tb*rfæ¡ tb¡t tbr rrpldly lrertmlng frllûbt of tbr
ô¡rrltpl¡¡ f¡rt¡l llv¡r l¡ nrt Ëlrrctly rtl¡trd tr tb¡
inororrlnl füræefile lnúu¡ but thrt tbtr 1r nlt llrll¡bly



r38

due te l¡¡ lnenulng aunbr of. or t¡ trnerlrlln3 rfflcl.not
ofr tbr lËr¡ooytlc orllr tbmrlvrl.

It rrr fror tborr oh¡n¡¡cl rtudlor tþrt tbr flrrt
lndlortle! ürt nrt¡J cf r npldly drrrloplr¡ ryrtu ln fort¡l
llfr ¡bl¡b rrr frllcr¡d þt r ptrrtoru¡ or rt lrrtt r ú¡er¡l¡r
ln tbr nte ef d¡vrlc¡rrt¡ frr¡ btrtb untll tb¡ rnlnh
ü.ro r¡[tro¡lrrtrly trr ræbr old. fl¡tr Drclrctlca of tbr nrrr
tr¡r fc¡trl rtrto lr¡to .*¡t nrt¡l lifr rrr notrd ln tbt tttrr
of oproll,nr tc C5. La tb¡ lhotre-
pb¡rrtl,c Fttrr¡¡ rf tbr t rur rnd l,r tbr brctætoldrl tbtllty
af tbo brDrtlo ¡Èr3ocytrto !î¡tr rvldrnor rug¡rltr tb¡t tb.
nr¡n¡ttl rrù lt tn r ttrtr ¡f lnurolcalcrl ¡tt¡lr (cr ¡t
ltrlt r¡tt¡{rt &vrtoln¡t ) rbtsb toot tc oornrDeaô to ûbt

Drrloú doorlbrd by Brllrn¡bu tl_$. ltr56, durlnÍ rll, cb

tohrrnoo ooulú6e lndueoú - tbt tcbtlñGtrror¡pnrlvt trrlod
ef rn rnln¡lrr llfr.

Tbr obrn3. toütrdr t¡trÞl1rbln3 rdult-ttD. Drtt.nrr of
tbr vuleur ¡nrrlrtrrl rrnttonrd rÞrvr sotnoldrr rltb r
órorr¡lr lE rrtrr¡¡rl ürrn¡f¡r (Brrrbrlr t!-.¿l.slgll I rno fror
¡ trlrelogl,crl ¡nlnt cf vbr oolnoldr tberrfon rltb tbr tlrr
rt ubtob tbc youn3 ryllr¡lt br3tn tr oæd I prcËrstlvr r¡buln
cf tbelr ctn¡ It lt concalv¡Þlr th*rfrrr tbrt tb. lnvutl¡r-
tt¡nr ln tblr rtudy lrrolvln3 ftrtrl ntr hrv¡ net Þr¡e rc
nloÞ nllnrlaa ¡ proc.ar rülcb or¡ br ¡rrttlelrd rltb ra ¡dulÊ-
typr lruaetoÍlorl {¡ort d¡ftnce } - ttDt of rrl¡rnrr þut

rrtb¡r I tr. b¡rto frm¡tlcn cf r ryrtu rblob lr¡ tnrtrnt
fortrl llfr. d¡vrlopln3 rt r rrgld ntr t¡ trho E¡rt t¡ tbr
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.ñorrout c.ltulrr rctlvttt ûlc¡ Dr.v¡lll rt tbll tlrlr It
G.uL br rrlurt tbrt tbtr Èrtlo fu¡ctlon Þrocrlr lrll
trtrtllrb.d Èt l6turltlon r¡d tb¡t ô¡l.lnl mo¡rtrl llfr.
rül,l¡ ua6¡r r¡trn¡l P¡otlctloa, tÈ¡ ldlDtlrn rf tb|,r ttat..
to bott l¡frnrt trlrr plroe. rt rrlrtlvrly rlrr cbr¡¡r at r
tb¡a otourt drrlnS thr httrr t¡rt rf tbr rucllla¡ ¡çlrd
fror nt6nl to ¡lf troÙlctlrl. li lr rqCrrtlrr tÈ.t tbr

troortt tf r6¡¡ln¡r lfr rrFntl¡n ftor nt¡rn:l tnmll¡lorl
lEflurnor, ta ln f¡¡t tlr ltlnlur r¡qrlrô for tblr tblr3l-
¡Ttr¡ tunnrt lr rnllrÙ!¡ frr tùtl r.rlcillr¡ frcr tb¡ rrrt
rf D¡vlr rnt Orb¡rn (tttrl rtr hrvr rb.¡l¡ tÈrt ¡rrnturr
lnflntl rrl¡bla¡ rt ltttlo ll lloo l¡. orr DüDturc ðl;tbrrl¡
rntltorln la rrllþnt tr tnnlntlrn prccrdtrtr la f¡ur to
rlSbt rrrlr ¡ft* Þlrtb. Irrnt ltrfratl fnmlr¡d t¡ tb¡
flr't frr åryr of ltfr rlro trlr frur tl rllÈt rætl tr troú¡o¡

rntltr¡l¡. lrhr (ttóO) ccatldtrr tÈ¡t r¡p¡artll; rf tùr frrtur
frcr tü¡ rtb¡r 1r t! .v.üt rùi¡b ¡rrrltr tbt lnt¡rductlu cf
tbr you;¡ r¡lnlr ltü. lb¡rt ú¡frn¡¡l rrrDcalr. 8t*¡l
lftáOlf rl årrl rrtrttlú rl¡llrr rrlrrlrntr 1¡ Dt¡tr lr 1¡

rÍ".ornt rltù tbl, lntmPnt¡tlrn rr¡t ,t¡|û.rtl tbrt not

.ült lt fn¡nol¡¡lort lalttqurly ôur t¡ r úotr¡ tr nturltlrln.
}¡t tÞrù tt lt rtrr úur to r lrol of D3lYloul ¡rtret rltb rn

6tl¡rn !r m¡ratt t¡fflct.nt tr rllclt rn lnnr rrllDl[rö¡

ltr oortlaurd Drot tG. rf nttrnrl rntlbdt ¡rulú rtrlcurty
dlrlallb cr rllrlnrtr rntl¡rnl m tùry lnrlvrt ttr errrrtro
üllvært.fû ü-tå. lftftl hrvt trrartnttú tbrt rr¡f,flelr¡t
rotlS.a rlll rtlnlrt¡ tt¡ DüoúütLr ¡t rrtfbåt l¡ firtrl l¡Slo
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rt vrr dmnrtrrtrd la tblr rttnly tbrt tbr oellr rf tbr
r.tlesll-rn{otbrlhl r¡rrtrr cf nrrr trrr fortrt rnlntr rnú
tcut nrrnrllr r.nl rlrltrr l¡l tb¡lr ¡ùr¡ncytle rnt brotæ-
loltrl rÞtltty rarl tbrt durlr3 frrtrl ltf¡ th¡r prc¡rrrthr
laorc¡lrú. tl,rLlrr fnturu ror.i rhrrn ln IEJåI¡g
lnvrrtl¡rtblr ln rr3rrü tc tb btotæl.ofürl prc¡rrty of tù¡
..ru¡ f¡or rucb ulnll¡ tbr rl¡nlflot¡ot of tblr trtttr
plp¡rty ln l¡llrtlcn tr äort drfrEor 1r dlffl¡slt tc drttnl,ar
fcr l,t l,r ornaly r nttrr rf crafrctrrr u tr rürthæ tblr
nobrnlrr rrDrlrr.r ltlrlf tr uy rrtrnt , IE Jåtl. rn tbr sr¡r
rf foet¡l ntr lt r¡r rbcrl tb¡t rlrtrh tbr fort¡l ærrr
nqrltr tlll¡t Dteìelfrbt+ rlt (Lfffyl fn *a vltrr ¡rtlrrtrntt
rltb llo;urlr¡ rfflotrrncy u tbr rßr lncrrtt.d tblr nt not
tÈr omr la l,? rlrc rr¡rrlrntto lt ta or¡rrlrntr rÈcnt
tb¡t fcr tlnr ln .ro..r of tb¡rr umú fir tbr lF ;.lt¡o
ü¡ræbatr tbr rnlnlr ;.ro unrbb to tltl tbr trrt 6¡raln|
rtl'cb ln frot rDp.rr.d ùo r¡ltl¡b ln tb. lp rqú.p rltrntlon.

rtr blrtrlcrlorl ll¡vlltl¡rtlra¡ llrnrtntrd tbr
rrlrtrncr rf rtr¡orytu la tbr rltu¡tlrar ocnal¡r å¡¡rlbrt
tri ntrl rnlrlro Ttr purûo. ¡f lÈ¡rro7lrr rt tb. ¡.rtrb.r,
cf tÈr fortrl rdnn¡t orrtr¡ raü tbrlr rbllltT tr nürrlc¡rtlrr
cuÞr¡ pævl,drd r llrh brtræa r rütalolc¡lcrl rnd br¡t
drfr¡l¡ ty¡¡ fuctlorr

rt rrr È¡nræ oturly d¡rnrtrrtrd thrt tbr llrrr nr
b¡r frr th¡ nrt rotln ¡ürfecftlc or¡rn. Erolur ¡f lrlr
ocr¡nct orllutu ¡robltr¡tnrr of tbr frrt¡l llræ tbr rlúr
rulfiortlr¡¡r cf tbr brlrtlr lüræ¡ltrt ï.r. rl. crtly
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úlrtln¡ulrt¡d frltrorl¡r¡ tbr lnfretlrn of olrþ¡n. 1ùr

nrlflortlrnr, cr {rnárltlo D¡rmttrt, of tblr tf¡lr rf crll
ü.rl rbrrvrt ln rirlt tlrrnr Drrtlouhrly rt tbr rlratrcr-
rlor¡lcrÞlo hvrl. A frrtcr l¡rvrlv¡ô ln rllng tbr Drcllrt r
of tbr frrtrl br¡ntle ¡türf¡¡'trt r¡ll ¡rrlly úrtrtrô ln tb
fcrtrl l$rrr oruld rllc br;r Þ..û tue tr tùr rlrræ rrcrnt
of tb¡ ¡nrtlolrr lntr tbr brdt rf æ¡b ¡hrSecytr frllrrlnS
thrlr uorlrtloE rltb thr ¡rll turfi¡t. It nr rlr oÞrl¡rrd
tbrt Ln tbr ¡rorn¡rrt fcrt¡l rnlrl¡ thr rrtr cf urcl¡tll¡
of tÈr Drr3lûlrr rtrtb thr orllt r¡liurrü n¡rt tlonro ltl¡
rbrrç¡llcn ürl to¡r¡nrt.ú by tbr rl¡nr clr¡nncr ntr nlculrtrt
for tblr. tcr¡nj forturcr¿ ttr rfrrtrr¡llro¡rrphr lllurtntrl
tbr rvlôlty rll,cl tbr tr¡rtlr ¡Lr¡ccfirr bro fcr nnrla¡
lstroduc¡d færlgt D¡rtlobr frrrn tÈo bl..ü ¡nt lt i¡
Daotud tblt tblr rvltlt¡ lr ¡l¡r r¡lrlbttrd trür¡år rl¡ù
Rntrdr Ërtl¡lra Fn¡doorû Þ¡ tbt È¡rt ltæ1f¡ An lnúltrtl¡¡
r¡r Flnrå cf r rcrrrù¡t ¡nrlnrrf¡l trrrtnnt cf b¡¡trrtrl
mllr Dt tb. b.lrtlû ¡Ër¡royto¡ rr¡roleftl by ¡rqrrlpr
rltb tàr rrglü dtrr¡lntlon ¡btrryri rùrn hr¡ùælr rarl Lai
to br fn bprtlc ¡lrrnrh¡rl ¡rtlr rr¡t ¡lro tbrt rbrclvrå þ
rbry llt6tl rt polfr¡r¡ürnueh¡r lruorr¡rtrrr' t'bt tblr
.DurtcHful tnrtrrEtr rf dtærttÞl¡ ¡nrtlcht tr rn
lqnrtrnt fuastlon rf ncropàr¡rr ln,rrstlllrrtbn rd m r
rtr¡ l¡ ratlÈcdl ¡reúu¡tlr¡ üu Þæn dltcu¡lrdr'

1ü. rtuálrr cnærnrd rltù tbr rrrn tf ftrtrl raú

a¡trl rnl¡rlr rl¡c dlrtlrtrü r cbr¡rlp frcr ftrlrl to a¡onrtrl
llfro tt nr lrtrnln.ú tËrt tæu fnr ¡ r¡rlu ¡f
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¡.on¡trl ¡¡rtl ta tbr flrrt trlc rlrll cf ltfr r¡blbltrd r
rlrl,lrr lrr1l .f .¡Ð.nl¡ rotlrlty. ltll na ¡ rl,rllrr prttæn

tc tbrt ;r.a lE tbr Dlrtlr¡ tn ¡b¡fpcytlc lillrr ln erenrtrl

¡nlnlr ¡46 trt tr mt lnsom¡trlbL tbrt tb¡r tro fhrnr.an
Ia¡ìt lnt¡r{rDrnúrnt. Invlltltftlrnr rcll curl¡ü ¡nt rùlcÈ

rer. ôlnrtrô ùclrtr rh¡gotrrlrlll¡ tb ra¡tnr¡lr ¡tlÞcdlrl

l6tt.ût ln nt fortlo lb¡r .¡¡l¡lilr rnb¡no¡ü tb cl¡¡nml
rf C5 lr llrr rnd rùieh lür¡rcro 1b.

¡rtrllt obtrlrr¡d fr¡ tbr frr¡tlcnttrn trcorúut t ef ráult

rrt t.rl r¡¡ü tbr tlt flrtrd Þlrlr¡lnl ¡rlrtr rl¡l llrtlm
tl tb6 r¡tortri b7 1tp6 ril *rulry llt6rt rùc rrglnr{
pl3 rrrrr fß tba !¡r. ütto

rtDrælntrlt Ee tl 9O pr ornt ef tb. oDrcato rctlrlty
cf ránlt r¡t r.rgr t. tlå.t ln tb. rrrrlr¡trþrtln frr¡tt¡n
ûtob oorttlttrtrr r¡¡r l0 nrr rrnt cf tbr tel¡l l.rt ¡rntlla.
Tb.tì. nr, b¡rrvrrr ¡ ll.r¡iflernt rnunt cf rnttþadt rtllb
r¡r rÈ.rr tr br ctËrr türn rmrt3lcbrlln. Scrr cf tblr
cprrllo tottrlty r¡r ürt¡r3nt¡ô ll tb ¡[t-a]lrÞutln
frrotlon rnt r llffþtll l¡r¡rr t¡o¡prtlcn tbrn tblr n¡
o.nrld.rad to Þr ln tb. Dut-¡lbrdn frrotlo¡.

1àr rtln¡lur frr. u tbr nlrce trrtn¡ lf flrturdr

rEttbcôy bm ¡¡ul.d l¡ürldærDh r¡llcnlrtlrn ¡ü bf 1.ú tc

lnvrtlatlonr rrcù rr tb.to ¡f ttærf tl¡l. ( f r|tt Ë.
btrr rbcre rltb ¡.tr fr¡ tlCl¡tr thrt ¡c lrtu¡rl rntlbrdy

rc¡trd Þr trtrotrc lf tb¡rr brt boln n rill¡lnlc ltl¡oulufr
It rrulû ¡DD.r f¡u lrrr¡tt|ntbnr lucb ¡¡ tbl¡ Èbt
rrturrl rntfbcty lt ¡n rcqulnú entlÞrd¡ tb lGlnrlur frr
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tb. psctuotlrn of tblob ll ¡nlnrd r¡rlt ln rn ¡nlrl¡l llfr¡
ttr ¡nmlblllty dr¡r ulrt, blrçv¡t. thlt aor nrtrml rr¡tl-
Èrllrr rf:bt ullr frrr ruttrtlnlrtlcn, rlnot lt lr ncr

rrtl docnnt¡d tbrt o*trlr brtt oqlcernt o¡rtl-r¡r¡ct rttb
Þrot¡¡l,rl rnú rlr¡l ratl¡rar (Jrnhln, ltótl .

O¡nontnr r.a. rtro ðrtrctrd ln fo¡t¡l nt l.rril rnd tb¡æ
r.rt fbrn tr Èr b.tb ftt llrû T:t tylo. lbo EroDortlea cf
ncru¡lcbutlar ln fertrl a.rn nr rlrltrr to tÈrt la ¡dult
r¡t lrnnr Èut tb¡rr ürt pFo¡r.rttonrtrlT frr ¡rrrtrr rctlvlty
t¡ tbr ?3 frrctlrn ln tbr Srttrl q.nÐ. . Îb. prrlrlor rf
ncrcalobllnr ln fcrtrl rrt trrur ï¡a .ulftttlvr rf fortrl
productlln cf ncro¡tobulln¡e . Ublh tbo ¡lrrlrnc¡ rf
¡ponortl,rErtrly trrrtlr qurntltlot rf ctrcnlnr ln tbr ?E

frmtlrn cn tbr rtb¡r br¡d' r¡r rttrtbrS.d tr rrtæ¡¡l trratfm..
Îb¡ rrucat fcr tbr clorly rtrlrut ob¡nlrr lrr tr rlr

rüteb rtr. obrrrrrt ln tbr botnlü¡rrtlc rtudlm cf
forttt u¡t nrtrl rrt r.n¡ b¡tr rot brrn lEvrttlsrtrd tn tblr
Itr¡d¡¡. Ántl¡rnl,o pretrl¡r rf tàr lr¡ rtreln of ralnl¡ brr¡
Þrra obtrtrrú preylourly üotteher rnt l1llrr, l9a2l ¡aü tt
rculc rppnr tbrt tblr rùudt brr rlro trtnltrrtrd tb.
rntl¡ratc dlrlrll¡rltt ¡f tcr¡ fcttel ¡nd nrt¡l ru¡l
Drrtrl¡r. rl¡nolrlly ln tb¡ ¡lbrnln n¡lcn.

Etorsrt t br orlgln of nnllrn fcrtrt atrtrr ¡rtrlnr
l. .Þtour. lt br brra ûlffltult tt latrrptt tb. rmrltr
¡f tb¡rf t.rur rtrrübr in rrhttrn tc tbr ontrlbrtloa rdr
to fortrl rrrur Þr tbr rotbæ or by lbr fcrtur.r tb¡r¡¡lv¡ro
lbr l¡¡tlnt¡ utcolrtlca cf tbr rntlr¡ rtbr rnd brr
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fcttulrl¡ tÞr rcr¡trr Þy rtlob rlrtlv¡ly frm lntwbrn¡p
frrr ntb¡r tr fmtur ocûual ül tb. t rro. rf fætrl rnr
pnctrlnr rrl nrt rrll ud¡rrtroù Îb trchlatnr úrvrle¡nd

rnt tbr llfontlon lrlard frcr tblr rtury tbr¡trd prrrtdr
tür rrrnt bt rùlob qurrtloar rrl¡tll¡ tc thr proúu¡tlcn rf
fcrtrt grctrlnr mr br lnrnr¡d. Bt lnlretlr¡ e.t ? hbrüra
lrlnor rolôr lntt flrtrl rnlrlr rÈtob orn tbra b. LDt
lrolrtrö rnd rllvr fcr rmt blsrr lt rbslû br prrrlblt lo
datt¡'rlat ü¡t pro¡prttoa cf ltr rtnn poùrln lt lr
n¡ufrcturlat. tr rt trtrnrtrn tf tblr lt rbutü rlro ùr

¡prrlbll to trrrtlçtr tbr ¡rrduotba rf uttrbcüy þ fortrl
utr¡lt.

In nnrTr tbor¡ftrrr lt b¡r brr¡ olcrty ücartntrrt
ttrt ft¡trt "rta ¡¡btþlt tb¡ frrrn¡r of ¡ functlenrl mtl¡llo-
¡rártbrtrlrt ryrtlr rhlrb lñcrrra.r ln ltr cr¡notty rr tËr
rnlrl Frìr3r.tt r tr blrtb. ft bf bÐn rrarr.ú tärt tbft
Itttrr bm I rrü fimtrmtrl fueotl¡n tbrn tÈrt of brt
úrfrart rblrb 1r 'o¡rnly .rtortbrt tr lt. lüufa
lmrtl¡ntlrnr brrrd rn tbr ruultt rf tbtr rtttt ¡ruld
rlrrtrúrtt ¡rcbltrl orecrrarú rttb tbr l¡rlu¡tlcn of nnn
tntrlnr. rl¡lrcldty rntlþ¡tlll¡ b¡ fmtrl ¡nrlre
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