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| o .AB%TRACT | o
Thiu invautigatlon was aimed at a 'better understanding ot‘ tbe

: "et‘faeta of aingle doses of 1oniain,g radiation on the mamalian bmin,

- with particular reference to delayec‘i white matter neoroais and

vnacular lesionn. The ef‘feots of' pmious 10@&1 irradiation on

L cerebx-al 1njux-y ana infection w:l.th B. pcrtussis were also hwestignted. , |

Hypertension mduaed by renal aamge wan . shmm to lowee the
throshola ﬂose for the appemnce of vasoular J.enions from 2,000R to 1,00(

' ”*f:[*ho latent period us shortened for aouu of 2,000 - BOOOR. Hovmrer, L

”"[with higher doses of L.OOOR m ahortoning of the 1atent period oocumﬂ
end- animala live for the same length of time as the oomparabla group ot
nonnotensive ani,mls. Theoriu to axplain the phenomenon of vueular : l_.

' f:irradiation ﬁamage were diuoussed.

| care‘bral injury and infeotzon With B. pertumsis wen uaed to
‘: mcal radlatmn dam&ge to neurcglial cells.‘ Tha effeot of‘ doau -
: o : as small as ZOOR muld be demonetmteé three: days after i.mdiation. RN

cerabml m:)uzw and 1nfaotion in con;)unotion with pmﬂou! looal L

T i'imdiation, provided evidence to mpport the v.'mv that bmin

- ‘mrophages ara prinaipany of local origin and. nre on:!,y f.o a 1mua' . E
) extent ﬂeriveﬂ f’mm tha general cimulatiom S o E

: Evi&ence i.a providea to support the general theory that

' radiation r}amage ie revealea when oells at'!:esmpt mitosia. In the

B brain thare is en. exceptionally slow mtetic raplmment of eclla and

" _this accounta f’or the extmmely 1ong latent perioda obumdo

'._Radiatimv of ‘the 'deVeioping br’ain’u_nda'z" ‘different" Wgan tenslcpu, -



t"jﬁ'

domonetmtea pm'baction from maiation whon animls breathed lav

N tensions ot‘ oatygen e compmd wi.th higx tenulona

Many glial tumurs developsd following the ae'e;‘;_ mpnr;tation of
ahemi.oai carcinogens into the oerehral hemidpheﬁs aé' as to invblﬁ' '
 the subepenﬂwmal layer, When the. oarcinogen wae pzaaea auperm:mzy
- no g‘.lial 'bummx'a daveloped. Tamours appeared earlier in males. '
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Heyphelegion) affects of lonising redlation em the nammaliaon ocmmtral
mervous system (C.M.B.) were first ebserved by Cbersteimer (450,1905)
mrtl.y after the digcevery eof r=8ium and xerays. He ebserved that
ulce expesed to radium, and dying withim 42 heurs and 66 deys after
irrediatien;, shewed hasmerrhagic changes iz the meninges, cerebral
oertex, hippecampus, basal gengliom =nd spimal cerd. Schels (1904)
sbserved similar changes inm redium irvadiated rsbbits.

Sinoce this time, the effects of lenisiag radlstien sn the central
nervous system have 'bm. studled vary extensively, spurred en, te soms
axtent, by the sarly use of xorays in the treatmemt »f intracranial
tumeurs. Tha first repsrted esse of the use of xeirradiation fer the
treatuent of am imtracranisl tumeur was by Cramegna {1509). He
reperted “temperary subjestive imprevement", afier irradiation of the
sella by ddreoting x~reys threugh the meuth, A review of the sarly
literature was given by Warres (1943).

There is generel agrosmext that the sentral mervous system is
relatively resistant te radiation dannge. A dese of 500R to the
meuse spimal cerd will have me effeat e the tetal musber of nerve
oells, even in #14 age.(right and Jaoebs 1966).
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In & yeoent review by Hoymaker (1962), it was stated that
single doses of x-ixmdiaﬁeh up te 1,000R preduced ne sarly or late
norphelegical changes in the brain or spinal oerd, and animals
lived inbe o)d age. With deses higher tham this, 2,000+,000R,
mexphelegical changes did eacur, but enly after a latest peried ef
several menths (Russell ot.al. 1943, and Berg na Lindgren 1958).
The relaﬁomuy betmn the latent porha a.ud s.mdiaﬁu a‘u beug
mmma (zmu 1961), ulth'ugh there was iuch inaividual ‘
vnﬂatin. |

With higher single dases there was syidense ef early oell
doath with the appesrence of pyimetioc end neoretio muclei in nsurenes
and imterstitial oells, se that after am exposure ef 35,0008, early
oe1l deeth was the predeminoat featurs (Armeld et.al.i954b). Single
auu of thh amr of 10,000R o meve, will preduce direct cell |
dsath ts such an extext, thet the dslayed ratistien damage effest
can ms lemger scour, “the cells eapsble of proauoiag thi: etfaot |

'being largely émtﬁnc* (zn\u 1961). |

With deses of 50,000R the survival time {fer air breathing
aninzls) was cut e between 200+300 minutes {Wright und Shewell 1965).

Of these deses, it is snly these up te ths interaediate dese
ranges, 2,00044,000R single doses, er their squivalemt fractienated
doses, that are ef practiocal walue. It is theac deses which are |
used in the freatment of imtracranisl tumsurs amd result ia delayed
radistion damoge of the central merveus system.
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(41) nesries of latent G.N.S. irratietien damsre
Altheugh ths phenewensn of latent C.N.S, irradistion anage is

well decumented, Deth frex & ntuiy of experimental animals and human
material, the prezess Yy whioch it esours is ptill pet fully umderstecd.
The leng latent perioed is particulariy interesting because of the
spparent lack of demenstrsble physielogical, biechemical and
morphedecioal changes until shertly er immadiotely Defere the enset

of overt rsdiation damage. _ |

This has previded ap interesting field fer speoulatien, as te
the pathogenesis of these latent irradiation lesions. i Several theeries
bave beon advanced which can perbaps be divided imte twe bread greups.
The first of thess &s that the irradiatien ascts primsxily en the
“vaaoulgr systen snd tha_t any necretic changas arz secondery %o
ischentic m:éiu. ‘The ether theery suggests that the primary reactien
is on the meuromes or nsursestodarmal cells {glie) er beth, and that
damzage %o the vasoular spstea is of miner impertanos. Simce these
twe thesries were auggaated,' considershle eqntﬂwﬁy has dsveloped
as te which cellular elenent detarnines the sensitivity ef the

nervous system.

The literature in suppert of these two conflicting views will
now be roviewed. '
{a} Prisary’ vasculaa d,amage.

" In a review cuwr:gng' w ef i:ii& aarlicr findinsu in human brains
treated by xerays or ru:l.un therapy (for cersbral tumsurs), Iyman (1933)
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upreued the view that the -aJority of changea obaema could bo

oxplained by a prinary ef‘f'eot on the vasculer aysten a.nd that affaot: o

| -_ou the . mervous tinsue wers of secondm hportance. This atatement
, ','he:supportea by ubuﬂatins on rour degs, irradisted with 18«20
ox‘ythm dsses. In these animals, vascnlar danago prednninat“ _
with socasienal associated small areas ef necruis, in the oerebral’
] onrtu. nptic ¢hiam, hypothalma and aerpus oallem. "‘his 1a a
view wpportca by Warren (1943), with prhary vaacular damage "
| rosulting in uonquc changes in neural tinue, the degree of
‘ damage aeppnding upon 'the'_v length of latent jwriql.- ' Pr:l.un'y mef ‘
te the nerveus timsue d1d scour, but this was net considered te be

~ dmpertemt.

‘m:o vascular hypothelis iaa Mthnr anpnﬂca 'by Sohols in
1935, a:d reaffirmed later (Schels ot.al.'l%a) ’ ‘that Vaauular dsmage
. ‘hcroaaed usmlar pemabmty (see alse Clementa and Holnt 195,)
" proauoiug Qadon, wnh aventual neursyal enl mlin &oganeratiou.
'rhue ahansn were, te & larse extant, neleativa, preduoiug whitc ‘

7 aattor neoresis ef the rabbit's npiaal oord, with doses raasing

~ Lrem 3;000 - 11.0003 Wayn. , m: is a foaturea dsnmstnted by
»Bu‘s and Li.umn ( 1958). m were slso of the npinien that tha

e ‘_pr&ury m was of vaacular ar:lm Irraaiation of rabbit bminv "
v:,.."'i‘h 4"“ of 2,100 - 3nm» nkowed that oystic necrosis. of whs.te |

© matter imcressed with maaiats.-n dese (2,500 « 3,0008), while
anall rooi cf‘ dnage preﬁninated with the lour a-se (2;10@)

With deses cf 1 500 - 2,8501! the predouinance of vaaoular

' | " 1“1.:; was atrene& (l(arbcrs st.a1.19h-5. 3\183011 6*«’--"‘9#9)
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"‘;ﬂne lstter alse aipressed ﬁih view Aftci? the aiuiué.tion of feur
 human brains (Pamybaoknr and Rusaell 191;8), although thoy did
» “‘nantiu widenoe .f glial reaotiea :hn one oanea "Caae h ahcwea 1-”
o Aor pyrmm sells frem tho asro'bral eortax with aaseciatad prolif-
.aratiu ar largt abn-r-al utmytu" '

' Suppm:!.ug tho ﬁew of the pnduinant rele of vuoular dalage,
is the obnrvathn thut radiatitn indnooﬁ pathagenic presesses may

: _bscc:e prosrenin and spread inte nn-irradiatea parts of the brain .

B ‘(Rumu et‘dd%?)g nlthough Berg and Li.ndgnn (1958) olaim that

B May 1“10“ are ttrietly nnt.a te th. i.rradiathn ﬁeld. The
" yich napmary baa cf the hypothalalua, it ns putulatsa, (Hay-aker
_' tt.al.?BSE) was responi‘bla fer the hish ra&inensiti.vity of th:!.n o

L "mgua. o

Thu munt fiadings of Auoher and Anna (4962) R that hypertension
o apparent]:f facmtates the davelopnent of vascular lesiens in the

B irradiated (1.500 3.0003) rat aplul cord adds we.‘..ght to tho

'vhypbthesi: nt prinar:r nncular énagc.

‘The findings of Crane and Imtta ( 1955), anahla us te. cxplain v‘
. the phamnemn of Vasuuhr irradiation damage in more uaual rad!.o-

e biolagical km;. They dnunstratad, using H3 thynids.na cell

- lebelling, that_ the ‘s»_u‘th suscle cells of arturi.os ana,_artarules
and the ondothelial oells ef capillaries, veinms and ertericles have

& slew mitetic replocement in adult life. The adiitiensl finding,

. - that replaaeunt il inoreased by hypertension. adds graat importands

%o the ﬂndhga of Anchor ard Juumn. This nn be. disgunad later
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- : in thg_‘l;l.ght ofm oﬁ"'ﬁidﬁgn. |

. (b) Prinry danaso to uural tiuuu. .

'I‘huriu covered Yy . thh title osm ncludo duage te einhor aeuroua,

: }‘" mpperthg slial collu, er a con'blm.tion of the tn oellular Lypes. :

N | Sewral of tho oariief woi-korli repbrf.od thai ther; was ulwayi &
v prede-inanco of chloa'ed radiatim nenx‘osil h llhite utte:- (Davidoff‘ .
"4ot.u1.1938, 'uohowm tt.ald%S. Croupf.ou ot.al.1961) . whi.oh they

o aom&snd te be 6 diroot effect on neurnu and 5113- "b‘th 'h"”‘?

rotroy‘ah ohangoa" F.tbrlnid thickming of 'uuel want was |
. o‘bumd (Cruptu -t.nl.1961), but 1t was net oouidored that thua-" ‘ |

| predu«d the hrsa necretic mas. wh!.oh nra ut. it uaa u:ld.

" typloal of Aschents mcroais. .t. sinilar view was hela. by 0'Connel

© and Bmmohwi; (1957). whe a‘bumd nsonhr changes ia cnly one out o
of fi.ve patiant: gi.vea radiation trutaant for intracran:lal 8110‘8.8.

In thin cau tha dagoneration of neuranea anﬂ hypertraphy of aatrccytes e

L -‘ana oligodendroeytla lna »at avident. The slight ‘chickening of

- ‘Amaoular wa.us did not appear to produce chansaa 1n tha paronohy-a." -

Changn nz-e ﬂncrna .'m glial cuus 6 tc % hours aﬂmr :
o maazam- (m.uk: and. ﬂcntsanery 1952. Browmen ot.ala‘!%l")

o } ongadendroc,ytu nra uaani.dorad ta ‘ha ‘hha nat nna&ti.vo oell typa'

‘ and "aeorﬁt:lu ao.us" partinularly aotieeabla :hl tha um»pua aallesuu f
| afttr 1 aocm (ﬁ:loks an& Haatgo-ery 1952). Colla oi‘ tha subependy:al
_ | 'plato showed maratic changas with 2003. It :ls aiff'i:mlt to drqw any
- ﬂn cmlunonq as to the role of 't;hesa ohangou in delayed radiatlon

e ng‘qrqah,* althe_u@{ the view of direct E d&_-_ag'e te f:the .' o;igodenaréuytﬁ
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A!ﬁyéii‘rzx 'éiiﬁiei'was,given,by Lanpérj; 'll‘l:.‘ql;(,'-!959)v- He o‘bleﬁqd, in a
~ stuly of the braln of & women, dying 3’non+.ha sfter irradistion
‘ _‘,(5,730?. at 28812/&93). promuncecl aenyelination in the hm&iated area. :
ﬁ’hau irradiatian areaa were deveid ef ol.{gcdendrecytea. Aatrccyta o

- altara:biona were bserved, with ’biazara ntcti.c figures and lany a
L _mcloi in hypormphitd cells.

ﬂ'hé e?xtenlive astﬁ‘diuof Armeld aha naney’ (Wm at,a;_.isésaa. L

i 19)&32, 195&.0.) en the Madiation of prinate braj.ns, all sdppnx;t' the .

di.rect aot:lon of radiatien on neural parenohyna. The white natter. it

'was reaffirne&, was the neat rauipagnsitive. Abnorlal g]ioais tas =
' ‘noted muna neeretic arsas. Slight vasoular Iesions, 11: waa again "

7'believad, were net of hpurtanoe in the pathegeneain of tht radiati.n B
] '3.935.“3. 'l‘h&s ‘viot wu held ‘by Hushr (19665. 1966b) t‘ho delonttratol oo

_that nne Vasculsr changes oncum& uf‘ttr direot pmnchylal danngo.

' ﬂ'or the apinal nard ai‘ rata, Innea and caraten (19619., 1961b, 962) ’
: alsa reported gelective destruction of white netter mh o single dose
~ ef 3,5003; there was no apparent aasccia.te& bloud veuel danage. The
Aaxtant of‘ dauge wu dopendant on the duratiau of tho neurolcgioal |
N , .wtm. N& “y.ttor“ coll. romtioa was obuemd around the aeoratic : R

araat, u .‘.t was p.atulatod that they vere dzstrmd at an equal rate

ke that o white natt.r. »

‘fhe detailed ef‘feuts cf x-irradia‘cien on glial oella were repnrted
'lby Amold end Batley (195!4.6.) With deaes of 7,000&, acute necroais
resulted in the 1rradiation f‘iald. In this neorotic reg:l.en 11: ms
,'noteﬂ ghaj; tew, ir apy, nicragna.appear, astrocytes showed aevn o
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B preliferation é,t first but later dsgenbréu.' Lawar doses of 3,000 -
k 5;00012 mu inhi.bit gitter cell foraatiun, although astrooytes appoar

to. be & little lore reszstant. o

o !onowiag aingle auu ef 2,370 and h,'ﬂ..OR. Hasaler (1966o)

" shewed that the wernal B3 thylidine uptske of the brain wu quiony
.ﬂ&uood. ‘I‘h:ls wu -ast -arkod 1: the nubopandylal plate where,

’ folltwing 2,5703. a raduction of 80% -.u the musber of 1abellad cells

_,ﬁaa ubaemd in the t‘irst 2 hsurs. A reduotim of B5% in the Beme

SR N tine :uatsrm was obmrvsd rollowing the hiaher dosa.k Reaucti.al 1n B :

e ‘.--‘the manng 1n6.ex of other cell typel vaa also 9baerved at later
 intervals of tiaa, after irradiatiem | '

| In other investigations uaing 03 thyxidine call labelling, Ze-a.n
’( 1963) deuonstratea a marked glial disturbanca in irradiated rat lpiul g
‘,‘i‘."cura (3,5001%), prior te the develeplent of- paraplegia and delayad |
kradiatioa mornsis- . Xt was ﬁrsu notec‘l that & narksd ineraase in cell

nun’bars accurmd in whita mttar grior to ths onaet of paraplegia a,nd

o that theraartar, ths 0011 numbers rapialy ﬁocreau&. This iuei'em

i | in call nunhan ns a result et‘ :Local nitatia acti.vity, as was shom
| “‘by the high 0013. 1abamng mm ‘Pound 4n vhitl lattor three hours .

| aftor an injootiu or 13 thyui&.ine. ujprity of these cent :
| were non—via?ble and diad a rapid paét ns.tetic &eath” ) ?ha nthulus
| ""l‘.for this high uitotic aet:l.vity in the intoratitial collu of tha whi‘be
- _uatter uas unlmown, although 1t was putulated, that i.t rasulted fru
’u muaz reprcductho oell daath. accurring at tho toruaation or -
thua ealls‘ natural life span. ‘
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‘ 'l‘hé’ iitaratufe ‘ci.t'e‘d provicias véry' coﬁviﬁoing evidence in. ‘auppo‘i't -

- ‘ 0? ‘beth the sbovawncntioned theories, and so the controversy that one

o ia correct and the other net, ia perhaps without foundatinn. It lay be
'bettar to oansidor an interplay bctween ths tw cpposing theorisa, tha -

pre&umnanoe oi’ 216 ur the other, aepenﬁing on the ef‘f’ea‘bive dana ct‘

o irmdiatian. ‘ 'I‘his Ray then axplain why workers using doaes of tha

iarder af‘ 2.000 - 3,000R (Russell ct.al."lsw, Berg aml Lindgren ‘!958)
' hava aupportud tho view of pr.'uary vascular danaga, while othors uaing, E

';‘hj,gh.x' auu, 3,50&& (swm 1963. xms and Carstan 1961) have beon 1: -

»favour of 8 ﬁirect ai‘feot on neuronea or supporting glia. _

The braia and spinal cord :Ls 'y oouplex tiasue with nuumn

o allular aleuants anﬁ it nig;ht be vn'eug to censider tha‘a a aingle R :

o leoham.sn actn over 8\1011 a "'5-5-9 range or d“e" -

'rhe presant atudy is “ntenﬁea 't;o tﬁeat the radicaensitiﬁty o!'

"’}-,oartaia oellular elenents :i.n the bz-as.n, with the !‘mpe that u wul

, previde a bettar understanding af t’qn importanoe of eaoh in tho

| »'»l'-ﬂfphennemn of la‘cent oerebral irz-a,da.atmon danage. o

3 ﬂ'he ﬂbegonma glate

In the es,rly aevohpnent of’ tha central xerveus ayst.an the neural _' o

- tube o«m:ﬂ.ata of an ‘inner. 1agrer of oleaely packaa nitetiaally act:l.va

. mole.t (tha cpendynal layar), anduauuelear paripharal regiin t.ho :
o ne.rgiaal layer (Kershaan 1938). . No oelluler éifferentia‘bﬁ.ca ws R
o 'observed in tha apendymal lnyer. which is ef ectedarﬁal origia, and

from ,whi.oh. originate the preouzvsor_; of b_othvnauranes and glies "‘hou ‘
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celll aigrata peripherally te fora Y layer between the epon&ynal and

aarginal layers knon as the mantle 2 ayer.

| .Ma & latar stage h the aewlapnent of the oerabru: the : :
apondy:al layer difrarentiates mte 'cwo 1e,yers. Gne is s delsc Iamr |

*ct muronal and a.!.al p'-eoursora,ﬁm aubwependy-al layor. and- tho cthar o
. 1‘.'15 a m.gle laycr 01‘ ou‘bi.oal oalla, thu ependy:a. whioh mm tho S
' central canal. Mitotic activity ceatinues in the aubepenﬂynl lnytx'

B - and oolla ni.gre,te eut to produce a w:!.der usantle layer.

, Af‘hr ta:lrth, the subepanayul layer of rats end uoe is’ .tm
o prunt and ntats.oally activo (Altmen 1966, Smat 1961). It isa
) ‘pﬂ-inant !'eature iu ncw Eom uicu, oonp’lstely surroundug the anterior' :

S o hﬂ!‘l of the 1atoral vontriclet end oxtsndilg fmard u a cerd cf colla

‘ _.:lntc thc olfactery lobaa CSIm 1961). Whare the. hyer puses clese. to,
B 'tha oerpun aallom-,' ”atmams of' ueus* extend out betwesn tho ﬂbma.  , |

‘”aster:lorly fm the foruen of Monro snly re-nants of the 1ayer retaiu

-n the lateral aida ot‘ the lateral ventriclah

A- tho nninal mwa tho uubspeadyul la.,fer beonea reducsﬂ h
’ '-'-:thickncas. In & oxtunsivn cell Mumsg atudy cnrriad aut by
'Alt-an (1966. 19663), u was. shou thw!: esn. nigraman m; the

'.xubapendylal layer. playad an hportant part i.n the postnatal uuro«-

L geneaia of the :rat. Tha infemtien prﬂiﬁ!& by Alt“m" i‘”'t"gaﬂ'nf.

. - As tu axtenuha ‘bo be nantienaa oenprehensively hexve o thst only &

','rew ot the uat hpertant poma relating to the aigmtim af eem
"'wfx-n the mubependynsl plate will be queted. Anteriorly, they n;!.grsta
_; out t¢ furn the :l.utcml granular layer of the olfactory 'bulbl. whilc'
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’ lare postenorly cells _oen de. traced nigrating alang the finbria of thc_

"'i;hippeoanpus to tha ﬁentate gyrus. Here they dii‘ferentiate to i’erl
" ‘new granular cells. The migration of. cella froa the subapendylal

: ‘.‘.,'1ayar aleng the white natter traoks of‘ the corpus oallosul was

"dennstrated 'by S-art(‘l?é‘l)ﬁ o

In the a&ult nouse. the su’bepend;ynal 1ayer is -uch reduced. It

: :oonsists of a narrnw layer of. calls immediately under the epandyla '

- and lﬂ.iitad ta the-lateral- wall er the lataral vantriclea. Roatrally

S the layer extemis te the tip of the ventricles vhare the cells

E - beoue mers nuneroua, a i’ew extending cntﬁ the nedian wall and out htc ‘

| “the 'oemral cere oﬂthe clfactory lo'bes. Caudally the layer thins uut
and disappears. The layer is widest tawar&s the raof of the 1atera1
kventrialu wharc; celums of‘ cells extend out between the oorpus ‘
: _oallasun aud cauaate nuoleua rostrally, end betwaan the h:l.pp.oalpal
| certex and wrpuu call.sul caudany, ’oasi&oa mending batween tho

- Eﬁbres of tha cerpus oullom (suart 1961), .

The layer still shaws nitotic aotivity in tha a&u‘lt rat and uuse o
(Allen 19'!2, Bryans ‘1959, 8uart 1961) avan ia ani-ala ovar one yegr s

old (Brynnn). Although the subsaquent fate of thasa xwwly forned celll S

) is not def'iuitaly knwm it has besn postulate& that they nigrate eut’ "
T S.nt- the brain substanoo and thus repx-esent a antinuoua louroe ni’ glu

E '13: the adult braiu (Brzfans ‘%959, Globua and Knhlanbeek 19&&)«. : 7;

‘ An 1nvastigatien er :itatic activity in sther parts of the a&ult
'_-‘fbrain was t:arriea eut by chaa and Leblend (1067). They inﬂicated
N that s ulow nitotin replacennnt of cells does eccur 5.1: the brain in tha -
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“ ‘rosia or thn optio chiasas vhere 5.1; is naxinal in the corpul f :
'eallem ami ni.nhal in the oerabral cor‘bex. L

Thus, tu posaible mterstitial cell replacenent nechanisu o

o exist in the brain, ‘one’ & nigra‘bery one originating fron a 3ten oell

~4popu1ation in tha aubepenﬁy-el layer, and the cther, & lecal ene.

o v-'l'his siew uitetic turnovar of cells is a f‘aotar tha.t shculd bas -

Loonsidered in any study of dalayad cerebral irradiation da-agt. .

" Co Waunﬁ healigg in the central nerv:;ug sxstet. -
' One of the first atudxes of ‘the arigin ef' oellular types

participating in ’che responsa to cerebral inJury was oarried sut by

. Hortege zmd Penfield (1927). Using selective steining metheds for

aatrecytas. oligedendrooytas and nicraglia 11: was shown that enly
y !nicroglia ‘and’ astrooy’ces r&acte& to cmbral inaury, whila oligedanaro-, '

) eytea ami ‘neurones appeared tn play ne part in the reactiu. . "
| ‘ﬁiohgiia ;iay 2 prinéi'y role in'ﬁhe‘phagocytbii’s of the |

pmducta of‘ aestruotion. They 1eose their spidsr—like foru as

: v.e,ax'ly a,s the first dmr after in.‘!ury, taking the aneeboid roru

itf cznpound gra.nuler corpuncles which accmlate sbeut. the nund

o -edge. Mﬁtuti_c activi‘l'.y is abserved in thane granular cells,, tho

) cells renainiug until ‘the preducts of‘ daa ructian az-e renoved. K
| Hypartraphiad astmcytea with aharteneﬁ processes ara cbnerﬂd

' olua to tha wgia of the wmmé ona sy arter i.n.jury.. Gramlu '

: ,locnnulate in the oytcplasu and the nuclei becene 1arger and lon

. denses By tha ths.rd and fourth day aatreoytas ere found with

‘saveral mclei, nuclear diviaionn were said to bave taken plaoa by
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o aﬁiﬁésis as ﬁe nifotic’ .:figur“es could be detec{'.'e'd in’ this cell f‘hypé‘.
-La‘ber the astrecytea 'beoone fibrous ana produoe the radzally arraagoa

acar tiasue fcund araund the sta’b wound. ;

!L‘his view was. generelly accepted with e :t‘ew reserutins. Ona' 6f'

o these was the oonsideration of & larger sta’b vmmd, where o.lnoct:tve |

jtissue .riginatng fron. and cannaeted with the meninges, fills the -
v centre of the wouad. 'I“he glial reaction accura amund. uhia (Penf'iela )

).

‘ ) ‘I‘hene ‘obzematieus have ’oaen conf‘irnea by numeraus worksrl '

- _’ "(Lilell 1929, Lewis ami '!waxk 1953, Klatso et. a,l.'!958); all reaff‘irnng
the vi.ew that the nicraglia are phagocytio after cerebre,l in,jury, and
, that this rea,otion ia aaseciated with a. mere general gl:lal reaotion

” .vin the famatien of aoar ‘bissue.

‘I‘he glial reaotion :!.n tha bypegl«osaal nucleuu, fallowing nem

: nrunh hs,a bean raported by S.jntrand (1966). Uﬂiﬂg an 33 thﬂidile

. ;nell 1a‘ba111ng teehnique he showe& that in resprmse ta nem cmsh,

| _glial eells ayntheaiae DRA amd aivide by n!.taais, anri uat as mpvrtod j. »
.by Hmrtego, 'by auitosis. Oligedendrooytas, perioytas ana en&othenall o
v eella were alse shawn te “oact dnring nerve regeneratinn, along w:lth o

v astracytw a,:ad nicmglia. The nitetlc act:!.vi‘ty m‘.’ m:lcmglia wa: nuoh S

; higher than f‘ar ary ather oi‘ the prcliferating cell types reactiug in' ) ol

' x-esponav tc in.jury. All the abave ebaervationa aupp-rt the view *l:hat:_w;L -

- the -a.jcrity of cells reactmg in response to ueura‘l injury are of

S :locel omgia. ‘I‘hia is not a view suppoz'tea by the findings of

Knnigsuark and Stdman (1963), who. oletmed that the aajority of 'bra.in o
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. naorophagn were of hae-atogenons erig,dn ana mt 1ocally aeriveﬁ u
o _previoualy bolieved. : 'J,‘hair technique was to label 4 high proportion -

et oireulatins 1eucocytes, prior te. in,jury. tith 83 t}\y.},dj.ne.
.‘Autoradiogrsphio utudiea aftar Mury enabled them te astoruine ‘the

s pramrtion of leucecytes partioipatins h the lesion, rru thue they

mo ablo tc onwlude ‘195:: than 50“‘%' of the nacraphages appoariug in -
| the ﬁrlt tn doya after waundng and J.eu than 30‘" of the ones ‘

arriving theroafter, arise endogenoualy., A1l the othars arise fren

. k"ciruulatins umnucleaz* oens, pz-ebably non-cytes.'_ Thesa lauoocytos o

.aasuao othor forua .tn the wound arsa. centinun Lo aiv:!.da, aad uy

' trmfarn hto hraiu -aorophageu“

’L‘ha aheva ﬁnaiasa are nat in agreeaent with the preliainary
- report of anmll ana Wright (1967, snd raperted more f'ully in Chay.s).‘ :
.i'his dmnatratoa that tha oallular reaotxan to u;)ury eaulﬂ ba B
) ,r mduus& hy preﬁaus local i.rradiaticn. w:!.th a pr&or ixwaaiatieu doso T
| ‘of' !;,,OOOR the: oellular reaoti.on was reduced to half 'by the sewnth dqr
, after 1n3ury.. ’l'hia result suggants that the najority of brain . :
V‘Mrﬂphageﬁ ara Mt ef‘ haemtegenous origin 'but are darived :t‘ra
hcal 06118n ’.Phis viaw is suppor:te& by the findings of cavanagh “
“ (1968). who usiag the same technique ef‘ nra‘vious laeal Maaiatien

was ‘able te rsport a. reductien 1n the cellular respouae te injury of , 4

R »lZ’peripheral nerv&. In this case, k3 previous doae of 2,000R preduced

va !..2.5% reauctim in the cellular reaotian by the 11,:!;!1 da;y after nerve
omlh-. Similar oanclusiens were drawr to thase of‘ Honewell and Wright,

"' that the ma,jority of aells were ef‘ local origin anr’t n@t der:lved freu
. ,oirculating nanuuolaar uella. ' B .
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Possi‘ole explana.tions of the ﬁnainga of‘ Kmigsnark and Sidnan

will be aisoussad later- (Chapter 8). -

_,D Iuti'aoerebral infection with B. pertusais. .

- Bardetella pertussis lives. on the oiliated lining of the '

" respira‘bnry tract ami 13 the causative organisl of wheoping cough '
- f;in nan. - | R = o o

» The nousa was “irst usad in ths potanoy teat:lng; ef B. pertusxis ‘
,_",noaiuea in 1937 uhen nioe were infected by the intanasal route o

7 (Burnett ana Tilinua, 1937).  Ten yeirs later, Kendrio (1%7) assoribed

i 'che intraoerebral route of challenae.k Thia was shmm to carrelate

better wiﬁh the :f'iel& ’trials carried out on the pntenoy of pertuuis
' '-_vacc:{naq than nice ohallenged by the 1n‘cranasal reute (%aadfast 1958). N |
" the sisilarities betwaen the twe sites of imfectien ‘being the ciliutod

epithaliul ui‘ the respiratory traot and ciliate& ependyml oella which o

"11119 the ventricles of‘ the brain. Berenbaun (1950) a:nd Iida (1965)

- ha,ve repertea sae:i.ng the baoteria en the ciliated lining of tha opendamao "

, nifrerunt strains of B, partussis have been 1selated and these
-; 'ihave shrrm Ty be of‘ varying ﬂrulence fe:r aice f‘allovdng ir traeerebral
; inf'ectian. ’I‘hese atrains can 'bs baaioally classiﬂed 1nte tm graupa; o

‘_thaae ef‘ high virulence t‘or niae axui thc:-se of‘ Tow virulence.

’!‘;he virulent atrains eg‘, atrain 18/523 have been 1nveatigatea by
' sevaral wsrkers (Dolby anrl Stemfaat 1961 Blyth 1955, and Beren‘baun _

B et-a1.1960). These workers have shown that af'ter an 1nit1a1 ohallengo-
".'&.se -r organisn tharo is & rapid inltial fall in the baotariel ceunt



in the brain ’by a5 zuch &s 90“" o This Ievel v.as then maintainea isr -
: a. short tme bemg followea by S rapia nultiplication of the baoteria. J

- te e;l.ve a via'ble count af'ter 21,. hours approximately the salo as that
"‘nf the initial inoc-ulun. : Bacterlal counts - then increase by ten feld

” daily zm& all ‘mice c'ue when the bacterlal ceunt reaches 107 to 108

via'ble organisns.

{mti.l reeantly 1ow-virulence atra:ms h&ve received 1ittle o

' ‘attention and oaly a few br:lef reperua exiataa :Ln the literature. ’
B 'Blyth(1955) using strain HI5k, injeoteu 2 x 103 visble ox'ganisn; ‘these
aultiplied alowly reaching a naxinul ceunt on the fiﬁ:h day, then
" ba.ctenal oeuats decreasaa and all braina were aterile by the 21.1: '
-,dw Brown (1958) with strai.u 1011 injected 05 .rga,nis.ns; thaaa ‘

. nultiplied rapldly i‘tr the f‘irst 5 L,, days aad then rapi.dly aisappemd '
« tmt the brm. | |

‘ Humaver, in the last few years these low virulenca straho have |
“ 'been mere monnivel\y stuuiea (Aaus 1968). He has shewn that when |
_ @pﬁrxinately ‘302" organisu tf a lﬂv virulenca atrain (3.1772) ot B‘, . |
| pertussis are. 1n.jected :lntraenrebrany, thm 13 a 90% less ef' |
o argaaisn ovax' the ﬁrst hm (cﬁ high vlrulence strainn)- ‘rhey - |
then -ul'd.ply for & - 48 hours te reach a peak af‘ appromataly the N
| | "iait:.e.l inaculun size, hef‘nre mpidly disappearing fron the bra!.n, o
B whioh was naarly sterile by the fifth dayo | ‘

He also f‘aund that if the inoouluu was raised to between 105 o

. _}205 organim tha ‘bactarial counta renained at & high level fcr ﬂn_ '



o days before they’d‘iaappéer,ed from the braim, All nice survived.

Prior to our invest:.gauen and other studies by Adams sevare.l
Suggaations have been put furwerd to explam the e.iherance in reaponse '
' jbetween ‘hhe twa t;ypes of strazns. uocal »antibod,y productian was
, pastulatad by dearson ( 1957) and phagocytosih b.'ﬁf Brmm (1953) - The

' partioipation of bloed leucocytes, conr.only abserved afte“ the
| ]third day of mfaotien with the high virulence strams was auggested
by Berenbraun (1960). This Was further supported by the f‘indlngs of
Tida et ;;.1.(1965) who, after the induotisn of leucopenis by :uboutaneoul |
‘ injeotien of cortiaone, was able te aetect a cmsiderable reduotion .'m

the Isnso af the:!.r low virulence atrain (‘l‘ohama I) fruh 2 x 106 to

".2 x 103 viable 'bacteria. L
The liypothena 'thét blud leucecytes m respénhibié for the’
o imadiaoat&on of B. pertussiu intra.— nerebral iafaction waa the -

f‘starting point of eur inveatigation., .

; E. The: mem ei‘i‘ect. o

'L‘he effect of‘ Var:.ation in esxygen tension an raﬁiosenaitivity is

’1»Wa11 dncunented f'er oalls S.n tissue cultura and in sue intaot

e 'vnaualian organs. Using asoites tunaur cens Gray et..al.(1953) was

- —able tc ahu a narked Variatioll 1n irra,aiatian reppoase with dit‘rerent

| oxygen tensiens. Cells madiated in a,i.r were uore sensitive to

irradiatiu than cella irra&iated 1n nitragen by % !‘aotor oi‘ Zu‘!.
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Noel and wmt (1968) damtmsmtea & dose modifying fwtor of 2.69
: for mins nouse mu bones mwma in nitmgsn a5 ompmd with
'7 “oxygen at one atwsphm 'me unsitising effects of higher oxygnn
= tensions have baen suceeaafnny demonstrated for gming mouee ‘tadl
'bmu with 3 atmspherau of wrygen (Howard « Planders and Wright 1957).
| m qwltinn of the oxygen at‘fect end its potential applioatlom to |
R n&iathempy have been reviewsd Wr:lght (1966) and :m odern Trends m
B Rammmpy 1, (1967). |

‘ Howevet, ume inf'omtion eppeers to be available on the oxygen
- erfect es applieé ﬁo the imdiation of the emtml nervous sysm. )
.. : "'Wright and Shuell (‘8965) wore eble to report a proteotive eﬂ‘eet for
_. " n:l.trogen bmaﬂxing ammala, whzn brains were im&iatea with hi.gh aoues"
. of imdintion (50 = 400 Kreds). They were not however, able to
'demmmte senaitiaation with 1007% omygen,. in fact slight pmtection f
"ma maimea. With lmr éasas, 44700 = zf,m, & variable protection
‘was obteined with mia for brein irrediation (Qharples ana Jecobs o
| 1966). m.:, it wag asaume&, wes due to variatim .'m tiame &mg&
| mmlting from. anoxia. For the apinal ‘cord, Zeman (1966) amatra‘ked :
& slight entanoement of irraaiation danage with 957 cxygen (57 oarbon
- .azmna) for grey matter, tut not for white matters & factor of - 115
- m qxoted, as mmparea with animale mthing eir, z'hia field is
‘oloar:ly in need of further invaatigatiom . ' |

. m gm_g cﬁm 'tsfm ‘ rﬁme‘ ‘ gm gg"ubm tunours
The ineiacnce of tummrs af mnningeal ana nsumglm erigin

, in the mntm nervous eystem amunta for only 2 - 5}% nf' mangnmt



o diseanes in wan (win‘lu 1967) The inoidenoe "of spdnﬁm’mé'duném‘ o

nerma aystem tumuru 1in rodents, in particular the rat., 15 a 1ittle

O ,har& to d&tomim s ‘a8 few comprehenaiw mstigations ‘heve ‘been

;carﬁ.oﬁ mt. .

| ‘The studies that bave veen unasz-tam hawewr, have hcen
° .,‘vm unproductive regarding the discovery of spontanscus tumoure n-
' the central nervous eystem in rodents, In wila n'l:s, HeCay (1509)
found 103 'iumurs in 100,000 animals and Wooluy ana “vherzy (1914)
only 22 tumura in 23,000 mts, but none of thase were ‘primary. tunmrs
Aof‘ the mntml nemna system. Curtis at.nl, (!931) cm the other han&, ‘
~ on emination o:i‘ 3 ,868 rats found one C.N.S.. tumour, 'Y gangnomnrcma*

>o£‘ the optic: nerves - -

A nimilar patt-em te mpoma in mm. smm (4950) xepoma -
_mzy two wningcal tummu in '70,,000 mice mminoéu |

Thw va cen conaiude that the miaence of spontmews mmours

o of the éentral nervms syatem aru very m, and ean probab:,y e

| 1guorea as o factor :‘m the swdy ‘of the ef‘feests of minogms on

'the aentral nemua system

o '.cha ef’feot of implanta oi' chemim minogem .‘r.nto eha ‘bmm af'

' rodents hasmet whth uixed and often contredictory remlts, Soms
k Aworkera have raportea that eam’bral tummra are not pro&oeﬁ whﬂa e o

- ﬂthm han proauoea y high proportion oi' tumoun, both of *
o msningeal and mroglial arigin.
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m monac has baen most extenaively usad in the study of the
A_affacta of ehom:lcal earcinogeml on the brain, and as will be ahom

. later, has unti.l now heen a more suocessml animal to use than the

rate, The resulta howmr have still been very miable and so .’m the

| ‘pmious work that is qzotad I shall try and explain the varioua

: mmlts on the basis of‘ the differ&nt tachnicpas used.

- The first aignifionnt sucésns was obtained by Seliguan and Shear
. <(1939) who implanted pellets of 20 methylcholenthrene deeply into the

~‘breln of 20 male Gl mice. This resulted in the induotion of 13 tumour-,

1 of these being of' glial origi.n. .,hortly af'ter this, Peers (‘!92;0)
and Zismmerman (1941) producaa s:milar results with the same oaminogen, -
again in pellet t‘orm, ua.’mg albino ana CBH mice respeatively. _
‘_Zimmsmn pmauaea 26 mum (15 gliomaa) in 57 experimental animels,
‘the pellet waa quoteﬁ as being 3mm. deep within the bmin. Peew

| "pmauoed 32 tmmuru in- 87 aniasls of whioh 15 were nenroglia.‘l. in
orig;ln. In the latter experiment it was statea that the panet wu

,placed f’luah with the surface of the brain; The pelleta were

V cylindriaal and on avemge 2m. in length; them by natux'a of their
L:'implantatinn methad (tmaar and plunger) ‘the pellets would in a numbey

E of-.caaes, penetmte into the brain m: least 2“_‘”‘

'l‘hia carl,y nuceeas with mathwlcholant}menc fm mice has ‘been

aoaf'ima ?m mozv reoent years by a mmher of workers (Tabla 1 ). e



TABI.E1 :

, Intmenbml WM vith mﬂ;xloholantm

| _worhr x o Nos of migg | .__Ka. of t\_z_l_mm_z_m_; R tumourn'
"‘sm (1963) I 135'"' e s
 Heelst (1963) R Y B %
" Kewsi (1963) az . n2 6
LNishiw (1963) R 528 S - 9
| Zenias (19&) e B %6

| _'.rheu results thus oonf’irm that- mothylcholanthmnc implanted into

o the ‘brains of miae win pmﬁzm neep?.asma of both glial. anﬁ msoﬁcml
- .origin. Bmever the rssults are variable and tho peroonta,go of '

tummrs wma from 657 (Seligm end Shear) to only 9 %by .
ﬂishi!mm. A poeaible ezplanation of' this :ls in the ntrain of m:loe |
’ 5- saa, ana in support of thin, .both Niahikawa ana Kawai claime& _—

: 'hi.g}nr .’mcideme 1n mloumd micse than fm albim atraine. . Other .
:‘ faetors derivea i‘rom theae results a.re that; smnma '!sena to amlop |
V.,earli.er thp.n glimaas, an 1ntem1 of 50 aays is qm‘bﬂd by Peers, and
- 85 a:\va anuatﬁing to ﬁaelst* m m;xortame of‘ m is. wry ds.f‘f‘iault
.‘to mlu&ta, fm' Sato ahm& & highet incidenm 111 mlae (k‘l ;793 thun
femlu (32.'3:;); whila Feers olaimed the mmme with ® mtio of 6:2
famalez to mzes for gnoma, although the sex of ae'ran atmr wice
w}.th gl:lomau ‘f‘? unknm; In the two reaults with the highent
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L im.tdcme cf tumours, 65;0 (Sengmn ana Shear) and 5273 (Zimemn)

. only male mioeworo used,

: Another carc:.nogen to be used is 5.4 Benzpymne, althmxgh it

Fa ‘Z'-»:-;f.haa Onlif bgm u”a ‘in mice by Zimerman (1955). He :lmplantaﬁ fom,

:aubes of' carcinogen into the right oerebral hemisphem of' 51 m:lnou -
. }1;7 ot these m:rvivea mto “tumonr-beo.ring ege”® and 28 devolopoa »
" tumours, - of these, 12 were glial in nature end 13 olaseified s

‘ umem with one. mixea gl.to-umom. Again, as with the work uaing

o , mthyleolanthram. nammas tena to develop carlier, 2h5 days as -

o against 275 days for glioms. The tumoura were equally distrihntad ’

| L bctween tha aexea. |

o - fhe o‘cmr oaminogen rrequently uscd in cez*abral oaroinomuis

s 'ig 1.2.5..6& dibenmthreoeno. This. was first used b,y Peers (1939) *b°

| 's.mpmmaa 5% dibenmnthnaena in cholesterol pellets superfiolally into |
*the brniaa of mioo. 8o tha‘h the penetn were ﬂuah with the mrraco or
: '5.-the brain. The result cf‘ this experiment waa a smgle tumour,

'maningioma, cver sn onaemtion perina of twa years, Four yam lstor

Amam and Zimermm (1943) published a more poaitiw rasun unmg this -

| caroinogm with ‘11 tumoum in 21 animls. Zimmmn‘a explmtion of

o _=Wis wop twofold; pum ca.rcﬁ.rmgen aa appoae& to 5/ in oholeateml and '

. -.saoendly the strain of mmaa uaed wes cja a8 oppoaed to the albi.m
;uﬂeﬁbymamr T L Co _

Eaz-}.y attemgata to produoa moplmms in mta wru mt wry

- r-‘ij,mmgins. In two reporte by Oh“ling ( 1936)  who 91“’"’ m'm'

. fot bempmne mxbaumlly mea albino mts. | 'Ihia promoeﬁ no g.uoma,



- only thrae pih\itary adenma, and 12 aarooms fz-un 10 anﬁ hO _
. animls mapcctivela. Wen (1938) aleo fauea to proﬂuoe any

g.uoma in 6 tets which were 1njeetea with a m&xmu of dibanmthreme” -

| ane hrﬂ: A uiagle oamimm doveloped, nmund rhich thcm ua . |

o ?ﬂel‘ini'ba glial mmloma. :

A’bout the same - period, Sueet end Buuey (1941) uaing ao

o mewlcholanw ptoaum 5 tumours m h2 Wiatar ratt. The cxyshls

. ’of oare:lmgon were implantea in the cembmm and cembenm, am‘l ths

e tumwr types praauaed ware thme apindle-oellcd urcamu,

o ﬁbmblautm of the oarebenum end a lymphcamm nssooiated with &
= glioblastm¢ )

m nthar vorkera, zylbersgaa and Scherer (reportea by . |
, _.'Sel:lgman and Sbear 1939), pro&mea complately negativa mmzu, the |

” httez- uaing A% ‘banapyrem in m-a in 70. mta, ana the other using
S pnm oaminegen mjeoted aubaumlly mta 35 auimalss '

: !&am ucont vmrk, mtably by .Tapanese wom, has pro&mea

o 'gnms in mts ‘bm: the inei.danoe obtained wae atill not as hish a8

"saama ia ma. Kawa:l (1963) st the Gumman Sehoo}. of mmm has .
"_,,mao the mat extensive m(ly, ueing 20 methylcolanthmm implantad'

N into the mbacrtax, uerebmm ana cenbellum of 2*!2 rats of two str&m

" (i}omyu, 158 andmstar,% ). 'mmoura only (21) dwelopeﬁ in the
Donryu atmﬁn tha retmlta f‘mr msm being mmplutbly mmﬁn. or

tho 24 mmm, 13 were guom, 7 masoaema:. and one wu & mma

5 g gliamo Thie is a reault whi&h woula :inéwate that utmin ma

o ﬁmtor dn t}w mauotion of cnrabml mumru. b yeur later
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'Iahiaa (196&) with the some caminogen pra&med only e siuglc -
menigioma in 30 nnimale of the I)onm atrain

o Tha wm-k of Delome at t.he Chester Bcatty Instmzte (personal
| . 'mmnmtlm) was again mm&iw, only pm&zoing a aingle tummx-. ‘

o a xmntngiom. fron 120 Wistar rats, given an intmembml hplant

B P Benzpyrene, In his experiments the pellets wem carefully -

,vplaoeﬂ 1 e Em. beww the surface of the ‘brain (figa'l) so as to
‘lie half«way botwetm the meninges and the epen&ym of the latat'al
ventitoles. bnt involving neitheru Only a aingla tummr oooumﬂ
'_w!wre & pellat had wcrkea its way to the aurfaoa; '

In the above m&ew oi‘ sowme of the litemture on the ef‘f‘eotn
of ohemioal earcinogena in the bman a. rather confused picture

o _hetmen oomrative suaoess (Zimmmn 1944 ,19&3) anﬁ total failum

(Dslome) is pmaenteﬁ. Beapite thi.s X feal ‘several comluaima ean

- be &mmn '

. ‘h The import.ance of stra:ln - Thia is a point mised by mny of -
' ; .tbe maemhem uaing mdce in their mper:lmems, end in an axtenaiw
‘study Kawai mtea Y variatim of 'bem:m 60.&"’ and 25%’2 hxmouz-a in
dif‘t‘erent mam atmixm. A mm view wae put forwar& by ’

“ ,iztmeman (1944) after his ver:y extenaiva atndias on eembml

g uarcinogmeeim o o ’ B

The seme tm.ng oould bc stateﬂ namg mta for matms have

v"giwn near negativu results. The Dom:vu atrai.n on the other hana,
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R ) iuﬁaa by'm!as., produced. 2i tumours althuugh this repult wos not

eonﬂma by Iehiaa whose resulte were wrx compamble with those
for Wiatm. It would eppear that mioe on the whole ere mm
- .unaitiw to mtraoerebral implantanf caminogena thm rats.

| 2. The queation of carcinogen type may also be important s
gmethyzcalanthxvne is relative:ly mcessful in the pw&mtion of

eumours while benzpyrane, apart from the work of Zimmermen in mioo,

, hau mat w:lth 1ittle sucoess. The queatioﬂ of pure oarninogon againatﬁ -

', _"»,a dow peraentago in aholeaterol or lard mxs mind by zs.nmerman. It

K has however veen mtea by several workm that only minute anmnta

of omimgon are mqui.red (I;eitez- and Shcar, 19433 Byan ane _ |

| Shimkin 19&3). 'l‘he utter steted that 100? Submteneons tumours

~ were produced in c;n mice by G.Smgm of bemm and 0.12§mgs. of
| mtrwzehounﬂm, | | o | |

- 3¢ The qxaatian of aite is another factor whi.ch ey be of gmatar
” _‘_iuporbame. mmamn (‘!955), one of the most mmssfnl workera in

o ‘this f‘iel& alwegra plaaaa hi.s peuets deeply into the ‘bmin, or ta

quote his own woras "An eﬁ'ort was wade in theae experiments tc implant

| lthe cam!.nogan mthe:' deep}.y within the ’bmin ttemo, anﬂ in four -
| - Anstences where this mmltea in the depoeition of the pene'b within
‘the ventri.cular system, ependymobhatamn eevelaped" | Thi.e was true
of the work of- “al:lgman ana s!war who also pﬁm& théir peueta in &

p_--aeep position and proauoe& a high S.ncidonee of’ tumurs. Peers,

‘. the other hand, in his wrk with aibenmthreoem, phoed the



" caroinogen £lush wi"th' the surface of the brain end in aotng w0
4_prodnoeﬁ only Py si.ngle tumour, a meningioma. Other uperimenta ’
»b“_aarried out on. the mouse are a little aifficuzt to evaluate aa
- the workers only atate that the cminogem wera implantoa mto |
' the hralu. 'I'he exsot positioning of pellets in the nouse brain | : .
‘may 'be diffioult wing to its small size.

In the rat, 5.tn hrger sise mekes met poaitioning oi‘ the
pauat more fu-zme. Several workers, implanting pelletl subﬂurally,
' (Oberling. v.e:n, Zﬁberuc snél &mat-) havo produaed no glm tumonrs, =

oma a fev aaroomas.

The t‘inaings cf‘ Delom are. mn more m*cerenting, beaauu .

7 with the pellat in thia mid poutien he di.d not. M'olw the men.’mgu. »
o as dida the previous worhrs, nor dia he ixwolvt the 1a‘l:eral ventriclu,- -
- as aid Zinmarman with‘miae.' No tumura resultoa fyom this :\.uplant. |

Basing our work on the fin&ingu of Delome it wu éeuided to .
| placa our eaminagens 1n the twn poaition- thwb he as.a mt uu, |
o namely, mperficial and &eap to involve e:.ther the meninges or the

| ﬁlateral ventriclea of’ the bmin.
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CHAPIER IT

THE INFLUTNCE OF HYFPRTENSION ON IATENT BRATN
IRRADIATION DAMAGE

he oerebrel hvn‘avmi-aphan'a of sreung gélult rata of the Wistar
strein aged 3 = ) monthe and wighlng'appmiﬁa‘bely 200 graos; were. |

. irrediated unaer chloral anaestheaia with doses oi‘ 1,000, 2,000,

3000 end 4,000R, given laterally through the side of the head to B

v mat of the carebral hemiaphares.‘ Gmupa of six mimaln were imdiateﬂ

at esch dose and & further pix unimﬂiatea'animals we:fe ueed ss controls.

. The aperth was &plicétéd using hypertensive animals. m'portenaion
, 'm obtaima by a moaif:wation of the Koletnky kidney infamt methad

After irmdi.ati.on‘ the animals wer? .rehxmod to the éniml room

wham they were fed on Dizons W rat ‘cake and watar ad. 1.1b; The

animals were mapected dni.ly and weighed at r&guhr !mterv:la. '

A,

ZThe influence on survival

e mm'omma 1% to 25 months after irradiation, the latter

© time being apprbximafely' the novual life spen of the normotensive =

vnonuimaiate& oontml animls. The aurviwl time of all mimlu

© in this experiment aze given in the fom of & hﬁ.awgm (!!'able 2)

- ana the results are sumnarised in Table 3 ana ﬂg. 2, In tha guph, : |

the mean;suwivul tim!_:g after imaiation (for pmotioal pm-pouu'the






“‘!‘able 2. Kistagram ga.ving the latent pericd (manthe)
o between mraaiation snd death for nomotenah’e ‘
and hyperteneive irradiated enimale,

3 .?ignre 8-; lean 3.atent pericd between :lrrads.ation anﬂ
' &eath for nematensive and hypertensive
animaia. agamst daee of x&-raym o
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R E

S m an tha utant period) wﬁ.th thair aseocuted stm&rd errors

.m plotted againat the imaiats.on dosc. m.; aammatmteu t!w -

effeot of mnal hypertension in shortening the latent period between

5' mmaution e.na doath, in the 1,000 to 3,000R dose renge. ‘Tt also

Be

shwa that this ef‘feo’c is lost wi.th 8 ‘higher &ouo of !..,OOOR beeauso

 both the mmtem&w and mpemnnive a.nimls aie aftar & similer
- latent poma. Hypertensim it would appear, has 1eat its |
o pomtiating effects |

Weig&t ‘ah_g_nm' 8 anﬂ E eﬁi"blgg'ical aimk . R

K Nomotenei.‘u mmaza - xn a1l the im&iate& groups, animah

o lost wight tn the week follmiug cerebral irradiation, m.  was most

. '"mama in the !;,OOOR gmup whera B mean vreight loss oi‘ &."' wes

’ macr«aea i.n the first weeks By the seoonﬂ week, in the 1,000 - 3,,000&

| groups tho ﬂ.isht waight loss had ‘oean mga.‘..ma and the animlu
: haa gnimé waight élight}y. In the h,OOGR gmp the h‘«" inaa wu

=-_mainta1ned and a man might gain was not nbsama unti‘.t tm ﬁ.f’th .

R week af‘tze:e imaiation. (f‘ig.}). :

E‘urther might mcrems were maintainaa unt:u beimen t.ha

- 'Tmcma ana th.‘n.ra mth, when tha ma.‘}or-i.ty oi’ the im&iated animla
 lost waight quiw maaemy. ’op to 17 grams (9% of- mxzmm) m hat

inom&ﬂmlinthek,%gmupv,

In the growth curvus for female rats (fig.}), wh:leh praﬂomzmta

" in all of the Nomtanniw m-aaia.ﬁon groupa (Tabln 3). Y 5”
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FEMALE RATS 286
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Figure J. Mean weight increase for female rats following
irradiation, weight incresse being expressed
as & percentage of the mean initisl weight
for the groupe.
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| V&aprassion 1n the grcwth cuma i‘or the 2,000 L,OOOR groups E

~~cen be observed 2 - 3 months efter irradiatim, while in the 1.000R )
‘.group there ia only a slight dip in the ourves

| Animla recover quickly fmm this weight loss end fbllal 'y
‘gmth curve appmximate]y parallel to that of the non-i.mdium
-"aontrols, until s meximun weight ie resched. This mimm weighe_ a
| “is constant until desth or shortly before claath, dsepending on the
dose of radiation aﬁminzstered. L

, In the mima).s memng h,ooon - wught 1055 pmadea death,
| ‘thie arnmnting to 60 to 100 gms, n loss or }Oand 33,a of the

- maximum mights wer 8 periud of’ time ranging from 5 to 20 weekn.

"Ovnr this period, changea occuma in the rats' noml behavi.our. o
_ They became sgressive when handled, nt‘bemptad to 'bite or to Jump
out }of the onge, They no longer responded whgn e hand vas placed
nefaf the | cage, poésibiy ind;cating blindness. Iarge éatqhes of 7
 heir on thév beck end 1inbs mrq[zast; Ana:;ne"'m;ﬁg:ning hedr stood
erenh | | | o R
| nost of the animals rmny suaom!md mmight, ’but in a ainglc‘ l‘
- ‘b'oaae (Ra% BG) the a.nimal was faund constosed with the eyes sna naul .
rogiona aaten uway 'by tha remining mimls fm the oage tma was A
. therefore kmaa. | | |

In the 5,0003 gmup the piotuz-a m very similar. A waight :m(
et 50 -135 grems or 25 snd U5 of the animals‘ uaxiom weighta,



over o period of 3 - 16 weeks prior to aeath woe seen, The
.' "mumlagical M.gns were similar to those mentioned in the 4,000R
H Eroupe One animal developea ulcers and ecabs on the legs and feet
- to such_an extent that it was kxlled. Ianother was ' found comatcae
- end k'illea.,‘ . |

In the 2,000R group, four animals diea suaaenl;,r wzth no weight
' loss, while the other two animals in the group lost 70 ana LO gramg

over a short period of 2 and 3 weeks, raspeotively, prior to death. )

) The animals :ln ‘bhe 4,000R gﬂoup ai.ed at approximately the same
: tima as the non-irmdiated controle. '

| Hypertenaive animala - The }wpertansive :lrmai.ated animls, '
un:mce the mtanam irradiated gmp, shcwea no weight loss two
: ’tc three montha after 1mdhtion. No oonolua.‘sm uan ‘be arawn t‘rm

, this, 88 in the mpertenaiw gmxp ‘the maaorzty of‘ animaza were mles, '
(Table 5) making ﬂirect comparieon ot’ weight ohangea impossi‘oie

- becauae males grow at a faater rate than femlem

- With the higheat ‘dosie (luWOR) five af the six rats s.n the
' gronp aia& aftex- 1oning wa:tght for a period of 6 8 weska prior to L
'_-'-death, (i.an 20 - 150 srams nr 7 w’ of the mximm bcdy weight).

In an wa,yu & aimilar pictnza to the h,eoon grm;: af nombensi.vc_ S

mtn. The sixth anlmaz of the grmxp, which wa.s the firu‘b ta aie ﬂw,g
’ «'manths af‘tm.‘ i.maiation, aia so auddenly with no weight loas.



 : -‘&9" : .

In the group - receiving 3,000R, the last three a.nimals to 61& |
- nfter a latent pericd of‘ 5% to 13 months, showed & we:lght loss prior :
 to death (w ~ 100 grems over a perdod of' ) = 8 weeka), whils the
rmt three animale in the group aled without eny welght loss, Ome
of these latter three rats aied suddenly whne the other two bec;\ma |
sami-comatosea i’or approxmtely two weeka px-inr to aeath. - For exsmple, |
. mt 92 which as,ea Bix weeks after imdiatiom- o |

o man days priur to death it was found in a l'nmchea, notionloss

 posture apart £rou spasmdio mmentn of the head to the right, -'

It was very cola ‘and the hair m mffzea- 'l’he pnpila were emell

ana the mspimti&m rate slw, 7_6 mspimtions per mimta. Two.

days after thia it showea signs nf improvement althmgh on oacasians“ |

it muld ba found hunche& in the sommer of the cage. Hmver, ten

days after the initial cbservations it was again desply comatosed

und unable to mai.nta:tn an upright pcaiticn, the. Iinbs 1acldng maele .

| T tansian. Tha rectal temperature vas rworaea es 5&«.20, as oompaud S
with a normel of 37.5° to 38°0.,, and the reapiration rete was slow

- and irreguzar, 50 reapimtions per mimte. Ai‘ter ﬂaz'thur |

aeteriomfm t}n'bughout the aay the animl m kmea.

In the 2,00011 gm.zp of hypertenaive anhala. an but nm died
 euddenly without eny weight loss, the single exception :u:st 100 gra. :
in the relatiwly short period nf‘ one week prior to ﬂaathg »

- :All the animalqin the 1,000R group dled 'suaaeniy.»



. ? 0.
| !l‘he number of animala dying suﬂdenly in the nonmtenaive an&
' )wpertensive irra&zatea groups are given in Tabla he

ngv of sgaa.n g Promg;x_g_ deaths/muber

, Imdﬁtiﬁﬁf doie (r) -

| mmiﬂ“ S 5/5 | 6/6 o 3/6 Y

b ‘:{‘he animls 3.n thia gmup wsre not classifiea 88 havz.ng
- - diea prem’mre aeatha &s they anrviva& for the seme
s .'msth of‘ ‘tue av the mntro:.a ('I*a'ble a) -

g E Sudaan dae.th in dcﬂned as mimla whﬁ.eh ai.a wi.ﬁmt
S wming or thosc laaing weight mr an inteml of not
o more than ewo mks ‘prior to’ duth.

o o Pathologieal ﬁnﬂi_ggs in 1mamaa bradn o
| The histopathological changes to be foun& in 1maima braina _
at tha ti.me oi' death can be broadly o:],auifiea into the fcllowing thno -



. groupsie
. !’mmtic‘ ehange'n ”
E 2.»'v'vaseu1ar changes ‘
B 'ycther dlsm&t changaa. i.c. » changea in the subcpenmz. |
plata. o ' o

1. Levge neorotic areas ccurred meinly in the White natter, with
 some 'depcsiti;bn of caleium in a faw ‘,i"sol_ai:eka regionse - Cliosis wes
mrkadly abéentl‘in and arca»md,the_némtic mé.a. o |
'rhe ame most commonly affectea tera the intamal eapmla
(£ig, 4) and the f‘ibrium hippocampas (i‘ig.s)c , m necrotio areas
| ‘m nearly totany aaanular with no noticeab),e glial pmlifemtion
, '_aroun& their bor&m. The mcrotic araa in the fﬂmbria hippo@amgus
| noaasionany &‘bonﬁed fm'bo the hippouumpus with a 1055 of‘ mm oella
o rram the gyrus aantatua. ‘I’he optic %racta and nptin ehiasma, were .
' oi‘tan avmplately nearotin. (f‘ig.G). R | |

Only mrahr wre vaacmlar- Lesiona assaciatea with thaas hrga
necrotic ‘aress which were uways mutriatad to the whita mttm

| o No large areas of neomsia were ever found in the aembml oor‘bex,

- ﬁimsa&pm foot of n&amsie wem fmmd in tbe cerebz'al ﬁoz*tex bwk
theae wem restriated entimly te the !wpertsnaivu gmup of tmimala.

In tha lwpertensiva animls ﬂsoular ahangas wert anaooiatad withi Lo

the neomtia area. Fa.gure 7 ahuws a typical necrotic focus amm a
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superficial hyalinated blood vessel in the cortex. Figure 8 shows
slight cedematous loosening of neursl tiseues around a slightly |
auatad bzcoa waselo Thiming of oortical ti.eaua was aho -

onoountama. o

Dismtc vascular changes were alao observea and these omld
' be cﬁasaifiaﬁ into several brcaﬂ gmups:- :

. B Haamdrrhagia fool were encountered around M?. aume blood
-‘ vcsuls. !ellmish brown pigment wBs fuund 1n tha glm oans ‘
_aurrounaing the blood vussﬂ. (?15.9). . ‘ S

be mams.a neamaia of blaoa wssel wailn waa a vary comon _ |

| feaeurs, partieularly in the thaiamic an& Wpotha}.amic vegions of

‘the brain (f'igﬂo) ana uam omsiomny asmiatea with what . |
,'appema to be micmaneuz:ym: (Fig.ﬂ)- | o

: :a. Round 1uanimr baﬂies which contsmad m aalcium w be termed
‘wwloiﬁ bodies, mra found - - in czose pm.’t.mity to blood o
' vessels, In some uaaes, they appeareﬁ tt: bcclu&e the wsmls-(i‘igﬂé);.

 :&’ Thmmboeud blooa naseia were acmutnnany fmma fm nomtensivo
| anﬁ Wrtenaive imﬂiatcﬂ animln The exmple aemmat!'a'bea (ﬂg.
. 12) ie a large thrombus na cortical mrface veaae:l wh.’f.oh waa - ;
"'alcarly vi.s.tbxe to the naked eye. An interenting feature umh&eﬂ o
»w!.th this throm:a wen tho mn area of nacmh fomd & utm ‘
wore posteriany to it in the bz-am {ﬂgns). Sm of these thmubi
were celearly mt of vary reaem: crigin, for maenoe of vensvl















, Lo S esee |
| ':m;)ening ocould e obaemd with mropbggo mm lining the .
vamlar oavity (ﬁg.*lb,}. Qoolunion of' \mase:.a in the clmmia gﬁmt

o was another futuz-e (f‘lg.‘ls);

, ,”en Hsﬂiniaed blood voseel walls wem, as stateﬂ in section 1 fonnd
- ‘on the oarte: of )wpertensin ra.tu. Ocaasiom vessels of this" type _
'vqre-founa in the normotenqiw snimals in the thahmio rngiqn,(!‘ig.i?).

3 e mbepeaaym; plats, which is s ﬁry :ammot»mgim of

. o-:m foun& amnﬂ the antarior pu't of the hteral wntrioles,

;exhibltn striking ohanges the smrs.ty of whs.oh are clearly nlatod

to aoae.

' In the L,OOO a.nﬁ S,OOGR irraaiated grmpa the aubepenaymal 1a;ynr
- which ie normally 5.dentified Ty its high nuclear density (ﬁgdﬁ), 1s
h not pmaent and the su’aepenﬁymal :mgion in cloaa pmximity to the
_ datersl ventrialea 1s almost amoham (?13,19), - 4

This 13 not the cose ni’ animals xeoeiving dosaa of' 1,000 an& .
. 2,ooen,wm the subepanﬂyml lmrm mm found toba ntacts
| : m e:mmple given fm figure 20 ia of & mt reaeiving 2,000R and -

-dys.ng 15% months after i.maiat.ten. 'rm m“bependymnl plate in thi!

¢ame aumpms very well with that of the mmimdiatea cﬁntrol o
,mm (fig.ﬁS). ) - T

‘Fiw of‘ the ‘seven longest aurvi.ving ratn (15 mnths) 1n thc m
‘ ‘.highest aoae groups, showea changes 1n the corpua canosum, In three o
" of thess five mﬁnnla cbanges nra uwn wi.th oauaidembla '
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. deatmc’tion of‘ nvel:.natea f'ibras. Th:ls results in the oomplate L
- deatruotion of the orgam.satmn of‘ the corpus callcsum and the appaarame
| | r-ci‘ 1arge cystic spaoes (fig.21). In one oaae ‘there bas been a Iargo 4
jint"iltration of small dark round nucleated eells whioh are of
_&oubtful cellular type and origm, (ﬂg.ez). In anothez- brain, large
' sbaormal multinyeleate manmphagu are ‘observed in the corpus
| ‘oallomm (fig.zs) which ave in ww wa,yn nimilar to the ;‘bnomal
; mrophages eneountered in wounde& ams oi' previoua:w irvediated | .
- braitxs (rigghﬁ). Depcsiti.on of foaqy v.-clla m also anoountom& 1n E .
‘ ‘1- the corma canoﬁum, (fig.EL). : - . .

) In ] single animal in the !y,OOOR Wptrten&w 'b!'a:m imﬂinﬂon |
mp that aled 15 months ai’ter imﬂi&ﬂm, mmma abnormal mitotic
| ‘ i‘iguma wm ohaem& .‘m the mperficial mgiuns of‘ the earebml
‘:oortax (f:lg.zs). 'l*he nuuibar of mitnais muntea to batweon 10-15 p&r, -
aeatiam The m.’a.totic figuras were i&antiﬁea ae abnoml utrocytu. - |
" 'Ehey did nct appear to be sssociate& with any other a.bnnmal featurel N
' ‘.in the cerebral cortex-. L .
o Ine cne a*t:har mt ( 1,000R hypertensiw) s vary extausi.ve tumour oi"_'_f
‘ bglial origin waa fcuna thrmglmt the brain. ’I‘he ﬂatail&d histblogy
b of tu.s m another mamwn maaeea tummr are aea:u with m
o _Chapter 6s

De Eiattihgtion of leaions :i.n :s.rra&iataa bmins
me aegm ‘and aite of ﬁelayeﬁ raﬂiation changes in the m-aa:.aua
bnin Mﬂ! mrding to the dou of radntinn giwn. Tha Wﬂensin .









L .66~ | o |
or mmntmsiw mnaition of the animal alao inﬂnenma the type

et .'uasion proéaoaﬂ. I?aah group win be camiﬂarea in tm-

i "_‘“1. ze mﬁggiy_g |
n.oocm (Figs.zs & 27) | A
o | Animals in this group aurvived for a mm latent perioa of 10
"months aftar :.rméiation. Their brai.nu ahaved the moat marke& 7
- histolegmal changes with 1arge eystic aress of nccrosis rastric'bed
almat ent:v.raly to the white matter. ' |

, me hrge ame or mmsia were mst aommonly found in the

; ini:erxml capsule with all but one of the mimls amwing aegammtian

to aome axtent in this ragi.om Iz: one bm:t.n a&mm aomplatu

deatmction of thzs region on the left mda had occumd in the section
“-oa:amimd. Beth aidea of the fn.mbria hippoaampus were oomonly '

L i: _affecbea (five out of six animala).. In one animal the mamtie area

e 'haa extenaaa ta .’mvolva 'che hippooampuu; ‘ e '

Complete mcmais of' the aptic nerve end optio chiasm m ‘

‘ ohaamﬂ in three animals of‘ thia group. :

) Small areas of necrosia were noted in ths aarpus oal:lom of tm
| lengest mrviving ret in t:his graup. It my he of impor‘bame te mﬂr
that no nawrotie leeima were obaama in the mmhx-al aertax. m |

‘rlesions that as.& ocour were anls aeoasimlly aaawiute& with

. vawular ﬂmnage, am waa tha oaee with rat 25.

. Slight vaeoular d.amage dxa ocour in regions well away fmm tho .
. large amas qf nearoais almwy mntioned‘ : Regions affeoted wnm -
' the meainn pmopmuu mcleus (imo caua) and the median dorul R |
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- |
meleus (one ocase). Gliosis was not assoaiateﬂ with any of thess

‘ 'nacmtic or Vasculaz' 1e51ons. y

3,000R (Figm 26 & 29) |

Aa in the pravions grmp oystie arens of' necrosis wore pmunt '
) ‘but not to the same extent. My,wera._as‘bef‘om,_matriateﬂ to the
white matter in the intemal capsule and fimbria hip;éocampns anﬁ
‘ extmdea into tha hippom\mms and corpus oal:.ow.m in the longe!t
aurviving animal of the gzmp. The opt:.c nem and optic chiasm a
. were affectea in threc an:unala of' the group. Gliosisv was not

- preaent in or_ amuna any of tbev nacmtic :fegion's.

B Blocsé vessul ahanges were mem evident than in the h,OOOR group.
. ’?asmlar &amge wms aga:in reatricted to the mgim of the medien

| preopticua rcleus, the meﬁian dorsal nuolaua in 'bhe hwpothahma,

‘, end the 1atera1 ﬁmlamic mclauu. Amy:loid boaiea were eﬂ&mt in
two bmms. | '

In one ani.ml thare waa evidence of vaacular Daeluaion anﬁ nouroa.'m |

'of tha choroid plms in the lateral vantrml&s.

2,00022
Only slight; vaseulﬁr aamage oaula bas aean in oi‘ the mimals
| 1n tHe gzw;), and th:'w was maﬁ.n:l;f xveatricted t.o the chcmiﬁ pimma.
~ The remaining animals in the group ahowed m changes in the wetims -
- of the brain mud,ned. o . '

No abmmliti.u oould be deteutaﬂ in w of the mta u the
1,000!1 gmp.






. et
o In this ser:l,es of‘ animals on.'ly thoae in the L,OGOR group ahmd B
‘ arw of the 1arge rreas of necrosis that were fmnd in the B,M

. and h,OOOR normotensive gmups.

| ) ‘A.OOOR (F:Lgs 50 & 51)

o 'I.‘he necmtia maa, an .’m 3he comapondins normotenai.vu wp ‘ :
of animazs, were founa only- in the white matter and this in mainly tho

L inteml capsule end optic chissma. In the longest aumung anmu

in the gronp spaues were found exten-ively throughout the- corpna -

‘eal].osum. In an- animal mmv:.ng for 15 months after irradiation

- ‘almat complete destmctwn of the central whzte matter in tha

i i olfactory bulbs had ocmmﬁ.
Bzood wsael nhanges weu also present in the thalamio ana

hypothalamie mgions of the brain.

Only one animal in the gmup dia not exhibit theae groas '
1mdiation ohangas. This was the first ammal in the group to dit,

SR 5 monthu after ;s,ma;ati.an. Thickening of the muacle nn of uomu

mpcrficm cort.toal arteries ‘being the onl,y abnorm&l faattim.
- 3.003R
. Denage of th" Ws"‘ﬂa? *-3’9‘ only was deteotable. %hia ﬂamagc

: ~lwaa restricted to the cortex ena hypothnlmio mgiann. mll reeal

| -ama of necmsis were oftan associated with theaa vamllr leniw. z_ e

. One animal aied with markea 1ntama1 hydomphalus, tho m-o oaf
which oouz.a not e aetemiua. | | ' |
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Figure 30. Distribution of lesions in 4000R irradizted brain
of hypertensive animal after a lztent period of
8 months.

Figure 31l. Distribution of lesions in 4000R irradisted brain

of hypertensive animal after a latent
14.75 months. period of
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2,00012 o |
5 As in 'the prweding group the only damage fcum! wag t::t’ the |
acular typa and wes mainly restridtea to the highly vamlar
cerebral corﬁex The vessels oi’ the choroid ple:ms were also

affecteﬂ. :

| 1,ooon
Unlikae the brains of the 1,000“ normotensive rat:s where no changes :
were found, ‘ahese ammals ahowed vasmlar damage which was associated

with small areas cf' neorosis.

One cf‘ the animals in the group aiea with severe inteml
!vdrooephalus, posslbly resultim,— f‘rom recant extenaive haemz'rhage

in the basa of the bra:.n.

Thua latent cerebral imdiation &amage :in the normotensxve o
unimals seams to fo:llow a recognisable p&ttﬁt‘l’h In the 24-,0003 gfeup
necrotm areas sye fmmd :Ln the decgar shite matter, Vaaoular aamaga

- ':i.s restricted ta the thalanﬁa and. hypothalamio regions, A aimilar
i‘ "piotuvc emrges .'m the 3,000}2 group with more extensive vamle.:‘

l‘aamage. In the longest surviving enimal in these groups the onrpns |

. eallomm i.s ,aamgea. In the 2,000R groups only vag‘tsular 6amage is

' preaenté —

In the mpertensive gz-oup of anfunals, the 4,000, 2,@90 end 3,000&
groups all show vasculer damage with thue mcasional foo:. of mmaim
In the A,OOOR group, white matter degeneyetion is again in evidanoe, the :
iengor survivin.g animals showing aamage to the corpus calloswn, es in |

A .:*tha nomteneiva EXOUDH.
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The f‘oz,low:ng chapter gives an aooount of the vaa:umimry.

maitg.mbnslwﬂ previcusly (Hopewell & Wright -‘1967). The
resilte have been amplified with the addition of & ocell labelling
teclmiq» nim‘llar to that used by Spector et.nl, (1965. ses |
¢ha§'ber' 7) end by tha ﬁée of high &aa& mtéa ofreiectm to

’ -elimimu offeets dus to 1ong imaiation ptr.‘so&a necessitated

by our xwwa souroe. Gnmbml }.edom were produced by
't'raening fron the outslde surfece of the akull (sea Chapter e
m: method reduved the risk of aere‘brni mrma.m and avoided meohanical‘

'. as.-t_urbm of tissues, It pm&meﬁ a nniform»moar Md 1uipn

~ on the surfase of the brain 2 - Juu across ond 0.5 - 1.0m. deeps
 The leston was clesrly depicted by the incorporation of trypen blue
whi.oh in phagoeytosea by ths mrxapbagas in the leaion Hietalogicany
& markzed umﬂar reaction wae abmm& in tm mtm area of
neorosis whioh vaa mi.mm 'by the seventh day. In m ‘nmm that

© had been previously irradisted this cellular reaction wes reluced, -

- the mﬂuatisn bedng dependant on the dose of pmr frrediation. |
3 m pathagemaia of the cellular mctiou resulting from rmning
, wuxy will be disoussed :mar in thia ohap‘bam o -

- Ao Bemlte L
 0el1 counts were uade within thé lesion. To minimiss
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B mbjcctiw umrs. thaae oe:u ¢ounts ware maﬁe by uning ﬁn

- i’cnwing stmﬁarﬁ pm“:. Counts were narried out wheye

o tha lasianm 0¢5m. in dcpth. u-ing e aquma oocuw cwe«-pim S
‘aad 911 inmarsion ,'Lens (nn.gniﬁmﬁon 1,050) & pmportim of

o .; eans were eounted in four aonseoutive aress (0,86 x O.Bém )
o perpendicular to the mrt‘aoe of the brein (rig.sa)., me eye.

pieoe ms mbaivi.ud into 64 smaller nqual squaren by & aquma o
B (mtimla (B x 8) and oells in aztomte colums of squares (1 x 8), |

',‘vperpenaimlar to thaa mzfme of the brain m countta. Thas

_the cells 4in 32 sm.u nqua (h&lf the fism m) vw& ommtaﬁ.- |
" The rusber of cells waa eatamud 'by count:lng malei in the o

A ;mpuwaaa axes.

A Up to f:tve ommbiﬁ aard.al mem were mount-a ons
satde and from theee & minimm of two ssations were counted.. -
: Mtampts were made to awia hrga 'biaod wsult and obv:lws

R "ms.fms which mm alenrly pmam an ervonsous result. _; 

} Xnthemmhaf mn counts’ &mmtmtaa (Mh 5) thu
' 1’&26mm,£,3,ﬂmdnmmafmmmwm

B -turf'm uf the lusion. The mean coll mn% S.s muxma t‘m ;

the m rats in aachgrmxp and expnawﬁ 8s & pemnwsu of the

” mn mn emnt for the m«-maaiaua contmu {230 wns)g 0
- of the ﬁ'eammﬁ inmizﬂtaa ‘by thin table 1: tha un:&i'am&ty of
I oeus within tha aounteﬁ area, a reahuv that wag. twt anticipato&.

o An grougs 1:1 the 220KV X-m exparimnta m mﬂe up of a:lx

"].,‘,"M”,’






Cell Counts in 7 Day Brain Wound.

TABLE. 5

TIrradiation.

Injury llade 3 Days After GOOR

Rat No. 1 2 3 A 5 8 lean cell
Pield | Section Mumber. count per
area. =,
I
1 2 12 12 1 2 1 2 1 g | Tield area.

A L3 LS hWo L2 33 by L5 35 38 37 40.67

B 39 Ko Ly L5 16 36 b5 4 Wy 42 L3 37 41.83

¢ hS 43 35 hi LG 36 35 35 33 38 2 39 38.58

D L3 16 L7 39 35 40 Lo 3y 36 37 35 36 2.0.08
Total

cell

counk, 170 178 £6 170 160 153 173 155 W5 155 153 153 167,

Mean

cell 17, 168 156,5 161, 151.5 153 161 .41
count., . e L N

Ifean Cell Count as percentagn of non-irrvadiated control - 70,073

- L—
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'!hc remlts are ahmm mphically in ﬂg-BE» It oan be |
: sem that the cell counts fall off mpi.dly wlth douu up to 800!!

‘but’ that with Mghar doses the fall off :ln oellnlar motim
n&zm. 'l‘ho maximnm reduct:lon is appmimataly 50%1 with'a

- pravimn 1maiation dona of L.OOOR. -

ir the 1og of' the cell counts is plotted againat the expomn

L dau on a 1inear scale ‘the dose response mbe exprossed as -

| two straight lines (fig.}k). An interpretation of thase two l:lma
" | ,13 that thay rapruont m ccll populaﬁom. It appema poaai.bh‘ o

_that the mnmr s}.ope might ropresent an anoxic cell fractton

“ posas.bly ooaunvin,g as a xesult of mild lvpothamia at the time of
imdiati.mh Thia m turn’ bsing 2 comanem of Iong 1mdiation
'pamas. For exauple 1t took 50 minutes to give a dose of z.,ooon |

o __-.with the naximr 220kv X~ray mmhinc =y mt's body tompentun '

: ‘ca.n fan from appmimatﬂy 370 %o 31“0 ﬁ.n ths.a t.’t.mo. L

. Baomae of the difﬂcuzties ai‘ contmning bo&y eemperatam
| uslng conmtional 220xv K»ray- th& mtperiment wae wpoate& uaing
8 MeV electrons fron the linear amlmm at the Fost Greduate
| "‘Medim School, Hmmmith. “;.’_ : .

Thia mb:ltd a:ll daau to be ammueema ﬁ-thin a uimihr

o 'tim Lntaml of 1 - 2 mimteu so that an ani.mln weza 1mdiat¢ﬁl o

 under sladlar p}wni.olngical oouas.mnu. o

m Teslis obtained (f£g¢35) are muu- to the pnvioua .

 remalts nsing x-ma which disocunts the bypntheaia thn.t ndld -
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Figure 34. Semi-logarithmic plot of cell counts/unit arvea of

lesion, eXpressed as a percentage of the controls,
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hypothermia producea-an ancxic fmtibn of’_oélln.'

AJ.J. the msultu 8o far oitea have been for a.ni.mla
: imdiatad thme days prior to S.njm. In a furthar stu&y
'nsing fmr G.oaes the S.numl betman maution and injury ‘
was -m-s.ea (table 6). 'l‘his produced no ugniﬁoant variation
| 4n the response obtained even when an 1nterva1 of six months had
elnpsed. .

Tha Binpleat exp:.anats.on of thess mu:.t- is that local cells j
are damageﬂ on mﬁhti.on and that this mdi.atinn damage iu ;
mns.raat when the oem are atimlate& to am.ae ‘by injury. Thay 3
fﬂm either £ail to divide or dle, It uy also follow that the

. oell populattan of the oere‘oml corbex 1n a atatio one beoauae |

| the reduotion in oellular resstion is mot affected by incmaning
‘the inteml batnen imdiution and wm. Radiation &amago -

| it woula appear, is "etoro& up unm the oells m stimlatcd

| :tn divide. ’ ’

Far this huvpothaain to. be tme we mzt puatulate tha‘!'. 'ﬁho e
: majoriey i::f bmin mmphagu m oi‘ Iocal origin ana not
: darina rm the gencral oimlation. '

B P mﬁ‘mgia ‘affoa,ﬁeb:'-ai'légiom E
A batter m&eratanding of the pathagenesia of the ccllulat*

reaction to acmbml injary in mrmal and irradiated brain was
| obtained fyom the vstudy of the »bra‘ln leaim of & sgrd.n of



TARLE.

6

Cell counts per uvnit area

lesion os a percentage

of non irradiated conbtreol

Lxposure

Dose (R)

200

2000

Latent Period Between Irradiation and Injury.

3 Days

3 ‘Weeks

% Months

£  Yonths

83..711.73
6)

7068 55

(6)

61,1281 ,),0

(6)

8., 352,30
(3)

73.13=2,21

(5)

61.83%1,80

(7)

in each group,

The figures in brackets

Th.39%3.37
(5)

62.30%2,08

(5)

72.21%1 60

(5)

62.26%1.87

(5)

indicate the numbar of animals used

’15§~1
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animalu mppuea with tritiun labelled th;ymidine. This
A iaotopimlly 1abe11ea INA precusor was aammmm as.thnr prior
to in,jury or attar 1n3nry one hour prior to Bmth (ue c‘hapter 7).' o

}?airu ot‘ aninels for each thymiﬂim tmtnnnt were kined

- ‘ut :lrxtemls of '!, 3 and 7 daga at‘tar :lnjury for both normal and
previously imdiatea braine (2,000R), This soheme proviﬁe& us
with a comprehensive ploture of the oellulsr :mcticn to injury in

""noml and prwiwsly 1mﬂiate& brain up to the tim (7 aaya)

'uwd extenaivoly in our previoua mvestigation.
oY
., ~ On the fma day a.ftar injury the mgea araa waa nearotin
mﬁ npo.rt !‘rom polymrphs and the omsioml palely atained
| ’kmclms 1t was campletely devold af cella. In the oontrol mn-h |
o mautea loaion given & single injection of tbymidim prior tc A
 death, s few 1ebelled mlls were to be found in the periphery of the
 neorotie ares both in the meninges (ﬁg.ss) and in tha adjesent
'unmauma bmn. Pelymorpha were very Common ;Ln 811 parts of the

o klcaim. - The 1euim waa not aiet.imt, its borﬁerz mamm merging

with the noml tiasuea of thc bn“.lrx. In tlw oomamblc pair of
| 1ooa11,y 1mﬂiat¢ea mimlu, the lauionn wm aamxm nud m«ma
 oells wem to be foum! ahout tho pcz-ipbmw of the leaiom Ouly

' oocasional :mmma oells wam £0 be found withiu tho puvimsly

" aefinea (rtg.yz) oell emmting sress ('mzo 7).

‘When animals had been injected with & txwms.axm 'p;-igsr to



TED

IRRADTA

TABLE 7

‘Total cell counts per unit area of

lesion, with its

A~ 3 thymidine prior to injury

associatéd cell labelling index
Time after injury (Days)
1 3 7
A B A B A B
'otal | Lab Total Tab fotal [Tab Total Tab | Total | Lab Total| Lab
2245 2 24425 0 165.5| 10,51 163 30.5 200 L 209 5
23 I 25.5 0 176 7+5 | 147 22,5 208 3 229 3
24 3 27 0 102,51 7.5¢ 119 2 122 i 113 2
21 6 25 0.5 108,51 10,0 124,51 1 13k 845 424 L
1 -
L

B - H) thymidine after injury

Tiight animals were examined at each time interval after injury., Of these

four were previously irradiated (2,000R) and four acted as non-irradiated

-cQ -~

contrels, Tach group was further sub-divided into animals recelving 13 thymnidine

either before or after injury.
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s.njqrvy snﬁ ki.llea on. the t‘irat day after injnzy labelicd

. nonnmclear celln were t.o he f‘ouna within ths neomtic ma. o ‘

B Labellea mue wre uau.ally assoeiatea with groups of polymorpha |
‘A few were founﬂ withi.n, or 1n alose pmximity to vessels of the L
' intact rmminges. This was a f‘eamre that. conttasta mx-kabl,y with
 the mumerous Bpindle shapad neningesl cells la.'belle& in thia mgion. _f

‘in thc pravioua grcupa. ?olymorphs and labellea cells possibly fom )

the min oellular oomponenta in the ccunted area at this’ tmo j o
- (haemotbgoms oelle) No aigniﬁmt diffen&noea between

o imdiatea and nomal lesions coula be demtaa.

| Me days artar 1n3nry the appaamnce of the noml md
| ,imdiateﬁ lesions were atrild.ngly dirrerent. 1:1 t.he contml
‘lesion given & single dose of H3 tlmniam one hour pr:lor to | ‘
death numerous lebelled cells end lergs numbers of mitotio figuru -

o “were obmma‘ La‘balle& cells again preaominatea abuut the

e peﬁ.phury of the leaian. This was in the npimne ahaped cella of

'_ , the msninges and in ceun in the brain paremhwma, alo-epmimity
 to the 10310!1. “The majority of these cells had m;z dark round

| "‘nualei ohmcteriutic of mﬂ.mglia s1though . rew with hrge paxe

 molel were possibly astrooytes. Mitotdo figires snd labelled cells
‘.‘fmm also present in tha J.aaion. Vusmﬂar endothelhl mlla wom o

" also eozmmly mmnea or in mitoﬂh (fig.}?). m mtro of‘ bhe

1uion was mmtic although thera had- been scme invaaion 'by
Iymrpm and the ocoaaiaml hbanaa oell.



”7”:-‘8’6 f-

In ma.rked ocmraut in the comparabla imﬂiatad J.uiom,
hbeued c&lls and mito'bie figuras were rare (tabla ?)- Tho
’ ,’mnoml smell gx*uup of 3 or 4 lebelled cells were to be found
1n and amaa capi].lwies. The co'.un may be maamphagca enhmlag
o from the blood and aynthesi.aing INA 4n pupmtion for division ‘
- (fichoB). A m: abmrml mitot:lo figuru were to be found (ﬂg.w)-'"

 Inthe animla raceivlng a3 thymlaine before. mjury, labelled |
: cells uro found m the lesion but not in such Inrge mmhcrs as

‘ :‘whon thc isotopc was administerod arter inaury one “hour prior to.
death, A qu mitbtio ﬂ.guua wera 1abened although the mjority

R “were unla'benea (i‘ig.39). No: umlar endothnlm calls were

" label2ed elthough lsbelled oells were Tound in olose proxiaity ¢o
| _-aapiliﬁx‘i.ea‘. Only e i‘ew eenn about the poriphex-y of' the lesion

" were labena&’

| zxi praviaﬁ'siy imémea brain, .the‘vmmbe;r of mama‘ &11» |
. in the J.esion, whan n3 th.vmidiua was ginn ‘befort 111.1\1!’3'. "rt
o aimilar to the numbera found in the luaion of non &mdi&tad bmin
| (table LB Abnomal mitotic figures sna cells uith hors |

L micronuolei (mioronuoleated oells) weu roumx S.n the imdiated

. 2esion (f 18“ 48 l»Z)‘ These ohangu m often usooi.atea with
ra&iation damaga which i.nfom that thoao ecuu are of 1ocnl ori.ps.n.

mt | o ' |
By the aeventh aay in the contml non imﬁietea laaion, the -
: ocllular ﬁensity had manhaa Y pe&k and the pmvicualy necrotic o









- 89 - | | o
'ma was ﬂ.lled with cells (figd;})» Few labelled cells ana only the |
_' oaoaaional mitotia figure was to be f’ouud when H’ tlmnidina waz '
" ‘gmn one hour prior to aeath. In the imamea 1emn, cen-

;".wam larger and leas nnmerous (fig.l.h) a.na mny mitotio

. ‘abuonmlitieu and "minronuoleateﬂ" cells were found Smll anu

{of momsis were stin found in the centre of the losion of _
previmsly 1rradiated animalu although the aise of‘ the neorotio

maa varied.

When H5 txmaiame was given pr.’&or to injury, tew lahelled
aelln were founa in the unirradisted lasi.an on the seventh day, :
| _while in the 1md£ated lesion L3 nomhat higher nnmher of
labelled oella wem i‘ound (table 7. Tha laballed oella had by

) thia time 'y much redneed grain count,

, In the unimdiated 1055.0:; proﬂucea by fraazing two well o
| 4..‘7'dorimd morphological cell typea were to be found. The rirnt ot‘
,' these typea had a .‘Large pale mclei, ahmcteristw of natmytes.
"Tha second mll type, which was the moat nmrous, haﬂ 'y small
dark mund molus, chamcteristic of micmglia. Howmr, wi.th
"‘tha ‘mowledgs. thet some cells enter the 1eaion from the blood

- stream ana that vasuular enﬂothclial oans prolizerate in reaponu ~ ‘

. to induzy —— conclude, that the aella with amall dark muna - e
[“f'mclei pepresent a mixed cell mpulation of the ebove coll typos o
Cwatn mioroplia (fig.l;S). A1l these types having this. malur .

- c!'xgmotarinticc ‘

£ T The Mer of_b_eil# preaprit‘in the i_imﬁiated les_iqn.aepepdn
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on the dose of prior 1rraaiation. Moat of the cells in the
1euion are larger with rounded cytoplaam‘ There 1; avidence of
irmdmtim damege as "miammoleated oells" and m.tot:.c abnormalitiea‘

gm fqunﬂ (£igekb)e

In sumry 4% would eppear, that foilowing en injury produced

‘_ ‘_ by freezing of a superficial area of the cerebral oartex, there is
- an initial cellular maotion about the periphery of the leaion, not
' ‘only of’ the neumglial elemnnta, mioroglia and aatrooytes, 'but aluo‘ = |
of vasoular endothelial cells and spindle sheped ningsal eells. -

o Following this there 13 2 migmtion of cells into the naorotic area

: whers they unaergo further ocell nultiplioations ‘This 061l

mltiplieation, as inazcated by ooll labelling end mitotiu aotivity,

? reache& a peak on the third day after wuxsr. By the aeventh day,

cellula.r ﬂebria had becn removed and the area was fillea with oellu.
| .» The ﬂmtion of the various oell types rncting in responaa to
| . in;]ux-,y is suggetted as follms micmglia it wcula eppear, bg the

 nature of their granular oywplaam, play & phagocytia mla. Vaucuiar

>enaamnn1 aens, which proliferate in responae to injury, may aho
'_tmnai‘om into phagocytea. Hawmr the primary mnetion of m o
' andnthaliel o8lls will be the pmduction of new eapinariaa whioh are

"."founa throughout ‘the lesicm on the seventh day - aftar Mury. . Thc

a functian of aatrooytes in the lcaion was mt claar, no evidenec

of phagooyosia was to be aeen and &0 1t was belimd that thay

may play a pert at a later atage, in the formation of 8. :oar. Tha

; mi.toti.c activity in the spindle shaped oella of the meningcs A |



- wag primarﬂy for the mplacement of damaged parts of this 1a3er.
“It was hmver pesai.ble that these oelle may play & part in sear fomat&on

ata later stage. No evidence of transfcrmation of apindle ahapcd
oells into :munﬁeﬂ phagooytic cells was founds ’

. The appeax-anoe of labelled cells in the lesion when B

| th&mi&im was only givon prier to inju:'y, mdioated that some '
circulatory white oells enter the luion fmm the ’blooa. Thcy mast
| also divide locally to a limited extent ap the oocasional 1abe11ed
mi.f;otic f‘igure was founds Hawever, the numbers are small anﬂ they

are not 'by the seventh aay, the principal souroe. of‘ bmin maomphages.

‘ 'l‘ha results show thst alth'.ough’ haemotogenma' céns pre&bminﬁte'
on the first ﬁay after injury the princi.pal ce.llular companentu
‘-':kthereafter are of local origim- :

It intereating to note that in the irrediated lesion the
nurbeyr of haemotoganons oelle haa inoreasad ’by the seventh day as -
compared with the numbar in the non-imdiated Iesion (table 7). E
‘Thia 1mreaued partieipation of’ haemtagmons oells mey be B :usult

of “the m&uwd :u:oal calluhr reaction. ‘



e

TEE EFI'EOTS OoF PRE‘VIOUS x-mmzmnw m
. INKRAQEIEBRAL mmmm WITH BORIETEIM PEMSSIS

" This study was underteken conjointly with G.J.Adaus,
__nepaxftpéaﬁ of Applied mmn@uy; Wright-Flening Institute,

| g.’ aqte gical Investigatiw -

We have used strain 3.1772 of B. pertasaia, whiah 1e ol 10\!

vvim}.ema for mice whan injwtea intmmmbully. _

. The work oi‘ Mms (1968) 1ike that of Iida (1063), has

maicatea that cioulatary lauoooytes may play a part 1n the
BN emdication of :ww vimlcme B. permssis z.nfeetiona from the
o | brain, Thm hypcthesis waa haeoa on. tha enhancement of low

- ':v:lrulanoa inf‘eationa by corti.aona. cprtisone was in:}aoted

‘, aubmﬁanepusly 2 hours befom and 1 and 2 days after 1ntmcanbra11 S

. inf‘eotion with 3.1772 B. pemasis. In thaae animals the numbat'
- of baoteria in the bra:m eentinued to inareaaa after tha second |
 day, an& animala ware &yzng on the f:lfth day w:}.th baeterial counts
of 107 to 103 viable ‘bacteria. The pmposea axplamtion of' theu E
- ‘msulta wae that mi.ld 1euaapepenia, pm&uce& b.v oortim, bringi
o about the enhmaement of‘ the lew virulence !3. pertuasia infeotinn{

L ’rhia phenémmt; vas i’.matig#teﬂ'VNrth'ar-uping wzdi'!'_ivhou ;



.95 .
- body irrediation instesd of cortisons, to reduse the white cell
'oc\mt. In addition, becauee of our belief that f.he majorlty ot‘ : ‘_ |

brain macrophages were of locu or'.lgin, ve :wepeatea the
axparimnt with the heaaa of the m:loe shislded with lead. Thia

‘ avoidea imd;lation damage to 1oca1 bz-ain cons, aamage that

‘would become evident chould loosl cells be stimilated to atvide
by intracersbral infection. The overall reduction in the white
‘0611 count wams not ss,gmrmtiy aﬁtﬁma"bi shielding the head
_{Teble 8). m; 4= consistant with the mwledgo that the stem
o8l pﬁpul&tion of thuae cells is aituatea in the bone marrow of

Atha fbody. |

'rhe diffenma in reaponsa bamn tha two imﬂiuted gmupa o
o was very marked (ﬂ.gd&?) and pmiaes vory gooa evideme, for the
| view that the mnéhanism responaible t‘or the emdication of this

. infection ts of locsl origin, Animals were im‘eeted with 5x 10k

| viable orgmim three aays after 1rraﬁiation- . Aftar an initital '

‘ reézxction in the bacterial nnunta after 1 hnur thare was a mps.d :

incraue in the bactsrial mmhera. In the unimdiate& mice

B :thuse receiving mm.atmn to the vody ani;y, the bmterial oount "
- reached 2 maximin 24, - - 18 noum sfter mfection and then mpa.axy |

dimppemd i‘m tha brain, 5 ou'!: of 10 bmins being mwly aturi.lo

by the f‘ourth ﬂa,y. In the other 1maiatod gronp, wimm tha wholo |

‘ mimal mom&ing the head was axpoaed, b&ctarial oounta eontimca

' V to riae and the brains tma a man viablo count ct‘ 6 x 105 on tbu

 fourth tay, This oontraatt with & visble count of 9 x 102 in
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Figure L-T. Intracerebral infection with B. pertussis.

Animals were inrected 3 days after irradiation..
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| ‘tha control unirradiated enizals and 7 x 102 for the imdiated
enimals with the hea.da sha.emea.

in ‘aoth irradiated groups the white cell count wes substantiauy

reanuaa, The Qifference being that when the heed wes irradiated
| , ‘banterial infeoti.on wes prolonge&, but when the head was proteotod

' amainat irmaiatmn damage the mouse vas still. ahle to exradicate the
' ‘_ infeeﬁon»fzpm the brain even though the oiroulating’white cells
were &pleateﬁa’ This is a mmilt which c;learly' indicates thet a
local mohanism is aoting in the eradicat:i.on of low vimlame, Be
pertuss.ta mfaction i‘mm the braim

In atx ‘at‘tempt to oafrelate thia phenomenon with cur pravioua
obsemtxons conueming the suppmnaion of the oellular responaa

to cerebral :i.n;jury by pmva.ous :.mdiation a seriea of experimnta

. were unﬂarta.ken irmaiating the hcac'ls of‘ nice cnly. Two redtation

. doses were selectea; 1,000R poasibzy the 1owest 1imi'h at which .

- ﬂelaye& maiaticn'ohanges occur, and WOR Y su‘b-lethal dose, .

, In the firat aaries of experimentu, animals were imdiate& to

: ‘the heads only, while the ‘bodi.es wem shielded. This was dona ‘bhmo
days prior to 1nfeotion, with 2.& x 105 viable organisus. Basterial
oaunts in 211 three gmupa fancwed a gimiler pattem cvar the first
‘twenty-»four hours (fig.hﬁ)y then in the two irradiated gmups the

" baoterial nnltiplioation was prolonged,. whi.le in the control group -

of animala the bacterisl count remainea at a constant level (3 x 105)
fp:f three days, before declming on the fifth day. _ Meamvhilo,
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Figure L-bbe Intracerebral infection with B. pertussis.

Animals were infected 3 days after irradiation to the head

onlye.
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. _the two irmaiatea gzmps bacterial counts had mchea ‘betwcen 107
. to 108 viable organisms end snimsls were dying, A slight dose
: ]aepenaenoe was noted in animals s:l.milarly irmdiatad and infected

" and allmd %o mrvive efter the fourth day. 10 out of 12 animale dicd

4n the .oooa group and 7 out of 12 animala died in the LOOR group,

© Deaths ooenmd on l:he Pourth to foarmmh day after infection. |

ml;r a single animal died in the control 1nf‘ectea group of m:hnnh.

, e with pmvious experimnts on the responsa of' the brain to ) .
: ~dnjury we next imreasea the time inteml batween irradiaﬂon and

 infeotion to three meka. In this maa ‘the mice were chnllengeﬁ with

- -8 al:lghtl.y mllar mi.tial 1uoou1um of 8 x 101" viabla orga.nismn. 'rhn

:4~'v,','tuponue obtaim& f'onawed 8 wry nimﬂ.ar pattem to the previous ,
" ) series of axperimentn. In all three gmupn the infectim folluwed a

sinilar pattem for the rmt m houxa after which the two irradtated
‘groupa ahmd 8 eantinuea baomm mltiplication while 1n the o
”oontrol gmup the count deonnea to p_;ive e mean baaterial oount of
RE 107 on the. fourth day (ﬂgclﬁ)- This was in mar!ced contrest w o
the w0 irradiated groups where the haotax'ial counts had reached o
6x 105 end 5 x 105 for the 1,oocm anﬂ m groups mspeats.vazy. ,

There :le hint of‘ e poasible late raowery in the &DOR mup, thc
mean baci.erial oaunt on the fourth day being alightly 1mr than on
,the third. The diffarenaaa are howewr mall and so could be &m :

o »tqahancm. |

- In the third and final cxpei'imat in t"!‘zikg series we allowed
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Figure li.9. Intracerebral infection with B. pertussis.

Animals were infeeted 3 weeks after irradiation to the

head only.
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- a threa month latent periba bntween maiatim ma infeetton. In
| this tmle the mice were :.ufeetsd with ‘!.5 x 105 viable orgunim -

gna (Y] s.n_ all pr_evious experirneuts the wootion foxf an grq.\pa

- followed théam'murse f'or the 'firat 2L houra (f;igoEO).' ‘At’m R

_.thia tima the meen count in the control ﬂecliued. In the two ‘
' im&iated groups the 'oauter.tal mltiplicatlon was pmlongeﬂ, rnaohi.ng' |

a miwm 1n the AOOR group by the third day, when .U: differed fram

tho contrcl coun‘b by B faotor of 20. After the thira day, reamry

: oaourmﬁ an& by the f‘if‘th dsy thc count onl,y diffend i‘rom the

. mmml by 8 faotor of four, This :.s in marked contmst to the

o f1,ooon group where the baotsrial oount waa greater thm the contz'bz,
_'}at thi.a time, byafaotorof 500._ | o '

Th;s auggaats that smw neeovary haa aocuma with aones of‘

| aoon ana the brein has partl,y heen able to repaix' the Liradiation
- aamge In the 1,000R gmup no reoovex:v appearn to ocour i.n the

- three mom.m over r which this stuay wes extended, f o

*Pagaible_re_cbiazw menhanigma will be]diseueseﬂ'late:‘. o

Hiatclogieal famaiea were undertaken on a sories of contml

s Aan& imﬂiateﬂ 1nfecte& bmins. Although no q.mntitatiw

'4eva1uatien of the oellular reactien wasn posaible (bacmxse of

. the sampnng problema imrolved) ve were able to fonmv the ucum

of thq mfection in que_,litgtiw, ternn,
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Figure's'o; Intfacerebral infection with B. pertussis.
Animals were infécted Svmonths after irrasdiation to the

head only.
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‘Ihe bmim of mioa infeete& thcarebmlly with B. pertussil. |
of both control and irradiated groupn, were exanined hiatologiually
st intervals of 6 hmra enf 1, 2, 3, & ana 7 dnya after infection

with approximately 105 via‘ble onga.nism. Two to four brains were .

: examined in es.ch group for eaoh time interval. Coloemiﬂ ~ whi.oh

:amsta m:l.tous in mataphaae, was 1njwtcé mbmtamcusly 4 hours '

pri.or to denth;. :

| M nttlu as 6 honra after 1nfeotion, mitotio figm.'ea nra |
absema in the controls and irradiated groups.-  These nitotde
 , :,rigums were f‘mmd in three placea; 1n clow proximity to. the
| lateral vantr:.cles, in the ventricular space a.nﬁ finally, a

- eonm.dombla nnmber appemd to be batween opendymal uella. (ﬂgs.'.

':"51&52).-

Fram the first day of infeci:ion omrds, histulogical
ariatim in the brains of animals in 'che same group waa
consiﬂem‘ble. This z.s perhaps indicativa of tha wide Variation
.:m mcterw. counts’ obaerved with simi.le.rly ini‘eetea animzu, .

| In the oontrol inf‘eotea animals, mitotie antivity of 'brai.n

B oells was oontimsed on the f‘i.rat and second da.yn ‘but by the th:!.rd
. dey aome ’nrains were apparmtly noml. Small olumps of

mmomxclear mna, believed to be of local origin, were obnemd

in the vant:'ichn. Pblymorphu wem o’onerved in the ‘ohoroid plam:

' when the bacterial counts in the brain were highesto :

ﬁ.'Iu irrad‘iateﬂ infeated br_a;im margy a.bhqm;l; ,mitotic. figures

4
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o and aalls aith ma.ny mcronuclei ax*e found. For axample ﬂ.gure
‘ 53 shaws LY bmin irradiatea with I;DOR on the third day of

-‘:Lnfection, en anaphaae bridge end micromolaated aell m obsomﬂ :

' in the lateml venmclm‘ Cells with smml smll mcloi.,

B "micmmcleatc&” oalla, were founa in the brein in close pro:imiw

‘ f.to the ventricles (f‘ig-Sh)- '

N The cbaemtion of. mitotic‘activity on t;',;, f‘ouﬂh day was:

',perhaps in&ioative of the prolonged high level of infection, again :
--noma of the mitoses m abnoml. Figum 55 shows an abnomai '
:mitnais in & bram on the fourth dny of infeution. the animal
having previously mcei.ved 1,00012 local imaiatian. :

“In the brain-imaiated mi.ce, as in tha non~imdiated oontrola,
"‘.~polymrpha wem f'oumi withiu the cim-om plexua by the ‘second or
. Vthirﬂ day. Af‘ter this time, as the baeterial mmhars omtinuad to
f 'morease, there waa & graduw.l infiltz-ation of‘ both the ventricular

‘ spaee and uere‘nral parenclwma by polymrphs.

By the fourth to the seventh aay moa'b of tha bmim bf
"'previously :.rradiated mice developed e marlrea _nterzml hydrccephalus
V'(fig‘ﬁ?)y which may have rosulteﬁ in the &eath of the anﬁ.mala. It i.s oy

o -at thzs ti.me that calom.ee of bacteria are olearly evident on. tha

ependymal 1mng, of the ventriolea (fig.sé). |

The abm hiﬂtological observations support the v!.aw that tha
L ' prineipal meohaniam for tho eradi.cation oi‘ Tow vimlenoe B. perﬁusaiu”
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' jinfec:tion from the mouse bmm is of local origin. Thc obsemtions o
~ ehow that intrecerebral infeotion stimlotes cell division in the
‘ ‘nrain. Diviaing cells were obaemd in the bradn betmen '
| ppenayml aells and in the ventricles and so it would aappear that 1
migx?ation of deilb tokes' plaée from the brain into the ventricles,
" In the irmadieted breins, mitotic sbnormalitics as well as
‘mcromblea‘ted cells are ébsefvea; 'r‘héh;e féatm;é are oft{e'n. R
:aaaoclated with irrediation damsge. - These sbrorualities result in

| "ceu desth thun reduci.ng the abihty of the brain to emamate 1ow |

» vimleme Bf. pertussis infection. -
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' CHAPTER ¥

THE OXYGEN EFFECT AND ERAIN IRRADIATION

Introduction

'1’he eninx:v‘ohig and foetel central nervous system, in marked

contrast to the adult, is vexry raaiosensitiw (Rugh 1962) an&

e maxw abmmala.ti.es developed even wzth wry low doses. HicLa

et. zl, (1954. 1957) ahowed that thc: pr.zmtive neuroblasta and
spongioblasts were selectiw:ly damaged by lonising mdiation in
foctal life. The &egree and extent of irrediation aamage |

- decrensed with the age of the i‘oetue but inoreaaea with uhe dose

4n the neonatal period has bec»n fully invest:.gate& by Ymmd et.al.“ :

of irradiation. The general thesis was that tha maiation dose

- beoame less and less effective as gestat‘lcm progressca.

This inékaaaing mdioresistgnce é'ohtinuea_’ mto postnatal
1ife until in the adult rat brain a dose of 1,000R produced no

detactable changes end ’aniiimals appaﬁarad noml;émn i.nto‘ old ﬁge.'_

' The time sequenoe during whi.ah raaiutmn msistanoe aeve!.ops

B & 962). Irraala.tion ,’m the first 3 -l ﬁays after b:.rth produced

severe neurologioal changes over e wide range af raaiatian doses

: f-(ws, - 1,0008), Pive duys after birth only 50" of the animala

recetving a dose of SOOR demloped a lack of‘ co-oramation and
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| vweaknus of the hind nmhn fm the third month after imdhtion..

B By the ﬁfteenth day after birth no neurologioal sigxa oocum&
even amr e doae of 1,0003

These rina:mgs vm-a assoo:tated wi.th a n&aotion in body
grewth and head gmth. Martality was also aepcndnnt on the
BE®. of tha ratn anﬂ ﬂou of Maaiatmn. '

The mtght of the brain atem, oortax nnd aorabellum wae
: reduw& rollew.hag the imdzation of the bmin of two day old
rats with 75022 ,(schde;{ie ct.p;.19_62).. N

| "‘-ﬁacaun 'ct‘"f:he high 'ndiosemitiv:ltj of time ‘ixeit‘ling':"rat' |
'brain as compmd with the aﬁuit th‘ls aga was salecteﬂ fa:'
| : aemonatrating the oxygen effeat in the centml nsmua systom; |
| 'z'he known suppresaion of brain wcight baing a uaa!‘ul 1ndioator
: _or raﬂiation erreoe.. - |

B, £a1f Brain Imdiation - I
| _ Bmﬁm were irmﬂiated on the sewnth aay after birth., ,Thiq

'ago nas saleotea for meml muonm«- - o

"h It em’blea & wide x-ange of maiation doaoa to be uuaa nithout

the riak of high mortality. (Yamsaki et.al; mportea appmimately. o
907 mmity with 1,000R whole bmin imﬂiation giwn behnan the
e .Yﬂfil"St and fourth w, but after this ume the mortality rate | |
: following 1.00(3}1 droppeﬂ to a ver,y low 'nluc)u -

2, At seven \'tays, the bra.tn n sti.ll relativcly undif‘f’emnthted._ o
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" and sti11 only about one-third of its adult welght, which is
B rcadhg& at‘,,appmimé.tely 8 - 10 wegks,oi‘_age; (ﬂgs.BG)‘ ’

In addition only the left half of the brain was irrediated,
the other side being used a8 a control for evaluating the radiation
- effeots, This avoided comparing the irredinted ’!‘mlf brain weight
with f.hat cf normal mn-imdiatea controla of oomparable age,
as these animals are heavier than animals 1n the imdiatea group
o (table 9)s  This was cbeerved by ‘!muki‘ et.al.(1962) following
whole brain irradiation of young rets. This would have introduced
. another faétor which would have béen ‘difficult to control as brain
. wbight is rehte& to ﬁoa,y weight ‘(Domaison '1908)’. . Thie may nccount
for the lower half ‘brain wei.ght in the mn-»imdiated ccmtrols e
-qompamd with the normal half brain weight (tavle 9)e

B G@pa of five one weok 0ld rats "msra i_rradiatedwith}_dous ,
of 206 . 1,oaon'to the left side of the head, The right -Am‘e of
the brain was shielded with lead. The 1mdiatad animals were
analoaad in s sealed vescel to whi.oh gaa was anppliea at varioua
“ o:ygen oonoentmtmnn ieee 7, 200 (au-), 4007 anﬂ 3007, '.i’hc gas
| 1n all axperiments wae supplieﬂ at 3 litres mln and an int;erul of
- ﬂvo minsten waa allma for aq;uibrium to be reached bef‘am

- axpoaum to Xa-raya.

imals mre kille& ‘1, 3 an& 7 mekn after mman. Tha
‘brain was exposea by removal of the parietal bonea and ﬁxe& by
| immersion in“! acetic acid in 10,”/1 i‘omnl saline aolntinm After,
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- w bmin 'uigbts and sm:a em of mu-zmcuaua aantruls a0 half braia

' irraﬁiatea one mk o1 rnts (1,@00& mﬁsr 1 atm.wgen}. o

A@ W

" ma (m).

. ) - ‘ :, |

drrediates  |I”

Ca2g
R | aoutrol (ugat)sﬁ

| t,mw brain Whiipn {1‘ Aatm; oxygen)

o Km—irraﬂhte&

,acm _
,'(xm) 5;6

¢ 5 SRR

9.5393;9.62‘ -
(19,922,359

a.t.su-a,og e

._o.m:o.m

(51;‘??.2-65)

| o.éo8t0,02
: (A?.o:'z.ss)f

,' i 3-86‘6:0901 .
C(20st1106) Jf

', id.ssezbo.m |
(m.s—a.:.}

0,590%0,01

©$ Wumber of snimsls used in each gmp. () Mesn weight of mats in groom,

— -
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#ization for e minimm period of 48 hours the brains were aareru.lly
’ dismted out and with extreme earc aliced 1n'bo two halves along
the mid line., ‘The twa halves of the bmin were culokly blottaa

dry end waighe& aepez-ately on a toruian balanoe. The radiation .
effect was exprensed a5 the weight of the 1rradiatea mr of the -

o ‘bradn (1eft) es a percentage of the nou 1mdi.ated hale- (ri.ght)- -

'I'he ohangea in ’orain waight mox'ded wem small (fig.SB ana tuhle
o 10) with a mnximm reduction of 15.5,» behveen the two helves ofﬂ:ef’
; ‘braiu in animala 1rmdi.ated with 1,ooon under 3007 (Wmmo)
 oxygen and Killed three weeks after irradistion, With such mll
changen ﬂ.n hrain we:lg,bt variation in rad:lation effeots with o
REE aifferent mgsn tenas.om was mmspouamgz,y emaller with some
overlap of gmupa ‘when the ntamlwd orrors vnm incorporateﬂ. 'rhé' "
raeulta do hawever show s ooneintant mna wor the whole range of
| doaos unad for an. time intamla metigatea, aftar 1mdiat10n.
‘ “ '.‘QThis is damonstmted most elearlv*by the dcae msponne cunren ’ S
-ahtnimd for animals kuleﬂ three weeku aftex'- S.rradiatian. In

L “'figure 58 the two extremu, r:3 ana 300"’ mgen, have beeu plotted wt _

‘with their usochted atanaara arroru. If the aifforonoe betwaon

L theaa two extmnms of ox;men wnu.ton are oonaiaarea together then

KR zhey are signifimtly am'omnt mhs.n the ! nmu, 1seey P(O.QS.

© (the detaﬂad ama,vais of the remlts are given at the endof this S
; "“ahaptcr)a N ' . '

. :'I‘hd 69'” modifying f;éto‘r;ﬁemén théi_'ﬁo ,exqu‘oa-'ot“oxygm 1
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Figure58. Irradiated half brain weight (left half) as a
percentage of the non irradiated control (right
half) against dose of 220kV X-rays, irradiation
being given under different oxygen tensionse.
The associated standard errors are given for
brains irradiated under atmospheres of 7% and
300% (hyperbaric) oxygen.

A 7% oxygen
v  20% oxygen
* 100% oxygen

. 300% oxygen.
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- tenaion mies a8 the two. dose msponse o:mas are not parauel.. :
The Goao modit‘ying f’actor imr«eaeing with 1mﬂiatﬂ.on dose. -
4 Taking two intermeaiate points on the W m:ygen aum dose
i ~»qua.uty5.ng faotors of 1.85 and 2.1 rupeetively were found as
- ccﬁp'and with“r,% o:qgen; Thus it would appear that the dome -
modifying i‘aotor for 'F oxygen as aomparea with 300” oxygen is |
" of the oraez- of 2 for 1mﬂiataﬂ amzopmg brain,

'ﬂna, as in other tissueu, law oxygen tenaions will. protect :
agaimst mdiation damage s While high oxygen tenaiona, in
: particular hyperbaric oxygen, will slmaitiae the devalcping
aentml mrvous syatem to mdiaticn damage. The 1atter wBS
- "”‘Buggeatea by Van den anok et.nl, (1968) for tlw adult lmman
' c.N.S. 5 af‘ber the evaluation ‘of 357 patients mcaiving 1mdiation
of the apinal oord, under byperbaric o:wgen conditions. ; k

0 Hair ggowth es an mﬂicator of raaiation effects |

v The reduotion in the amux:t of ha:!,r growth aftar imﬁi.ati.on o ‘
_ . alw proviﬂe& a visual aemonstration of the. variation in maiosenaitivity
= ; with mgen bension. This rau mly obsema 1u the Mtemaiate '
'”'ly'-asu range (m sooa).__ PR T

- In tha axample ei.ted, 'bhe 3 nniuls bf’ the same 111‘.!;0:' were
: | vlﬁ.mdiatea at one week uf ege with e doae of woa, aud obaerved o
V, | 1 waek later (£13.59)- The middle animal i.n the group was
1mamea in air and shovea slight reduction in hair grcwth The
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 aninels on the left ana right of £ig. 59 were imaiated under |
the tvm extremss of oxygen conuntration, 7/ and 300’0. In the
| : Iatter the méuotim in hair gmth ie motﬁ pronmnned, whue in

' the enimal imdiated in en atmosphere of 7 oxygen, no cbvious
- redustien in the smount of hair growth can be deteotod. Thus we |

conolude, as was ahmm for thc cffcntu of thcse oxwgcm tanai.onn

o 'tbe radiosenaitmity nt‘ brain, thnt luv: mtygeu tensiom prntect

: agu.’mst mdiatien anmuga, while high preuure oxygan aensitises
o ~the neatling mta épidemis, to mﬂiation damge- -

B Following 1m51aticm wi.th 1,ooon, the mmmon in hair growth
; mn moat mrlnea with eventual epilation. 'l'his oomrred with

- u'mdi.ation un&er all mgen tensions, no dit’rmntial in renponu
.baing nbaawed. ‘Ihie dose . ata hmver proviﬁe us with an |
"‘.‘mtomatang biological indicator of sn i.ncﬁau& radiation aoae,

| 'A -~ ruultmg from 1mr emrgy scattared X-mn amd photoeleotronn.

B One waek aﬁar irradiation (1.00012) the slde of the head |
, expoaed to *i«-rays is clearly defined by the reduotion 4n hair -

- A_gmth. (Fig.w}). In the following week haiz' loss continua& sc

. that by t.he end af the seoona vmk ntm or no hair was found on’ |

the im&iate& siae of the: hcaa. Regrwth of hair was slow snd

| ’zt vas intargat.mg to note, that Just to the left of the i1d 1ine
| huir regmwth was more delayed than the umas.nmg part of the
imdiated side of me haad. | Thi.s pmbnbly indicatea a higmr

.. eazpomre dosa in thia region becauua of the romation cf
photoeleatrons ana 1ower ensrgy x-z-aya from tho adga of the haﬂ
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nhielding (Robertson 1956). These lower encrgy radiations,
' ,in particular the photoeleotma, will loose their enargy in

 the firat few mﬂlimatrea of tiame, thas giving & hi.gher don '

o in th:.a regicm.
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| APEENDIX

¥_ Statistical test

“The eigniﬂcanoe of' the responea to irraﬁiation between the

"“two ext:'emas of' oa:ygen teuai.on was datorminea using tha ntanda.rd

- error of the aiﬂ‘orenoe bctween the two muarm

S.E. di.ffcmee between 2 means « \/;Ef‘ + 'snzz

: Tha results for ench group are given belowse.

“3£;35*° (ﬁ)'»f ‘a

% DAff, betiwaen_ the 7%
- 3007 oxygen subgroups '

. d:r.- Dw.

“Po'l

e 10009

2.4

L8
.
56

EEI
o2
1,04
2.7

;éh89
1,96
4059

2,07 .

<0406
| <0408

< 0,004
'§°n°§‘r

Thﬂe of these four resulta are signiﬁoanuy diffarent, A

within the 5’,’2 2.imit and the fourth is nearly 80. . The

o x'osulta tahon us & whols do pme atatistmauy

- significmtly ﬁifferent within the 5;«\ amw
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REBRAL _CrROINOGENEST

. Inths :tudy we have set ont w m“tmh the .mm or
o cheaical mmgm on m inplmtution sites vﬂ;hin the brain,

, Xa each m; mbnl ti.nuo wag in contact with the amimgmia

o gonct, bnt they mu poauima 80 that i.n one greup thu penu

o ,mu in cuntsct with the meniagca, mxa in ths somd gmg the
 epentyus of the lateral ventricles was involved. Thess two groups
; 'wm. 1:1 thu fo:llemmg paragmphl. be urama to an "nnperfiom*'f j‘.“ |
and mm mmtmw (rag.ss), e -

m apariunt wss n:lse mmd to tent tha effem of m _
",.;\r-’mmtmgcnio types, name:.y mthgloolmw ena bmwm, snd -
Calse the inpovtmce of wt :Ln the inanot:l.on of eawbral W. SR

, B'crty rutn of. thn Spma m:tey atum, (ao mln and 20 |
o t‘mlu) aged a 6 wecks miwa s.ntmanhma. iuplcnts or m\roiwgon. ‘
'Im pezms or aaminogm. mighins L 7 mg. wore abuma vy |
e uuttins 3m disaa of oamiuogon &u hﬂ.!‘, thun giving 'y mimm pcnet
. am of 3mh;‘ YoSoms
o ~ Mx‘ chlom Mathuh !;he .urc pumm ’om vof tlu .mz
» axpom, an& vith the ald of a pmr ewzwed éqnm ban‘y a
| 3' mll hols nt pro&uoea f:o aliow aauy puugc of the omiacgcni#
peuat. Amr . mn mohm had bau mm n m mmmg w-., .
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Pigure bl . Diagram showihg pos1t10n of deep and superflcial
carcinogenic pellets.

TN

20 males ////ii/;emales
:;/MCA 10 %i;\\ : 10 MCA lj/BP
5 5 5
S D 3

Figure b2 . Distribution of animals.
MCA~ methylcholanthrene, BP- benzpyrene,
D- deep, S~ superficial.
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| ‘jlpeilatn were implanted into the exposed oembral cortex a.ceords.ng

| to the fonowing stendard prooednmw =

‘l "Superﬁoial" implantation. »
The pe‘.llet vas planea on the surt‘ace of the ‘orai.n anﬂ L

- puahod very omfuny into the brain substance untn the pellet was
- -flush with the meningu.. '

2 "Dgep inplantation. : . ' '
B The pellet was held in a fine p&h‘ of f°mp' and m:rteﬁ : E

| into the brain to Y stmaarﬂ aepth of 3 = lurm.

'l‘he implants wera amngea to give eight sepmto groups of‘

: five animalu. For ‘each-sex, ten were given methylohlanthrene ana -

_ - ,.tan henzpyrene, aml each of thesa were t‘urther auhdividea to gi.ve
= five with deep end: ﬁve with Buperfioi.al peueta (mg.sz). The

e :  animah were then obsemd at regular intermla for signs- ot

- braina were axposeﬂ ana fixaa in 1*’? aoetic acid 1n 10“‘ roml saline. ., -

'neoplaama. On the aea‘bh of the animla the haads were removea. The-

A general pos'b-mortem examination wan carriea out on 75 of animalu

S

L te nnoartain canm of death other than oembral tummr«.

After. ﬂxats.on the bredns were disscntad ana almd cmroaany. o

’The oamimgeni.o penat wu mmea at this time

-Renmlta

' The maultn obtainad aver the 2% years duration of tha

B experimont wero clear, In the group of twanty animlﬂ 'here th'
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" pellet of o@manog;a was implanted deeoply fifteen mm_amiébed,'
in the tmniy Animﬁlu where ‘e'he Vpreilet wu p;,aéad _éﬁperfic_inny
“ fonly f‘our tummrs &aveloped. in'two -of thaaét}"‘-‘uperfiéial" enimale .
the pallet wau found to. he deepl.y ai.tuated at antapsy 80 1n furthcr
| "amlyain of the rasultu they will be oonsiaerea ws.th the group of
‘ animla with deop penets. On this basis the nmlts are summarised
in figum 63, This shows a L (17/22) muaam of tunours in the
desp group and 117 (2/18) m the mpemom group. A more eeuuea |
analysin at' the rnultn ie given 1n the' Mstogmmu (ﬁgs. 6:. 71). .

4 Carcinogcn type (t‘igu. 6& & 65). o '
o vss.ng methyleolanthnm as.ght ont af ewanty animnla
" pmduoad tumura ané of" thesa smn were rm the "decp gronp.
'In a aimuar gmup of animals where banzpyrena was usea, alavon
| vy‘hunﬂum wem induoeﬁ and ten \wre f’rom dceply eituated pellets. ‘ﬂlﬂ

R numbers are too amall to allow any finn conelusions to be drawn as

~te &1fforenoes mmm the tvm carcixmgenic typea. -

i 2, The 1mportanea of ux (ﬂgs. 66 & 67)

N ' Conuidoring all ‘the tumonrs nim were in nales end tau in
,,_females; olsarl:y no signiﬁoant aiffemmaa If‘ the results ave

emmlned mre cloaely with pm'lmlar mference to tha tm of o

ok . a,avoh)pmeﬂt °f tummm fm ﬂcgply aituated pcllﬂtﬂ ll!l intcmating

: .'faot emorgea. In the "&eep gmup nine male ana seven female glm"
’?tumouru aevelopea, {(with & single choroid plexus tumaur in amther
o jfemle). However . in the first thirteen months aevon tzmwrs -
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Figure L3. Summary of results showing distribution of
experimental brain tumours.

Intracranisl Tumours: Rats

Ependymoblastona
Glioblastoma multiforme
Spongioblastoma
Oligodendroglioma
Astrocytoma

Mixed oligoe/astro.
Choroid plexus tumour
Meningeoma
Unclassified

b3

lﬁHHmHHHmm

)
0

¥ Qarcinogens superfieial

Table || « Type and incidence of experimental intracranial
tumours in rats.
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FMgure bY4-. Intracranisl tumours produced with benzpyrene.
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Figure b5. Intracranial tumours produced with methylcholanthrene.
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Figure E‘{. Intracranial tumours in females.
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-Mwlopad in males but only two eooumd in rtmlu. On the othcr
hana m tha ucona thix-tnn mth pemd the poaitim vu |
| -mm with five tumours in females and only two in uam:

_Ma it appom that glimn are moro oomn and MQlop mmr m

- males than rcmma. ‘Later in this chapter other svidemce will be
S dimaaed in mpport of the view that oonbm glnz ﬁummra o.re |

:m oommon and tend to aovelap mliet- tn uhu than in famu;

}. , Ef‘footn of pumntuu deaﬁx , -
 Inall lomg tern experiasnts of thks type the health of
the exparimntal aniuals and the risk of a premttum death ﬁm -~
| other ‘causes mst be wnnidarcﬂ. “The influence of prnmture o
inummnt ﬁoath can 'uut bc intarmtae by mmining omh mp

ﬂlb“l?n

" In the mle benzpmm group (ng.sa), 100”: (5/5) txmurn
,diuloped where the pelletu were mplmtcd Mply but S.n the -

;_ | comapmaag group of mp-rﬁei.al miﬂlﬂ m h:mru amlapoﬂ
e (0/5)« &hamnmrbenﬁngm inthaﬂnpmpun |
"npymmwﬂg 12 mthn In the mpomaal gmny all but ons

et thu snimals (which ema pmmtun&y wi.th s mnbml abuu)
‘ n«m lmgtr than this 12 month periods. In the mtlvlaohnthum . |

-"gmup of uha (ﬂgaGS) 66% (h/é) tumours ﬁmlom in the duep
‘ gmp cr animh whm all the upormm mmxn nua 'boyend

th- m tumour bearing age, 1.&., 13 matha. »

, In thn m tmmh gmupa (Pig.70 & ‘?1) both doep and mporfinm -
o Ms-lﬂa&}for a sinilar length of time, snd go it mld bo
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Figure b8, Intracranial tumours in males produced.by benzpyrene,
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Figure b9, Intracranial tumours in males produced by methylcholanthrene,
Carcinogen deep in error,
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Ffigure 0. Intracranial tumours in females produced by benzpyrene,.
Carcinogen deep in error,

- METHYLCHOLANTHRENE @

6 12 18

‘ ‘
. |
\

Figure"{ {e Intracranial tumours in females produced by methylcholanthrene.
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arguaa that both groupa are Just as likoly to have davelo;:ea

o fcnrnbral tumours,

If mighe_be argued that fmr.tumburs dmloped after an

| mphntf.d: & ,aupe'rficm ;Sellet ‘because the animals died too early

_end that fumours would have developed had the animals lived longers.
Othar workers have pointea out however that meningeal aamomu and s

' othor sarcomas have & shorter im’!uctlon periad than gliomu. ‘

N s, it 'appema. thgt the site of s..mplagxmm; was of the

~ utmost importence in the induotion of cerebrel tumours in ratste

ST ‘*e’hen thomeuingea were involved only the auoaaional sarcoma

Q.

dmlopn

2.;_ In e midway goas.tion beheen the menmgea a.né the lataral

’ ventrielas no tumra were inanced (Delom)z

3. Whan the aarcinogcn panet :ras mplantea deeply 80 that .u-
- i.nvolvaa the lateml ventriolen a high pmpnrtion of tumours

o nro induceﬁ m most .o_f these ware of glial origin.v -

Histological a‘bsemtionn o ) _
~ The i,ypea of tummrs :m&med vari.ed ba’bween diffemnt animalu

and in some oases bam:an different parts of the tumoux' mau in
' the seme onimal. A1l mmours produced from desply :melantad pellsts

‘ were identified as being og glm origin with a aing].e exoeption. of

- the two tumurs originating f‘mm Y superfz.o:lany s:.tuated pellst:

. one was claauiriaa as a meningoom (oi‘ two 'l:ypca) and the other,



B marhably aiffox-ént from eny other tunoar, mx_amq anéiasszma. i

The tumurs were grouped together as shmm in tablo 1. In
aome caaea the tumour was aai& to be of’ a.’mgle 6011 origin whna in

| othera, amall isolated mgions of ather possi‘ble tumour typea were

masionally founa. Howmr, e tumour waa only 3.dent1fiea as tmly

S 3 mixed if its partu formed a major oontribution to the totul tumur

. mass or ir. two oou typen were olearly utominglea throughout the :
a 'tumour mus as in the caae of’ tha mixedooligmtmytou.

The’ small anomaues mentioneﬂ above will ‘be diaeuaud .'m the

| L dataileﬂ desaription of mprasentative tumurs whioh ia to follmr.

"*‘»__'mt 219

' Thin an:l.ml was found aying 260 days af‘tor implantation or
o 2o mg. c:t‘ mtbylahclanthrane into the deep positiom It o

. exhibited oxtenaive neurologisal aymptom with lack of mtor

4 " 'ao-ords.nation and "righting“ ’ tpauua. Renpmtion rate wu Ilﬂ'o .
- -__The nnimal was kﬁ.uod. When the parieta). ‘bones were rammeél 8 sught‘
- aepnration of the ;agittal mtam wes murpretea as bei.ng indicatiw o

o .of :Lucreaaeﬁ Mtraarani.ai vasm in lifa. 3

) | Aﬁer fixati.on the ‘brein was uliced and the penet loeated; 1t o
'  *'elaarly involved the left hteml vantriele. '.L'he tumur ms tau

s very extenaiva, infiltrating .'mta mch of' the thalami.o regian of the

| brai.n and exten&ing poaterl.ally through thie mferior oonioulu- '

' rogion i.nto the ooraballum. The twmur was matxdctea to the uide
of‘ thq caro.inogenio implant but .the »Oppoaitg half 9!‘ the ’brg:uv'; was
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| aistorted by the tumour mass. Enoroechment into the ventricular -

apmz'iu minimu. :

'i‘ho groatar part of the tumour was maﬂe up of lax'ge mund or
'_om cells with grosely pleomrphio nuolei (fige 72)e The cells |
woro to a large extenf. unipolar with the maoleun a.ttuo.ted to one
slde of dense clear oytopuam. Biseare mitotic ﬂgures were &
. common featum The cells were closol,y paokea aml where nnorotic
areas had dewlomd, oells tondod to pulisaﬂe with tha cyto;:hnmia .
E tails pointing into the naorotic apaue. ‘This 1s an arrangemnt
' of tumur cans ccmmonl,y obumd amund blood vaseela (t’ig.?j).

| -The: ocoasional thmmbosea bload veasel was observed within the

_ | ttmour maas. This tumwr wag claaa:.fic& as a glieblastom B '

 miltiforme,

o m'.r 201 R

- - The rat was found dead 15, months after impluntatian of
- mathylcholmthrane. The pellet at autopsy was found, protmding '
" into the lateml ventricle (ﬂg.‘ﬂ«). ‘ The tummr was J.arge and . B

N v"kcxtande& from the t‘loor of the Ventricles cnto ehe mrraoe of the
mim ‘I'ha mmaining 'brain was grossly ﬂiatorbea due 1o the . largo
eize of the tumonr. In other uectiona, tumonr can be fcunﬁ

. ’-'oxtanaiwly mrlying tha mmingeu.

"rhe colls were of mediuni size with ragnlar.“pala nuclei chawing e

- a fine ohromatin pattern. Tha cells were modorately packed ana
slwwad LY tandancy to 1i.e 1n sheets partioularly in the tumour mass.
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B ‘that had extended mr the meuingu (fig.?S). The nena alm v_

‘ tendaa to pausaae arouna smau mas of necrosis. 0ooaaiona1 |

’ wltimoleate and miomnuoleated oen.s were observed as well aa
“bizzare mitotic figxres. Th‘.la tumour was alaauiried es an

- | apendymbhatm,

VRAT 211 . _ B , _
o m.ea 15 montha after euperficial mplmt of memylchozantmne, '
the pellet at post mortem was i‘ouna to be .'mplanted on the mrfuce
,of a hrge white tumur mass. o

e matologiéai obsemtim rovaﬁlaé' m’a the tumour mau# was-
' made np oi‘ two nry aiatinot tnmour types whioh bordared on emh
| ‘;other but 8id not to any lerge extent interningle, The oost
cbmoteristic feature of one ot theaa tumura was the mterlaoing
w bundlos of‘ long namw spindla ahapea ue‘.!.ls (ﬂ.g.?é); . The. mmlai
were paJ.a, narrow and rod shaped, with a fine cmmtin struotum
and ° singlc molauluu, The aalle were alongated md umbzed
fi’orohlantsg The tumué 'aau not high).y vasoulnr and then m a

| large: eentral sres of mmsia. This aould be tcmaa e fibmblastia S

o .mningioma.

, | The athez' tummr was very uniform in appearame, the 0&11'

| 'being ulightly polyganal although in maxw aaaes “the aells waze
, f _j_Anat alearly ﬂefinea. ’I‘he nualei wem relatively 1arge and oentmny ~
o planed within the cell, - They had & fine ahromtin net with s
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vuiri@i:ie'mﬂaer ot‘ ‘nuelscli. - -

ma oezls exhibit slight paliuding arouna the mmemu dnatea o

- " oapillariea found within the tumour mage (fiso'ﬂ) and mund 9“’-1 |

| 'areu of necmia.

: "I‘his tumour ‘éofnla—be_ anéﬂua as a ayncitm'_nghingeoma. »

RAT 206
- The animal wes, founa dud 270 day- aftar an implant of -

- methylcholanthmne into the deep position. The pen.et was found '

~in conteot with the roof of the latersl vent;-icla after ﬂoathv l'

| Hietologiaauy we obaam& s hrge cystic ttunour oooupying
the fmntonpariatal mgion of’ the brain 'I'he tumouz- was mde up or V
j.~1:wro typen of aells; - ona witb. a larga pa‘.le mmlent with abunﬂant
ﬂmﬁrﬁtic qytoplaam, presumably astroaytn. ana the other oalla

. with a- small dark round mzole!. maro pmbabzy oligodandronytes. .

 The o onu,, typea are in appmximtgly pqual proporti.ona (fi_g,ve):. <

B Thom were numerous mnrotic mu, some ﬁ.llea wi.th clear |
"“fluia. The cells w-u:h large palﬂ nuclei. tend to paliaade aroun&

. fthen nacrotic areas (ﬁg.??). ru were & few pleomorphic maa.“f'

- The tunour could be oalled mixa& oligmntmcytomu. R

"",:‘mr 203 S |
_ | 'Ihis mt uceina a peuct or met!wlclwlanthram deeply
' implanted' into tha brain. ‘Eﬂdema- of_‘raiapd. mtnemnial pmam -

.
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» wap preaent at death, with mrhad aepmtion of the panetal banu‘
| alongthemialina._ -

. '.l‘his very oxtensive tumour oooupieﬁ the ares between the root -
‘of the 1atera1 ventriclea end the surface of the bmi.n. The

- tumr oxtended through the front pariatal regi.an into the
o oerebellum where the Mmur caua were wore cloaoly packed than

o in the other mgt«sns (ﬁ.g.eo).

The mall, ml, mtm nuoloi were aurrounded by highly
' vaouolatea cytapla.sm, ahow;tm many proaosm (ﬂg.s‘?). |
- -highly vaouohted cytopld-m gives the tumur a very apongy appcara.nce.v '

- ,‘I’hie 13 a feature whioh haws been Mst to 8 large extent in tho

cerebellum. Pleumrplgium was ,anothar featu:u of the tumour. Large

. areas of necrosis 'exiatad"’pmuha which paliseding qé&ifred. o
~ This tumour was classified as a epongioblastomes
| RAT 236

Thia animal diea 12 months af'tar & doep mcraamial 1mp1ant ot’ o

: ‘ benzpymne. Post mortem mwalea a vaz:y extennive mmwr oeutred

' on the .Ieft hteul mtriolec ‘ o

The tumour was made up oi‘ smau ronmd aans with hrlc,round, T
of'ten pyknctit: nunlei, ohnmeteristie of oligodandmytes. The
f;umotn' mass ms x\elativaly avawnl&r and large areas of neorosh
N "wera a common fcatuu, with the paliuﬂing of celln around them,
- Anothor ehmoteriati.o raaturo was the orienhtion of the tumwr . |






Cw ﬁ#_.
| cclla mto raws, in much the same way ae oligodcndrooytas m _ o
found along awelznated nerve fibma (f‘ig.82). :

'2‘}:18' tumour is claysaiﬂ_eﬂ ‘aa an oligddendrooytom-

RA’I,‘ 216 } . , , . ,

~ The animal ms fcumd dead 26 mnths after implantation of

mﬂwloholwthrem. The pellet was found in an enlargea le.toml '
mtrieular npaoo aumnn&ad by tumour which was almoat entirely
 restrioted to the ventricular space with only limited infiltration |
| ] :lnto thu aumunding bmin. A mont ntrﬁ:ing f’eatura was the lnrgo
| ’duatea oapilhries and mmerouu ‘blood spmn. Thia tumour clmly

involved the choroi& plema (ﬁg.ﬂ}). B ‘ -

j Nuolei were. smll and rmmd, ss.mnar to the notnal epthelhl
uan.e of‘ the choroid plexus, alﬂwugh the mml single laycrea
| amngemnt of thase oella was losts 'I‘heaé oens were intermiu.gle&
: with a oonaidomble amaunt of supporting atrom of vancularisad o

o aomectivo tinue. L

In the tumm:* inriltmting ‘the bnm, the Bmell mclaate& canl
B ,tmaaa to hm highly vacuozataa eytoplum. - |

For veasons of position and aimilaritiaa w.tth tha mml choroid -

““y'plmn, this oen be &umr&baﬂ as a tumxr of the choroi.d ploxua. /

D. conoluuicm
| o xr the cumlative ttmour nuuﬂ:ar in the aeap gronp of rats 1-
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plattea against time I’or males and femalas sepomtely then two E
| ,~clear1y distinct ourves are obtai.nad (fig.&;). The inoiﬂenca of |
superﬁeial tumura s plotted n a smnar fashion for comparison
: “’»lluﬂtmtina .,that mxwe_~_tumours develop from,dnply aituated pellets,

'.t‘he curwa for malo and female tumtmrs mdioata that tunwurs
| in mles tona to develop oar.‘lter than in fcm].es. Thia comlates
vory well with the inoidence of glisl tumours in men, If the
B resulta of Penmn ana Emith (1954) for adult gliomes ave plottea
"gmphiually 3.n the manner used for- the imidence of axper.’unentnl
- tumours, a pair of similar ourves are produceﬂ (fig.BB). '

Somed;’ the canclusiona arrived at by the abova authnrs also
agreo with our ﬁnaingac Male qembral glial hxmurs am more .

- " common than in females in. the mtio of 434 This is = point they

| -amphaaisa, adding that thay Xnow of no author hm,ng tmna a

| _,‘V"praaamimm of glial tumcurs in temaleu They also state that in
the oam of their pmaominant 'bumur type, glioblastom, the o

 ,_'  higheat greqzency appaars one decade earlier in malea, 1+0 w yoara.f: '

as Oppoacﬁ to 50 59 ycm in females. R |

Th&zu; ps_évardomimnoe of glial,ttmrs .'_in‘mé.los is giqo found. in: =
| children, as was reported by Bodien snd Lawson (1952, Teble 12)s
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Figure 3l Cumulative number of experimental cerebral tumours,
in male snd female rats, against time in months.

- PENMAN, J. & SMITH,M.C. (1954) MR.C. SPECIAL REPORT, 284. ’

ADULT INTRAGRANIAL GLIOMATA
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FigureQ5 . Cumulative number of glial tumours in men against
age 1ln years.
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TAHIE 12

Intra oreniel glial tumours in children -

lula o ge;m;lc To‘tall ’

Héduuoblaaﬁom E n 17 SQV -
. hstrooytoms 32z 55
Su‘hepen@ml gltoma 3 6 9 |
69 4 15

. The sinplest explanation of the predoninance of glial tumours in
males is that tliey are in some way 'ﬁstoatéfdhe' &epandani; é view

' that ma expxesaeﬁ by Pemmn ana Smi.th to explain tha high moidenco _
- of glial tumom in the male, ‘I'ha oonti:mea growth of the male t'at :
‘brein may be of . importanoe or at lea.st a ralate& phenomenon (!'ig.BG).

in aﬁdltion to :H:s posai'ble role in the inauc'bion of cerebral
'-tumaurs, teatoatemne wes slso whown to be important in the gmth
‘of tranpplanteﬂ oerebml tumours (Auteyn and !a‘blcnovakaya, ‘3965)*

- These workera ahmd that caemtion or male rata will mduce tha |
rpercentaga "taka" of‘ aevoral types of‘ intmcembrany tmplante&

B ‘tumura in non syngeneio e.nimala. Thc protective effecta of

| 'caatmtion diaappeared after the gamniatmtiqn of testostem; [

N The final quaation to be anmrod 19, why do gliomas onl.y
’ 'develop when the earoinogenic pellet ia implanted into the daep
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BRAIN WEIGHT (GRAMS)

012 4 8 16 32
AGE (WEEKS)

Bigure 8be. Comparison of the growth, by weight, of male
and female rat brain (S/D strain) after birth.
In the female growth of the brain is maximal
by the tenth week after birth, while in the
male the brain continues to growe.
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. poaition? The possible explanation ot‘ this is that in this = |

pos:ltion the pellet is in contact with oells of the subepenﬁm:l
'layer. This is a primitive layer of aalls which are probably
mitotieally anthne thmughout the life of tha animal (Anen 1912),'
‘ | and ara therefom prone to tumour mdnotion. The subepandml
o 1ayer has been mggented (Globus & Kulhenbeok, 19625 19645
, Kulhen’beck 1947) as the site of origin of severel glioma types in

m.vi

- 'i:._'kadiation Camimggneﬁi
e - In approximately 70 rats imdiateu with varioua dous a.nd
- mvivmg t'or at leut three wontha aftar im&iation, two
| therebml txmurs develo::ed. A few of these animals survivod
for periods of up to two yoara after irradiation, although the '

oo man nurvi.val time was less than one year. '

 Rar 75 A

. 'min animal, wh:l.ch waa }vpertenaiva, died 19 months after
’oembmllimaiat;op,‘- ,000R. A large, very diffuse, tumour wes
found tmughaut‘ém' bxiin‘;‘ Ant’aﬂ.érly 1t vas found b{: m left

‘ si.de of the brain, in tha mgion of the oaudata nuc).aus. ,’batmen |

| : tha fibres of the eorpna oallosun and axtenaive),v S.n the fzwpothahmm
‘v.Areas of. necrosia were pmsent in thia latter region. The- J.oft half | -

of the Qﬂz‘ma oazlosum and the brain pamnchym ‘avound tha fourth L
veﬁtriold was heavily infiltratéd with tumour, The white mattur
traoks of the internsal capsule showed only slight infiltratian.
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" . The tumour slso extended back into the cerebellum where

involvemmt oi’ the ventricular apaaes was moh more .'m

evidence. . |

v ‘I‘he cells wera amall and round with small dark round mulai.
Pyknotio and miommucleatad cells were often found. In some ‘cells
~ the nnclm-chmmagtin wes separated into two or thg-ce- p’éﬁtl within
an oval mmlws. (f:lg.&?)(. This type of cell jwaisl_&xost'comhbn in
the cerebellum and was ou.‘ty found oocasionally c:aeinam Theae
sella show no distimt organieaticn other then to aggregete amna
biooa vesaela (fig.&&) .

Identif‘ication of this tumonr was diff‘.wult, as it doel not

| | maﬂily fit :’mto any comnon tlmour gmup. ~ The tem‘miomglial

. tumour may be applied.

| RAT 854 | | ) o
 Thie ani.mo.l weaived LOOR thme mntha prior to cerebral. .
'mjury and death. The tumur at antc)pay, appaarea as a blue patch

_,(tzypan 'blue) on the surfaos of‘ the bras.n. It was slightl,y largex"_ B ’
fhan, and on the oppaaite side of the brain to the fromm

- cerebral lesian. /

maﬁologimny tha tumur oecupieﬂ 8 poaition betmen tha mf“ o
‘.'ef the lateml vuntrinle ana the meninges, although Bome imzlon o |
. of the v{hypocampua aid ocours Cells are small and alightly o

eloggatea with emall oval nuclei- and nnj.y occasional mitotic figuroa.






i Small ‘aveas of neorosis occur with palisading of' oens amuna 7
_,tham (fig.BQ). cens also aggregatea amwi blooa vessels (fig.BO).

o .thia-tumour'waa not claaaified.

'rhus it would appear that raaiatian is alightly Oarcinogenio

: to nexrvous tiseue,
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. CHAPTER VII

" MATIRIALS AND METHODS

The animala unea in the t’ollowing investigationa were as : .
followsw v '

Wistar Rats - ror normotensive and hypertensive bmin
o 1md1ation (adulte) |

Sprague Dawley Ratu - Cez-e'bral injury (adults)
' Cambral carcinogenesis (weanli.ngs)
Half brain 1rradi.ation (ntters, 7 aa.yn)

A 'rheilars originﬂ albino mice - 33. pertussis 1nfection
(young adnlt females)
Ameutheticstn R _
Ratv chloral hwamte 300 mg/mla boﬂy weight, .‘5,4: solution I P. :

Miae; sodium pentabar’oitone (Nembutal) 60 mg/xuo bady weight, X ,’

) 4 aoluticn z.P.

Ag Imdzation teuhnicﬂ

In all. irraﬂiation experimenta where only e small area. of
ti.usue waa exposeﬁ oare was taken to emmra that the animal o
was held firmly while the irrad:.ation w&a .'Ln progress. Shielﬂing -

wWas suitably placed to proteot other arua nga.inst &i.rect expaw.re‘ o

~and- +0 mduce cxposum “by soattared m&iation.‘ A hyer of lea&
me thick was conaiaerad suitable f‘or this purpoao .'m the 220 IN



.;.156-

- _X«-ray experimentu, for this wul reduoe the dose to the shiald&d
L vparta to 1eas than 1“’ In the aleotron axperimnta 1 Gmns of '.
~ glnmininm was used. |

1. hdult Rats (180-250 gras)

The heads were firml,y mpporte& i.n a speeinlly constmotea

hinged perspex olamp (fig.92). The two upper .’mcisors were plaoud

thmugh the hole in the lower half of the clamp an& the upper half
of the clamp vas gently tightenad down on tOp of tha head. with

i | the head ﬂrmly clampea !:he rat could be fixed into position m the .

_ 1maiation box (ﬁg.f)‘l) N

‘ The perapex bax waa fitteﬁ with an air inlct and outlet 8o the Lo
. “aninel could be supph.ed with air in 3 its eonf‘i.ned position 4' |
"1 thronghcmt the :.mdiation. The reotal temperature of the animnl

o was reoor&eé throughout the irradiatlcn with an eleatric themooupl@

type themomater. Air i‘lw wa.a maintaina& at 1 litre per min,. by

. a Prockter pumps

N .‘Therzraxiimlé iveré iﬁﬁﬂiéted ‘through thé‘ s.{éé of the h&a'a via
' a sami-cimula.r port 1.2cms. diameter (fig.%)- &“his :nathod haa :
'} 'the added advantage of avoiding imdiation of‘ the mnpiratozw traat
and allmentary oanal which is very 1mportant in emimnln receiving )
o high éosear and expectga to aurvive ;’or 1ong periods qf time.v

. The two poi.nts of the semi-cimular irradiation port were
*raligna& between the posterior oorner of the eye and the ear, theuo
| "'ba.’mg two positiona whioh ensbled the imdiation port to be
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:bositi.étit:eﬂ"‘adcmtely. The mgion of tha brain 1md1ated with
[220 K. X«-raya is shcmn in fig.%u This wee the olf'aatory lobes
‘ and the majority of the cerebral heurlapheres. The cerebellum wes

. not imdiate&.

2 ﬁdult Rats (180—250 g) 8 nav olectrons

. The animals were rostrained as nwntionaa fm the previous L

o 'section ‘bnt in thia case the animels wem f'ixea horizontally in

- “ a partitioned perspex box. Imdiation was g.'wen laterall,y thmugl

‘ tha side of the hesd, thmugh e 2em. ddemter hcle in aluminium
o ahielﬁing (ﬁ.g.SZ). .Animals were in this cnse 1mazated Iying on
. their backs and not as in the pmnous axperimBnta with 2201& |

x»mys. on the:.r aidea.

| - ..Azckling Ha‘bs {10-.15 gm) : | o o
. In thi.s ocase 11; was sssential that the ani.mal nl

sacnraa ver,y !‘irmly as 1t was intended that only half the mmw-t’, o

h 'bz'un waa »irradiatea. It waa not necesuary to anaesthetise the,, =
small, ?-v.dgy o}_d mmla‘ N S ‘

The appmtua f‘or aeoum.ng the mta was constmete& from ths.n : |
flexible tempere& oopper strips that. ‘were bent over the neck,
N ,behin& the eers and over the snouto The ms‘b of the body was held
amm with t‘urther atrips of' oopper. - The head was thua helﬂ ﬁmly |
e and the ‘orain irradmted thmugh the top of‘ the calvarium

o ,[“Poaitioning of the 1esd shielding over thé right eide »or th.
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S heaa was performed with extmme care, :rhe edge of the J.eaa h

Vbe.tng plaoed on an maginary line bamen the tip of tm anout

anﬂ the mid-poin'b between the ears.. The mmindar of' the hocw
belaw the base of the akull waa shielded by = txmnel of‘ lead.

A very useful means of ehecldng the acourao;y of the '

irraaiation was to examine the ‘animals one to two weeks after

, ‘_irmaiation. At this time in e mejority or the aniuals, a
a eonaidemble dif'ference in the emount oi’ heir growth on the imdiated
and non-irradmted sides of the head was observeds An animal
* irradiated on the seventh poatnatal asy with 1,ooon end obsemd

" one week later u shomn in fig, 95. :

ln !mmg aault mioe (15 - 20 grms) ‘

o For 211 the zma imdiationa (to tha head on].y, tody
’ 'only, and whmle body im&iati.on) a aylinﬁrical box » divideﬁ into
Amen radiany arranged oompartments was nsed. This box was &

| suitable size fox- fixing into the cone of the x-ray machim, s

.  ‘that the wlwle box Was in the 1rraaiation t‘iem. 'I‘he Vaﬂoua -
uoukainations of 1mdiations mul& then ”bs romea by placing Zum

B ,1eaa over the hesd or bodies of meaﬂmmaa aninale,

A ‘aimilar apparatus to that used in the irraaiatian of
suckling mts W usad f‘or the irraﬂiation of mice w:l.th the hj.ghor

" dose (1 ,ooon), altheugh in this case the snizals were anuesthetisaa

" (ﬂem‘butal SOmg/mo, I.P.). This appmma mduoed soatterea
radiatinn te the body, which proved 8 pmblem when the previoue
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E appamtus was uaed for this hig,her irraﬂla.tion dose. - Exposure of |

' the boﬁy ta acattered maiatwn was indicatea by e gradua}.

. mduotion :Ln the ‘lencauyte count following irradiat:.on. o '

Be

, Doaiimum‘

As far as gbggible in a1l experimente the dosé-'or redistion - .

o admingstored was monitored with _‘afBaldw_i!i Farmer Sub-standard

 fosimeter. The p:éob‘e of this instrument viaé'inaertéd intoa

“Mix-D" tiaeue equivalent phantom and placad in the x-x-ay :t‘ield

in e cromparable po%tinn to the 1rraﬁ1ated am.mals. ‘ This material

| 'haa equivalent scattering pmpert:.ea with regard to Xerays ae _' :

‘ tiasuea , f‘s’here contn.nuoua momtoring wii:h the v}:alaw:m Farmat‘

Dosimater was not possible, ag in the caae of the pmssm ohamber- 1

B 'experimnts, a tmnnmiaszon ioni.aation chamber was used in

- con;)unction with a vibron electrometerg.

- »Fbi-" all praotioaliburpo‘aes the 'K-z-ay field can‘» ve oonaﬁbrid
to 'be in the fnrm of & oone emitted fmm the fooal spot or the X-m

o tu‘oe. 'ihun, all pointe of équal m&iuu fmra ‘the. oentml axi.a or

| this cone w:lll mea:wa approximately the game expcsure dcse.

In all cxgeriments tharefom, an animala or the parts of e |

o animala to “be 1mﬁiatad were planed on & oimle the centre of" |

. 'lwh.’mh was ths central axiﬂ oi’ the maaiation fiold. In lihe |

| Imanner. when contimous exposure measu!‘ementa were being taken

‘with the baldwin Famr Dosimeter the probe was placed on this’

. same oircle. |
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wm the ubr.m t;ype of oontimouu mnitcrlng was not poniblo ‘

. g tmsmiasian type .nmiution chamber was plaoca m the mdhti.on |

 fie1d above the appmtus. s,oniutian current was meamured

 vitha ¥ibron electronster with &a volts (aouooting wztm)

asross the chmbam .

 The eectromster was mammsy ceuparing a constent

- mding on the eleotrometer with the exposure dose mcoraaa wuh
a Eazm Famr nosm«r at the nquma position in the |

 troeatation apparatus, Frou the exposure dose reqorded the tim _
) ‘irrtmm& for any pertioular exposure dose can be celoulated e
o ) ,ommmr oan then be unél en a cheol that tlw dose rate dees
‘“»,not; alhr (wmtmt azuatmbw uﬁing n before) ana w uli@xt ,
‘aﬁdnumnta mﬁt in f.he X-ra;y sed ccntrolt mﬂa to kenp :lt loo

Dcaimm f‘ar tha emw experimmts wam carrud aaat m

s us.mi.mm to that or vmm sad Sevley (1960). SR

nmm* vertension

ﬁypértemﬁm wog inéucea b;r a mﬁiﬁmtim or the tmhnigu

",."r.trnt used by Koletaky (1959). ‘Under uhloul mautheaia, . EEEE

o median. doresd mimn s ‘made tbrough the sid.n of the bmk.

By reflection of the sicin o either side the uanm oould ha |

“w”ﬂ msh a small neum inoision in the mu nn. | |

- 'BM uu mt\any mmw my from 'Bht rmul amry tnd wm.

“¢n the rs.gm,gm uwm_or both the srtery and veln remited
© in inferetion of the whole kidney. On the left sife a smll
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inf’arct vaa produoaa by ligatian of‘ the inferior branch of tho

© et renal amxy (figs. 96 & 97), this was the only modifiostion

'to the Koletsky mthod (anterior yenal am:-y) and produaod A
w.laer lwpartcnsion.

| One week post: operatively an wamt involving the pouterior o
- thirﬁ of the left kidney was very olearly definsd, The totany
inf‘amtea right Haney was larga and pale at this time (figs. %

& 99).

- The blooa pmssura of animla ‘was mammd pm operatiwly

| md two to thz'ae weeks poat operatively uning the mathod of N

Bym (1963). Whm the ‘blood pwssun hed maohed a Jml of |
f' ‘u.m Hg or abwe tm m.m:tu wore ‘.lmﬂiated. | V' i

At death the heare was weigh&d as an axtra ohack on thc

o &agm of hypertanaion in 1ife. 'I‘he mean heart weight m

| "donbhd far a mae in blcod pr&smm ‘of ém Hg preuent for
2. az mnthu (tm.e ). R












| Prior to injury the rat was anaesﬂmtlscd end the l.eft
_ parletal bone of the sknll exposeﬁ by & amall nedian incision ,

 of the skin overlying the skall. The pcmsw menioranes

' "'mre mraped away and mass blood removed rrom the axpona bonc
| with sterile swaba, Thie was emntm, 1f repid attachment of the
'- | f:eazing probe was to be attainea. Supporting the head undor the
’lmr Jam, the axpoaed pariatal bone was held against tho colﬁ
tip of‘ tho applicator 'bube. A few drops of aaline were added and
, within seoonda a firm attachment had been o‘btained between the
: skull ana tho fraesmg appmtuu (r1g.1oo)

The tixna of upplwation was aspeaaant upon the size of tho '
‘anml, varyi.ng from 15 mins t‘ara rat under 200g to ZOmma ror
a z'at of 3503 and mrer- . " ' v ‘

, Aﬂer injm the skin inciaian was claaea ‘rw m silk sutures._
| Blssding was slight end no infection resulteds At the time of
N inaury the rat: were given a aingie indmtion of 37 trypen blue
- dn wo.tor intmperitomany at a ﬂou of 15@3/1;110 boay weight, |
 This was to facilitate !‘inﬁing t.he lesion at autopsy. Under
| : ‘mml mﬂimm tz:ypan blno .’w nct ukcn np by the brain L u
s una‘ble to mus the blood bnin ’barrier. | Thus, when the 'bn:m o

.v‘wan indmd th:la barrier ia ‘braken down. ana trypan 'bmc was ukeu ‘

np at the aitu ef injnr,y (f':l.g.‘lﬂ‘l).t -

At a predatemined time aﬂer mjury the animis vore kﬂled

o

wi.th an mrdoae of Nambntal, the parietal 'hancﬁ mmnved and tha :
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ooronal slice of 'nrain oonta:.ning the lesion zemowa. This aiioc L

R ) cr bmin wag fixea by hmneraion in a 19‘ acatio am.d in 10*1 forud.
saune aomtim. | |

B, -gfacégﬂozg oy |
* peaterial stresn.
© The B 1772 stratn of B. pertasais has been used throughout
this study. This strsin 1a of low vimlemo for mice when injected
_intrecerebrally. It has an x.nso of the order of 10‘5'5 muo
S organisms, A ohnllonge dose of loss than this’ produces a tranaitory
| hﬁ"ecticn with _ths bx'ai.ns nltigqquly,b_emingfnteme. o
 Meftwn o | |
S Baotoria wore gmvm on Bordet-Gaugon (B.G.} medium
A = Peelea slieed potatoes 25003. o
R ,’Analar'glyaorinem R
nimma mtar to make up to 10 ntus.. -
k -,Ehe potatoea ware ﬁispema in a gauze bag anﬁ noclced in the
‘zlyoerim - mwr unt.tl they were soﬂ:. The baga wam nmwd :
 frou the fluid and elloved to drain. The volune was' then made
‘upto‘mlitms. L

g B - So&ium ohloride (Analw) 170g¢ -

o  Distilled mater to make up to 10 litres. |
m two nolutious ‘were mi.xea, added to Bactc Agar CZg per- 100 ml.)

L ‘-banﬁ antoolaved for 30 miml at 101b.p.mi. .
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. 7 ‘.i'wo-»hyer p:.&“l “!‘0 u“ﬁ, the botm 1‘3‘!‘ coﬂsi.ltms of - o
, aom of tha base and- t‘he 'I;op Iayor wﬁ.th 12m1 of 20,% horu ‘blooa

addad ta thc baab.

casamino Aci& Solntien '

Bo.namino aaié hOg-
Sodun ehlorids 165, | |
Diatiued water to uake up t0 4 mm. o

"'Mn ws adjastnﬂ to pH 7.&- and- th«n uutoclwod for ao ninn at

| L 1Q lba.p‘s.iu

rs-; gultures
) The bmﬁarinl strain waa grwn fz-om the Mmadriad state on.
BuGs modium st 3.%, for 72 hrs. The mona i&\r subeumn f!'om

o thlﬂ wes uma i‘or the umuss ahallengea .

All mcpensi.m una dﬂu#&m um maae up 1n 1% canmino
- ’mia uolutian. . o o

K mspenelon of ba;eteria was. waom mmoamm:y at a

j-poimz :mmly tc tmwrac the wntmkm 03025& was weute&

‘”4m;n a o.zsmx s,yri.nge, m . 7m. 26 sm neeale. :

Bactoml c'mm

S SN WS s Wb e

M mouse brn.in na mmﬂ ueptioauy ma uddaa te M af 1%
anmi.m mﬂ. in s uniwnal hottle. | ‘ ’

The gbmm were ‘hofmgmm at halt speed in a M.S.E. homogeniser
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fcr one mimx'l:o. ‘l'he homogenate was then oentrifugcd at 15000
N r.p.m. for 90 seo, 1n an Intemational Refrigemtod centrimgﬁ | _
Dtaimal dilutions of the supematant were ‘made m 1% eaaamino aciﬁ and
o the baaterial oounte estimated by the method of Mi.les and Misra (1938) |
~ on B.G. m@dium | ' ’

o “hree dmps of each of three suitable di:lutions wam Spreaa
: on each plabe end bacterial counts were mde whera pos»:sible ftom e
J 'dztaps oonta:ming w 80 organismn. ' o

 Lenoooyts counts | R
 Blood was taken (o.sml) from the bmahial artery and auutua o
‘in 0.95m1 of % aoctic acid solution which wa.u éoloum light blue
- "with gentian vs.olet. The dilntion flum hsea the red cells am! a"
, total whiu oell count was made on 0.1m5 of blooa in a Nen'bauer ]
| -cou. ‘The muber of cells omznted x 200 gives the mmber of white' .

_oolla per m3 of blood (Dwie and :uma, 1963).

mwma:me is a spcaific precmmcr of chromoucmal H,N.A. ma is

mmrpomted into the oell nucleus w}mn n.N.A. ayntheu:.a oocurs. | o

Fcr mﬁoudiogmpm trit&um lahelled tbymtlina is m;}ectod .‘m the e .j

o f‘am of thymidim 6-'2(::) (Radiochanﬂ.cal cantm, Suersham)e The - ' |

o nulls a:mthniuing D.N.A. in pmperation for diviaion will :Lneorporatc .
| vthe mdiachomical and thus nuclei will bwome la‘belled with tx'ithtm. D

ﬁaymim_-sax(n),huja,gpeciﬁo‘aetivuy of 5.0 ouries/si and . o



oomentmﬂon of 1mo/oe. The trit:lum hbol is attachad to the
pyr.tmiﬂim ring of mmam. Tritium, which has e half.‘ me of

12,5 years, demn to helium ‘by the omission of miolear olcetrans o

“ Bleotrons emitted by tritium have an anrage energy of oxv ana LU
_mximm rango of 6); 1n tisaua.

'Two sex_-ies of ‘mtu were injaotid with triti_.’atoa' thmnidine
_mmmmly'm ao.'a of 1uC per gram body weight.

(a) Three Wectiona were givan at six hourly 1ntemla 80 that
the last 1naect1m was givon 12-15 hours prior to oarebral injury.
 This is similey to the method employea by Speotor et.al.(1965) for
labelling a higx pmportim of whits cells in the blood before the
- initiation of an Mflammtom reaotion. A1 !‘rea tlwmidine is
Y.‘inaorpomtea within one hour of the ﬂnal mjeotion and 80 no

S cirou].atmg prawrsor rumaina ava.ﬂabla for utﬂ&sati.on by cen:

in respme to the inflamatory inault. 'Ihus it followa that any
' labelled oella found :’m the 1ea:.on mst have or:.gi.na‘bed from tha
.',.blood \mless reayaling 0f' the labelled preouraor cccurs. :

(b) 1n the aeoona sorios of experim(mts enly a singlc injection ‘
of tritiatoa thymidine was adminiaterod aftor injm and one hour

© prior to d@ath. This will be S.noorporated .‘mto cells eynthesising

| D.N.A. in the 1esi.on. No interference 1s encountered. wi,th waenaa |
cells i‘rom the blcod as none will be oiroulating in the 'bloo& at
fuua tim. - | ’ | -

The comlation of counts from these bwo groups enable us to

_make sOme aasessmnt as to the proportion of oella of humatogenous
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© and local origin in the cellular reaction to cerebrsl injury.

Histologacul teohn&gge
. The specimenn am dehydrated and oweddca m panffin wax in

- the normal way.

| Dupli.oate urial »otiona for coating wl.th niclearx emlaion

 were cut at Sp,. noatea out on distilled water and ploked up on
“apecially coated: sliaes. | i |

) Coating solutionte -

1. Boiled diatilleﬂ vater 100al,

- 2, Ad& galatin 0.5 gras. |

- :3 Cool and 8dd 0,05«0.1 grm of chrome alums |

e Filter and apply thinly to wen clesned andes, .

; Seetions were allowed to dry slow],y for 2& houra af'ber which
 they were aawaxea, h;ydrated and washed for 30 min. The slides

T were allmd to dr:y antil they were Just damm

The mining prooeﬁurt mst be carried out ina derk room
with 2 dull red uaftty light. - o

' The* mmlear emulﬂion (K?.,nfcra) is remred fmm ita pwking
_and heatea in o water bath at 60"0 un’cil liqui&. Tn th:ts atata it
: ;can be dilutad with an equal volume of diatined wai:er and pmrod )

’:mto 2 wamed COplin ja.r maintainea at 60°0- ‘

. _Pairs of s1ides were plaoed back to back in the emlsion for
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2= 5 ma. Amr drying the slides were plaoad ina li.ght‘-tight
box, axpoaed at 1% for pcrioan of 3 ana 6 weeks ana then

o dmlaped.

| Sliﬁes were developed for 5 ms.n. in glass slide racks with
v Kodak D 19B developer and fixed until clear with Johnaona Fixsol.
A!'ter waehing the aeotiom were staimd, aehydrated and mountod.

G. Staining Lutho&s

. Ehrlichs Hwtoﬁgﬁn and E’ogin‘ sgin | LH &':::')

1.
2,

3
he
5e.

e

-

'Abwlute &1001101'.&0.»#&00..unanwcaoa m:l.nn)

957 AlOOhﬁluwo.oovn:oata-tt.ao-.o.uuu’? mins)

Xylol to remove monctu‘co.tﬁnotootowz mina
) % remove xylol

Plane ahden :Ln Fhrliohs Haemtozylin to ataln mclai,f‘or 20 min.
Waah in running tap water t111 blue 4 _
Bifferentiate in ‘!"’ anid/alcohol f’or e few seconds

Wash 111 blue again and examine under the miorosoope

- Nuolei should be blue while most other atmctures ahoula be

o

B 104

' colourlessﬁ

By ‘Wanh in running tap water for a- furthex* 15 mzm

Place slide .’m 1% eosin for 1. Zmin. 0
Dif'ferentiate sosin in mnning t;ap mﬁer for seveml minutea

At this stage the nuclei should be “blue while the oell cytoplasm

shcmld be pale pink.
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11. Dehydmta mmns in 95 :-aioohol;:;.‘.’..:..v.;.? m.
| Absolute aloohol 1-....-....2 min, - -
 Abaclute alcohol 11.........2 wing’ _

) ,v12. Plane uaction in xylol nntz.l clemﬂ the - seotion should now be
_ tmnaparont. , _ A , ’
TR W:lpe exoess xylol and mount in Dammar Xylol.
Resultss . M -

Nucloi....n.‘.u...blue

Collagen...........pale pink

Mulcle & mc's...ubright pink _ :

Mer'a Hacmalum

Uaea to stain nuelei in Autoradiogmphn.

Constituents of qur‘ 82~

 Hesmstoxylin - 1w

 Distilled water 1000 ml.
 Sodlun ioaate B 0.2 gus.

'_‘citric acid o ; 1 .vgin. V‘ |
o chloml hydrato Caee '50,‘gmn;;
'v:Pot&shalum"'_ o ,:_50,@5‘:4

Staining methom-

R 7Y (:oawax in xy1c1..............v;....s...,......,..a mina.
" é.. “Remove xylol .m aosolute alaohol......o.un..n. minsﬂ ‘ e
"3, Wash in ai.stz.lled water. o | | | | |
l;- ‘""Stain with I»za,yer's Haemalum...................5 mins. K o
Se _Blue in mnning tap water. “ -



- 66 Dehydmte :ln 95‘4 alcohol......uuuunE lﬂinsn
| | 3ba°1ute alc&l@l.‘t.uuuogbo...uz minﬂ. »

ﬁbBOhitG : al@h@l-‘i» 'Y .'tlt_bad.tia mins X

7+ Clear in ::;1&1:@ end munt in Daumr‘xyiol.

Ho MS Aggmtns (%5102 & 193)
e apparatus wae & modificstion of that ussd at the ERRY MRC

“ Royal Post Graauate mdical Sohool, Hammermnith nnd the Paterson ‘
' .Laboratory, Christie HoSpital and Holt Radium Institute s Manchester
»20. ‘

| The appmtus was oonstmatea :t’rom haom‘ mila eml to .
o pro&uce a chaxzﬂ:er G.Bc:m deep and 30.50m in azame:hn The 1.2cm thiok
: perspex 114 was clamped !o the ohamber by a 1;201:1 steel 1id, and 8

| bolts place& around the circmxﬁ‘erence of ‘the 11&. <10.7om diameter
. : jreadiation port was providsd in this uppex' steel 116. ) hrge‘
) ‘synthetic mbber no® r'ing produoe& an affective geal between the
| chamher ma the perspex :ua.

'I,‘he ehaniber wae fittea with inlet ana outlet needle valvea,
preasm guage and preaaure aai‘ety valve. A 1.2cm. aiametar hole
was provided for insertion of the Baldwin F‘anner probo 1n t}w

“preliminary aosimtry. This hole can be cloaea off aftey use with

. a 1arge Balt.

" Five animals, heid by special GOpper holders attaohad to 8
perspex aisc which eoula be lifted in and out of the chamber with

ease, wnre irradieted on each ocqasionn,



Figure 162, Hyperbaric oxygen irradintion chamber.

~~mgu:§e lo3 m,ag:'am' of hyperboric oxygen irresdistion |
| | - chanber. o

I.V. «4inlet needle valves

0.,Vs «outlet neefle valves

P  e«pressure gougs |

A ~inlet for Bamwin Famer ibesemeter
Pmbﬁo o .
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1. Osroinogens

‘The two sarcinogenic types used in pellet form werei~

3k Benéﬁ&mﬂé




| CHAPTER YIII

A. Latent cereural 1mﬂia§ian da__&gg“_ |
| !mi.s stu&.y haa confimea that Por norumotensive animnls douu
B "or 1,ocm produoa no appu'cnt morphological ohanges in the brain
o and animala live into om agc. ws.th higher aom, 2,000 « u.ooon,
S after a J.atent perioﬁ of' nany monthn, mnrphologiaal changes do.
e fFoaour and o.m.ma}.a die mlior than oontrola. The mean latent period .-
; 'bctwaen imdiation and dm.th 1a olearly dosa dependant althcugh v‘
: ‘ :,\ ff'_oonlidembie ‘mriation mara in the hngth of' the 1atent pcriod
o i far animals 1:1 the same irraaiauon dose granp.  For ‘exemple, -
o »’wi.th a dose of h,OOOR the 1atent period vams fyom 6 to 155 monthl." |

In thia latnnt period between imdiat:\on and dcath. or. the
i 'Vappearanoe of tcminal neurological s.tgns, the rats ahma no
jlevidtwe uf bra:.n irradiation othor than a weight losa reeordea
2. 3 months aftar irradiatmn. L poxsiblﬁ eXplanatim of this
“tiin that it reprasentn soue amga in the wraacular bed of the b:‘ain
2o - ‘producing a nomlattml cembml diaturbumo and 'y 105: of appetitu

1n the ret, Evidence of vasoular impa.‘smnt aue to i.mﬂiatian R
a tap thia tme p,ma being pmvs.agc by the work of Asscher et.ul. -
| - ,-’(1961) from the' imdiation of maaenteric arterwn and by ‘Sams | | |
(1955) ﬂ,nwmg the 1mﬁiation of bone HArTOW in the mouse ts.bin.

' 'Ihe m:ter ahmea that mth aoau of 2.0003, one merrow of the
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" ROUNS tﬁ.bia qxiokly mccvemd fmm leaal 1mdintion damagu, bnt

E 7 thie mamry waa noi: maintaimd ana nine mks efter imhﬁoﬂ

- there ves & further ﬁegeneration of the mmw oavity. This 11: was

eona_iéemﬁ wes due to gn impgiment of '_the,-mmlar system,

 Rescher (1961) also moted an intéwal of 2 months before théf |

‘ nensitisation of imdiated blood *vesselu to Wpertens.tve aamage |
 Re poatula.tea that arter this length of time post irradiati.on changes o
‘cccurrad in blood vessels. Hawmr he was unable to £ind w -

" ‘himmogioal evidence to ﬂupport this vi.w- |

The present findinga howed thet wm aaaes of 3,com and

" 4,000R, large areas of nscrozia wero Pound .'m tha brain. Then

' ‘neorotia amas wam princi.pally !‘ound in the white mattar ana wn

- in & majority oi‘ cases not appamnbly aaaaciated with any va!soular
damage. This is an obsemtien that has been prevlouuly mpcma by
;‘other workers (fxmold et;&l."?ﬁlp, Innas snﬂ Carsten 1961). In

| rarked ccn’cmat, anima!.a thet dled at'tar E.MGR shmfed no damge to 7
. ,"’White mtter anél mﬂ,y vascular irradiation lesions bctmmﬂ. , Vuonllr .

lestons were also found in animals meeiviug the 'l:wo highar &cnl, B L

'bnt these wem reatrietea to the thalamic ana lurpothalamia rngims

o of the brain which have nnmemus hload ves:selm The viw that tho

hien vamularity of the hyputhalanic mgﬁ.on sccounted f’or ua o
. raaiosenmtivity vies postulated by Haymalmr { 1952) From thia ﬂem -
point, one would o:fpect ‘bhat the other highly vaaaular naion Of

- the brain, the oerebral cortex, woul& also sl'mr vaacular damggc

This hawwer 15 not the case, an& f'ollowing all dcsu of |

1
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o raﬁhtian the oerobml comx is. appmntly davos,a of
: j: _mrphological ohanges of cither the vanoalnr or mrotic typc. y
| It wonlﬁ appeu' that vaacular 1eaiom m mm m:tonaivo fonmtné |
N 3,00012 than any of the other donen. T Lo

Psrlmpa relateﬁ to thia marked mriation in morphologioal dumgo,
is i-.ha varia‘bion in neumlogical signe prior to death. v Wlth th. ‘

e two h:.gher doses mimals bamma aiaturbe& a.nd leat wight for B

3 - 20 weaks prior to daath. 'rhia oould be due to the llﬂl -
' ‘dcgenamtiva c:hangaa obaerved in the whitc mattar. .ot the

nomtensiw animals reeeiving the lower raaiation dcu ot‘ z,oooa

wost died sudaenly without wming and muy ) f'evr ahm& sli.ght

- tarminal neumlogieal BymptOMS« Phis’ u possibly indiuatin of'

» 'a mdden vnscular aoniaent mmlting fm *msoualr mdiation

3"-@“ | | | R

In the 3.0003 and n.oooa irradiation groups no comlnts.on mns;ff e
| 'appmnt between the: Guration of the neumlogical sympm and the

extent of white’ mbtar damge. : "he ixmdiation damge d:i.d however

-lm mm oomlation with the length of the 1atent poﬂod. | m- .
was. par“hicularly marked :m the A,OOOR gmup. The fimt animl
o (Rat 80) diea after 6 manthe anﬁ exhibitod markeﬂ naumlogicu

: aymptoms ‘out only hnd degenemt:we changes m the opkio ohiamo '

g ,“With :moraaaing latent perwd naorotiu amas appeamd in tha i.uteml

. capmle end 'khe fimbria lwpacampua ami in the laat animal ’bo ﬂic o
(af’ er 15 months) thers wem in aadition degemrativa changea in tho .

aorpus callomm.
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In tho hypertansive gronps of animals naiation donea of
| » 1,000 3,00011 shorten the latent 1ntorvnl ‘between imdiation
‘and auth. The pathologmz chnngea found on the death of the
nnimals were only vaacnhr or vamlar-indneed and so it would

o 'appenr that with theu dau- !wp-rtansi.on accehrataa the appearamo

. of nmhr 1mdiation demage. - This confirms the finaingn of

.Asscher and Anuon (1962) who obumd silimar changes following
the 1mdiati.on of the spinal cord in hypartenaive animals.

o l:‘-:cxperimonta showed that irradiation dsmage to blood vessel walls were;

as might be expected, found in the nigu; vesoular regions of the

o brain; the hypothalsms; combral cortex anﬂ choroid plem-. ‘e

‘ nppearanee of vam).ar lesionu in the oorebml oortex, contrasts
merkably with the 1ack of suoh 1e.1ona in the normotensive .

T gimazatea eninals. Hypex-tension slso 1owara the tmshom doss

R for u-oum- rediation aamago.

‘ Pemaps more mtamsting is tha appamnt 1nh1bition of the |
. hypertennive ett‘eata with the hi.ghor dose of z,,ooon. The animall »
. live for npproximately tho am 1ength of time as the 1;,00012 ,

. .; :normntenpin contwlamm extensiva necrosia :lu the whitew tt@r o

,,‘,3"’ “1'° mn. Ap in the comsponding normtcnaive animals the -

o 9'.oxtent of tha white mattcr dsmage is in proportion to the length

- ;“‘or the latent pnriod. Tha eftocts of hyportension on accoleratin,g

‘,";tha nppumoe of vamhr mdiatian damge appnrs to hava hst :lts
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|  Ths aimplest explanation of theu results 15 that ‘there ane

) two modes of radiation 1nju:y, one vascuhr, which is most _

'effeotive with doncn of 2,000 - B,OOOR for mrmotensive ratn.
The other- type of radiatxon damage is an indmot eotion on

| whi‘be mtter resulting from damga to the glial supporting cells.
This being most clear]y seen with doses of 3,000 = 4,000, Thus B

“ ,. ’in hypemnsiw ani.mals the vascular 1mdiation damage with doaes o

of 2,000 S,OOOR was acoe).ented but with a doae of A.OOOR no

- ahortening of the latent perioa ocwm.

- This hypothesia may be explained in oellular terma. It muld
. ‘appaaz' th.at hypartansion and. vasoular 1rradiation G,amage are 1n .
,_ many ways supplemntary. It haa been denmnatrated that imdtation

will senniti.aa bIOQa vesuls to hypertensive anmage (Auoher et.al. o

1961) and hypertenaion will facilitatc vascular imdia‘bion

B = aamage (Assohor anﬂ Anson 1962)‘ From these find.’mgs of Asachu'

¢ would appear that hypemnmn and radtation afﬂaot blood vemls o

jiby 8 aimila.r mode of action. Some of tha end reaults m'-the lamo, '

B ) for eacample, t‘ibrinoia neoroain ana hyaline changa cf' arteriu and o A

e 'arteriolem .

‘ Tha cbaemtiona of Byrcm (‘! 965) that. hyport:enuion ini.tia.lly
§ eauues o 1ocaltaed conatr:lction of retinal arterles in the rat my

":':jibe impcrtanh Theae ohangu preoode and may produoo the vamlar

. lesions 80 typiml cf hyperteusion. L

| A Sﬁ.milar ohnnges, possibly i.n the muecle elements of tha |
‘-f usmlar wan, cculd be envisaged in 1mﬂiated arteriu. :_[n_
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- __‘mammy ifimdiataa vessels a slow dopbptﬂation of the'ab cells

R wul ocour because 1rraa:.atad cells die on attompting divieion.

A fow mmining viable oells oould mltiply in response to this ..
5 ..cell 1oas anﬂ produoe clones or clumpa of cells at imgxlar |
| intervala along the blood vesaol. _ These clnmps of cells or olonos '
,could pmduca aimilar numlar oonntrictions to thore obaerved in N
2 hypcrtannion and from this the enming vasculer irradiation |

o _lesiona. mm high ‘doses of‘ radiation (4,000R) the number of o

" via'bla cells wﬂl be reduoea and the mitotic replacement of cells

| :, suppressed, 0 that the vascular imdiation phenomenon seen with
moderate doses is lout. This hypothesis is baaeﬁ on tha faot that
. irraﬁiated oella die when they attempt mitolia. Uaing this |
‘hypotheais the effaots of hypertension can be explained. Crane '
and- Dutta (1963) have demonatratea an increase in cell labolnng
| with H3 tlwmidine in the muscle and en&othelial cells of vessel
jmus with hypertenaim. This inemaae :’m cell Asbelling indicates

: an !moxease in the mitotic tumover 'evhlch would in tum result in

fan amlemti.cn of vascular imaiation ‘damsges A comparsble

exanjle can be q_uotad. for sld.n (Shmll end Wright 1967), in which
- 1mdiat5.on damge was shm to deve:lop earlier if m:.totic atimnlanta '

s ,such as formalin were. appliad after z.m&iatum sor comrsely later

} -5 »1£‘ tha mitotic act‘.wity wes’ ﬂapmsue& ‘by keep.’mg the animals in the

" 0016. }'

'I'he findinga of several workers (Smart ana Le‘olond 1961, Homms
ane Leblend 1966) have shown that the neuroglial pogmlation of the
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‘ aéult ‘brain is not a statio one, but that a slow mitotic
e x\aplaoement of selle ooours, Thus, when Lrradisted oolls dte
on attampting divieion a graanal depletion of neurogliu o
supporting cella mla ocour. 'rhis posuibly results in tha
‘}~".'mrl:ea glial diamrbances obuma by Zem.n (1963) in white

’ -'_ma.tter pri.or to the onsot. of rudiation nearoaia.

| ‘l‘he ha.gh radioaeneitivity of white matter ey be explaineﬂ
-by the findings of Homes and Leblond (1967) for 1t would appear
that .’m whita mattez- the mitotio replacement or glial cells is
- "greatest‘ The cerebral cortex, which showa o aelayea mﬂiatioﬁ,
| }necnosis. was mporbea (Homs and Leblona 1967) to have the

. '_ , lowest glial mitotio tumover. Furthur evidanee wil.l be provmea

later to support the view that the: cerebral cortex has an appax'antly
| *atata.c el popuuts.om T | "

S Tho obzemticna f‘m our own axperimental mtarial that the

_‘fmbepenml ple.te iu completely ﬂmia of aells following doau
of 3,000 u,ooon mey pmvide mthar axplanation of aalayad

, _‘mﬂiation neowwia. It 13 theac- doses whioh produae mﬂiation

. necmais oi’ white mt‘ber while with the iower doses where such k o
‘necroais aoes mt occur the subepanﬂymal 1ayar remaina i.ntact. . |

| "rhe findinga nr Smart and La’blond (1961) tmggests that m]y roma )

R aiffcrentiated or partly ﬂif‘ferentiated mumglia, migz‘ata cut

L A_along the white matter tmka of the corpus calloaum. Thus.

) 'remval of this stem cell pcpulation may have detrimental effects
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on the areas of’ brain they mpply. Damgo tc this atem oon

| mpulation may explain why mdiation mcmnia 1n whita matter
. appcm to progr&as with 1mmsi.ng htent intomh : Clurly,

~ ‘the effects of radlation on the mitotia aotmty and migmtion of

| cells frm the anbepen&yml plato rcquims fnrther imstigation.:' |

'I‘hua, it 13 ‘reascnsble to conolude that two mchanhms m

at work fonowing the imﬂiation of ‘oraiu. The pmﬂominanw cr ono

Cor the oi:hor &epenéling on the aou of :.mdiation. Thia hypothe:i- .

o suggestn two' othar poasible lincs of hwatigation. T

N maae sre the erreets af 1mdiation on the mitotic activi.ty -
g ana mimtion ot‘ cells from the aubapendymal plate?

fz.,‘ Wil imaiation pmanca aimilar ch:mgea in the uti.nal
. 'uasels of' the eya &s were pmduoed by hypertension (Byrom
1961;)7 . |

A;gaalagmmmw o |

| ’.'L'he ef‘feots of previous Imal imdiaticn on the mmtion cf
‘mbrain to- fmezi.ng 1njury and to infeotion with Ba pertumia

. "pmvida viéamc to suppcrt the viw ﬁmt brain mcrophagaa m | |
| main];v of 10%1 origin ana are not anrma wlely from thc gmmi '_
"cimlation. Our gemnl v:flw is that micmglia are tha principal |
| mroe oi bmin mcmphagem Tha phagoo.y‘bic aetion of thesa Muﬂ .
: bas.ng demanstratea by Hortego ( 1912) fonowing eembm in.im

: and ”0.‘7 Lebm (193"*) aﬂ"” cem.pral inoculation with ooncim

vaoluta.ona m& ‘baoteria. '
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- Thc gemm mpothaais to uplain the effects of pmvioun |
" ‘,;-imdiation on eerebral injur:r and. infeotion is that J.ocal oeu-.
._of whi.ch the major.tty are mioroglh, are . damaged on 1mdiatiou.
. This damaga 1e latent untu the cells are sti.mhted to divide, by |
'muxy or inf.’ection, vhen they fail to divide or die. This would
imvitably nml'!: ina reduution :I.n the oellular reaction to :LnJu::v
- or e.n mbuity of the mousc brain to eradicate the B. pertueais
| .Mmtion. Evidence of mitotio atimlntiqn v;as reportoﬂ‘follmr_ing.
e _iboth typca of gerebral insult, lIn prévtdu?ly Aimaiatéd vrain, es

. might be expeoted, mitotic ebnormalities were found, Comparsble

examplea to this have ‘been qnotad for thymm (Doniaoh 1955) » liver
L (w:inbun et.nl.1960) and poripheral nam (Omanagh 1968) These

© have a1l denonstrated irradiation sbrorwalities follwing mitotio
atimle.tion at Various interval- of time after hmdiation.

The general hypothes.ts to explnin the effects of previous .
| mdiation an cembml fm;}ury end, 1nf'uction is tha‘b local oells, .
or which the ma;lbrity are mioraglia, are damaged on irradiation,

- . '.This aamaga is }.atent until the eelh are atimulated to divide, by ‘

- injury or infaoti.on, when thay f‘ail to divide or die. This would
. (mevitably :'enult in a reduction in the celluler mnctinn to
i.njnry or an inability of the monee 'bra:l.n to eredicate the Be

[pertusain infeotion. Evidema oi‘ mitatie ats.mlation wes

.‘7-’reportad follmiﬁg both typu cvf cerabral mmlt. In previeusly

| ]irraaiatad bmin, as might be expected, mitotic abnormali.tiea wez'e ‘
T to ba rouna. Gompmble exsmples to this have been woted for
- thyroid (Doni.aoh 1955), Liver (Wein‘bren ct.a1.1960) and poripheral :
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. nerve (Oavansgh 1968). Thess have a1l demonstrated 1mdiation

) _ubmmlitiu fouowing mitotic stimnlation at various mumls
‘of time after Arradiation. |

. Fcr this hypothesis to bola true we mst asmme that tha ‘
' ‘ma;!ority of bmin maomphagu are of local origin anﬁ not &er:l.na '
| fm the genenl cimulation-

"ms vs.’ew ;s mpportea'by our oell 1ap§'.tung study, which .
omﬂm thet after the #irt day, the m&bzw of the cells
:-reanting to a mperfiom carebml mjury, m of loca:l. origin.

| . The smdy alao nhmd that a few haemtogemun oells enter mta

' the cenuhr motim and thet in tha lesion of & previously» o
- amamea bredn thetr ‘participation was inoressed, This it wes |
= potmtaa, was a aireot cenuqtmwo to the uﬁuaeﬂ chal mtion
"{and thia w to m ea:tont ar.pla:ln the dose x-enponn cam .

L .obumed (ﬂs&)-; o

'The conoluszons reanhea a.a a msult of the pmunt oxperimnta .

, ‘~ m not :n keeping with the finai.ngu of' Konigmk and Sidman (1965)’

who using an ﬁ5 thymidina oon labening tachni.q;e mpoma that
 at least 707 of ‘brain' maorophages were of genersl ciroulatory

g ‘ ox'igim A poaai.bla explamﬁon we can offer for this appnﬂmt

- &naomistmqy .’m that the Ini.en used by Konigmrk and ss.am was o
:' v.ml:l (pmdnee& b,y a 21 ‘guage hypodsmic ma&h} as aommd vith "
tho large rreezing leaion usea in the pneunt ttuﬂy. ‘ Thia smilar ‘l
| . ',Alesion may pmﬁuce 8 comspanaingly smaller loeal naotion, L no
L mr aavelaped m& the meale tmk di.sappearaa with time. A
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- usuhahim: leﬁnn es dppoaea to e f:éasing injury may also evoke a
.wferent raapenam S | | | |

,,,,, - Amt:he!- poasibnity u ehat mcyols.ng of ﬁ"’ ﬂaymidiu ‘ooours,
’ Fua labelled A bei.ng libcx-ated from ).a‘belled haemtngenous

" ‘aelln dying in the wound mlv ‘This in one of the uxplanaﬁonu :

. -'orr.na . !Conigamark end Sidnen to explain the appeersnce of

: labeueﬂ endothelial cells in the lesion (a3 thymidine had only

veen givan prior to injury). Te quote direotly from their paper

L "A leuaooytn tmfom directly into en enaotmz.m cell, or a

* macrophaga might empty 1ts debrﬂ.s into B vuoular umen end then
.mmain in the vesaol wall a8 an endothelm oe1l, or ﬁm:y |
) | and‘o'dxgual oe:us _pna 'miu:oglm* ealla‘ might rgcein hbellaa
o mA teon heiiaf&yha;g n the wound ax‘@a"._ |

In our experimnta whem 83 thymtdine ms given befoﬂ wux?
S hbsu.a vescular cnﬂothelial cells were cbesrved elthough
o labelled cells were founa within the vasouler J.umen and in the
" tradn i.n oloae pmimity to vesscls.

o Raomgy fron h;mﬂiation aamam o o

. In the two methods usad tc demonntrate imdiation ng ta
gl.‘-nl cellu aom vory ‘Lnteruthxg differences occurred when the

ttm intaml batween imdiatiun a.nﬁ aere‘brsl i.nault. was :lncuued.” 3

- m.th m:ury to the cbmbral certex, no mcmry or maentuation

:‘ of the aallnlar :'eaation wes. appmnt over an interval of si.x

. months, Thus 1t would appear that the gm o011 population of tne
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‘ cerobral cortex ahows little or no mitotio mll raplacement 80

that tha imdiation damage remains domnt untﬂ the oenn m

: atimlatod to ﬂivide by injury. This vi.cw of' a mts.c cell =
pulation could e:xplain the laak of' radiation necronis in the o

- 'cere'bml cortex. < L

In mrk&d contmst ’. whan mouse brainn nm' Meuted with

,_'HB. pex-mms three monthn sfter rradietion (400R), there

o appemd to be aome reomry rrom the imdiation damgc Wi.th .

highOr dose of 1,000R, no uamry f‘rom irradi.ation :hmge seemcd

e to occur, at 1east in the thme months of.' this atu&y. o

3 In B partuasis intmcerebral infoctlon the bac:terial coloniu '
(attached to the oiliated lining ot’ the ependyma) ara in olon o

e proximity to the mitotically active cells of the subeponiyml

' .f:‘plate. The 'nitotm activity of this 1ayer will initially ‘bo
depressad by 1mdiation. If the cells ot‘ this layer nact uka |
; ’"'a nomal stam aell population, then tha viable undamage& mbendyuﬂi |
 cells that remain after & dose of aooq w1l contime %o aiviﬁe,

replaeing the layer and proauc:ing new viable neuroglﬁ.al culll 1n

' much the same way a8 bone marrow af'ter :o.mdiatwn. These m uella .

" will migmte out into the brein parenchym and replace non. visble
i"v-oells damaged by . eraiahon. Thun, when the miae are: infected 3
monthu aﬁmr irraﬁiation sema ﬂogrce ai‘ recovery is appmut.

' inother possivle &xplatmtion 1s that the emdmaticn of thn

| "Mectmn is solely the mnotion of the eubapeud.ymal layer. , xr
o | thie view is aomct, then a.xv mcovezw in the ability or the brain



e erebral cmmgenagi

) to eradieate Be pertussis inf‘ection from the brain will be an

' ‘indioatcr of recovery of tm subepenaymal layer trom the mﬂiation
damg&, combination of both these hypotlwsea is en cqual N

: -béauibinty. { CJ.aarly, a ntudy oi‘ the offectl of radiation on the

" subependymal 1ayer' and itu rate of recmry from e whole renge of |
doses might elucmate this point. ‘

.

. The main’ f‘aotors ragurding mplantation aite nnd the
' "importarwe of mex 1n oerebral caminagenuis have bean discussed
n the relemt ohapter. m». here u is only necessary to aisouss
| | the ma.’m poiat that glial 'l:ummra are only produced by chemical
aaminogana 1f‘ the caminogania pallet im :hnplantcﬁ dseply within
_:tha 'brai.n B0 as to be in contmt with the mbnpendyml la.yer. ‘

o Implantation oi’ the earcinogan :Lnto the nerebral cortex. which ha.s .

-»"',been ghown tc han a rolatively statio glial pcpulation, win
produoo no guu tumonra.' Not only are cena of the subapendymal C

. syer mitotically active but they ere aleo undifferentiated, which
‘ ;:fpossibly acoounts for the divaraity of' tumour typeu pm&wea.

o From all theso atudias Mz would appear that the cella a!‘ the

o “ambepenaym plm, whiuh have unm now reaama little attent:.on.‘ ,

- should ba mre exteusivaly studs.ed for thair pcsai:ble rcle 1:1 both S

s nomal ana pathalogioal pmcesau. L
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1, For normotanaiva nnimala, dous ot‘ i,OOOR pm&um no mrphologiaaz
changes in tbe brain and animah have a noml life eptn. o
| 2. Dosea of E,OOOR only produoe maulu' aamuge, although thl- typ. or
L amge is not restriated to thin ‘dose lml. , o S
3, Dosaa of 3,000 and h,OOOR produco ulooeive necroﬂii of whito mtm.
the extent of which depenaa on the len.gth of the 1atent period. -
] l;. Hypertannton aooelemtea the appemnoo of vawuzar 1mﬂhﬁm
'amgo, with aom of 2,000 5,0003, and nmn the threuhold don
. 5«» Vuouhr dmge .‘..n hypertenﬁn n-raﬂnteﬂ animala iu restriotcd
"to the highls uumlar rogiom of the brnin. e '
. 6. Hypartansion appears to Joose its effects fcllowing highor doua or
. _k,m and animals au at the same timc as thl k,OOOR no:wtemm uta.y‘
Ts m moaea of mdiation dnmage m propoud ror the brni.n; vncuhr g B

o '&unage whi.oh is mnat erfeotiw between &nna or 2,009 3.000& m& |

- } aann,ga to the glinl mpporting cens. , Ms ia moat ef‘feotiw beMen “f:-f'f

 doses of 3,900 a,oooa. |

8, Botn theories of’ raaiution dmago are ham on mll mth o
‘ oaourring at mitoaia. The siow m.ttotic :'cphoemnt of celln in tlw ‘

o :brain mounti.ng t’m:' the lcmg latent peﬁm‘l hefmeen 1md.'mt‘inn m&

g the omat; of Mg'h L N |
9 It was miggested that udiation ana hypomnawn omald acton
;blooa nm:a by uimuar moau. v o e

* 10, Rediation arfaazn on the anbapanaymz mr ney be a rmtor m

" the pmaa of delayeé udiation neorosis of white matm'
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", 'I‘he mjority of oenn, raacting in 3 ruponn toe freezing ocz\cbnl
injury ave of Jocal origin, e prodominant cel1 typa be.’mg mmgm,'
‘_"althcug)u utmcytes, meningoal eeu- am! Vaamﬂ.nr endothelm uuu S

"'alaotakepnrt

Only a fcw eimlatory cella antar into th:la oerebul motion 'bo
in.jury and to some extent thcy divi&o locallys ) y - ," .
' 13 Em vr.lth aosu 88 small- u 200R pmvioul 100&1 wmtion or tha
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Effect of Prevnous X-irradiation on the
Response of Brain to Injury .

THE normal adult mammalian central nervous system
shows no early or late morphological effects after a single
dose of X.-irradiation up to 1,000 rads!:? and. even with
doses of 2,000-4,000 rads there is & delay of many months
before damage appears®-4.

In spite of this absence of morphological change after
moderate doses of radiation we have shown that the
cerebral glial reaction to injury is diminished after both
‘small and larger doses (200-4,000 rads) and, furthermore,
that this change seems to be independent of the tlme
between irradiation and injury.

Brains of Sprague-Dawley rats, of both sexes, 3-4
months old were irradiated, under chloral anaesthesia
(300 mg/kg intraperitoneally), to single doses of X.-rays
of 200-4,000 rads. Irradiation was given laterally to
both cerebral hemispheres through a semi-cireular port
of diameter 18 mm, in 2-5 mm of lead shielding. Doses
were given at 90-95 r./min, 220 kV, 15 mamp, with 0-5 mm
of copper and 1-0 mm of aluminium as added filtration.

At intervals of between 3 days and 6 months after the
irradiation a small superficial area of the brain was
injured by freezing through the calvarium. This method
was used because it gave regular results without the neces-
sity of opening the skull and thereby avoiding the risk ‘of
infection. For this a cooling device was used whith
consisted of a copper tube, filled with a mixture of solid
carbon dioxide and aleohol, at one end of which there was
an applicator tube 3 mm in diameter. This tube was
placed in contact with the exposed left parietal bone of -
the skull for a period of 15-20 min depending on the size
of the animal. A single intraperitoneal injection of 1 per
cent w/v trypan blue (0-5 ml./100 g body weight) was
administered at the time of injury so that the exact loca-
tion of the lesion was obvious when the brams were
removed 1 week later. )

The animals were killed 7 days after injury with an
overdose of sodium pentobarbitone (‘Nembutal’). The
cerebral hemispheres were removed and fixed in 1 per cent
acetic acid in 10 per cent formal saline. The slice of brain
containing the centre of the lesion was slowly dehydrated
in alcohols and embedded in paraffin wax. Sections 5u
thick were cut and stained with Ehrlich’s haematoxylin
and eosin and mounted in the usual way.

The normal response to this freezing injury was necrosis
followed by cell division and infiltration commencing at



the periphery of the lesion. This was clearly marked at

3 days, and 7 days after the injury the saucer shaped area

was uniformly populated with cells (Fig. 1). They were

o approxxmately 2+5 mm-in diameter and 0-5-1-0 mm deep.
To minimize subjective errors eell counts were made to the
following standard procedure. Counts were always made
in an area where the lesion was 0:5 mm thick. Using a
squared graticule eyepiece and -an oil immersion lens
(magnification 1,050) cells were counted in four consecu-
tive areas 0-086 x 0-086 mm, perpendicular to the surface
((Fig. 1). The number of cells was estimated by counting
to the nearest whole nucleus found within the graticule
area.

Up to five consecutive serial sections of each lesion were
mounted on a slide and of these a minimum of two
sections were counted. The mean number of cells counted
in each section for controls was 230.

The results, for rats irradiated 3 days before injury, are
shown in Fig. 2. The numbers of cells/unit area are
expressed as a percentage of the non-irradiated controls.

With selected doses we varied the period between

irradiation and injury and observed a similar reduction
in the cellular response, although so far the numbers of
animals in these groups have been small (Table 1).
The simplest explanation of this is that glial cells do
. not show radiation damage until they are stimulated to
divide, when they either fail to divide or die. This “‘storing
up’’ of radiation damage is possibly caused by the slow
turnover of glial cells in normal conditions, so that re-
placement does not take place to any extent. Similar
examples can be cited in such organs as the liver, skin and
thyroids-? where the radiation damage can be accelerated
by the introduction of factors which influence the rate of
mitotic activity. The observations® that the latent period
before death after irradiation of the spinal cord could be
greatly reduced by hypertension could have a similar
basis.

The hypothesis that previously irradiated local glial
cells die on attempting cell division is dependent on the
assumption that most of the cells originate endogenously.
The findings that a considerable number of the macro-
phages in brain lesions are haematogenous® seem to dis-

Table 1. COBLL COUNTS/UNIT AREA OF LESION °
Cell counts/unit area of lesion as percentage of control

Exposure Latent period between irradiation and injury
dose(r.) 3 days 3 weeks 3 months 6 months
. 200 84-5+1-4 (5) 84:3+ 25 (3) 819 (2) —

400 766+ 16 — — 685 -(2)

2,000 61,1 +3:5 (5) 62:5+2:5 (4) 585 (2) 62-5 (2)

Results are expressed as a percentage of controls, with standard errors
when three or more animals were used. Figures in brackets indicate the
number of animals used in each group.



Fig. 1. Lesion on the left cerebral hemisphere of the brain of the rat,
indicating the four areas (0-086 x 0:086 mim) used for cell counts, where
the lesion is 0-5 mm thick.

Cell count (percentage of control)

50 T T
0 1,000 2,000 3,000 4,000
Dose (r.)

Fig. 2, Cell counts/unit area of lesion, expressed as percentage of the
\ controls, plotted against the dose of 220 kV X-rays.



.agree with our results. Thus further work is in progress
to determine whether our results can be completely ex-
plained by a reduction in local glial cell proliferation, or
whether some more complicated mechanism may be
: operatmg .

3. W. HoPEWELL
E. A. WricaT

‘ Department of Pathology,
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London.
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