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' • ' / . "»• ; . . , :•• •'• ' T H E S I S ' . •„ . - "

'EFFECT'S QF. 'THERMAL- STRESS AND' GAMMA RADIATION - ' ' -

ON'-MORTALITY AND HEMATOPOIESIS. 'm MICE ' . . '

- L .-.,-• , (Summary) ' ' - " ; ,
• ' - & • • , . '

- . • -. . - - " . -

•:' Female mice'(~CBL albinq) weighing' 18 - 22 g-rams were, exposed

simurated" components .of-?a nucletir deto-nationj: specificaLly the )

Component̂  and the gamma component of. the 'residua-1 ionizing ' • : '•

• •• jadiation. ' These' vterv app-lied si'ngly or. in combination. The thermal,'

••. ' j t ress ,(B') wai? delivered by a .500 watt l.R. bulb to.the shaved back of-
' . ' • , ' • ' - • , • • • • • • • » ' - , * - ' , ' v ••• • / • • — - ^ .

• $h.e deeply anaesthetis.ed apimai,' the''exposed area representing- aboû tf 10^

3f the body surface. "The gamma component was delivered over a 96 hour

perioct by a 25& Ci Co-BÔ  source" to tht=. whole body either at a constant' ,~

£o"sc- rate" (CRK or at a fallout dose rate (F). The fallout Fate was
: " ' ' ' • • • ' . • '' - 1 2 / -

^aried a"s a powe'r^function of- tim.e . . . Ri = RyQt •> . ./For combined
' stress experiments"'the thermal stress .preceded the gamma radiation stress

by 3<5 hours .and was- founds~ifcr~definitely modify'mortality. • •/ ' ,

'//hen a 30 second thermal exposure" (B.30) prece'ded, gamma ^—•'"'

- radiation radioprotectiori was "evident.- -The LD50 estimate' was increased

• !:y,about" l6#'over that for the radiation alone (e.g. 852 R to .1006 fi).

This definite protective effect was also attained when -a J+5 second

exposure -(Br^5) was used, '//hen a-15 second-thermal exposure (3.15)

preceded- constant 'rate radiation the LD50 was • decreased "6y 16$, -but when

.-'it preceded fallout no signific«,nt change was noted. This l a t t e r effect

' would appear to be a result of difference's in. delivery of the stress ••

. (dose rate).- I t was found that mice.-succumbed more'readlly under a •

'constant' rate regime than a fallout regime. • . . - . • • ' - /••-

^ • . De.a'th distr ibution analysis revealed the protective- effect of a / ' -.

(.30' second thermal exposure-upon irradiated mice to be. .manifested during/'

"the bojie marrow -syndrome. It was therefore proposed that the protective

effect was exerted on the hetn-atopoi'etic system and that an endogenous —'

^pleen colony assay might confirm th is . Endogenous spleen colony counts.

iiere significantly higher in those animals subject-ed to 30 or ^5 second

thermal stress before constant rate' irradiation »than in those given a

15 second thermal-stress, before, or the irradiation alone. The DQ.

••î ulues for the various burn treatment groups ware the same (about 130 &') '

Indicating no change in hema'topoietic sensitivity was caused by varying.



'*'•"> ' • '

. :the sever i ty of burn-.. Perhaps-mo"reys/;e';n'cells were • present a t the--time
of .irr-a'di'ation or the i r e f f i c i e n c y at repppula t ion of. the "spleen was
'enhanced by the more severe, bum. The dry weights of. many ' spleens from

'• each' treatment group were' recorded ana i'o-iyad io" r e f l e c t the' mo.r" t a l i ty"' r .
'•.findings, a JO second tnerma] ' s l jess^ ::.;Vc^ : ied .mice from constant r a t e :

gamma rad i a t i on and a X% second ••'vlherrr.al sir<^.~s, enhanced r a d i a t i o n
•mortality, • o . '. J . • ., • ; /

-Hypoxia as a -possibl^-'meciianis.T; was discussed a s ' w e l l as the r o l e
•''of bact-eria'l "ehdo toxins ••in'-radiopr-jtection.' The enhanced recovery of th"e

• hema.topoietl'c_ system was apparent ly respoii'Sible^f oi^x^h'e ret iuct ion i n ...
mbr't-ajity of s e v e r e l y burned mice during Hit bo no -marrow syrictrome. ^
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. ' Cprr/cdrv ĉi • o t r e s s ! !iurn + .Constant -?;̂ ':e-} ~ ' - - * - - - - ^ ^ *_ 3-'

o .'. • • . , ' * • * ; .

: r T :?^"T^ • r. ';V .. ' ^ ̂  ,~\ : Tf" •- - '{ IL ̂  _ . , * OSK
O - . i j - J . i - J AV . i-I * s . - j / ^ ... . J . ^ -— ^ " ' • / - *

"•** '• . . . . < V " " ' ' v r •

' - Q T T Q ^ " ptr uv•£Qy T j i | j ' \ j ^ / . L'ICI^'^Oi?"I^'^'rr'"~C*^ — — — — — • ° o

t- - • , " ' . . ' ' • '

~ ^ . ' ' ' " • " , ; • • • • * " ' ' . i

•' . ' . . ' • • ~ s , • . ' ' /

. • " • . • ' • ' < * • • , - • • . ' • • ' . • . .

# • • • • '



3 7

' • / ' • • • •

• X "•

" \

• - • • /

li



-.,".- : I3T OF TAHLSS

able . - r •' . . Page

• ' - ' • • • • *

1 • T.hirty. Day. Mortality - Fallcut Stress 30

2 Thirty .Cay .Mortality - Combined Stress
(Burn + Fallout) • . 33

Estimates from Probit Analysis - Fallout

Regimes '--•• '• * :'• r — - 35

Thirty Day.Mortality -''Constant Rate Stress-- ?>/

ThirtyDay Mortality - Combined Stress . .

(Burn + Constant Sate) -' • • 39'

LD50 Estimates from i-robit Analysis - :
Constant • Kate Regimes _-__. "- .- - kz

Comparison of LD5O Values for Fallout and - .
Constant Rate Regimes . : . . 44

Time -Mortality Ana.ly.sis - Fallout Stress 57

Ti_ne-:.\ortality Analysis- -. a,urn + Fallout

vlO • Time-Mortfility. Analysis, - Constant Hate S t ress , 63

11. ".Time-Mortality Analysis - Burrr "+ Constant ,
Sate ".Stress : - ' - J 68

.1-2 .Burn Delay i-Sortality otudy for Three

--Dose-RateE - JO Day Mortality - — • — - - 75

13 Endogenous Spleen Colony Assay ^ .--,- 79

Ik. - . Splenic/ Dry Weight -1 . v .'82

15 ' Relative Biological' Effectiveness'(30 Day

Mortality) :-- . ^__-_-___ . 36

vi



' • • • * * /

•- ' - . " L I S T / O F F i o u H - k s -•'• ••\'\ ''••; ' . ' •

F i g u r e • , • ' • - . . / •. . ".•• V •' . )

* 1 '•'."- Thermal, Stress Unit. —; — !L._-_'V-iî - "- . il" '
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• " , • INTRODUCTION ' ' ,

.VL-CLEAR !.'BAF6l\o • • . . / - - V , "..-

When a nuclear device is detonated in air the resultant

energy is released as four separate components: blast and

shock, 50% of the. total energy; thermal radiation, 35/»i initial

ionizing radiation, 5%i and residual- ionizing radiation or •

• fallout, iCTi (Glass-tone, 195?).. ' ' • ' - ' ' •

• ?The -two Components of primary interest in- this 'study are

ti.e thermal and fallout "components - The blast and shock

and initial ionizing radiation cause massive injury thereby

na.si--.inar the more subtle effects of thermal and fallout radiation.

A thermal burn received 'down ranpe from the detonation

• site varies from 1° - 3°> and the area exposed is dependent.

• on G-16'thing; a lightly-clad person would present a much larger

area for burn than would a heavily-clad pe^san. The average

•;rea exposed-, would be about 1O& of the body surface, specifically

in the hesd,-necjc and hand regions. -- . .

The exposure dose rate-for r;arnma fallout rrdiatidn Will

increase with time s>s the activity of fail out material in

the immediate vicinity increases. A peak is reached at 1 -

'j. h.ours poet-detonation when the rate of decay just .balances1-

the rate of deposition. ohortly, the dose rate declines,

* varjitfp 'with time according to' th'e relationship S OC t ,

where'j'S " is the dose ra te ••• in1- roen tgens (R) per hour, "t"

is, the time post-detonation, and "pi1.1 is a constant 'determined • ,



by the' distribution of fission product r,iikcyer' (plasstor'e i4 19!>7) .

J-

A c e l l ronewfil« "yftt.err. .Tiay tie considered a ch-'jirj of c e l l c

in which nny . loss cnuficci by e i t h e r de^th or r ip-rat ion i s countered

c-u<';ri%j"t7'tively by th'e j.rpdwc t i on "/ff new c e l l o . The .hystetf. .must

have a e e l f - s u s t.-.inin,!1; r e s e r v o i r of un<ii f feren t'i;' ted p recurso r s

or stfinv c e l l ; th: ;t sur-tc^in the Zev'ny of- the .system ji't a -steady

•r'-.. te Ĉ -oftd '.?.t ,'ol , l.';''-.5)'.' , ' . b •-.. ' . ' ' . •

o to i "ct'll.'i under n;orrr-.>.i cr.nditier,.", co;.'tinu,-; l l y d iv ide . -

'to. ' r educe o n P T t e " c e l l ;jf:d"one c e l l fv.-teu to di f f uvur. t in te

into-';-, r^oci t i .e r.,'i :ure fwnc t-i or.nl cei l ' (Dban , l^.'y-.). • The

i r i t t e r •i.'iU.rJ tc-f c e l l vi'ill d ivide once or, s e v e r a l timer; '".efcre

lor:ir;r i t : : c a p a c i t y to di'vida-, the drvidir . c-rr.t t u r i rif ';. ool

tnUo ; r:c t inr; as. a >7!til t i p l j er -of a spocif.ic- c e l l . t ype . The • • • •

•cellts _then. enter- the V-.-J tu r in~-only sool from which triey ;;a5S

i n t o the -nature func t iona l ;iool. Ce l l s become function.'-1 a t -

ii fjj.ocific t i ^ e -^v.!;icn' w i l l aej-en-Q .tij on .J'iVe ^i.rUo-ulsr -cell

renewal system involved. " • . . ' ' . " .

d i s r u p t i o n by r a d i a t i o n 'fjevc-rejy 'de:.leten the stem c e l l '

;.col , thone c e l l s ' beinp: the most r'adj ose.n; ! i t i v e . T"he nature ' •

functional ce l l s are the r'ost r;idioresi.~ t;m t . • The no re mature

pools-^are ae;^leted ris they 1cfit?. • ce l l s to tTie functional .pool-

Eventually even the. functional pool suffers a decline if.

popul.'i tion £>f c e l l s . The stem ce l l pool recovery r;r.jxiually

by horaomorphogenic division, one r, tern cell ' dividing to form



two .stem cells. .When this pool-has attained-.'an adequate' \
•* • ' ' . >. , ^ T i < * = - < « > - ' •' • ' . . • V '

* population of cells division becomes more h'eteromprphogenic,

one stea cell~~<iividing t.o- form, one stem cell and .one cell
> - • - • _ • • v , • ' •

destined for th§ func.tional__pool. The. rrore mat.ure pools are •

• -'' ' *<

now gradually replenished with, cells as'-che cell renevjal'

system bepins to return to jiormal operation. If^repair'is •

not,' sufficient a.nd death ensues, then the mortality •syndrome' •

that appears will be'characteristic of' the-cell system 'that-

'-i ' failed to r'epair itself. . - • v

• A-Cl'TE RADIATIC.V SYT-TDHCMS . •. ' •

'" -The a-ppeoranc'e 'o'f a syndrome is. principally due to the

failure of a particular or<^an or orjran system. This occurs

when the number•of'funcfignal cells in the cell renewal*system

falls below -a critical value. However, radiation damages the
. " • * ' . . • • • • • • . . : ' ' • • • ^

entire aninal and the clinical" picture reflects all changes.
.B- . ... • . ^ z ' -

This is most evident- during the 'transition fror? one synclror.e

to the next-when there is'aa'adnjxture of cynptoms. The

time limits of all sj'ndronies stated below are ai/bitrary estimates
^ " ' (

and the;re is some overlap. . &.

'*. The central nervous system syndrome is caused by damage

tiO the •.f-urtcttLonal cells or "the brain, death ensuing -within

minutes or' hours. Since these are non^'proli ferating- cells,

-•this syhdro/me is weeji onl'y at dopes sufficiently high (abpve

10 -kR) to cause serious damage to the radioreeictant mature

functional cells 'prersen t during frradie tica-. The- symptoms

'include convulsions, severe hypotension and shock (Langhdm,
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The .•"•!.r;trointe--tin?.], syndrorre "i.̂  caured by damnrr1 to the

* • • . • • • •

.W'l?''VoW'jl e ;• i theli.u.n-;, 'des'tji enruinr •.-.•ith.in l ive dgyr. The •'
' & '

j n t - f t in- ' j l .••'.or c ? l l 3 ' i n the - c r yLts^£ind_.tlre. jjjj_±di n ̂ na-timliLt: i^_

ce l l n ,p,ra r c i . ' l vve lv s e n s i t i v e to radi : : t;. on . ' T'ae mecb">nJ :;-rr. -.qT

•iCiit'; i ^ . t eo t i^a l r.'.d j a t : or. death hi-.z .I"; Or ;..h•:..': i-:::-• Ir^ndiri ' tion •

t\I :ck.= the- producti.cn o'f .v iable c e l l s " to rep lace thor.e n..orvr.ally * t

si'.UT'r.ed cfT-'the v i l l i , ' w i t h B rer-ul t'an t ce.'.-ietion. cf i n t e s t i n a l

e ,;i l'r.o'1 i:-- J . c e l l " . ?!u r, 'd.en.ud .̂ t ion aiid hreal^ibv.'n cf the i?-,i*rv*r >ji '

r •••. :. !'••. t i n - t ' i e ] u™en fror t.'ie i n t e r i o r o f {•'!•, o v ouy Ui-oj? t o _

dc-.- "•;; ur.le.rs " t<te ] j r i i v - i s Pt iy.l.\ced ( •-._U;..-B t i e r ,' 17'> 6 ;. 'un.--.tler

• "he bac tez'e.Ti c-•syn'!rq"'ie ,. raone times c;;l4-od il. I I , r e s u l t s

-fro?!: the ir.ter:tirss-l da'«r, ,-e , 4esth ensuin? beti.-een .ii;,yi; ° tnd

"... .'iut V iip t ^ r i a inv.-'Jc- the circ i i l ' . ic-T'j syr.ter. th-rcu;-h. , the

denuded e yit l iel iu ' ' : cf the v i l l i cau;vin~ ir .f t 'ct ion ("rac ter'eni,-. "

ti.roJ^hc'it- : the i'ody. ' Anirhlr; "'.ay ais'c .-uccur'!: ih" trr: s .:-eri.cd

to l'-.te <:.-ritroi:-ite.'-tir.;ri cr e s r l y hnne .-r;-.rcQW fr.iluve (-tig.--.rher

ar,;l_ Z'rrlar,. l.fvo3;' ionu et <-•!, 1"65; Mi l le r et a l , >°5 l ) \

The -bane m-'d'ro'w syndro"'e resul t r- fro,r. het." to; oie t i c

• d.-in-. .•"(.•', a i ,•.-; t h en.'^'in,'-': fro1". • days 9 - ?"• Ste'^i cc-llc '-.re sen-

ro.tive tc r--d3-;tion, t h e i r nunbcr.3 and Cr.p.'.c i t y to >»«ii-f cr.-. tc

~rr-';jtl/ reduced by only .t. f'-w hundred i<.oent'-:(;;is. IKhe d iv id ing

ancl "'•• tu r ing pool its leB8 s e n s i t i v e t u t i s alr.o Giarkedly '- ..

I'educr-vd in s i ze by .':;ub-le thai dories. Blood elements are

derlptfid in a. ;n :.:• 11 e r nf tlavs as n t u r o , funct ional c e l l s art;
• " . ^ . ; J - • ' • " • • _ :

r e m o v e d : . t a n o r m a l r a t e a n d ' n o t r e p l a c e d . i x t e n r . i y r ; i ^ r '
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cy i r ;-er:i .• . ; :llr.wc _ In fee t:: •• n. to lievulr. ,,, tl.rornboMenin r»'~'.ilt:

in j'.sricrrh.'-'.-e , .-'.r.d ••!'_.-t:.ro;-er\i---. l s a ' : s to .-. nemi?j.- A l l ' ;,£,">:'
' • • • 3i'.

•< jcc;:d;:ry. c o r . r r e - j u e n c c ^ "..-••./ } e ; ^ t c l i ? 1 1 ! : : , '-:;jt v i r t u ; - l l /..:«; )L'l •

de;-.th-:-: ' - .ccur n r i c r t o .day? IC ' t r C1 J- "'.:: o! i .1 e t >1 , l r : t ; ' ) i .

.'•'.'r.p. ;•• u :•>•.'-• oT t h e '-: y n a : C " : e p . ,iu;-. t fj>jrcri''-< ld j'.j.v-r i.eer:,s

icier, t i :" l e o V,y v •:. r ' i c u;; Y«e t he c».. Trie. u.~i. o f .: r e v er. t i v e . n'?'!.* al"c/=

" / ffUch"-r-r.' t'r.e c'r>±el,di^.r o f r e i . ' - o . t :" 've or-""' r:?-.. d i n / l n , 1 : i r : \ ; . d i ' ; t i c r : '

• • -:;:.": ":-eon r'C- t j . ' ^ f u o t ' ^ ' - i i"-V r ' ' ' i e l d i r. ,*' t ; ( o e n t i r e ' <'.o f i t t e r :
= * " " \ > • •

' / • • " • • ' '

t'r.f: .'r-ene ^ r f i , , ' s y : : d r : * e S o e ~ •""•t d>•;• v'.. l.?t. . . ' • . o ' t c c 1 . r , r u » • •

o f - h i c ~ i i r . - - J .~; < v c : : ' i c L i ' f . r . w ^ i e t - . . e r « ~ ; .' :" t h e '•.. ':;-. ,Ln

• : : T d i . - t f d i J s r . t i f iiv.1 i i i n ,i;l-'! . i u ' . e c ; . ' . i . e d i.-y a a r ' . - ' f t o - t ' r . ' . . t . _ •

o r . ; a n ( . ^ i i a d t i e r - ; : . u i u c - ' e r , i ; . ' - ; A - u r l i n . e t S i , 1'^C). • . , •

A n o t h e r , s ; • ; . r o t . c . h ' i .~ t c c c r . c i . - e r t h e fer'.-:it'r.e;:t' ( t h e i ' \ y . '

•.';. l e i . . a l ] ° V i ; : t c-..~ t h e p y ^ - t o ^ . , 3 . .X ! \ e • • ' d n - . i n ' : ' . r t i " : t ' I c r . c f h v i i t i -

r l p t i c r ; r -u ' eh ;ir; •" ' r e ; t o ^ y p i r . - e l i n ' i n ' : f o " t i e b.-'C t f - r e m j c j - v r i o r v ^ e ,

,ii n a i c i . i t i n ~ t h e c:-. u. ' -e" .0 f . u c h j ' l - . t h : 1 t c h e i r. f o e t ; o r . ( " ' . . - . x t o r e t ' ; 1 , '

. l ' c S J . ) . "'he- b o n e • r ' i r r i i w ^yr .d i -o^e r.T;;.r "-.L.- r e d u c e d o r neevj t ed .

r v t h e '! d r" . i .n i s t r j i t:i'.•!". c f' •:. s u f f i c i e n t l y Z-r^p c n r . c e K t : l * t . i c r .

o!1 n e ' j l t i i y h ; n e Ti'M'i'ov: H U f-':j. e n 'J e i; in' ' . a l i r e . T'TP .'-te-T. c e l i r .

froTi t h e t r a n s p l a n t e d -i--rrow i;.-~ = u - e ' t i : e . f u n c t i o n 'of; i:ejr'.oj-bie;-.i'f- ,

' " i n •': l e t i h s - . l i y i r r . i c i i ; : too" r 'o . ' . t . ; 'ne s r l e e n ? c c ? : ' t s j l ; e . s e v i a b l e

.-torn c a l l ' s nr> i t , wcuj.;J no r" . " j 1 y . ,?ICC-;J t t r ,e i io ; - ; t 'n own c e l l s and

c o i r n i e n . ,-ir1^ l'-vr™ea, e->c':i r c . r e s e n t . i r : - . " o n e vi( . . ' - le .': ton: c e l l

f e n n u n n ; J e e n c o l c n . i e n ) . '-'i t h - l o w e r d o ^ e s c-Tido^enour s j ' l e e i} .
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radiotherapy. If ^'TCanB could- be--found of.waking tumour

tissue lore sensitive to ra-di^tioii 'then lesc radiation would

need to-be a-pplied .to1, achieve ..the"'same .decree- of' dacisre to

\he tinsue ... • This would -result an l e s s damac'e to-neighbouring

tissues sine a- the dose would have1 been ' iecr.eased.

- ' . - ' • • • ' ' . ' " • . ' . / . ' ; , • • '

j'VST'CSE ZY T;>:Io "•S-.-liiiri'ftCH PRUJZCT ' .. . '<
• . • - ' • • i . ' ', • . •

7'^eliznlp.ary. findings demonstrated a xirotective effect

cf\ trierrcial -stress when this preceded various dosages, of pi'x^a

rcdi'?tioR delivered under a simulated fallout re nine (Soss, . •

IS'67.) -'.-. The present study was undertaken to- further confirm .-. •

^nd expand the 'above results employing various- 'thermal exposures

combined '"'with - varying dose r-ite deliveries of the gamma component.

!(fallout and. constant rate). consideration would be civen to

the ' Sy71drorr.es contributing to mortality o.ver- a JC day period.- ' '



M E T H O D S A N D M A T E R I A L S ' . ' - . . - ' * '

; A N I M A L S . ^ ; • . -'
*~ . • • ' v

All animals' Ksed in the following experiments were"
• • • ' s ' ; ^ • ' ' • ' . . : -

C3L female albino mice (Canadian Breeding Laboratories Ltd.,
• . - > • " . . '

..?• ft-vJ'weighing7 l8 - 2.2-igraras. -The C3L strain', is a randomly

ou.tbred- s-tock originating from'the 3wiss-V>'ebster albino

Strain ,'Charles River.,A randomly outbred stock, was chosen

' . \ , ' ' • ' '

because the .effects observed following stress treatment

should, r.ore closely represent • the effects for a general

populatioh exposed to a nuclear • detonation tha-n a pure strain

would. Kc*wey_er, the sex of irradiated animals affects' radio'-

sens-itivityfcquite markedly', so only one sex (female) was

employed. Kales are generally- more radiosensitive than females

.(Chapman, 1*955) •• ?he animals vferfe shipped from Montreal via

air express and,\truck, 'and were house"d" on arrival • in a temporary

quarantine room outside the radiation f acili-ty..(Samsay Wright .

Zoological Laboratories, University, of Toronto).' Six-mice ••

were housed in each metal cage with fine wood chip bedding.

Purina mouse', chow (Purina Mills, Toronto) and . tap water"'-'

"(chlorinated and fluoridated) were provided ad libitum. A

constant atmosphere was maintained in the animal facility
\̂ . . .

(73° F, 55%' relative humidity) where the animals were'kept

post treatment. The light cycle was set for 12 hours of

light and 12 hours of ' darkness .•

\, '
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Two day's were allowed for the animals- ' to 'equi l ibrate ,

possible stre-sses i-rfduced by transportat ion" 'e.mi handling,

' fc.llowing v/hich th&y- were-.weighed for experimentation. Hi-Ofse

within ' th-e acceptable l i m i t s , IS - 22'-gr&ne& ' v£eret randomly j . *

d i s t r ibu ted ' tjo""'exjreriaifijjtal group's. Those groups -̂ s lated" to"

receive a ' thermal exposure^were given 0.02^'•- '0.030 cc. of

pento-barbitone'-sodium jinaesthe t i o in trjaperi tfcnealy through, the '

»abdotr\inajl wall betv.;een the" vent ra l mid-l ine and the- r igh t hind' ,

l e g . The majority of- the mice, weighed ."between 20 and 21 grams and •'

"the .amount in jec ted was not vari$gj; the •naln considerat ion was deer.:--

'anaesthesia . The" eff.ectn of anaesthesia had worn off-.by the begin-

n ing of i r r a d i a t i o n . The anaes the t ic was prepared by dissolving

3G0 mgrn. of the dry powder (Br i t i sh Drug Houses) in 5 cc, s t e r i i ' e

• nam~.a,lisn sa l ine solut ion (Baxter Laborator ies of Canada L t d . ) . .

Trie hypodermic Syringe and rieedl* were pre -^ te r i l i&ed by ' i ry hea t ,

and both needle and in jec t ion area, were sv/abbed with ?O?o ethanol .

yirxor' to each i n j e c t i o n . When the anircsil.wss in de,ep' anaoo'thesia,

.the back was shaved &B cleanl'y a..-,''possible by "Cster" e l e c t r i c

c l i p ; ers f i t t e d with a #"+0 surg ica l head. ' a

Several control e.xperi.Ti.e!! ts were per formed--throughout

the time course of this project. One group of animals was

only wei.ghed and not stressed in any other way, a second' group

was anaest.hetised tahd shaved, and a third group was anaes-

t-hetised, shaved and subjecteS kto • thermal stress v This

last group, designated "3", would provode/control mortality
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- • ' . . • ! ~ * / ' • • • ' • . ' _ • • . _ ' " • •

-, " v.lUjr, for :'ro'i • s sub; -5cted t i / n o t : : fVerrr.'l V; trc-'r.^jfind -:•?

ir: - . r v ; i - . v : i r.e, J v1" ,' v:r s ael:.ver-?d r ;>, "ss.n-n of* a .'ienerc!,l.

a l ec t j - i c >;.:. -,..-;• t t irrdu.-rtriai i n f r a r e d lamp (500 G?0 / i i *^ouh.te.d

ir .pide a s.'ieet rnett^l c o n t a i n e r o'f dimensions ?'~- C.T,. X 25 en. x-N

,: 5 .cm." (Fi,T. l ) . . The buS^ v/as Nj^i^ned 5 M"-?n. .below a 1 cm., x

-+ err. o; enir:-'" e'jt out of the to..' of ti:e box, _^?b<i^^nir.al to

be .•• t r e s s r d would 'be p l aced -ove r tr.ifs* exposure opening for • ?<-

vjryir .g iejf.jths of t i i^e. The top of the box was cooled for

•ar.i'-'nal h&ndliniy by' i /aspinn' cole- i K t e r throu.~h a f ine ' copper .

c e i l 5 ram. in d i a m e t e r . 'This c o i l was covered bv a shee t -of
' % . ' . ' • • • •

metal ".nd & layer of^&sbe^tos- pajjer. The 1-urr.j; v/as allowed, to

vr.ra u_-. for ^0 njin. prior to ev'c-i-y experiment, since1, i t had

beer, found t:iat the • thermal output of the lamp reached g.

oif.t-sau •'. i; •'-his tjL^.e.' The sutcutjineous ten;>.ero tur e was • s

Tie.':s'ured 'ssinn; -?/sensitiv» thermometer over 3n extended period

of time.and 'Wa*s found to att&in a v:ilue of oh" C af ter a r50

second es /̂c-fi'ure (Fifr. 2 ) . Tl;ij, is: .sy f ficiexit to CftJine protein

i. '
co.-ij.;ul.-.tiorj and negr-osis • of _ the syithelium , i n d i c a t i v e of a •

2° burn (Brocks- et a l , . 1 9 5 2 ) , . ''''•• '

- \ ' " ̂  '
The anaor, the ti.rj.ed, ohaved aninsl w a s placed on the thermal

' /
stress-unit .so' that the shaved rirea was. situated directly over

v
the 1 cm. x ̂  cm. opening -and 0.5 cm', above the surface of .the
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V

Figure 1: The_rmdE?Stres.s Unit. - . . ' • ' •
'The' 50ff &att infrared bulb is approximately 0.5 cm.
below the 1- en.- x k cm.. opening in the top of the ''
box. . Th'e cooling-.coil under the asbestos sheet is
connected to a source of cold water -bj^ plastic tubing.

• 0 ,





'; !

ReGiionr.as >re shown • in a i r and saibcuti n e o u s i y .
After-.30 ceconrdc1, a.' subcutaneous tamper-: ture ol
6̂ f° C is achieved. This is s'ufficient to
coagulate protein and't!-rus csuse- necrosis,
iri'dic -, tive of 2° burn.

' • ' • ' " ) • / , : *

. - • • ; . . . - 0 .

\ .
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. lamp. This would- allow an area approximating 109= of the

total body surface to be burned. exposure times varied from'

15.seconds to h3 seconds; such exposures would1result in'

- thermal burns -ranging from 1° 'to 3°' respectively (Catena, -

1Q67). Following exposure the animals were "returned to their

cages and observed for JC days. - .

GAi-D-lA"" RADIATIOK STRESS' . •

The' gamma component of the'residual ionizing radiation

in an e;jrly fallout field was simulated in the laboratory by

-employing a fixed source of 250 Ci-of Co housed in a "Gamma-.

Tjeam.. 15'0 C Cobalt Irradiatdr" supplied by the Commercial

Products Division of Atomic Energy-of Canada Ltd. (Fig. J5),

The b.eamport' head of. this unit allows a field, of exposure of

approximately 1.05 metres x 0.^0 metres at a distance of

one'metre from the centreline of the source.

The radiation' was. delivered . at a' fallout dose ratef»(F)

or at a constant dose rate (GR).0»3Fof a fallout • experiment *

the poljcarbcna-te ca res were placed on a plexiglass troiley

or, an arc of exposure ep all cap;es would be equidistant fKera .

the source. The trolley could run along two tracks down- a

shallow incline away from, the" source, bein^ constrained by

a cable from a gear ratio device {Fig.- k) . This device '-

consisted of a shaft rotating a"t a constant rate of one

rotation ever.y two hours which turned.a conical pear with a .

helical groove. The length of cable unwound.' from this groove



Figure. 3: .. Radiation Facility. • • /
' ' ' Looking towards the control room 'the Cobalt-60 source

is housed v/ithin the large white- leaded steel .castle.
' The plexiglass trolley for'animal ca^es is shown on

the track in the:foreground. Hefer to'Figure k for "
a fallout, facility schematic. . . . • •
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Figure k: Fallout Facility Schematic.
The troiley noves down the inclined tracks away from

*~' the Cobalt-60'-source. The- weight at the end of the"
tracks maintain^ a steady pull on the trolley.as .the
gear' unwinds1 the cable, in .the -gear ratio (fallout)

^V d e v i c e . . • . " • '• t,-

t



ARC OF
EXPOSURE

- COBALT 60
SOURCE

DOOR

FALLOUT FACILITY



- 16 -

de.crea.sed ' v: i th each cuc"cer,rive r e v o l u t i o n a? the i--\diuG d e c -

. • v .

rea . -ed , and f..i 3 ' caui-pd the .dose r a t e d e l i v e r e d to the -ariiru-.ls

cr; the t r o l l e y to v : r y o.r- a -ewer f u n c t i o n , of t i r . e , whore

'.:.. fi* «, rx
 iJ""" ( ;.aaker-. e t a l , 19 ! ' :1). ' " h i s formula a c t u a l l y

' hoi da from ;• houi-o tc 12C !:curs -c . i t d e t o n a t i o n ( t j - t ! 2 0 ) ,

. ' iccordir .c to ' i l a s s t c j . e ' (1>'57).C In the ^ r^r .en t expe r imen t? ,

the f a i l o v t '••••=.:,• br.r-ured to a-rrive' l'J-houi-;-, yost- oe. tor .at ion

.me ' c uo r . t i nus for -;i: e f f e c t i v e a e r i o d of cif~ hour: ; , t 'nat i s

fro-p 1-' hourr. to 10b hour:: -.ost -ieten- ;.ti.cn ( t l O - t l O 6 ) .

For r cor .ct 'T. t r" t,e e x ; e r i n e n t t'.-.e do~e' r a t e wan h e l d

ccn . ' - t ' n t for ff-e '••€ hour j:<;rioo i n s t e a d of dr-cli.ri'm'; ex;,.;'.aen-

t - - b l e s . T'o o b t a i n the r i r .e t c t a l «•:>? ui,d.er CK as under ' F,'-

a nuch lower a fca r t in^ dor.e • r'a * e v;as r e q u i r e d . A f a l l o u t

d e l i v e r y be.ran a t a v s r y : . i ; h don:- r a t e d.ecli:-.:! r.r r a . a id ly to- .-.

0 ve ry low docs r a t e . h a l f the t o t J l dor.ie under f u l l o i i t '.."..".•.

d e l i v e r e d in -the* f i r .o t 2-~. iiouri: a t do."0 • ra tes ^ueh h i g h e r th.an

the con.^tar.t ra.tR.; the dor.f r -. t e s • for the remain cier of i'r.e

;*";'hour v-eriod were r e n e r : l l y much low- r th.an t;:e ccr.rtc-.n-t

ro'tc-. F i r u r e 5 " r ives a corr.uarirori ' c f the dose rat/->.-5 for " "

f a l l o u t and cons tan t . ra t e , the dore r.ate i n a r b i t r a r y u n i t s .

beinp- ; . l o t t e d aaa in r - t t i n e . The c o n s t - ' n t r a t e i s . ,20>u of. the .

; t ; . r t - ; r : r ; f a l l o u t r a t e ' , v.'h'i l e ' t h e f ' in ' . l f a l l o u t r a t e i s ' 6?» of '

the Et.-a-.ti.n~ f -11 nut r^-te and ;•;';". of the cfciV-st.-.nt r a t e . ^

S t a r t i r i / - a c r e r a t ^ n under f a l l o u t v a r i e d fro'1*. O.'tSl - k .k'jZ

.rt/n:inuto and under c o n s t a n t r a t e fr oni. C . 1S? - O.°6c A/BI i n u t e .



'Fallr.ut nnd^.Constant 3ate Delivery.
A comparison of the dose rates over the 9" hour
irradiation period- lot. fallout delivery and constant
rate delivery. The constant rate is always/ 2O"o of'
the ••starting dose., rate of fallout, and hajrl the
total dose of fallout is delivered in the first 28
hours (indicated by the .arrow). The final dose r?.te
under fallout is 'approximately fi>> of the starting
dose rate, and 33"' of the -constant rate1. "• .
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The animals de.-tined for i?am™a radiation we're allocated'to

Ci.;es or; the trolley or tables, 12* per cai;e. It had previoualy ' '•

M b'eê n found thst no difference was evident '-between group's that

.were anaesthetised and s'haVcd p.rior to irradiation and group's ti.at

j wei'e not (Ross, 106?). . The carre-s Were, aligned on an arc "of

- e-x;,osuije,' following' which the radiation rooffi was vacated and ' '•

sslled. The source Was- then raised by' remote cpntroj.' into the

• exposed . position ' lor thfc-96 hour period. Once a day during this

period t'he source '.-.•as lowered into the' safe position and the- cares

wero' checked for mortal'ity, food and water. The ca.-ep were

interchanged daily and the arc of exposure on which they were

situated was checked and altered so that'each care remained

equidistant from the source. ^?he arc became mor'e. shallow as' the

trolley proteded away from the source.

Following irr~;diati-on 'the animals were removed from' the

caper -an'd placed in the smaller metal animal colony ca^es, ;

6 par -cci-re, '.for" the duration of t-tje J>C d-ay period o'f study.-

.̂ The' csre, b.̂ 'ddi,nr, ~food\ nno'w,-,-t?r bottle were ch=mrred once a ' '

week. After JO. days all surv.i^ors -were disposed of ).••/

adminis'tratior- of an overdose of ether. V

CC:-:B:MZD. TREATKSN! 1 • • **' <*' . • . •.

^ 'ihen the two stresses were combined, mice were- placed .

/--•in irradiation ci-rc-s • immediately after • bur-sing; the thermal

stress -preceded the. gamma radiation stress by 3>5 - A hours.

' - ii k

This particular fractionation time was used because it was
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found to be the 'average time required for the animals to

recover from deep anaesthesia. , By waiting until the animals •

were at.least beginning to display definite signs of recovery,

it was assured that.no anaesth&tic deaths would be' recorded as

stress mortalities. Those animals that had succumbed to the- . ' \

anaesthetic Were removed prior- to the beginning of the run.

The anaesthetic deaths amounted to lesg" than \%' of the total

number of animals allocated for each experiment.

The. thermal- stress groups served as controls .C.or ••the ••

combiaedfruns» The thermal mortality was applied as a' control

.correction factor so the "actual" effect- of combining the two "

stresses would become apparent. From the corrected data the

LD^n estimates were calculated for the various treatments and

employed as a parameter in assessing the sensitivity of each

treatment.
. ' . • S ' • • •

P3C3IT ANALYSIS • ' ' •' . . ' ' ' • " • ' " .

The probit transformation is a method of converting a • .

quantal sigmoid response crurve. into a linear • response w.iich
. . . • / ' ' - . .

'can be more easily analysed. The constant "5" 'is added to '

the normal deviate to-eliminate negati/e values, and the
• / * •

resultant quantity is a .probit (".probability-unit") :. A.-plof ",

of firobit mortality allows the examination ̂ of sample normality;,

a linear .trend would be indicative of normally-distributed

data. - • - - ' " ' ..

Probit linear regressions are often weighted because . •



value's about the LD50 are-the moot accurate, tile accuracy

'declining a,s the extreme6 ore apjroac.hed. Between prohit

values of 4 and 6 the data is 'heavily -weighted, but beyond

these values substantially less weight, is applied. The' weighted

linear regressions - for* these, ex.perinents were calculated by the

method of least squares .together with, the 95/' confidence limitsf1

of the LD5O estimates ' (Rei-fi, 1969). ' .- . . ' . . -

3£;;CuG Si'tSaN COLO-MES ' A

A'n srsay was performed to discover whether, the

.. 7T.ortr*M.ty s.rpsultr -were a'reflection of activity in the

h.err̂ topoj.e tic systeKi This • en tailed the sacrifice .by' cervical'

dislocation of- several animals fror. each trvxtment -~rour> on

day 12, the' remov.il of the spleens, o.n& the fixing' of' the

spleens in Bouin's solution (British Druj; Houses)..' After ,

3 niinirr.uri wp.it of ?k hours1 all colonies o-vsr C.5 wm* diameter,

easily discernihle•ss pale yellow spots on the"darker.brown

spleen (Fi>r. 6 ) , vare counted. 'The data so ?;ccunul-ted were

treate'2 by. the lo;;(x + 1) transformation after the'method of.

ijmith et al (1966)". This transformation al'lows spleens with • .

zero co'lonie's to be- included in the da'ta analysis, whereas

a log (x) transformation would eliminate them since there is

no log valuejfor zero.. The- nurvber pf/jiolonie's recorded for

each spleen was increase'd by ope',, the new values converted to '

logarithms (base 10), and a. mean determined. Then the antilog

of the raean1 was decreased by one to (five the actual geometric
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Figure 6: Endogenous Spleen -Colonies. . -
The^e.spleens have been kil led and fixed in Bouin's

••Solu't''i&>n". The utiper spleen received a dose of 700 Hi -f\
of. c.onstant rate tjarcma ra,diation; the lower- one • ' •
•received 900 S. There' are several d is t inct colonies *

• • .present on the 700 R spleen "but .none on the 900- U • * • '
one./' The spleen-receiving less radiatio/i -is also

%



• I



. .median. . . • / • , .

'* > . > • ' y

Thje spleens were later heat-dried to a constant weight . •
' . . . - \ • •

for 36 hours-.at 100° F and weighed in-batoh.es-(cage lots)

of six to obtain -the spicnic dry weights., • ..

, DOSIMETRY « . • ' I - • ,- / . ' • • •

• " ' ' ' •' X - • " * / " • ' • •

All dosimetry vms perforhe'd with the Baldwin-Ffermer Mk. II

. Substandard Dosetnet^r -ŵ .th a lucite birild-up cap. (wall thickness.,

^.8 mm.) over a thimble ionization"phambef., The lucite build-

up cap vjas used to ensure -"electrS'nic equilibrium". The probe

was-placed in a polycarbonate irradiation .câ e on millet to

•give maximum backscatter conditions as would be experienced if

bedding and several mice; were .present in the c ^ j , Dosimetry

was checked frequently because of constant source decay,

• approximately 15s per month.' Several readings were taken at

one metre frora t,he centre-line . of the source and a lean value

was obtained. -̂-The dose rate wa'B calculated and corrected for
barometric pressure and temperature and for the inherent error

a f the. pro'be i t s e l f . • • • • • . . •;•

.For the fallout runs the, limited nunber of gears .available

restricted the number of possible tota-J. d.osages that could be

einployed. However the source was steadily decaying so several '

different -dosages could be applied'over, the proje.ct pericjd

e — \ ' -'•••

With, each gear. The gear ratio used for '+ particular riitxr""••

• determined ̂ the. stat-ting, distance' from the s6urc«i For exattple,

a gear ratio of 1.25 : 1.00 would require a starting distance



of 1.C5 metres from the- source . The t o t a l doso;;» for the-96 hour

tro-t.rr.en t per iod was pa icu la ted by measuring the s t a r t i n g dose

.r-ote/ a t 1.25 me t r e s , apply ing to i t the' app rop r i a t e cor rec t ion ; ;

for barometr ic p r e o s u r e , temperature and the 'donemet^r, and

EU'ltipiyin." t h i s . c o r r e c t e d . do.se r-.:ts by the mathematical cons tan t

of t.he Vre&r r ' l t i o device (ISa>er e t ? l t l y o i ) .

For-ccn~ t-.-nt r a t e r u n s , the done rc-te wasMesnureii ' s t

•'..••;[ r.etrr- ;,r.d the d i s t ance r equ i r ed for the ••.:.'•. rr.;, 1 r: to r ece ive

the de 'ir'-G dor? was c a l c u l a t e d by the ijiver: •-- -;qur-.re l&v.v--''

I •• . .- . . • - . ( •

w.;._i r. r;. t i en c :-• t̂ Tle j . rc 'oe w;.s ri.:---ir;c.t a ,-:(' rriyi Sr s o u r c e

(:"I -c-2 j .vhich .aceoir ;pauied t h e do^e rne to r . Th;e c o r r c - c t i o n f a c t o r

•;-r. t- i n e d f o r . ' t h e B . ? . ; ' k . I I i m ^ r u r e n t :::.:• C.90 d u r i - i r t h e "-

f . I l ' j t rur.:.., b u t t h e 'rc*?j u c e n e n t prc'r.e e r : .p loyeJ d u r i r . r fJi<-

c c r . r ' : ; ! . ; r - 1 e ,n:r.£ had a c o r r e c t i o n i'; c t o r of _ . 05 (!.'s t ;.on/:;l

I . h j - c i c t i L a b o r a t o r y , L c n d o n , Snrrl;.;ndv . - . ,

Dofi i re t r y • fi£..<; been -; n o t e d i;'. t'--r";r of S o e n t r o r . s ( K ) .

1:;e do"" . -e i n U w.i.-. 6h'ic::<?d ':. y c e a l p c f & l i t h i ' i . - r f l u o r i d e

, r o r t l ^ ' c u r r e n t p r o j e c t , the .p-e.nercilly, a c c e p t e d ayirdrorr.e

p e r i o c c for ; i cu te i r r.-_ di-'. t icn ' w r e a l t e r e d to, fruit t he c h r o n i c

(S'6 hour ) irr;idi.-j t i o r i . ''e'c;;u,= fe of the d u r a t i o n of the d e l i v e r y , .

"chr'r.o'lc,-'ic'.:il drjy C" wac no t a c c e p t a b l e as "syndrome day 0 " .
' • - ' 1

Tt V.'.-IK decided th;11 "syndrome i ' : j -0" chcuLd be ap^proximately
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•:t the midpoint of the i rradiat ion, about I'M - '•<£ hours after
- - . ' -'

the onset of i r radiat ion. • This .desis;na-tion was supported by

..the observed peaks in the .mortality .data. The syndromes have

arbitrary tirr.e limit-r v:ith no .clear cut distinction between

them^ ,there is an averlap of i-ynytqir.R. In' the. present study

the acute irradiation syndrome periods had -to' be varied to syit
u ' • • ' • • • • ' • - J

' the chro:hjc do;;e delivery. The '-a.-trointestinal syndrose was
' 1 • • " • • ' • • •'

conside.red to occur wi'thir. the fir.nt 6 days rather, than the

f ir:~ t'.̂ Si d i r s . The bactcremjc syndrome occiirre'd between days
• S ~ • • • • ; • • • . • . . • • - • • • '

7 and 11 in . s tead of > and •". . The borte aa r row synurone opcurreri

bet'./een cisj's 22 and J>C i n s t e a d of 10 and JC, and p r e d e f i n e t e l y

betw.een-..'Jays v l? -and 20 . •" • \



RESULTS • '

PARAMETERS • .

Several parameters were employed to assess the damage

created by thermal stress-, gamma radiation stress and com-

binatipns of 'these. "• (''

The totst 30 day mortality was used to,obtain an L D ^

estimate for each type'of treatment; this would be the dose'

required to produce 505' lethality in a.stressed 'population .

• in. 30 days. ' -'_•'.. -.

Daily mortality records were ket>t and iron this ;dats . •
• • • • • . • • \ . •

the cnmulaiiye mortality over the -30 day period cou'ld_ be

studied with the different .treatments. A death distribution •

analysis by tirae period or synaroT.e .was made- and-, the mean a,. "

survival time of decedents determined for each treatment. . -

The time interval between thermal stress-and- "araa radiation

v.:as . varied in a series of experiments to determine' if there '

ns;s an optir.al interval for mortality effects. '

An endogenous spleen' colony.fis^ay was.conducted to assess-

dama,-e' to the hemfr.teppietic or blood cell Corming syistern.

' The dry .weights of several sp,le"ens were recorded as an additional'

parameter of hematopoietic damage. •

" ' '' ' 'G

^ • '

TC.TAJ,' KORTA.LI-TY DATA - , • ^ • '

Control Stress

Several control experiments were performed to determine the
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effect on mortality"of the various treatments, applied. .

Cue pet of controls was not treated in shy way aside from

beins; weighed and placed in polycarbonate cages as if to. be

irradiated- ("sham irradiation"). A second ;s.et of controls . [

was- ar.ae .tirrVetised and shaved only, not being- stressed in any

other way. ' A third Bet .was anaesthe tif.ed, shaved and exposed

to'various thermal exposures (15 - +̂5- seconds). The firrt two

r<e ts -.'sh-owed -no avv.arent effects from the tree tmer.-ts wi,th respect

to "irort-r-lity* however, the third set exhibited increasing

r>e-r t-~ lity with increarjnf- eX\:ot;lire time. This .set will be

fur.ther dirrcussed in the followins; section. , • •

• Thermal btregs _•

' The' mortality data;i'rorc the thermal strecs experiments,

a 15 >3-econa b.u.vn (3.15) 1 a 3C second .burn (B._JC) and a 45-

second burn (-H-ASO 1 is recorded i-n Table Z (see pa(™e. 33 for

zero dose and 15, J'G and ^5 f-econd burn). The greater the

durs'tion of exposure," and then-ce thef decree of burn, the \

higher- the mortality, r-.'nj-ir.g from 2.¥i 'r-.ftsr a' 15 second • V

exj'csur-'s to 11.;;/; after a ij second sxtpsore. The variable

nunb'er of ani^alo is s'imply due to the variable number of

experiments performed for each, .exposure during the project,

, the ) resul t.- of v.rhichv- were /jooled. The •nor'tality data" for the

three thermal -exposures studied displays a linear rela t-i'o'nship

,v;ith e'x'pos.ure ti*ne as seen in Figure"-?. A typical therm^illy-

"str-v-ssed icueo on day k -..or.t burn is ehowh£ in Figure ^; the

exposure time was 30 seconds ,(J-!,30)- The^ position and area of
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Figure 3: Thermally-stressed Mouse (Day 4). .
This mouse was divert a JO second .exposure. The
burned, area represents sN̂ proxirnately IOTJ of the
body surface area, and is identified by the
oresenc-e of necrosis. . •
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of the burned tissue within "the shaved area- is readily identified

by the presence of necrosis. ' .

Fallout 'stress ' - ' . • '

The total percent mortality by day JO;for animals subjected

to fallout irradiation alone is recorded in table 1. The number '

of animals' .irradiated at. each dosage was a • sufficiently, lar̂ ge

enough sample population.for a mortality study; the minimum /

number used was 3.0. .A number of control runs' were done •slmul-

tane'ously and their results pooled..but no mortality was observed.

The doses varied f rom • 500 R to '50J.0' 3, the UX 0 estimated to be*

•about 500 R and. the. LD about 1500 R. V/hen the mortality . da ta
j?o • • - . . .

are plotted (Fig. 9) > a typical sigmoid- dose response curve

appears. From 600 3 to 13QC R the response'is essentially

.linear, the curve then approaching QP/o and 100?s mortality. .

asymptotically. • ' ' • . '* :

Combined Stress (Burn •+ Fallout.) •

V/hen the ..thermal and- fallout stresses were combined the

resultant mortality was considered to be caused by the•radiation

but mediated by the thermal stress. • Three possible actions can

account for the observed mortality:, mortality from the'thermal

"*burn alone;, mortality from the fallout radiation alone; and • •

mortality ' from an interaction of ̂ burn and radiation. By

subtracting'the thermal stress mortality from the combined'--

stress mortality', the adjusted mortality thus^obtair^ed should ' •

more accurately reflect the true extent of the interaction of

• t h e t w o S t r e s s e s . '- .,. .. • • , .
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TABLE 1

THIRTY DAY .MORTALITY- -. FAttGilT STRESS

DCSE
(H) •

CONTROL

5,00 '•

620 ..

.-676

772

• 800 •

89O

925

955

1620 ,..

1044

1070

IO96

1180' ' .
1240

1256'

1460

155P
1700

2300 .

2600

3700

5030

, LOG
• DOSE

2.699O . '
2.7924
2.82^1

' 2.8876 .
2.9031
2.9494.
2»96£l
2.98OO

;. 3.0086'

' 3.0187 '
3.0294
3..O398/-

3.0719'
3-0934

3.0990
3.-1644. -.
3.1903 -

3.2305 -
3-.3617
3-4150
3.5682
3.7016

.ANIMALS
USED

,138 :

. '30 ;..

66

'36,
•36

' 48'

35

48

48 . ''

3 6 •

48

' 56 , .

36

36"

3 0

50

36 ' ',.
36

. 30

• 3 V -
3 0 -

. 30

30 " ..-

. PERCENT •
MORTALITY

0

0

. 6 . 1 ^

- I6 .7

2 5 . 0 -

• 31.3
48 .,6 •

50.0

-\56.-3 •

. ,61-1- .
72 r f
66.7

. 83.3. ...
86.1

90-. 0 \V"-
86.0

100

100-.

100

100 ._ _.

160

•' 1 0 0 •

100

• ' PB0.3IT
HOHTALITY

3-^536
. 4.0339

4.3255
4.51?6 •
4.9649

5.0000
5.1586

5.2819'
5.6098

'5.4-316 -
• 5.9661-;

6..0848
6.2816 :

6.0803

_ - — . •

—

— -

No probit valu^ for 0?£ and 100% mortality



\ '

Figure 9: Sigmoidal "Mortality Response for Mice (Fallout Stress)
Various total dosages were delivered over a 96 hour

: ' period (tlO - tlO6). The values shown are for
mortality over a '}Q day period post-exposure
(kR = 1000 S) .-

r

1/ " *
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The adjusted percent mortality for combined stress is.

recorded in Tahle 2. 'There, is a consistent trend toward , '• • ' •

greater ..mortality as the fallout_dosage•is increased, but ' , .

the 30 second burn combinations exhibit mortality that is . .

markedly reduced from that of fallout alone. This .protective

effect is quite definite apd consistent over the range of.

d.06ages studied althpugh less marked for-.some experiments ^

than, for others.. The 15 second burn combinations display .,

only a small deviation from fallout alone doses.. "The 45"- - y

second burn combination strfaw a. protective effect approximately

•equal in.magnitude to that of 30 second burn combinations. _ ' '
' I • • ' -

The preceding observations can be graphically illustrated

by a probit trans-formation of the .mortality, data from Tables'

1 and 2-. The probit of percent mortality is plotted against

- the logarithm of the dose' (Figure 10)-. A. 15 secorid burn - K

•- affords only slight protection to fallout stressed mice, but

•a 30'second burn affords marked, protection. The weighted

linear regressions, calculated and fitted by the method of .- '
/ ' • r ' - '

;_" least squares (Heid, 1969)> are essen't.iall.^ parallel as ^ •)
V

indicated by their slopes; 8.77 f o r fallout, '8.83.for B.15 + F

and 9.73 for 3.30 + F (Table 3 ) . -• .. . • _ •

The L D ^ 0 .estimates clearly support the protective effect
' ^ • • ~ • -

exerted by 30 and 45 second thermal stress upon, fallout .

radiated mice (Table 3). A considerabfy greater amount' of

fai'lo'flt radiation would thus be required to achieve 50%

lethality in thermally preystressed (B.3°) mice than in mic^
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TABLE 2

THIRTY .DAT. MORTALITY - COMBINEi^STRESS'(BUHN • -.FALLOUT)

BUHN
(SEC)

D03E -
+ W

CONTROL

15

15

. 15

15

15

30

30

•30

30 --

30.

30

30

30

30

%5

45

45

0

800" .

955 '"

' 1044

1256 ,

0

•: 4?5 •

800

/ 925 • .

?55

1044

1,070 •

' l l80 -

•1256 . -

" 0 • .- '

800

955

. 1044

1256

r

• %

1

2

2

3

3

1

' 2

2

2

2.

• 3 .

3.

. 3 ,

3-

1 .

.'2.

. 2 .

-3-
3 .

LOG '
DOSE-

- - -

.1761-

• ?^31

.9800

.0187

.-0990' '

.4771

.676.7

.90.31-

,9661

.9800-

.0187

.029'^

,0719

.0990

.653^

9031

98OCF ,

or87: '
6990

• . ANIMALS
-. -USED.-'

/•

'.' - k 8 •'. •

' - : - 4 8 - ••'

; • 5 0 ; . .

46 '

'- 3 1 3 " . ••

43 l .

X >&.,-;• .

- 50 '

• - " 4 8 . ^ ' ' I ;

36 ?

r • 3 5

^ , 4 8 , . ; ;

'. '130:

2 4 - v '•
l 24" . -

' .• 24 .' -

...PERCENT*
MORTALITY

• 0

• 2

29

50

61
:89

.. 7

. 0

'20.

'24.

27.
V

68.

64]

.80.

1 1 .

- l l -

9 .

-59.

84.

. 1

.2 '

. 0 -

• 9

• 2 i

. 0 -

I
a: |
•3

. 0 " .. '

,0

',k

5

5

2

3

3 .

3
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.2.9665

4.4524

5-. 0000

^ 5.3029

. 6.237.2 .,:

3-524^..

- 4.161.9

^.3033 -

4.3872

5.1383

5^677 ,

' .5.8596.

3-7996

3-7840

• 3-6775

' 5-2353

6.0069

Percent morta.lity i s a'diueted;. burn alone mortality has.J,
5jeen BuBtracttd. ' ' _ . „ • • '

^



figure 10; 'Probit Xort'-ility Cwves for Mice; Fallout Treatments.
The,valuec shovrti are for rouse mortality, over & }0
day jieriod pc§t-eX;-'oS\ire.' The slopes an'd LE5O
estimates for each -treatment are listed in Table 3.'

• • Code: closed circles, fallout (F)
open circle-s, 15 sec. burn B I U E fallout'

• ' ' \ ' ( B . 1 5 " + F ) '••.-•;

o~en., triangles, 30 sec. burn plus fallout
\

«•
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TABLE' 3 ' .

ESTIMATES FROM F-303IT AKALTSIS \-' FALLOUT RSSIMES

LD
HAEIATICN 30 CONFIDENCE '• RELATIVE REGRESSION
REGIME (R) LIMITS •' -EFFECT. SLOPE

•FALLOUT . HSW 897 - 925

E.15 + F • 942 ' 918 --'967/

3'.3"O + F IO38 ' 1019 - 1056

B.45 + T ' 1011". 976 - 1047

tiote: All estimates of the.-LD50 and of the regreseion line
differ' significt^itly (P < 0.05) among

1

1

1

1

. 0 0

. 03

.14

. 1 1

; 8

.8

9

11

-77

•?3

.78

.41
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/ecei-ving only the radiation. The necessary increase in

fallout' radiation' is lk% (from 911 3 to IO38 R) as shown by

the relative effect .(relative' to the LD5O for'fallout alone),

r,o protection is conclusive.. The 95% confidence' H a l t s -indicate

that this if* significant. • ' ,—r •

The combination of -a k^ second burn 'with 300 R of fallout

• radio tier, resulted in a mortality that is out-of line 'with the •

•regression fitted to the • other three doses, and was 'therefore
i • '

deleted from the. calculation of the weighted reirressi-or..

Conexant .Rate Stress- ' ' . • ' . ' - ,

~~he. preceding results-.show a definite protective effect

i.i rranifest '.-.'hen B.3G or B..̂ 5 is coT.fcinea v;ith fallout radiation.-

It W;Js jissur.ed "that if the doK-e we'et? delivered at a constant

N • *

• r-.. te instead of as simulated xali'out the effects would1 be the
a, • - •• •

same. V.'ith constant rate del4! very •' the exj-erinen t?; would not

be affected bv th,e de&;"y of the Co source or,iir.ited by the-
\ .

rear ratios available. A few doses could therefore

be repeated several tires and -tne results v.ofoled. ouch" a

li'rre ,.cr-ula tion at each do:-e should increase the statistical

validity of the pooled ™or trTli ty resul te. In Table ^,. it can

be Ĵjer. that from 7 60 :< to 1>OC Ti under CQrj.:; tant rate., ue j.i,ybery

^ ' • , ' , • ' " ?

there a.ve many -lore anirr.als than at comparable fallout doi-es

• (Ta.b3e 1 ) . ', ' . . ' ' • •• . |.

As a comparison of fallout and constant rate rr;diijrtion

cd'hfiider that 670 H of fallout -cause lS.7% mortality, while

700 ;^it a constant rate' cause 26,65.'; also, 12^0 R of fallout
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• TABLE 4

THIRTY DAY MORTALITY - CONSTANT RATE STRESS

DCSE •
•. ts),

CONTROL
f

700

900

Il6o

I3OO

' 1800

:24OC -

2.500 •

'3000

3^50 ' ..

• 400.0

5000

LCG
DCSE •

•2.8451

.' 2. 95^2

3.0414

3-11-39

3-2553

3.3302

3-3979

3.4771

3-53?8

3.6021

3.6990

" ANIMALS.
' ' .USED

138 "

' 233

•••203 -.

2 1 3 •

.9? -.

48

47 •

48

48

'48'

48

8 l ' . •

PERCENT
. MORTALITY

0 ' • •

: • ' 2 6.6,'

.. '-55-8

•"". • 8 0 . 8

•92.8

100

100 •

100

100 •

100 •

• 100

100

PROEIT
' MORTALITY

- 4.3750-

5-i'+59

5-8705

"6-. 4611

•

\

y
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cause 'T'Q.O/S mortality, ̂an_d. 1300 £ at a constant-rate results ' •
/ V • ' - r • -

in 92.8$. Many' of the 13.00 H 'runs were eliminated-'from .the'

. 'icol for probit analysis since they, experienced 1-00$ lethality. '

These data cannot bxe issighed a probit value, nor can QP'z

lethality. ' 'i " .' •

..Combined Stress .(Burn + Constant Rate) •

A 15 second burn combined with a^.constant rate dosage

(3..15 + CR) causes 'a -nuch greater iffortality tha*. constant rate . ~f

(CH) alone. (Table 5)-, as opposed tc; ne;."iire;ibl j. protection by

9.15'+ F over fallout Vlone .• Only one -run with 3.15 +• 1300 H
1 / • • • ' "

trea.traent showed 'survival so 'only that run could be use'd for . .

probit analysis. Although this n.eant a1 considerably smaller

nunber' of animals yet it should, be remembered that tfiis point, • 4 .

beinr-near an extreme of nortelity, -is jiven considerably' less

weight than those points nearer the 'LD5G.

A 3^; second burn combined with constant rate radiation

.(:i.3O + CH)'-causes a very definite vrotective effect over the

entire lethal -ranee as compared with the constant rate alone.

This"is similar to the result observed with B.30 + F. '

The E.^5 + CH treatment has a protective effect also,-

equivalent in derree to that of }l.Z>C + C'-i. This is quite

• similar to the e f f iic t~"~c f 3-. 45 •+ F. -With • S. 45 + 700 3 ,(CH) -

the"mortality was out of line with a repression fitted to the .

other thr&e doses and was therefore deleted from the calculation

of the weighted linear regression for H;^5,,+ C3.. .,, • •

, '' The relat-ionship of the various, combined stress regiir.es. to

. • ' - ^ • . ^
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TABLE' 5

IhlRTY DAY KC-ŝ TALITY - COMBINED STRESS ..(BURN + CONSTANT RATE)-

:-USK DCOE- ' LOG
(SBC) + OR) DOSE

ANIMALS •;• PERCSMT* ' PROBIT
USES :. 1'fOBTALITY • MORTALITY

CONTROL 138

1,1761 141

if

15

15

700

900

•1100

130.0

2

2

3

3

.5451

• 9542

.0414

.1139

95

113

118

22-

.2.1

46.3

76.7

88.6

9J.4

2.9665

4.9071

.5.7290

6.2055"

6.5063

313 7.0

Adjusted as in-Table 2

3-5242

30

30

30

30

45

45

45

45

45 •

700

900 -

J-100

1300

• 7ao ^

• 900

1100 's -

1300

, 2.8451.

2.9542 _

3.0414'

3.1139

I.6532

. 2.8451. ^

2-9542

3..0414 •

3-1139

119 . '

123

',' ' 93'

• 72 .

130 •

• 148

120 '

' 72

' 7

37

61

81

• 1 1

22

36

66

78

•3 V
>-
.8

.9' .

• 5 '

.6-""

• 5
.8'

.8

5.5462

4.6866-

5.3002

5.9116 '

.3-7996 .

4.2479,

4.6549 . ''•

.5.4344

5.7995

' t



constant rate.radiation alone is.graphically illustrated by

3-nrcbit plot (Fig. 11). The pertinent observations •. to be,

• made here are that the 15 second burn 'plus cohs'tarft rate i.'

• treatment . definitely .increases the nortality over that "Jf

constant rste radiation .alone, and the) 30 second burn plus

constant rate treatment definitely decreases the mortality.

There appears to- be some • convergence of the tKres repressions

towards the hirher • doses-, as evidenced visually and by compar-

ison of. the slopes in the regression formulae. However, the

deviation in siape is no? very great and the lines are essen-

tially, parallel within the ransre of dosages employed. The

. slopes are 7-59 for constant rate'doses, $.kS f'or 3.15 + CS

and S.5?. for B.30 + Q3; ~ . • • '

J.ihe ^D^o estimates as calculated from the probit- regression

formulae for the various treatment groups support the s.ynergistic

effect of 3.15 + CR qve.r CH and the protective effect of B.30 + '

CS and 3.^5'+ 'CH dver.CR (Table 6). The superficial burn (3.15)

- causes .a higher Mortality in irradiated mice than if no burn

had been applied; thejijfi.thal dose' to half a population inJO

days is decreased by*lofj (from 352 R to 713 3) when mice are

prestressed with a 15 second thermal exposure.

•. The , severe'burn - (B.3D) causes a lowex mortality in

irra.diated mice' than if my burn hai been applied; the lethal

dose to half a population ' in 3° days is^increaBed by lS%

(from 852 S to 1006 3) when rtice are prestressed with a 30

second thermal exposure. Both the .synergistic-and protective



.Figure 11: Probit Mortality Curves for Mice;" Constant Rate
•Treatments. • . \- " .
The values showri are. for mortality over- a J>0 day • \
period post-exposure. The LD5Q estimates are
listed in Table 6.. • '

Code:,, closed circles, constant rate (GH)
open 'circles, 15 sec. thermal stress plus "

" v
: constant rate (3.15 + OB) '

open triangles, 30 sec. thermal.stress plus
.-constant rate (3.30 + CR) .
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FABLE 6 '

SSYIMAT3S FROM PRCBTT ANALYSIS - CONSTANT RATE REGIMES

ITTRADIATION
REGIME

LD,50 95% • •

30 CONFIDENCE RELATIVE HEGRESSIOK
(R) . LIMITS EFFECT SLOPE /-•

CONSTANT SATE • "8.5?-

3.15 + CS 7': •?.-

B.30 + CS 1006'.

'3.45 + CH 9'::-°

•838 - 866

685 -7k2

986 - 1025

968" - 1012

1.00

0.3^

1.18

7.59

6.49

8.58

7.61

Note: All estimates, of the. LD50 an$ of^the regression line
differ significantly (;P < O.O5) among regimes.



Reflects are significant on. the basis of 95;-; oon-fidence limits. •

Fallout and constant rate- radiation treatments are

compared on the basis of LD*O and probit regression slope

in Table 7- .All the constant -rate treatments have a lower.

1D5D estimate ana a lesser flope than the comparable fallout' '

• tro«-irfrfits. The combined stress groups ^re essentially'

j.ihilor in effect except for the 15- oc-cond co^ibina'tions'.

V.'hen a 15'second burn is cotn-bined with .fallout the- mortality

is 'slightly lower than that for. fallout ilor.e, but v.'ith constant

r.-. te 'radiation -it is definitely- synerpistic , ths; mortality

• . • ' . ' • ' , ' -.,$,

V̂ _pir.r~ narl--edly rreater than that, for- contvtcjn.t , pt- t-; radiation '-

Fall cut is less dama^inp; than •constant rate—fadiaticn to

•sice on the basis of the 1D5C- values'. The LC5C' estimate for -

fallout is 911 -•? - lh R (95fi confidence limits), whi.le for

constant- rate radia.t3.0n is 352 3 - ih- H. ~2he 95/' confidence"

limit::.- indicate--that the 79$ difference .in LB5C estirrafes is •

.•iî rvi. f i c a n t . • • .

• .This difference .is- graphically illustrated on the j'robit

:>lot "(Fip;. 12). The linear re'^resisions are separated, but . . •

converge as the LD,p is approached..

TI:-:E-:-:CS?A1:ITY D A T A -. • < • "
. , - • • • . . • • • . f -

Cumulative Mortality ' •. •

The aail.y mortality (cumulative) for- the various treatments'

involving fallout, constant rate and thermal•stress is displayed
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1 . > TABLE 7

**' A COMPARISON OF LD5O VAL0ES FOR FALLOUT' AND CONSTANT RATE REGIMES .

~~~' ' i : ' "

-, D 5 P . • • ' 9 5 # • ; • • ' ,

• ' RADIATION '30 CONFIDENCE REGRESSION ' ''
REGIME (R) LIMITS SLOPE '

FALLOUT ' 911 • .897 - 925 .. 8.77

"CONSTA!?© RATE 852 • 838 - 866 7.59

B.15 + F '9^2- 918 -'967 .8.83

B.15 +-̂ CR 713- . . ' 685' - 7hZ . 6.49

B.30 + F ' 1O38' 1019 - 1056 . 9.78

3.3.O + CR 1006 9-86 - 1025' . $.5&.

B.45,+ F ' l O l l 9^6-- '1047 . l l . 4 i

B.45 + CH .990 ' 968 - lCr>i> 7 .6 l

\

• ;



\ •

. . •• I . • • . • • • • • ;

' Figure 12:- . Probit Mortality Curves. For' Mice ;• Fallout .versus
Const&w.t, Rate. • '

. ••• The values shown are for mortality over .a J>0 day
period- "post-exposure'. Th^ "LDJO estimates are

A • '. • r compared in Table 7-\' ', . ' •

Code; closed'circles, fallout (F)
—>— '̂ . ., . open circles,, constant rate (CR)

^



. \

2-8



$ i -ure.il !;• - " 1 " . Thf>. r f ; r tuI ts cf -f:v~r;:l f a l l o u t dor.es

--. - K , - ' • • • ' V '

--tr; in- i'n i ^ c r e ; ^ ? in the r-.t.'- of ".orl: V; ty an well as

t h e ' r O ; t : ' l i t y . v - c " c ^ r r j ' . f t t ; : i i b y dr . ; . ' :'• • ^ e : , t ! - t i r o o c c u r

l i e ' r r. t y . i t r h & r -io.,"<; ; - , / * < : • . • • t l y i n fch*;1" 1 2 - . : ' • d s y p e r i o d •

r . e - a r r o u •• y r : . : i ' ( , ™ c - ^ o v o r t i . e - ^ t l : ; l f - . r , . - ' - . . A f t ^ r &. f = u - - r a -

' ' ' v

' l - n - / ; . r - ; ;-. '-<•'. 17- i o 3 t i ( = ; * l ' ; ' o c c u r i n t h e ? - 1 1 C-:.j

i j - a .ssr. i :^tf.r 'I,'.:';/. • i n t : , f 0 - 6 ' i ^ y ; . ^ r i o u ( , - y r - t r o i r , t c - G -

"- ~. "ir.r; '^ ; r e r . e r : ; ! . ! } ' , <>"'. t l : . ' Joe ; - n e t <JCC V JA" ' . - i t h i : : t . r . e f i j : "
r t i i do:'••• ;;re •

(i.i^'.^o (C.'i'S syndryndrcc-;.

ir.o!. t h o . ' T i i l . , ; r ' : s j . ex:cr-.urf-: . ; v . ' j r i v d f ro . r . r- 1 . . :> . -ccr .a

. •>. ••.':' .'jr. '1 ' i . r i o r

ov'-r t::e

• ' t ^ c v ; « f t ' i < . - , ' : . u t i n X--'-'- l ^ t ' . - " ; r !'.':. 1 f c : t '•,: z : : . r t v J ' f

:;•-;. ^>:h " ' : . ' . tf- '. 1-j. ;<•.:• •" o r ;. •. . i t y , r ' : T : ; t ~ ?:r i n ;:i: c v < ; r ' : ] i

.:.-..y ; . ; . . . •' 2 . ! .-• r ' M i u c . ' i " o r ! : : - i i f.y • i s ; ' ; - r t -

r n : • '-tiis i-cr.'.' rr;..rrow :.;..-6. "rr o€t; t r: ". t ,

] - .•-••!.• r . . ' ' t o > ; . r e r t - / . - J - V : : t ' . l i : . i : ; f l i e r ; c ; ; i n t ' e " o r t ; . i i t y •

: r l ; / ; v . i ; ; p . r , t



%•>

Fipure 1 3 : Te rcen t K o r t ' l i t y Cunu la t ive (JO D a y s ) ; • F a l l o u t •
S t r e s s (F) . ' , . "'.' ••' <•
All .decithfT^ecordeQ are expressed by the • accuni\l& ted

-~ r/ercerjt T ;ortility by the cay on which the deaths
occurred. • • '

•The done rei^resented by each curve" is indicated on
the «:rar-h. •' . • • -
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Ljrure 1 ^ : • P e r c e n t - M o r t a l i t y C - u n u l ^ t i v e (JO C a y s ) ; T h e r m a l
• S t r e s s (Ti) . . .

f
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• 6X Tice subjected to'.fallout stress /Fig. 15)..

• Fcr alls time-r*ortality • analyses the combined run. mortality

- f>2F; net been corrected (adjus.ted) for burn mortality. Such

an adjustment war, only possible when dealing With totals 3'C ' /'

day mortality. The differing number of animals between runs
; . . . * . ' . V •

prevents a daily correction for mortality. Hbwever, the.

Ktyre o.f the curve remains essentially the name whe-ther the

adj-ustr-er.t. is T.cido»\r not, s'ince the' response of burn alone is-

linear. The uncorrected data also allows, the'" earlier or,4et • •

cf "ortcility to be r-een when the nore -severe thermal exposures

•re cor'f'-'ir.eQ with fallout. • - •

£ur r=ilet.»ial dooes are less do.ma.Tihg v/hen delivered vt a

" • • • • • : • • ' • • ' . Q ^ ~

.censt»r.t ra te thrm ••;• t a fallout ' rhXs; aiT;er 5Q7C '1 of F, a l l .

Hr.v-.alf: are dead by 'day 6, but after 3C00 3 of CP', complete

. lef.-iiiity isNpot reS-chefl unt i l -day 9 (Fig- 1&) •

>:ith incressinfr burn 'there •• i s an .increasingly ea r l i e r

/Inset of mortality, ' . especial ly noticeable'.-^ t higher doses

'•' (e.r. 11C-C si). Following' -.15 + CR' trec.ta.ent a defini te (

rr/nerristi 'c 'ei'i'c-ct if, manifest ever the ent i re JC day period,

• '" e c o.n i ri s" most def in i te over the l a t t e r naif of' tile-time

course (Fig. 17). This ob'sery.-; tiow is quite ojjV.osed* to th.->.t

"ibde when ?'.\l- * F i s cd'- ' i rec with ?. . In thf.t Cife there i s

. ib t le dif feref.ee noticeable between the two treatments.-

'.•ov;ever, B.3C + F tr e-si traent causes a def in i te 'p ro tec t ive effect

over the l a t t e r half of the time course following C- hisrher

esrly norWJi ty .



Figure 15 • Perce'nt .'Mortality CuKul'tive (J/0 Days); ralloui
' Treatments.

r
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Figure ID: Percent Mortality.Cunulative (30 BSYR.); Constant
Hate Stress -fCR). •• ' . - . I

' All deaths recorded are expressed by. the accumulated
• percent mortality by the rday on which the deaths
occurred. "" . • > . - . " • - " " •

/ • "he do.=.e represented by each curve is indicated on >
the r-rar:h. •• -
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Ficure 17-' Percent Kor t-r.lit-y -Cumulative (3C Days);
Rate Treatments. ''. v •

Constant
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' Death Distribution . „ . . ••' *^> . • • .

Most deaths' were observed to 6ccur between/days 12 and

20,' indicative- of- henatopoietic failure. She- protective
' . ' * . • • , * ' • ' •

versus syn-er.^is tic effects may be differentiated primarily1; " . '"

by the decrease' or increase ip. 7>ort!ilitv"durinp- this time
' ' ' • • • • ' . \ • ' • - ' ' ' '

period.. To -further investigate and confirm this observation

a" death distribution table- was prepared' for each -treatment ' ' "'

-. r'r</j)y to study when deaths'occurred. ' the tine-periods -useii

jf;-;c:! corresyond to .a particular <mortality syndrome.. ' Deaths

ip the '0 - -b- <iaj period 'are attributable to the gastrointestinal'

syndrome, (pi;' shock) ,• in the ?• - 11 day period- to the bacteremic ,'

l.-;te .jas tr-oin ter; t inal or early bone marr.ow syndroraes, in the

•ic - ^C day period, to" the bone marrow pyndrpme and. in -the .21 --

7v0. %ny perio.d to the late- bone'marrow syndrome.

Mortality fluctuates over the 50 day'" period of observation

\.vith the !?;ost riqtable variations occurring in -the 12 - 20 day . '
J ' ' . • ' ., . * ' ' " ' ' • • • • • • . '

•fi-eriod . (Fig.- lc ) . 'Variation1 in the height Vf- a reor'tDlisty peak

insic:-:tesp the "everitv- of the stress on the animals. The ,

location of 'the* r>jea.ki the tLme perioc.-.in which it occurs,

.. indicates the syndrome' to Which the animals most proba-bly

succumbed. Ths r-oirt:;lity peek reaches a maxiral height

following the 15 second burn plus .ccn's tant • rate radiation

treatment,, and its least, foilo-wing a 30 second burn pl,uef

radiation.' "The '̂ 5 -second burn plus radiation -results irt a.

neaJ: ,,intermediate between the peaks of radiation alone and

' the }C RtiCond burn ;>l®s radiation in the mid-lethal rar.tre ' ' ,

'(ooos-to lidO R)'. At 700 ?fe-th.e n-prtality is Generally too
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IfW to show much deviation in th is type of plot and^mortality

tends to b.e .rather dif fus.e over the 30 days.

The -1100 P treatment groupG trive a- very clear jiictlire of

th'e v--:riatioT,6 in mortali ty, so these will be discussed in

"ere de t a i l . ' The b.l's + 1100 .-i- combined ntress- results- in r

the !:.i^kes.t. mortality, peak, followed by 1100 ? alone, then

?.*Z f HOC ~., and f inal ly , '-.JO + 11GC R. ,-,ith the firs ';

>v.'o ' r e s t s en t c , the- mort«C,ity ueaV; ie actually 'Ccr;cc.d of two

.--e?i>:s between days 12 and 20. v/ith 1100 /< alone the .second

-esk is the higher, but with 3,15 + 1100. R the-' in-oref. se _ in

rr.crtaiity occurs shis;htl.y ej-rlier so the fir-it pealj becones

":.e r. i :7r.tT .-• I'hus-,., porr.binir. p; 2.xlj 'with 2.100 P seems to increase

let.-.alit-f in the early !,one ir.sr-row phase.

For':i.;C * HOC .;? and 3.4; + HOC S the rcrt-u.lity peak

is' actually com.r. OEsd of. three reaks in the Ik ~- ki day peri'o'd.

•. i th' 3. ;0 + 1100 ?. the . "iddle peak ter.,;. to. he- the ^rot te^t , .

ar.S th is is scientuated with H.̂ S * 11C0 'i. Corrbir.in'r r.jjC or

: .-5 v/ith cor.stcr:* r-'-.'te radiation tendr; to- incre'ise •TortKl'ity '

ir. the .Tid-hcne"?nrirrov; nhase. v - -
• • • - ; • - * ^

Ear ly m o r t a l i t y -fr.om d,:;ys & t o . 6 csunea by the rma l i^i'er.-r,

%l:jr:Q b'eccner more- ' ev iden t f.s the th-err.a-1 £ x ; c s u r e i s i r . c r&as td .

Tnece al.so e.;.pears- to -be cir. i n c r e a s e in i."ite d e a t h s irorT: days

ne Kortal^.ty/j f a l l o u t rSsdia-bi

Sach' t i r e period has a peak in mortality, a. max in urn

l i t y , .•-• t a ' i;ar t icular fallouR/dc-Ee . or narrow ranpe oi
" ' o • . . . ^ •• ; - • - • < • • -
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doses >'Table s ) . As the dose, i s increased a 'peak' i s a t t a i n e d ;

trier, de<ati;s. d e c l i n e . Curinrr tnis dec l ine in one t-ime ueciod

deaths »rc nn the inc r s she in the next e a r l i e r pe r iod . '-.ice

: u t ; e c t e a to G?C k of ' f a l lou t r a d i a t i o n are ' p s t l i k e l y fo inr

tc di* in the y.erioc' fi;o>'r. days 21 • t,p jGi'if subjec ted to 23C& R' «

t:.-;y would r e s t l i k e l y succurrt' by Qaj" 11 > and. to 503'-' ^i bv

day '->. TnoTatle C' thej s ; ; i f t .-fro™ l a t e r - ssrndror.es to e^rlie.r

c:.&." v.Mth increc-yir.r dot^e i s c^.-jii,..- u'.>-^rv^d v/h&r; the d.'zz*z

c •-. u .T i r. fr 0'- mor ta l ; ty a re noied ir. each t i ne pe r iod . &

The r o r t a l i t y reakn 'in ' the .7 t o ' 1 1 and 12 to 20 day

;.erjoss ...•„•"'-• u i t e pronounced, wr.ile r-.ither diffu^p in the

21 to JC any per ioa ( F i r . 1 9 ) . As the mortr . j i ty in one period

uec-rc-fc..'-e.= v;ith ir. 'cressir.e dose , -the m o r t a l i t y in tne next

"ev-rli, ex ;- er iod ir- i n c r e a s i r f . 'The broad peak r.tis "• "\e lian
•r i , ',

value ir. the 21 t c 3 - '''- .'• • ; :er iod of abou t .1CC0 •'.*, ir, the 1.2 to'

2'. irty ; . e r i o c of 120:0-.-;, in the 7 -to- 11, day pe r iod of 2300 T<,

••-.r.d the •-./. tc- i day reViod of 'r.OOO H. The e a r l i e s t pyna ro re

a e r i c d ,(d::ys C - (i) doer; no t have ai: a c t u a l pe;ik, r u t r a t h e r

s yl,ie'-:: a t 1:;:'.- l e t h a l i t y . The • .sr.sll peak ir. t he f i r s t

;pr; od a t 1™'SC 2 i s a.ro!: f":b̂ ' y not s i . r r i i i Leant ;i~ t t .lo oi l ' . '

oneour-stered a t th : , t cr.e 'io.•<;-: '--wi- i t r.c o-therr j u s t above or

The decedent. r , - J rvr / i l , tii-e c ;cr-:;:;ed ;T -the cio's-u::e '•'»£

ir. ere.-;.; ed s j ; c e r c re j:'n i j;?.is h r e dyir.^ c-i-rlie.r. Tf.sle

'record?;- t:?e decedent s u r v i v a l " t ' l - e , the w e r v e cu rv ivs l t'lir.e

of de-cedents, >r, icr, wsr- c a l c u l ^ r i i . r:y r, :^ir,r V: ••-& ti:er the duyr
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TA»LE 8

ANALYdlo ;. .FALLf '.T STH

.DAYS DAYS DAYS DAYS. • „._ * SURVIVAL TII-'E
• 0 - 6 ' 7 -11 . 1 2 - 2 0 21-J-O ^ - ^ (DAYS)*

f." C

• ' '."2

OC

?<3

1044

1070

11? C •

12-C

1-256

:146G

1550

: 7po '

2300

26CC

~'-~0

0

0

p'

Q

b
0

G

0

-' r.

C

0

C

2 .

16.

2 .

• " ; 3 .

8 .

5 0 .

96 .

.-if'O •

-

C

7
2

•a.
y

8

O'

7

Q

•0

r
J

4

• 2

2

6

5

1 0 .

c:

2 2 .

p

26.

2 .

50 .

.50.
63.

9 1 ;

5 0 .
~J

0"

.6

. 2 »

# c.

. 1

.'3

.6

. 2 •

.7'

. 0 •

,0

•Q

4

2

0

y

4

2

11

34

35
7 . 7

. 50

5-6

^7

55

63
60

62

33
h?

33.
G

0

r

0

• 6

. S

. 1 -

P.

••5

• 5.
. 0

.2 .

. 2

.5
_ Q

. 0

. 0

. 2.

•• 1.

13.

5-

1 1 .

1 0 .

1 2 .

2 .

6.

1 3 .
c.

1 3 .

3 .

' 0

V

0

° G •

., 0 .

5

6

4"

5
8- '

9.

6
G

3 •

G.

6.

»> • ' 1 6 .

25-

3 1 -

50 .

56.

; 6 1 .

: 72 .

66.

S3.
86.

90.
r .̂
"C .

100

1 0 0

100

, i c C >

.100

1 0 0

100

1

0 •

V

6'

0

3 •

1

0 .

7 ' '
>. .

c
r-,

- 22

1 3

: 17

. ' 17

17

'. -17

Ik

15

16

1.3
•7 C-

13

- 13.
1C.

1 0 .

• * S «

4 .

. 2

• 9-

c

r

.6

.7

. 8 -

^ - '
.0 ,
, u
c

. 1

p *

( "7,

p.

*-1

4

2

1

1

"i
1-

•"• 0

0.

1

0.

•a,

0 .

0 .

.0.

0 .

0 .

0 .

. c.
•• 0 .

.9

. 0

.6 .

. 0 •

. 1

. 2

. 1

.6
0

-.°
_ p'

• • 9

• 7 "

•5
• 5

^ "

Z

1 . '

l".

T r i e m e - a h s u r v i v a l t i - n . e o f d f i c e d e p ; t s { z e e y • 5 ^ ) , - 1 G "

^l^^^^l
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DAYS

0 - 6

7-11



on which each death occurred. For example, if two animals

died en d-Jy y, three on day 12 and four on day 15., the DST

v a 1 u e vic-ul d b e : ' " '

(2 x 3) .* .{'}. x 12) +-jk x l ; ) ni „ •
: i + 5 + k . . . = ll.o days •

'.s'hen the burn plus fallout radiation mortality resul ts

are -in'.tyred by time period {Table 9) the r:ortBlity r i ses and.,

rrohablv reaches a n-eaV, in each i.eriod, thereafter declinir'r.1

::cvitr,'."jv, the -ranee of dos;.--es- employed for co'-binec s t ress

trc-j-.f.TentE did sot exceed 1256 '.;. no in roat r-arieds the "eak

«"'C net ;;c tuall 7* ,"i 11.'-inen . I t c:in ':.e re en th?.:t by far the

-rr.-r "--^ t !>.;iT-ber of •deaths always' occur- in t'ae.12 - ZC day

;eri::d. whether the ' tr b.t^SP. t i s fallout r-: di.it ic-n a.lt-ne or'

r J.T, . lus- fal lout rpdi'Ttion unless su; ra - le tha i doses r /sa t ly

exc^dinr 1-̂ 60 :•'. are employed as in Table ' . Fi~ure 20

~ri: -._ hic.:-i 1 y i l l u s t r a t e s the fnroroin^ ";cirts v.'ith r»r; ec5 tc

-he tr.ends ir. ror :L':lixy. i-.G the derree of -burn is-^increased .

•t;.e .-ro;.crticnal ar.cur.t of r c r t a l i t y in'' the fir:;t C .days

zncrtf.-.an. - ",

h ' o s t d e ; . t h r , c c o u r i n t h e IT t c 2" clav : e r i . . J . A l t h w u - h

r:: ch .r-e -"i-^e cii^: ' l<T.rs e.^.cen t i ; : : l l -' th^; ^a.Titi ao.-;e V?£~:A nzo i n
1 y '•'' ; *

t h i s . . e r i c d ' t h e r e i s l e s s c o r t a i i t y . -fcllovvinr f-..35- f '? ' l^d

:'-Ur:, '•* F in a o n t r - ^ t to S.lt> - V 'and f.-jlloul • -^Osf.; the curves

-r.i s h i f t e d to _ t h e . r i r h t by the a -6d i t i cn-c f 2° - •'•c •burns

>:-..;•:- and B.4:r) , in.'dic:itin>-;; ; r c t e c t i o n . '.-.'ith r.-.e '->;;'*- c-c-r.d

co-i i r . -ed"tre j t irent so re de-'tnr. are .shifteci f ror the. 12 to 20

O'.v ::<ivi'.yi to the ' e v r i i e r 7 - t c 11 .day v a r i e d . -



• • '. T A B L E 9 >. •

riME-MCRTALITY ANALYSIS; EURK .FLUS FALLCUT STHES5

PERCENT MORTALITY; • " "~ DECEDENT
DC3E -." DAYS DAYS EAYi DATS ^ SURVIVAL TIME
( 3 ) ' • 0-6 7-11 -12-20 21-30 A — ^ '{DAYS}*'

15 » - . . ° . P 0 0 . 7 ; ' - ' l . 4 2 . 1 . 2K.7 - 1-2

15 oOO • 0 •• • 0 20.-9 1 0 . 4 - 3 1 . 3 '17 .7 '• 1.4

15 -955 " 0 "•-.• 6 , 3 ; 39 -5 6 .3 "'; 5 2 . 1 l ! ; ' . l ' 0-9

1? 1G-v ' 0 ' 4 . 0 50 .0 . 10 .0 6 4 . 0 16.4 0 .9

;15' 125&' 2 . 2 ' 19 .6 . 6 3 . 0 6 . 5 91-3 12.8, 0 .6

50 --0 1-9 1.6 • . 2 . 6 " 0 .9 ' . 7 . 0 1 1 . 3 - ,1 .4 .

;•& 475 -0 -0 2 . ; ' O' 2 . 1 . 1 8 . C - - - •

;-:e • ?oo - . c 4 . 2 1 2 . 5 1 0 . V • 2 7 . 1 , 1 7 . 8 1.9

0 • 4 /2 10 .4 1,6.7 5 ' l o . I.7.5 1-4

0 . 0 2 4 . 0 ' 1 0 . 0 34".O lSv7 1-1

2 . 1 1 0 . 4 4 1 . 7 £ . 3 . ,"62.5 15-6 1.0

0 • 1 3 . 9 5 0 . 0 1 1 . 1 • 75-0 . . . 1 5 . 3 0 . 8 ,

8 . 6 ; . 2 0 . 0 . 3 7 . 1 5 . 7 ' T"l-4 '' 11". 8 1.1

2 . 1 . 1 6 . 7 6 4 . 5 ' 4 .2 8 7 . 5 13-8_ 0 .6

6 . 9 3 . 3 0 ' " / ^ 0 . 8 ' 11.,5 > 7 1-7

22 .7 17-0 3 .8

2 0 . 8 • . l ^ - . O , - 1 . 1 •

70.8 11.6 , 0 . 9

03.8 • 11.9' C.8

" * pr.ly one death

//-

';•£>

JO

30
7'"-

. 925
955

1044

• .1070

.1130

1256

45

• 4 5

45'

p ("• r<

"955
1044

1256 .

;. 4
' 0

8

12

• 5
'T

. 3

.5

0

4 .

2 5 .

33.-

1 •

0

13-7

16.7

57-5
50.O

4. .

q

0 .

0
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.r/r.'izovr.-e i'.or iili ty ; Cer-. ~-ir. ê i o ' tre.-s (Irur.n + Fa-'l i o u t ' ' .
Z'r:-a -. e r c e n t " ! 6 r t ; . I i t y i s r i c t t e d : r - a i r . s t th-e x- i l lcu t

one . H"t.cb col ' inn refrpr .e .^t? a ; a r l i ' c u l ir tr /er^Vl
x; c'iure =•.ri• •! p.-ich rev;'- r<';Tef;er: t^ the t;:.. i icuT -ii- t i - e
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Table 9 records the decedent survival times for the .burn

plus1 fallout .regimes; These appear, about the' same as- for

•fallout alone until the bu-rn ' stress -becomes revere enough to

c;;uf?e a greater early mortality from days 0 to 6. "-'

Syndrome Mortality; Constant Rate Sa.diati'o'n

The irortality irô T. constant, rate radiation peaks at a

si;i~le do<-,e in -each tire period (Table 10). For supralethai

dor-es ra uiu t ior; delivered at a constant dose rate-is less,

tiatT!-'1. ir'x ii r-r . Irian at a fallout ru te" \Xabie .oj • .tf-ter oCGO H of '

,:onf ti-.nt rate .radiatich *].h .1~- of the deaths occ.ilfr by day. 6 ,

but after .50.30 "•* D-f fallout radiation 100% of the anirr-.als are

dead ty day b. Thiu ir- sup; or.ted by the aeceder.t survival ti/ne

of 'o. ;• days for 5000 3 and 4.6 days for -pOJG S.

\ T-ne -ortaiity frorr, constant rate radiation is dis;layed

graphical]y for each time period in Figure 21. Mortality occurs

earlie-r _with increasi:vT do.se and the peak ai -ortality occurs.

in an earlier tir.e period at hirher doses. >^o-deaths f.re

o'r-erv^d in the. C t-c 6 cay period until supn.de thai dos.es are

•del3(Vered in excels of 20C& K. Kven at 5QCC. ̂ , the r.irhe.̂ t acre

a '.lied., deaths were not limited to the fir::t ;.:• days as - the-y

wi-i'fe with 5030 S under fallout.

ri..te mortality results for

o-ach tilhe. period^re compared (Fif.* 22),-there is*Little ' :,.

•iev'iation durin-; the 21 to "0 day period, Aut 'i ~re.-.t difference

during' the. three preceding; periods- In the 12 tc PC day period

the constant rate done, rysv-ense curve shows a hii'her mortality
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TA3LE 10

7IKE-K.CRT.-VLI.TY ANALYSIS; CC:-.'JT/,"T HATE- STRES

E'T KC3TALITY DECEDEKT
ECoi DAYS "DAYS DAYS « DAYS T ^ T , T o'JHVIVAL TZ
CO .0-6 7-11 12-20 21-30 i t i f a j • (DAYS)*

7C0 . . 0 . 4 '0 .4 17-6 ^ 8 . 2 26.6 .18.5 - 0.6

-'00 0 . 5 1.9 ' ts .? .7 .7 . 55-8 • 16.7 O.k

1IG0 • 0 'y.P. 7 2 . 3 , - . 7 S0.s. . 15.S 0.2

1300 ' -0: 4..1 Q.5.o X . ; . l 92-S 15-2 0.3

ISOO • 0 3 ; . : 3 -... . 6 6 . 7 0 ' 100 " 12 A 0.3

•;*too 4 . 2 6 6 . 0 2 9 - 8 0 .100. 10.5 0.3

250c 10.4 70,8 18.8 •' 0 100 , • - 9 . 8 . 0.3

3000 - ' 14.6 ' Q 3-3 *?..!' 0 . . 1 0 0 • ' 3 .2 0 .2

-4pQ 3 3 . 3 6 6 . 7 • 0 0 100 • 7.4 0.2

.••00C ' -66 .7 ^ 3 ; 3 0 0 ' 100 " 6 . ; - 0 .1

5000 • 7 4 . 1 - 2 5 . 9 - ;0 ' -. o :-- ' 100 • . 6 , 3 o . l
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Failure 51 : yneroffle M o r t a l i t y
The p e r c e n t raert.'.l
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. '. Firure l'-2 : Syndrome .".or ta l i ty ; " Fall'cu t 'VeVsUS Constant
. . • Streso. ' . ; • ' •

Code': ^solid line, fallout
;• .dotted line, constant rate

V
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ove-r £ broader ranre, o'f.dores' than doer, th'.e fallout curve. v

In the 0 to i and' 7- to 11 dav neriybdr. the dope re--v:,n~e

for -constant rate doses is .-•i.iftVa to the rit-fit cf the

curve.' This decayed response is quite. noticeable., particularly

ir. the ".to 11 day :«rioS. The difi'r-i-enco,between tallout sr.i;,;

c--npt;in1t r- l:e 'rs,cU-eE rre:.r'ter ,ac -iiipher ' sui,rale thai dosages
i ' • '• '

ure e'r;.loyed. The''Gonf t-n-t rafe curve rwfnr, tc ;-l;jte«uvot a

dif f »r.Rr. t .level e,'\ r c.-f t'tli. t v 't'n':-.n t.Me F curve.,

•'»iie dec-d'Tit .-•ur'*.'iv--.l tines pi" Ts.bl'es '^arn^lO, fr̂ r* , f-illdut

:-nc. cc.".f5t:!"t r.-ite TtresB rs; j-ec tive^ly, reflect..- the jrececir.f;

cV sc-rv •. f ion (Fi>T. 23 ) , 'where there .in a .corir,i.<-te>r>. t devoir, tion in1

ren;;itivity between ^nirr/aln P.UCjected to fallout hr.d thors

oUbjected to cons-tar.t re.te stress. • 'Jp to about 1Q00 K the"

co'r.r>tar.t r^Je stress, is apparently .about 'ihe s'.-me ..'fr- fallout . •

stres.r'*in te-rms- of lethality, but above 1000 •.['(' th.e .tone tant

r-.to stress isroSuces less lethality. • '

• t' The ma.-i.or mortality >.'ith burr. ; lus constant " ra t'e - r;;di-;t Jon

occur?-', a.o wit'h the ra'diation 'lone, be tv;een -days XS- and 20

(Table 1 1 ) . In this tiSie period a t.rior-lf seco-:d • the'rmr.l

exposure narkedly ir.creaseB the ".or:tality caused by thp radiation

olor.o (Table 10)j. while • both JO second .and 45 second' Exposures •
j.

".srkedly decrease the mortality, -'-oince. a 1*1 £h,e.';e' varia td/>ns

occur primarily iri the one tine j.eriod-f »it. would 1-e ^xpectc^d

that the, decedent survival tines.would not differ to any rveub

extent betv;een the combined treatments and- t!ie-. r;diat:ion alone;,

thin is indeed the cans. There is a r.li>:;ht tendency to earlier



.«:.-

\

,r;':. Sec'eaent 3urViv;..l Time; rollout' 7errJsr-Cor.r" t^nt ,"??t.e
S t r e s s . ' '.•'• • ' • - .'• '

'i'he- "eari' sVrviv ;J t̂ "ie oi" decsasnt.1-"-. .-•ir. dcys is "-Ictt'.-c
'•i-rdnst the. ap'^e in >H (lOCC ^;. ; '

Code:, cl'oa'ed circles,* ." ' .• •• v
» o:,e'n- cir

\



* V

t



: ' ' ' • ' • . • . ' ; • • - / * . • " • • • . ' : • • • • • • ' : ' ; • • . " - . • • - : * . - : - : ' " • / •

, < - , • " > • • • " • , - • • • • . ' • • . • > , ' • , - • • ' • . / ' • •

• • . • ' • ; i . . : T A B L E 1 1 ' ' ' ' > ' • • - • .' ' ' . ' '

" "" ' riMS-K-0'STALITY ANALYSIS;. 3Uf?5' PLU-S. CONSTANT'RATE STRESS .-'" \ '

• . • • ' " • / • ' • / . • ' • . , ' > ; - . " ' : ; . . : ' - ^ ;

' ; ' , ' < < * . • • • _ . J . - . - • : • • - • - '

[TY; • , • . DSCSDSTTT ..
; - •DC4S'-. EiYS.r, D4?5 DAYS, DA'io . ,. ^- . ' ._S;U3VIVAL TIME
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vajtues with P A50-/+ . CB a'nd. with/ 3A5-. + C3. . This- 'is especially . "

\ rpticeable hpcausp the rsortality in the 0 to .6 cfay .period "is • ' '

f-isinc a;? the thermal. exposure ie.irioreaeeci-. • The '3.'+?/ + 1256 H

(fallout') ShoVK this •t-esaTUency also, but not, to the..extent shown

;, by the ".'•<+5' + 1500 R stress (constant.'ta^e)..1' ' • •

- The resul ts of the-death distribution by syndrome period

5cr' constant rate r;idigt1'on and the various' thermal exposure's •

• •ijr-.'rles 10, 11)'are displayed graphically In Figure 2k 1- In the- •

12 to 20 day tirne peribnf there appears to, .be a shift .in the " ' -\

curve th,v-t ref lects tha.chaE.re in totfil mortality. 'The cu't've

is hirher in th'e H.15 + CR frrouj: indica"i;ing increased le thai i ty
• • • . ' ' • ' * • • • • '

ina --lower..in the P.'JG- +• CR an'd' z.k^> * C'H groups indicating

reduced le tha l i ty from jsrouns- jciven .co'nstan't rate radiation- •

alone* With •?.'15 *.' C3 the mortality seems to/ plateau at a

lower dose of r'&diation and at-a lower level" of 'mdrtrility.
9 • ' , ' « ' ' • ' .

Jhia is due in part "to the increased r;o"rt:.Jity ,,in the 0 - 6, day

period;, the1 gjnim.als. normally succumbing in the 12 - 20 d'ay • *

per-io'd are now,'dying sooner. The other time periods .(7'to 11

an3 21--.to 30) n'how lit"tle ' deviation from one treatment to

a n q _ t h e i ^ , . ••' • ' •' ' • • ,

Figure 25 provides a time period comparison o"f the mortality .

from constant rate and .fallout radiation for various thermal
• ' . . • . \ • • • • ' . • • • . • ' - " V ' - 1 * ' ' ' ' : "

exposures. Fallaut combinations generally exhibit greater--
' . • ' • ' . • . - , ' . • * ' • • ' •

"mortality than constant rate'-combinations in .the ? t o l l day ^

period. In the 1£ to 20 day period the mortality curves are

' aljnont identical'in character, except that the Constant ?^f.



Figure 24-: «'Syndrome M o r t a l i t y ; Combined-Stress (Burn +
. - , • Constant S a t e ) . . "-• "~ •' •

_, •' '. • '• .Th\e percent 'mor t a l i t y , i s ' p l o t t e d a r s i n s t the constant .
•• . . r'a^e' dose. Bach column r e p r e s e n t s a p r . r t i c u l a r

• . therisaX exposure arid e^ch ro'w r e p r e f e n t s a pgrtioftla-r
••*.' • t i r r . t e P e r i o d . . . . .•• . •

/

1

-1
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25: -Syndrome ''.or tslity; Fallout versus Constant Rate
Contined tstress. • . . . ' •.

Code: solid line,.fallout radiation
dotted line," constant rate radiation
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treatment curves are ..consistently, high/r. That is, a constant

• ." • . / ' i •' •

r-ite.^dose causes a higher mortality ynan the same total dose*

'of fallout. - I . ' • . ' . • ' • . ' • .

A different v:,ay .of' plot t in i? the death -distribution', data ' -.

is sh.own in Figure 2'6.. The 3.15 + 02 treatment causes a

synerffistic .(more than ;edd.itiVe)' effect-in the 12-to 29 day

jerio.d, and the 3.^0 * CS. and ;-3.'*5 + 'CH ' treatments -cause 'a -

v.rote.c tive effect, .Mortal! ty : undergoes the ni.o.̂t change during
:. ' ' ' \ • • • ' • • " . , ' ,

thin time period as the CS dose is increased, the. rr.ort;jl-ity
* . . . - , o • • •

becoming steadily greater but the shape of the carve remaining

essentially the' same. Th.e slight deviation in ah.ape with the

5.^5 + 1300 B treatment hag Veen noted in- previous graphs ans

tables and ,-to; Borne extent balanced by the increased
i n ' ' t h e 0 t o €• d a y - p e r i o d . ••• • ^ •-.

The tr&rt-j-lity in th'e death distribution analyser;' could

not be adjusted for th_e- burn rortr-lity .as' with tf-;e total

mortality for pro-bit analysis because of the viriaBTs n'urter

of animals in each' treatment group.. Thus the protective • •;

effects of B.JO + -CH-.and 3.^5 +• -CR are not exhibited- to their

•fulJLef-T' extent; they are • actually more, pronoun.ced than as

in Figure. 26. ' . ..-' .

?/i.'RN-IRRADIATIGN INTERVAL. , - • .<••;

.When the fallout experiments'were performed,'the interyal

between the thermal stress and tĵ e onset of fallout radiatx6n

'was s'»'.t at about-3 - k 'hotirs, 'the- tine required'for the ajiimals



"hermal J3tre''3s Analysis; 3urn'. + Constant Hate-.
The percent t^brtality is p]o--t.ted szzbintr.t the
exposure., E6ch column rearesents a particular
doee of constant rate radiation and' each row
represents a particular time period..

1,

'••/<:'
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. to 'fully recover from deep anae." tKes.ia . . However-; a definite

^ time of j.J hours'was adhered to for the constant rate exper-

iments. ̂  Following the. preliminary fallout experiments a '

study was. nrflde of the ' eif.f.eet on sor'tslily- of various time

. intervals, and varUou'ij constant dose rates (acute tochrcpnic).

This-study was.designed to' elucidate any variation in mortality

. which miirht result from deviations'in'the" ti.me of onset' of

irradiation post thermal stress. The results for .a 30 second'

'burn CQmbine'd .with three dose rates are recorded in Table $2.

*-~ The -T.ost pronounced effect obtained by varying the time, interval

between the two stresses is observed with a 900 R dose delivered

over '<*& hours- at 0.16 3 per .tiinute (chronic irradiation).

- • • ' « * • • ' • . . • . ' - '

Fig-ure 27' graphically displays the. results of the study.

.Followin-g 90C 3 of ^R-irradiation, 56% of the animals^

succumb in 30 d.ays.' 'When a thermal buji-h is applied one hour

Tirior to. the onset .of .the radiation 5̂ °i 'mortality- is the'.result..

.'A' definite downward- trend becomes' evident as .the interval

between-burn and .<jnset of i&rEa<ffi.-ation is increaseM,. tftV minimum..
* . \ <••".'' ' • . ' ' • •

"•or^alit/ of 12.5%being achieved with, a -3. 5 "hour • interval -"̂ ' ••

As the interval was.' further increased the mortality increased

. " • • '' . ' ' ' • - . * . . • ' •

re'achinr a plateau at about- 20^ with sr^r-'- 5 hour, interval. . .
• ' • • • • - . . . : . . . • * • ' • • • - . - - • ' •

The brief ..rise'rin mortality with a 6 hpUr Interval may not be

siirriificant since it was observed' in snly one run.; . however -^

.tfc'at esi/e'ct 'is1 rio't"" of imTiediate concern to this project ss "th'e ̂

3.5-hour interval was always employed. ' -If animals are allowed . r-

a 3.5 hour interval between a- )0 second thermal stress and ' ;

V
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TABLE 12

E-Y- FOR THREE DOJE-HATSS,- 30 DA1/ >:&STALITY.

• • I N T E R V A L . "

• • B E T - - ; E S I : . . . . ' ' • .

T ~r j^^f'iAIj QOO' R

EXrCj'."V-E AKD '• ( 9 6 ' WCURri) •
, ,Ir;nADIA~ICn - O.lo 'R/KV<.

, >. ' '. S A D 1 A T I C-M ',. S ? .R*S S S
' ' ' . " "> . . . ~ '. •

' S- 700 R • • V

' < •

• V 500' R . "
'. (O.5.KO0S)

C-.yB E/KIK. 16.? R/KIi!..

AKIMALS . FES.C3!iT. A.'MKALS 'P'EHCEIiJ AKIKALS PEKC3KT
,U^ED' .MCHTAXITY- USED K03TALITY v 'USED

0 f

- i .'•

- 2 *

- 2 > i • .••

-3 .

-'??< ' •

- V . ' • •

C .

-6. .

- 7 •• •

2 O c '

- - :>.

.'•'• ^ °

5 0 • . '

• " • " " S 7 " - .

5.7

; 50

37 '.,

5 5 -H

53.8

- ''32.0

29.2

16-. 9

12.5

- - l-6.-if

20.7

2O.5

' . 30.0'
2.1.5

. i ". • 106

5 . 0 '

50

7-.5

14.3

1?..O

1^.0

18.0

20.8

25-0

126

•' 51

51

• 5 0 -

5 0 •

22.2

•31 - *+

O0.8

;28/O

28.0

--- no experiments performed
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?i.-ure' '27: .Burn-Irradiation Intervals.- . • •
M o r t a l i t y , over :•• }C day y'eriod^ f or • v. ' .rit/jr. ti.-r.e

> i n t e r v a l s b£tweerL fi ;3C ^'?c* t^ierT./ii r i t r es r ; ar;c;
the onrret of surrata. "irrsd' iation ie rhewr. :for three dor'er

' ' ' a t three d i f ferent dose r i t e s (Table 12) . ' . •.

.Code: 9CC •?, rer.r^sentf G.1'6 "•'/mrn-. •
- ?CC a represer. tr O.'p.V K/rr,in.

'y.'oC R rerroser.tr. lo .7 r?/r^in.

• • • :
 f

'i
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• r ;: „ > t i .y.>i, a "-xi.-i .r- •.™.o*Vnt of r. r o t ac t inn i s ,?.f forded them. In

cc-. iv :.-t, .-. a i f iivrent- e f f e c t i s - e l i c i t e d fror 15 second biirn '

c.;;":b-ii:'.--.t i cr.r-; a syner •-£.-; t i c e f f ec t in exer ted on. .«or t a l i t y ."

J'he " is 'eot of -Qterin-- the ir.tc-rvai between..* J.C second

•r:.".;-~,,l s":res!; ynd ?0'J •< .del ivered over 2C hour.;' a t C.Jo- H j -er .

rir . itr ' i s , r.C-t as "'^rr-erf ar th ' . t with the 'TO jldo.->e. T'rife nar i^un ,

; rotccti ' . 'c- **:fcct. i s n'pw obt- i ineJ with a ^ h-:^r de^a"'. i n t o r v ; . ! . '

Tr.-rr'.' ap,-e-irr to Ve no. r e s u l t n nr i r o t . ' t t i ve ' «f fee t from ccrriir.xn±n^ t .

bur:; ;.•; th 5̂ -C. -i J-elivr; rc.»d over 0 .5 hc.ur a t 16 .7 >i per minute- •

•'•;vcutft'irr:'.ui :: t i o n ) • An j c p t e aosi ' pf ,fK.» H could not be ur.ed- for ' •

:-L.r; rri .^o:; wi th. ch rcn ic -;f0 fi because so r ' t ; : l i t y would r:avel..been ICO-"-'.

• - - ' • • • . • ' • • ^

I'ho p r o t a c t i v ; c - f f o c t e x e r t o d by o J;C "i-.occr.d tborr ; ' .a l s t r e s s ' < •

Lr, J i2*enier.'t cr. ' r,.c ti: t;".e tir<e be-iorn i r r ; dj a t i / ' n and the r a d i a t i o n

dor.";- r.'.-.t'; , beir.;; .r.cst e v i d e n t '•/.ith a.n.'ir. t trv-cil cf ; • > hou?s and

:•• .p'.rs. !:i.c. io^e r a t p -of G. l6 S / s i t i u t e . . ' . . ' . • . -

. . . . . . ..,

•^ Fro-r. t he nor . t r i l i ty - d - t a i t can' be -xen UK. t '-p.-.t of the

a-eitths occur i n ' i h e 1<-"- -<:C- d a y - p e r i o d ov.;r the ''t-.-m'-e of

JoEy-s!'- employed E x c e p t for the hi;:h. KUi.ra-1* t h a i doses above

•JCGG *-<), A l s o , the • : -ynerp; i s t ic and . . r o t ec t iVe effpct"5'C'f the
- • ' ' . -9

tot^l .norlc-li ty dat^'are reflected ic the sort::. Ii tj.- of this

time rc-ricJ. Lethality during this tine period ie hnov.n. to _

be c,:.,u.-ed by he-ft^toj.'oie t ic fai lure, the bc;ie n;.rrcw sryricifene,

no the next' c.tey •i:::r, .to ipverti.-c; te dam--, -o snd recovery in the
' ' • ' • . *

hem; t o p o i a t i c nystefr.. An endogenous spleen colony t.r.r.sy was
; erformed to ctudy the e f f e c t s of "rudiati.on and of r a d i c t i o h •



-\?ti.~p:teQ r-y :- ;.nor therr»:?l' stress; ur.cn t,he herr^toi-oie'tic

_he si.le^n colony counts (aialsr cf" colonies ;,or spleen),
t • •

were - û -ed to, calculate'>he ,~<?crietrie -rr.edian nurber of colonies .
, " ' ' , ' • - • " V

.•" for each treatment rroup. (T^'ble l.v) a f t e / the method of Sisith

\ - . • • - • • - . " ' . .

. e : s i ( i c ; ' ? 6 ) . , ' .vith i n s r e ^ c i n g do<re t h e r e i / j s d ' e c r e s s i l ; " ' ' • ' :

. . . • . . . • • » » • •

r.u-fcer cf colonies per c.levn. AIGC, as_ the' thermal Hxroeure \ •

ir> 'ir;cr"ef»d, the" nM'p.-»r [of colonies, per-spleen ' increases

.ur;ti_-:"i ^r r,.>cor-:a ex^osurfl i s ' a p j l i e S af ter which .the- value:?

ce-^in tc' decrease. Th.e ''5 n<r-con'd • burn ;'.-lus radi,-. t'i or. ..rrouf.c
'• ' • . • ' . \ : ' • ' • ' • .

f. -il'vab:out -niaway bet.veen the 3* see-ort'd vnd >0 reqond burns

cr/:-b:r.ed.'•,-i th r> i i : . t i o n . ; • • ..

The rela'Ji-one-hi'-s b-etviee^ -tfhe1 var ious t rea tment sronps is '

di~: 1:. yed ;-rarhic.c'-.liy in' Figure 2S. The 30 second burn cp-ftirved

•.•.'i4::: r - :di : ; t ion ifi . a e i ' i n i t e l y protective tar.ed .on ' - ,1 oE, but

the IS "fcor.a b-arr' does hot -~r;cff' to v r-r ?•; ."r,: f io-ir: t l v fi-or-

The D v?iue~ for the tr«-i t*en t r:r'--K\.L- ( l i M s ij;) , r.-:'

•rr- l i i . e - r -. :n. the values for t';c5r •'lor.es ".re ,'J ien ti-o .1; \ t h e y

-•;.-o ..ar- l l e l re l ' . t io r .c i i i i c . ; - - '^ ' . T

Th4 splenic dry weight was employed as another pnraraeter

to O3i;eas the effects, of various regimes of radiation on

i s . ' '.Vhen • the ' colonies had been counted, .the spleens , .
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Figure <iS: Endogenous Spleen Colony Survival Curve fTJay- 12).;
| ' . • Cons.tarit Hate Treatsentsj '. . •
1 •" ' • Log (i'-g.) i where Kg is the' ej-eoTietrie median nur-ber

of colonies, is plotted as a function-of dose.
: Survival 'uncertainties-are shown by - i oS. . ,

•• " • . Codes are as in-dicste'd- on the graph. '' •'

i -

\
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were dried at-100° C. for 2h hours'Shd weighed', The mean dry

weight in milligrams of the spleens for each .stress is recorded

in Table-, if. ' '' • . " .;

.'. ' Th« trends-of. mortality appear accurately reflected by

tf-.e chafiges in the .splenic dry weights. The splaejis of animals

treated with a prior JQ second burn have a greater! W a n weight ••

than those given'radial-ion alone. Following a l^second exposure

and radiation the weight is lower than aft&f raolia tion alone.

•. *he weifrhts' are higher wilh a -^•-'second burn than, with !the -'JC -

; second burn combdned with constant rate. *3}he opposite • relatiofi-

ĥi'p is present in the ESC assay. Tiv*? dry .weight is seen to

increa'se with severe burns (no radiation), "o colonies were

present or.' the spleens of rr-ice' receiving burn alone or fron •

control TT:ice. Xh_e' radiation was- observed to decrease the

JS]-len5_c dry, weight to about ^O'o of control..

The. above observations of splenic dry weight are illustrated

bv a histogram CFisure 29). The trends in" dry weight for each

stress treatment•are consistent for each dose of radiation,

, and reflect, the • trend, E observed in the mortality (results ;,. a ^1-

•i5 second the;rm'al exposure will increase- the mortality of

irraoi'ited animals, bu*t a JO r.ecpnd thermal exposure will

...*.'.". decreaKe the "iortality. •

X " " •
 r

 . • • - • • • . . . . . __

' ••• The control spleens we?*'removad from ..apinals that had

Teceiv-e'd no stress • other' than, normal ,handling-i^_The spleens

W r e (sighed by'ca^e.lot so the standard error is based on this/

..unit. The .control' and .therjnally stressed animal's spleens wer*

weighed an- unit groups so.no error was calculable.



• . " • . - • ;' T A B L E 1 4 . ' . " • • .

StLENIC DRY WEIGHT; (DAY. 12) UKE23, CONSTANT RATE REG IKES '

r " : ' • ' • - * » . . • • - • •

BURN' .DCSE , ' MEA1I-DRX-
;.'-. (SEC) + (R) ' . SPLEENS' WEIGHT (mgm.)* . "

' " - • . # • ' " . ' • . ' . ' • • . . •

0 CONTROL ; ' 10 34 .7 , \ ' . \ ' '

0 750 ' ' ' ' 99 12-7^ * O.58',

0 ' .800 119 . 12-93. 0.59* .

0 850 . • 111 • 12.03 0.42 • . • - •,

" o' '900 / • ' 110 •"- .11.69 0.73 ' .'" *••

' * _ 1 £ 0 1 2 ' -,• 3 2 . ' 4 - - '* '••'•-..•• ' • . &'

87

131

96

12

36 750 - 93

39 . 800 , 97

30- 850 ' -85

30 900 "• -79 " 12.44. ' 1 . 0 7 - ^ *•

4.5 • -0 9 W-8 - ' \

,-45 .. 750 34> • 16.08 0.74

45 800. , 4l 16.08 1.24

45 ' &50 ' 31 15-63 1.65 -

45 900 . 66 . 12.40.: 1.10

V * Z X SB

15

15 '

15

15

750
800

850

900

12.43

12.45

11.01

3̂ .96

/ '
42.2

1-3.89

13.89

12.64

12.44.

• 0

0

.64

.«f5

0.33

0

0

0

0

' 1

• 56

• 35

.51

.67

.07
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Ture 29? Splenic Cry '.•leifrht 'Data; Cons t an t ' Sa t e S t r e s s .
The me'en-weight Tser spleen in Ti l l igr&ms. i s shown •

•. . '' „. for each treatr ' .^nt group a t four cons t an t r i t e doca~e's.
* • '.Codes a r e as 'shown in the f igure legend .
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In general, the present -studies demonstrate that a " "

protective effect is displayed,in"mice which receive a thermal

V;. treŝ ?; -prio.r to irradiation.
• . / ' • .

Lt has been observed in previous -work that '..'hen mice receiva

a'non-lethal therno.1 • burn to 10 -' 15?i' of the body surface in

addition to, whole body X-irradiatiori mortality occurs earlier

end is" higher than Tor non-burned mice (Parr st al,»ln52» Baxter '

et -il', 195.3;! Alpen and Sheline, 195'0. The findinr;- .of the

present study differ in, thr-,t a protective effect is evinced by

the cornlineQ stresc. "owever, sevfrfil differences should be
• • ' • ' > '>

noted which tea3 to' preve:n^, K H C ' cor.ii^riaons. " The protective

. effect is- not- fpund^ when a sui;erficial burn, is err.rloyed', but only

when a. more cevere 2° — J>° burn (causing ?' - 11-5/' mortality)

is r=;.pli-ed. A second consice.ra ticn is that the r'idic: tion dor;es-

e^iplayed in the'present experiments wtr"' chronic in nature

• ("'6 hours), whereas «o;it previous experiments entc?.ilea acute •

irr.-idiu tion-'(lesr than ?U hours}.- l*he chronic ranmo irrc di^tyg'n

was'delivered either a.s nin.ulated fallout or ?t :s cor.stanil dose

rate and .the protective effect -w.-.s, of equal' magnitude with b6th.

' - ' v • ' ' • • ' . " • . . " ^ o

Thexlethal dor,e to half. the^, .population in ' ̂ 0 day.-j, the LD^^,''

.vhows tr*e protective .effect quite clearly." For exar,:le, the

•LD50 ertinate for mice' oubjected to irradi,-: tion at a constant

d o W ratc'^o'r 96 hours is 852 H, but for mice receivijTjr^-a^S0



::ur:i i:Q. fecoi.d exposure) prior to 'irradiation the estimate ••

is I';OL ?.. -Ihur, to n e,_-:i tu . t.h e protective effect of the burn

the acre of ^sraa ' r? diation -munt be increased by 1 S?5-.

• Table 15 fhowg the biological effec.ti.venefE of ch'r-onic

,r-T̂ n'irr.T.-Jiatior.. relative' tooc-ute X~irradi:> tion (Puro , 1C66),. •

"'he relative biological effectiveness for radiation delivered

a: sirulc ted f-.-.llout ever --.t hgurs* in only C.56, while fche . R2E

for ccnst.unt rate r.?.di;. tion. i P C..*;.- Thus f.'-3 lout -î *' the : less

effective of the- two chronic do]: verier. on the bifis of r<?lntive

bic-lo.itic.-il effectiveness usin~ the LD50 estiir.a-Vvs.

The effectiveness of chr-onic irrrsdi^ticr. is- msirViedly

:»itor»ii by the addition of a jrior thermal :;l".resc. The •

/ - . • • -

; r'c.tec tive.'effect of a J;0 second exposure in tnrrr.s. ,of rol-'tive •

H oi. oĵ ic.-il effectiveness is siiown • by the decrfat^., frbra "0.5^ to •

• C.i+'S-in the case of- f-vliout irrndia ti-.on, 'and C..59 to 0,>C with

constant r<\te irradi-i ticn. A 2". - 3° thermal burn decreases

the lethal effectiveness of chronic irr-'idiation by 7 -'9̂ 'i it

uecre-.'-es . the cencitivity of rr.ice to the radiation. On- t::e

otiver hr-nd, a lc.turn incre:-£ps> radiorrensitiyity to constant

rote irradiation, by .11?;-.. The difference 'between fallout "nd

constant rate irradiation is probably .due tp the-f--.ct tHnt with

fnllnut -most .of the dose is delivered iri" 1:_hG ' f irr t. day.and the

• dp::." r-.ite is iens' than that for constant rate irradiation: for '

half of the'9$ hours. Ihic could explain why fallout is lees

effective than a' constant rate delivery in causing lethality.'

'iiaker et al (1961) -found the • same relationship between fallout and -J^»



T A B L E 1 5 . • • * ' • • ,'

• ' . . . " ' . ' • ' • '

RELATIVE BIOLOGICAL EFFECTIVENESS (30 DAY MORTALITY)

RADIATION- . -LD5O. 95^ • • ' *
STRESS- (R) CL(R) . RBE*

^ 250 kVp X-rays:•*

Acute"** 506 \ 4-94 - 518 l.OO.

60- - '
Co gamma rays: - •- .

Fallout . 911 897 - 9'25 O.56 . • ' "

B.15 +-F. ' 9^2 .918'- 967 0.5^ ; '

. ' 3.30 + F IO38. 1019'- 1056 O.k9 i- . -

• . ;< • • • • . ' / '; ' '

Constant rater .. ' -852 • 838 - 866.; " 0.59^

B.15 + CR . • 713 -. 685 - 7^2 ' 0.71; .

B.3V* CR ' .1006 • 986 - 1025 *0:5Q. , • <

* relative io 250 kVp X-rays, arbitrarily set at (unity

t" HVL, 1.33 mm. ..Cu

Acute dose rate;

(ID this case, less than one^hour) .

~i"* Acute dose rate; dose delivered i,n lees than, 2h hours.
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Blow fallout (constant, rate) irradiation, the LD50 estimates

for nixed -populations' b.eing 1109 :R and 1008 R respectively,, •

The slopes of the probit rineaT regressions' ware also different

for the two deliveries,-'being 1^.2 and 10.0;; in the present ^

study the slopes are 8".-'77 and ?.59 for fallout and constant rate

irradiation. There-appears to be a slight, difference between

fallout and constant rate irradiation; the latter is the more '•

damaging typ^J?f delivery-. This could account for the syner- '

gistic effect- found when a superficial 1° burn (15-Second

exposure) is-combined with a constant rate doeace. The super-'

ficial burn is below the threshold' -required to activate the

protective mechanism(s) 4n the body, so it probably acts to

• • " • • • - s • . . - : • r ' ' ' •

increase' the stress on systems.critical for survival.'

The-linear regressions for all treatment ^roupe are

essentially parallel to each othef' .whj-ch v;ould su'fpest 'thy t
• • • * ' • . ' " ' '

.the same mechanismCs)'is responsible for the development of

•lethal- damage for each combined stress treatment (Lawrenfce,

19^6). The decree of burn would-'alter the decree of response,

not its nature. The rrroups receiving a prior' 15 second- exposure

show-little deviation from animals' 'given fallout radiation alone

while groups given,a JO second thermal stress plus radiation

•show a'great deviation. Therefore" it wo.uld seem likely that

the protective effect only occurs when a burn, of sufficient

' intensity is applied, when a threshold is surpassed activating

a protective mechanism(s). , ' i jr



• AC7IC:-.CF :;Y;CXIA IK ^ D I C K O ^ C I I G M

A- likely.' candid,-, fee for t!fe ;.rc tec t i ve' .rech-i'ninr: i." hyr.-axia.

:iy: cxia i s already tiown tc fee radior.rotective to r.o$i c e l l s . •

'/Tcek* and oarasar- ( l 1 ^?)- found that the Lirher t in tens i ty of

, - rc t -c t inr . .in rr.ic <j" ccc'ur-r" d ..'her. :irr ;,din tion W6.s conducted in •

-tr. er.yiron."ier: t &? 1C>'J. oxygen; t.hi? corr'ei-ited with reduced. '"

"cS^:~en Nter.- rKo n ™any *'rr.-';r.c "UCi afe -the rrri'esn.- .irown and'

;.'!:* to (19? ^ ~o\ " . ti';..t incxia-.ir. a r u r S r 'of V-t t i ' j ue . . ivas

i-udioi-rctPi-t^ % ',J- Hall e't dl. (iQ66) irr;jdi--ti& !ieLa ce l l s i a '
^p ' ' ' ' • #f> • —

V'-.trc , f in^^ ' ^ o<y--er; er.lo^cerr.orit r ' . t i o of l:r; at 0.0 Sods

'er m i n u t e . j , u / t and O l i v e r ( l " ' l ' ; .r-: ;."-rted tl.-.f 'scr^s. obinsufts

»r.d; c e l l s - could . tcccme s u f f i c i e n t l y rxr.oXic tc rq'.ur. r>:- I:. 5 - H • C
" * * ' •

"~L::.QZ the Jooe to achieve tK'e sane ''^ffoct aq ncvji^ail^-oxy.-Ten^toa

. j e l l s . ihe e f fec t of Ic.-.1 cxyren te-naions ir.. :;. c e l l .for i.roioii :ed

Lerioas of .tirr.e ac t s , to- ohnr.re tue -.-.re dintric-ution- cf c e l l

.j.o'.ui.vti ons; mere m.ture ce l lo ar» known to be rrore r.^riioresirtan

Alr,o, .the rer.rc^Uuc f ive l i f e cycle i s elen "-.tea by" :.y ;• u'xia , with

a (iisiiroj.ortior.ate lenjTtheniiir: cf the •'r. ;,h;ce (Bedford, 1"-7C).

Te'ranima .and Tclciiicl. -(10t3) - and L i t t l e ( i ^ c - ) rictc :i thyt

su rv iva l of c e i l s i 'e: ffl>.::i;r.al -if they- wc.-c- i r r ' d i a t o d in the

e-.rly ; c-^t-mitDtic • Gn 'f-har;e-or p r e - i r . i t p t i c^ j , ..iiase.

~!:e ure'cedirif: findin-frf?' would r;u:.;-ort -Vf.a contention ti~.;. t

ti.e p ro t ec t i ve ef fec t i s u r e c u l t o'f'.vi.y;-c^ia i'n trte cten c e l l ,

p o d s of c e l l ' r e n e w a l cystemr.^frt the tirae'1 of • irr;- d.ia tich-. liapid

b'ut r.e~-rri.ble c e l l u l a r 'ler.i'ono are induced by low oxyncn tensions

(!;:;».C ) whicfc- iftav be involved in the raeciiar.icK of iriC-re»!jpd
2 , • •



T^sist.-u-.c*.;-to ionizing r.".dijt:o« (rl-p-mteux et a l , -1970). This

i-.yroxia. could be caused by the rhy-iolof-icrl and biochemical '

•.'ff.-ctB of burn. oeyitt fi?io) rer.or.ted tha-t' therp is a '

.-•Iov;ir.r" of the blood flow in dermal capil laries ire.the burn

.-.r&.v, -and Alt en- and vjheline, "(195^ }„ found1 dilation of the

cnyill ' iricB, icr.G of :.la'-.n (edema) ar:'d a -subsequent sludging-

o'f the blood. The fluid \iecroace in the circulatory sy^ten.

c^unes x; decrease in cardie; uiitjvut', a fall in blood pressure, . ••

and hsToconcentrn tlon (Keelcy .et a'l, 19?r") i <-s well'.an the

heirolyfiic of -rany erythracy teo by direct he.^;ir./». and by t;.he

r.lu.j-ir.r. Ihis aecr.j-.-'e in efficiency of the circulatory

"yrtsr, t 'er'jlts ir. an in;.d.ecuc-1» suprly. of pxyi~on to -many cells .

in the bc-r.e rnarrcv/, the 0}".leen and ether or 'iu:r;. T!io anaerrthecia

•••aj net cc nsidsred to hove any effect on the ;:yrcxiri meci.rinisrr: ' •

as the rice had rpcovercd fror i t by, the onset of i r r rdiot ion.

io.T3i;-iU!:iG.;r. OF; LETHALITY v . • ' • . . " . . -
• ' • • f ' . • • * - . • . '

The . deaths'over JO dviyh ;.re distributed ail'hcr«tel'y'by

r.yr.aror.e, the oQpt~^y££5Tf ienr.t ceinj; th.e bone raurrpw nyndrome.
• ' ' ' ' ' '

!iowc-v.-r > wi th iricii^'isin,'^ iderree of thermal s t r e s s eith.ei* .aione,, ,

or rn corr.bination with ,r-:!.Jio.tion, denth.< in t ^ e 0 - 6 day

c e r i o d markedly i n c r e a s e . Anir.als Guccumbinr; a t t h i s .tifle .'lay

* " . • • • . ' '

do. so from the ' '^Rtrointofi t inal syndrome because -rerious , •'

functional defects are present in the rccten.er," t in r rauconal .

laye.r which!, may contribute' to l e t h a l i t y . I t 'may be that, some

other system if the ta rge t , fi'uch ar, -the re t iculoendothel ia l .»

synten (ikK'r-'and Valertote, ly6S). ^uaBtler and Zucker (la59) .
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found that the' hematopoietic, system is much more radiosensitive

tr.*n the rsstrointe?tirial system GO' ̂ener-ill.a- a much higher

ac*>e would be required to cause gastrointestinal death than'-"..-

her.atoroietic de^'th. Deaths •.vith:r. the first., few. day's are

. . - ' . • ' • ' • -.?

.• ~.oct lively caused by secondary shock froir. the thermal- stress •"

i'A.lven and cheline, 195''/. ' • '

o.-cterer-ic " o r t : l i t y Kd\y= 7 - 1 1 ) i s hi~her" v.'i '•':: fa l lout .

• t;. J.'J with- crn.ftis-nt rate . i r radia t ion" which, could '.be .-. cccuntcd

fur ty rrji^'.-T ;"-^:-'-e to the. : >.. _ /.- t ina l e; it'r.c-i'i^r: M:G the

j 'vt ioulconuotheli . i l ^;: ; t"r by t!i-e !.-; ,yhor " do::e ,r'. t or delivered

•i* tUQ"~ £ ir'r.t ;-:.rt of th'e ?C hour perie'd. Thi~ could le-':d to

•a -i-r^st?!' se ra i s by crut :«'..c t e r i a , C'.'Usir.s*. a ,*res ter .r^ort/.-lity

•in the 7 - li'drxy period cop ied with a depr^rsr ed r e t i c u l o -

endothelial system. - • • '. • • ^

The' -f-re.-i test irirrber of deaths occtir in the 12 - 2C day \

• T.eriod .indicative of henstocoie't'ic damage,", the bon= ^<rrtw -

.-yndrome. It is also in. .this period thf.t the protective effect

of 2°' - 3tt burns and the 5-yr:er;-;i;~tic effect of a 1° burn :on

irr-Jdiated animals is manifest.' Z'hir, le£'d.-- to, the postulation

-'.that these effects are due to alterations in the r,--.di tipn •'

•s-e-Jjsitivi ty of the herr.atopoietic system, the more sever^tertis

exerting a protective influence and . the '.superficial burn a

more•dimaring influence. The protective effect ray be based .

'on s pre-conditionine .of the ^j-.'tem to better -v/ithstand the

radiation otrnss. ''ifhis ' could be 'achieved by hypcxia, as

di.-,cusŝ ed earlier, rendering the stem cells (progenitors)



- - 9 1 -

Ie-~s ,-ensitive to radiation, .or by. stimulation o'f some facet • '•'

o..f".the system to. repair, radiation darfc-e nor? efficiently..

The decedent siirviviil time {mean survival time of,

•decedents) shows very l i t t l e deviation between the various.

• tr^atr-ant ^rours until- the 5° burn is- applied. With this "stress

t;.e early mortality (days 0 '-. 6). from the thermal-stress itsqlf-

* Ve.-ins to lower trie ' decedent survival time "iving- -the appearance

of ,an'overall sh5 ft-.in radionensitivity. Th.e fairly constant

valuer of this .parameter- ap.ont? treatment jj'rours indicate that
i • •' • • . c • . - • - . * ' '

the hernatopeietic or bone -rarrow "sy.stera is the aa;or system

r->jpo::"il:ie for the • variations .j.n mortality. - • . ' :

Double and t r i r l e -e-i'ks ar? found in Vie 12 - PC d;;y .

period.with c'or.stcnt ra te treatment;;. -A tri-ple~peak--is' f.ound

in conjtmction v/ith the -protective..eff oct,' sind a double peal-:

v;ith' th,e syiiergiati-c- ei'iect and with-radiation alone'.. This

-'sc-p'ir'ation of nor-'tality ifito an early, mid and la te .bone ^ •.

• i^rron • syndrosie ray be related to the severit-y of .the burn*'

-..ir, flicte'd. The bene siarrov< synd'rorr?e -nac. never been Sully

" elucidated, but remains at 'this' time a collection of signs and . •,

symptoms 'Under one main radiosensitive cell renewal system, tJie'

heaator.-oieti c syste:::. A severe 2? ̂  3° burn may affect

individual nuboyndro^es in th<s 12' ~ ?.C day period y'^re defin-

i t ively ' than a suj^erficial bu'rn or no burn.. » . • .

' - ' ' ' .
2V1J.V-IHRADIATIC" TIKS- JXT^KVAL • ' • • - • ' . • - , ^ (

The • t ime ' i n t e r v a l between the rmal e'xpp.'u're .arid •rramina

. ' " • • « . • • - '



-•92 -

radiation has not generally been considered to any /;reat •',• '

extent in the past. Usu'hlly, a ret' of experiments will employ''

-T particular interval coac-iptently. This arbi.tr-irily-selected

value >,ay rsn^e froir. a few r.inutesM baker and ValcrioteV 19.68) .'•

to one hour (Alp en and .Sheline, 1?5'+) to several month's , '

• 'C-Jichaelson et al, 1963). In the vresent experiments, the'0-

ccr.'sistent time interval employed is 3>5 hcurc. Xhis was

• de.t^r^inaci by •?. '-tudy- in which the interval between a J-C s.econd

tharrr.al ::tr&sB and gamma r'tidio tion was varied frcr one hour . to

• ŝ v<?r.-vl hours; the naxinun r-rotcctiva effect w-c-^elicited '.iy

urir..; an interval of 3.5 hour.-.! Thin opti.Tturr time nay he. •
• . . , * • > . ' ; ' " . • ' • • • . . " -

related tc t'r.e sensitivity of̂ .-opn-.e conocnent(s) • of the hemnto-

. rcietiq 'ovsteir.. It' hs.y also be connected with the . d-etoxif ication

of. the anaesthetic, whica rc'quirec a'cout 3-5 hours. •..''"•,••

Additional -tine interval expsrij'.ont>r. at different dose

r"'teB definitely establish, the protective ^ffect'&a.s dependent

ui-cn' the done rate. V/lien mice ore irr."-.Ji::ted at O.I'J -i per

minute for 06 hours follovnr.? a 30 s»ccrf burn '(.:'°) there in;
• " - . • ' # • . . .

a rr.r.rked prctostivp- effect evident which I F ovtircal for s 3*^/~

hcur ti.™e int-'-r'v̂ l. ilice exposed to a dore r».te' of .C.5"1 .-•" per

• r.inute for 20 hcurr dinr^-y a lesn m-..rkecl'protective p-ffeof

optimal st 'i, fcour."-, while . tho.';: exposed to 16.7 H per minute

"tihov.1 no protoc ti.vo .ef foct. •. This is ' in .keeping with the f.-.ct

"'that dof;e rate effoctc. occur only at low dose rates (Thomson

and Tolirtellotte,. lr'53) - . ' *
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. The hematopoie.tic system was definitely implicated'in '•*

- the- development of the protective e'fr^ct and GO became the '''
\ . • • ' ' , * • . _ _ ' • i .

obje-ct of further experiments .designed to'1 furtLer elucidate ''.•.'•
•J& . • • • . • • • . ? :

the nature of.tne protective- mech-anism.. Hema.tonoietic stem •
• & •. . ' • ' " • • •

• • - ' • • _ ft- • •

cells have-been sh.own with partial shielding of- marrow'to )>?:)

originate in the bone marrow (Cafrey and Everett ,• 1966) , and,-

uh-der the stress, of rad j.stion,' to-mi-grate to the' spleen and

; r-'-:;l'r ly other sites to form hematopoietic • colonies (van

L-e^kum, 1^6?) . -Seeker et al (I963) pro-vide^, indirect supt crt

th.it. .cpleen colonies are -clones, each arising from a sinple . '

stem cell. Till and McCulloch (106^) concluded that- the-

effects of rsdia t;-on on tile colbny-forn;iriG ab-i^ity of hemato-r'

},.cietic tissue in sice is closely related to. radiation effects

' on 3"' ̂ ay survival in mice given whole body irradiation. This

^GUpf-ortB the "Slkir.d hypothesis" (1?EO.) that tb..?; lethal effects

of whole- body irradiation may b^explained lit tnrrr.s of the

aurvival of stem' tell proliferative c-a.:;acity. The ability 'to

form coloniao-on the- c;.reen var, tented in sice exposed to •

therr.:..l litresc "and Constant rat/e irradiation stress.

''• The' en-Jo-.;enouc si;'] een colony asc=>y on day 1? rev<?ala-a

' / " "

^r^-iter number cf colonies pr^rent on the spleens o-f..animnlr

i.'iven JO. and hrj second thermal exii-or̂ uref; p2 us constant rate

j-rr-;diatioh"*than on those''exfCGed^ to the radiation stress alone.

This greater. lf:yel of {rroduction1 would1 prevent many deaths- that

ordiri/iri 1 y\ would be^cauned by .hama topoie tic failure (when



constant r-.;te 'irradiation was given alcn'e).- More stem cells

rr.ay remain- viable /fter rsiiiti.Jn./ or a-higher percentage of-,

viab.iiysteir cells-may r.each and' peculate "the spleen, or both.

- -Th? assay reflect- the protectivfc^ef-fect .'hitt'-not-'th'e

" ' ' ' " - . ' • • ' 9 • . • • . " ' • • ' - .

svr.'.erds tic eff.e'ct.1 She latter effect, may be baned.oij.'sctivity.

• ' • ' „ ' . * - . ' • ' , ' ' . • • ' v '

:n;"ar.oiiiei' part of the henatopcietic system,., or the basic \

• 'j.-r5SU.Tp'tio'n, that there is a dlrec t̂  Drojjo-rtionalitv between the
• ' ' ' : • • - ' " • • ' • * " ' . • • ' ' '

number of -urface' colonies r-.hd internal colonies may be-
* * • ^ • ' , • • ' . ' .

incorrect".- This i s quite rossi-bl'e since Wolf and .Trentin (1?68)

rcrortfid th;=t Che ssleen contains' at l,e;!st four' tyr>er- of n-ici-o-

environments that ^dj?^;err.Ir:e' the diff°rer.tintion of plaritjoten.t
1 * * - • * i

.stem' celts into either ' erythroid, ne,u trophillc , gran,uloid ,

r.e-T.'ikaryocytic"1 or /Jeccinophilic-.gr/iKHli?id colonies. Therefore,

•if t!ie r r t io (>£ "ery.thropoietic' to nryelci'oiejt'ic colonies varies

wit.h the decree of thermal/'stress apr-Tied, and these colonies

odur in different arefs of thi sjlee.i, then couptinr; only

surface -colonies- could be r.isieadin-i~. 'This rai..rht exi-lain why

the endofrenoii6 rir,r,ay for anirr.fils "ivert a 15 second f-.lierm-;! ̂

exposure clue radio tibn doe.i not reflect the • mortality result.

This trerJtr.ent incre-sed the mortality ov.er constant r'.t'j "• - -j
irradiatiofi e;iven alone,.'oo i t would be expected to decro-ase

• • • • . ' •

thp number of. spleen colonies- prese'nt if the oynerrjiotic

mechanism were directly involved'in this aspect of heraato-

;.oier>is. However, "the mir.ber of colonies was the same or .

/'renter with the-1^ i-ccond thermal stress.

The' D (or t ) v.-.Tuc- VeTirnsr-n t? ' the Acre of r ' i d i r t i o n
0 • 5 7 ' - • :
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requ i red t-c reduce the surv iv ing f rac t ion of r e l l s oy 3 f a c t o r ' '

• of C.-J7 on the exponent ia l pe r t of the dD.;r r<<r,:.cni'r'"- curve.

J.n the endogenous n..loc-n colony .assay -ill tro.-U'rtent rro'Jia hr,ve ••
• . ' • ' •£> " • ' . '

• t':va came v.-jluc _for-the DQ, indic-,"tin..J; the same degree of cell

r.onsit'ivity wit!; a l l thermal. exposures , Since parallel survival

"curves indicate no alterations in cell f;erisi t ivi ty, the shift

toward hifjhe'r. dose levels may .be in terr.reted' ss a progressive-

increase, in the nurr-feer- of colony-forming cell's'as fy result of1

_c«iJ3̂ .!l-,-;r prolifer-.-tion (Ti'll and KcCulloch , 196^). That is-"

a 2° -• i^-burn e^xertij a protective effect by increacint; i}\e . • •

number of .item bells p-opulatin/'; the .syl-een.

The splenic .-dry'weight data, display-both the protective

and- s'ynergistic effect:, seen "in the 'mortality -cat.a. The-nean

dry '.-."eirht of spleeno frorri r.ice .subjected to a; 2° burn and.

'con;tr.nt r:rte radiation is consistently- hijher t'h'an .for spleens

• f.?orr. -ndn~therrr,allr strerced mice. The dry weight for the 1' .

burn plus radiation treot.r.fent is corisir.tently lev/or than for

radiat'io'H' alone.-- This may le-nd support .t.o the el-'rlie"r proposal.

th."-t' the different degrees" of burn ctiftul.ate. colonies to develop

in differe.ni KieroenVironmen.ts- of the spleen (surface and-

internal) . ...*- \ ... .

•iACTEHIAL ElIDOTCXIKS AS KA

. ' "Auto-infection caused by Eccherichia c o l i i s important in'.

the development of the hemorrhagic uyndrome. .When E^ coJLi

/ . . * ' .-
endoto i ih i s adraini.stei-ed to i r r ad ia t ed" nnimaln, tire syndrome
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i"c sharply increased (Kiselev et al , 1964).- Smith et al (195'8) '

have d,gne a £po<f*dear of \ior%. using the bacterial endcrtotcins of

Salmonella typhosa. They found that If the enda^oxin is adraifl-.

istered. 2k hou.rs., b&fore irradia'ticrP-recovery' ir, slightly'

ic'creased for lymphocytes and there is a great robijizatioh

of .jranulocy|»s. The induction of hema ioi)oiesis ie- considered

' • • ••••• ' • ' • ' • ' " I • ' ' V • - -

responsible for the increased -oty^vival- ?hey\«.lGo discovered

th.'j.t the endotdxin hioyes ahead- the tipj^ when effective production'

f stem cWils is resumed (Sfflith c't'/al, 1766a). If treated one

' V : 7 • " • •V 7 . • .
d&y before irradi::tlon the YrpdueJSion berxnc . about r2 - i daye .

pfter irradiation; this woulff correspond. v;ith the l"vt day of

the 96 .JjSour ohronic^ irr.-idiction in. the present -froject. .Stem
cell -roduction is thtisre.~iir.ed earlier under ennctoxin stre^a.

- , . _ - - / * %

x'hxs s a r l i s ^ . onset of hersutopQiesi."-. could nccount for .t.ie

n d i o L r c tec t ive effect, on • io-rta.lity. -.If more-stem c e l l s were

r.resent during-, r ad ia t ion nib're 'would survive; the sair.e proportion

would be eliminated .but the Ebeolute number of sur-vivors would "

be gre.'i. tei/. -^urviv<?lr war. markedly incren..~ed by a nir.gle .'•

'injection-o-.f- endotoxin before or shor t ly &rter i r r a d i a t i o n .

Hone marrow cellularity*-and splenic no'dulec also increased

Umith et al , :l°66b) . • • • • • • • •-. •

Tumanyan et a l (1970); have' very recent ly discovered a •'._

rad iopro tec t ive effect of a- polySacchardde i so la ted from.the'

Somatic O-antijren of Salmonella typhi v^hich apparently acts,;- .' •
• . . . . ' • • . ; — . • . - • ;•'{..;£, :y-'

to stimulate natural immunity and to normalize hematoptjjiesis

• ' ' • ' . ' • ' " . " ' . ' . * ' •

more rapidly in animals ratiiated and' protected. • ..



' The .tL'ivrA-tifT ,r,."v . i-l'iy n r o l e ' i n i^hdicK-rcteC: t ior. th -i t • i,,?s
" • • • V . . • • .

yet tc ::e elucidated. This cr-in in ncperj.-̂ j-y for the recovery
* • ' * • •

Ot-.t'r.e .ir.^Qne' r.yn'tetr. of the'-l-crty fo-llrfwirw- rrrdi-.tion dasui'-e;

_ ifi-v:**- t_<?:; bbrie. nnrrow c- ; 1 E rau.:i-s pbt?.in their , irr.-iane coniTieter.ee "

f:-or:: i'::i-e- thrm'ur; of the le tha l iy ' i r r ';«!;•. ted hos;t . ( f i l l e r o t a l ,

L':"'.'f,,i 7!-'jre i.s a U" flnx t? influence exerted on Lone "narrow

lyiphocy tos ••.•;!;; cii enables .them- tc ijecc.".& oVn.:si t i ze J to i-rolj.f era t^

-u: the presence •cf • an ̂ anti^c-nic q t i r u l u r , '-hey then r.roauce u-

ccil-rrieui'i l"d' imau'r.i ty' ( l u rk , 1""'?)- The t-hyBUo hj'V i.lso. beef.

r,,';S-'rvpd,«ln ti,;aor>r =••;-• erit ex; e r i c enX::' to '"in er<v-'ce ir. 3i:;e . ,_

iciiev;ir .r -evf,r(= " thermal ^tros;; ' (2° - o c burn) . Th^p r^y be • .

indic- . t ive cf an.• increased effect^ on heWito^6ieci& v;hicii co'jj.d

V.,e r°l;i,+.ed to the pro t^c t iye efi>.ct._ ^urtJ-er .'.turtle.'- en- t:,e

t^j-pu:;- ucin't COT':; inu tio>:a o-f -ti.ermal ?tr<vsr and i r r a J i a t i o n .-"

could Jet ermine if there i s a"3 i rec t cr ;-.n i i td i reci ^Tf°c t ;tiy
^ . • - * ^ ' " - . ' , - ' *

• t . i i s o r ' j r n - ' o r i he r . - : - to ;_c i e r i - . , a n d t h e ;. r o t e c ' t i : V £ s e i ' f o c f c-i'^'c crrif.

• )



' ' • , SUMMARY • ̂

'./hen thermal stress is applied t.o nice prior to the onset of ; jf \

chronic gamma irradiation the mortality by day 30 xa altered ' ^ "'"''

according to the severity of the thermal stress. The pimma1

•radiation was delivered as simulated fallout' or at a constant'

dose rate over a 96 hour period, and the-LB^Q estimates were -

311" H and 252 S respectively. If the nice are pre'-strê csed

with a JO or 45 second" .thermal exposure the 1/D:L--estimate' is

increased by lk - l8Co.' A 15 second thermal" exposure does'not

• 5 0 " • •

.:tf-fect the LD^.n estimate, for failout 'irraui,-.ted r^ice, but
• - , ' \ y ' • . . ' • ' .

decreases it .by l6?;°for 'constant r-*e irr-adiated nice.'

1 Mor"tality , for all tre.'-.trfie.nt f-rotJgs- occurs" mainly in the

_12 -• 20 day- ti-re period indicative of rier.n.to; cietic fo,iluK,e'..

The fluetuiitions ir.. r"crt^lity srisin-" from the application of "

• vcriour ther̂ .ci,! burns V-ofore irrAdii tion sre ob.".r-rved j rî c'.rily

. • during this period -ind-sre therefore related- to alterations in

'iarnar-ie to the hemt'topoietic system. The protective e.ffect of •

••' • a 30 or, 4f second burr. ir. reflected, in the 12 - 2C d y- period

."*" „! '̂ by a decru:se in the 'rrortulity fror irradiation. • For thene

brqtectire burns the early'mortality is increased but the

"_* overall normality by day 3^; shows s decrease.

- • • The tine -int'erva.l .between a 30. second thermal stress anfi

irra'ditttion affects th-fe amount' of .protection afforded; a

maxinial' protective' effect is obtained by using a 3.5 hour

., interval- Also1, w.ith increasing dofte.rate tbe protective,

effect'gradually dicappear,s-
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The endogenous spleen colony counts support the protective

effect of a J5C second burn-on *jemma irradiated .-riice. Th.e D_

vr-.lues are identical for the survival curves {about 1J0 R) .

The mean dry,weights of the spleenjs also exhibit trends which

reflect the protective mortality effect.

The combination of a.30 secondf* thermal stress and a 96

hour chronic gamma irradiation dosarr'e results in' a protective

rnort.-jlity .effec.t on irradiate.d-.mice. This is partifcularl-y

evident in th'e .12 - 20 day time period, chara&teristic of the •

bone narrow syndrome. The. number .of spieen.colonies is also'

increased with this combination, -indiefitiv'̂ tr of" etihEtnced^Eemato-

:,oi etic recovery. • . . . • ' _ . . '
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.GLOSSARY. • • • j •

- I '
j • •

_.*-. _ , « 0 0^ in the tissues} hypoxia is a
..-•••'' more correct* tern as tfhere is rarely "

a .complete absence of (0 . . .

•S ---' ,--- A thermal exposure; ejg. a 15 second
exposure is B^15. !

• . ' . . • ' V • . • ; • • • ' <->

^^ • Gacima- radiation- delivered over a tirae
course at a constant tlose rate . •

J

• . • . ' . . • ' • • • '• ! • •

Denudation --Loss of the protecjivje cell layer
'„.."• .• covering the * intestirial vilii (by • •

• . radia t i o n ) . • • • ->L

ESC — > — Endogenous Spleen Colony.

Electronic equilibrium -- Ions produced within the volume of • . • •
air. in the'^robe'lose all their .ene'rgy .

' •• ' within it.
' " ' • . . • • • \

Endogenous colonies - J Formed fr.om the anirsal's own stem cel ls .

Er..dotoxin Product derived trorn the breakdown of
bacteria.. ' • •

ErVthropenia.'-. .--. Deficiency'of erythrocytee.
" ' ' . _ ' •' . • ' • • ; ' • • . J,

Ervt'hropoietic --' Concerning the , ma turation of red
•. blood cells (erythrocytes). s ' • •

Exo-genous colonies Formed from the donor's stem cecils.

j11 ___ . *_.'• simulated fallout radiation'. *

Functional cell '-'— The most nature cell of a cell
< • • "renewal system, responsible for

carrying out the fuhction of that.
• • system.

3ranulocytopen.ia --r-- Deficiency, of granulocytes.

Ueraatopoiesis :--i Formation of blood cells, (hemopoiesis).

Hematopoietic " • Concerning hematojioiesis .

Heteromoriihogenic division Division or;a stem cell .to form one
" . , • stem cell and one cell destined for

• the functional pool.
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Hpmo'rabrphoTjenic division — Division of a stem cell to form •
two stein cells.

.Kypoxis "--: ;— L o w C . tensions in tissues.
- i ' c. * •

L3T .."- ~ ' • Linear energy transfer f ' the energy
r-- , . ' lost yev.jt- of .path length of the

primary, ionizing particle.

5 C - * • • •

L 3 , Q -" —" ---'• The dose-oi.'ra'diaticyi caur.irlgSd'eath
. ' • . of one half the total number of

• aniraals.exposed -.within JO days. '• • ••.

l-'yelopoietic — Concerned with "formation of the '
myeloid series of blood cells.

• (fjranulocytes). - . .

Necrosis < '---' 7 Breakdown 01 tissue leading to
formation of an exudate and a scar.

- > -

Fluri_rjotent cell' Capable of becoming; one of several. .
functional cell ty;:es.

i. • " . -

H . _ _ _ _ - j — - ~ . .-_ Roentgen; the basic unit of- radiation
' ex;.'0sure defined in' terns of the
amount oi' i.onization i:roduceu'in a -
given rr.ass of air.' - - '

3ad . J--— Kbent^en absorbed do^e. ,' •

33S • r ' Relative biological effectiveness;
. • the inverse ratio.of dooes of

"•• ,- • . different quality radiations that •
• produce tire .s'ame effect on the
tissue- c«r organism. " • _ j

Heticuloend.othelial Cells, throughout the body that are
:syctesi — pHaj-ocytic .for all types of foreign-

', particles ( )

. Standard error. ' • •

Stesi cell • • T The youngest or earliest cell in a
' . 'cell -^renewal system that is capable

/•:.•• of self-reproduction. '

^upral-ethel dose-" :- A dose larger than tiio LKLOO.
: • ' - • • • x

oynergistic effect An effect of two. combined stresses ;,
that exceeds the sura of the two

* individual ntr'ensec.

. , " • •
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Thromhopenia ' - - " Deficiency of ; lr- tel<5 ts .

Firft , second and tl.irJ decree burns.
The derree of burn iv.crauspfy with
der.th ci thert;-.! • dasiofo • . . '

. 14
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