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Lo “'[.;’-Y “THESTS e

e EFFEtrs or THERMAL STRESS AND GAMMA RADIATION

T S

P . ON MORTALITY AN HEMATOPOIESIb my MICE i
f fﬂ> . : ¢I'Lf-3' (Summary) I

P ‘_v-';.ﬁ - '

'1' . Female mlce (CbL albanS weighing’ 18 - 22 grams were. exposed EJ
_#wo 51mulated components of,a nucletr detonatlon, spec1f1caLly ‘the i
bnermal component 3nd the gamma component of the residual 1on1z1ng ‘

'deadletlon. These were - apo'led 51ngly or. in combination. The thermal

. ’3 Tess \B) WQE dellvered by a SOO uatt I.R. bulb to the shaved back of

~the deeply anaeschetlsed anlmal,_tke eXposed area representlng about lO%
’f the body surface The gamma component was dellvered ‘over a 96 hour
nerlod by ‘a 2)@ ci Co 60‘source to- the. whole body elther at a constant
dcst rate’ (CR); 0T at a fallout dose rate (F). The fal out rate was

_Varled as a oowerxlunctlon of. tlme R Ry = RlO %'? /}For‘combined
stress cxperlmenLS'iho thermal stress preceded the gamma radlatlon stress
by 3.5 hours and was- found\ﬁj‘deflnTtely modify mortdllty

When a 30 second thermal ewoosure (B. 30) preceded gamma

Ladlatlon radloprotect1on was’ ev1oent The LDSO estlmate was—increased/
by about 1o£ over‘that for the rad1ation alone (e. g°‘852 R to l006 R).
This deflnlte protecflve ebfect was al 50 attalned when a 45 cecond

"expo sure (B 45) was used. When a 15 second thermal eAposure (B. 15)

preceded. constant rate radlatlon the LQSO was: decreased By 16%, but when

ey

rvould appear to be a result of ulPIETWHC‘S 1n delivery of ‘the streSS"
"r(dose Iate) It was found that rlce succumbed more readlly under»av
‘Constan rate reglme tdan a fallout reglme : ) . . o W
- Death dlstrlbutlon anely51s revealed the Drotectlve effect of an
30 second thermal exposure uoonjlrradiated mlEe to be manifested durln%
\the bone marrow syndrome. It was therefore prOposed that the protectlﬁe

ellect was exerted on the hematoo01etlc system and that an endogenous

“~o5oleen colony assa/ mlght confirm this- Endogenous spleen colony counts

WOze 51gn111cantly higher in those anlmals subjected to 30 or 45 seconﬁ
Atrerma] stress béfore constant rate irradiation &han 1n those glven a '
}J second thermal stress before, or the 1rrad1arion alone. The D '
vlluor for.the various burn treatment groups were the same (about 130 R)
}ndlcatlnp no change in hematop01etic senslt1v1ty was caused by varylng

i’

_—

\/"

“1t ;receded fallout no SlgnlflCﬂEL change was noted This latter effect .
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the. time

Lhe

spleen was ‘
I‘ﬂ dry welghts of. many spleens from

dfded and i,gﬂd Lo’ rcflect tHe'metalitY“'

ss;;; mice from constaht rate

gamma_raéi&tion and a 1% éecondwinerm:l erQfsgenéanced radiation

ﬁprtalit” - Y 5 AR

// ~H3DOKla as - poséiblefheihanism vas diécqssed us well as the role
//01 bacterial ﬁndotoxins”i“ rdulJur svectlon. The enhanced recovery of the .

hematap01ﬁt1
mortdALty 6f ¢geverely burned

a

_system was dUuar en

y FQGbDPng]G fg\\vrc reduction 1n
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C .

marrowv syndrome.
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. EAY L \
- . e - - ,‘ .
- . INTRODUCTICH o -
NUCLEAR WEAPONS - S S R
When a nucleaf device is detonated-in air the resultant
energy is released as four separate components: blast and .
- - . . PR . w R
shock, S5U% of the total energy; thermal radiatdion, 35%; initial
0 . . e
. s .
iohizing raciction, 5%; and residuals ienizing radiaticn or
. fallout, 107 (Glasstome, 1057). ' : - - ,
The -tws compcnents of primary interest in thid Atudy are - -
- : 'b\ ' - . Ee
. . o - . ) { -
ti.e thnermal and fallou&'components; The blast and shock .
W N .

ard initial ionizing radiation cause massive injury thereby

)

masEing the more subitle effects of thermal and fallout radiation.

)

A thérmal burn received ‘down range from the detonation
. h s S

site varies from 1° - 3°, and the area exposed is dependént. Lo
E ‘»“ T . ! - - R . . -
‘on &léthing; 2 lightly-clad verson would present a much larger "

.

area for burn than wculd a heavily-clad person. The average

srea exposed.would be about 10% of the body}sgrféqe, specifically

in the heéd,-neck and kand regions. EN

. The exjposure dose rate. for mamma fallout rréiatidn will )
iqé;ease with tiﬁe a% the activiff ef failout matérial in
“thé immediate'viqinity‘ihcreasés. A pezk is reached at 1:_
5. hours bostiﬁetonatiop'when’the rate of‘décay just_balancesk -~
" the raté of depésition; Shortly, the dosé~rute detlines, o %
“vgriinv'with timeAacc?rding to'the felaﬁfénship'RtOC't_m,
~where'th" is the dose ‘a%e'inlroentggné (R) per h}gf,,"t"'
éﬁ;the time poét—ietonatiqh, nnd'"m”.is.aVéonstant*deﬁkrmined .

2

e



N
s
.
.
,
s
e
e
<<

r.te (Fomd et sl, 10

‘stemcells under pormal cen

“to ‘roduce one - st

o)

m

rool, those cells heing

] .
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»rodsiction ZG new cells. The , systenm must
pmeemrae @ . ' . ’ . -
rerervolir of undifferentisrted yprecursors
Leve) ol ot o steady
. . 2
N ) s
5 ) % .
ditions continually divide T -

Cc

renewal system involved.

/

eil and cne cell futea to differerntinte’

micure fancficnel ceil (Toan, 1€
or.
Llocdne ite corameltysto divide, the d}vidiﬁg—maturinr

slier -of a specific.
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fq the fuﬁctional pool.

the most radiosensitive. Phe muture I

furctiénal cells are the rmost rudioresistant. - The moré mature
N 2

hecome functiconsl at:

Disrustion by rodiation severely derletes tie stem cell

Bvertually even the. functional pool suffers a decline in

populiticn of cells.

by nomomorphogenic division, one ntem cell dividing to form

The stem cell pocl recovers grodually

~
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. ‘dgstihed for thé funotionai;pool. Thefmqre mature pOOlé are

5

o

NN

" failed to repair itself.

., T T . o a
. Lo 4
i
. . . . . - - vr‘"‘./‘
O U T :
two:sﬁem cells. . When this pdol.has attained. an adequate \

[ e
w O

vopulation of cells diVisionibecemes ho;e heteromorphogenic,
. - N O . o ’ ) 2
‘one stem cell dividing to. form.one stem cell &nd .one cell

= S & - N -

now gradually,£§§i§nished:with.ce%ls asllhe celi‘rénewalft
» : N . . .. ’ - - ) - N
'Systém begins to ret&fnﬁté normai bpe#g%iéﬁ. I?(iepair:is .
/ﬁot:glffiCiept and degth_ensgii} then'thewméﬁ$aliﬁy'syna;omé'
that appears will Hg"charaét;risti€ of'thé:cel}\ﬁygéeg'tﬁat-

R “ . .
. Cp

~

ACUTE RADTATICY SYNDRCHE . o I

“* YThe appearanceg of a syndrome is principally dué to the
: - L a ’ » ’ .
failure of a particular organ or organ system. This .occurs |

s . .
when the number -of func{ignal cells in the cell renewal. system
falls below a cri;;ca%yvalye. However, racdiation damazes the
entire anirial and the clinical- picture reflects all changes.

‘: . . - . ) s e 5

This "is most evident during the 'transiticn from ome syndrore

. . R - R - -

to the next when there 1s an admfixture of symptoms. The
~ 1

‘and there is some overlap.

7 N <
% |

<. The central nervous system synérame‘isvcaused by damage
V. : o . ; e
) C e . . ) A .
to the .funcwlonal cells :n‘the brain, death ensuing within

: o . : - . ) ’ . . ~ . 'L-‘ ;
minutes or hours. Since theSe‘are‘nonEyrolerratlng cells,
~thig syhdrgme is seen only at doses sufficiently high (above

10 -kR) to cause serious damsge to the rad;oreéistadt mature

functional cells ‘present dufing frradisticu. The- symptoms

_in¢lude convulsions, severe'hypoténéion and shock (Langhdm,

¢ BN

&

time limits bf all syndromes stated below are agbitrary estir=tes
I8 - " " - N N PRI



syndrore "z couced by

M : . - ' - . . . - .
emal ¥ Powel e,ithel;um,'defth encuing within five dayr. The . 7 ‘

cells are rel.otively senditive to radi: ‘ :
v . . S
N o R C o 5 " - N .
scute irntestiinal rodistion death h i i . .
S $Lu 0 B " i
rizeks the mroducticn of vicble cells-to rerluce thécoe pormally t ],
. L : , . . ¢
: urihed off -the villi, with a '
. - =
.
prayd - !
. 17595 Tuastler .
from
T dut Yagtoria invole the circulstery
- N - 3 " * . . 4' . . - .- - \t
dernuded avitBelium of the villi causing infecticn (racteremii)
. n h :
the Yaody. o Anirals
Lo lote «oodirodntestingl or earlly bone -
. P B
PR - \ C- N Yo~ nes
snd. Twler, 10035 Zonu et &l LTLEG N
The bone marrgw syndre~e results f{rom herote;oietic .
vdam e, desth enfuing from. o days O - 20, Stem cells ire sen- ) .
nitive tc rodisticn, their npumhers and cupaci
- | ’ ’ .. . ’ R 1 .
Coreatly reduced by only aw fow hundred Hoenteens.  Ihe dividing -
cand rr-turdng pool is less sensitive tut is alse markedly ’
reduced in size by subylethal doses.’ Blood elements are -

. 4 N
a matter of days as mature, funcitioral cells are

normal rate and not replaced. Extensivg wranmulo-~
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«

ve

Fyeliminary findings dehonstrated

i<

degree of damare to

damaste to-neighbouring
o .

»fhgn less radiation would

. Na s

[

decreased. Lo -
: ’
i oL
a proteéctive effgct ’
. ¢
. ,

e

cfthermal .stress when this preceded various dosages. of gariza

combined ”

~(fallout and constant rate).

the "syfidromes contributing to me

rzdigtion delivered under a simulated fallout remime (Ross,

v

. . . ' L . . N ) O P
26G67) .. The present study was undertaken to~fuifner confirm
J/N%nd exrpand ;he'abqvg results employiqg‘vafious-ihermal e€xposures

ith.verying dose rate deliveries of the gamma comronent

Consideration would be given to
~

“a 2C day period.-

-/



METHODS AND MATERIALS . . . - %
R o T

A:sIL-fiAL‘g' ' - ‘

o All animalg‘used in the follbwing éxfﬁriménts weré\

. . »
”BL female aleno m*ce (Canad;an quedlng Laboratorleq Lta.,
e

B Q‘<\we1ghiqg’l8 22wgramst ~The‘CBL strain,is a rgpdomly

N

outbred stock orlglnetlng from tne anss ebster al%ino~

. .
5tnain, Charles Rlver.‘k f domly outbreu stock was cbosen
co {

because the gffects_observed following stress treatmen@

,

ehould mere closely represent the effects for a general’

population exnosed to a nuclear detonation than a pure strain

vould. “dvaer, the sex of 1rrad1ated anlmalc affects radio-

fiy

éensitivitjﬁquite markedlyg so only one sex (female) was

employed. liales are generally more radiosensitive than females

N

(Chapman, 1555).- The animals wers shipped from Montreal via

alr exprese and‘kruck, and were housed on arrival-in a temporary
guarantine room outside the radiation facility.(Ramsay “Jright

v

Zoologicul Leboratories, University of Toronto). Six -mice

‘viefe housed in each metal cage with fine wood chiyp bédding.

A

Purina mouse. chow (Pirina Mills, Toronto) and tan water®

“(chlordnated andbflubridated)lWére‘p;oviged ad libitwm. A

v constant atmosphere was maintained in the animal facility

~ -
'

(73% F, 55% relative humidity) where the animals were kept
post treatment. The iighf cycle wag set for 124hours of

, light and 12 hours of darkness.

G . . “

.
AN

-
&

T
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‘follow;ng whlch they wereuwelgned for experimentation. Those
. : e . . ’ [
distributed"foexpurigﬁnﬁgl\qroups. Those rrouo@ slatnq to

pentobarbitone~sodium pnaesthetio intreueriﬁénealV throuﬁ

- L . .
.the back wns shaved as cleanly

m : - ’-«/ '. ' - .~
Two aays were allowed for the anim Ls‘to equilibra te fro

Cssivle atresseo 1{duced by tPuHS‘OrtqtiOn End haendli nh, ) I

&
g
Ve . A

- o P —

. L o . .o 4 L .
ulthjn‘the acce ptéble limits, 1& - 22-gramey %ereé zndomly g ° .

a

. . i o y . ) - -~
et

. e : . A LA o . R
receive a thermal exvosure‘were given O.ugjn—'O.Q;O cc. of

/

#h the
- -~

vabdbqinal wall bet.een tke vnnfral mid-line and the. r";ht hind’h

B :

legz. " The malor;tj of ‘the mice wplched betueen 20 ‘and 21 grams and

4 . co- - ,//’

the,émouht injected wzs not variegg; ‘the main conéideration was deep\

‘anaesthesia. The effects of anzenthesid had worn’offnby the begin-

.

ning of irradistion. The ansesthetic was prepacred by dissclving
. . to . N ~ :

5C0 mgma. of the dry powder (Hritish DrJg Houses) in 5 c¢c, sterile
. i _ -

mralian Ealine_solu Lon (Jaxter La tornes cf Canada Ltd \

The hypodermic ©yringe and needle wesreé préssterilized by’ dry heat,
. - < v . e .

and teoth netdle and injecticn zrea were swabbed with 70% ethanol .

‘.

srior to each injection. When the animal wes in deep ancesthesia,

“possihle by "Cster' electric

clipvers fitted with a #40 purgical heagd.

‘o %

by

. . . * . . .
several control experimerts were performed.throughout
the _time course of this project. One group of animals was
only we{ hed and not . stréssed in any other way, a second group
was anaesthetisedrahd shayed,'and a third group was anaes~
. “Z - :
thetised, snuvod and sun}ect 4 *to - thermal stress., }his

last grouo, designafed "any would provdde/%ontrol mortality

7. . . . : o,
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ZStress Unit.

below the L cm. x 4 c¢m.. opening in the

box. . The cooling-coil under the asbestos sheet is

donnected to a source of cold water by

1

Watt infrared bulb is approximaﬁely O.S_cm.
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. lamp. - This would allow;ﬁi area approximating 10% of the
total body surface to be burned.: Exposure timeg varied‘from'

15 seconds to 45 seconds; such exposures would result in

<

- thermal burns-rénging from 1° 'to 3° feépéctiyely (Cétena, - p ?b

1a67). Following -exposure the animals were'returned to their
' ‘ ’ : AT . &
i . B

cages and observéd for 3¢ days.

GAIZA” REDIATION 3TRESS : - .
The  gamma component of the residual ionizing radiation

in an esrly fallout field was simulated in the laboratory by
RSP - .. 60, '
employing a fixed source of 250 Ci-of Co housed in a "Gamma-~
. . t 1

Beam-15C C Cobalt Irradiatdr" supplied by the Commercial - -
Products Division of Atomic Znergy-of Canada Ltd. (Fig. 3).

The beampqrt’head(of.thig unit allows a field of exwrosure of

approximately'l.OS metres x 0.50 metres at a distance of

v

ope nmétre from the centreline of the source:

-

: The radiation‘wa;vdelivéred,ét a fallout dose ratep(¥)
L : R - ‘ . . .
or ‘at a constant dese rate (ER). yFor a fallout experiment »

the‘pol}cagbbnate cares were placedbon a plexiﬁlass trq}ley
» : ) - P

of an arc of expdsure sp all cares would be equidistant IxXes -
7 _ S . '
the source. The trolley could run along two. tracks down a -

¢

shallow inclifne away from the scurce, being constrained by

a cable from a gear ratio device {Fig. &4). This device *

consisted of a shaft rotating at a constant rate of oﬁg
- ' . . ’ :'A‘
rotation every two hours which turned.a conical rear with a
: . : ‘I . - . ) s o ey
helical groove. The length of cdble unwound-from this groove

-



9

Radiation Facility. . g )
Looking towards the control room the Cobalt-60 source
is housed within the larze whité leaded steel castle.
The plexiglass trolley for arnimal cazes is shown on’
the track in the’ foreground. Refer to Figure L for-
a fallout facility schematic. ) o
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" the Cobalt-60-source.
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Fallout Facility 3chematic.
The trolley moves down the inclined tracks avay from
The  weirht at thne end of thé
tracks maintaind a ‘steady pull on the trolley as the
gear unwinds the cable, in the'gear ratio (fallout)
. ) o .

device.
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delvered to the animals

reaced, and this crured the dose

.

ig formula hctu&lly

<'. > - . ¢ - K - ~
holds from * lours td 120 vest determntion (t3 - t1207, W

according to 3lasstcne (I957).0 In the arncent experiments

ed to owrrive 17 hours yoct detonstion

n

cr (t10 TE1067.

done rate was hneld

wore rloced
te 2 dete uhder CR as under Fy- )
. . a
3 - : . - ~ -~
1 wng recuired., A fnllout -

4 VEFJ'

cenerlly » than the cenctant

rate. i > rates for B

fallout und censtant.r«te, the doce rate inp

“we constrnt rote is 20¥% ¢f. the Oy

B

I
ta
-
o]
v
y
iy
ot
D,

wiile Tthe finel follout rate is €1 of
: : . :

.. v ’
2 of the céristant rate. D

the st

Sturting dere rates under fallout varied from 0.421 - L. 452
.
%/minute and unde? conztant rate from. C.122 = 0.768 R/minute.

e
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“Tigure 5 'Fallgdf and“Constant Rate Deliwery. | .
& comvarison of the dosé rates over the 96 hour -
Irradiaticn period- for fellout delivery and constant
g nate delfvexy. The constant rate is alwaysy 20% of
.. . the sturting dese.rate of fallout, and hayf the
total dose of tdllout is delivered in the .first 28
nours (indicated by the arrow;. The final dose rate
under fallout 1s approximately 5% of the starting
dose rzte, and 33%. of trhe comstant ratei
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were ansesthetised and shaVed urior to irradiation and groups tiat

week. After 20.days

The animals der~tined for gamma radiation were allcocated to

ctes on the trolley or tabtles, 12 per care. It had preqidusly ’

tegn found that no difference was evident hetween groups that

wer'e not (Ross, 1967). . The cages were aligned on an arc of.

. e

gsunpe, followins which thé radiation room wos vicated and

se3led. The source was. then raised by remote control into the

! L P .' ) j N N N . . -

d.positicn for ths 96 hour period. Cnce a day during this

vericd the source was lowered into the safe position and the cares
. o j

were checked for)morta*ity; food ancé water. The ¢

b

TEE Were

-

interchanced daily and the zrc of gxrosure on which they were |

situsted was checked and altered so thut each cuare remained

eguidistent from the source. ~he arc hecame more . stiallow as’ the
trcliey oroteded away from the source.

?ollbwin; irradid&ibn 'the animals were removed from the . .

- o . L . . e .
cares and placed in the smaller metal animal colony cares,
b AR [ . . ] ’
’ I N . ) u
6 per cage, -for the duration of the 3C day period of study.
: . o - €«

. . . { . )
Jhe care, beddine, foody and wi-ter bottle wera chanped once a
~ .

. v . s

a1l surviyors were dispcsed of L¥

administratior of an overdose of ether.

-

CCMNEINED TRE

ATHENT - : 7

o,
,

3 ;

5 When the two stresses were combined, mice were placed

-in irradistion cires immediately after bursing; the thermal

stress .preceded the. gamma radiption stress by'5f5 -4 hours.

. ' - ' : & 3 -
This particular fractionation time was used because it was

. . . 3




9. T e

found to be the 'average time FEquired for the aniﬁals to

recover from deep anaesthesia. . By Waltlng until the anlmals

were at. least beginnlng to dlsplay deflnlte slgns of recovery,

o

it Was assured thét.no-anaesthétic deaths would be recbrded aé -
stress moitélitiesﬁ Those'animals that had sucéumbed to the .
anaesthetic were removed prior- to the beginning of the run.’

The'anagsthetig deaths amounted to leé%‘than 19 of the total

°

number -of animals éllbpated for each expéfiment.

~ The thermadl stress groups served as controls for .the.

cémbined#runs. The thermal mortality'wasiapplied as a control

bﬁprégﬁion faétor s0 the M"actual" effect of combining tha two

stressés‘would becomne app;rent,l From the corrected data the
S0 L . ' ’ :

LD/ estimates were calculated for the Vvardious treatments and

30 T,

‘

Toe . . R - ..
employed as a parameter in aseessing the sensitivity of each

treatment.

PRO3IT ANALYSIS T " ' .

The probit transformation is a.method Qf'converténg a -
v /

guantal sigmoid ré ponse curve into a llﬁfar response which
‘can be more eaSlly anulysea. The constant ”5“ is added to
the mormal dev1ate to-eliminate negatlfé values, and the
uresultant guantity is a probit ("probability—unit”)i A;plot’ Qﬁ
of ﬁrobit mortéli£y ailows.the éxémin%tidh\of sgmple nor@alify;'

a linear trend would be indicative of no}mally—distribuged

ddata. .
Probit linear regressiohs are often weighted becauﬁg

f
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i
\ oo c
ot : . I : : .
N T P ST LI 13
' =t - . it -
Valqes about the LD50 are.the most accurate, tiie accuracy )
"declining as the extremes are apiroached. 3Retween prokit T .
vilues of 4 aznd 6 the data is heavily weighted, but beyond . .
R ‘ R ; . ”_ - . N s
these vslues substantially less weight) is apnlied.  The weighted
linear regressions.for these experiments were calculated by the
- method of least sguuares together with the 95% confidence limite i
‘ i ‘ ) ) 3 . 5 ) “ . /" . . 3 P
of the LD50 estimates (R/}ﬁ, 1969).
COLONIES , ‘ AU
.

o i - . 3 \‘ .
periormed to discover whether. the ots:rved

‘were a-reflection of zctivity in the

nemntopoietic avstem: This entailed the sacrifice by cervical”
i N RN

dislocztion of(several,animals from ench treqtment sroup on
day 12, the removal of the sypleens, an& the fixing of the
spleens in Zouin's Solution {(British Drug Houses).  #fter Y

. . . A - . ’ . N N
a minimum wait of 24 hourg all colonies over C.5 . diameter,

gusily discerniltle-es vale yellow spots on the darker. brown

srleen (Fiz. 6), were counted. ‘The data so accumul-ated were

treated by. the loy{x + 1) trensformation after tde methed of
. 3 Lt . g .

gmith et al (1566). This transformation allows spleens with .

zerc coloniés to be- included in the data analysis, whefeés
a log (x) transformation would eliminate them since there is

. ) =y . A
no log valuegfor zero., The nunber o{/solonles recorded for

‘

each spleén was increased by opme; the new Vvalues converted to
. \ .

logﬁrithms {(base 10}, and a_m@én ﬂeterminedf Then the antilog

. P

“of the mean was decreased by one "to give the actual geometric

.
A
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igure 6:

;Solutlén. The upper spleen received a dose of 700 R -/S

. ; "
J N
.- e
) - K
' . ’
- ) -
L
. A
% .
3 - L
v - A

1 .' . N o
ndogenous Spleen Lolonkes. i . .
Thege spleens have been killed and fixed in Bouin's

of constant rate gamma radiation; the lower. one
received 900 R. There are several distinct colonies 2

prgs nt on the 700 R spleer 'but .none on the 900 R - o
oited/ The spleen -feceiving less radwatlon is also
ld’ Ter, : s B :

. . /1







i S .

;.medi;n.
.‘ Thw spleen% weré later heat- drled to a constant Jélght» S
for 36 hours.at 100° F ‘and welghed in. batche; (cage lots)
o
of six to obtain ‘the splenic dry weights._ T
. e ! R ’ . - .
?

DOSII-”""”U' % . o

PN
R

) A1l doslmetry vias perfo?hed with the Baldw1n “Farmer Fk. II

. Substandard Dosemetgr-wgth a lucite bwild-up cap (wall thlckneus,

4.8 mm.) over a thimble ionizafionv‘hambefn Thé'lucité_builde ) S,

up cap was used to ensurer“eléctrﬁhitféquilibriaﬁ". The probe
o ) . ";- ‘ R . M ) ) '
~wag-placed in a polycarbonaté 1rrad1atlonépage on millet to

give maximum ba ckscatter condltlons as would be ererlenced 1f

.
bedding and several mice'were,present in the cap Dosimetry

. e 0 ) ~
was checked freguently hecause of constant source decay,
"appnoximafely 1% per month,’FSeveral readings were taken at
one metre frém the centre-line . of the source and a mean value L

was obtainéd. ~The dose rate wds calculated and corrected for

rad
b

barometric pres sire and temperature and for the inherent error

‘ of the nrobe %tsplf.

Vor the fallout runs the. llmlted number of vears‘available
"rnstrlcted the number of p0551 e totdl dosares that could be
employed. However the source Was ateadlly decaylng S0 several

dlfferent-dosages could be auplled over the progect perl&d .

WJth;each gear. The gear ratid used for 2 hartlcular ru;

'

'deteﬂmlned the Sthtan dlstdnce from the oéurce. For-e§aﬁplé, %

N RS B o

q_gear ratio of 1;25 : 1.00 would requlre a stcﬁtlng distance

\




~f 2.2% metres from the

tro-tment

Cooratel at 1.25 hetres, A}

for rurometric jpregsure
)

2

%5 neur) irrsdiztdon.
echrerolepical day OF w

Tt wag decided thet

""syn

i

source., 7The totzl dosspe for the .96 hnour
veriod was galculeted by measuring the sturting dose

»lying to it the approwriate correctiomns

y temuvercture and the ‘'dosemetrr, and

thiematicel

-
- ~ e :T;C( ' ¢
cf e 1 a 20 mgd Sr osource

[N
14 hd . N R N A N
(=2 compaenied the docemeateor. frctor
vined fcr. the B.F.k. IT instrurent wor fthe
3
of Roentrersz (H).
. x
cme in H owan Ghfclad sl @ Litndug [luoride
(1i%) dorimetsr our-ic-lly inserten into the abdovinal cnvity
5 I w mouse. - .
. ’ R Yo
S YLIECHAE DLLIANATICH
. , / .
) . For t#lcurrent symdrome
pcrinds'fgr seute irrodinticn were nliered te,suit the chronic

“eciuszk of the duration of the delivery,
ag nct nccentable ras "syndrome day O'".
drome day O shculd be approximately

constent

.
.
I -
Ja
.
"
i.



wt the midyoint of the irrazdintion, about 24 - L% nours after

the onset of drrudistien.  This desisnation was supperted by . .

-tke obcerved peaks in the mortality .diuta. The syndromes have
- arbitrary time limits with no clear cut dicrtinction between

. 5 ) 4 .
themy .there is .an averlap of svmptome. In the present study

. the acute irradistion syndrome periods had to bhe varied to %?it
. ‘ ot e e ’ ' o . R - b
chrc¢nic dese delivery. The rastrointestinal syndrome was

ot
ey
]

! . ’ ) § ¥
onsidered to cccur within the first 6.dnys r.trer thin the

LA

Afirﬁ;ﬂﬁidLyﬁ. Thne bacteremic syndrome occurrsd Letween duys
o N . -~ . N N e

(o]
K3

ne bore marrow -syndrome occurred
.

wnd 30 inetesd of 10 and *C, and predcminztely

B . i

@ oo .




RESULTS

PARAMETERS
Several parameters were employed to agsess the damage

created by thermal ékressQ gamma rzdiation stréss and com~
) S - - . .

tinations of “these. B = {7

The totéX 30 day mortality was used to obtain an LD30

W

estimate for each typelof treatment; this would be the dose-

B

_required to produce 50% lethality in a.stressed population .

in 30 days. SR R .- .
Paily mortality records were kevt and frém £hisiﬁa;s.- L

S

the camulative mortality over the -30 day period could be
studied with the different treatments. A death distribution -
analysis by time period or syndrome was made and.the mean g - N
. . ' i L A . . ‘ - .
survival time of decedents deteipined for each treetpent.
The time interval hetween thermal stress-and ramma radiation
o s i Ll A

was,varied in a series of experiments to determine if there -

g . f -

.

wus an optimal intervel for mortality effects.

An endorencus sp_een colony. &scay was.conuucted to assess-.

dama,e to fue'hemat@poietic or blood cell forming system.
The dry .weights of several spleens were recorded zs an additional -

parameter of hematopoietic damage.
. -, 'Q

)
Y

TCTAL MORTALITY DATA-, - o . . .

Control Stress . ' .
Several control experiments were performed to determine the

N - .
'\. 4




‘experimentr

- 25‘_

effect on mortality of the vorious

Cne =et of cofitrols wae not tr
beingz weighed and placed in polycar

irradisted (Ysham irradiation™). A

¢tised and shaved only,
~ ‘ \‘
other way. A tnird set was anaestn

to'varicus thermal exiosures (15 -

rent effects fro

=ets. showved mo a:

to mortslitys owever, the third s

mertality with increasing exyosire

<,

further airscussed in the following

Thermal Ltrees -

The mortality data:iTom the th

a 12 second burn (3.15), a 3C secon

t . - ‘.
P -

N R [ . 7. .
second burn (2.%45), is recorded in

zero dose and 15, 30 and 45 eecond

durstion of ewujicsure, and thence tH

mivg from

>

aufter a ~S second

ex|c s UL
nurtter of animala is simply due to

erformed for eath .expc

el

;
Lthe.reéuits of which:were

2

Mith e¥posure time as seen in Figur

. . %
stressed ~ouse on day 4 nost burn i

cxposure time was 30 seconds (I4,30)

three thermél expceures studied dis:

freafments-appliéd.

eated in any way zside from

bon.te camses as if to be

second set 6f\bontrols

not being stressed in any

nétised, shzved and exposed

45 szeconds). The firrt two

m the treztmente with réspect

cg_
asing

-

et exhibited dincr

time. This set will be

section. .

ermal strecs experiments,

;) and a 45

d .burn {(B.3C

Table 2 (gzee puge.?3 for

surn). The greater the

e dermree of burn, the

2.1% after & 15 sscond -

crosure. The voriabtle

the variable number of

sure during the proiect,
The =mortality datcd for the
vlays a linear relaztdionship
e“7. A typical thermally-
b e . :

s chowhtin Tigure 7; the

- The, position and area of

T

'f.g. .
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?igUre %: Thermally-stressed Mouse (Day Ly, . }

- This mouse wos siven a 70 second.exposure. The
burned‘area_répresents aguroxi@ately 1055 of thre
body surface 2rea, and identified by the
presence of necrosis. :

K
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of the burned tissue within "the sha@e@ area is reédily identified
by the presence of necrosis.-

Faliout'stress

The total percent mortality by day 20.for ﬁ@imals subjected 4

to fallout irradiation algne is-recorded in Table 1., ~The number -

_of gnimals irradiated at each dosare was a sufficiently large
. . s o - - . .o o . /;/'
enough sample population.for a mortality study; the minimum 7

nunber used was 30. . A number of control runs were done'sim%f—

taneously and' their results pooled but no mortality was observed.

‘The_doses varied froh-SOOlH’tO'EQBQ'§, the LD?O estimated to be-
' - © 100 L T . s v
about 500 R and. the LD}O about 1500 R. ‘When the mortality .data
are plotted‘(Fig. 95, a typical sigmoid‘dose resionse gurve
aﬁgpars. From 600 R to 130C R the reSponse;is essentially

,linear, the curve then"approaghihg O%_and‘lOO% mortality. .

asymptotically.

Combined Stress (3urn '+ Fallout) -

When thelﬁhermal and- fallout stresses were combined the

resultant mortality was consjdered to be caused by the radiation

>

but mediated by the thermal stress. - Threé_pbssible actions can

account for the observed mbrtality:.mortglify from the thermal

‘bﬁrn dloné{ morfality from the fallout radiation alone; and

mortalityjf;om an interaction of Pﬁrn and radiation. By

subtracting’thé thermal stress mortality from the combined:

" stress mortality, the adjusted mortality thué*obtaigpq should

more aécufately reflect the true extent of the interaction of °

- the two stresses.
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TABLE 1 ?l¥~

z

TETRTY DAY I ¥ ar g
TEIRTY DA} I}O]?!TALITY FAZLleL"\a'{‘?EbS

O : T
TCSE . ,1CG ANIMALS ~ PERCENT | © PROBIT
(R) - .DOSE USED HORTALITY  MORTALITY -
CONTROL .- 138 0 s
500 2.6990 . 30 . o e
620 . 2.792h 66 L 34536
690 2.8261 36 16,7 .. 4.0339
972" 2.8876 36 25.0° 4.3255
800 .  2.9031 48 313 k5106
850  2.9h4gk. 35 48,6 k. 9649
925 2.96§1 48 50.0 ' 5.0000
955 1 2.9800 - 48 56.3 5.1586
1020 ..  '%.0086 36 - . 6l.1. 5.2819°
1044 3.0187 L8 72:9 © '5.6098
1070 3.0294 36 86.7 5.4716
1096 - 3.0398 36 . 83,3 .. 5.9661
1180 . 3.0719* . 36 86.1. 6.0848
1260 3.0934 30 90,0 K}:. 6.2816
1256 5.0990 50 86.0 ™  6.0803
1460 3.1646 - 36 . 100 e
1550 5.190% - 36 TIe0c. . me-
1700 3.230% . 30 100 -
2300 v3w3617 . 3k - 100 -
2600 3.4150  50- 180 ——
3700 3.5682 .30 200 R—
5030 3.7016 0 .. 100 ——-
. v , S «

* No probit value for 0% and 100% mortality
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Figure 9:; Sigmoidzl Mortality Response for Mice (Fallout Stress)
Various total dosages were delivered over a 96 hour
period (t10 - t106). The values shown are for
martality over a 30 day period nost-exposure
(kR = 1000 B).
- <
. o
k ) . SR s

S
S




100

%

"MORTALITY

L

(5.]
o

e

~J

D‘d SE I(: R)* F



;recéfded‘in'Tablejée

-Lhe logarlthm of the dose (Figure lO)

-a 30 secopd burn affords marked_protectlon.

'radiated mice (Pable 3).

- 32 -

The edjueted percent mortality for cbmbined'stress ié.
. . . , N B .

"There is a consistent trend toﬁard_

" o Al
greater mortality as the fallout dosape-is increased, but

. > v

'.the 30 second burn comﬁinations exhibit mortality that is . -

. - .. . o L ~
markedly reduced from that of fallout alone. Tﬂis,protective

. . .‘ ’. . ) - ' e

effect is QQite definite and consistent over the"range.of
dpsages studied altWough less marked for.some ekperiments

than for others. The 15 second burn comblnatlons dlsplaf

oniy a small deviatlon from fallout alone doses.. The Lo

second burn combinaticn shbw a protective effect approximately
. o . N .

equal in magnitude to that of 30 second burn combinations.

v

S

by a oroblt trans{ormatlon of the mortallty data from Tébles

1 and 2., The probit of uercent mortallty is ngtted adalnst

A l) second burn - .,

. -

. affords onlj s‘lght protectlbn to, fallout streesed mlce, but

" The welg nted

llne?r regresslons, calculdted and fltted by the method of

lEuSt SQUares (Reid, 1069)( are essentlallg parallel as

‘indicated by their slopes; 8.77 for fallout, 8 83 for B.15 + F

r\-

and978forB5O+F(Tab1e5) ‘ °
The LDgg estlmdtes clearly support the protectlve effect
exerted by 30 and 45 second thermal stress upon . fallout

A considerab¥y greater amounﬂ of

falloﬁt radldtlon would thus be requlred to achleve 50%

lethallty in bhermally prewstressed (B }O) mlce than in mlcé

)

The preceding observétions can be'graphically illustrated

i
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) TABLE 2 - W >
. ) .“ ) i ., ] ) _" . . . . x . h ‘ .
TAIRTY DAY MORTALIPY - COMBINED STRESS (BURN +. FALLOUT)
BURN DOSE - 1L0G - ANIMALS ~  PERCENT® PROBIT - a
v (8EC) T (R)  © DOSE - USED. MORTALITY I/ORTALITY
_ " e ' '
CONTROL = ™ --z 138 - o ——- &
15 o 1.1761. .7 b1 2.1 2.9665. '
15 800 .  2.c031 | 48 29.2° [ i.bsok
15 7 955 © 2:9800 48 50.0° | 5.,0000
15 ¢ 1044 3.0187 - 50" - 61.9 53029
15 1256 3.0990 NS 89,2 4 L 6.2372 3
30 0 1.4772 313 . 7.0 3.5245,
© 30 < k75 . 2.67%67 - 48 0 —
‘30 800 2.9031 e, W 20,1 R - 401619 Y
30+ 925 2.9661 k8 — 2bi3 0 43033 0
50 955 2.98000 - 50° 27.0° 53872 <
30 - 104k . 3.0187 - k8 : 55 5 5.1383
30 1076 . 3.0294 36 7 '68.0 54677 e
30 1180 3.0719 - 35 644 5.3692,
30 1256 - 3.0990 =~ 48 .7 80.5 5.8596. .
'J ; . - o . 2 ) s "
~ b5 0 1.653." 130 11.5 3.7996
45 806 '2.9031 22 < 11.2 3.7840
45 955 ' -2.9800 2k 9.3 3.6775 1
45 1ok 3.0187 T 2h . *59.3 5.2355 " ‘
Ls 1256 3.0990 .2k . 84.3 6.0069 . - #®

* Percent mortality is aﬁ;ueted burn alone mortality hasJ

been subtractéd.‘

r
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Figure 10;

*robit MNortz:lity Cuscves for Hice; Fallout Trestments. .
The values shown are for rouse mortality oyer & 20 v
day Periocd pest-exiofure. The elopes and LDSC
« estimates for each treatment are listed ‘in Table 3. .
W . . ) . o
Code: closed circles, fallout (F)
open circles, 15 sec. burn plue fallout’
5.15 + F) -
. oren,triangles, 70 sec. burn rlus fallout
R L (3,30 + F)- 5.
. N o .
e i )
o ) . .
, . 2.,
, . > i - <
7
« K
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TABLE 3
LDy, BSTIMATES FROM PROBLY ANALYSIS:- FALLGUT REGIMES
o _
: Lp° . .95% . _ S
RADIATICH 30 CONFIDENCE =  RELATIVE REGRESSION
REGIME - - (R) LIMITS - .EFFECT SLCPE
FALLOUT . r911 897 - 925 - “1.00 B
; : 9% | .
E5 + F ok2 918 -:967 1.03 8.83
3130 4+ F 1038 1019 - 1056 1.14 C9.78
3.45 + F S 1ol 976 - 1047 © 1.1 S11.%
‘ ’ | .
P
" Note: 411 estimates of the-LDSO and. of the: regress_i‘on line oy
differ significdhtly (P < 0.05) among xegimes. : < :
(; ,,\ . : Vi
’ ’ o
A 4
T
7
- 4
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o "

Jfecelving only the rodiation. The necessary increase ih

fallout’rgdiaticn'is 145 (frpm 911 R to 1038 R) as shown‘by

the reluative effect_(relative'po the LD50 fdr‘fallout aloné),

so protection is conclusive.. The 95% confidence limits -ipdicate B

that this is significart. ' ' ' : R
. . N a2 %3

The qombination of = 45 second burn with 20C R of fallout
) . M ’ . 4\' ~ .
-radistion resulted in a mortality thzt 18§ out.-of line with the . - : )

regression fitted to the.other three doses, and was therefore
¢’ . - ) . - N
.deleted from the calculation of the weipghted regression.

-

Congirant Rate Stress

. ~The Preceding results show a definite protective effect
Y . ‘ .
47 manifest wnen R.3C or H.L5 is cortined with fallout radiztione.
, . _ L . )
it wus assumed "that if the dosme we're delivéred at & comstunt
N . a

instéad of as simuluted fald'out the effects would bhe the

-me. with conctant ruote deliivery ‘the éxperirmen®s would not

Coow s . —-
Lo

50 o e .
Co scurce or,iirMited by the

focted £y the deg
‘ 1

cific reur ratios aveilable. 4 faw doses could therefors

he repected several times and -the results wooled. duch'a

‘rre Lcpulztion at euch dore should intrezge the statistical

o
L
validity of the pooled mortdlity resgults. In Table b4, it cen S
he seén tast from 760 4 to 13CL 7 under cqgstant rete. delivery
; . :
. v

_there are many more ls than at comparable fallout deses

.
f

hs a compuarison of fzlloyt and constant rate radiktion

schiider thet 67C R of fallout cause 16.7% mortality, while

VOO gt & constant rate cause 2646%; also, 1240 R of fallout
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- TABLE &4 o : o
TEIRTY DAY MORTALITY - CONSTANT RATE $TRESS IR
DCSE - LCG ANIMALS PERCENT - pRORIT . -
(R DCSE - ' .USED . MORTALITY - ° MORTALITY :
CONTRCL - =--=- 138 T —
o : - .
700 - -2.8451 233 T 2646, - 4.3750.
900 ' 2.9542 208 . . ©55.8 5.1459 .
R 4 _ T
11do 3,041 213 7 80.8 - 5.8705
1300 %.1139 97 - 62.8 64611
1800 - 3.2553 48 100 S p
B - . ) . -
2koCc - 3.3802 47 . 100 - L e
2500 3.3979 48 100 f S .
3000 . 3.4771 4e 160 - C el
3450 . 3.5378 48 100 P
R ' S
4000 3.6021 48 © 100 ——
5000 3.6990 g1 100 R
.

=
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c@gse‘S0.0ﬁ mortality,manq 1300 R at a constant-rate resulfs

’

in 92.8%. Fany of the 1300 R runs were eliminated‘from the

‘1ol for probit analysis since they experienced 100% lethality.

These data cannot ke nssigned a probit value, nor can 0%

lethality.

o

Zombined Stress . (Hufn + Constant Rata)

A 15 second burn combined with a constent rate dosage

-

(.15 + CR) causes @ much greater mgrtéiityjthan.cons?anﬁ rate

. s - ’ . .
(CR) along (Table 5), &s coprosed tc nepligiblé protection by

nrovpit anzlysie.

%.15 % F over falloyt slone.. Cnly one run with 3.15 + 1300 &
‘treztment showed survival o 'only that run could bte used for

Althourh tiais meant a considerably émallq;

nunber of animals yet it should. be rememhered that this point,

tein £

‘near an extreme of

Y

weight than those points nearer the

mortelity,

48 miven considerably less

‘LDSO.

4 3¢ second turn combined with

»

constant rate radiation

. (=.3C + CR) cazusés a very definite yjrotective effect over the

- . -

entire lethal .raunge as compared with the ctnstang rate alone.

3

his*dis similar to the result oonserved with

The E.45 + CR treatrment has a protective e

>

_equivalent in derree to that of 2

>

. similar to the effucf\gfr

. .
© the mortality wad out of

v 4

line with

~

. ol

o

23.350 + T

fect

+ CR. This is ¢

— s n Le
245 4+ F. With RL4S 4+

rerression

700 R

fitte

other three doses and was therefore deleted from the

of the weirhted linear regression for E;Qij+ CR..

' )

(:)y o /

.The relaticnship of the various comkined

. .

alsc,
uite
(CRr)
i to the

éalc&latioﬁ

)
i

)

stress regimes to

. -

£

¢ da e
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TABLE 5
TnIRTY DAY MCRTALITY - COMBINED STRESS,(BURNJ4 COMSTANT RATE) -
SURN DCSE © LOG . ANIMALS - PERCEZNT* © . PROFIT ‘
C(3EC) Y (R) DOSE . USED - MORTALITY - MORTALITY
CONTRCL e 138 o S
15 - 01,1761 AR 2.1 | 2.9665 -
15 700 2.8451 95 46.3 b.9071 il
1§ 900 2.9542 113 76.7 * 15,7290
15 1100 3,041k C 128 . 88.6 6.2055" ",
15 1300  3.1139 22 . 93k .. 66,5063
30 o . 1.u771 313 - 7.0 . 3.s2kz -, . . -0
30 700, 2.8451 119 . -7 7.3 3.5462 4
30 900.  2.9sk2 123 ' 37.9° . 4.6866-
30 1100 30414 93 61.8 ©s.3002 g o
3G 1300 3.1139 L2 81.9° 5.9116
55 .. 0 1.6532 120 11,50 3.799%
. N _ e
b5 G0 . 2.8451 T. 12%ke 22.6 L.2h79
45 * 900 2.9542 148 36.5 _  h.65kg ,
45 1100°-  3.041k . 120 - - 66.8  5.4zhh
45+ 1300 3.1139 72 78.8 5.7995 ¢ ‘

_* Adjusted as in - Table 2

'

- .
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1

constant rate radiation alone ié,graphically illustréted by

a:nrobit prlet (Fig. 11). The pertinent observatlons to be
- made here are that the 15 second burn plus cohstant rate 0 ‘
v 4 ‘

‘treatment_definitelj,increases the mortality over that #r
. ' M v

-

'cbﬁstaﬁt rate fadiation.algne,‘aha thef 30 second burn plus

. - . , o
constant ;éte'trgatmént definitely decresses the mor#alify}
There avpesrs toibe someicoﬁvergehcé of the three fegressians
{Owgrds_fhe Ei?her:aoses, as evidenced visually apd by compar-
ison of.thg slopesiin the regfeééion formulae. Howéver, thé
deviation in slope is nof vefy_greét and the lines aré essen-
tiélly.paralleliﬁithin the range of.dbsageé ehpldyéd. The

. slopes dre 7.59 for constant rate doses, 6.4% for 2.15 + CR

and £.5% for 2,30 + GR:

ey ¢]
" The ﬁDs estlmates as calculateﬂ from the “robﬂt rerr6381on

30
formulae for Ehe varloas treatment Troups support the syner"lst1Cv-' o é
effect of B.15 ; CR over CR and the brotectivef ffect 6f B.30 + .

CR and 0.45 + CR Gver CR (Table 6). The quperflclal burn (u.,5)

l'CﬂUueG;ﬁ h1~her mortmllty in 1rrad1a ted mice than if no hurn s

had been applied; the!%gthal dose to Kalf a Dopulation in'}O
daj: is decreasea by lo, (frcm 852 R to 713 R when ‘mice are

prestressed with‘a 15 second thermal exposure.

v

The severe burn- (3 ;O) causes a lower mortalltj in

‘ Ay

irf&diated micp than if nogburn had7been applied; the lethal

dose to half a population“in 30 days igg}ncreHSe@ by 132

(from 852 R to 1006 %) when mice are préstressed with a 30
second thermal exposure. Both the synergistic-and ?rotective )
o ) , \

, .
- - | .7
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®

‘Figure 11: Probit Mortality Curves for Aice; Constant Rate
) Mreatments. - e
The values 'showrk are for mortallty over a 30 day -
period post-exposure. The LDSQ estlmates are
listed in Table 6.

Code:, -closed circles, constant rzte (GR)
: open circles, 15 sec, thermal stress plus
constant rete (£.15 + CH{)
open triangles, 30 sec. thermal .stress plus
~constant rate (3.30 + CR)

ey
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TABLE 6
e \\

LD_;8 EﬁfxﬁATES FRCM PRCBIT ANALYSIS - CGONSTANT RATE REGIMES

L

R N
: S s 95%
RADIATION Y30 CONFIDENCE
REGINE (R) LIMITS
CONSTANT QaTE 857 838 - 866
" 3.15 + CR 7 685 - T7h2
8.30 + CR 1006 986 - 1025 -
'3.45 + CR 9tn ., 968 - 1012

RELATIVE

EFFECT

©1.00
0.84
1.18

“
1.6

REGRESSION

SLOPE -~

7.59

- 6.4g

8.58
7.6;

Note: All estimates of the, LD50 ;;> of the regression line

"differ significantly (P < 0.05) among regimes.

o

7
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c

\ef;ects sre significant on.the basis of 959 confidence limits. - -+

A . . N .
Fallout and constunt rate- radiation treatments are .
. . : .
compured on the basis of LDS0 and pretit regression slope
~in Table Y. 811 the ccenstant rate treatments have a lower

LI%C ectimate and a lesser plope than the gomparable fallddti'

N . . . 3§ N .
trents. The combined stress groups -aré escentially
L " . . N . - -
similor in effect except for the 15 second combinsdtions.
When a 12 'second burn is corbined with fallout trhe. mortality 4
. o Y
is 'slightly lowver thsan that for fallbut zlore, but with constunt
) ' ’ b ' . - . L N ) ) . .
rite ‘rediation it is definitely synergistic, the mortality
marledly e¢reafer than that for constunt rie. radiation S
o , ke e
. . s ) ‘ ]
Fellzut is less damacing than-constant rate.radiation to . o
mice on the bhasis of the LD5C values. The LE50 estimate {for - a
O R . + : T L ) . . ’ o i . I .
fallout is 911 2 = 14 R (95% confidence limits) while for- ) .
e S pes ot : - o
constant rate radiztion ¥s 252 R ~ 14 R. The ©5% confidence~
. W . .. : ° - . - . < . ° .1 v
limits indicate. that the 7% difference in LI30 estirates is
- . L -
.This difference is rraphically illustrated on the probit
slot (Fig, 12). The linear regrescions are separated, but.
; ) . . .
Lo 100 [
converge as the LDJ ig avpvro&ched. .
= - 30 a =
J B - Y
NCRTALITY DATA S : CA R
. < ' ’ - o ‘ . . [ - :
Cumulative ortality ' o ’ ‘
The daily mortality (cumulstive) for the vurious treatments -

. ' a . ™~ -
involving fallcut, constant rate and thersial stress is displayed
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) { TABLE 7

) i . o . g "
® A COMPARTSCN OF LDS0 VALUES FOR. FALLOUT AND CCNSTANT RATE REGIMES
CopS9 9% T
RADIATION  ~“30 = CONFIDENCE REGRESSION
REGIME (R) LIMITS " SLOPE
FALLCUT S 911 - 897 ~ 925 . B.77
: VcONSTAiﬁ@ RATE 852 - 838 - 866 7.59 -
\ B.15 + F ‘gh2. 918 - 967 8.83
B.15 +<CR 213 685 ~ P42 . 6.4g i
B.30 + F 1038 1019 - 1056 . 9.78 . ' /}
3.30 + CR 1006 986 - 1025 . 8.5 ' -
o R . ‘ //////\ | )
T BJMS + F 1011 976" - 1047 1.4 L
B.4S + CR 990 968 - 13- 7.61 S
. ) . _ A
’./—
J) -
e )
/
. >'\//’// -
. / i - \}“‘ ¢
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Figure 123 . Frobit Mértality Curves. For Mice; Fallcout .versus

Consturt Rate.
‘The values shbwn
perioqd Tost-exyosure.

aré for mortglity over .2 30 day
ThF'LDSO eStimaQes are

¢ compared in Table 7.,- . Lo
Y . » P
Codk: closed circles, fallout (F) : '
L open'circles;iconsﬁant rate (CR)
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Figure 13: "Tercent lMort lity Zumulative (%G Daysf}»lallout
~ o

Stress (F). . .
All death8™~recorded are ex,ressed by the accumul

zted
by the day on wrich thre deaths '

- vercent mortality
' occurred. .
«The dose rewresented by each curve is indicazted on

the grarh.
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.o . . N ) o I .
an adgu;tment was only p0551ole when deallng vith totalgiO

-4 - .

of mice subjected to .fallout streés lF{g. 15).
. g
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tc Ye =een when the more gevere thermal exposures
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letlility isnpot refched until. day @ (Fiz. 16).
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Snset of rortszlity, especially noticeazble:at higher doses
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{e.7. 2100 R). Fellowing 2.15 '+ CR treatment & definite |

3

manifest cver’ the entire 30 doy veriod,

*ecoming 765: definite over the lu tter nalf of tirie.time

17). his observation; i& juite oyrosed to that
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@ tment cau es a definite protective effect
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f// rudiztion.. The 4% seccnd burn plus
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rng the 15 second burn ¢

’ treatment, and its least: fellowing a 30 second burn plug

(0G0 K -to 1100 R). - At 70Q fWpthe mortality
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tends to be . rather dlffuse over the 30 days.
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re detail. The 2.15 + 1100 = combined stress- results: in B
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Ta_ble 9 records the decedent survival times for the burn
vlusr fAllout rerpimes. These ap pear about the same as for ‘ ‘
fn3lout. alene untdil the burn stress ‘becomes severe =nouch to
cxuse a greater early mortality from days O to &.
. - 3 " . v
Syndrome Mortrlity; Constant Rate Radiation
~ . !
. . . The mort y frgm cknctdrt rate TLQ“tlon peaks 2t P
. ‘sinnle. dose in each tirme weriod (Table 10). Tor supralethazl
. o R . ’ .
Zores roulstion delivered &t a2 constant dose rate.is less -
& - N . ' » :
demesing . Lhan at a fallout rete’ {Table 5). siter 3200 X of
constent rate rodiaticn 74.17: of the deuths octﬁ? ny day. 6,
tut after 5030 % of fallout radiwtion lOO% of the animals are L
. - ’ <
dend by day £. Thig is supmio rtec by the decedert survival tim
cf 4.3 days for 5000 R and L.6 days for -303C R.
. * The mort:lity from constant rote radintion is dis;layed
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sraihically for ezch time period in Figure Z1. lortnlity occurs a
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In the ¢ to £ and 7.to 11 day neri

cnae cﬁ%e

to the rltnt cf tne fadlollt

cnse is zuite. nutlcoakle, ydrticularly
,.N;:‘ “a - ‘7.

he diffurence,tetweeh fallout’

for constant doses is

rate
P .

curve., This defayed res

reriod.

7 .to 11 day and .

: . L ’ PR
cronstant rete recores :reité>vas~hipher SUi aleth: l dosates

are em;lcved Aue ccn t.nt rate rurve seens te pluteau\ut &
i ‘ 4 e 7' R - N ’
diffarent level ofimeftali tf 'h 1 the F curve.,
- ~ R Y . . . . » L h
The decudnnt surdival times of Tablles “(omg_10, f=¢. ialleut
R ! - .
cinstnnt rate =ireds res ctlve;v, reflects the srececings

tien in

syt
ae \\_ :

ctsérviion (Fif. 22}, 'where there
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cencitivity hetween “nimals subjected to fullout and those
. H N - ) *

subjecied to constant r.te siress. - Up to akout 1 a o tae
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o
{ne f-:Ilout

%rently abeut sume R

%@;e stress is

T oy ol e -
stressin tewms of Lglh lity, but avove 1000.7° the .constant
rvte stress prcduces less lethality. *
m "‘ : v \ R < ) . v k--, e t
. The major mortality with burn ;lus co «nt rateradimtjon
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yrior.lﬂ mecond thermal
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siyond:é
'v”r-ut;bns

in the one time period, .t would Fe dxpected

exposure markedly increases the mortality
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rite dose causes a higher mortality Vé;n the same total dosée-
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'of Tallout. - o/ o o
A'&ifferept way.of”;lpttiﬁé‘the dezth distribution data

is shown in-Figure 26.. The 3.15 + C3 treatment ééyéés‘a -
‘symergistic (more than a&dit&#ej effect‘ié the 12 to -@ day .-
. : - . " ' .

reriod, and the Z.20 +« CR and d.r5 + CR treatrents cause a . < oo
rotective efisct. ortal:tj underzoes the ﬁo:tAch@nge durine
.. - . ' | e .
time period as the CR ‘dose ds increased, the "or all*y
. : : . ' R . S .

. . T ‘ A . .
hecoming steadily greater bqt the shane of tne curve remalnlnﬂ

-

essentially the same. Tﬁe 511 1t devmdtlon in Rhawe with fhe " Y

~

Z.55 4+ 1300 T tregtment h Eeen noted in pfevious'rraphs'anﬁ
. : . .

ablés and to _some extnnt HaanCed oy the ﬂncreaoed mort&llt/

in ‘the Y to & day.period. R » .-
The mcrt;lltv in tke dea*k distriﬂution analyses could . <
rot Ee’adjuéﬁnd for tae burn "ort’;lty ag’ Wi th tne total >f
rortility for prohit analysis because of the v;r;:;;%’nhhfer ' -
./ . ‘ B _'1‘;~ x . .”Q\- ¢ A .
of arimals in each treatment group. Thus tihe vrotective

effects of 2. 30 + CQ and 5 45 4+-CR are'not?exhibited'to'their.
. N - . e , ) S

.

. ’ I8 .
] fulleﬂf'eztent thej arc Qctuallv more pronounced thdn as -»

o
-

shown in Figuref26. B e o . . -

AR IR?ADInTIC IMTV?VAL,

- o . . /”
Mhen the fallout exppriments were perfarmed,“the 1nte ak

= e -

between the thermal stres 6 and tbe onset of fallout rddlatlon ‘ .

/was_smtﬂsp about -3 - H'houré,*;hg.time required‘for tbb‘gﬁimg;s -
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Fisure 26: Thermal Stress Analysis;
’ The percent dbrtality is
: ‘exposure., Each column represents a purticular
- dose of constent rate radizfion .and each row
e represents a particular time period. ;

. -
e
”
“ N ) .
- : -
' I e — -
- - e e e e e .
- -, . -
- ' -
R A A - . .
s - . )
! “ae 4 B
[ . i

- i . . —
Lt .
. ‘. . . _ - . i
. e ’
. . N i N . -
LB Vet s - -
o . -~
U B . . « . -
. _‘
.




2

S N . . . . .
. B - o
PRI — . . ¢ P
7 r - o o 4 - L.
. .. .%00 : , .jnoo . 1300
- ' < .
. . R . i )
- %'-‘ - - .
] 1, N - v R
et »
R ,:,J,/L e - T
. . ‘
A . ) v - ,
: . g : -
ra i . .
) E v ; 7-11
- > )
C o
-
.3 .
<100F. o 7 o .
» ) 4 v
o W
o ., .
T BN
CVEEE CN 1. ,
. sof " - o S - L 7 ‘
= o ) : _ . 21-30
® T
: s
3 .
—— /—\_/
. 0: 1 i x L I 3
v s 30 45 . . N
* ° THERMAL ExPOsuRe  (3EC). i




to fully rpcover from deeP unaePthesla.. Hoﬁbver; a definite
_ S e ' '
time of 3.5 hours was adhered to for the constant rmtp exper-

iments. Foﬁwalnh the prelnmlnary fallout experiments a

~1

) stddV<was,made of the effect .on morta11€y of v2 rious time

. s

1rterles and various constant dose rﬂtes (acute to chronlc)

This-study was_deﬁlgned to eluclqate any var atlor in mortdllty
which might resultvfrom dﬁxiatioﬁs'ln the’ tlme of on=et of T .

irr@di&fion past thermal stress. The result\ for a- 350 second

rn comhlned w1th three dose rates dre recordad .in Table ﬁ?

~

The *ost Nrorounced effect obtulned by varying the time,interval,
- between the two strgssas is observed with aJ9OO R dose deli?ered‘ v \&

over 96 hours at 0.16 R per minute (chronic irradiation). .

: o " o : . ‘
‘Ficure 27'graphically displays the results of thevstudy.
.Following 906 R-of éR 1rrad1atxon, 56m of the animals,
. -.-as o [ ~
succumb in 30 days: “Whﬁn a thermal tutn is aprlied one hour
.r'

nrior iq the onset of .the radiaticn 5 :“rortality is the result.
.ok EEE . B .

.K’définite downward trend‘becomes‘evident as the interval
oetween burn and qnset of ﬁ%ﬁad&atlon is 1ncrease . tie mlnlmum;

7*ort :1ity “of 12 5% - belng uchleved w1th a .%.5 hour- nnterval.

Ais tae Lnterval Wwas, further 1ncrease& the mortallty 1ncreased
~. ‘,, ~
réaching a lateau at about: 20% with g

e 5 hou: ¢nterval.

3 .
The brief hiné“in mor tality with ‘a 6 hQUr ipterval nay not be . .

§1vnlxlCAnt 51nce it was observed in Gnlj ‘one run,,howevnr ~
)
RECY Hstect ‘is' not of 1mmed1ate concern to this orogect as the\

alWaya employed. If anlmals are dllowed =

<

E.B'hour_ihterval wWu s
& 3.5 hour interval hetween a- 30 second‘tﬁermal strese and
¢ . L .

.



E _ . }'i . n';;<j St . . "

o "l : _ TABLE 12
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BURN DELAY VERTALITY STULY FCR THREE DCSE~RATES; 30 DAY MERTALITY
. ) B . . . . :1, .

¢_

o orADIatIonNL3 7R =SS P
e 0 S y ‘
900 R 700 R - .. 7 500°R
¥ TRE AN (46 HCURs) : - (20 Herrs) - (0.5 HCUR)
IFRADIATICHN - 0.16 R/XIX. €58 R/NIN. 16:7 R/MIN.

~

. . . ANIMALS . _ ,
’ ' JUSED | MCRTALITY  USED HORTALITY © UsSED

. o (208 55.8 106 7%5 126 . 22.2
S S Y I U0 SR+ Y

3.

= ‘ ‘ 53.8

a2t 50 -~ “32.0 50 18.0. 51 21 .4
2 ' : '
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kS 2. - —— —_— R

8

A 50T L0 ¢ 500 28.0
7 50" . 18,0 . 50° 25:0

hi

(e

=
N
o
.

20.5 - ———

'
N
»
.~
[@ Y]

21,60 -- —_—— ,
‘ b 25.0 -- e

t
(o)

)
won
~)

FERC®IT ANTNALS VPSERCE::; ANINALS  PERCENT
MORTALITY'

S < 30,00 2k 20.8 - ‘\i;-— j
’ ‘ : ' . . oy

-
i
e
IR
|
[
ot
1
!
-
i
'
i
IA
i
|
I
.



Code:  9CC &

o -
. o
ot v
]
~ ;
I P
. FN
. .
v

Hufﬁ:Irradiation ITntervals. .
Eértalitylﬁver |
interv=als tetween 2 rec. therma
‘the onset of wumma drradiztien
at three diffarent

day rericdyfer
e

dose rotes

R rerrésents 'O
. 7CC R rewnresents O
. e 1

53l R revrcsents

R
.
i

-

o



[} N ) 7
» L .\
x .
-~ ~
K] .
o Z
—~—y '5. &
-
«@
1)
—_
-
| o
—
w [
of
. N
(v8)
=
—_
k' o
z
(=)
—_
<
- R -
. o
<
-3
, o
N . — cilll
J .
1 2l L L i L _ ey
p—— RS, | 1
..QJ (=3 o o [=) e, . [=)
, ® = @ L2 Y e -
ALITVIYOW IN3D¥3d
LS . T
o



s .. . . ¢ :
. -~ . . R
. » LT e N v
o iny & maxavurimoynt of protoction is afforded them. In
L - ' . : c ) e
Sentraot, oodifierent effect is elicited from 15 secord bq{ﬁ
) 3 . — - . '. o . o , X . *
Wy 2 syneroistic elfnci ia exerted on.mortnlity.
The elfect of alterine the interval hetiocen 2C second :
. : - . w7 Il
28 rours at .

S L. -
ciive afllect from combininsg -
PR ) : .
at 16,7 X rer minute-
(ngute ‘irrsdittion).  An ecute domer of G0 R oould not te used for
: ' : , . vy '
Rl ncnrcnic Y00 @ becuuse mortulity would nmvd .heen 1007,
- . R - ES
- a 20 cerd therrzl stress :
~ : N I A S 3 3 JIE I SR S
-5 irr: diatifn wnd the radisztion .
. N
dene rote, beling mest interval of 3.% hours and
£ 005 =t 1
cf 5.10 & minute.
v -
- ® ~
ILDTEHEAS ' >
L . B ) . . ) .
- ¢ . a . 8 .
Gutait can nhe scen thoet moat of the .

G day pericd over thetune of i .

emplcyed ¥gxcert for the Righ

.rotective effects of the .

). Ahlsoc, the.:

totul mortulity dats wre reflected do the mort:fx}y of thig

. R .

ity during this time pericd if knewn to .
. . o B o -

fzilure, the bene rmurrcw esyndrcome,

b N -
.

e ciu-~ed by hemulbopoletic
rate dams *s snd recovery in the
. b R

fo the next atejp won tb :
. 2

/ . . ¢

ventis

. . . . . e
hemi‘toroietic system. 4n epdogenous splecn colony “onay wWos

ctudy the effects of rudistion and of rudiction
- o ) . . .. . - . ‘

.

rerformed to
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Zhe szilesn co]cny countz (numier of colernies ueér spleen) = - )
: e i I .

. . . . . o - L.

wers ur~ed Palcul"*f /) e Peoﬂetriﬂ”median nurber of coloniés . ’

. Lt ' ’ - N N ~ . .“ -

for zach treatment "rou\ (Tanle 1%) 3f Pf the method of 3with

ezl (1566}, Vith ingreacing doce ther e'is‘a
ri-ver of celonies per go,leen. Alsc, ag the t& rmal Xy osuUTre | - =
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The spienic dry wclgbt was emnloyed as apother parameter

regimes of radiation on . N .

to assess the effectc, of various

hzd been counted, the spleens
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were dried at.100° z for 2& hours’ and weighéd' The ﬁean dry

‘welrht in mllllgrams of the spleens for each strebs is recorded
ih Table.l4. © ' B

Y ¢

mhq trends-of nortdllty apvear accurately reflected by

gt

4

.

t%e Pnanaes 1n tre -svlenic dry WethtS. The snlae s of animals‘~

~ﬁre ted with a prlor 30 second burn have a greater dnean welght

than those given’ radiatlon alone."Vollow1ng a l/féecond ekposure

'ard radlgtlon the wel\ht is ‘ower than anyf/radlatlon alones:
*He Welrhtb are hlgher w1}h & ajxsecond burn than w1th‘the 30

Cecond burn comblned with ‘constant rate._‘The opposltE‘relat;oh-

0

bhiy is_present in the ESQ assay. Thﬁ dry .weight is seen to
incresse with severe burns (no radiation). o colonies were
rresent on the spleens of mice receiving burn‘ alome or from

control mice. - The radiztion was observed to decrease the

silenic dry, weirht to éboht 30% of control.

The. above obéervations of spleric dry we%ght are illustrated
%Y -4 histdgram (Figure 29). The trends in dry weight for each
. . % S o ) ;' 
stress trestment-are congistent for each dose of radiation,

,and reflect,phé‘tfends observed in the mortality results; a

: . : L

‘%5 second thermal exposure will increase the mortality of
T S o T -

irradisnted animals, but a 30 second thermal exposure will

" decreare the mortality. ) ) _»  . ' '\

mhe control &pleens we'#’removad from anlmalu that had
receled no ;tresq other than. normg,-handling— The snleen%

‘were weighed by cage, lot 50 the standard error is "based on this /
Sy

unit. mhe .control and thpnmallj streanod dnlmal') spleens wers
wedghed aniunit'gfoups 50 no errar was calculable.
- ‘ <

B

o

=



" TABLE 14
SPLENIC DRY WEIGHT; (DAY 12) UNDZR CONSTANT RATE REGIMES
,';) ‘ ) . .

A v o .
BURN . . DOSE - e . MEAN.DRY.
(SEC) © (R) | '.éSPLBENS‘ © "WEIGHT (mgm.)*

. . - . . W . ' S R

w o

0 CONTROL . 10 347 .
750 "0 99 12.74 L 0.58"

- 800 119 . 12.93 - 0.59
850 . - 111 . 12.03 0.hk2 -
‘500 // L0110 - 4 11469 0.73

. ) e e g

o O O O

la e 12'g{ B Z P I
15 750 - 87 12.43 - 0.6k .
15 - 80 - 1317 12.45 oS
15 , gsa"- . 98 ,11.01.  0.33
15 900 96 ‘ %0196 £ 0.56
- ’ e ;T
- 30 a o, . 12 ka2
30 f\?SO . 98 7';5;89 0.35
30 . 80 - 97 . 13.89 0.3
0. 850 85 o 12.6h  0.67
30 900 A 1,07 .
45 41,8, B
45 750 TN '16.08 0.7k
. s 80Q. A 16.08 1.24
45 B50 A .15.63  1.65
45 900 . 66 . 12.40.0 1.10

ov .
O

« ¥

Syt T sE o .
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A 4 .
~ L4 - AN
DIsCUS3ION - .
. F——— oo
In genef&lg the present -studies demdnstrate that a te

+ 5

- R s . . - )
vrotective effect is disylayed,in mice which receive a thérmal
o . 4

stres¥ prior to irrsdiation.
. ,

STRESS o - . .
’ . o .- o ' !
1t has benn observ ed in previocus work that When mice receiva
2 . - . . . . )
e s - s , . -
d non~lethal tnerm&l-burn to 1G - 15% of the body suriace in
M : - ; . ‘

additicn to whole body X-irradiation mortality occurs earlier

P . . . X . . ) N . :
end iz higher tian for men-burned mice (Lqrr et al,, 1752y zaxter
et =l, 1“53; Alpen and Sheline, 1954)., Tre .findingr of the

nresent study differ in/ that a vrotactive e¢ffect is evinced by

the combined stress._ lowever, several differcnces should bne

ncted whlcn tend to nrevc;j‘v Tic cowm'r-q ns. © The protéctive
effect di= not found when a superficial burn is emyloyed, Lut anly

Wren 3 more cevere 2° - 3° burn {causing 7 - li bf mbrtality)

Kl . . b . : . . . I
.

L second consiceraticn is that the r<d1(twon doses

’ . - W

asnloyed in the'present,expe:imenth were chronic in noture

(75 hours), wiereas most rrevicus eyperiments entailed acute

irr:ﬂlu»: o-(lesc than 2k nours). The chronicﬂ,immn i;ra
wag delivered either as si intlated fullout or ) Fon,tunk doce
rate and the protective effect w:s of équél magnitude with béth.
. N - 3 » 5 ‘.7/'\ 1 % O ’
Zhe\lethal dose to halfAtne/populatlon in 32 days, the LDko,

. . : ~\ . )
»hows tne nrotectlve el fpct 1uj:te c&early. TFor exanple, the

LDS0O estimate for-mice‘cubjected.to irradiction at a constant
dore rate for 96 hours is 852 R, but for mice recgiviﬁyia/2°

-



dg'ﬁ rite is less than tkht for constant rate irrddiation for

“alker et al (1961) found the same

L - - ’
B L& . 3 | S ‘s T .
turn (IQ rfecond expesure) prior to ircsdistion the estimate .
: \\\ ‘)‘ B : i -
R e : MY ) )
is 1700 RS Thus, to ne;ﬁte.the rrotectiveé effect of the burn

juﬂma'fﬁdiatio. ﬂu t be incroased bj 15%. -
Table 19 Show$ the biolo:ical effecﬁiveners of cHronic

. B Ve . . N i .7', ¥ ‘

gemmac irmadiat tion. rela tlve to acute A~irradistion (Iuro, l"6v,.

‘he relctive bieclecical effectiveness for radlaticn delivered

IR

z sirmuloted fullout cver %€ houre is only c./,, wnile the . XPE

. 7
c - . . E .
fer censtant rate radgicticon.dis C.EY. Thus fa]lout~;s'thé’less
; : ] o o N g o
aifective of the twp cihreonic deljverieu.on the ha{gs’of relotive

.

ciclomicnl effectiveness

The effectiveness of chronic irradizticr-is markedly

witered by the -additien of a pricr thermzl ctress.
- - . . . )

'3

. . ; A - . : .
irctective 'effect of a 20 =econd exposure in trrms of relotive

s ‘

ical effectiveness is sﬁown.by the decreazcd from ©.55 to

of f~llout dirradiation, ‘and C.59 to 0.5C with
LT o

1rruu3“tlo§. A &% « %° thermal burn decteases L%

the lethel effectiveness of chronic irradiation by 7
~ I .'\ - . ‘. .

tner nand, a 1° turn increcses radiocensitivity to censtant

rite irradiation bty 11%. The differéence retween fillout =nd

constant rate irradiction iérprobaggyldue t? the;fzct thot with

fallout most of the dos e is delivered in the firrt day and the

half of the ¢4 hours. Zhis could explain why fallout is less

*

pffgé; ve than a cons t”nt rate delivery in caus«ng lethallty.

-

relatlonqhn between fallout and -* &,
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. L
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‘} ‘ 4 ' o . TABLE 15.° . ‘ B ' x
- ' | - N
!

RELATIVE BIOLCGICAL EFFECTIVENESS (30 DAY MORTALITY) ! .
_ : - S _ _
RADIATION- . -LDSO.  g95% - ~ = = |
STRESS (rR) CL{R) . "RBE* - |-
. L. P . ‘)‘A.
e
: ]
250 kVp X-rays:*” !
‘ , » , . o
Acuter*® 506 -\ 494 - 518 - 1.00.

60,

- Co gamma rays: _

 Fallont . @l 897 - 925

g B.15 + F . 942, 918"~ 967
.\/

1038 1019 - 1056

" B30 + F
PR _
4‘ ,pv

852 0.59

.C&ﬁstant rates . 838 - 866:'
685 1 7h2  0.71]

B.15 + CR 713

5.36’:';; 1006 - 986 - 1025  0:5G. ‘
: . : ) s )
. o o

.
()
f

.

ey

BEN o

r‘ HVL, 1.33 mm..Cu _
Hess pcute dose rate; dose delivered in 1é§5 than; 24 hours.
(in this case, less than one<hour). o ,

* relative io'ZSOIkVp X~-rays, arbitrarily éet‘atiunity
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«
.

slow fallout (constant.rate) irradiation, the LDSO estimates
for mixed pop ulatlors belrg 1169 R and lOOu B rea[ectlvely,

Whe slopes of the problt Iinedr rerrcsslons were also different

for the two dellverle:,féeln" 14 2 and 10.0; in the prpsen* 1

‘study the slopes are -.77 and 7 5g for fallout und constant rate
irrhdia&ion. There. arvears to be a sllrht dlfterence between
fallout and constant rate irr&diation{ the lqtter is the more

daﬁaging typ{:bf;déliverya This could account fgr the synef;
gistic effect found when a superficial 1° burn (15 Aecona

P

exposure) is.combihed with a constant rate doszre. The super-’

. o . .
ficial turn is below the threshold renuired to activute the

i urotective mechanism(s)vih the body, so it probably acts te
. ‘ 5. oo R
1hcrea)e the strees on systems.critical -for survival. . R R

The. linear re réssions for all treatment ¢rouwvs are
. { g s 1 ! 7 I

Aesqentially parallel toc euch othef}which wquld sht?estdthat

e

.the same mechanism(s)'is responsible for the development of )

bl

'lethal damare for ezch combined stress tréatment'(LawrenCe,

4 I
1966). The . degr@e of burn would“alter the dearee Qf re°n0ﬂue,
not its nafure, Lhe aroups reéelVlng a prior’ 15 second exposure
show -1ittle deviation from animals”given fallout radiation alone

while groups Flven a 30 second thermal stress J‘uq rudlgtlon

-show a'great deviation. Therefore it dOUld seem likely that

-t

the protectlve effect only deeurs when a burn of =ufflclent
intensity is applied, when a threshbkd is surpassed actlvatlng

a protective mechanism(s). . e

A L
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A likely candidnte for Lwa tive mech-minsm 3o )
L N : “\ff. e ,acteqLAVGI.ecL;n?"m ig hynvoxia.

Svroxia is alresdy Vrown

’ . . . .
Jacek and Sarahars (1967

Alsc, the renrdiuciive life crcle 'is elon = ted

a CGisproportionute fenpmthenineg ¢f the
1 ¢ )
P " . N

Terusima and ‘C*Wuc {17425 and Litthie (L0FF) wvoted thut )

survival of cells wes maximal 4

crrly joest-mitptic G ase - or Ure—hltot;Cw slase.

Lo

preoceding fin&inrs»woﬁld supyort ‘tre contention thetd
tie yrotective effect is w re fult of hypcxia ij; cten cell

pocls of cell” rerewal :ystemﬁmﬁﬁ the time“of-irr;diatichu Hapid
i B - . . ' N e . . .

Yut rererable ceéllulur lesions are induced by low oxyrmen tensions

;i of increased

e \ . : . LT . :
E»,C2) whigk may be involved in the mecharnd



. .‘ N ) o .
‘rc513tﬁ1~4 to 1onlzmﬁg redictior (Flomteus ¢t .al, 1570). This
. . . : - : , . » ’

Voo 1A W - s L. b et IR . : . :
Lyroxia could he CQUW@d>UJ the phyclologicrl “nd biockemical

2ifecte of zurn. deyi{t L1747 wm“orted tr“* there is a
srowing of the blood flow in dermal caulwlLr*eu in ‘theé burn

elire {1 'jf 43 found  dilaticn of the

{edema; z2nd & subseguent sludging -

Y¥ecrrace in the qucul tory srstem
- ‘ . . - BN N “
chuces u decrecse in cgrdia; u¢t1ut, bl fall in tlgod preasure,

and'geﬂpconcenp)ztlon (Lee’ov et al; 19%6), a5 well as the

o~

temolysis of wany ervithréc irect heatinpg.and by the

3-7e in elficiency of the circulrntory

cicter remilts in an insdegunte suprly. of oxyren to rany cells .

in the bone marrow, the shleen and cther or -uns.  The anzenthesiz
35 net censidersd to nave any ={{ect on the hiyrowla meghanism '
;

5 the irredistion.
. = L ¢ . - ‘.‘
. t
. 4 .
'DIJ:RIJ,U'{"C‘:‘ OF LEZTHALITY « N o
. - . k™ ) ) .
The. dez th"‘over 30 dayh lre distributed dikcretely Ly

synd:cme, the most odgs

e .

-t teing the bone marrow syndrome.

ﬁowQVﬁr; with incpdnsing derree of thermal stress Ltner-alonqy,

or in co""lnatlon with ra '(tAon, dexuhﬁ in the 0 - & day

P

od mark edlj increese. Andimals Guccumbing at this time may

eri

'T‘

“a . . . . B

Q.
-

@.50 fpom the‘%&sprointestinal syndrome because cerious

7
.o . :

Tuncticnal defects are present in the regenérnting mucosul
- . I

layer wﬂich,may_cc atribute to 18thdlltj. It may Ee.that some
“the retlcul?endothellal

other 5/ tem i the target, nhch ac

ijéﬁ). Qunstler and Zucker (1059;

3 -, . . . - ." .

yatem (gak(réand Yuleriote,



"encothelial system. -

more démagring . influence.  The protective effrct ray

. : L ' N
on @ pre-conditioning of the _jtem to bettqr R

fs]

‘

found that the hema@o;oletl% system is much more radiosensitive

thon the rfastrointestinal system 80 generslly a much higher

icme wWeuld be required to cause gactrointestinal death than*,.
. . N . N
nematorcietic de~th. Deathe within the Ffirst few. days pre
. N - |

~est lirely coused by secondary sheoek fTrom the thermal stress

vothe Lig

r'?oge.rntbr delivered

i hour periecd. Thiz could lend tg

tie
wresnter sercis by cut hocteria, cuusing a creater.mortislity

vericd cqgopled with z denrenred reticulc-

The rrentest nirber of deaths occur in the 12 - 2C day

indicntive of hematvpoletic damngey the lLons morrew

-

eriod

1 N : -’ .
syndrceme. It is also in this

stic effeét of = 1° burn on

of 2°¢ - T Zurhs and the

Y

tha't these effects are due to alterctions in the rndi tion

senpsitivity of the

exerting a protective influence and.the superficial durn a
ay be based

thetand the

o

S -

radiatior stress. “Phis could be achieved Ly hypexia, as
N - .

. . ) »
discussed esrlier, rendéring the ctem cells (progcn]to?s)

hematopoietic system, the more severs burhs

§
§7

2

v

irradisted animaels is manifest.  This lesds tor the rostulation

pericd that theé protective effect -



=

&

‘decedentﬁ,

e ‘1

.

repair rodictd

A

on danku‘e

¢He decedent %urv1v¢* tlme (mﬂan survivs

N

trentrmant

an'overall

vilued of this o

b \

the "emauocrietic

.ADouble

ﬁért

lower

for

or

4 -
the-

\ . .. :
#frours until the 2

arameler
.

and trivle re

in radiosen

T0
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burn is arp 1ied

time o§~

), from the thermal- stress

rvival timevn

csiti Vltj The
freatment ;rovrh
9
rstem 1s the

yariations.dn mortulity.

-~ N . -, .
found 4in She 12 - 2C

major sys

ore ef?lclentlv

7.stimulation of some facet

.

shows very ;ittle_deviation between the vurious.

cem

. v
ierigd. with constent rate treatments. ©A trivle-peal.is found
. S ~ 2 : .
in _con ;unctlon with the Lrotmctlve e;ihct énd a double peal
o _ . .
the synergistic eifect and with-radiation aloné.. This
} N .. -
ceparation of ﬂont'*lt idte an early, mid and late Jbone
- S i P E
TATrovW syndrome ray bé relnteg to the severity of the burme
r . o ¢ Lo
inflictad. ThéE bere murrow ”"nurowe-aas never teen ¥ully -
. . _ ‘ o
elucidzted, but remains ~t this time a collectlcn of signs and
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vad
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"‘that doce rate effects ocelr only at low dose rates {Thomuon

rediation kas not generslly been corsidered to any pgreat PRE N\

Lo y . - .
extent in the vast. Usuhlly, xperiments will employ
4 [N - . 0 A
a particular interval con:istcntly. This arultr1r11,;gelecied
. > B )

fromia few minutés b(J:ﬂ:er dnd Val Jote, 1C69)

. . : e at
to cneé hour (Alren and.3heline, 105&) to several months .
, . ,./ .
Y o - 5 - : RS A S h
\Alcnuel on =t al, 1G63). .In the yresent experzments, the™
* _ . : A
LGrol tent time intervzl empleoyed is 3.5 hecurc. This wad
detarmined Ly s study. in which the intervsl between a 3C second
M - . r .
gamma rhdistion was varied frerm cne hour to dae
i N ‘ - N - » ' .
maximum protoctiive =ffect wos elicited Uy -

) . I . "’ . N Lo ) .
interval of 3.5 holrs.' This optimur time may he..

related %c thle sensitivity of Some compenent(s) . of the hemato-
: g . d -

reietic 'system. It may alsc be conmected with the datoxificat ;on
of the anaesthestic, whicn.rﬁquir:s‘abnut /.5 hours.
Additiconal tire 1ntgrvul experiments at different dose

ectzblich the jrotective &ffect®as dependent

® . .

definitels

e

rrtes

\.1

. : :
urcen the dose rate. When mice wre irrsiisted at 0.1 R per
minute for Gf hours following a %O secend burn (2°) there is
‘o morked pretestive effect evident which ir oyptimal for a2

-

2

reour time interval. ilice exﬁ sed to = doré rate of G5
minute for 20 hourc disylzy a 1.9;
crtimal at 4 hours, while thos: exposdd tc 16.7 R per minute
‘shov no protnctive effict.-. This is in keeping with the [fnct
*

and Tourtellctte, 1753). . '
: - ’ . * "
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ENDOJENCUS SPLEEN COLGI

oasame”

. “ ’ B
Foa z.f B )
The hematonOLetlc 9fstnm ua@ cef*nltel" lmpllchted»ln ’
v othe develorment of the protectlve effﬂct and 50 oecAme thé
BN a0 . .
ub ect of fLIt er exgerimen;§‘désigngﬁ te further eluclqate '
the nature oi.tne protectivévmecnaﬂlgh. Hematopoietic étem )
cells béve beeh sgown with paftiai snlélding ol marrow to |
Orlglﬂqte in the bone marrow (Cafrey and tv“veref:t 1066) éﬁé;;‘ v
under the stress of r“d?mtlon, to. mlﬁrate to the gpleen dﬂd
iesitly other sites fo form hem;QZQOLetlc colouleq (van
velium, ;96?). 3ecker et ;; (;GQﬁ) prowide; indirect suprort .
thnt "“leen uolon e; qre~cinn y each arisiA@ fr&m.a s;ngle e >
cthm éell.' 111 and.AcCullocn (l;64; coqcluded that. the-
w .5tion én tie colony-for
) gc;ellc tissue . |
‘an 3C

The'

Freater n

in mice is clo

2ly rel ted to r“dLutlcn ef;

ring ab thj of herdto—
oy survival in mice given wnole bodj 1rv'd1dtlon.
"EZikind hy

the

’)

zothc’l°”

(1961
ole kouv 1rrdd1 tion

This
. t. ] ) ~ : i
) that the lethal effects
may o ¥pluined In terms of the L
. . L ; o L ; o,
survival of stem tell proliferative capracity. The ability to R
; s.on the s leen vas tested in mice exposed to
stress ‘and constunt ra
‘. . &
endovencu

spleen coXon}
umber cf colcnies

tie jrraodiation stress.

.-
5 2 v
ssey on day 12 reveols-a
f/ . . PN ‘*
fecent on the spleens of .animale
I3 - .

riven ,O.und i5 second thermal exponures plus
h 2 h

3 ‘ A
irradiation than on those exg

TLis rrenter leyel of {

A

\
\
\

4
4
\

u!hl'ﬁfi]j would berﬁdePd by hﬂmdtO“ﬂletLC ftllure (when
. \\ A o

constant rate .
nd/to the rddldtlon strese alone.

s

cduction would prevent many deaths that

L



N

, -

e : e s ' R
\§~9cnstant r?tg 1rrad1atlon as given alcne) More stem cells

‘ v

LN 4/. vle At R
may rejj}n~v1aule "fter uu1,t~ n, or a-higher percentawse of .

viatle/ ster cells may neach'and"ycpulate”the spleen, or both.

R : i

_~Th€ assay reflects the protectivgggifectfhuf not5thé
syrercistic e’fect. The latter effoct.may be based- on sctivity
v Vet ’ . . e
. L4

e V.A'\ . ’
Ln-another Tt of the ﬂematokoletlc qutem,,or tne beric o

sasurpiion that tncre 1q a di*ec&\urggortlonaLLLy hetween the

number of surface col onigs 'hd 1nt~rnal colonies may te-
-y 5 . v .
incorrect.  This is guite rossible ginge Wolf and Trentin (106R)
. ) : + -1 v
rerorted thut Ehé pleﬂn cont ing at least four’ tyhes of micro-
T . - Tt
environments that‘@ﬂ§e;mine'thg differentintion of plurivotent

N "

stem cells Into either erythroid, neutrophilic granuloid,

. . .‘v' . . . ) . )
octur in different arees of thz ‘spleen, then counting cnly

R
Vs surface cclonies c¢onld ve misleading. "This micht exylain why
1 : ‘ ‘ . . . )
tre endogenous nssay for animnls giver a 17 seecond Lhermil
- . o UL .
exposure plus radiation does not refiect the'mortality result.
_Mhis tredtrment increased the mortality ever constunt rate o //}
\ . o’ o —_
irradiatioh given ulone,Jmo it would ve expected tc decrease
v -
. 2, .
the number of. sp leen coloqle°»rr9 ent if the Qynernﬁgtlc
mechanism were directly 1nvolved in tklu d>}ect of hemato-
. i :
@ - V'r

oiesisfvfﬂowever,'the nn"bnr of colonies was the same or .

I

slightly prester with the- 1D rocond thermal stress.

-

The‘D (or . L. 7 value k'*n*vrn'rv]t the'do$o of radiztion
! ) )



. - . .
ré,uired to reduce the vurv1v1nb frnct on cf Fella 0y 2 factor '
. R

of C.27 on the exp rent*tl vért of the doar rwh»cnﬁ@ CUFVE.
B . - o . . . . ‘ i . )
in the endogq§&us si.leen -colony .assay - il trnxtmen* ;rdqis hove
fre cume vilue for»the‘DO,‘inAicﬁtinﬁ the same depree nf dell
. . N > L . . ’ Lo . .
nensit#vity with all thermzl_exrosuras, Since parallel survival
. R . . . . N -

Vo i

N /. Py . - . s i s . - N -‘.
curves ihdicnte no alterations ia <211l Lensitivity, the shift

togward higher dose levels may be interireted as a progressive
. . . Y i 1

; ) RPN N ..

increase.in the nums nr of colony-forming cells as § result of:

%

,cellylar proliferstion (Till Znd ¥eCulloch, 1664). That is.
R ~ . . . N

X
13

‘burn exerty; a pratective effect by incremsing ghe

g - - B . - ‘ | . \

i . . g
nimver of stem tells populating the syleen,

e . S . PR N i !
The splenic d4ry weight data display-toth the froteétive
. ~ i

D - L - .l o . 5 : .
and synergistic effects seen in the mortility .data. The-mean

dry weirht of spleens from mice subjegted to a:2° burn and

Jowele L BT LS - Y : S i
) L . . ‘ . f

‘cons=tznt rote radiaticn is cohgistently hizher t¥an for gileeps

.

“from mon-~thermully strecsed mice, The dry weight for the 1° .

burn plus radistion trestrknt is consistentL levier than for
. s . !
B *

, . .
This may lend support to txe d rl’e' propos al

)
« b

radiation alkonhe.

tht the differant degrées’of burn 3timulntcvcolmnies to dewclop

P
. - . . *
in different microenvircrments of the ,”1een (,hrf ce an ng
‘ s : LS C
internal). - ’ \ -
-:_,A

HACTEH?}& EHDO?CXINS’AS RADIOF&CTECTIVE”CONPCUHDE

~

"Auto-infection caused by Escherichia coli is important in’
the developmen%‘of'the hemorrhagic syndrome. lﬁhen E. codi

/s

endotoxlh ‘is administered to irrandinted’ animaly, the syndrome

LS
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is sharply inche?sed (Kisélev et al, 1964)..- émith/ef‘ali(1958)

have dgne a good™deal of work, using the bacterial endetoxins of
7 3 . . . . .
;o . S

Salmonella’tiphosa.? They found th ot if the endo@oxia is admin-.

istere

ILL -

oh Houro before *rradlatlcn’rncoyerj is 5lightly
[T .

xgmcfeased for lymuhccytJS qnd there is a great'mobilizatioh

) . s B ’ o : -

of gr;nuloc}%es. ;he lnductlon of hemaﬂopolesls is consldered
. - . . =
resroncible for the incneased-. They'.2lso ulscovored

that t}e endotoxln moves ahead the ta;é when effoctlve pioducticn'

/ ~ ﬂ!' R
of stem cells is resumed meith cijfl, 17966a). It treated one

ST 7

ey befors irr@di&tion_the
v g

affer 1rrud1nt om; this would cbrrerﬁond.wi*h the lurt daj of
; ” .

rodug#ion nering about 2 - 3 days

S e

the 6 bour chronlc lr“ﬁdlu fon in. the présent‘project. Sten

. NI ‘ N )
cell nroduction 'is thusvrecﬁmed earlier under eff¥ptoxin stress.
. I3 . e .

This ﬂﬁrxley onset of be“btopoiesiémcould-nc ount fé the

radiorrctective effect‘oﬁ'hdrtality. If more stem cells were

1

weuld be eliminated but the,;bsolute humber of survivors would

. :

ve rrnaborﬁ fﬁurv*vﬁr‘ua\ markedly increased by a singl

4]

*injec‘tion of endotoxin before or s,hortlj after irradiotion.
one ma arrow celﬁularﬁty and splenic nbdules_alsb inc;eg:;d
(3mith et al, 1966b). o ) ‘ -
'fuményan et al-(lé?ﬂ) én;c.very-fecgntl3_discovered é _U_
rudiobrdtectibe efféct of a‘pélygaﬁchabide is6lnfed from,the'
”omatlc O—antlgen of “gamonella typki whlch anparently acts

to stlmulate ndtural 1mmun1ty and to normallze hematopniq

more rayjdly in animals raﬁiated~apdiprotec§ei.' - ‘ .

resent during radietion mofe dolld curvive; the same provortion
Al ; : - P P




yet te te elucidated. o
of the rysten
e mirrow < Lls muag ¢oinin mpetence
- . o N . . )
the lethally "irr+ et oaly
3 Fa < : . o - ' ’ o -
delunits influence exerted on Lone Mmurrow
nables ihem- tc uzcore tized to proliferatis
a1 tue presence i un an stiruluo, They then rroduce w N

Coll-medinted immuni

cdain thoagreren

1§ "
{cliowing ~evers - tiem
.incpeased effact ‘
to the proterctiyé effmct. Mirther ntudier on the o
' . . . : . o oaa W .
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S ) SUMMARY ‘ A

L : . Yo N . T . .
Nhen tﬁermal strésé is applied to mice prior to the onset of

cnronlc gammna 1rrdd1utlon the rortullty by daj 30 1r altbred

accordlnr to the sever;tf of the tn rmal stress. -The @ummw

P -.»' . ] N "
-«radiation waos delivered as slmulated fallout' or ut a constan

30

If’the'mice are pre-sﬁr csed

dose rate over a 96 hour period,

411 i and 052 R respéctively.
with a %20 or 4% second therwal e/“ovuﬂe
inereased by BRI 18%; 4 15 second thermal’ekybsure does

50 Co :
1§*ect the LD? estimate for fak ]out lrraalcteu mice, but

S : .
decreases it by 169 for ‘constant r- e irradisted nicev

occurs mainly in th

trEatment croups

12 - 2C day- time péricd indicative of
The fluciumtions ir mortulity arisin®t from the a.plicaticn
. . o ’

the LD .estimet@fis

I nemato; cietic fazilune

t

%0 R
and the. LD estimates were .

s'net

e

of

-

W

viricus thermal burns refcore irradistion ure observed yrimarily

related. to alterztions in

N ) . C .

- during this period and are therefore P2y
dzmare to the hemutopsietic system. " The protective effect of
o o o L ) R o
a L or, 4T =econd burn is reflectec in the 12 - 20 d y vericgd

5 o e . ‘ .. } : -

- %J a OeC"P“"e in the 'mortulity from irradiction. For tnese
hrotect1Ve nu“nk‘thé eurly mortality is increased hut the
overall mortzlity by day 3C shows ¢ decreuse.

and

The time—intbrval bétWeen a'BC.second thermal stress

1rrad;atlon affect» the amount oi protcctlon afforded, a
maxlmal yrot(ctlvd effect is ootalnea by us1nF a 3.5 hour
interval. Alsd, wWith increasing doke .rate the protective

effect gradually disappeans. = -\\§Dh v
. e - ,/;-u’ . /
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‘"The endocenous spleen‘colony counts suoppurt the protective

effect of a 3C second burn on qgmﬁa irradiated mice. The DO
velues are identical for the survival curves {about 130 R).

%

- The mean dry weichts of the spleens also exhibit trends which

reflect the nrotective mortality effect.
. . F o ) . ) - ‘
The corbination of a.3%0 second thermal stress and a 96
hour chronic gamma ¥rradistion dosare results in a protective
. e N
mortelity effect on irradiated.mice. This is partitularly
> . . .

evident in tHe 12 - 20 day' time pef;od, ch;raateristic of the -«

<

bone marrow syndrome. The nurber .of sbvleen colonieg is slso

d e

. o . ’. P ) . i -V k3 N s - q » - y - L™ ! z
incressed with this combinaticn, dndicative of enhdnced hemato-
' . N . e
voietic recovery.: o - .
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- . GLOSSARY. - - o
_ . / :
. ) ) — ‘ . R . . .
Anqxl&m;rf—-f ——————— =-~=-- do O, in.the tissues} ypoxia is a
e i ) more“correct term zs there ig rarely - .
T a complete absence of‘O2 ..
R e E TR R | thermal exposure,’ng. a 15 second

exposure is B. 15 P
. ) ' o T
o Cx e e e e e e qamma‘radlatlon»delivkred over a .time
course at a constant dose rate. -

Denudatign —---—-~—#f-—f—-L05° of tHe proteqilwe cell layer’
X covering the.intes tlnal villi (by
ragiation). o %
ESC —m e B - Endogenous'Spieen Colony.

Electronic equilibrium ~- Tons produced within the v%lume of
air in the'probe”lo=e 411 their .enérgy .
Within 1t. \ -

Enddgenous Coloniegs —u-—-- Formed frbm the anirmal's own stem cells.

Erndotoxin w~---~--- e Phodhct derived from the breakaown of

. bacteria. :

ST Arvthropenla-—~;—f—ﬁ ————— Deflclency of erythrOCJtec. i o
. 5 . . .
Erythropoietic -~-—-ww—cwn= Concernlnp the maturdtlon of red
B blood cells (erythrocytes). . - - _ .
Erorenbns colonies ~---<- Farmed ffom the donor's stem c4lls.
Tes B —--—————;~—-—————~———$-{Simulated fallout radiatiqn]
Functional cell ~--=———=r- The most mature cell of a cell -

“renewal system, responsible for
carrying out the fuhction of that.

©

" system. : : : .
) Snanu@oﬁytopehéa_—-4f-r;- Deficiency. of vranulocyééﬁ.
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