
I I 

% ., 

UR-462 

UCMl 951211 001 

ACUTE LETHALITY OF PARTIAL BODY IIO RELATIOH TO WHO= BODY IRRADIATIOA 

bY 

b H. A. B l a i r  

THE UNIVERSITY OF ROCHESTER 
ATOMIC ENERGY PROJECT 

ROCHESTER, NEW YORK 



LEGAL ROTICE 

This r e p o r t  was prepared as an account of Government sponrored work. 
Neither the United States, nor the Cornmiasion, nor any perron a c t i n g  
on behalf of the Commission: 

A. Makes any warranty o r  representa t ion ,  expresr, o r  implied, 
w i t h  r e spec t  t o  the accuracy, campletenerr, or usefulness  
of the information contained i n  th i s  r epor t ,  o r  that the use 
of any information, apparatus, method, or process disc losed  
in t h i s  r e p o r t  may no t  i n f r i n g e  p r i v a t e l y  ovntd r igh t s ;  or 

B. Aseuws any l iabi l i t ies  w i t h  r e spec t  t o  the w e  of, o r  f o r  
damages r e s u l t i n g  from the use of any information, a p p a r a t w ,  
method, o r  prccess  d isc losed  in t h i s  report .  

As used in t h e  above, "person a c t i n g  on behalf of the Commission" 
includes any employee o r  con t r ac to r  of the Commission t o  the e x t e n t  
that such employee o r  con t r ac to r  prepares, handles o r  d l r t r i b u t e s ,  
or provides access  t o ,  any information pursuant t o  hie employment 
or c o n t r a c t  with the Commission. 



OR-462 

EEbalth aad Blology 

THE USrWELSITY OF ROCHES'IER 
Atomic Energy RoJect  

Rochester 20, llev York 
P. 0. Box 287, Btation 3 

+ + +  

Contract W-7401-eng-kg betvcen tbe U. S. Atmic 
Znergy Cornmiesion and the Univer~ity of Bocheeter, 
administered by the Department of Radiation Biology 
of the School of Medicine and Dentlrtry. 

A C V E  Lg!t'EALITY OF PARTIAL BODY IB RELATIOH TO WHO= BOY ZRRADIATfOlp 

E. A. B l a i r  

Date of Ieeue: 9/19/56 

W E C L A S S  I I I E D  



-2- 

c 
I 

If t o  uure  acute bath irar rrdirtlon the mame amout of lethal 

rubrtance or Wury muat be produced, whether the whole body or rtgpnenta 

thereof are irrrblated, It lr rhown that the reciprocal of Lbw far the 

vhole body, v l l l  be equal t o  the rum of the reclprocalr of I D 9  far the 

data are  compatible vith thio view but they Involve lnsdiat lon of Large 

regnenta of the body. For small regmenta undoubtedly the rule w l l l  

fa l l .  Some general aspects of p a r t l d  body ir?.sdlation are dl6curred. 
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the I n J u r I w s  actIan of radlcrtlon. 

Che type of experinrent which ha6 been performed Is determination of 

T99 - 30 &p fur a given rtreIn uf animals for vholc body imadistion, 

for Irrullation of 8 segment of the body and for insdiation a? the 

rcnsIn&r of the ba3y excluding this repent.  
I 

l f  the megments of the body are A and B, respectively, the *ole 

body I s  A +  B. If the lethal action of the rsdlatian I s  proportlapal t o  

the dose and If the saae level of lethal effect, Q, ir nquired ihether 

*ole body or indiridual segments are Irradiated then 

e = m A = m B = ( A f B ) R  1. 

RA, RB and R being the lethal doses In roentgens and A, B and A + B are now 
the products of the weights o? t h e  s e p n t s  and the constants of 

prqportianal l~ converting roentgens to lethal ef fect .  

Q1 d i d d i n g  the two right hand terms of equation 1 by 

1b = ( A b  + 1 ) h g  

but from (1) A ~ B  = l / h ~  
tbre iore  l / k  = I/R*+ ~ / R B  2. 

Accarding to +&le equation uud the Iqpotheses used, %he reciprocal 

af whole bcdy % l e  equal to the HI~P of the reciprocals of tbe LDp 

far irradistians of two s e p n t e  which together iaclude sll of the body. 

bata by Rehhard e t  al (1) givbg LDw h four utralns of mice for 

head &one, bedy acme and whole body u e  mhm In Table 1. 

#en that v n t  w i t h  equaticm 2 i m  talrly good except far the one 

It Vi= be 
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of rort rd iosc t ive  anterials oving to their irlharogtneate bistrlbutlon 

.ad because of if. posrlble me  IS a technlqw in studies of the ashme ai 
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Strain 

Dbr 

Ehrrh 

c57 

C3H 

Whole Body 
R - l/k 

570 .00175 

550 .mi81 

492 .00203 

. 1185 I 1018 

1300 

1443 

8% 

735 

.00280 

.00183 

.001* 

.001* 

Data by Reinhard e t  al (1) on determinatimr of LDw, R, for 
partial and whole body Irradiation in four rtraine of mice. 
According t o  the hypotherer ured here the reciprocals of 
columnr 2 and 5 should be equal. 

Instance in which L D s  for head and vhole body are the CI(IPY. 

valuer is most probably in error on general groundr. 

me of these 

These results w e  cclnpatible with the view that a given amount of e 

l e tha l  effect  of l e tha l  substance 18 required t o  kill and that  it i r  

equally effective whether it 18 produced uniformly i n  the body or only in 

a segment thereof. 

Equation 1 1 8  campetible vith t+e view, b u t  doer not require, that 
0 

the to t a l  number of gram roentgen8 required t o  k i l l  are the same whether 

delivered t o  the whole body or t o  a segment only; t h i6  becwm tbc 

constant8 of proportionality in A, B, eta. play, or may not be, proportional 

t o  the weightr of their  respective segmentr. 

Information of t h i r  point im rupplied by Kereieker e t  al (2)(3) who 

demonstrated by irradiating rats and r i c e  through a protective grid vith 

equal diaaekr a p t w e 6  that the l e tba l  dore in gram ranQenr WM war17 

the mite far irradiation of the d o l e  body ea for distributed iFsctionr 

dovn t o  about 1% of the body. Hovever, when the aperture8 vere reduced 

in dimtier while keep- conatant the area exposed, the grma roen-n . 

l e tha l  dom increswd, 'Ph4 latter effect ma attribu- to radnction d, 
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effectivenerr of the mury by reparative actlam occurring acro~r the 

increari@y hrger muface of 

the .perturer -arc aal. 

t i r n u e  wrrounding a irridiated aa 

mile the txperiwntr jwt  cited mhw t ha t  -thin falrly vide l i r i t r  

the gmat roentgen lethal dose m y  be the .aar for vhole body andl m a h l  

irrsbiatiun, vhen tbe a e w n t s  represent all m e  of tbeue ,  t h i s  

true, according to Mft e t  al (4) when the abdanen alone or the rmnlnder 

of the body alone are irradiated. 

not 

Iheir data are rhovn In  Table 2. 

Whole Body Abd-dExposed Abdamen Shielded - 
650 * 750 1025 1950 

175 134 275 

.oO143 00097 .orx>5l 

TABU 2 

I I I I I 

Data of Svift  e t  al (4). LDw in roentgeru, R, and in 
kilogram roentgens, kg. R, fo r  whole and partial body 
irradiation of rats of the 8pr-e-bvley rtrain. Whole 
body LDp i e  taken as 700 r in calculating 1/k. Actually 
the reciprocal of 676 r is equal t o  the rum of the 
reciprocals for the regmental irradiations. 

It vill be w e n  that the ~ u m  of the recipFocala for psrtial body 

i r rsb ia t lms ,  0.00148, i r  ereentially equal to, 0.00143, the reciprocal 

of 700 r the average of the range ai values 650 to 750 r given far *ole 

body w. Consequently these data ccmfom t o  equation-2. Bowever, the 

le tha l  dooes in kilagFsm roentgen6 are quite different for the three modes 

of i d a t i o n .  Consequently crgreement vi th  equation 2 ray be rttributed, 

not to the necessity oi q u a 3  p a a  roentgens, for lethaliw, but rather 

t o  the neceruity for equal lethal effect or mnbrtance. 

be discurued most emfly by generaliting eqU.atiOm 1 rad 2. 

9bese rratbrr can 

Let Q =  mount of lethal effect  require&. Let there be n s e p e n t e  



-6- 

of weight q, 9, etc., requiring, reapective4, for 1ethaliQ the dosea 

q, r2, etc. Then if ax, e, etc. m e  the constants of proportionality 

giving the effectitrleners of the radiation in producing lethal effect per 

graa per roentgen in each s e w n t  

Q = alq? t 8 2 ~ 2 ~ 2  = --- %wnrn = ( a l q +  82w2+ --- h v n )  r 3. 

the last term representing irradiation of a l l  the se-nts together vith 

l e tha l  d o ~ e ,  r. 

body- 

The clam of the segments may or may not include the whole 
1 

On dividing the second and lest terms by r and a l q r l  

A = (L+ ww + ---- s w n  1 
r '1 Sl r l r l  a1-q 

Therefore I.= I.+ - 1 + ------1 - 
r r1 r2 rn  4. 

It will be observed that egreement of data with equation 4 Imposes 

no requirement for  equality of the products w r ,  or gram roentgen dose8 

i n  equation 3, because the a's may be different. In  the experiments of 

Swift e t  al (3) ,  a, for the abdanen is twice as great a8 that for the 

remainder of the body. 
I 

In other word6 twice as much le thal  effect  occurs 

in the abdomen per gram rantgem as in  the remainder of the body. 

- - -  The rearm that the data of Kereiakes e t  al &ow a Wide range of 

equality of grsa roentgens for l e tha l i ty  is, presumably, that similarly 

repreeentative sample0 of all the tissues were urrually exposed. When 

thio condition is not fu l f i l l ed  gram roentgen6 vi11 vary. 

A feature of equation 4 of some interest  i e  its prediction with 

respect t o  the lethal dose far any segment in relation t o  that for the 

whole body, Let t h i s  be the nth r e p n t .  Then . 

- .  . .  . 
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But im, tihe lethal dme in roentgens for hmtkiatlon of rcgment of 

the w, ~ L D  mtter hov aensitlve it & be, 5 . ~  alw greater than the 

lethal &me in roentgen8 for  the vhole body. 

A8 a corollary t o  this the lethal dose will alvay8 be increamed by 

mhieldlng part of the b ~ d p  -a the increme vi11 IG greater the greeter 

the r e m i t l v i ~  of the shielded part. 

It he6 been -lied thus feu t the Irradisted segments are t$ 
nutually exclusive and this is necessary if the relatione derived are t o  

be obeyed. Rarthermore,this condition can be met, by appropriate shielbing, 

in fairly close approximation u e b g  erternal sources. With InJeckd  radio- 

active ~~terial6, havever, if f v o  Parietle8 are administered alone and 

then in ccmbination, the regions in which they accumulate may overlap. 

Thlr l e  Inmaterial, however, providing each rub6tance produces its effect 

independently of the  other. It ita of interest to consider two such 

materials. 

Using the amme notation 88 before 

the first tenus representing LDg far the tvo rubshnces Hparately and 
I 

.1. the last term representing L D s  for the care la which the tvo material6 

are  given together In  f ract ions d and (3,respectively,of the ID50 when 

given alone. 

recovery rl m a  22 will be effective rather tban mal doses. 

oving t o  the prolongation of dosage and rlmnltaneous 

It win be Been that the dove relation requires d +(3 = 1. 
It i r  not t o  be expeckd, however, that this &tion all be obqed 

except far tu0 materials of the mame effective half-llrce; otherwiae 

-- . 
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will not be wholly additive. 

expected that d + (3 w o u l d  usually be greater than 1. 

recent work of Carsten and Hwaan ( 5 )  however, that recovery fran primary 

radiation injury aa mcseured by a second dose is faater in the rat when 

ef fec ts  will not occur st_ the a a a ~  tire and conmequentu .- 

(h this grokd, therefore, It muld be 

It i r  rhawn by 

the abdanen and hind limbr alone, Father than the whole body,i8 irradiated. 

This suggests the posr ibi l i ty  that recovery rate decreanes as the 

irradiated volume increasee. If t h i r  is  t rue for radioactive materials 

it permits the possibi l i ty  that the rmucimal acute injury frm two 

materials of different tiasue distributions acting together and affecting 

a larger volume of tissue would each be greater than when the materials 

acted alone. 

observed by Friedell  e t  al (6) who found that half LDw of radioactive 

gold and of phosphorus administered together constituted almost ~ O O .  

If so o(+ (3 m i g h t  be l ess  than 1. This case haa been 

It rill be seen from these considerations that no simple additive 

relations are necessarily t o  be expected for the acute le tha l i ty  of 

mixed radioactive materiale except when they have the same organ 

distribution and biological half-lids 

. _. 

The present snalysis is campatible w i t h  ei ther  hypothesi8 that 

radiation produces a toxin which spread6 t o  the whole body or, an 

injurious effect ,  confined far the moat part, t o  the volume exposed. 
* 

, 
If there is  a toxin produced there is no evidence that It is  

combatted mare effectively by non-irradiated thsn by irradiated tissue.  > p  . -  
An exception t o  th i s  may be the spleen. 

restorative of hemopoieeie rather than detoxiiying. 

shielding I8 protective much out of proportion t o  the predictions of the 

However, i t 8  ection may be vholly 

I n  any case spleen 
-. - .  - '- I -  

- 
. 

. . -  
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required e s p e c i a l l y  w l t h  reapect t o  long tcrn effeck. It is homn that 

nm-haragenemsly deposited internal radioactive emitters caure dortening 

of life-span but the doee-effect =l?tlonmhlpr me aot obtainable fmn 

cfi6t- dats. 

It 58 indicated these remlta fht the grs r a n t g c n  dose for 

lethality vill tend t o  be the mate for the a o l e  body lnhmogenausly 

expored, Bomagenausly expored, and partinlly.clpartd. 

fail, m v c r ,  in 'either direction *en the arc- meneitirity of tihe 

exposed t i rrucs i s  not the stme 88 for the vhole body. 

pres1mabl.7, tor ifiadiaticm of 8 e p n t r  of the bodJ, not ersential t o  

life, mch a6 a limb,uhich, vith proper treahent, could be exposed t o  the 

extent of necroeie without lesding to death of the whole organism. 

'Phis role vill 

It vill also fa i l ,  
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