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--AN APPRAISAL OF HUMAN STUDIES IN 

RADIOBIOLOGICAL ASPECTS OF WEAPOXS EFFECTS 

A. Introduction 

TU. mcmorasdnm conriderr  the rignificance of d i s i n g  human &!.a to 
determine radiation offectr u rd  to develop 8ppropr i ak  coontermeannrer in 
relation ta weaponr cffectr. Thoro a r e  two broad categories of study which 
require  elucidation. 
t f fecfr  on thn ant r i romcht  in which human baingr erfat. 

One concern itrelf with effectr oa hnmsnr, the second with 

In thrr Initial consideration oi thsrs tvo categories one can realonably 
a n r i p  cffactr on t h e  d o - s y a t e m r  to groupr other than the Defame Atomic Support 
Agency. There r t d i e n  of effectr on dl typer  of n o r a  and fauna a r e  of grext 
knportanre a d  little conrideration b ~ r  been given to the long t e rm effectr of 
hiqh d o s e s  of radiation. 

The prLrmry problem of human effectr of high d a r e r  - both u u t a  and 
c h r o d c  - requires considerable further analyrir in regard to  proper allotment 
of renearch t i m e  m d  effort. 
batween animal m d  human tnvcr t lga t io~ .  

The obviour concern ir  the  divirion of rupport 

B. PhUoaophy of Ao?roach 

In m y  problem in r a d o b i o l o n  one i r  intcrer ted in -0 arpectr. The f i r r t  
ir  t h e  discovery of gener r l  laws o r  prFncipler which are errentially t h e  o n e  for 
dl aPin;rlr, dl mpmmrlr, all large animnlr. etc. The rrcond anpect i r  the 
d o c m e n u t i o n  of rpecific i do rma t ion  concerning mau. 
be d c m o u t r r t e d  in a e v e r d  typ:r Of h d r .  one m a y  then a a n u n e  h t  it  i r  probably 
true for humans. For e-ple, repeated rtudier have shown that if aa animal 
i r  placed a l d e r  revere  r t r ec r .  e. 8 . .  exerc ise  to  exhaustion or thermal bur-. its 
tolerance to a givtn d o r e  of radia-lon i r  1.1. ttrn as SnLrml Lcking &e ram. 
r t r e r r .  
radiation l e a s  v e l l  th rn  a h-dthy b d i v l d d .  N f t a t i r e l y  such a concept ir of 
great value; qurntitativcly it i r  of 1e.l help rince o w  i o  Mt able Lo extrapolate 
the  rpcciiic r t r e r r  eifectr to different r p c i e r  of apLmdr or to people. Nor i r  
one able to predict the effect of a given r t r e r r  in a human being d t e r  obeervinz it 
In h z ~  aat-nd. Anderson (1) r t r t e r  that the ura of l a b r a t o r y  &l l r  in radiation 
r e rea rch  p rogrunmer  i r  neceaury h o r d e r  Va obtain 8 better undcr r t rndng of 

number of the baric changer rernlting f rom radiation injury. 
f rom to m n  i r  different lf not hnporsiblo. 

If a general principle c a n  

Xt i r  rearonable to arrrrme t h t  human beinpa under r t r - rc  tolerate 

Extrapolntion 

It I., h c v e r .  quite apparent that many N J h  dome effect. rlmply crnnot 
be mtudied h humam because of obvicui humanitarian conr!dcrationr. 
aubject people to whole body doeer of 6t0 rad although much A rtudy would ba 

One cannot 
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.direly feasible in an a h d .  Thus many e x p e r b e n t s  of radiobiological Lntercrt - continue o be &M in admrlr. 

Xovertheleso, it 1. ease& 0 colu lder  further wel l  pLonned studios Ln 
@eat# .O long u the following cribria are W i l l e d :  

1. T h e m  i a  rurorublo change of therapeutic benefit to the 

2, Tho likelihood of daznage to the patient is pb grea ter  h 
that entountored from comparable therapy of another type. 

3. Tho l .rfl it las for support of the patient axid complicatialu cf 
trorbnont offer rll posmiblo medical  marricer for  successful 
mdntelunce 9f tho patient'# well baing. 

:Le type of patloot n r d y  selected for whola body radiation axpornre I 8  
an individurl with cancer  which Is far enough advanced either by &ircct t x t t z i o n  
of tumor o r  by metastatic spread 10 aa to el lanhate  consideration of attempts 
at  curative therapy. 
treatment or  palliative t r eaaacn t  by surgery. raCirtion or  chemiclls. T h o  
conrequcnze of these forms of therapy u e  u s d y  helphrl but r o x z e h m e s  t h e  
sequelae or complicrtioru of the various treatment. ara in themeelves W e  
'hreatening and constitPte a h r a r d  to t h e  patient. 

accepted t reatments  of other  types .  

Usually these patfcnts receive nonsFecLfic ruFpDrtivc 

Hence. whole body radirtlon 
I h r a p y  is no mora  likely t o  produce untoward sequelae t kma  mrny other mr ren t ly  

Animal studies (2) h a w  susgested that rmd1 doses of whole bo* 
radtatior. actually potenihte  the effect of subsequent radiation given locally tn 
tumor areas .  
have been made by a numbar of workers. 
t h o  sdiec! features of acute radiation inlury and t h e r e  obsematiolu h v s  becn 
mplLIled by Anrlrewe et d ( 4 )  5bi;unan (E). Howland e t  al ( 6 )  and otberr. 
-b cscrlleot review adding c e r t r i a  new d h g w r t i c  c r i te r ia  waa prescsXed by 
h a  m d  Wdd. (7) 

In acute radiation lnjury of human. interesting co&tributiom 
Hempelmaam e t  al (3) have describ5d 

ObrervrtioPr following thorapcutlc rhole  body radlation ham been m a d e  
by Colllp. (8). X b g  ( 9 )  and Muller e t  d (IO). 

Although too few patients hare  becn t reated by whole body radiation a t  
the University of Cincinnati College to  bo r d l d  #btiDtiCauy. we have made 
.eTard interesting observations. hi general, there  studies h a r e  damomtrzted 
the  relative tnnocuous nature of domes at o r  below 100 rad and bare continued 
to conflrm the  well known hernntoloRica1 changes. A t  150 and at LO@ rad we 

8Ve had responses to  radiation of the typa &eon in group 1l of the acute radkt lon  
pdrome.  W e  have had two cases. one at 150 and one rt 200 rad. expire while 
I 
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ola&esting t h e  hematolo,sic a b r m r l i t i e r  of group III of the rcctc radiation 
ryndrme. There r a s p o m a s  are in c u c e r  patients s u K g e d n g  that tha more  
r e r i m s  remponre may rot bo due rolely to rodlation. 
wt p t i e n t r  with w?ious  f l lP .s res  a p  be unusd ly  susceptible to radiation 
&ne.  whereas '%healthy" patients may be less affected. 
&e eifect of prolonged s t r e s s  am found in fatigun M u l d  prodaco similar effects. 
6carches for biological h d i c r t o r s  other  thnn blood C ~ C B  h r v a  to data been 
-ewar&bq primarily beeruse very few biochemicd q - s t c m s  h s r e  h e n  carefully 
rrpdied Fn w. cermin Lsdicrtors such am urinary bet. axnip0 i robntyrk  
u i d  wbich h r V t  appeared to'& U b e f d  Lo. rccident dctfms, 8eam cancer  patiaLtr 
to be much lcmr pzcdtctlvo thra oae w u l d  laare rpticipated. 

There findingr a l ro  ruggert 

One wonders whether 

C. Role of Fnture Human Ftcsearch In Relation Po Remaider  of R a d i o b i o l o q  Proc ram 

'Ahen one considers Can nature of the total problem of weapons effects it 
ThL p?blcm is prcbably t b  1. aurDriring to see tbe paucity of humur shrdics. 

a h &  mort byrunt a r e a  of biological weapons invcstiFation to  be pursued in t h e  
next decade. s u c h  ralruhlo diapwctic. prognostic. beh.viara1 and therapeutic 
kforz-stion caa & gleaned f rom v e i l  p h e d  and executed studias lc &Is area. 

ContimzLng m d  f k a V e  r t u d e s  of acute e x t e r d  whole body radiation f a l l  
l o g i c a y  irto t h o  following crtegorics:  

1. Clkical evaluation - d5oct  of varlOEs doaer on signa. rymptornr 
routize lajorrrory t e s t s  or new t e r r a  (riser biological indicstorr). 

2. K.ctabolic effects - Effects of variour  on w t r i t i o p .  a u i l r  
and elccrroryccs and biochemical mys tem.  of Intarer t  (in~luiing 
cbrnger in t h e  immune mystern). 
Behavioral efiectr - Effectr of radiation at varionr dore l s v c l s  
on h-n periormrpco. 

Ckaoges in effects 4 t h  v e r y  high. v s ~  
1- ana inixco uooc ra te r ,  together virh c v a l u e o n  of r i q l e  and 
rnultige doses shou ld  bc made. The cccrept  of equivalent 
r e r i d a d  dore ( Z U )  (Rcpt. U29) rhould be invertlgatad. 

. 5. Partial bo5y irrndiation - Compl r i ron  of effecm of shielding 
of various parr. 01 u e  body. 

6. P r o c m r i r  - b e r e l o p o n t  of criteri. for  patient car0 basad 
on tha obrarvatlonr from these studies. 

7. Therrncutic methods - Adequrra r ~ p ~ r L i ~ e  t a m  of patient 
receiving racliuisn. 
and trea-ent of radiation Fqluq. 

based op preceamg careiul invest igrt ion of therapy and accident 
patienti. 

Uaa of labeled precursors .  
3. 

4. Dure ra te  rrr-mase - 

Development d IWV methods of provenuon 

8. URG of tcalttv wlunteerm - Limi ted  use of normal volunteers 
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D. Svecific Areas  of Endeavor: 

1. Clinical Evaluation - All patient. who receive rbnle bo* radiation for 
urg p r p o r c r  nhould be evaluated carchrlly tltLlirtPg dl clfpical and laboratory 
obre r ra tbPr  which can be reasonably obtained. 
c o d a t i n n ,  diaoreo, nutrition and other pa rame te r s  may thua be identified. 

ClMcnl  patternr re la ted to dore.  

:t would rcem fmport.at to carry thoaa obaemtionr fur ther  at variou dore 
lcvsls a. mort  p l d n g  fo r  capabilities of h a m m a  after erpoanre depend on a 
h w l e d q e  of their upsctbd priomaanco. 

2. Mctabalic Effects - Continning motabolic rtudier are needed. Little 
is b w n  of nutritional requirements and fluid and electrolyte changem in hum-. 
S o m e  invertieatorr r tatc that there aspect. are not imprtant in radiation injury 
on ths b u i r  of b a l  rtudier .  There  b a  not been anoqh human r e sea rch  In 
t h i n  zrcs to provide convin=iDg drta at any doso level. Such kLforrnatfon ir 
e r r e x x l d  in pluming patlent care. 

C k z g e r  in DSA-RNA myrternr in r o  complsx'a mammal an man may be 
dLificult to f i d .  S o n e  preliminary obrervations in our laboratory W c a t e  that 
fur ther  stcd iea  in t h i n  gexmral Crea m a y  be fruitful. Hrty other nyrteznr might 
be 8uz~:rtad ar R ~ O W U  b r  t h o  obrervationr of C c r b e r  at  d (11) r e p r d i n g  creatin- 
uria, b c a  rrr.Inoirobutyric acid and hydroxy proline. The u a e  of  labeled p racu r ro ra  
ic cuggestcd since at mome t ime it w i l l  bo necamrary'to determine whether certaLn 
c h t n ~ r .  f o l l o d n g  irradirtion a r e  due to rpacif ic biochemical d t r r ~ o n m  or are 
dua to ponspecific r t rera .  

C h t g o r  in the immune ayrtem have to date oluded most obrerver r  who 
have aought them. 
the lymphocyte snd tbymuo. new tecbniqucr of mtudy ahodd ba aaught. 

\ Y i t h  t h e  renewed -erest kr knmunobgy centering both about 

3. Ee!zeviord Effectr - Ona of the  queo tbnr  most frequently ackcd by 
W r r i l ~ ~ ~  r c r F o L r i ! h  for  pianninp for nuc1e.r warfare  coacerns t h o  effect 
Of a given & r e  of radlrt ion on aubrcqusnt capability and perfcrm6nco of 1p 
individul or  group. It Ir  rpperenUy not easy to find a ~ d b h l e  t c r t  o r  battery of 
ter ta  which mcaruro  tho important hunan function# of parformsacs o r  declrion 
rnakka ouch rOrt one o r  mor. test8 c o d d  be uaed boform and af te r  O X ~ D U X C  to 
radlatLon. 

&prop-rktr performance teat$ mbodd be developed or adspted. Theae 
terto 8hOdd be given to iubjectr before and rfter srporure to a r c e r t a b  changer in 
th4 capability of tbe  individual. 

4. P o s e  RtrFonre S t x J i e a  - NAort atudieo have k e n  ca r r i ed  oat with r a t e r  
Such k t  t h e  dore i r  delivered r i t h h  30-300 minuter. dore of 200 rad ir 
delivered kr ep;lrorknatelT 9 C  minuter md producor a given effect it becomer 



bportart to d e t a h  tha  C-e h effect8 
There i a  mach speeuhtion about t h i a  problem at a human level b r a d  on animal 
m d z r  ixt 30 precise data bar been obtained b hnoaxx. Sira lhr ly  !ha affect of 
IOW doee rates &odd be rh r r ? i ed -p r t i cda r~y  in relation ts perfnrruncs tertiag. 
The affecta of high dosea (100 - ZOO rad) followed by doses Lo t e a t  tba 
co3cep%r of equlvaleaz reiiduurl dore (11) rmdd b. of importance. Frae t iona tbn  
e t u d l C 8  should b. coatkted. 

tkb  dore b given Jn 0.5 - 5 rninator. . 
i 

3. Partid B O ~ V  Stdiem - P.tlent. in whrxn various prti of the bo+ 
k v e  -&ea shielCcd v o u d  kk compared to patlent. who have received orbola body 
r u t i o n  ruhg A variety of indicmr. 

6. P r o c w r i r  - Tha va;t amount of data which could be generated by tha  
r r d e s  asrcriceo b e r e b  should be collected, tabulated rnd prepared for conputer 
~ ~ ~ t l y a i r  r o  am to  P;aie  &ere d ~ t .  u r i l y  availrWe for phytic-, c m e r r  et  al. 
Tkir fun:tion &$I% w e l l  be ars ignrd  to the office of the Surpon of DASA or olhcr 
repre8es~at iver  of tha rerpsctive Surgconm & u r d  to b a r e  prcsentxtion of the  
&rn in i t s  mort uaeful form. 

7. Tkcransitic Method8 - In view of the b a r c i a  involved ln this form of 
theram. b::om k r e r i m g  Lls do.. beyond 200 rad a l l  P C A 8 P T C i  to protect t h e  
pa t l ev  must  be available md rea* f o r  fmmedkto use. The prtfspt r h o d a  to in 
A clern ares vi& an rreptlc t r ea tmc t t  rosm avdlaUe. A c t o b g o w  marrow rhoulr' 
be .tored and ready for  rchfusion before therapy. Optimum t i m e  for rainfruiou 
vill h . ~ e  to be determined. 

-33. - 
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1: one u8omre thrt tha ratlo of fuads for dl human radiation relcarcb 
about 5% of the total fladhq of biomedical research one mi@t d~ A L I S P ~ C  

U t  present “Ugh dad' or acute rtudhr rcprerert BO mors thn 0.5 - 1% of 
t h i o  toul  budgat. 

Threfore,  8 three fo fourfold increase in rsreart t  hzPds Ln the Above arean 
i r  recommended for the n e e  three to five p a r r .  After U t  time the mtrl htndr 
rhndd oqnfn be Qnbbled. 

M much 8 t ime  a8 there l a  Po threat of themaontlclaar war, t h e r e  progranr 
could be greatly reduced or evma tllmfuatod. 

. 
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