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I tem 4. 7ti.ding Data: 

FY ( t o t a l  Cundinrj up to ?r ior  FY) S '  335,55G 
FY (Prior) 71,326 
FY (Current)  71,36_9. 
FY (+1 I3iiciget) 93,232 
FY (t% Planning) 94,000 
EY + 3 96,000 
PY + 4 98,000 

Iten 5. EsLiinat,c:d co ix~ lc t ion  dotc:  1975 

Iten 6. Rcoui rment  anr?/or .IustiEj.cationr -- -- - 
r..s notzcl r e g u l a r l y  vorld t ens ions  seem t o  increc.se each year 

as &oes tho  Lmtsibi i iLy 02 r.u:har . :arfare perhaps i n s t i q a t c d  by 
a nccw" nuc lea r  pver. 

Yfrth tha  additional ncrioui r i l i t a r y  an 1 dmcs tic prob1s:cs 
of t h e  Yaited Stakes  it seem d c t i r a b l e  tc. i n t a n s i f y  e f f o r t s  
directed toward nuc lea r  wx.;?cns e f f c c t o  i n  d i r e c t i o n s  t r i l l  vi11 
y i e l d  information oE p r a c t i c a l  volua and cf 3ossihle direct  
app l i ca t ion  to  human heinqs. I t  is to  these goa l s  *.at tlic 
fo l lov ing  proposals are beinq st,wcLcrad. As before t h e  mjtr 
sffcrt is  directed toward huian stuti ios.  Occasional anirzal 
s tud ios  are utilized for pre l in ina r ;  indestigation as needed. 

The proyosod s t u d i e s  ccnt inco  inves t iga t ions  of c l i n i c a l  
r.-.aniiestat*..-,zs, chcnges i n  i:,ct.*hlim sf E!A and XlA, cvalua t ion  
gf bone mar2 -:: r<sarve, Cel;:cd :~:.i?cr:cntitiv!.~~.,, va r ious  a snes t s  
cf narrow txnsp lan t s ,  p : c ! :~ ' cg ica l  a f f e c t s  and coqniti-;c 
funct ions.  propose SOKO m * v  c i a h a t i o r i s  of ciirsrxso:Ge 
ch?nGes, u se  of tl:ynidi;is i a c x p c r a t i o n  i n t o  lynphocyteu, 
histcsiieiiicirl invcntiqatj.ci!s g f  1cu)rocytc physialO.,ry ail5 
evalua t ion  of certain nwr s e i u . ~  t-.::r;.m~. 
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Ccmperative b-udiea With AFRRI id*- cont inue for 
i nves t iga t ion  of plasma bound n e u t r a l  hexoses as p red ic to r s  of 
radiation s e n s i t i v i t y .  

effects, 
c e r t a i n  prel iminary s t u d i e s  arc t c i n g  ioi t ia tcd t o  de tern ine  
pss ih le  sinilarities i n  hody responses of dcOxpyt id ine  , 

exc re t ion  and chrociosoze chc~cjes i n  conparing irradiated and 
tjurncd p a t i e n t s .  c e r t a i n  p a t i e n t s  unclcrgoicg severe  t rauna w i l l  
also he s tud ied .  The ncssible s i n i l a r i t i e s  i n  phys io logica l  
~ c s p o n n e  t o  c l i f  f e r c n t  $l-jsiccl aqents has ilot been inves t iga t ed  
previously. This approach n3y inc rease  our understanding of 
possible i n t e r a c t i o n s  of d i f f e r m c  XJpcs of injury.  

T h e s e  s t u c i o s  a r e  p e r f o r m d  on p a t i e n t s  who arc given t o t a l  
o r  p a r t i a l  body r a d i a t i o n  a s  t r e a t n c n t  for natnstatic malignancy. 
This tlierapy is  baiiicJ uscd i n  p l ace  Of systemic c!m::otherapy. I n  
t h e  p a t i e n t s  whore r a d i a t i o n  of t h i s  t ype  is uscd our  da t a  
sugges ts  t h a t  it nay be equal  o r  . supe r io r  t o  current  
chemothcrapcutic measures. Tlic s tudy des ign  h C s  been approved by 
t h e  Research C m i t t e e  of  t h e  College of Kedicina i n  regard to  
its the rapeu t i c  va lue  and in fomed  consent  O f  t h e  subjects under 
study. 

Because of i n t e r e s t  i n  tiiis l h o r a t o r y  i n  conbined 
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The use  of marrow t rans fus ion ,  i n i t i a l l y  autologous, w i l l  bo 
used both  f o r  support  of the irradiated s u b j e c t  and as a poss ib l e  
important  f u t u r e  nethod of t r e a t r e n t ;  Kith t h e  r a p i d  increase of 
understanding of t i s sue  conipa t i i i l iky  and techniques f o r  ana lys i s  
of t h e s e  factors, t h e  p o s s i h i l i t y  of tine use of honologous mart- 
even only as a temporary . su:>port u n t i l  regenera t ion  of an 
i n d i v i d u a l ' s  own t i s s u e  becomes of inc reased  i n t e r e s t .  

Iten 7 .  Pesearch !?ork Units: 

A. I d e n t i f i c a t i o n  

1. a. D M A  01-69-C-0131. Radiation E f f e c t s  in Man: 

2. 

3. 

4. 

1.taniEestations and Therapeut ic  Bf fo r t r  

DepartriIent of Radiology 

P r i n c i p a l  Inves t iga to r :  Eugene L. Sacngcr, M.D. 

Collaborators: l!arry I?onvitz, M.D. . Jmes Xcroiakes, P1i.D. 

Coneultants: Louis Gottschalk, .  i1.D.. 

E&ard D. S i l b e r a t a i n ,  M.D. 

Evelyn ZCSS, 2.f.D. 
Robert Kunkel, t1.D. 
John \rarady, Ph.D. 

Continuat ion of Ex i s t ing  r"ork Unit: Yes 
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5. 

6 .  

7. 

a. 

Estimated In te r im Rer)ort Date: 1971 

Entinated Completion Date: 1975 

Es t ina tod  F ina l  itcport Onte: 1975 

I f  !? G D Contract  Pronosal: 
- 

C c s t :  $93,232 
S ta r t  Date: 1 9 7 1  
Completion Dzte: 1972  
ngency: 

I .  C inc inna t i ,  Ohio 45229 
Cont inuat ion of :<xis t ing Contract:  Yes 

Universi ty  of Cinc inna t i  Collcge of 
I.!cGicinc!, C!.ncinnati Ccneral  :!ospital, 

Synopsis of Research Pronosal:  

These s t u d i e s  a r e  designed t o  ob ta in  data f r o n  whole and 
p a r t i a l  body r a d i a t i o n  given f o r  L l e r a p u t i c  purposes i n  tho 
huzan 5eing. The e f f e c t s  being s tud ied  are c l i n i c a l ,  
hematological,  biochemical,  ixcunologica l  and behavioral .  
Evaluat ion of s to rage  and r e in fus ion  of autologous bone narrcw is 
being carried out.  

9. P-pproach: 
. .  

a. Se lec t ion  of p a t i e n t s  

P a t i e n t s  s e loc t ed  for s tudy  v i 1 1  he t hose  who a r e  to  r ece ive  
p a r t i a l  or to ta l  body i r r a d i a t i o n  i n  t h e  t rea tment  of me tas t a t i c  
nal ignancy fron va r ious  primary si tes,  excluding neo2lasms vhich 

. are treated by i n t e r n a l  r a d i a t i o n ,  e.g. carcinoma of t h e  thyroid.  
' They t r i l l  have s t a b l e  hematologic va lues  and may have received 

local r a d i a t i o n  previously.  
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b. Experimental Design 

The design of t h e  s tudy  is  such t h a t  the p a t i e n t  s e rves  as 
h i s  own control. For this c o n t r a c t  per iod  t h e r e  w i l l  bo two 
groups. In  the first, pre-therapy studies w i l l  be completed 
within on. weak and innnunological s t u d i e s  w i l l  be omitted. It 
has  been faund that too m n y  subjects were los t  e i t h e r  f o r  
pe r sona l  or medical reasons  hecause of t h e  21 day p re - i r r ad ia t ion  
s tudy  period. A second group f o r  p a t i e n t s  who c'n toleratp t k e  
2 1  day p r t i r r a d i a t i o n  w i l l  be continucd whenever poss ib le .  The 
pos t - i r r ad ia t ion  pe r iod  s t u d i e s  cont inua as long  as t h e  c l i n i c a l  
course  of t h e  p a t i e n t  ellovs. i3ccauge of t h e  c a r e f u l  design of 
t he  s tudy  it is poss ib l e  t o  nake b e t m e n  p a t i e n t  conaatisons.  

Three to  f i v e  obse rva t ions  a r e  made i n  t h e  p re - i r r ad ia t ion  
period. Pos t - i r r ad ia t ion  spoci::Lens are then  obta ined  a t  th rcz  
day i n t e r v a l s  or oftener u n t i l  c l i n i c a l  and l abora to ry  findincis 
heconc s t a b l e .  



Gcricral Iiospital. The ncw ! iosp i t J l  t x i l d i n g  w i l l  begin rcceivinq 
p a t i e n t s  i n  mid June 1969. In s m c  s i t u a t i o n s  tho i r r a d i a t e d  
ind iv idua l  w i l l  he  follo:\ml on an ou t -pa t i en t  bas i s .  

During the pro - i r r ad ia t ion  per iod,  tho p a t i e n t ’ s  records a r e  
revievod by the  physicizns t o  be c e r t a i n  that t h e  con t r ibu t ion  of 
t h e  underlying disease can be evaluated. Two or nor0 sham 
i r r a d i a t i o n s  a r e  given to p e r n i t  accura te  douircctry, ob ta in  
cooperat ion hy the p a t i e n t  anci cval‘wte psychic  f ac to r s .  T ~ Q  
s h m  t r e a b e n t s  will IJe randomized between tho  a c t u a l  r ad ia t ion .  
T h e r e  is no d i scuss ion  of poss ib l e  sub j o c t i v c  r eac t ions  r e s u l t i n g  
fron t h e  t reatment .  Other phys ic ians  , nurses  , t echnic ians  and 
ward personnel  are i n s t r u c t e d  no t  t o  d i scuss  symptom o r  
r eac t ions  with t h e  pa t i en t .  
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C. Parameters t o  bo Inves t iga t ed  

1. Clinical .  Findings 

(a) Conplete h i s  t o ry  and phys ica l  examination 
(b) Tonperature, pu l se  and rqspiration 
(c) 00dy weight at s tandard  test t imes 

Hematology and other Laboratory T e s t s  

(a) Hgb., RBC, ViiC, D i f f e r e n t i a l ,  liematocrit, 
Platelets, Xct iculocytcs ,  Erythrocyte 
Sedinentat ion Rate, Etiocholanolone for 
marrow rese rve  
Dona marrow-snoar and block f o r  micro- 
s cop ic  pa tho log ica l  ana lys i s  a t  regular 
intervals 

Serum urea i i i t rogcn,  e l e c t r o l y t e s ,  etc.. 
w i l l  bo obtained if n a d e d  

f o r  biologic dosimetry. 
Tr i t ia ted thymidine uptoke by lymphocyte 
suspensions 

2. 

(la) 

( c )  Urina lys i s  
(d) O t h e r  c l i n i c a l  l abora tory  tests, e.g. 

(a) Pre- and pos t - r ad ia t ion  katyotyping 

( f )  

(g) ‘Iiistochemical s t u d i e s  I 

3. Biochemical s t u 2 i c s  inc luding  tracer s t u d i e s  
of i s o t o p i c a l l y  tagged nucleosides.  Addi t iona l  
enzyme s tud ie s .  Co:ap’jrisOn w i t h  p a t i e n t s  
su f fe r ing  burns and o t h e r  t r a m .  

Bone marsow storagc and rainfwion 4. 

5. Imunology 
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6. Psych ia t r i c  eva lua t ion  and t e s t i n g  

(a) Five d i l u t e  ve rba l  samples 
(b) C l i n i c a l  ?s : fshiatr ic  i n t e r v i e w  and 

r a t i n g  scales 
.. ,.or!; U p i t s :  

T h i s  p ronraa  is 3ascd on tile concept o f  obta in ing  a l l  
pcssil'lc u s e f u l  information froia each suS ject s t u e i e d  during ttie 
course of his therapy. Alt:iou(>h t h i s  s ta tement  nay seem t o  be a 
t r u i s x ,  one should uncerstand t h a t  appropr ia te  sub jec t s  are 
sorrc~:hat d i f f i c u l t  t o  ob ta in  a s  co~.:pil~eil t o  nor.-hunan s t u d i e s  and 
t h a t  onc3 a qiven s u b j e c t  is s t a r t e d  i t  is desir&le t o  de r ive  
a l l  poss ib l e  data f o r  t h e  e€ f o r t  rcc:ui.rod. 

There are two major c lose ly  related work un i t s :  

eva lua t ion  and. b iochcnicnl  and immunological 
s tudies  

A )  Zadiation exposure, c l i n i c a l  and l abora to ry  

a) P s y c h i a t r i c  and psychologica l  studies 

!.!ark Unit  A: 

The tcchnklues  of sdmin i s t r a t ion  of r a d i a t i o n  w i l l  be as follo::.s: 

1. B i d i r e c t i o n a l  r ad ia t ion .  Half of the dose is  g iven  
from each s i d o  as before .  

a. Whole body 
b. 
C. Trunlc and thorax radiation using t h e  supra- 

Pa r t i a l  body us ing  t h e  xiphoid as the boundary 

sternal notch and synph i s i s  pubis  as t h e  boundary 

2. Unid i r ec t iona l  r ad ia t ion .  I n  selected ins t ances  t h e  t o t a l  
dose  w i l l  be given from an anterior, p o s t e r i o r  or s i n g l e  
la toral  field. 

Dosimetry 

I n  pusriaus studies the r a d i a t i o n  beam has  been directed 
hor izont82ly  a t  a wall 3 3 8  cm away with the p a t i e n t  midl ine a t  
282 cm fsau the sourca. Under theso  circumstances the born a rea  
f o r  the 50% isodose curve a t  t h e  p a t i e n t ' s  midl ine has  been a 
square f i e l d  75 x 75 a. The l m t i e n t  is placed in a s i t t i n g  
p o s i t i o n  wi th  l a y s  raised and head til'ted s l i g h t l y  forward. Each 
la teral  p o r t a l  receives ha l f  t h e  dose. 

A new Cobal t  60 t e l e the rqyy  u n i t  (Theratron Kodel 8, Atomic 
Ensryy of Canada, t t d )  was i n s t a l l e d .  The dose rates os used in 
t h e  p a s t  of 3-6 R/min w i l l  c o n t i n u e .  The source  t o  midline-trank 
d i s t a n c e  for t h i s  u n i t  is  286  m.1. The f i e l d  s i z e  a t  286 m f o r  

L 



t h i s  u n i t  is 100 QJ (90% isodose l i n e )  compared t o  75 m (50% 
isodose l i n e )  for previous Cldorado 8 Unit, thus providing a 
l a r g e r  and a mora hwogt?neous r a d i a t i o n  field. 

Dosimetry studies a r e  i n  progress t o  deternine 
exporimentally.  .active" bone marrow dosa utrder simulated whole- 
bocly and half-body Co-GO exposure condi t ions.  Chcrmoluminesccnce 
s o s i n e t r r a  (L ip)  a r e  bc ing  placad i n  selscted bone spaces  of an 
Alderson Rcndo ahanton and tile phanto l  then irrcdiated under 
si::ulated p a t i e n t  exposure condi t ions .  Theso "ac t ive"  bone 
na?xo*...! doses w i l l  be r e l a t e d  t o  the :icmntologic f ind ings  observed 
for  whole-body i r r a d i a t i o n  and for  other condi t ions  of p a r t i a l  
body i r r ad ia t ion . .  These data w i l l  a id  i n  i n t e r p r e t a t i o n s  of t h e  
effects of s h i e l d i n g  2o r t ions  of ' ac t ive"  bone marrow. 

C l i n i c a l  and l abo ra to ry  observa t ions  w i l l  cont inue as 
i nd ica t ed  above. There w i l l  ba 3-5 observa t ions  made before 
rad ia t ion ,  d a i l y  observa t ions  aftemards for 3 days and then 
every 3 days os long as deemed necessary. 

Conparisons w i l l  be.nnde for  p a r t i a l  vs. wholo body, par t ia l  
upper vs.  pa r t i a l  lover and t runk VR. par t i a l  i r r a d i a t i o n .  The ' 
frequency of prodromal symptom, Henatolcgical  changes and 
biochmical changes w i l l  be follovrcd. 

I 
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As i nd ica t ed  above, t h e  doses tor p a r t i a l  body r a d i a t i o n  
w i l l  be inc reased  i n  comparison t o  those used previous ly  s i n c e  
the  earlier close l e v e l s  have baen Hell tolerated. Comparison 
between p a t i e n t s  w i l l  i nd ica to  t r ends  i n  r e l a t i o n  of d i f f e r e n t  
dose l e v e l s  t o  prodromal synptons. I n  previous atudies ( l o )  i t  
has been noted that c l i n i c a l  syzptonp w i t h  partial body r a d i a t i o n  
a r e  p ropor t iona l  t o  the dose rticeived although hematological 

L changes are either minimal or absent.  I n  one p a t i e n t  r ece iv ing  
300 r ad  of par t ia l  body r a d i a t i o n ,  a s i g n i f i c a n t  drop i n  white 
ce l l  e l e n e n t s  were noted. These changes w i l l  be evalua ted  i n  
r e fe rence  t o  bone marrovl reserves by a t iochobno lone .  Sin- some 
of these p a t i e n t s  experience the rapeu t i c  b a n d i t  from tha 
r a d i a t i o n ,  the we of higher  doc3s of p a r t i a l  body i r r a d i a t i o n  is 
both j u s t i f i e d  and desirable. 'L'his a f f o r t  w i l l  seek to i d e n t i f y  
the dose range caus ing  hematological  changes sfmiliu: to  those 
observed with previausly observed l o v e l s  of who18 body r ad ia t ion .  

Eematology 
3 

1. Etiocholanoloke 

Since  Pebruary 1969 w e  hava h e n  employing .etiocholanolonc, 
a n a t u r a l l y  occurring stercid . -ot&oli te ,  t o  masuro the  bone 
marrow resentea of p a t i e n t s  rccoiv inq  wholo-body i r r a d i a t i o n .  
T h i s  homona i n j e c t e d  i n t r m ~ i c u h t l y  csluses a leukocytosis as 
granulocytes  e n t e r  tho p c r i p h s r a l  blood stroan from the bone 
narrow. Tho noma1  incnxc r i c  i n  t50  t o t a l  g ranulocyte  count 
(neu t roph i l s ,  eos inoph i l s ,  b ~ s o p h i  Is, 2lus s m a  loss r;.ature 
foms) exceeds 2,600 cells par ri/:r witlrin 16 t o  24 hours af ter  

. 



0.10 mg. of e t iocholanolonc per  kg/ body weight is in j ec t ed  
intramuscular ly .  

Although radiation-inckccci lcui;o?cnia has been obrervcd f o r  
many yea r s ,  t h e  decrease i n  granu?ocyto coimt occurs  days .  t o  
weeks a f t e r  r a d i a t i o n  exposure. Inr,iecXnte a l t e r a t i o n s  i n  
granulocyte  k i n c t f c s  a€ tcr i r r a d i a t i o n  iiave not bccn previously 
s tud ied .  Prc1i:Iinary data suq'sjcst t h a t  the granulocyte  reserves 
axc s i g n i f i c a n t l y  clcple'ied v..it!lin 24 Sours of a wkolckdy dose of 
200 rads hu t  not  by 1 0 0  r2ds. A t  k h i s  t i rm tho per iphe ra l  blood 
counts  remain v i t h i n  norna l  l i u i b .  cu r the r  s tudy i n  this a rea  
w i l l  proviCe inpor t an t  in for r ia t ion  conccrniny the use of 
qranul-ocyts r e se rves  as a b i o l o g i c  Cosinetor  as well a s  y i e ld ing  
va luab le  data concerning t:ic p a t t e m  of pos t - i r r ad ia t ion  narrott 
recovery.  
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2. chronosone S tud ie s  

D i f f i c u l t i e s  with dos ine t ry  i n  hmian beings irradiated under 
cond i t ions  of m.r o r  a c c i i c n t  have hampered e f f o r t s  t o  er2ploy 
radiat ion-incuced chrotcokone aberrat ions.  as a biologic dosi-atcr. 
There  i s  thus  sone controversy a s  t o  t h e  p r e c i s e  a r i t hme t i c  
func t ion  by which r a d i a t i o n  dosc can he  related t o  chromosome 
abnormal i t ies .  With t h e  accurate. dos ine t ry  a v a i l a b l e  on our 
g a t i e n t s  a t  t h e  Cincinnati General I rosni ta l  we p lan  t o  reopen our 
s tudy  of chronosones as hio1or;ic dosimters and to  rede f ine  tho 
dose-response curve of chronotoDe breaks ::ith g r e a t e r  prec is ion .  
This  material has been ob.tainec1 and available on about  60 
p a t i e n t s  and includcli a t  least 3 ? ro - i r r ad ia t ion  and a t  least 10  
pos t - i r r ad ia t ion  observa t ion  days. 

, 

Combined burn, t r a m  and r a d i a t i o n  i n j u r y  is  l i k e l y  t o  
occur  i n  any nuclear  holocaust .  Iimiever t h e  s p e c i f i c i t y  or 
chronosone abnormal i t ies  as r o l a t e d  t o  radiation damage has  never 
been se r ious l j  questioned. I t  is  vel1 known t h a t  sevcre burns  
nay e f f e c t  red cell stroma, and perhaps l p p h o c g ~ e s  may also 
s u f f e r  heat-induced damage. S i n i l a r l y ,  red blood cells may bo 
daqaged by seve re  trauma, as i n  "narch heTocjlol>inuria*, and by 
tnoloqy oerhaps lymphocytes as well. Thus we alan t o  perform 
karyotypes on p a t i e n t s  r e f e r r e d  t o  our  l a r g e  Shr ine r ' s  2urn 
I!ospital to  assess the frecruency of c1rronosor;Ie breakage i n  the ra  
pa t i en t s .  Ire plan similar s t u d i e s  i n  p a t i e n t s  s u f f e r i n g  sever. 
trauma in  coopexation with  the Departr.icnt; of Surgery. 
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3. T r i t i a t e d  Thymidine S tud ie s  

Tritiated thymidine i nco rpora t ion  hy animal snal l  intcsti im 
obta ined  after r a d i a t i o n  is depressed.' T!iis s o r t  of study is 
c l e a r l y  imprac t i ca l  i n  t h e  f i e l d .  Vo plan to s tudy t r i t i a t 9 d  
thyn id inc  incor?oration by lynphocyte suspensions of our p a t i e n t s  
he fo re  and immediately a f t e r  vrhole-body i r r a d i a t i o n .  Since tCa 
lyn?hocyte is such an exquisitely rad ioscns i t i va  cell ,  thymi2ir.a 
i nco rpora t ion  nay be a dosineter G: i n j u r y  over a wide spectr;;ll 
of rad ia t ion  close. 



4. Ifistochemistry 

Severa l  leukocyte enz:.r;.cs and o the r  biochemical cons t i t uen t s  
may be s tud ied  v i t h  appropr i a t e  ! i is tochcnical  tccliniques to 
cva lua te  radiat ion-induccd func t iona l  and s t r u c t u r a l  a i t o r a t i c n s .  
These s t a i n s  nay be appl ied  t o  fresh Ijlood sxcars  ii t h e  f i e l d  to 
ob ta in  d a t a  r ap id ly  related t o  r a d i a t i o n  doso. Pre l in ina ry  
s tud ie s  i n  t h i s  aaproach t o  =e l l  pliysiolocjy are  now underway. tle 
hope t o  s tudy  a n u r k e r  Of c e l l  cons t i t uen t s ,  including glycogen, 
a l k a l i n e  phosphatase, acid phosphatase, beta glucuronidase,  
pe r iod ic  acid-Schiff reac t ion ,  ?X'-diaDtase, mctly~l-grean- 
pyronin, sudnn hlac.4, ixtroxidcss, l ac t ic  ac id  dehydrogenase, 
succ in i c  ac id  hydrogenase, d ihy i ro -o ro t i c  ac id  do!iydrogenase a s  

P re l i c ina ry  s t u d i e s  i n  t h i s  approach 
t o  ce l l  physiology a r e  j u s t  beqinning. 
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. well as phagocytic a .bl l i ty .  

5. !.!arrow Transplan ta t ion  

!.:arrow 'nonotransplantat ion remains a hazardous procedure 
hecause t h e  f r e q i e n t  r e s u l t a n t  g r a f t  versus  h o s t  d i sease  is  o f t e n  
l e t h a l .  A r ecen t  appazent SucCcSsfu~ narrow i so - t r ansp lan t  has 
given this l abora t s ry  an opFortuni ty  t o  r e f i n e  Considerably t h e  
approa r i a t e  tecluiiques. h i n a l  s tud ios  are planned t o  i n a c t i v a t e  
s e l e c t i v e l y  i m u n o l o g i c a l l y  coxpetent  marrow cells wi thout  
a l t e r i n g  tho  donor narrow stea c e l l  func t ion  qnd t hus  pave t h e  
way for safa marrow kono-transplsmtation. 

I 
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Our tumor p a t i e n t s  are o f t e n  n o t  canciidates f o r  marrow auto- 
t r ansp lan ta t ion  af tar  whole-body i r r a d i a t i o n  because tliera are 
f r equen t ly  marrow notastasas present .  Py screening  p o t e n t i a l  
marrow wi th  strontium-85 bone scans as well as by s e v e r a l  
narrow a s p i r a t i o n s  from these  s i tes  we hope to  p e r f e c t  t h e  
technique of au to - t r ansp lan ta t ion  without  re implant ing ou r  
p a t i e n t ' s  cancers. 

Siochemical S tud ie s  

I. Zadia t ion  effects on t h e  metabolism of i s o t o p i c a l l y  labelled 
nucleosides.  

sites 

1. rh ima l  s t u d i e s  

Our previous s t u d i e s  have shown t h a t  tha m o u n t  of 
deoxycyt idine (CdR) excreted i n  u r i n a  of X-irradiated rats is  
p ropor t iona l  t o  the hnount of r a d i a t i o n  exposure up t o  200 R bu t  
CeR-uria in man is no t  s e n s i t i v e  t o  r a d i a t i o n  (1). F?Q have a l s o  
demonstrated that CdR is a c t i v e l y  deminatcd i n  human serums b u t  
no t  i n  rat serums ( 2 ) .  These r e s u l t s  sugge.st . t h a t  CdR is 
ne tahol ized  d i f f e r e n t l y  i n  these  spec ie s  and prompted us  t o  s tudy 
the  e f f e c t  of r a d i a t i o n  on thz  netabol ism of CdR s p e c i f i c a l l y  
labelled wi th  Ii-3 on t h e  carbon-5 of t h e  cytosine.  

I t  was found t h a t  i r r a d i a t e d  r a t a  (200:) excreted about  215 
of to ta l  r a d i o a c t i v i t y  irijectcd *.hereas  only 135 of r a d i o a c t i v i t y  



W E B  excre ted  by un i r r ad ia t ed  rats. S F e c i f i c  r aZ ioac t iv i ty  of C ~ R  
isolated from t h e  u r ine  of i r r a d i a t e d  r a t s  decreased about, 2 t o  
6 f o l d s  as comparcr? with t h a t  of CdP. i n  tho g r i n e  of un i r r ad ia t cd  
rats, i n d i c a t i n g  the inc rease  i n  t!ie pool s i z e  of f r e e  C ~ R  i n  L. i r r a d i a t e d  r a t3 .  T h i s  r e s u l t  s t r o n q k -  sugges ts  t h a t  the 
radiation-induced inc rease  i n  u r ina ry  Cd!R is  not  due  to a r ena l  
f a c t o r  involving tho  d c f e c t i v e  tu!:ular reabsorp t ion  of C ~ R .  T ! ; ~  
r ad ioac t ive  conpounds excrc ted  i n  u r i n c s  ve to  analyzed by t h e  usc 
of i o n  excliange colurms and ~~aaper-~.hronatogra~h~?r. Our 
pre l in inazy  r e s u l t s  i n d i c a t e  t h a t  the u r inc  of i r r a d i a t e d  r3ts 
contained a rod' ioactive conpound or cocpounds which 
c h r o r ~ ~ a t o g r a ~ l i i c a l l y  bchaved d iCfe rcn t ly  from t h e  r ad ioac t ive  
cm?ounds isolated %ron the u r i n e  of un i r r ad ia t ed  r a t s .  

I n  t h e  course of t h i s  s tudy,  we found t h a t  t h e  moun t  of 
r a d i o a c t i v i t y  oxcreted by rats v a r i c s  considerably.  I n  order t o  

. obtain a care p r c c i s e  conlnarison betveen un i r r ad ia t ed  and 
irradiated rats, it i s  d e s i r a b l e  t h a t  t h e  sane rats can be used 
a s  a c o n t r o l  as vie11 as an e x p r i - e n t a l  animal. This is 
e s p a c i a l l y  t r u e  for t h e  expe r i cen t  with h w a n s  because it can 

. reduce t h e  nuiber  of people r ece iv ing  r ad ioac t ive  saterials. ~ : ? e  
r e s u l t  of t h i s  s tudy i n d i c a t e  t h a t  t h e  sane animal can serve as 
its m n  con t ro l .  The r a d i o a c t i v i t y  excreted i n t o  u r i n e s  
decreased t o  akout 15 24 hours a f t e z  the i n j ec t ion  of r ad ioac t ive  
CdR. Five days later,  t h c  rats ve re  i n j e c t e d  v i t h  a second dose 
of r a d i o a c t i v e  CdR and i r rad ia ted .  The pos t - i r r cd ia t ion  c r ina ry  
r a d i o a c t i v i t y  was approximately dcubled as conpared w i t ? ?  L\o pre- 
i r r a d i a t i o n  value. I t  vas fourid i n  con t ro l  experiments that the 
first i n j e c t i o n  of r ad ioac t ive  CdR d i d  no t  affect t\e exc re t ion  
p a t t e r n  of u r ina ry  r a d i o a c t i v i t y  from t h e  second i n j e c t i o n  and 
t l i a t  i r r a d i a t i o n  5 days a f t e r  the first i n j e c t i o n  did n o t  a l ter  
the amount of u r ina ry  r a d i o a c t i v i t y  from t h e  f i r s t  i n j e c t i o n  ( 3 ) .  

I d e n t i f i c a t i o n  of the rad ioac t ive  coiiqoux?s excre ted  i n  the 
u r ine  is  underway a t  present. Excret ion of labeled compounds i n  
u r ines  of ra ts  rece ived  r ad ioac t ive  CdR a t  va r ious  tines i n  
r e s p e c t  of t h e  time of i r r a d i a t i o n  t d l l  a lso be studied. 

2. Stud ies  with humans 

I t  is of e x t r a  importance t o  f i n d  o u t  whether i r r a d i a t i o n  
w i l l  a l ter  the catabolic p a t t e r n s  of CdR as found i n  t h e  
experiment# wi th  rats; because t h e  r e s u l t s  of t h i s  s tudy  nay lcad 
us t o  t h e  d iscovery  of u r ina ry  con?ounds which can bo used as 
s e n s i t i v e  biological i n d i c a t o r s  f o r  r a d i a t i o n  dose i n  man.' 

cancer p a t i e n t s  crith normal hcnati 'c and r e n a l  func t ion  w i l l  
be selected i n  t is  stuGy. Five t o  1 0  microcuries  of s t e r i l i zed  

a f t e r  t h e  r a d i a t i o n  therapy. The t ine  of f i r s t  L L ? ~  second 
i n j c c t i o n  w i l l  be a t  l e a s t  5 days. The excretcd rad ioac t ive  
compounds w i l l  be analyzed by c01.ur.m and papar chromatagraphi. 
The q u a n t i t y  of C d R  i n j e c t c d  is m x l i g i b l e  (less than  0.2 ug per  

and pyrogen f r c a  5 II-5-CciR w i l l  bc given in t ravenous ly  be fo re  and 

L 



i n j e c t i o n )  and doses of 5-10 microcurie  of r a d i o a c t i v i p i  m e  
below !.PD l e v e l s  f o r  t h e  populat ion a t  large.  

I n  addition t o  CGR, r a d i a t i o n  e f f e c t s  on - the  metabolisz. ofl 
o the r  i s o t o p i c a l l y  l abe l l ed  nucloosidcs such as thyxidine,  
u r id ine ,  and deoxyuridine $.+ill be s tudied .  S tudies  of u r id ine  
r:.otabolisn i s  espec ia l ly  i n t e r d s t i n g  because u r id ine  is kno*:m t o  
be converted t o  psoudouridinc lqy nan (4). Psecdouridine has been 
found i n  human u r ine  ( 5 )  and ur inzry  exc re t ion  of this cortpound 
is shown t o  inc rease  i n  man a f t e r  i r r a d i a t i o n  ( 6 ) .  

11. V a r i o u s  enzyme a c t i v i t i e s  i n  serum 

I t  has  been shown t h a t  many enzyme a c t i v i t i e s ,  e spec ia l ly  
t h e  a c t i v i t i e s  of lysosomal hd4ro la ses  such as D?Iase I, DXase 11, 
phosphatases,  beta-glucuroniflase, and heta-galactosidase,  C t C ,  
are e l eva ted  hy x-ray i r r a d i a t i o n .  Our previous work has  shown 
an inc rease  of CriR deaminase a c t i v i t y  i n  tlrroo cancer  p a t i e n t s  
after i r r a d i a t i o n  ( 3 ) .  Other enzymes such as those nentioncd 
above w i l l  be analyzed before  and a f t e r  therany t o  determine t h e  
use fu lness  of t hese  enzymes t o  serve a s  b i o l o g i c a l  i n d i c a t o r s  of 
r a d i a t i o n  damage. 

111. Plasma p r o t e i n  bound neu t r a l ' hexose  

Recent s t u d i e s  of plasma concent ra t ion  levels of protein- 
hound carbohydrates  (PBC) i n  i r r a d i a t e d  mice and dogs revealed 
t h a t  the a n i n a l s  which died of radiation exposura exh ib i t ed  a 
marked increase i n  ?X while  t h e  su rv ivo r s  daviated only s l i g h t l y  
from t h e i r  p re - i r r ad ia t ion  va lues  (7 ) .  It wos suggested t h a t  
p lasna  concen t r a t ion  of PBC might provide a crude index  of 
r a d i o s e n s i t i v i t y  p r i o r  t o  and prognosis af ter  exposure to  
ion iz ing  radiations i n  otherwise hea l thy  i ad fv idua l s  ( 8 ) .  It is 
of g r e a t  importance to see whether t h e  s i m i l a r  r e s u l t s  can be 
found i n  humans because PBC level  i n  plasma might be u s e f u l  i n  
screening ind iv idua l s  to  be engaged i n  work involv ing  a high r i sk  
of radiation exposure. 

PBC levels in plasma of cancer p a t i e n t s  before and a f t e r  
r a d i a t i o n  therapy w i l l  be .assayed  i n  co l l abora t ion  w i t h  iidelbert 
S. Evans of the Armed Forces 3adiobiology Research I n s t i t u t e ,  
Defense A t d c  Support Agency, Bethesda, Xaryland. 
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B. 

Follovring e:qosure t o  acute  v:Iiole o r  p a r t i a l  body r ad ia t ion  
it is poss ib l e  t h a t  e!iere i.,:ill. Le s i g n i f i c a n t  impairment or' t h ~  
c?ecisi.cn making c a p a b i l i t y  Of k0.i personnel who have major 
coynand r e s p o n s i b i l i t i e s .  T h i s  cmcern has becono Kore inpor t an t  
i n  r ecen t  yea r s  s ince  the fir.dincjs t!iat com3lcx e l ec t ron ic  
systeils  can be rcndrrcd inope ra t ive  by very h i y h  doses of 
r ad ia t ion .  Thus it is neccssarlr EO xa in ta in  depenckncc on tile 
kuzan heinq. I t  is q u i t e  F o s s i . b l s  k h a t  even r:iodctatcly h i ch  
doses o r  dose r a t e s  could prcduce inpnairncnt of cogni t ive  
processes  e i ther  of an obvious o r  of a s u b t l e  na tu re  whicli i n  
no!-.ents of stress :could i n p a i r  o r  de fea t  a ri i i l i tary cperat ion.  
I n  order t o  ga in  undqrstanding of such poss ib l e  chaiqes it is 
necessary t o  seek changes i n  cocn i t ive  processes  and decrease i n  
the  c a p a b i l i t y  t o  perform highly  t echn ica l  processes .  

The' s t u a i e s  can o n l i  
be c a r r i e d  ou t  using human sub jec t s .  There a r e  r e l a t i v e l y  Per; 
tests which seem capa5le .of y i e ld ing  use fu l  i n fomat ion .  

I n  cooperat ion with t h e  Dcpartnent of Psyckiatry a prcgran 
has  been s t a r t a d  vhich nay y i e l d  soce of these answers. T h e  
tests are adn in i s to red  i n  t h e  szne ;,ray a3 i n  tlorl: Unit  A, i.e. i n  
t h e  p e -  and pos t - r ad ia t ion  per iods.  During the  pre-radiat ion 
per iod  the  tests a r e  done i n  conjunct ion with t h e  episodes of 
shan i r r a d i a t i o n .  

Ce r t a in  psychological  tests a r c  pcrforncd i n  o rde r  t o  ob ta in  
an c s t h a t e  of t h e  s u b j e c t ' s  i n t e l l i g e n c e  and personalit:/ 
s t r u c t u r e .  These inc luee  t h e  Rei tan T r a i l  ;laking T e s t ,  Wechsler- 
Bcllevue Intelligence Scale, t h e  PAT and P a r  test. 

Changes i n  cogn i t ive  thought processes  a r e  being s tud ied  by 
a nethod of ve rba l  sampling. T!iis technique is p a r t i c u l a r l y  
use fu l  s i n c e  it requires no t r a i n i n g  or adap ta t ion  by the 
sub jec t .  A t  each interview t h e  s u b j e c t  merely t a l k s  f o r  f i v a  
minutes about anything of i n t e r e s t  o r  concern ana tha material is 
recorded on tape for suksequent a n i l y s i s .  These i n t e r v i e v s  aro 
then analyzed For depress ion ,  hope, anxie ty  and c l i n i c a l  
impression. 

n.to such intenrievs are ob t s insd  p r i o r  t o  any irradiatisr .  
mey are obtained ir?ceaiatebLp before  and a f t e r  each S ! X ~  
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These p rob lem a r e  d i f f i c u l t  t o  solve.  

L. 

event.  

tQsts are administered aga in  tt;o xcsks a f t e r  r ad ia t ion .  

These s t u d i e s  w i l l  t hen  be analyz'od t o  de to rn ine  c>.anc;:s 
with dose and with t o t a l  vs. p a r t i n l  hciy r a d i a t i o n  and f c r  
d i f f e r e n c e s  between upper and 1o;:cr 1:crl.l r2cliation. 

-.. i r rad ia t ion  and s i m i l a r l y  a t  the t ize of a c t u a l  exposure. ...a 
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