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Elarcli 22, 1971 copy 

:!xhington, Q.C. 2C3uS Re: DASA 01-69-C-0131 

Dear Dr. Loind: 7/ a 
Enclosed i s  a Proposal for FY i72Z There have been oniy 

s l i g h t  modificatfons i n  the research proposal b u t  we plan to  submit 
further plans and data prior t o  1 I4ay, 1971. 

quests. 
The budget request i s  i n  accordance w i t h  our previous re- 

He shall  be happy t o  SLpply more information as you request. 

Thank you for your interest. 

L E?S/rvl 
encl: 

Sincerely, 

Eugene L. Saenger, M.D. 
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I t e n  2 Defense Atonic 

I t c i  3 .  ~1,~::ic.y >=rLw:i:nT '.:or!.: U.y?rtnent of Rtdiology, - - -----. 
Cn:vcrsi:y oi c lnc icmt i  College OC :,ieredicine: 
Contrnct No. LISA 01-69-C-0131 

? r i n c j . p n l  Invcs t iga to r  - Kame 

FY (PRIOR) 
FY (CUnREXT) 
M (+1 nu tge t )  

Itom 4. FundlnE Datn: 

FY (P r io r )  
FY (Current)  
PI (+l Budget) 
PY (+2 Planning) 
F f + 3  
m + 4  

Eugene L. Saongcr, X.D. 
Eugene L. Saenger, U.D. 
Eugene L. Saenger, M.D. 

S 71,369 
80,000 
93,232 
96,000 
98 * 000 

100,000 

Item 5. Estlmntod Completion date: 1975 

Item 0 .  nequlrement and/or J u s t i f i c n t i o n :  

A s  nuc lear  weapons are deployed nbotrt t h e  world In i ncmas lnp  n m b c r r  
nnd as tho  poacoful US. of a tmlc energy r i n i l a r l y  sproads,  t h e  neod ! a  
ncqul re  d e t a i l e d  knowledge about human radiobiology bocmos more nnd core 
urpsn t .  I t  is in t h i s  d i r e c t i o n  t h a t  our research  o f f a t r  havo boon c a r -  
con t ra tod  :or n number OK years .  
t h a t  ex t r apo la t ion  of r a d i a t i o n  r e s u l t s  Krm animals t o  man is of onl ,  
l iml tod  valuo and t h e r e f o r e  we have concentratod upon r ad in t ion  o f f a t r  
i n  patlentlt w i t h  on ly  liluited rnimal exporiluntation. 

I t  has  becorn l n c n a s i n g l y  npparonc 

prOpO8d  i n v e s i i g n t i o n s  contained h o m i n  continuo our acquls i '  I 7 

0 clinical  m n i f e s t a t l o ~ s  of r ad ln t ion  In jury ,  a l t o r a t i o n s  i n  ' 
m, o v ~ l u a t i o n  of bone rcnrrm resorvoa a f t e r  i r r a d i a t i o n .  and - s  

Stu4r:rs 

* 
1-1 o f f o c t n  of r a d i a t i o n  e s p e c i a l l y  on cegn i t ivo  Kunctlons. 
n r l y  undortolt.n inc lude  eva lua t ion  of c o r t a i n  80- onzymos and of c L  --- 
some r b o r r a t i o n s  a0 b i o l o g i c a l  r a d i a t i o n  dosimeters ,  t h e  U S ~  of t r l l l a ' c l  
t h p i d i n o  inco rpor r t ion  i n t o  1; t :phccytes  f o r  t h e  sa- purpose, and 0 1 n ' r  n 
microscopic l n v e s t l = a t i o n s  of rnd in t lon  danugo i n  h u n n  loiikocyter 

: . . I  
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Cooperattve studies wtth AFRRI will conttnue for Investtgation 
of plasma bound neutral hexoses as predtctors of radtatton sensi t ivi ty ,  
Our own studies of glycoprotein changes a f t e r  trradiatton will also be 
pursued. We shall also continue to examine the effects on our biological 
radtatlon dosimeters o f  burns and trauza to ascertain that our  findings 
are speciftc for radiation i n j u r y ,  stnce soldiers i n  nuclear warfare may 
be exposed to  a l l  three types o f  Injury.  

These studies are perfomd, as noted in previous years, on patients 
who are given total and partial body irradtatton as treatment for metastattc 
malignancy I n  place o f  systemic chewtherapy where the l a t t e r  I s  o f  ques- 
tionable value: The s tudy design has been approved by the Research Conunittee 
of the College of Medicine i n  regard to  i ts ' therapeutlc value and Informed 
consent of a l l  subjects so treated has been obtained. 

Several areas of tnvesttgatlon will continue. These Include an approach 
to  the prevent ton o f  the graf t  versus host syndrome i n  homologous bone mrmw 
transplantatton nOw tha t  the autologous marrow transplant has proven success- 
ful I n  our hands. Ue will conttnue t o  tnvestlgate the ab l l i t y  o f  a synthetic 
chemical d i e t  to  a l t e r  the acute radiation syndmme In  man, correlating t h i s  ~ 

wtth the alterations which  this d te t  causes i n  fecal flora. In general the 
pattern of studies will conttnue as i n  the previous p a r  w t t h  particular 
att6ntion being given t o  t r u n k  trradiatton and upper body lrradiatlon as well 
as exposure to the whole body i n  order to  obtain better lnfonnatlon concern- 
tng hunan radtatlon effects. 

Item 7. Research Work Units: 

A. Identification 

1. a. U&A 01-69-c-0131. Radiatlon Effects In Man: 

2. Departmant of Radiology 

3. Principal Investtgator: Eugene 1. Saenger. H.D. 

Mantfestatlonr and Therapeutlc Efforts 

Collaboraton: Bernard Amn. H.D. 
I-Wen Chen, Ph.D. 
Goldine C. Gleser, Ph.D.  
Harry Homttt, H.D. 
James Keniakcr, Ph.0. 
Edward B.  S i lbente ln ,  M.D. 
Carolyn WInget, M.A. 

Evelyn HCSS, M.D. 
Robert Kunkel , H.D. 

Consultants: Louis Gottschrlk, H.D. . 

4. Continuation of Existtng Work Unit: Yes 

5. Estimated Interim Report Date: 1971 

6. Estimated Completion Date: 1975 

7. Estimated Final' Report Dite: 1075 
: - . a  
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8. If R a D Contract Proposal: 

cost S93,232 
S t a r t  Date : 1971 
Completion Date: 1972 
Agency: 

Continuation of Exis t ing  Contract: Yes 

Univers i ty  of Cincinnati College o f  
Medicine, Cincinnati General' Hosp i ta l ,  
Cincinnat i ,  Ohio 45229 

Synopsis bf Research Proposal: 

body rad ia t i on  gliven f o r  therapeut ic purposes i n  the human being.. 
The e f fec ts  being studied are c l i n i c a l ,  hematological, biochemtcal , 
and behavioral . 

These studies are deslgned t o  obta in  data from whole and p a r t i a l  

9. Approach: 

a. Select ion o f  Pat ients 

Pat lents selected f o r  study w i l l  be those who are to r e c c i m  
p a r t i a l  o r  t o t a l  body i r r a d i a t i o n  i n  the treatment of metastat ic 
malignancy from various primary s i t e d .  These prlmary s i t e s  exclude 
neoplasms which may be t rea ted  by In ternal  rad ia t ton  such as carcinolar of 
the thy ro id  o r  prostate and tunors f o r  which them i s  e f f e c t i v e  s y s t a t c  
chemotherapy, such as carcinony of the breast and prostate. lhese pat ients 
w i l l  have s tab le  hemto log i c  values although they may have received local  
rad ia t i on  previously. 

b. &erlmental Design ' 

* 

Each pa t i en t  serves as h is  own control  i n  our study. This i s  possible 
because the pat ients  are s tab le  both c l i n i c a l l y  and I n  respect t o  a l l  lab- 
oratory  data. Two to four observations are made i n  the pre- i r rad ia t ion  
per iod and then the p a t i e n t  receives one o r  two days o f  sham i r rad ia t i on .  
Pos t - i r rad ia t ion  observations are then made a t  i n t e ~ v a l s  o f  one to three 
days unti l  c l l n l c a l  and laboratory  values becog  stable.  

S o m  o f  the patients w i l l  be hosp l ta l i zed  on thr Tlaor o r ' h d i c a l  Wards 
o f  the Cincinnati &era1 Hospi ta l  and others w l l l  k placed I n  the C l i n i ca l  
Research Center o f  thls newly constructed f a c i l i t y .  I n  mny s i toa t lons  the 
I r r a d i r t r b  indlvldual w l l l  be followed e n t i r e l y  on an out-pat lent  basis. 
S i -  w k l c b o d y  radiation i s  occasional ly u t i l l z e d  i n  chi ldren. an oppor- 
tuniw to $tu@ such pat ients  i n  the C l i n i c a l  Research Center o f  Children's 
H o s p l k l  occum about 1-2 times per year. 

Durlng the p m - l r r a d l a t i o n  period, the pa t ien t ' s  records are reviewed 
by the physicians t o  be c e r t a i n  t h a t  the con t r i bu t i on  o f  the underlying 
disease can be evaluated accurately.  One o r  two shu I r rad ia t i ons  are given 
to permi t  accurate dosimetry, ob ta in  cooperation by the p a t i e n t  and evaluate 

-. -- . -  p s y & p ~ c & l  ,fqctotp_rr induced --.. by - the environment . _  o f  the i r r a d l a t t o n  f a c i l i t y .  

- .  
. I . . . .  
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The sham treatnents w i l l  be followed inmediately by the whole o r  p a r t i a l  
body i r r a d i a t i o n  procedure employing teletherapy. There I s  no discussion 
of possible subject ive reactions resu l t i ng  from the  treatment. Other 
physicians, nurses, technicians and ward personnel are inst ructed not  
t o  discuss symptoms o r  reactions w i th  the pat ient .  

have beeit made t o  carry out  whole and p a r t i a l  body rad ia t i on  and higher 
dose rates w1l.l be possible. 

A new 4 MeV l i n e a r  accelerator w i l l  be ins ta l led .  Special provisions 

E. Parameters t o  be Invest igated 

1. C l i n i c a l  Findings 

(a) Complete h i s t o r y  and physical examination 
b)  Temperature. pulse and resp i ra t l on  IC) Body weight a t  standard t e s t  tlmes 

Hematology and other Laboratory Tests 2. 

..... I 

Hob., RBC, WBC, d i f f e r e n t i a l ,  hematocrlt. 
p la te le ts ,  ret iculocytes,  erythrocyte 
sedimentation rate,  leukocyte react lon t o  
etiocholanolone t o  evaluate bone marmw 
reserves. 

Bone mam--smear and block for afcro- 
scopic pathological  analysis u t  =gular 
i nte tva l  s . 
Urina l  ys I s 
BUN, FBS, sodim, po tass lm chloride, C02 
a lka l i ne  phosphatase (total!, LDH ( t o ta l ) ,  
SGOT, calc im, phosphorus, albuoln, s e m  
globul in. 

Selected enzymes and other l ess  f requent ly 
measured serm const i tuents inc lud ing  gastro- 
i n t e s t i n a l  a l ka l l ne  phosphatase, LDH Isozymes, . 
m l a s e  isozymes, mrmldasc, creat ine phospho- 
kinase, s e r m  histamine, s e w  t rans fer r in .  
serum 5-hydroxylndole ace t ic  acid, and pre- 
and post - rad lat ion karyotyping fo r  b io log i c  
dosimetry. 

T r i t i a t e d  thymidine uptake by lynphocyte sus- 
pensions pre- and post-radiat ion. 

H i s  tochemical studies. 

Elect ron microscopic studies o f  leukocyte 
damage. 
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3. Biochemical studies including tracer studies of  
isotopically tagged nucleosides in  treated humans. 
Comparison w i t h  patients suffering bums and other 
trauma. 

4. Bone rnarruow autotransplantation w i t h  animal study 
o f  homotransplantation and prevention of g r a f t  
versus host disease. 

Us? o f  z chemically defined synthetic d ie t  t o  a l t e r  
the gastrointcstinal radiation syndrome and measure 
changes i n  fecal bacteria. 

5. 

6. Psychiatric evaluation and t s t i n g .  

a) Five minute verbal samples 
b )  Clinical psychiatric interviews 

and r a t i n g  scales 
I 

Dos im try 

In previous studies the radiation beam has been directed 
horizontally a t  a wall 338 an away w i t h  the patient mldline a t  282 
an from the source. Under these circumtances the beam area fo r  
the 50% isodose curve a t  the patient's mfdline has becn a square 
field 75 x 75 an. The patient is placed i n  a s i t t i ng  position 
w i t h  legs raised and head t i i t e d  siiytitly fomard. Each lateral  
portal receives half the dose. 

A new Cobalt 60 teletherapy unft (Theratmn Model 8, Atornic Energy 
o f  Canada, L t d )  was installed.  The dose rates as used i n  the past of 
3-6 R/min will continue. The source to midline-trunk distance fo r  this  
unit is 286 cm. The f i e l d  s i ze  a t  286 cm for  this u n i t  is 100 an (90% 
isodose line) compared t o  75 cm (50% Isodose l ine)  f o r  previous 
Eldorado 8 Unit ,  thus pmviding a larger and a m r e  hanogeneous 
radiation field.  

Dosimetry studies a re  i n  pmgrert to determine experhentally 
"active" bone m a r m  dose under simulated whole-body and half-body 
Co-60 exposun conditions. Therrcrlrrmi nescence dosimeters (LiF) are 
being placed i n  selected bone space  o f  an Alderson Rando phantom 
and the phantom then irradiated d e r  sinulated patient exposure 
conditions. These "active" bone mrmw doses n i l1  be related to  the 
hematologic findings observed for *hole-body irradiation and fo r  other 
conditions of partial  body i r radir t lon.  
interpretations o f  the effects  o f  rhtcldlng portions o f  "aCtiYe" bone 
marrow. 

above. There will be 3-5 obscrvrtrcns nvdr before radiation, daily 

These data will aid i n  

Clinical and laboratory obrcrvrtions will continue as indicated 

-.-. - -  5 . C . - - - . -  - 

a .  

_ '  . . . 
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observations afterwards for 3 days and then every 3 days as long as 
deemed necessary. 

vs. p a r t i a l  lower, and trunk (sternum t o  Cubis) fvs. p a r t i a l  i r r a d i a t i o n  of 
upper and lower body. The frequency of prodromal symptoms, hematological 
changes and biochemical changes w i l l  be followed. 

As ind icated above, the doses f o r  p a r t i a l  body rad ia t ion  w i l l  be 
increased i n  comparison t o  those used previously s ince the e a r l i e r  
dose leve ls  have been we l l  to lerated. Comparison between pat ients 
w i l l  i nd i ca te  tr,ends i n  r e l a t i o n  of d i f fe ren t  dose l e v e l s  t o  prodromal 
symptoms. I n  previous studies i t  has been noted t h a t  c l i n i c a l  
symptom w i t h  p a r t i a l  body rad ia t i on  are proport ional  t o  the dose 
received a1 though hematological changes are e i t h e r  minimal o r  absent. 
I n  one pa t ien t  receiv ing 300 rads of p a r t i a l  body rad iat ion,  a s i g n i f i c a n t  
drop i n  whi te  c e l l  elements were noted. These changes w i l l  be evaluated 
i n  reference t o  bone marrow reserves by etiocholanolone. Since some o f  
these pat ients  experience therapeut ic b e n e f i t  f r o m  t h e  radiat ion,  the 
use o f  h igher doses o f  p a r t i a l  body i r r a d i a t i o n  i s  both j u s t i f i e d  and 
desi ’rble. This e f f o r t  w i l l  seek t o  i d e n t i f y  the dose range causing 
hematological changes s i m i l a r  t o  those observed with previously 
observed leve ls  o f  whole body rad iat ion.  

Hematolow 

Comparisons w i l l  be made f o r  p a r t i a l  vs. whole body, p a r t i a l  upper 

1. Etiocholanolone 

Since February 1969 we have been employing etiocholanolone, 
a na tu ra l l y  occurr ing s t e r o i d  metabolite, t o  measure the bone marrow 
reserves o f  pat ients  rece iv ing  whole-body i r rad ia t lom.  This h o m n e  
in jec ted  intramuscular ly causes a leukocytosis as granulocytes enter  
the peripheral blood stream f r o m  the bone marrow. The normal Increment 
i n  the t o t a l  granulocyte count (neutro h i l s ,  stab cells,  eosinophtls, 
basophils, plus som less mature forms P exceeds 2,600 c e l l s  per c u / m  
within 16 t o  24 hours a f t e r  a dose o f  et iocholanolone 0.10 mg. per kg 

Although radiatton-Induced leukopenia has been observed for many 

‘ body weight 1s In jected. 

years, the decrease i n  granulocyte count i s  not  imacdtate. However. 
our  p m l i d n a r y  data Ind ica te  t h a t  bone marrow resewes o f  granulocytes 
a n  deemwed while the p a t i e n t ’ s  WBC i s  s t i l l  within noma1 l i m i t s .  Ye 
have also been able t o  observe a c y c l i c  va r ia t i on  fn the granulocyte re- 
serve response a f te r  I r r a d i a t i o n ,  w i t h  which we f e e l  we w i l l  be able t o  
exp la in  the p a r t l a l  marrow recovery noted f requent ly  w i t h i n  two weeks a f t e r  
rad ia t i on  Injury. 
of the  value o f  etiocholanolone i n  evaluat ion o f  m 8 r r u w  damage caused by 
p a r t i a l  as we l l  as whole body i r r a d i a t i o n .  

’ 

Further study in t h i s  area w i l l  pennit greater de f tn (? icn  
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2. Chromosome Studies 

There continues t o  be some controversy as t o  the precise p w r  funct ion 
by which rad ia t ion  dose i s  re la ted  t o  aberrat ion y ie ld .  With the accurate 
dos imety avai lab le on our pat ients a t  the Cincinnat i  General Hospital we 
plan t o  continue our  study o f  chromosomes as a b io log i c  dosimeter and rede- 
f i n e  our dose-response curire w i th  greater precision. Much o lder  data has 
depended on 72 hour lymphocyte cul tures whereas our more recent technique. 
invo lv ing  48 hour lymphocyte cu l tures a f t e r  phytohemagglutinin st imulat ion 
should provide clues t o  some unanswered questions. 

t h e  s p e c i f i c i t y  o f  chromosome aberrations, r i n g  and d i cen t r i c  
formation, as re la ted  t o  rad ia t ion  damage has never been questioned. I t  i s  
known t h a t  severe burns may a l t e r  the mehranes o f  the c i r c u l a t i n g  c e l l s  
and tha t  red blood c e l l s  may also be i n ju red  by trauma, as i n  "march hemo- 
globinur ia".  Perhaps th is i s  t rue  of lymphocytes as we l l .  We p lan t o  continue 
karyotyping selected pat ients  re fe r red  t o  our large Shr iner 's Burn Hospital 
t o  assess the frequency of chromosome breakage tn these pat ients.  We plan 
s i m i l a r  studies i n  pat ients  suf fer ing severe trauma i n  cooperation wi th  the  
Department o f  Surgery when we have adequate personnel f o r  t h i s  purpose. 

. 

3. T r i t i a t e d  Thymidine Studies. 

We have i n i t i a t e d  the study o f  incorporat ion o f  t r i t f a t e d  thymidine 
i n t o  lymphocytes before and imnediately a f t e r  whole-body i r rad ia t i on .  We 
p lan  t o  extend these studies t o  note the time course dur ing which the i n -  
corporat ion o f  t r i t l a t e d  thymidine becomes noma1 and to evaluate the value 
of t h i s  t e s t  as a b io log i c  dosimeter. Since the lymphocyte i s  such an 
exqu is i te ly  rad iosensi t ive c e l l  thymidine incorporat ion may be a dosimeter 
o f  in jury over a wide spectrum o f  rad ia t i on  dose. 

4. Electron Microscopy and Histochemistry 

Because o f  the wit% range o f  histochemical tests  avai lable, one may 
study the appearance o f  the d i f f e r e n t  subcel lu lar  o r  anel les under the l i g h t  

the c e l l u l a r  content o f  glycogen, various fa t s  and the phagocytic a b i l i t y  
o f  ce l l s .  A mor* basic  approach however, i s  flrst to  analyze the path- 
o log i c  corre la tes of rad ia t i on  injury with the more sens i t i ve  e lect ron micro- 
scope. A f te r  we haw i d c p t l f f e d  which, i f  any, o f  the organelles are af fected 
by the rad la t i on  doses employed we may then apply the approprfate h i r t o -  
chemical stains to detetmine i f  t h i s  damage seen on the  e lec t ron  microscope 
can also be picked up by tes ts  f o r  the i n t e g r i t y  o f  t ha t  c e l l u l a r  component 
which would be available i n  the f i e l d .  Among the histochemical tests  ava i l -  
able 1nclude sta ins for glycogen, a1 ka l ine  phosphatase, ac id  phosphatase, 
beta glucuronidase, per iod ic  ac id-Schi f f  reaction, PAS-diastase, methyl- 
green-pyronin, Sudan black, peroxidase, l a c t i c  acid dehydrogenase, Succinic 
ac id  dehydrogenase, dihydro-orot ic ac id  dehydrogenase and several others. 

microscope. These inc lude mitochondria. ribosomes, 3 ysosomes, as we l l  as 

L 
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5. Marrow Transolantat ion 

Recent work i n  t h i s  laboratory has proven the e f f i cacy  o f  our technique 
o f  human marrow t ransplantat ion (both iso-transplantat ion and auto-trans- 
plantat ion) wi th  greater prevention of  radiation-induced leukopenia than 
has heretofore been reported. We plan t o  pursue these studies o f  m a r m  
transfusion as prote:tion against rad ia t ion  i n j u r y  a t  hlgher doses o f  rad ia t ion  
now t h a t  our technique has been Proven ef fect ive a t  200 rads. A s ingle pa t ien t  
who received m ~ r o w  auto-transplant a f te r  250 rads whole-body i r r a d i a t i o n  has 
also been protected f r o m  severe rad ia t ion  leukopenia through t h i s  technique. 
The reduction i n  the incidence of lymphocyte chromosome aberrations a f t e r  
marrow transplantat ion w i l l  a lso permit theoret ica l  calculat ions o f  lympho- 
cyte k ine t ics  i n  our i r r a d i a t e d  pat ients.  

Biochemical Studies 

1)  P o s s i b i l i t y  of enzyme analysis t o  determine d i s t r i b u t i o n  
o f  rad ia t i on  dose t o  human body. 

I t  seem possible t o  use enzymes a r i s ing  i n  various organs to  ind icate 
which port ions o f  the  body are i r rad ia ted .  Thus estimates o f  dose and dis-  
t r i b u t i o n  may become ava i lab le  by "enzymatic biopsy". The approach to  t h i s  
type o f  evaluat lon i s  essent ia l l y  the sane f o r  each enzyme. The enzyme 
response w i l l  be fol lowed i n  subjects where the relevant t issue or organ i s  
i r rad ia ted .  Their  response w i l l  be compared to  t h a t  o f  subjects khose 
rad ia t i on  i s  glven to t issues wherein the enzyme o f  i n t e r e s t  i s  n o t  found. 
Dose response curves w i l l  a lso be sought. 

I n  our recent studies w i t h  amylase a c t i v i t i e s  i n  sewn  and urine, we 
found tha t  6 out  o f  10 cancer pat ients  showed s i g n i f i c a n t  increase i n  t h e i r  
serum amylase leve ls  (5  t o  &fold increase) a f t e r  total-body i r r a d i a t i o n  
o f  100-200 rads. The o the r  fou r  pat ients  also showed an increase i n  t h i s  
enzym a c t i v i t y  bu t  the  increase was n o t  s i g n i f i c a n t  s t a t i s t i c a l l y  because 
o f  the wide range o f  amylase leve l  i n  normal sew. 

The increase i n  the s e w n  amylase leve l  o f  cancer pat ients  i r rad ia ted  
above the head and neck have been reported by semra l  investfgators (1,2). 
They have shcun that the.increase i n  the amylase a c t t y i t y  i s  due t o  the 
release of s a l i v a y  m l d s e  i n  the blood and tha t  the amylase present i n  the 
n o m 1  t e r m  represents the  amylase f r o m  the pancreas. The pancreatic and 
s a l i v a t y  U(y1ases can be separated by electrophoresis. Recently, a technique 
involving electrophoresis i n  polyacrylamide gel slabs has been developed t o  
i s o l a t e  many anylase isozymes ( 3 ) .  This technique will be used t o  determine 
sa l i va ry  an(ylase ac t iv i t y  i n  the serum and urfne o f  cancer pat ients  before 
and a f t e r  i r r a d i a t i o n .  Patients selected for t h i s  study w i l l  be those who 
are t o  receive p a r t i a l  or t o t a l  body i r r a d i a t i o n  i n  the treatment o f  meta- 
s t a t i c  malignancy fmm various primary s i t e s  or out-patients o f  our thera- 
peut ic  d i v i s l o n  rece iv ing  l oca l  i r r a d i a t i o n  f o r  t he  treatmcnt o f  head and 
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neck tunors. Dose-response study W i l l  a lso be car r ied  out on selected 
pat ients  I n  our therapegtic d i v i s i o n  who w i l l  receive i n i t i a l  treatment doses 
o f  50, 100, 150, 200, 250 and 300 rads for head and neck tumors. The detec- 
t t o n  o f  sa l i vary  amylase i n  serum and ur ine  could prove t o  be a sensi t ive 
b io log ica l  i nd i ca to r  of  rad ia t ion  dose since sa i i vary  anylase i s  not present 
i n  the noma1 serum cr ur ine and could be x e d  t o  detennine the rad iat ion 
dose on the head and neck. 

Recently, Muggia e t  a l .  reported B r i s e  i n  serum CPK o f  pat ients re- 
ceiv ing i r r a d i a t i o n  t o  m j o r  port ions o f  :he hear t  (4). The increase i n  
t h i s  enzyme a f t e r  i r r a d i a t i o n  could be Used to deternine the  rad ia t ion  dose 
on the chest. Both the pat ients  w i th  t o t a l  body i r r a d i a t i o n  and those w i th  
p a r t t a l  i r r a d i a t i o n  inc lud ing  the chest w i l l  be used i n  t h t s  study. 

o f  pattents with l i v e r  and bone dtsorders (5). 
i n  t h i s  enzyme and i s  known t o  be e x t r e m l y  sens i t i ve  to fon tz ing  radiat ion.  
Therefore. the changes i n  these isozymes might be used t o  detennine the 
d i s t r i b u t i o n  o f  rad ta t ion  dose on the abdominal por t ion  o f  a human body. 

The change tn the pa t te rn  o f  l a c t t c  ac id  dehydrogenase t tozyms has 
also been reported i n  mnkeys a f t e r  receiv ing y - i r rad ia t i on  and th is will 
a lso  be invest igated (6). 

A lka l ine phosphatase isozymes have been reported to  increase i n  serum 
In tes t i na l  m w s a  i s  r t c h  

2) Radiation e f fec ts  on the  metabolism - o f  nucleosides 

I n  our  previous studies w i t h  isotop!cal!y l c b e l l e d  CdR, i t  was shorn that  
rad ia t i on  could a l t e r  the metabolism of CdR i n  ra ts  (7). It is  Important t o  
f ind out whether t r r a d i a t i o n  w l l l  a l t e r  the catabol ic  patterns of CdR i n  
hunans as wel l ,  because the resu l t s  of t h i s  study may lead us t o  the discovery 
o f  u r inary  compounds as y e t  un ident i f ied which can be used as sens i t i ve  bio- 
l og tca l  i n d t c a t o n  for r a d i a t i o n  dose I n  mn. 

The ~lethodology i s  s i m i l a r  as described tn the previous proposal. Five 
t o  ten  micmcuries o f  s t e r i l i z e d  and pyrogen free 3H-5-CdR w i l l  be gtven i n -  
travenously before and a f t e r  the rad ia t i on  therapy. The t lme between first 
and second injectlon w l l l  be a t  l e a s t  5 days. The excreted radioact ive com- 
pounds w i l l  be analyzed by column and paper chromatography. The quant i ty  
o f  CdR in jec ted  i s  neg l i g tb le  ( less than 0.2 ug per i n jec t i on )  and dose o f  
5-10 mtcrocurfc o f  r a d i o a c t i v i t y  are below M?D l eve ls  f o r  the populat ion a t  
1 argc . 

I n  addition to CdR,  r a d i a t i o n  e f fec ts  on mtabo l ism o f  o ther  i so top i ca l l y  
l a b e l l e d  nucleosides such as thymine, u r i d ine  and deaxyuridine w i l l  be studied. 
Studies o f  u r i d i n e  mtabo l ism a m  especia l ly  i n te res t i ng  because ur td ine  i s  
known to  be converted t o  pseudo u r id ine  by man (8). Pseudo u r id ine  has been 
detected i n  h m n  ur ine  (9) and ur inary  excret ton o f  this compound i s  shown 
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t o  increase i n  man a f t e r  i r radiat ion (10). 
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Psychological Eva1 uat ion 

possible t h a t  there w i l l  be s ign i f i can t  impa inent  o f  the decision-making 
capab i l i t y  of key personnel *rho have m a j o r  comnand responsibi l i t !es. This 
concern has became more important i n  recent years since the f indings tha t  
complex e lec t ron ic  systems can be rendered inoperative by very high doses 
o f  rad iat ion.  Thus i t  i s  necessary t o  maintain dependence on the human 
being. It i s  qu i te  possible t h a t  even moderately high doses o r  doss r a t e s  
could produce impairment of cogni t ive processes e i the r  o f  an obvious o r  o f  . 
a subt le  nature which i n  mments of stress would impair or defeat a mi l i tary 
operation. I n  order t o  gain understanding o f  such possible changes i t  is 
necessary t o  seek changes i n  cogni t ive processes and decreases i n  the 
capab i l i t y  t o  perfbnn h igh l y  technical  processes. 

f o r  assessing the e f fec ts  of t o t a l  and p a r t i a l  body rad ia t ion  on cogni t ivc-  
i n t e l l e c t u a l  funct ioning and emotional reactions has been car r ied  out. The 
procedure includes an i n i t i a l  Series of interviews and tes ts  i n  order t o  
evaluate the mental s ta tus o f  the pa t i en t  and t o  gain some understanding o f  
the pa t ien t ' s  react ion t o  h i s  condi t ion and t o  the intended treatment. A 
Wechsler-Bellevue in te l l i gence  t e s t  and the  Ca t te l l  16 Personal i ty Factor 
Cuestiannaire are given during. t h i s  i n i t l a 1  assessment period. 
the pa t i en t  i s  introduced t o  the procedures which w i l l  be u t i l i z e d  on sw- 
sequent tes t i ng  occasions: recording a f ive-minute verbal sample i n  re- 
sponse t o  standardized ins t ruc t ions ,  the Reitan Trail-Making Test, and t% 
non-structured in terv iew on the basis o f  which a Wechsler Depression Scale 
i s  f i l l e d  out. The pa t i en t  i s  then assessed on twelve addl t ional  occasio-r:  
pre- and post-sham radiat ion;  pre- and post-radiat ion, 1 day, 3 day, and 
weekly therea f te r  for s i x  weeks. 

The typescr ipts o f  the  w h a l  Samples compose the  raw data from whim 
scores on t rans ien t  cogn i t i ve  impairment, anxiety, h o s t i l i t y ,  and hope a *  
obtained using the methods o f  content analysis developed and va l idated by 
Gottschalk and Gleser I n  the  Department o f  Psychiatry a t  the Universt ty  o f  
Cincinnat l .  

As an increasing amount o f  data are a c c w l a t e d  f t  is posstble t o  
In tens i fy  the focus on var iables d i f f e r e n t i a t i n g  those receiv ing h igh ? c ? J '  - 
body radlrtion from those rece iv ing  e i t h e r  low total-body rad ia t i on  or : a r : * ~ *  - 
body rad l r t i on .  Certain trends have begun t o  emerge. Further data an r l?c  I 
w i l l  be a i m d  a t  urlng these trends and possibly obta-intng others t o  d e v c ' s ~  
a r m l t l p l e  regression equation t o  p r e d i c t  the amount and type of r a d i r t r s n  

Following exposure t o  acute whole- c'r part ial-body rad iat ion,  i t  i s  

I n  conjunction w i t h  the Department o f  Psychiatry a continuing program 

I n  a d d i t t w .  

L 



BUDGET 

L 

L 

Personnel 

I n t e r n i s t  
Radiation therap i s t  
P hy s i c is  t 
D i o c h en i s t 
Technician 
Technician 
Laboratory a ide  
Elcdicnl I l l u s t r a t o r  
Secretary 
P s y c h i a t r i s t  
Research Psychologis t  
Research Technician 

- -- 
Consultant 

Equipment 

C.onsumable supplJ es 

X t o t a l  e f f o r t  

33:; 
5.5 
4:: 

305 
1005 , 

1005  
50 5 

66% 
8% 

37% 
50% 

S a l a r i e s  

135 staff  b e n e f i t s  

Travel 
Total d i r e c t  costs 

(Overhead (42.78 salaries) 

Arrount - 
$ 5 ,500  

1,500 
1,000 

15,OGO 
7,000 
7,000 
2,000 

650 
5,000 
1.500 
4;lOO 
3 500 

53,750 
6,988 

1,000 

1,000 

5,500 

2 000 7bfT58-. 
22,994 

TOTAL Z 93,232 
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