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TITU 01 m o m t  Metabolic changes in Humans following Total Body Radiation 
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3, Scientific background. 

Several reports have dovcribcd changes in nitrogen nmtabolirrn f o l l o w h g  
irradiation ( l , Z ,  3). All have rhown increase in nitrogen excretion f o l l o w i ~ ~  totoi 
body irradiation to vrriour laboratory animals. Mefford and ,Martens i4 )  have 
studied amino-aciduria by paper chromatography in rats. Katz and Hasterlik (S), 
and Hcrnpelmann, Lisco and Hoffman i6) have studied amino-aciduria following 
radiation in humans by mean8 of paper chromatography. Hempelmam, et al, 
found amiao-aciduria in 3 of their 9 cases. 

Katz urd Hasterlik reported increases of as high as ten t imes aormal values 
of total  daily amino acid excretion iP 4 patients. QUAtitieS of individual a d z 0  
acids excreted varied from 2 - 20 timer normal valuer. Abaormal values were 
found as early as 12 hourr following exposure, aad increased levels persisted f o r  
as long as 5 months. No direct quantitative relation to radiation dose could be 
established, 

. 

These findkrgr suggest that -0-aciduria may serve-8s aa indicator of the J 

biological response of humans to irradiation. The reports of rmina-aciduria in 
humans have described the findings in individuals -sed in reactor accidcatr 
( 5 , 6 )  m d  no control merrurunents  were Mrkble .  The proposed investiga5on 
w i l l  iadude studies of amiao-rcid sxcrction before aad after irradiation both to 
the whole body urd to portions of the bod$. ,The uriprry excretion of azaino acids 
w i l l  be mcrrured bot& by paper chromatography urd total araiao a d d  rritrogea ip 
order  to find a relatively rimple technique for  biological effects of irradiazion. 
Significmt increaser in total imina rcidr a d  ia&Vidu.al a d n ~  rcidr will be sought. 
The u n i n o  acid levels w i l l  be cornpared to levels of creatine (10) m d  urea (11). 

These studies w i l l  be valuable iP the understanding of the mechaairrnr of 
uaino-aciduria. Prerlminrry rtudias by our group have demoastrated that trrasicr; 
8raiao-acidurir w i l l  rlro occur With extensive aurgiul procedures m d  with iafecdo 
Shadier of 5 patieatr exposed at the Y-12 a d d e a t  at Oak Ridge ia June 1958 showed 
elevated artcretiop, of beta ~iaaiobutyr ic  acid with l ~ d 8  related to the t o a  dore 
received by the iadividaul. 

!4. Sciendfic Scope of the Proposed Reitarch. 

i M o - a c i d u r i a  followiag irradiation har beea reported ia humrrrs urd 
i m k n r l 8 .  The purporer of tN8 hmstipr&a i r  to study this phenomenon to 
t 
! 

(3) 
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elucidate some of the mechanism8 responsible for amino-aciduria u rd  to determine 
whether it is a practical biologicd test of radiation exposure. 

The Design of thc Proposed Rcscarch is a s  follows: 

1. Comparison of techniques for determination of urinary amino acids by 
the Van Slyke and chromatographic techaiques. 

2. Determination of excretion of ruirury amino acids at nrious dorages of 
total body irradiation. 

3, A study of the affects of partid versus tow body irradiation on urinary 
ut.lino acid excretion. 

- 

4, Studies of the immune mechanisms of hurnura receiving total body irradiation 

F o r m  
krhrc B v m u  No. 49.Rf44 

Selection of Patients 

Patients for  total body irradiation w i l l  be M t e d  to adult males who have 
proven meustatic maligaaacy but a r e  in good a u t r i e i o d  state. 
be limited to male8 becrure of the variations in a&ao-aciduria found With the 
meastrual c y d e  wornea. There patients will be ured for parts 1 and 2. kr prt 
3 male patients who are rcceiviPg radiation therapy for atophsrns *rill also be 
bduded. Except special carer a s  noted below, paticntr with lymphomas w i l l  
not be used irr there rtudier. All paticnu will be horpitdirad at the CiacinrUti 
General Hospikl .  They w i U  have hirtorier, phpieal e'lrnirutioas, routirre hema- 
tological aad urine rtudicr aad other laboratory oardier ar needed, 

The studies w i l l  

4 

Factor8 for irradiatioa u e  a8 f o b w r :  

Wcrtinghoure Qurdroco~dex conrtrnt poten- therapy unit 250 KV, 15 Ma, filtratioi 
2.Omm C u + l - A l , ,  H,V.L, 2,Olnrn Gu. TSDtOOcm. Alsototalbody 
irradiation rill be carried out with Cobalt bo ul~hrrapy. Measuremenu will be 
checked by tha Victareen condenser r-mat.r aad calibrated Ben& dosimeters 
using maronit. aad water phaamrnr. Tho taehiqaa of irradiation w i l l  be similar 
to that of S i a W  (r Cole (12). 

Urine Studies 

Part 1. Cornpariron of paper Chromatography a d  T O a  Amino r a d  Nitrogen 
T e c hniquc , 

Two groupr of 6 adult d e s  w i l l  reco4.r 90 r d total body radiation in a ringla 
do@& Group A will conrirt of patient# dth rdativaly radio-reristaat lerionr (e. g. 
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stomach, bowel, brain) and Group B of patients with highly radio-sensitive tumors 
(lymphoma $1. 

Pr ior  to irradiation uriner w i l l  be collected for eeveral days to servc as 
controls. All urines w i l l  be collected fo r  24 hour periods. Aa aliquot f rom the 
early a o r n i n g  fasting sample will be refrigerated and the remainder pooled with 
the 24 hour urine below. The midings Wiu. then be collected, refrigerated, pooled 
aad frozen f o r  the 24-hour periods. All samples w i l l  be analyzed in triplicate by 
both techniques for fasting aad pooled values. 
provides enough data, the test  caa be simplified. 

If the initial f a r a g  tpecirnen 

Total uriuary atdao acid8 will be determined by the method of Vur Slykc, 
MacFayden and Hamilton (7). 
ovill be carried out according to the methods of Block, Durrura aad Zwcig (9). 

Two dimensiod paper padtion chromatography 

The 24 hour ur iaer  w i l l  be d y z e d  for uric acid, urea creatiae, crea-e 
a d  t o t a  nitrogen. An attempt will be made to m b a i a  the patieat. is approx- 
b a t e l y  the same nitrogen equilibrium. 

Thc d u e s  obtaiaed by the two methods w i l l  be cornpared by aaalysis of 
vrriaace and by datcrminrtion of regression coefficients of the d u e 8  of the Van 
Slyke method versus those of chromatography. h addition comparison of & 
acid excretion in patients with kpowa dtrtructioa of large LpIsaea of tumor 
(Group B) caa be compared to thorn in whom ruch a phenomenon is unlikely (Group4  

Part 2. Determiaation of Excrcdon of Urinary Amino Add8 at Various Dosage8 
of Total Body Irradiation 

Padent8 to be rtudied will include thore individual. with metastatic neoplarrnr 
aad also patient. who are receiving radiation therapy ia aa attempt to cure o r  
palliate variour neoplarmr. Patiantr in this study w i l l  not have had previous 
irradiation 80 &a to avoid urry-over cffectr. 
the group of plfientr With metsrtatfc ncoplarms W o t  be relacted at random 
from a m r d  population for inclurioa in the study aizkce normal iadividualr c w t  
be given total body radiation, 

In the initial relaction of patients 

Selection criteria are 81 follows: 
1. Patient to have proven dirgnorir of neoplasm. 
2. Pa,tient to h v e  proven evidence of metartasir. 
3. Patieas to be fa rrtirfactory nutritiod state. 

OTSG FORM loap - I nov 8? 
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Thc patients will  be sclcctcd for thrcc subgroups of total body irradiation by 
ru;domization. Subgroup A wi l l  serve as control8 and w i l l  have all procedures 
carried out exccpt that they will  rcceivc r h u n  irradiation only, Subgroup B wi l l  
receive 25 r aad Subgroup C w i l l  rcccivc 50 r. Each group will consist of 4 
patients. a 

will be testcd for significant differences by aaaly.ir of vrrirnce. Subgroup A will  
bc testcd against Subgroups B and C. A l r o  Subgroup B will be tested against Sub- 
group C. Further group? Will be rtudied at 100 r aad 200 r. . 

The mean values of.total u n i n o  acids ia the urine of the three groups 

If there is no significant difference between B urd C,  thea additional subgroup4 
w i l l  be studied at exposures of 0,5,10 and 20 r of total  body irradiation. One of 
the possi.de reasons that a relation between radiation ucporure md d n o  acid 
excretioa may reach a plateau value below 25 r of total body irradiatioa. Xt i r  for 
t h i s  reason that these additional groups mry require rtudy. Patient8 w i l l  be 
placed in these several group8 by the rame technique of rasdadtatiolr dercribe 
above. Another group of s h a m  irrrdiatbd coatrolr w i l l  be provided in order Pot to 
lose independence of compari101a8. 

out with c r l c u l a ~ o n r  bared oa the integral dore r8ceiv.d by u c h  pathat. The 
dosage response rektionrhip w i l l  then be determiPd 

Part 3. Study of the Efiects of Partial versus Total Body Irradiation oa Urirury 

At the conclusion of these studies further rnrlyrir of  t h m  data will be carr ied 

Amino Acid Excretion 

After suitable bare lkrc d u e 8  are ertabli8hcd a8 &redbed Part 2, further 
rtudier will.be carried out kr order to compare total body irradiation with doses 
of localized irradirtion )o give equal integral dosage. For e p l e ,  if a patient 
receiver total body i r r a d i ~ t i o a  with aa integral Qs. of 50,000 gram roentgens, - 
his urrina-aciduria w i l l  be compared with that of M individual who has received 
an equd btegra dose with dl i r radht ion ghen bo a localbed refion of the body. 
One group of p t i e a t r  will receive the dose to the upper abdom.p, mother group 
to the chert, iLDdther group to the herd aad neck, There p l t b a S 8  will have de- 
terminrfioas of &nary  auaiao add8 before receiving ndbt iorr  aad w i l l  be followec 
afterwardr for  a period of oae to three p u r .  

The ffrrt group to ba rtudied w i l l  be thore phdentr rho r8c.litn localized 
irrrdirtion to t&a kidncyr axad liver, Sincr irrrdirtioa o dthor of these o r g m s  

.. 
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may provide a mechaaisrn for who-ac idu r i a  (see Part 1) it wi l l  bo valuablc to 
determine thc levels of amino-rcidurii following thir type of irradiation. It must 
be recognized that in applying rrdiatiok to the human it is not po88iblc to irradiate 
the liver without irrrdirtbg the kidae3a and convcrraly one cannot irradiate the 
kidneys without irradiating the liver. 'Y the amino-aciduria ir of the same order 
of magnitude a8 that fotnd with total b6dy irtadiation, it will suggest that irrad- 
iation of either or both of the orgmm id responsible for there findings. The 
recoad group to be rtudied art  thore iadividualr recsiviag localized radiation to 
the chest. ~f the unino-rciduria rppr6achts tevelr equal to thore found with t o t l l  
body irradiation ia comparable h t e g r d  - I  &.e81 incrcared t i rrue breakdown should 
be suspected. . T  

From a practical viewpoiat there two groupr will be #-died 8hdtaaeOUSly 
depending upon clinical rprzerirl a-8 on the Tumor Service of the ChEinnlt i  
Geaeral Hospiul, 

Part 4. 

h coopera6oa with Dr. A, J. Luatio of the Radiobiology Department, U. S. 
k r n y  Medical Rerearch Lhoratory, Ft.'mox, Ky, we r W  rupply blood der= 
srmples from all patieats i r radhted  24 b r c r i b a d  prmdody. Sunpler w i l l  be 
obtziaed just prior to irradktioa, jumt k e r  irradiation and tea days rfter irrrd- 
i a t i o ~ .  They w i l l  be seat to Or. 'Luz& for hi8 rtudiam. 
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