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3. :-enera!. S t a t emen t  : - 
a >  Purpose o f  Study 

The Furpose of t h i s  s t g d y  i s  t o  i n v c a t i 7 ; t e  p o s s i b l e  changes i n  
t h e  f u n c t i o n i n -  of t h e  hydroZen c a r r i e r  system (1) \ria p y r i d i n e  
n u c l e o t i d e s  ir! v a r i o u s  m e t a b o l i c  ( g e n e r a l l y  e n d o c r i n e )  a m o r a a l i t i e s  
siic:k as d i a b e t e s  ana o b e s i t y .  I t  i s  well-known t h a t  i n  i n s u l i n -  
de l : ^ i c i en t  d i a b e t e s  t h e r e  i s  a marked d e f e c t  i n  f a t t y  acid s y n t h e s i s  
( 2 : ) ;  on t h e  r \+k=r  ?and ,  i n  obese-hyperglycemic mice and p o s s i b l y  
i n  .$one \urnax t l r y e s  of c b e s i t y  t h e r e  i s  an e x c e s s i v e  c m v e r s i o n  of 
C1'+-acetate tc: i ' a t t ) ,  a c i d s  ( 3 ) .  
b u t e d  t o  a de f ' i c i epcy  of reduced TPG, which i s  r e q u i r e d  for f a t ty  
a c i u  s y n t h c s - s .  
TPIi syste:n Cor r e d u c t i v e  s y n t l i e s i s ,  which nay r e l a t e  t o  t i i t .  e f f e c t  
oy s t e r o i d s  1 i : ik ic ;  TP:j t o  DPJ t h r o u s h  t r anshydrogenase  ( 4 ) .  Con- 
v e r s e l y ,  i i i  so!ne obese s t a t e s  (which .lay d i s p l a y  h y p e r s 2 c r e t i a n  of 
j.nsr!lin (31 as we13 as s t e r 0 j . a  a b n o r m a l i t i e s )  t h e r e  .la;' J e  a!i 
l!il!!E:iaLly e f i ' i c i e n t  TPNY reciuct ive systcin.  
t h a t  hormones a l ' fec t  t k e s e  c z r r i . i r  systems ana coenzymes d i r e c t l y  
( 4 ,  5, 6 )  and 
prc*:iue sli7rpc.r  d i s t i n c t i o n s  t h a n  h s v e  h e r e t o f o r e  been shoim w i t h  
o t h e r  t r z c e r  ar ba lance  c t s d i e s  i n  vivo.  

The d i a b e t l c  l e s i o n  >as been a t t r i -  

An3tber p o s s i b i l i t y  i s  a ~ O V J  e f f i c i e r l c l -  of t h e  

I t  is ;lilite kzosr;ible 

t r a c i p ;  of n;,aroger, riiet:.bolism w i t ! :  t r i t i u m  EL)' 

-- 
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b)  Type o f  P a t i e n t s  

D i f f e r e n t  s tanuarcl  t y p e s  olr d i : i b e t i c s ,  i .e.,  t h i n ,  j u v e n i l e  a i ~ d  
a d u l t ,  m i l &  obese,  ruoulci be s t u d i e d .  Also,  qvese p a t i e n t s  w i t h  
d i f f e r e n t  S e n e t i c  ami environidental  h i s t a r l e s  ~ o u l c i  be Lncludeci. Tn 
s 3 n e  s p e c i a l  c a s e s  p i i t i e n t s  wit:- o v e r t  s t e r o i c  a b n o r n a l i t i e s  (C'~ishb.;n~s 
d i s e a s e ,  Addiscnl  s d i . s case )  na!. be inc luaed .  O t h e r  d i s e a s e s  c m s i a e r e d  
f o r  l a t e r  sti iciy a r e  alcoholism ar,d c a n c ~ " ~ .  The former c o n u i t i o n  can 
cause a c i e f i n i t z  inbahance of  t h e  X:<:3P:;Y s y s t e 3  ( 7 )  anu perhaps  
s e c o n d a r i l y  t h r s w ; h  t r anshydrogcnasc  t h e  7'Pid:TPhFI system. The f-'inain;s 
of chanyes i n  c c n v e r s i o n  of C1~-r; . l i icose t o  CO2 i.3 r a t s  w i t h  c a r c i n y e n i c  
p r e c i i s p o s i t i o n  ( 8 )  su r ; e s t s  e a r l y  a l t e r z t i 3 n s  i n  i n t  r inediary netzoo- 
l i s n  oi' t!?e tmsr  h o s t ,  pa t ien ;s  w o . . ~ l a  n r \ t  p r e s e n t l y  be s e l z c t e d  
ri,:dly f o r  l i m i t a t i o n s  on l i f e  e s p e c t a r c y  3r r e p r o d u c t i v e  capac i ty .  , .  

c )  P e r t i n e n t  I n f o m x t i o n  on P a s t  Sti iciles 



3 .  

d)  C o u r s e  of  st t idy 

~ a t i e n t s  w i l l  be zi\ren t r a c e  q u a n t i t i e s  of' oze of t b e  l : .beled 
conpoijzi1d.s Fn t rnvecous ly  i n  z f a s t i n s  s t s t e .  Samples 02  plasma w i l l  i)e 
c o l l e c t e d  a t  h o u r l y  i n t e r v a l s  ?'or 4 t c  6 h o u r s ,  u r i n e  l ess  f r e q u e n t l y .  
Breat i :  wate r  vapor  w i l l  be c a l l e c t e d  a t  i n t e r v z l s  s i m i l a r  t o  p l a s m  
and p e r h a p s  i n  time s u b s t i t u t e d  €o r  t he  l a t t e r  f'or H20 a n a l y s i s .  
Two or t h r e e  0: t!ie b l w d  samples w i l l  be  l a r g e  enough (50 t o  lli0 ml.: 
f o r  ana lys i s  o f  T in t r i s l y c e s i d e s  and p o s s i b l y  f r e e  f a t t y  z c i d s .  
T r i t i u m  i x  m . t e r  2 n d  i n  l i p i a s  will be arialyzed wit?! t h e  PackarLI 
Tri-::kir b spec t r 3 m c  t e r . 

3 

For obvious reasoris p a t i e n t s  will, in a p re l imina ry  t e s t ,  b e  s i v c n  
.5 t o  1-Q n i l l i c u r i e  Hi0 f o r  measurenent  o f  t o t a l  body water. 
( ; ' i J t e rnc> t i i : e l> r  i t  m y -  be p o s s i b l e  t o  e s t i c ! a t c  s u f f i c i e n t l y  TI32 by 

t h e  t r i t i u n - l a b e l e d  coc!pound w i l l  b e  g i v e n  in a mixture w i t h  a C I 4 -  
labeled s z n p l ?  :)I t h e  sacte 31- sini!.lar con7Qlind f o r  p c r p o s e s  01- conparison 
of c:?rbm x i r i  ii).cirogen netabol isrn.  
r a d i o i s o t o p e s  ii; terms 02 r a d i a t i o n  d o s a z e  w i l l  be o f  t h e  saze o r d e r  
of I : :a ,gxi tucie  EXL! cms iGereG aac i i t i ve .  It i s  a n t i c i p a t e d  t h a t  soroe 
p a t i e n t s  will. be s t u d i e d  r e p e a t e d l y  2 t o  5 t i n e s .  
w i l l  n o t  exceea 5 m i l l i c u r i e s  i n  c u a n t i t y  and t o t a l  amount t o  a p a t i e r , t  
r v i l l  n o t  e x c e e d  1 5  m i l l i c u r i e s .  

c o n t e n t  de t e rmined  w i t h  t!:c whole body coun te r ) .  I n  c e r t a i i :  cases 

. S a e r a l l y  t h e  a c t i v i $ l e s  o f  t h e  two 

Sir.-;,le a c i i i z i s t r a t l o n s  

4, I s o t o p e ;  

Triitiur.1 o r  i13 e!.!its a n e z a t i - e  E ra:r w i t 1 1  a 2a;rimum e n e r z y  oi' a b n s t  
. O l e  me\;. 
..'he tritiirm-1;Li7;.led con?ounds ( g l u ~ o s e - l - f ! ~ ,  3 l u ~ o s e - 6 - ? ! ~ ,  lacS-ste-2-i13, 
py r r .va t e -? - i<~ ,  xcetate-2-e3! w i l l  J e  o b t a i n e d  c o m e r c i a l l y  from iiew 
fii-;lanu :,;ucle.ir 2 o r p o r s t i o n  and V ~ l ! c  I:adiochemical I2ornp-a). . Paper 
chromatoSra1.h.)- aid a u t o r a d i o s r a p h y  w i l l  be  used t o  e s t a b l i s h  piirit;.. 
I n  sonc c a s e s  escf!an;e r e s i n  chromatoTraphy may be used f o r  g u r i f i c a -  
t i o n .  S c e c i f i c  a c t i v i t i c s  of a d m i n i s t e r e d  na t e r i a l s  w i l l  range f ron 
1 t o  10 nc,/ril!. A11 sar:iples \.vi11 be assayea befo re  use by l i q c i d  
s c i n t i l l a t i o n  c o u n t  i n ?  s i t h  t h e  "ri-Carb spectrometer .  Sainples w i l l  
'uc y r e p z r e i  i!1 s t e r i l e ,  i s o t o n i c  s o l u t i o n  f o r  i n t r zvcnous  i n j e c t i o n  
by f i l t r a t i o r ?  t h r o q h  u l t r a i ' i n e  s i n t e r e t i  glass o r  Coors p o r c z l a i n .  

I t  decay:; t o  Hes wit!. a h a l f - l i f e  o f  11 or 1 2  years ( l S ? .  

5 .  Z a a i a t i o n  9osaqe: 
_I___I- - 

In a d d i t i o n  t o  t h e  ?l>s;crvatior? of' a b i o l o s i c a l  h a l f - l i f e  f o r  w a t e r  
of .IC, (ia!rs in ;:Ian ( 1 6 ) ,  30gdariov e t  a1 ( 1 7 )  have defii ied in !:,ice and 
rat$ t t s . 0  co-??orrr . ts  ~f body pratcr turnover wit!: h a l f - l i v c - .  of 2.5 nnu 
12.5 d a y s ,  r e s r r c t i v e l y .  These a u t h c r s  e ~ t i n a t e d  a t o t a l  boC:, wate r  
d i s t r i b u t i o n  0'7.' 67". bociy weiyrnt, wi?icii i c  i n  ag reenen t  ?i:i'-! v a l u e s  
r e ? o r t e @  b y  I!e\-rsy (19) .  Aiiother r e p o r t ,  howevcr, seen2 t 2  p l a c e  t h e  
v a l u e  5 ron  53 t3 C.O:;, ciependipc on a g e  and  sex  ( 2 0 ) .  However, t he  
finc!ir!;s o f  30: &ov e t  a 1  ( 1 7 )  sugzes t  t h a t  t he  d i s t r i b u t i o n  o f  tritium 
from bociy watcr xoulc:  be c s s e n t i z l l y  wnole 5ody a f t c r  a few clays. 

- .  
The 



4. 

o r g a n i c  compounds t o  be used ( e x c e p t  a c e t a t e )  may show some con- 
c e n t r a t i o n  i n  l i v c r  glycogen f o r  a few d a y s  b u t  probably a t  t h e  
most 10 t o  2C% of  t h e  a d m i n i s t e r e d  m a t e r i a l  (10). Before o x i d a t i o n  
t h e y  w o u l d  be d i s t r i b u t e d  main ly  i n  e x t r a c e l l u l a r  space ,  b u t  would 
be  o x i d i z e d  l a r g e l y  t o  body water wit!lin h o u r s  o r  days. 

The dose rate i n  man from 1 rnc. of  t r i t i u m - l a b e l e d  w a t e r  can 
be e s t i m a t e d  a c c o r d i n g  t3 Hine 91 S r o i m e l l  (21 )  t o  be: 

51.2 x -0057 x - 1 = .00417 rad /day  
70 

T h i s  c a l c u l a t i o n  assumes uni form body d i s t r i b u t i o n ,  comple te  r e -  
t e n t i o n ,  and an  R i E  of e s s e n t i a l l y  1 f o r  tritium in body water (225. 
Liebman ( 1 6 )  f i g u r e d  t h e  to ta l  i n f i n i t e  dose  f r o a  1 mc. a c c o r d i n g  
t o  t h e  formula: 

dose r a t e  x b i o l o g i c a l  h a l f  t i n e  = -00417 x 10 = .@6 rad. 
I n 2  .693 

Cons ide r ing  a l l  t h e  above ev idence  we might  e s t i m a t e  t h a t  one 
of t h e  o r g a n i c  l a b e l e d  conpounds w o u l d  d i s t r i b u t e  dur ing  tire f i r s t  10 
d a y s  i n  half t h e  
from 5 mc. would  

1 X 5 X  
2 35 
- -  

T h e r e a f t e r ,  

2.5 x 

- 
body space .  
be : 

& r i n g  t h i s  t i n e  t h e  s u s t a i n e d  dosage 

51.2 x -0057 x 10 = .30 rad.  -..- .- - 
.693 

t h e  t o t a l  body dose  would be: 

,00417 x 10 = ,150 rad, 
,693 

While  d i s t r i b u t i o n  i n  body w a t e r  space  ( f i r s t  10 d a y s j  i s  probably  
more innocuous than  subsequent  whole body d i s t r i b u t i o n ,  we may 
n e v e r t h e l e s s ,  c o n s i d e r  a maximal whole body dose t o  be - 3 0  + .150 = 
.45 rad. ( o r  rem,) From 15 m i l l i c u r i e s  t h e  t o t a l  c u n u l a t i v e  dosage  
would be 1-35 rem. sp read  ovc'r p e r i o d s  of  weeks and months. 

F ive  m i l l i c u r i e s  p e r  70 kg, man would p rov ide  a c o n c e n t r a t i o n  Of 
ca. .1 pc T h l .  body w a t e r  i n  man. I t  nay be no ted  t h a t ,  whereas  this 
c o n c e n t r a t i o n  o r  T i n  t h e  form o f  l a b e l e d  thymidine call p roduce  i n h i b i -  
t i o n  02 c l o n a l  growth  (23)  the c o n c e n t r a t i o n  o f  H 2 O  r e q u i r e d  t o  produce 
r a d i a r t i z n  e f f e c t s  comparable t o  t h o s e  caused  by thymidine was about  
1000 t i m e s  g r e a t e r  ( 2 4 ) -  

H e a l t h  Physics:  

I t  i s  n o t  cuns iGered  t h z t  t h e  l e v e l s  o f  t r i t i u m  employed w i l l  p r e -  
s e n t  any r a d i a t i o n  haza rds  f o r  a t t e n d a n t  o r  l a b o r a t o r y  p e r s o n n e l .  
HoweVer, samp1i.s submi t t ed  t o  t h e  c l i n i c a l  l a b o r a t o r i e s  r v i 1 1  be marked 
a s  t r i t i u m - c o n t a i n i n g  f o r  a p p r o p r i a t e  c a u t i o n  ir! p i p e t t i n ; .  
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