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SUMMARY 

Progress  is  r e p o r t e d  f o r  t h e  a p p l i c a t i o n s  of l l C ,  l gSmPt ,  and 

lZ3?e. O f  n o t e  i n  t h i s  r e p o r t  p e r i o d  i s  t h e  p r e s e n t a t i o n  of 

images of  rat a d r e n a l s  w i t h  a 123mTe-labeled s t e r i o d  and an 

i n v e s t i g a t i o n  of s t e r o i d  s t r u c t u r a l  parameters  which a f f e c t  

a d r e n a l  c o n c e n t r a t i o n .  Two new SmPt-labeled compounds have 

been prepared  f o r  e v a l u a t i o n  as chemotherapeut ic  agents .  

CARBGIJ-11 
T.  A .  Butler 

Two product ion  runs  were made t h i s  q u a r t e r  t o  s t u d y  t h e  chemical s y n t h e s i s  

of llC-DL-tryptophan f o r  use  in t h e  ORAU-ORNL p r e c l i n i c a l  s t u d i e s .  Carbon-ll- 

l a b e l e d  compound p r e p a r a t i o n  and c l i n i c a l  t e s t i n g  were l i m i t e d  due t o  a series 

of mal func t ions  of  t h e  c y c l o t r o n  which made i t  i n o p e r a b l e  dur ing  most of 

t h i s  p e r i o d .  

Equipment was o r d e r e d  t o  provide  f o r  t h e  s y n t h e s i s  and p u r i f i c a t i o n  of  "C- 

l a b e l e d  glucose.  

"C02 i n  l i g h t - s t a r v e d  S w i s s  chard l e a v e s ,  e x t r a c t i o n  o f  

e t h a n o l  and P u r i f i c a t i o n  by i o n  exchange. 

The p r o c e s s  involves  t h e  p h o t o s y n t h e t i c  conversion of  

lC-glucose with 

Design s t u d i e s  are i n  p r o g r e s s  t o  examine t h e  f e a s i b i l i t y  of  us ing  a f l a t  

p la te  window t a r g e t  f o r  B203 t o  produce 11CO-11C02. 

would a l l o w  t h e  full dimensions o f  t h e  p r o t o n  beam t o  impinge on t h e  B2O3 

with  t h e  p o t e n t i a l  o f  i n c r e a s i n g  t h e  y i e l d  of  "C. 

A t a r g e t  of t n i s  d e s i g n  
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CARE 014 - 1 1 I ON I ZAT I ON - EX CHAi4 GE LAB EL I liG 
D. V .  Woo 

Const ruc t ion  of t h e  appara tus  d e s c r i b e d  i n  t h e  l a s t  r e p o r t  h a s  cont inued 

dur ing  t h i s  q u a r t e r .  The c y l i n d r i c a l  i o n i z a t i o n  chamber is c o n s t r u c t e d  of  

b o r o s i l i c a t e  g l a s s  t h a t  can be  s e p a r a t e d  i n t o  two s e c t i o n s  which are 

connected by a high-vacuum ground-glass t a p e r e d  j o i n t  w i t h  a Viton O-ring. 

One s e c t i o n  c o n t a i n s  two feed-through rods  of Kovar which s u p p o r t  a t h o r i a -  

coa ted  t u n g s t e n  f i l a m e n t  a c r o s s  t h e  ends t o  serve as t h e  e l e c t r o n  aource.  

This i o n i z i n g  filament resembles t h o s e  used in mass spec t rometers .  The 

o t h e r  s e c t i o n  c o n t a i n s  a removable s ta in less  s t e e l  c y l i n d e r  suppor ted  by 

two copper r i n g s  which p o s i t i o n  t h e  c y l i n d e r  c o n c e n t r i c a l l y  w i t h i n  t h e  

g l a s s  chamber. 

High-vacuum b o r o s i l i c a t e  g l a s s - t e f l o n  va lves  have been o b t a i n e d  and w i l l  

b e  connected t o  t h e  chamber w i t h  high-vacuum ground g l a s s  b a l l  j o i n t s .  

These valves w i l l  c o n t r o l  admission of t h e  CO gas and t h e  vacuum i n t o  the 

chamber. 

the chamber t o  approximately low7  t o r r .  

necessary  p r i o r  t o  a d d i t i o n  o f  t h e  gases .  

A mercury d i f f u s i o n  pump w i t h  f r e e z e  t r a p  w i l l  b e  used t o  evacuate  

This is t h e  e s t i m a t e d  vacuum 

The e lec t romagnets  f o r  c o l l i m a t i n g  t h e  e l e c t r o n  beam have been Constructed 

i n  f o u r  s e p a r a t e  s e c t i o n s ,  t o  f a c i l i t a t e  assembly and removal from t h e  

chamber, and have a t o t a l  r a t i n g  of  approximately 400 gauss.  Each s e c t i o n  

h a s  its own power supply t o  permit  focus ing  of the beam and ad jus tments  

for d e v i a t i o n s  i n  magnet geometry and alignment.  

have been o b t a i n e d  t o  a d j u s t  t h e  e l e c t r o n  energy i n  t h e  u n i p o t e n t i a l  r e g i o n  

of  t h e  s t a i n l e s s  s tee l  c y l i n d e r  between t h e  f i l a m e n t  and c o l l e c t i n g  p l a t e .  

Appropr ia te  power s u p p l i e s  

P lans  for t h e  n e x t  q u a r t e r  c a l l  f o r  assembling t h e  appara tus  and checking 

ou t  i n d i v i d u a l  components f o r  r e l i a b i l i t y  and s a f e t y .  
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A .  But Zer 

As p a r t  o f  t h e  con t inu ing  medical coopera t ive  program t o  s t u d y  an t i tumor  

compounds, f i v e  shipments o f  195mPt-hexachloroplatinlc a c i d  were made t o  

t h e  Un ive r s i ty  of Southern C a l i f o r n i a ,  one shipment of 195mPt-labeled cis- 

[Pt(NH3) 2C12] t o  George Washington Un ive r s i ty  Medical Center ,  one shipment 

o f  195mPt-labeled [ P t  ( tram-L-DAC)sulfate] t o  Wadley I n s t i t u t e s  of Molecular 

Medicine (WIMM) , and one shipment o f  lg5mPt- labeled [Pt(trans-R-DAC)malonate] 

t o  Mary Hitchcock Memorial Hosp i t a l .  

195mPt-labeled compounds w a s  supp l i ed  t o  t h e  ORNL Biology Div i s ion  f o r  DNA 

b inding  s t u d i e s .  

I n  a d d i t i o n ,  each of t h e  l a t t e r  t h r e e  

E f f o r t s  t o  op t imize  the microsca le  r a d i o i s o t o p i c  s y n t h e s i s  o f  i95mPt-labeled 

cis- [Pt(NH,) 2C12] (lgSmPt-DDP) are cont inuing .  

will b e  completed i n  t h e  next  q u a r t e r ,  is impor tan t  i n  view o f  t h e  ever-  

i n c r e a s i n g  i n t e r e s t  i n  195mPt-DDP and t h e  d i r e c t  a p p l i c a b i l i t y  of some of  

t h e  s y n t h e t i c  s t e p s  t o  planned syn theses .  

This op t imiza t ion ,  which 

Microsca le  Syn thes i s  of cls-[Pt(NH3)7Cl?] (0.1 mmole) 

The p r e s e n t  mic rosyn the t i c  scheme f o r  195mPt-DDP is  i l l u s t r a t e d  below by 

equat ions  (1) t o  ( 7 )  : 

A 
P t  + aqua r e g i a  -+ H Z P t C 1 ,  

5-100c,*850c > 2 N a 2 P t C l 4  + N 2  + 6HC1 ’ 5 min 2Na2P t C 1 6  + N2H4 *2HC1 
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The above s y n t h e s i s  scheme appears  l i t t l e  changed from t h a t  r epor t ed  i n  t h e  

prev ious  r e p o r t  (ORNL/TM-5809) but  t h e  fo l lowing  mod i f i ca t ions  have a l r eady  

inc reased  t h e  y i e l d s  t o  g r e a t e r  than  50% wi th  achievement of 60~80% as the 

u l t i m a t e  goal:  

S t ep  2. 

Step  3. 

S tep  4 .  

Addi t ion  of N a C l  followed by evapora t ion  t o  dryness  t o  t h e  thermal ly  

s t a b l e  sa l t ,  Na2PtC16,  r a t h e r  t han  t o  t h e  less s t a b l e  HZPtC16 

r e s i d u e s ,  l e a d s  t o  (1) more r e l i a b l e  spec t ropho tomet r i c  a s says  

f o r  plat inum, and (2) minimal carry-over  (occ lus ion)  of HC1 t o  

S teps  4 and 5 .  The second c o n s i d e r a t i o n  is Important  s i n c e  too  

h igh  an HC1 concen t r a t ion  would p reven t  M I 2  from r e a c t i n g  com- 

p l e t e l y  and could r e t a r d  o r  limit t h e  e x t e n t  o f  ICzPtI4 format ion  

because  of h igh  C1- concent rat  ion. 

The reduc t ion  of Pt(1V) + P t ( I 1 )  proceeds e q u a l l y  as r a p i d l y  and 

smoothly (no P t a  m e t a l  formation) w i t h  Na2PtClg as wi th  H2PtC16. 

KzPtC16 is no longer  be ing  used as t h e  Pt(1V) s t a r t i n g  material 
f o r  t h i s  s t e p .  

t h e  pH of  t h e  reduced s o l u t i o n  i s  a d j u s t e d  t o  $ 6 .  

By means of a micro combination pH e l e c t r o d e ,  

S t u d i e s  us ing  s t a b l e  P t ( I 1 )  have e s t a b l i s h e d  t h a t  t h e  u s e  of  

excess KI, r a t h e r  t han  t h e  s t o i c h i o m e t r i c  amount, g r e a t l y  in-  

c r e a s e s  t h e  ra te  of formation and s t a b i l i t y  ( l ifetime) of 

K z P t L ,  wi thout  s a c r i f i c i n g  y i e l d s .  

of y i e l d s  occurs . )  

f o r  s t o i c h i o m e t r i c  c o n d i t i o n s ,  appears  s a t i s f a c t o r y .  The use  

o f  NH4I i n s t e a d  of  K I  a p p e a r s  promising s i n c e  t h e  ammonolysis 

s t e p  (5) would, i n  e f f e c t ,  be  moderated by t h e  NHI, /NH3 b u f f e r  

system. 

p re l imina ry  s y n t h e s i s  employing NHt+I. 

( I n  f a c t ,  some enhancement 

A mole r a t i o  of I / P t  - 6.0, i n s t e a d  of  4.0 

+ 
R e l a t i v e l y  high o v e r a l l  y i e l d s  were ob ta ined  f o r  a s i n g l e  



A n  impor tan t  parameter  i n  opt imiz ing  and/or  reducing t h e  s c a l e  of  s y n t h e s i s  

is t h e  concen t r a t ion  o f  plat inum, e s p e c i a l l y  a t  S t e p  4 .  It is h i g h l y  

d e s i r a b l e  t o  ma in ta in  as high  a P t ( I 1 )  concen t r a t ion  as p o s s i b l e  and, 

op t ima l ly ,  above 0 . 1  M. A t  concen t r a t ions  much below this  leve l ,  rates 

become s lower  and causes  of  l o s s  through competing s i d e  r e a c t i o n s  i n c r e a s e .  

The concen t r a t ion  of P t ( L 1 )  can b e  maximized ( a )  by d i s s o l v i n g  t h e  Na2PtClg 

r e s idue  i n  a minimum volume of H20 a f t e r  S t e p  2 ,  and (b) by concen t r a t ion  

by evapora t ion  us ing  an  a i r  stream dur ing  t h e  e l e v a t e d  tempera ture  (85OC) 

phase of S t e p  3 .  

Syntheses  t o  d a t e  have been c a r r i e d  ou t  on a 0 . 1  m o l e  acale; however, a 

0.05 m o l e  (50 prnole) scale is f e a s i b l e .  

Work du r ing  t h e  next  q u a r t e r  w i l l  focus  on: 

Q u a n t i t a t i n g  t h e  e x t e n t  of  r educ t ion  o f  Pt(1V) + P t ( I 1 ) .  

Completing t h e  remaining pa rame t r i c  s t u d i e s  o u t l i n e d  i n  t h e  prev ious  

r e p o r t  

E s t a b l i s h i n g  t h e  chemical p u r i t y  

chromatograph i c  techniques  . 
Examining an  a l ternat ive mode o f  

scheme: 

o f  t h e  product  by s p e c t r o s c o p i c  and 

s y n t h e s i s  v i a  t h e  fo l lowing  r e a c t i o n  

- 
X2 = s u l f a t e  and malonate ( C $ € ~ O L , ~  ; DAC trm-R-1,2-diaminocyclohexane 

Microscale  syn theses  (0.1 m o l e )  of two c l o s e l y  r e l a t e d  p o t e n t i a l  second 

gene ra t ion  an t i tumor  P t ( I 1 )  drugs were developed i n  conjunct ion  w i t h  Medical 

Cooperat ive Programs e s t a b l i s h e d  wi th  t h e  Wadley I n s t i t u t e s  of Molecular 

Medicine (Dallas, TX) and t h e  hhry Hitchcock Memorial H o s p i t a l  (Hanover, NH). 
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T'nese '95mPt-labeled compounds are be ing  used f o r  uptake d i s t r i b u t i o n  s t u d i e s  

i n  r a t s ,  and in t n e  c a s e  o f  t h e  malonate ana log ,  f o r  e v e n t u a l  combinat ional  

therapy (wi th  r a d i a t i o n )  V S  a b r a i n  tumor model system i n  t h e  rat .  

compounds nave been e n t e r e d  i n t o  Phase I c l i n i c a l  s t u d i e s  a t  WUIM. 

Eoth 

Xethods of s y n t h e s i s  of  t h e s e  compounds are almost i d e n t i c a l  as o u t l i n e d  

below: 

S yn thes is  o f [ P t (DAC) X? ] 

Na2P t Cl&* 
+ DAC (100% XS) 
.I. 45 min, 4S°C 

[Pt(DAC) CI.21 

50°c - \ Ag2S04 
2AgN03 s o h  

'~20 m i n  63OC, 3 hr 

[Pt(DAC)(h20)2]2 , 2N03 + 2AgClC [Pt(DAC)S041 + 2AgClC 

41% y i e l d  I 
5d-bL)OC 1 Na2 Malonate(xs) 

pH ~6 6 
[ P t  (DAC) malonate1 C 

1.70% y i e l d  

*Prepared as i n  S teps  (1-3) f o r  'gsmPt-DDP. 

D i s t r i b u t i o n  S t u d i e s  

I n  g e n e r a l ,  organ d i s t r i b u t i o n  s t u d i e s  w i l l  b e  c a r r i e d  o u t  f o r  eace new 

195mPt-labeled compound s y n t h e s i z e d  i n  o r d e r  t o  a s c e r t a i n  whether a unique 

t i s s u e  d i s t r i b u t i o n  ex i s t s  which might s u g g e s t  t h e r a p e u t i c  and/or  d i a g n o s t i c  

a p p l i c a t i o n s .  These l i m i t e d  s t u d i e s  mignt a l s o  provide a b a s i s  of comparing 

d i f f e r e n t  p r e p a r a t i o n s  of  t h e  same compound a t  a la ter  d a t e .  
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A comparison of t h e  d i s t r i b u t i o n  of  [P t  (trans-L-DAC) malonate] and [Pt(trana- 
9.-DAC) s u l f a t e ]  i n  the rat ( F i s n e r  3 4 4 )  a f t e r  %24 h r  i s  snown i n  Table  1. 

General comments are  as fol lows:  

The d a t a  f o r  t h e  malonate were p a r t i c u l a r l y  v a l u a b l e  t o  E. Douple 

(Xary I i i tchcock Memorial h o s p i t a l )  i n  p lanning  h i s  i n i t i a l  exper iments ,  

i . e . ,  i n  terms o f  t h e  amount of a c t i v i t y  t o  b e  i n j e c t e d  t o  determine 

uptake i n  t h e  b r a i n .  Reported levels  of p la t inum uptake i n  t h e  b r a i n  

(>1%) , as determined by atomic a b s o r p t i o n  spec t roscopy,  are s i g i n i f i -  

c a n t l y  h i g h e r  t h a n  tnose  obta ined  h e r e  and by Douple by radiochemical  

methods. 

The r e l a t i v e  o r d e r  of  uptake ( %  dose/g t i s s u e )  f o r  t n e  malonate i s  

kidney > s p l e e n  pancreas  > l i ve r  > lung  s.  i n t e s t i n e  > h e a r t  >> b r a i n ,  

w h i l e  tnat f o r  tne s u l f a t e  analog i s  

kidney > blood > s p l e e n  > l i v e r  > lung  > s .  i n t e s t i n e  > pancreas  > h e a r t  > 

testes > b r a i n .  

Noteworthy is  the r e l a t i v e l y  h i g h e r  uptake by t h e  pancreas  f o r  t h e  malonate 

compared t o  the s u l f a t e .  

The r e l a t i v e l y  h i g h  blood l e v e l  (1% dose/ml) remains c o n s t a n t ,  accord ing  

t o  t h e  Wadley group, from 2U min t o  7 days p o s t - i n j e c t i o n .  

PHOS PH ORUS - 3 3 

D. V. Yo0 ana A .  2. Rupp 

Const ruc t ion  of t h e  i n e r t  atmosphere glove box has  been completed. 

system i s  now b e i n g  t e s t e d  f o r  leaks, and o p e r a t i o n a l  procedures  are b e i n g  

developed t o  comply w i t h  s a f e t y  and q u a l i t y  assurance  requirements .  

The 

A microsca le  in s i t u  process  h a s  been developed f o r  s y n t h e s i s  of high- 

s p e c i f i c  a c t i v i t y  3P-labeled cyclophosphamide. React ions on a scale of  

one mi l l imole  nave been conducted. The r e a c t i o n  scneme involves  g e n e r a t i o n  

of t h e  bis-(2-chloroethy1)-phospnoramide d i c h l o r i d e  i n  dichloromethane 

followed by the c a r e f u l  a d d i t i o n  o f  3-amino-1-propanol and t r i e t h y l a m i n e .  

The r e a c t i o n  between bis-~2-~hloroethyl)phospnoramide d i c h l o r i d e  and 

3-amino-1-propanol releases H C 1 ,  and consequent ly ,  a d d i t i o n  of the 3-amino- 

1-propanol must b e  done i n  t h e  presence of  t r i e t h y l a m i n e  b a s e  i n  o r d e r  t o  
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prevent  a c i d  h y d r o l y s i s  of the phosphorus-nitrogen bond and r e g e n e r a t i o n  

of  t h e  bis-(2-chloroethyl)  amine hydrochlor ide.  The crude  cyclophosphamide 

product is recovered from t h e  r e a c t i o n  mixture  by e v a p o r a t i o n  of  t h e  sol- 
v e n t ,  a d d i t i o n  o f  dioxane t o  p r e c i p i t a t e  t h e  salts ,  f i l t r a t i o n  o f  t h e  sa l ts ,  

and c o n c e n t r a t i o n  of t h e  mixture  f o r  p u r i f i c a t i o n  by column chromatography 

on a s i l i ca  g e l  column. 

decreas ing  p r o p o r t i o n s  of benzene: acetone.  

is: unreac ted  bis-(2-chloroethyl)-phosphoramide d i c h l o r i d e ,  bis-(2-chloro- 

ethy1)amine hydrochlor ide ,  and f i n a l l y  cyclophosphamide. Any t r i e t h y l -  

amine salts  which remain on t h e  column are removed w i t h  methanol. Experi- 

mental  y i e l d s  have n o t  y e t  been determined. 

32P- o r  33P-labeled POC13. 

The column is  e l u t e d  w i t h  a s o l v e n t  g r a d i e n t  of 

The e l u t i o n  o r d e r  of  p r o d u c t s  

This w i l l  be  accomplished w i t h  

Earlier problems a s s o c i a t e d  w i t h  t h e  p u r i f i c a t i o n  o f  t h e  bis-(2-chloroethyl) - 
phosphoramide d i c h l o r i d e  have been so lved  u s i n g  t h e  same column and s o l v e n t  

system. 

sary, however, dur ing  t h e  s y n t h e s i s  of cyclophosphamide. It is only  neces- 

sary when i t  is r e q u i r e d  as a s t a r t i n g  material for o t h e r  phosphorus 

compounds w i t h  a l k y l a t i n g  f u n c t i o n s .  

The i s o l a t i o n  and p u r i f i c a t i o n  of t h i s  i n t e r m e d i a t e  is n o t  necee- 

Present a p p a r a t u s  and techniques developed f o r  t h e  s y n t h e s i s  of 33P-labeled 

phosphorus oxychlor ide  (POC13) from phosphorus p e n t a c h l o r i d e  (PC15) and 

phosphorus pentoxide  (PzO5) have been t e s t e d  w i t h  v a r i a b l e  r e s u l t s .  S e v e r a l  

f a c t o r s  i n f l u e n c e  t h e  r e a c t i o n  c o n d i t i o n s  and subsequent  y i e l d s  for th i s  

s o l i d - s o l i d  i n t e r a c t i o n .  

d i s k  i n  t h e  r e a c t o r  g i v e s  v a r i a b l e  y i e l d s  due t o  areas i n  which PCl5 can 
pass  through wi thout  r e a c t i o n .  S i z e ,  volume, and geometry o f  t h e  r e a c t o r  

also appear  t o  a f f e c t  y i e l d s .  

i n t e r a c t i o n  w i t h  P2O5 depends upon t h e  rate o f  argon f low and P € l 5  e n t e r i n g  

t h e  r e a c t o r ,  as w e l l  as upon main ta in ing  t h e  c o r r e c t  temperature  t o  d i s t i l l  

off t h e  POC13 f r e e  o f  P2O5 and PCl5. 

been devised  f o r  t h e  r e a c t i o n  of  PC15 wi th  P2O5. This procedure i n v o l v e s  

subl imat ion  of PCl5 d i r e c t l y  i n t o  an i n e r t  carrier s o l v e n t  (carbon tetra- 

c h l o r i d e ,  chloroform, or benzene) conta in ing  P2O5 w i t h  c o n s t a n t  s t i r r i n g .  

Uneven c o a t i n g  o f  P2O5 o n  t h e  small g l a s s  f r i t t e d  

Subl imat ion of PCl5 t o  a c h i e v e  e f f e c t i v e  

An a l t e r n a t i v e  procedure has  t h e r e f o r e  
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The preliminary experiments  in which P C l 5  and P2O5 were r e a c t e d  i n  benzene 

a t  room tempera ture  t o  produce POC13 appear  promising.  

POClg-solvent mixture  from unreac ted  excess  P,O5 was accomplished by s imple  

d i s t i l l a t i o n  o f  t h e  mixture  I n t o  a r ece iv ing  v e s s e l .  

have no e f f e c t  du r ing  t h e  s y n t h e s i s  o f  cyclophosphamide; t h e r e f o r e ,  t h e  

POC13-solvent d x t u r e  can be used d i r e c t l y ,  o r ,  i f  need be,  t h e  s o l v e n t  

can b e  s e p a r a t e d  by f r a c t i o n a l  d i s t i l l a t i o n .  

Removal of  t h e  

The s o l v e n t  should 

Plans f o r  t h e  nex t  q u a r t e r  w i l l  I nc lude  ref inement  of t h e  cyclophosphamide 

s y n t h e s i s ,  f u r t h e r  e v a l u a t i o n  and op t imiza t ion  of t h e  two methods f o r  

POCl.3 p roduct ion ,  s y n t h e s i s  o f  32P- and/or  3P-labeled poc13 for d e t e r -  

mining y i e l d s ,  and s y n t h e s i s  of  h i g h - s p e c i f i c - a c t i v i t y  cyclophosphamide 

f o r  r a d i o l y t i c  decomposition s t u d i e s .  

TELLURIUM-123m 
F. 2'. X m p p  and K. R ,  Ambmse 

We have demonstrated t h e  accumulation o f  l 2  3 q e - l a b e l e d  3B-hydroxy-24- 

nor-23-( isopropyl  te l lura) -5a-cholane  i n  t h e  ad rena l  glands of male rats 
fo l lowing  in t r avenous  a d m i n i s t r a t i o n  o f  t h e  l a b e l e d  compound. More 

r e c e n t l y ,  t h e  ad rena l  glands of  both male and female rats have been 

d e a r l y  v i s u a l i z e d  wi th  both  a r e c t i l i n e a r  s canne r  and a camera equipped 

wi th  an RC-type p r o p o r t i o n a l  counter .  The l a t t e r  s t u d i e s  have been per- 

formed i n  con junc t ion  wi th  t h e  Medical In s t rumen ta t ion  Group of t h e  Heal th  

and S a f e t y  Research Div i s ion  and t h e  Basic Measurement Sc ience  Group of 

t h e  Ins t rument  and Cont ro ls  D iv i s ion ,  r e s p e c t i v e l y .  The o v a r i e s  of female 

rats were also d i s t i n c t l y  imaged wi th  t h i s  agen t .  An image of a female 

ra t  two days a f t e r  a d m i n i s t r a t i o n  of t h e  l a b e l e d  compound is i l l u s t r a t e d  

i n  Fig.  l a e  This image w a s  ob ta ined  wi th  an  RC-proportional coun te r  

camera wi th  a xenon gas d e t e c t o r .  This method d e t e c t s  t h e  low energy Ka 
and K Figure  lb is a r e c t i l i n e a r  

scan  ob ta ined  on t h e  same animal.  The l a t t e r  system d e t e c t s  bo th  x rays  

and t h e  h i g h e r  energy photons.  

c o l l e c t e d  f o r  s h e  159-kev gamma photon,  

x r ays  emi t ted  by t h e  '23mTe n u c l i d e .  a 

The image snown w a s  ob ta ined  from d a t a  
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ORNL-PHOTO 0273-77 

Fig. la .  Fig. l b .  

Fig.  1. P o s t e r i o r  views of a female r a t  two days a f t e r  t h e  
a d m i n i s t r a t i o n  o f  100 p C i  of 23mTe-labeled 3B-hydroxy-24- 
nor-Z3-(isopropyl te l lura) -5a-cholane .  The image shown i n  
F ig .  l a  w a s  ob ta ined  wi th  an  RC-type p r o p o r t i o n a l  counter  
camera w i t h  a xenon gas  d e t e c t o r .  The same rat w a s  imaged 
(Fig.  l b )  w i th  a r e c t i l i n e a r  scanner  equipped w i t h  a high 
r e s o l u t i o n  gold c o l l i m a t o r .  In both  images t h e  two c e n t r a l l y  
l o c a t e d  Hot ( b r i g h t )  s p o t s  are t h e  a d r e n a l  g lands  and t h e  two 
smaller p e r i p h e r a l l y  l o c a t e d  h o t  s p o t s  are  t h e  o v a r i e s .  



1 2  

T i s s u e  d i s t r i b u t i o n  s t u d i e s  of i n t r a v e n o u s l y  i n j e c t e d  123?e-3B-hydroxy- 

24-nor-23 ( i s o p r o p y l  te l lura) -5a-cholane  conducted i n  both male and female 

F i s h e r  s t r a i n  rats showed a h i g h e r  s t e r o i d  c o n c e n t r a t i o n  i n  t h e  a d r e n a l s  

of  female rats as compared t o  males. 

r a t i o s  one day a f t e r  i n j e c t i o n  were 68 f o r  females and 44 f o r  males. By 

t h e  seventh  day t h e  a d r e n a l / b l o o d  r a t i o s  were 100 f o r  females and 5 3  f o r  

males. 

For example, t h e  adrena l /b lood  

D i s t r i b u t i o n  s t u d i e s  designed t o  look a t  i n t e r v a l s  s h o r t e r  than one day, 

and also up t o  t h r e e  weeks, showed t h a t  i n  male rats the peak concentra-  

t i o n  o f  t h e  '23mTe-labeled s t e r o i d  i n  t h e  a d r e n a l s  is reached by 18-24 h r  

and then  s lowly d e c l i n e s  over  t h e  next  t h r e e  weeks (approximately 10% o f  

m a x i m a l  c o n c e n t r a t i o n  remaining a t  t h r e e  weeks ) .  

t h e  relative r a d i o a c t i v i t y  i n  t h e  medulla and c o r t e x  of t h e  a d r e n a l s  were 

hampered by t h e  small size of rat adrena ls .  

i n  r a b b i t s .  

Attempts t o  determine 

These s t u d i e s  will be done 

The combined r e s u l t s  of  t h e  t i s s u e  d i s t r i b u t i o n  and scanning  s t u d i e s  ind i -  

cate t h a t  123~e-3B-hydroxy-24-nor-23-(isopropyl t e l l u r a ) - 5 ~ - c h o l a n e  may 

b e  u s e f u l  as an agent  f o r  t h e  d e t e c t o r  o f  v a r i o u s  a d r e n a l  d i s o r d e r s  and 

may a l s o  a i d  i n  t h e  d e t e c t i o n  o f  o v a r i a n  tumors and c y s t s .  

The a d r e n a l  g lands  of female r a b b i t s  have a l s o  been c l e a r l y  imaged f o u r  

days a f t e r  a d m i n i s t r a t i o n  of t h e  '23mTe-labeled s t e r o i d  us ing  b o t h  t h e  

r e c t i l i n e a r  s c a n n e r  and a gamma camera. 

i n  conjunct ion  w i t h  t h e  ORAU medical  f a c i l i t i e s .  

r a b b i t s  t r e a t e d  w i t h  t h i s  agent  showed o v a r i a n  c o n c e n t r a t i o n  of rad io-  

a c t i v i t y .  Without any except ions  t h e  o v a r i e s  of female rats have concen- 

t r a t e d  r a d i o a c t i v i t y  a f t e r  t h e  i n j e c t i o n  of t h i s  material. It is p o s s i b l e  

t h a t  ovar ian  uptake i s  a f u n c t i o n  of t h e  e s t r u s  c y c l e ,  which i n  r a b b i t s  is 

dependent upon c o i t u s .  

The l a t t e r  s t u d i e s  were performed 

N e i t h e r  of t h e  two female 

The a d r e n a l  glands and l i v e r s  of male rats were e x c i s e d  two days a f t e r  t h e  

a d m i n i s t r a t i o n  of  123mTe-3d-hydroxy-24-nor-23-(isopropyl t e l l u r a ) - 5 a -  

cholane.  The t i s s u e s  were Folch e x t r a c t e d  and t h e  l i p i d - s o l u b l e  p o r t i o n s  
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s u b j e c t e d  t o  s i l i c i c  a c i d  chromatography. The l i v e r  e x t r a c t  conta ined  

predominantly very  p o l a r  r a d i o a c t i v e  components which were e l u t e d  from 

the  column i n  t h e  methanol wash. I n  c o n t r a s t ,  t h e  a d r e n a l  e x t r a c t s  con- 

t a i n e d  a number of l a b e l e d  components. One major component was very non- 

p o l a r  and was e l u t e d  from t h e  column wi th  t h e  expec ted  m o b i l i t y  of s t e r y l  

esters. An expected me tabo l i c  f a t e  o f  n e u t r a l  monohydroxy s t e r o i d s  con7 

c e n t r a t e d  i n  t h e  ad rena l  gland would be  e s t e r i f i c a t i o n  w i t h  long-chain 

f a t t y  a c i d s .  The ad rena l  e x t r a c t  a l s o  conta ined  two o t h e r  major compo- 

n e n t s  of moderate p o l a r i t y  which may r e p r e s e n t  n u c l e a r  mod i f i ca t ions  of 

the adminis te red  compound. These r e s u l t s  were reproduced i n  a s e p a r a t e  

experiment  performed i n  t h e  same manner. The fact  that t h e  t i s s u e s  were 

manipulated i n  t h e  same manner and t h e  r a d i o a c t i v e  column p r o f i l e s  of the 

ad rena l  and l i v e r  e x t r a c t s  were c o n s i s t e n t l y  d i f f e r e n t  s u g g e s t s  t h a t  t h e  

r a d i o a c t i v e  components d e t e c t e d  upon s i l i c i c  a c i d  chromatographic ana lyses  

must r e p r e s e n t  t r u e  m e t a b o l i t e s  of  t h e  adminis te red  compound. From a 

biochemical  vantage p o i n t  t h e s e  r e s u l t s  ra ise  several i n t e r e s t i n g  q u e s t i o n s ,  

since i t  is  known t h a t  t h e  s a t u r a t e d  s t e r o i d  c h o l e s t a n o l  is not  metabol ized 

by r a t  a d r e n a l  homogenates . 

The g e n e r a l  scheme t h a t  w a s  developed f o r  t h e  i n t r o d u c t i o n  of l Z 3 q e  k r t o  

the s t e r o i d  s i d e c h a i n  is  e f f i c i e n t  and e a s i l y  adap tab le  f o r  the p r e p a r a t i o n  

of  a wide v a r i e t y  o f  s t e r o i d s .  

an i n v e s t i g a t i o n  of  t h e  effect  of  s t e r o i d  s t r u c t u r e  on t h e  a b i l i t y  of the 

ad rena l  t o  c o n c e n t r a t e  such  subs t ances .  Seve ra l  s t r u c t u r a l  modi f ica t ion8  

of the s t e r o i d  nuc leus  and s i d e c h a i n  were envis ioned  which could give a 

gene ra l  i n d i c a t i o n  of t h e  s t r u c t u r a l  parameters which determine uptake  of 

s t e r o i d s  by t h e  a d r e n a l s .  

ga ted  i n c l u d e  t h e  fol lowing:  

j u n c t u r e ,  ( 2 )  t h e  presence  of a hydrophobic C-3 s u b s t i t u e n t ,  (3)  t h e  e f f e c t  

of t h e  A5-nuclear  double  bond, and ( 4 )  t h e  presence  of  a l a r g e  a l k y l  t e l l u -  

rium s u b s t i t u e n t  i n  t h e  s i d e c h a i n .  The syn theses  of r e p r e s e n t a t i v e  s t e r o i d s  

exemplifying t h e s e  s t r u c t u r a l  v a r i a t i o n s  are d i scussed  below w i t h  r e s u l t s  

o f  b i o l o g i c a l  s t u d i e s  w i t h  t h e  123mTe-labeled s t e r o i d s .  

These methods are t h u s  uniquely s u i t e d  f o r  

The s t r u c t u r a l  modi f ica t ions  t h a t  were i n v e s t i -  

(1) t h e  s t e reochemis t ry  of  t h e  A/B r i n g  
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During t h e  i n i t i a l  s t a g e s  of our i n v e s t i g a t i o n s  d i r e c t e d  towards the 

p r e p a r a t i o n  of s t e r o i d s  l a b e l e d  i n  t h e  s i d e c h a i n  w i t h  123qe, 3a- 
acetoxy-56-cnolanic a c i d  was chosen as a model s u b s t r a t e  t o  de t e r -  

mine t h e  e f f i c a c y  of  t h e  H k s d i e c k e r  degrada t ion  t o  p repa re  t h e  

corresponding 24-nor bromide. 

of the 3a-acetoxy-24-bromo-5~-cholane which w a s  t hen  coupled w i t h  

sodium i s o p r o p y l  t e l l u r o l  i n  t h e  usua l  manner t o  g ive  3a-hydroxy-24- 

nor-23-(isopropyl t e l l u r a )  -56-cholane. 

w a s  p repared  i n  t h e  same manner. 

s t e r o i d  i n  female rats i n d i c a t e d  only  minimal a d r e n a l  uptake.  These 

results were f u r t h e r  s u b s t a n t i a t e d  by r e c t i l i n e a r  s cans  of bo th  male 

and female rats fo l lowing  a d m i n i s t r a t i o n  of t h e  l a b e l e d  analog.  The 
a d r e n a l  glands o f  t h e s e  rats could n o t  be  v i s u a l i z e d  dur ing  the pe r iod  

of up t o  two weeks a f t e r  i n j e c t i o n .  

s t e r eochemis t ry  of  t h e  A/B r i n g  j u n c t u r e  is  an impor tan t  s t r u c t u r a l  
f e a t u r e  a f f e c t i n g  a d r e n a l  uptake of  such compounds. 

This  technique  r e s u l t e d  i n  a 32% y i e l d  

The l 2  3mTe-labeled compound 

Tissue  d i s t r i b u t i o n s  o f  t h e  l a b e l e d  

These results i n d i c a t e  that the 

and (3)  The Hiinsdiecker-type degrada t ion  w a s  n o t  a p p l i c a b l e  f o r  t h e  

decarboxyla t ion-ha logenat ion  of b i l e  a c i d s  con ta in ing  a n u c l e a r  

double bond. 

t h e  s y n t h e s i s  of  t h e  r e q u i s i t e  ha logenated  s i d e c h a i n  in t e rmed ia t e .  

Methyl-30-methoxy-chol-5-en-24-oate w a s  p repared  from t h e  methyl  

ester of t h e  p a r e n t  compound by r e a c t i o n  wi th  t r i m e t h y l  o r tho fo rma te  

and p e r c h l o r i c  a c i d .  

hydr ide  gave 3$-methoxy-24-hydroxy-chol-5-ene which w a s  conver ted  

t o  3B-methoxy-24-bromo-chol-5-ene by r e a c t i o n  w i t h  t h e  i n t e r m e d i a t e  

s p e c i e s  genera ted  by t h e  r e a c t i o n  of  carbon t e t r ab romide  and tri- 

phenyl  phosphine.  

t e l l u r o l  i n  t h e  usua l  manner t o  y i e l d  t h e  3B-methoxy-24-(isopropyl 
te l lura)-chol-5-ene.  

123mTe-labeled compound i n  female rats i n d i c a t e d  an ad rena l  concen- 

t r a t i o n  (% dose/g)  lower than  t h a t  ob ta ined  w i t h  123mTe-3B-hydroxy- 

24-nor-23-(isopropyl te l lura) -5a-cholane  (24 and 65, r e s p e c t i v e l y )  . 
I n  a d d i t i o n ,  t h e  concen t r a t ion  i n  o t h e r  t i s s u e s  w a s  h i g h ,  r e s u l t i n g  

i n  only  moderate a d r e n a l l t i s s u e  r a r i o s  ( e . g . ,  5:l a d r e n a l / l i v e r ) .  

For t h i s  reason  an a l t e r n a t i v e  procedure was used f o r  

Reduction wi th  methoxy ethoxy sodium aluminum 

The 24-bromide waa coupled wi th  sodium i s o p r o p y l  

Tissue  d i s t r i b u t i o n  experiments wi tn  t h e  
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These d a t a  were cor robora ted  by t h e  r e c t i l i n e a r  scans of a r a t  f o r  

p e r i o d s  up t o  a week a f t e r  i n j e c t i o n  w i t h  l a b e l e d  compound. After 

f i f t e e n  days,  however, t h e  a d r e n a l s  and o v a r i e s  o f  a female ra t  

were c l e a r l y  imaged. 

f e a t u r e s  of t h e  s t e r o i d  n o t  on ly  determine a d r e n a l  uptake b u t  a lso 

d i c t a t e  t h e  rates a t  which s t e r o i d s  are t a k e n  up and c l e a r e d  by 

o t h e r  t i s s u e s .  

These r e s u l t s  i n d i c a t e  tha t  c e r t a i n  s t r u c t u r a l  

To s t u d y  t h e  e f f e c t  of t h e  A5-nuclear double  bond t h e  36lnethoxy- 

2 4 -bromo- chol-5 -ene w a s  convert  e d t o  3 6-ace toxy -2 4-b romo-chol-5 -ene 

by r e a c t i o n  w i t h  anhydrous f e r r i c  c h l o r i d e  i n  a mixture  of  acet ic  

anhydride-ethyl  acetate. The acetate w a s  t h e n  coupled w i t h  sodium 

i s o p r o p y l  t e l l u r o l  in t h e  usua l  manner t o  y i e l d  36-hydroxy-24- 

( i s o p r o p y l  tellura)-chol-5-ene. 

experiments  w i t h  the 1 2 3 9 e - l a b e l e d  compound have n o t  y e t  been 

i n i t i a t e d ,  r e c t i l i n e a r  s c a n s  o f  b o t h  male and female rats fo l lowing  

a d m i n i s t r a t i o n  o f  t h i s  a g e n t  have i n d i c a t e d  a very r a p i d  adrenal-  

s p e c i f i c  uptake o f  t h i s  material. 

t h a t  t h i s  analog i s  even more e f f i c i e n t  f o r  e a r l y  v i s u a l i z a t i o n  of 

a d r e n a l s  than  3~e-3f3-hydroxy-24-nor-23-(isopropyl t e l l u r a )  -5a- 

cholane.  

Although t h e  t i s s u e  d i s t r i b u t i o n  

These p r e l i m i n a r y  r e s u l t s  s u g g e s t  

( 4 )  To i n v e s t i g a t e  t h e  e f f e c t  of e n l a r g i n g  t h e  a l k y l  t e l l u r a  s i d e c h a i n  

s u b s t i t u e n t ,  sodium o c t y l  t e l l u r o l  w a s  prepared  by t h e  g e n e r a l  

procedure descr ibed  ear l ier  and coupled wi th  36-acetoxy-24-nor-23- 

bromo-5a-cholane t o  g ive  3f3-hydroxy-24-nor-23-(octyl te l lura) -5a-  

cholane.  This i n t e r e s t i n g  analog was f u l l y  c h a r a c t e r i z e d  by the 

u s u a l  methods and t h e  1 2 3 q e - l a b e l e d  compound w a s  t h e n  prepared.  

Although t i s s u e  d i s t r i b u t i o n s  o f  t h i s  analog have n o t  been i n i t i a t e d ,  

r e c t i l i n e a r  s c a n s  of b o t h  male and female ra t s  i n j e c t e d  w i t h  t h i s  

material have g iven  d iscouraging  r e s u l t s .  

i n j e c t i o n  only minimal a d r e n a l  uptake could be  d e t e c t e d .  

r e s u l t s  i n d i c a t e  t h a t  t h e  s t e r o i d  s i d e c h a i n  a l s o  p l a y s  an impor tan t  

r o l e  i n  determining a d r e n a l  uptake.  

Even t e n  days a f t e r  

These 
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During the next q u a r t e r  t h e  f a c t o r s  t ha r  a f f e c t  o v a r i a n  uptake o f  l Z 3 9 e -  

36-hydroxy-24-nor-2 3-(isopropyl t e l l u r a )  -5a-cholane and 30-hydroxy-24- 

( i sop ropy l  te l lura) -chol -5-ene  w i l l  be  i n v e s t i g a t e d .  

s t u d i e s  of t h e  new compounds desc r ibed  i n  t h i s  r e p o r t  w i l l  b e  completed. 

These i n c l u d e  in v i t r o  incubat ions  of  t h e  above two s t e r o i d s  w i t h  r a t  

ad rena l  homogenates. 

t o  t hose  d i scussed  earlier f o r  t h e  ad rena l  e x t r a c t s  ob ta ined  fo l lowing  

in A v o  a d m i n i s t r a t i o n .  

experiments  w i l l  b e  performed t o  determine t h e  metabol ic  f a t e  of  t h e  above 

two 1 2 3 q e - l a b e l e d  s t e r o i d s  in ovar i an  t i s s u e .  

In a d d i t i o n ,  b i o l o g i c a l  

The r e s u l t s  o f  t h e  l a t t e r  experiments  w i l l  be  compared 

In a d d i t i o n ,  both t h e  in ~ v o  and in v i t r o  

MIS CELLAillEOUS 

Nine shipments of 43K were made t h i s  q u a r t e r .  Three shipments to t h e  

Un ive r s i ty  o f  M s s i s s i p p i  were used f o r  r a d i o i s o t o p e  imaging i n  h e a r t  

d i s e a s e  s t u d i e s  i n  comparison wi th  "OrT1. 

Na t iona l  Labora tory  were used i n  t h e i r  s t u d i e s  of exchangeable  e l e c t r o -  

l y t e s  i n  human s u b j e c t s .  

f o r  Environmental  Hea l th  f o r  s tudy  of  a l k a l i  metal i o n  p e r f u s i o n  I n  the 

i n n e r  ear o f  gu inea  p i g s  t o  re la te  uptake i n  t h e  endolymph as a f u n c t i o n  

of n o i s e  and d i s e a s e  f a c t o r s .  One shipment w a ~  made t o  t h e  C i ty  College 

of New York f o r  imaging s t u d i e s ,  and one shipment was made t o  Argonne 

Na t iona l  Laboratory f o r  u se  i n  chemical s t u d i e s .  

Tnree shipments t o  Brookhaven 

One shipment w a s  made t o  Na t iona l  I n s t i t u t e  

One shipment of h i g h - s p e c i f i c  a c t i v i t y  64Cu w a s  s e n t  t o  ORAU f o r  tumor 

l o c a l i z a t i o n  s t u d i e s .  

w i th  t h e i r  new Emission Computed A x i a l  Tomographic (ECAT) scanne r .  

This p o s i t r o n  emitter has  p o t e n t i a l  u se fu lness  

J o  D. Hoeschele a t t ended  a meeting a t  t h e  Un ive r s i ty  of Vermont Regional 

Cancer Center  concerning t h e  p rospec t ive  use  o f  P t ( I 1 )  compounds i n  

t r e a t i n g  b r a i n  tumors (chemotherapy p l u s  r a d i a t i o n  the rapy) .  H e  a l s o  

p re sen ted  seminars  a t  both t h e  East Tennessee Sec t ion  o f  t h e  American 

Chemical Soc ie ty  and a t  ORAU concerning "Platinum Antitumor Complexes 

i n  Cancer Chemotherapy." J. K. Poggenburg p resen ted  a seminar  on 
"Xedical App l i ca t ions  of Radioisotopes"  at Union Unive r s i ty ,  Jackson, TN. 
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Visitors  t h i s  period include Dr. Jack Coupal, Radiopharmacbk a t  the V .  A.  

Hospital, Lexington, KY, and Mr. Richard Yanzey, a student i n  the School  

o f  Pharmacy, University of  Kentucky, who spent a day learning techniques 

f o r  the synthesis of 195mPt-DDP. 

PULI CAT 1014s 

Reports 

J. K. Poggenburg, BiomedicaZ Radioisotope Program Progrees Report f o r  
Quarter Ending December 31, 1976, ORNL/TM-5809, Oak Ridge National 

Laboratory (February 1 9 7 7 ) .  
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