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NUCLEAR MEDICINE TECHNOLOGY PROGRESS 
REPORT.for QUARTER ENDING SEPTEMBER 30, 1978 

SUMMARY 

A new area of  i n t e r e s t  i n  t h e  Nuclear  Medic ine Technology Program 

i s  t h e  development of a  unique c l a s s  o f  rad iopharmaceut i ca ls  l a b e l e d  

w i t h  t he  1 1 7 m ~ n  nuc l  i d e .  The a t t r a c t i v e  p r o p e r t i e s  o f  7 m ~ n  i n c l  ude 

a 14-day phys ica l  h a l f - l i f e  and t h e  emiss ion o f  s i n g l e  y-photon w i t h  

an op t ima l  energy o f  159 keV. A s p e c i a l i z e d  apparatus has been designed 

f o r  t h e  convers ion  o f  m e t a l l i c  1 7 m ~ n  t o  7 m ~ n ~ 1 4  which has been sub- 

sequent l y  conver ted  t o  a  v a r i e t y  o f  use fu l  7 m ~ n - l  abel  ed o r g a n o t i n  

i n te rmed ia tes .  The a v a i l a b i l i t y  o f  t h i s  un ique approach w i l l  now 

make p o s s i b l e  t h e  syn thes i s  o f  a  wide v a r i e t y  o f  7 m ~ n - l  abel  ed 

compounds o f  b i o l o g i c a l  i n t e r e s t .  Such t i  ssue -spec i f i c  7 m ~ n - ~  abel  ed 

agents may rep resen t  a  new c l a s s  o f  use fu l  rad iopharmaceut i ca ls .  

I n  t h i s  progress r e p o r t  we a l s o  descr ibe  c o n t i n u i n g  s t u d i e s  

i n v o l v i n g  t he  p repa ra t i on  and t e s t i n g  o f  rad iopharmaceut i ca ls  l a b e l e d  

951'"~t , and 7 5 ~ e .  Several C-1 abel ed amino ac ids  i n c l  ud ing  w i t h  C, 

~ - ~ ~ - t r ~ ~ t o ~ h a n ,  C-1 -aminocycl obutanecarboxyl  i c  a c i d  (ACBC ) , and 

C-1 -aminocycl opentanecarboxyl  i c  a c i d  (ACPC) were prepared, and 

p a t i e n t  s t ud ies  have demonstrated ACBC t o  be s u p e r i o r  t o  ACPC f o r  

tumor l o c a l i z a t i o n .  Our s t u d i e s  w i t h  9hft have recen t1  y been 

d i r e c t e d  toward a t t emp t i ng  t o  prepare h i g h  s p e c i f i c  a c t i v i t y  1  95mpt 

by  t h e  Szi lard-Chalmers process. We a l s o  r e p o r t  progress i n  t he  

development o f  an in v i v o  d i f f u s i o n  chamber assay technique t h a t  i s  

be ing  used t o  i n v e s t i a a t e  t h e  c y t o t o x i c i t y  o f  cyclophosphamide and 



cis-dichlorodiammineplatinum(II) on t h e  growth o f  KB tumor c e l l  s. More 

r e c e n t  s t u d i e s  w i t h  7 5 ~ e - ~  abel  ed 6-ami noe thy l  s e l  enosul f a t e  have 

demonstrated t h e  s i g n i f i c a n t  panc rea t i c  uptake o f  t h i s  agent.  

Four carbon-11 p r o d u c t i o n  runs were made t h i s  p e r i o d  t o  prepare 

'c-1 abeled amino a c i d s  f o r  t h e  Medical  Cooperat ive Program w i t h  t h e  

Oak Ridge Assoc ia ted U n i v e r s i t i e s  (ORAU) f o r  s t u d i e s  i n  human p a t i e n t s .  

The compounds prepared were C - ~ ~ - t r y ~ t o ~ h a n ,  C-1 -ami nocyc lobutane-  

11 ca rboxy l  i c a c i d  ( C-ACBC) , and C-1 -ami nocyc l  opentanecarboxyl  i c  a c i d  

11 ( C-ACPC). A r e c o r d  h i g h  y i e l d  o f  41 7 mCi o f  C-ACBC was ob ta ined  

d u r i n g  t h e  q u a r t e r .  The B203 c y c l o t r o n  t a r g e t  and rad iochemica l  

syn thes i s  systems con t i nue  t o  have c o n s i s t e n t l y  good performance. 

T h i r t e e n  p a t i e n t s  were examined a t  ORAU by  p o s i t r o n  emiss ion tomoqraphy 

a f t e r  a d m i n i s t r a t i o n  o f  one o r  more o f  these  agents.  A s u f f i c i e n t  

number o f  p a t i e n t s  have now been examined by ORAU t o  c l e a r l y  i n d i c a t e  

t h a t  llC-ACBC i s  s u p e r i o r  t o  1 1 ~ - ~ ~ ~ ~  f o r  general  tumor l o c a l  i z a t i o n .  

A lso,  l l ~ - ~ ~ - t r y p t o p h a n  appears t o  be s u p e r i o r  t o  l l ~ - ~ ~ - v a l  i n e  as a 

p a n c r e a t i c  imaging agent,  a1 though, a d d i t i o n a l  s t u d i e s  w i l l  be per -  

formed t o  c o n f i r m  t h i s  conc lus ion .  



PLATINUM-] 95m 

J .  D. Hoeschele and T. A. B u t l e r  

As p a r t  o f  t h e  c o n t i n u i n g  Medical  Cooperat ive Program t o  s tudy  

p l a t i num an t i t umor  compounds, one shipment o f  195m~t-l  abeled c i s -  

[Pt(NH3)2C12] (cis-DDP) was made t o  t h e  U n i v e r s i t y  o f  Southern C a l i -  

f o r n i a  and one shipment o f  9 5 m ~ t - l a b e l e d  Na2PtC16 was made t o  t h e  

U n i v e r s i t y  o f  Kentucky Medical  Center.  

I n  coopera t ion  w i t h  W.  Wolf a t  t h e  U n i v e r s i t y  o f  Southern 

C a l i f o r n i a ,  we have i n i t i a t e d  a  sho r t - t e rm  s tudy  t o  determine t h e  

f e a s i b i l i t y  o f  enhancing 195m~t s p e c i f i c  a c t i v i t y  by  t h e  S z i l a r d -  

Chalmers process. The High F lux  I so tope  Reactor (HFIR) i r r a d i a t i o n  

o f  l g 4 p t  y i e l d s  195m~t w i t h  a  maximal s p e c i f i c  a c t i v i t y  o f  s 1  mCi/mg - 

4  as a  r e s u l t  o f  t h e  ve ry  h i g h  burn-up c ross -sec t i on  (1.3 x  10  barns)  

o f  t h e  95m~t  produc t .  The a v a i l  a b i  1  i t y  o f  195m~t w i t h  a  s p e c i f i c  

a c t i v i t y  g r e a t e r  than 5  mCi/mg would be p a r t i c u l a r l y  use fu l  i n  

b i o l o g i c a l  s t u d i e s  employing 195m~t-l  abel ed cis-DDP o r  o t h e r  a n t i  tumor 

p l a t i num compounds. such h i g h  s p e c i f i c  a c t i v i t y  m a t e r i a l  would be 

p a r t i c u l a r l y  use fu l  i n  s t u d i e s  r e q u i r i n g  t h e  d e t e c t i o n  o f  ve ry  smal l  

amounts of. p la t inum.  

I n  t h e  Szi lard-Chalmers process t h e  t a r g e t  atoms, i n  t h i s  case. 

l g4P t ,  a r e  i r r a d i a t e d  i n  a  neu t ron  f l u x  and conver ted  t o  95m~t  by 

t h e  n  -+ y nuc lea r  r e a c t i o n .  The excess energy r e s u l t i n g  from t h e  

neut ron-nuc leus i n t e r a c t i o n  i s  r e l eased  as a  gamma photon, and t o  

conserve momentum t h e  nuc leus rece i ves  s u f f i c i e n t  r e c o i  1  energy i n  

most cases t o  r u p t u r e  one o r  more chemical bonds. These s o - c a l l e d  



" h o t  atoms" a re  amenable t o  d i f f e r e n t i a l  chemical recovery  and thus  

1  95mpt enhancement o f  t h e  s p e c i f i c  a c t i v i t y  o f  . Our i n i t i a l  approach 

w i l l  i n v o l v e  neu t ron  i r r a d i a t i o n s  o f  thermodynamica l ly  and chem ica l l y  

s t a b l e  anhydrous Pt02 i n  powder form. Disp laced lg5"'pt atoms on o r  

near  t h e  su r f ace  o f  t h e  b u l k  ox ide  would presumably be more r e a d i l y  

d i s s o l v e d  by  a c i d  l e a c h i n g  o f  the  i r r a d i a t e d  t a r g e t .  

F o l l o w i n g  neu t ron  i r r a d i a t i o n  o f  t h e  powdered P t O p  i n  t h e  Oak 

Ridge Research Reactor  (ORR) t he  t a r g e t  w i l l  be leached w i t h  aqua 

r e g i a  t o  remove t h e  most r e a c t i v e  p l a t i n u m  atoms, and presumably t h e  

195m~t, as h e x a c h l o r o p l a t i n i c  a c i d  (H2PtC16). The h i g h  mo la r  e x t i n c t i o n  

c o e f f i c i e n t  o f  t h e  i n t e n s e  261-nm abso rp t i on  o f  t h e  H2PtC16 can be 

e a s i  1  y used t o  de te rmine  t h e  concen t ra t i on  o f  t h e  1  eachate s o l u t i o n s ,  

and t h e  s p e c i f i c  a c t i v i t y  o f  t he  1 9 5 m ~ t - ~ 2 ~ t ~ 1 6  can thus  be e a s i l y  

determined.  The f e a s i b i l i t y  o f  t h i s  method f o r  t h e  p roduc t i on  o f  

195m~t w i l l  have been e s t a b l  i shed  i f  the  s p e c i f i c  a c t i v i t y  o f  t h e  

l e a c h a t e  i s  inc reased  by  a  f a c t o r  o f  5  o r  more over  t h a t  de tec ted  i n  

t he  bu l  k  ox ide .  

I f  t h e  use o f  Pt02 i s  i m p r a c t i c a l  f o r  t h e  Sz i lard-Chalmers 

process, o t h e r  methods t h a t  cou ld  be cons idered i n c l u d e  t h e  neu t ron  

i r r a d i a t i o n  o f  p l a t i n u m  f o i l  t h a t  has been e l e c t r o p l a t e d  w i t h  a  t h i n  

copper c o a t i n g .  The copper may serve as a  ca t che r  f o r  t h e  r e c o i l e d  

95m~t  , LUII I~.  P l  a t inum bnl.,ntl t o  r a d i a t i o n  s t a b l  e i n n r g a n i c  c a t i o n  

exchangers o r  s t a b l  e P t  ( I I ) macrocycl i c  complexes a r e  o t h e r  p o t e n t i  a1 

t a r g e t  m a t e r i a l s .  I f  a  f e a s i b l e  t a r g e t  m a t e r i a l  and means o f  removing 

h i g h  s p e c i f i c  a c t i v i t y  195m~t i s  determined, then  t h e  use o f  h i g h l y  

en r i ched  9 4 ~ t  w i l l  be cons idered.  



SELENIUM-75 

D. V. Woo, K. R. Ambrose, T. A. Butler, and F. F. Knapp, J r .  

Our p rev ious  s tud ies  have demonstrated t h e  s i g n i f i c a n t  panc rea t i c  

uptake o f  r a d i o a c t i v i t y  i n  r a t s  f o l l o w i n g  in t ravenous  a d m i n i s t r a t i o n  

o f  7 5 ~ e - ~ - a m i n o e t h y l  se l  enosul f a t e  (ORNLITM-6410). Since commerc ia l ly  

a v a i l  ab le  7 5 ~ e - s e l  enomethionine i s  t h e  on1 y agent t h a t  i s  r o u t i n e l y  

used f o r  c l i n i c a l  panc rea t i c  imaging, we have i n i t i a t e d  s t u d i e s  t o  

compare t h e  b i o d i s t r i b u t i o n  o f  7 5 ~ e - ~ - a m i n o e t h y l  s e l e n o s u l f a t e  and 

75~e -se lenome th ion ine  i n r a t s .  Female F i sche r  s t r a i n  r a t s  were i n t r a -  

venous1 y admin is te red  t he  7 5 ~ e - l  abel  ed compounds i n  p h y s i o l o g i c a l  

s a l i n e  s o l u t i o n  and s a c r i f i c e d  30 min l a t e r .  Se lec ted  t i s s u e s  were 

then  removed and assayed f o r  r a d i o a c t i v i t y .  The r e s u l t i n g  t i s s u e .  

d i s t r i b u t i o n  da ta  a r e  shown i n  Table 1  and demonstrate a  h i g h e r  

panc rea t i c  uptake o f  r a d i o a c t i v i t y  i n  animals t h a t  were admin is te red  

the  7 5 ~ e - s e l  enomethioni  ne compared w i t h  animal s  r e c e i v i n g  7 5 ~ e - ~ -  

aminoethyl  s e l e n o s u l f a t e .  The l i v e r  uptake, however, was cons ide rab l y  

h i ghe r  i n  animal s  t h a t  were admini  s t e r e d  t h e  7 5 ~ e - s e l  enomethioni  ne, and 

as a  r e s u l t  t he  p a n c r e a s l l i v e r  r a t i o s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f o r  

t h e  Lwu 7 5 ~ e - ~  abel  ed compounds. These p r e l  i m i n a r y  r k s u l  t s  suggest t h a t  

7 5 ~ e - ~ - a m i n o e t h y l  se l  enosul f a t e  c o u l d  be used as an a1 t e r n a t i v e  t o  

75~e -se lenome th ion ine  f o r  p o t e n t i a l  imaging o f  t h e  pancreas. 



Table 1.  Uptake o f  7 5 ~ e  i n  se lec ted  r a t  t i s suesa  

Compound 

Organ 7 5 ~ e - ~ - a m i n o e t h y l  s e l  enosul  f a t e  7 5 ~ e - s e l  enomethionine 

B l  ood 

Hea r t  

L i v e r  

Pancreas 

Spl een 0.511 2 0.021 

P a n c r e a d l  i ver  1.945 

a Average pe rcen t  dose/gm o f  t i s s u e  o r  ml o f  b l ood  2 standard 
d e v i a t i o n  f o r  5  an imals .  

TIN-1 17m 

D. V. Woo, T. A. Butler and F. F. Knapp, J r .  

The 1 1 7 m ~ n  n u c l i d e  decays w i t h  t h e  emiss ion o f  a  s i n g l e  y-photon 

i n  87% abundance w i t h  an energy o f  159 keV. Th i s  energy i s  op t ima l  

f o r  t h e  sodium i o d i d e  c r y s t a l  d e t e c t o r s  which a r e  c u r r e n t l y  used i n  

n u c l e a r  medic ine i ns t rumen ta t i on .  I n  a d d i t i o n ,  t h e  moderate 14-day 

p h y s i c a l  h a l f - 1  i f e  i n d i c a t e s  t h a t  agents l a b e l e d  w i t h  t h e  1  1  7mSn 

n u c l i d e  would have a  reasonable s h e l f - l i f e  and t h a t  t h e  absorbed 

t i s s u e  dose wou I d  be l e s s  than  l h d L  expected f o r  agcnts  1  abeled w i t h  

l o n g - l i v e d  n u c l i d e s .  Organot in  chem is t r y  i s  v e r y  v e r s a t i l e  and such 

compounds a r e  o f t e n  q u i t e  s t a b l e .  One cou ld  thus  e n v i s i o n  t h e  prep-  

a r a t i o n  o f  a  v a r i e t y  o f  t i s s u e - s p e c i f i c  7 m ~ n - l  abel ed rad lopharmaceut i  c a l  s  . 
T h i s  combinat ion o f  f a v o r a b l e  r a d i o n u c l i d i c  p r o p e r t i e s ,  w e l l - d e f i n e d  



chemist ry ,  and s y n t h e t i c  v e r s a t i l i t y  has prompted u s . t o  e x p l o r e  t h e  

p repa ra t i on  o f  o rgano t i n  compounds o f  p o t e n t i a l  b i o l o g i c a l  i n t e r e s t .  

The syn thes i s  o f  any o rgan ic  7 m ~ n - l  abeled agent would r e q u i r e  t h e  

i n i t i a l  convers ion  o f  reactor -produced 1 '17m~n metal  t o  a  s u i t a b l e  form 

f o r  i n c o r p o r a t i o n  i n t o  t h e  compound o f  i n t e r e s t .  I n  ou r  es t ima t i on ,  

t i n  t e t r a c h l o r i d e  (SnCl 4 )  ' f i l l  s  t he  requi rements o f  a  v e r s a t i l e  and 

use fu l  i n t e rmed ia te  f o r  t h e  syn thes i s  o f  a  wide v a r i e t y  o f  o r g a n o t i n  

compounds. We have developed a  h i g h - y i e l d  method f o r  t h e  convers ion  

o f  t i n  metal  t o  t h e  p i v o t a l  SnC14 i n te rmed ia te .  Our method i n v o l v e s  t h e  

c h l o r i n a t i o n  o f  m e t a l l i c  t i n  w i t h  c h l o r i n e  gas w i t h  t h e  concomi tant  

d i s t i l l a t i o n  and t r a p p i n g  o f  t h e  SnC14 i n t o  a s p e c i a l i z e d  r e a c t i o n  

vessel  as o u t l i n e d  i n  F i g .  1 .  Using t h i s  s p e c i a l i z e d  i n e r t  atmosphere, 

f l ow- th rough system t h e  y i e l d s  o f  SnC14 have been c o n s i s t e n t l y  g r e a t e r  

than 90%. Reagents can be added d i r e c t l y  t o  t h i s  r e a c t i o n  vessel f o r  

subsequent t rans fo rmat ions  which e l i m i n a t e s  undes i rab le  t r a n s f e r  and 

man ipu la t i on  o f  t h e  h i g h l y  r e a c t i v e  SnC14. 

For  t he  p repa ra t i on  o f  1 7 m ~ n - l  abel  ed SnC14 a d d i t i o n a l  s teps a r e  

r e q u i r e d  because o f  t he  need t o  a c c u r a t e l y  determine t h e  p roduc t i on  

Reactant Gas Valves 
Septum, f o r  a d d i t i o n  o f  , r e a c t a n t s ,  e t c .  

- - - - - - - - - - - - - 

Exhaust, vented t o  dry ing  
tube and basic scrubber 

\ 7 

quar tz  boat Dry i c e - t r i 6 h l o r o e t h y l e n e  t r a p  
conta in ing  SnO - 30 C 

SnC14 t r a p  and r e a c t i o n  vessel 

F i g .  1. Apparatus designed f o r  t h e  p r e p a r a t i o n  o f  7 m ~ n - l  abel  ed 
SnC1,. 



y i e ld  of 1 1 7 m ~ n  obtained by neutron i r rad ia t ion  of enriched ' l6sn  

( n  -+ v ) .  '[he reactor  t a rge t  i s  dissol  ved in concentrated HC1 to  give 

a  solut ion of hydrated t i n  d ichlor ide .  Aliquots of t h i s  solut ion a r e  

counted t o  determine accurate ly  the yie ld  and spec i f i c  a c t i v i t y  of 

1 7 m ~ ~ .  The 7 m ~ n ~ 1  . H20 i s  subsequently converted t o  the insoluble 

7 m ~ n 0  by treatment with excess sodium carbonate. The 7 m ~ n 0  i s  

centr i fuged,  washed with water, dr ied ,  and loaded in to  a  quartz boat 

which i s  placed in the  react ion tube of the  apparatus i l l u s t r a t e d  in 

Fig.  1 .  The apparatus i s  flushed with argon gas p r io r  t o  the high 

temperature hydrogen reduction of 7"1~n0 t o  metal 1  i  c  7 m ~ n .  The 

system i s  cooled t o  ambient temperature and then purged again with 

argon gas before the introduction of a  slow stream of anhydrous chlor ine  

gas .  The temperature i s  then slowly raised t o  1 5 0 ' ~  and the 7 m ~ n ~ 1  

d i s t i i l e d  in to  the  reaction vessel which i s  cooled in a  dry-ice 

t r i  chl oroethyl ene bath. These s teps  a r e  out1 ined be1 ow. 

Step 9 

Na2C03 Hydrogen 

pH > 7 Reduction , 7mSn 
C1 2 

> 1 1 7 m ~ n ~  - - 7 m ~ n ~ ~  

S t . ~ p  2 Step 3  Step 4 

The chemical .yield f o r  the conversion of meta l l ic  t i n  t o  the SnO 

( s t ep s  1  and 2 )  has been cons i s ten t ly  higher than 80%. .Although the  

y ie ld  in s t ep  ( 3 )  has not been measured d i r e c t l y  in experiments with 

the  radioact ive  t i n ,  the  overall  y ie ld  i n  s teps  ( 3 )  and ( 4 )  in such 



r a d i o a c t i v e  exper iments i s  70-75%. Experiments w i t h  s t a b l e  t i n  gave 

SnC14 w i t h  a  b o i l i n g  p o i n t  o f  1 1 4 ' ~  ( l i t e r a t u r e ,  1 1 4 ~ ~ ) .  The SnC14 was 

a l s o  reac ted  w i t h  a  number o f  a l k y l  metal  .reagents as i n d i c a t e d  i n  

Table 2  t o  g i v e  a  v a r i e t y  o f  use fu l  o r g a n o t i n  i n te rmed ia tes .  I n  one 

exper iment t h e  SnC14 was conver ted  t o  t h e  c r y s t a l l i n e  t e t r a p h e n y l  

t i n  by r e a c t i o n  w i t h  phenyl l i t h i u m .  The p roduc t  had a  m e l t i n g  p o i n t  

o f  2 2 7 ' ~  ( l i t e r a t u r e ,  227 '~ )  and t h e  i n f r a r e d ,  u l t r a v i o l e t ,  chromato- 

graphic ,  mass s p e c t r a l ,  and nuc lea r  magnet ic resonance p r o p e r t i e s  were 

c o n s i s t e n t  w i t h  t h e  s t r u c t u r e  o f  t e t r apheny l  t i n .  

Tab'le 2. Reactions o f  SnClq w i t h  a l k y l  meta l ' reagents  t o  form 
se lec ted t i n  in termedia tes  

%Experiment Subst ra te  I n i t i a l  p roduct  Reagent F ina l  product Overa l l  y i e l d  (%)  

I SnO -+ Sn SnCl $ L i  $4Sn 54 

I I SnO -+ Sn SnC 1 CH3MgBr Me4Sn 59 

I I I SnO -. Sn . SnC1 Me4Sn Me3SnC1 85 

I V *SnO + Sn *SnCl 7 2  

V *SnO -+ Sn *SnCl Me4Sn Me3*SnC1 5  5 

The c a l c u l a t e d  s p e c i f i c  a c t i v i t y  o f  7 m ~ n  produced by thermal 

neu t ron  i r r a d i a t i o n  o f  enr i ched  ' l 6 s n  i n  t he  HFIR f o r  14 days a t  a  

2  neu t ron  f l u x  of  2.5 x  l 0 l 5  n/cm -sec i s  1  .U mCi/mg. Our expe r imen ta l l y  

determined s p e c i f i c  a c t i v i t y  o f  2  mCi/mg a f t e r  a  14-day i r r a d i a t i o n  of 

I 6 s n  i n d i c a t e s  t h a t  t he  p rodub t i on  y i e l d  may be i n f l u e n c e d  by an e p i -  

thermal neu t ron  c o n t r i b u t i o n .  S p e c i f i c  a c t i v i t i e s  o f  even g r e a t e r  than 

2  mCi/mg may p o s s i b l y  be obta ined,  and exper iments a re  be ing  cons idered 

t o  determine t he  e f f e c t  o f  l o n g e r  i r r a d i a t i o n  per iods  and t h e  e f f e c t  

of cadmium s h i e l d i n g  on t he  p roduc t i on  y i e l d  o f  11 7mSn 



The o p t i m i z a t i o n  o f  t h e . m i c r o s c a l e  syn thes i s  o f  " S ~ C I  was 

necessary be fo re  t h e  s y n t h e s i s  o f  t i s s u e - s p e c i f i c  1 7 m ~ n - l a b e l e d  

compounds cou ld  be cons idered.  Now t h a t  t h i s  c r u c i a l  s t e p  has been 

developed we e n v i s i o n  t h e  syn thes i s  o f  an e x c i t i n g  a r r a y  o f  11 7msn - 

l a b e l e d  agents, i n c l u d i n g  s t e r o i d s ,  f a t t y  ac ids ,  and amino ac ids .  One 

o f  o u r  ma jo r  goa ls  w i l l  be t h e  development o f  t he  chemical s t r a t e g y  

r e q u i r e d  t o  prepare these  compounds. 

DI.FFFUSION CHAMBER ASSAY SYSTEM 

K. R. Anbz~ose 

An in v i vo  d i f f u s i o n  chamber assay technique has been developed 

t h a t  represen ts  a  means o f  m o n i t o r i n g  the  i n t e r a c t i o n  o f  drugs, 

rad iopharmaceut i ca ls ,  and o t h e r  substances w i t h  t a r g e t  c e l l s .  The 

d i f f u s i o n  chambers c o n s i s t  o f  15-mm-diam L u c i t e  r i n g s  f i t t e d  wi. th 

0.2-micron p o r o s i t y  po lycarbonate  membranes. Targe t  c e l l s  a r e  loaded 

i n t o  t h e  chambers t h r 0 u g h . a  r a d i a l  h o l e  i n  t h e  L u c i t e  r i n g  which i s  

then  sea led  w i t h  p a r a f f i n .  The chambers c o n t a i n i n g  t h e  t a r g e t  c e l l s  

a r e  imp lan ted  i n .  t h e  p e r i t o n e a l  c a v i t y  o f  r a t s .  The membranes p e r m i t  

t h e  passage o f  n u t r i e n t s  f r om the  sera t h a t  ba th  t he  chambers I n  t he  

p e r i t o n e a l  c a v i t y .  I n  t h e  same manner t h e  c e l l s  a r e  a l s o  exposed t o  

drugs and agents t h a t  have been i n t r a v e n e o u s l y  o r  i n t r a p e r i t o n e a l l y  

adm in i s te red  t o  t h e  t e s t  an imals .  The smal l  pore s i z e  o f  t h e  membranes, 

however, p reven t  any c e l l s  from e n t e r i n g  o r  l e a v i n g  t h e  chambers. The 

e f f e c t s  o f  drugs adm in i s te red  t o  t h e  t e s t  an imals  on t h e  growth o f  c e l l s  

i n  t h e  t e s t  chambers can be e a s i l y  mon i to red  by coun t i ng  t h e  c e l l s  a t  

v a r i o u s  t ime  i n t e r v a l s  and comparing these r e s u l t s  w i t h  c e l l  counts  



from c o n t r o l  chambers implanted i n  an imals  t h a t  r ece i ved  o n l y  a  c o n t r o l  

s a l i n e  i n j e c t i o n .  Since up t o  f i v e  chambers can be imp lan ted  i n t o  one 

animal,  severa l  measurements ove r  a  w e l l - d e f i n e d  t ime  p e r i o d  can be made 

w i t h  a  l i m i t e d  number o f  an imals .  I n  a  s i m i l a r  manner, t h e  t a r g e t  c e l l  

uptake o f  r a d i o a c t i v e  substances i n j e c t e d  i n t o  t he  t e s t  an imals  can be 

determined as w e l l  as t he  s u b c e l l u l a r  d i s t r i b u t i o n  o f  t h e  t e s t  substance. 

The d i f f u s i o n  chamber technique can a l s o  be used t o  s tudy  t h e  morpho- 

l o g i c a l  changes t h a t  o f t e n  occur  w i t h  t h e  t a r g e t  c e l l s  a f t e r  t rea tment  

o f  the  t e s t  animals w i t h  va r i ous  drugs. The c e l l s  can be e a s i l y  removed 

f r om t h e  d i f f u s i o n  chambers f o r  m ic roscop ic  examinat ion.  We have 

de tec ted  such morpholog ica l  changes i n  tumor c e l l s  i n  t h e  chambers f rom 

animals t r e a t e d  w i t h  cis-DDP o r  cyclophosphamide. We a r e  p r e s e n t l y  

comparing t h e  scanning e l e c t r o n  micrographs o f  these c e l l s  w i t h  those 

o f  tumor c e l l s  ob ta ined  f rom chambers o f  c o n t r o l  animals i n j e c t e d  w i t h  

sa l  i n e .  

The unique va lue  o f  t h e  d i f f u s i o n  chamber technique i s  t h a t  i n  

v i t r o  assays a re  conducted i n  an i n  v i v o  environment.  Th i s  i s  q u i t e  

impor tan t ,  f o r  example, i n  t h e  c y t o t o x i c i t y  s tudys o f  drugs t h a t  

r e q u i r e  i n  v i v o  a c t i v a t i o n  p r i o r  t o  e l i c i t i n g  a  b i o l o g i c a l  response. 

Cycl ophosphamide (Cytoxan) i s  a  drug which r e q u i r e s  hydroxy l  a t i o n  by  a 

m ixed - func t i on  ox idase system p r i o r  t o  e x h i b i t i n g  i t s  c y t o t o x i c  

a c t i v i t y .  We have used t h e  human KB nasopharyngeal tumor c e l l  l i n e  i n  

d i f f u s i o n  chamber assays t o  i n v e s t i g a t e  t h e  c y t o t o x i c i t y  o f  t h e  an t i t umor  

compounds cyclophosphamide and c is -d ich lo rod iamminep l  atinurn( I I ) ( c i s -  

DDP). The i n t r a p e r i t o n e a l  i m p l a n t a t i o n  o f  chambers c o n t a i n i n g  25 x  10 
3 

v i a b l e  KB tumor c e l l s  i n t o  un t rea ted  F i sche r  s t r a i n  r a t s  r e s u l t e d  i n  



an approximate 1 0 - f o l d  inc rease i n  t h e  c e l l  popu la t i on  w i t h i n  t h ree  

days. Table 3 shows t h e  e f f e c t  o f  i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  

cyclophosphamide (75  mg/kg) on the  KB tumor c e l l  pro1 i f e r a t i o n .  The 

apparent inc rease o f  i n h i b i t i o n  o f  c e l l  growth w i t h  t ime r e f l e c t s  an 

i nc rease  i n  the  number o f  c e l l s  i n  t h e  chambers f rom t h e  c o n t r o l  

animals r e l a t i v e  t o  a  decrease i n  c e l l  number i n  t h e  cyclophosphamide- 

t r e a t e d  animal s. 

Tab1 e  3. E f f e c t  o f  cyclophosphamide ( C P )  on growth o f  KB 
tumor c e l l s  i n  d i f f u s i o n  chambers. 

3 Average No.- c e l l  s  x  10 /chamber 

Post t reatment  
daya Cont ro l  group CP-treated group 1nh ib i  t l o n b  

a Animals were i n j e c t e d  i n t r a p e r i  toneal  l y  w i t h  sa l  i n e  ( c o n t r o l  
group) o r  cyc l  ophosphamide one day a f t e r  chamber imp1 a n t a t i o n .  

b ~ i f f e r e n c e s  i n  c e l l  counts between c o n t r o l  and c y c l  ophosphamide- 
t r e a t e d  groups are  s i g n i f i c a n t  a t  p  < 0.02 a's determined by t h e  
W i  1  coxon t e s t .  

I n  s i m i l a r  experiments r a t s  were i n j e c t e d  i n t ravenous l y  w i t h  

cis-DDP, and by the  second day an 89% i n h i b i t i o n  o f  KB tumor c e l l  

growth was observed i n  chambers f rom the  t e s t  animals 'compared t o  t he  

c e l l  growth i n  chambers f rom t h e  sa l  i n e - i n j e c t e d  c o n t r o l  animals.  I n  

another  experiment t h e  r a t s  were g iven  an i n t r a p e r i t o n e a l  i n j e c t i o n  o f  

t h e  cis-DDP, and a  92% i n h i b i t i o n  o f  c e l l  growth was observed by t h e  



second day. The trans-DDP isomer has been shown i n  numerous animal 

tumor model systems t o  be i n e f f e c t i v e  as an an t i t umor  compound. I n  

ou r  d i f f u s i o n  chamber assay system t h e  trans-DDP was a l s o  n o t  c y t o t o x i c  

t o  KB tumor c e l l s .  These combined s t u d i e s  show t h a t  t h e  KB tumor c e l l '  

d i f f u s i o n  chamber assay technique mimics t h e  i n  v i v o  e f f e c t s  o f  c is -  

and trans-DDP on s o l i d  tumors, and may be a s e n s i t i v e  genera l  technique 

w i t h  which t o  i n v e s t i g a t e  t h e  c y t o t o x i c i t y  o f  o t h e r  compounds o f  i n t e r e s t .  

I n  more r e c e n t  exper iments t h e  uptake of 95m~t- l  abel ed cis-DDP and 

3 3 ~ - 1  abel  ed c y c l  ophosphamide i n  KB tumor c e l l  s i n  t h e  d i f f u s i o n  chamber 

assay system has been i n v e s t i g a t e d .  

Dur ing  t h e  n e x t  q u a r t e r  t h e  d i f f u s i o n  chamber assay techn ique  w i l l  

be used t o  f u r t h e r  mon i t o r  t he  an t i t umor  a c t i v i t y  o f  cis-DDP. These 

s t u d i e s  w i l l  i n c l u d e  d i f f e r e n t  dose regimens o f  cis-DDP and a l s o  t h e  

combined e f f e c t s  o f  cis-DDP and cyclophosphamide t rea tment .  

OTHER NUCLEAR MEDICINE TECHNOLOGY GROUP.ACTIVITIES 

F i v e  shipments o f  4 3 ~  were made t o  t h e  U n i v e r s i t y  o f  M i s s i s s i p p i  

f o r  co ronary  d isease s t u d i e s  i n c l u d i n g  a comparison w i t h  s i m i l a r  images 

ob ta ined  us ing  " ' ~ 1  and 8 1 ~ b .  

K. R .  Ambrose, J. K. Poggenburg, and D. V .  Woo a t tended t he  2 5 t h -  

Annual Meet ing o f  t h e  Soc ie t y  o f  Nuclear  Medic ine a t  Anaheim, C a l i f o r n i a ,  

on J u l y  27-30. J. D. Hoeschele a t tended t h e  Euchem Conference on Co- 

o r d i n a t i o n  Chemistry and Cancer Chemotherapy i n  Toulouse, France, 

on J u l y  24-26, and F. F. Knapp, J r . ,  a t tended t h e  2nd I n t e r n a t i o n a l  

Symposium on Radiopharmaceut ical  Chemistry he1 d a t  Oxford U n i v e r s i t y  

on J u l y  2-7. 



F. F. Knapp, J r . ,  v i s i t e d  t h e  B iochemis t ry  Department, R ice 

U n i v e r s i t y  a t  Houston, l 'exas, on September 6-8 where he presented an 

i n v i t e d  seminar d e s c r i b i n g  t h e  r e c e n t  work o f  t h e  Nuclear  Medic ine 

Technology Group and c o n f e r r e d  w i t h  f a c u l t y  members concern ing p o t e n t i a l  

areas o f  c o l l a b o r a t i v e  research.  On September 11-12 he v i s i t e d  t h e  

Chemist ry  Department o f  Texas A & M U n i v e r s i t y  a t  Co l lege  S t a t i o n ,  

Texas, t o  d i scuss  e s t a b l i s h i n g  a c o l l a b o r a t i v e  research  program w i t h  

Dr .  K. J. I r g o l  i c  f o r  t h e  syn thes i s  o f  o r g a n o t i n  and o r g a n o t e l l  u r ium 

compounds o f  b i o l o g i c a l  i n t e r e s t .  D. V .  Woo a t tended t h e  2nd 

I n t e r n a t i o n a l  Congress o f  t h e  World Federa t ion  o f  Nuclear  Medic ine 

and B i o l o g y  i n  wa;hington, D. C.,  on September 17-21 . 
K. R. Ambrose a t tended a two-week course on Radioimmunoassay 

Systems a t  t he  P h i l  adel  ph ia  Co l lege  o f  Pharmacy f rom J u l y  31 t o  

August 11. 

On September 1 6 t h  J .  K. Poggenburg j o i n e d  t h e  new Medical  Products 

D i v i s i o n  o f  Union Carb ide Co rpo ra t i on  as Manager o f  Radiopharmaceut ical  

Research and Development . 
V i s i t o r s  f o r  t h i s  p e r i o d  i nc l uded  M r .  Mohammed Z i n  B i n  Che 

Awang and M r .  Badruddin B i n  Chepa who j o i n e d  t h e  Nuclear  Medic ine 

Technology Group f o r  t h r e e  months t o  i n v e s t i g a t e  t h e  p o t e n t i a l  p roduc t i on  

o f  h i g h  s p e c i f i c  a c t i v i t y  95m~t  by  t h e  Sz i  1  ard-Chal mers process. 

T h i s  work was i n i t i a t e d  as p a r t  o f  a  c o l l a b o r a t i v e  e f f o r t  w i t h  Dr.  Wa l te r  

Wol f  a t  t h e  U n i v e r s i t y  o f  Southern C a l i f o r n i a  t o  s tudy  t h e  b i o l o g i c a l  

p r o p e r t i e s  o f  p l a t i n u m  a n t i  tumor compounds. 
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