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This  invention  relates  to  improved  radio- 
active  iodine  "seeds"  for  use  in  radiation 
therapy  of  diseased  tissue. 

Radioactive  iodine  seeds  are  known  and 
described  by  Lawrence  in  U.S.  Patent  No. 
3,351,049.  The  seeds  described  therein  com- 
prise  a  tiny  sealed  capsule  having  an  elongate 
cavity  containing  the  radioisotope  adsorbed 
onto  a  carrier  body.  The  seeds  are  inserted 
directly  into  the  tissue  to  be  irradiated.  Because 
of  the  low  energy  x-rays  emitted  by  iodine-125 
and  its  short  half-life,  the  seeds  can  be  left  in 
the  tissue  indefinitely  without  excessive 
damage  to  surrounding  healthy  tissue  or  exces- 
sive  exposure  to  others  in  the  patient's  environ- 
ment. 

In  addition  to  the  radioisotope  and  carrier 
body,  the  container  also  preferably  contains  an 
x-ray  marker  which  permits  the  position  and 
number  of  seeds  in  the  tissue  to  be  determined 
by  standard  x-ray  photographic  techniques.  This 
information  is  necessary  in  order  to  compute 
the  radiation  dose  distribution  in  the  tissue 
being  treated.  The  Lawrence  patent  illustrates 
two  methods  of  providing  the  x-ray  marker.  In 
one  embodiment,  there  is  provided  a  small  ball 
of  a  dense,  high-atomic  number  material  such 
as  gold,  which  is  positioned  midway  in  the  seed. 
The  radioisotope  is  impregnated  into  two  carrier 
bodies  located  on  either  side  of  the  ball.  In  the 
other  embodiment,  the  x-ray  marker  is  a  wire  of 
a  high-atomic  number  dense  material  such  as 
gold  located  centrally  at  the  axis  of  symmetry  of 
a  cylindrical  carrier  body.  The  carrier  body  is  im- 
pregnated  with  the  radioisotope  and  is  pre- 
ferably  a  material  which  minimally  absorbs  the 
radiation  emitted  by  the  radioisotope.  There  are 
considerable  manufacturing  problems  involved 
in  coating  the  wire  with  a  uniform  layer  of 
carrier  material. 

In  recent  years  iodine-125  seeds  as  illus- 
trated  in  Figure  3  of  the  Lawrence  Patent  have 
been  marketed  under  the  tradename  "3M  Brand 
1-125  Seeds"  by  Minnesota  Mining  and  Manu- 
facturing  Company,  the  assignee  of  the  present 
application.  These  seeds  comprise  a  cylindrical 
titanium  capsule  containing  two  Dowex@  resin 
balls  impregnated  with  the  radioisotope. 
Positioned  between  the  two  resin  balls  is  a  gold 
ball  serving  as  the  x-ray  marker.  These  seeds 
suffer  from  several  disadvantages.  Firstly,  the 
gold  ball  shows  up  as  a  circular  dot  on  an  x-ray 
film,  and  does  not  provide  any  information  as  to 
the  orientation  of  the  cylindrical  capsule.  This 
reduces  the  accuracy  with  which  one  can  com- 
pute  the  radiation  pattern  around  the  capsule. 
Another  disadvantage  of  using  three  balls  inside 
the  capsule  is  that  they  tend  to  shift,  thereby 
affecting  the  consistency  of  the  radiation  pattern. 
A  further  disadvantage  of  the  prior  art  seeds  lies 
in  their  manufacture.  Since  the  resin  balls  and 
the  gold  x-ray  marker  are  inserted  into  the 
capsule  manually,  careful  attention  must  be 

paid  in  order  to  insure  that  each  capsule 
contains  two  balls  and  that  the  gold  marker  is  in 
the  center.  Because  the  possibility  of  human 
error  is  quite  high  in  this  type  of  assembly,  a 
significant  number  of  seeds  are  improperly 
assembled  and  must  be  rejected  during  quality 
control  inspection. 

The  radioactive  iodine  seeds  of  the  present 
invention  uniquely  overcome  the  afore- 
mentioned  problems  associated  with  presently 
available  radioactive  seeds.  According  to  the 
present  invention  there  is  provided  a  radio- 
active  iodine  seed  comprising  a  sealed  con- 
tainer  having  an  elongate  cavity,  a  therapeutic 
amount  of  radioactive  iodine  within  said  cavity 
and  a  carrier  body  disposed  within  said  cavity 
for  maintaining  said  radioactive  iodine  in  a  sub- 
stantially  uniform  distribution  along  the  length 
of  said  cavity,  characterized  in  that  said  carrier 
body  is  an  elongate  rod-like  member  which  is 
detectable  by  x-rays  and  occupies  a  majority  of 
the  space  within  said  cavity  and  the  same  part 
of  the  carrier  body  which  functions  as  the 
support  for  the  radioactive  iodine  is  detectable 
by  x-rays. 

Since  the  carrier  body  functions  both  as  the 
carrier  for  the  isotope  and  the  x-ray  marker,  the 
capsule  filling  step  of  the  manufacturing 
process  is  greatly  simplified,  involving  the 
insertion  of  a  single  component.  Furthermore, 
since  the  carrier  body  conforms  to  the  shape  of 
the  capsule,  the  exact  location  and  orientation 
of  the  seed  in  the  tissue  can  be  determined 
from  x-ray  photographs. 

Other  advantages  and  features  of  the  inven- 
tion  will  be  apparent  from  the  following  descrip- 
tion  and  from  the  accompanying  drawing  which 
illustrates  a  greatly  enlarged  view  of  the  iodine 
seed  with  portions  thereof  partially  broken 
away. 

The  seed  1  comprises  a  therapeutic  amount 
of  radioactive  iodine  2  appropriately  distributed 
on  a  carrier  body  3  disposed  in  cavity  5  of  a 
tubular  container  4.  The  container  4  is  sealed  at 
ends  6  and  7  and  serves  to  isolate  the  radio- 
isotope  from  physical  or  chemical  interchange 
between  body  fluids  and  the  interior  of  the  con- 
tainer,  while  at  the  same  time  permitting  the 
radiation  to  pass  through  the  walls  of  the  con- 
tainer  with  minimum  attenuation. 

As  is  taught  by  the  prior  art,  when  selecting  a 
suitable  material  for  the  container,  one  should 
strive  for  the  optimum  balance  between  maxi- 
mum  mechanical  strength  of  the  container  and 
minimum  absorption  characteristics  of  the  wall. 
The  prior  art  applied  this  principle  and  con- 
cluded  that  low  atomic  numbered  metals  such 
as  stainless  steel  alloy  or  titanium  work  well  for 
this  purpose.  Higher  atomic  number  metals 
such  as  gold  or  platinum  result  in  too  much 
radiation  attenuation  to  be  useful  per  se.  How- 
ever,  they  may  be  useful  as  a  plating  over 
certain  low  atomic  number  materials  such  as 
beryllium  which  would  otherwise  be  too  toxic  if 
used  without  an  outer  coating. 



Titanium,  having  a  low  atomic  number  and 
high  strength-to-weight  ratio,  is  the  presently 
preferred  material  for  the  container.  It  is  excep- 
tionally  corrosion-resistant  and  very  satis- 
factory  from  the  standpoint  of  tissue  com- 
patibility  and  nontoxicity.  Titanium  should  be 
selected  as  a  rather  pure  alloy  to  assure  good 
working  characteristics.  The  wall  thickness  of 
the  titanium  may  vary  from  0.001  to  0.005  inch 
(0.025  to  0.127  mm),  the  attenuation  being 
about  7%  per  thousandths  of  an  inch.  An 
optimum  value  of  wall  thickness  is  approxi- 
mately  0.002  inch  (0.051  mm). 

The  ends  of  the  titanium  container  can  be 
sealed  by  various  techniques,  such  as  laser, 
electron  beam  or  TIG  (tungsten  inert  gas) 
welding. 

Container  4  is  preferably  designed  for  im- 
plantation  by  perforate  penetration  or  injection, 
e.g.,  by  hypodermic  needle  or  similar  device 
especially  designed  therefor.  As  such,  the  con- 
tainer  4  is  preferably  constructed  in  an 
elongated  shape,  having  a  relatively  narrow 
outer  diameter  of  from  about  0.5  to  1  milli- 
meter,  and  about  4 - 5   millimeters  in  length. 
The  interior  of  the  container  4  includes  a  cavity 
5  for  receiving  the  carrier  body  3,  as  herein- 
after  described.  For  permanent  implantation,  as 
by  hypodermic  injection,  the  outside  diameter 
of  the  seed  is  preferably  about  0.80  millimeter 
and  is  thus  small  enough  to  pass  through  a  17 
gauge  hypodermic  needle.  The  seed  is  con- 
structed  approximately  4  to  5  mm  long.  It 
exhibits  minimal  movement  in  the  tissue  and 
does  not  migrate  from  the  area  to  be  treated. 

The  essence  of  the  present  invention  resides 
in  improved  carrier  body  3  which  is  itself 
detectable  by  x-rays  as  well  as  serving  as  the 
solid  support  for  the  radioactive  iodine.  Carrier 
body  3  insures  that  the  radioisotope  is  sub- 
stantially  evenly  distributed  throughout  the 
length  of  the  container  and  that  it  does  not  shift 
or  migrate  during  use. 

Carrier  body  3  may  be  constructed  of  any 
material  which  is  detectable  by  x-rays  and  to 
which  the  requisite  therapeutic  amount  of 
iodine-125  can  be  attached.  The  present  material 
of  choice  is  a  silver  rod  of  suitable  length  and 
diameter  to  permit  to  to  be  easily  inserted  into 
container  4  and  occupy  a  substantial  portion  of 
cavity  5.  The  silver  rod  is  preferably  about  3  mm 
long  and  0.5  mm  in  diameter  when  used  in  a 
standard  titanium  container  having  a  length  of 
4.5  mm  and  an  exterior  diameter  of  0.8  mm.  A 
3  mm  long  rod  results  in  minimum  shifting 
within  the  container  while  allowing  adequate 
room  to  weld  the  ends  of  the  container  without 
involving  the  silver  rod.  The  diameter  of  the  rod 
can  range  from  0.10  mm  to  about  0.70  mm 
(the  maximum  inside  diameter  of  the  con- 
ventional  titanium  container).  The  preferred  dia- 
meter  is  about  0.5  mm  since  this  size  provides 
good  x-ray  visibility,  is  relatively  easy  to  handle 
during  the  filling  operation  and  slides  easily  into 

the  container  without  abrading  against  the 
interior  walls  of  the  container. 

Silver  is  the  material  of  choice  for  carrier 
body  3  because  it  provides  good  x-ray  visua- 
lization  and  because  radioactive  iodine  can  be 
easily  attached  to  the  surface  thereof  by 
chemical  or  electroplating  processes.  It  is 
obvious  that  other  x-ray  opaque  metals  such  as 
gold,  copper,  iron,  etc.,  can  be  plated  with  silver 
to  form  a  carrier  body  equivalent  to  a  solid  silver 
rod  for  purposes  of  the  present  invention.  Like- 
wise,  silver  metal  can  be  deposited  (chemically 
or  by  using  "sputtering"  and  "ion  plating"  tech- 
niques)  onto  a  substrate  other  than  metal,  e.g., 
polypropylene  filament,  provided  that  the 
thickness  of  the  silver  coating  on  the  substrate 
exceeds  about  0.050  mm  to  insure  x-ray  visua- 
lization. 

Radioactive  iodine  can  be  attached  to  a  silver 
surface  by  first  chloriding  or  bromiding  the  silver 
to  form  a  layer  of  insoluble  silver  chloride  or 
silver  bromide,  and  then  replacing  the  chloride 
or  bromide  ions  with  radioactive  iodide  ions  by 
simple  ion  exchange. 

Silver  halides  are  some  of  the  most  water-in- 
soluble  salts  known.  Solubility  decreases  as  the 
silver  halides  progress  from  the  chloride  to  the 
iodide  salt  as  shown  by  the  following  solubility 
product  (Ksp)  values: 

where  generally  Ksp=[M+]  [A-]  and  where 
specifically  [M+]  is  the  concentration  of  silver 
ions  [Ag+]  and  [A-]  is  the  concentration  of 
halide  ions  [CI-],  [Br-]  or  [I-]  in  moles/liter.  A 
more  insoluble  salt  in  a  series  will  tend  to  form  if 
the  requisite  halide  anion  is  present.  For 
example,  yellowish  AgBr  will  form  if  Br-  anion  is 
added  to  a  solution  containing  precipitated 
white  AgCI.  Similarly,  yellow  Agl  forms  upon 
the  addition  of  I-  anion  to  solutions  containing 
precipitates  of  either  AgCI  or  AgBr. 

This  is  the  basis  upon  which  radioactive 
iodide  (125I-  is  exchanged  with  either  AgBr  or 

AgCI  adsorbed  on  the  silver  wire.  Salt  in- 
solubility  is  important  in  order  to  minimize  the 
amount  of  "free"  iodine-125  anion  in  the 
reaction  supernatant.  this  insolubility  is 
necessary  to  get  the  required  deposition  on  the 
surface  of the  rod. 

Water-insoluble  metal  halide  salts  other  than 
silver  halide  salts,  e.g.,  copper  halides  (CuCI, 
CuBr  and  Cul),  gold  halides  (AuBr,  Aul),  some 
palladium  halides  (PdBr2)  and  some  platinum 
halides  (PtBr2  and  Ptl2)  are  known.  This 
suggests  that  carrier  bodies  of  copper,  gold, 
palladium,  platinum,  etc.  could  be  used  in  the 
practice  of  the  present  invention.  However, 
halide  salts  of  these  metals  are  more  soluble 
than  those  of  silver  and  precipitate  forms  are 



thus  more  difficult  to  form.  Also,  they  tend  to  be 
more  toxic,  some  are  oxidized  by  air,  and  others 
are  unstable  to  heat.  Thus,  silver  or  silver-plated 
rods  are  preferred. 

Many  metal  halides,  especially  silver  halides, 
are  light-sensitive.  The  metal  ion  is  reduced  to 
metal  (photoreduction)  and  the  halide  anion  is 
oxidized  to  free  halogen.  Among  the  silver 
halides,  silver  bromide  is  the  most  light- 
sensitive,  followed  by  silver  chloride  and  silver 
iodide,  respectively.  For  this  reason,  in  an  ion- 
exchange  process  for  coating  the  silver  wire 
with  iodine-125  according  to  the  present  in- 
vention,  silver  bromide  is  less  preferred  than 
silver  chloride  as  the  precursor.  Silver  bromide 
will,  however,  provide  an  acceptable  precursor 
provided  means  are  taken  to  minimize  exposure 
to  visible  blue  and  ultraviolet  light.  Since  silver 
iodide  is  also  somewhat  light-sensitive,  it  is 
desirable  to  minimize  exposure  of  the  silver  rods 
containing  adsorbed  iodine-125  to  visible  blue 
or  UV  light  prior  to  encapsulation  within  the 
titanium  container.  This  can  be  done  by  working 
under  "safe"  lights,  e.g.,  red  or  yellow  lights. 

The  precursor  silver  chloride  or  silver  bromide 
layer  can  be  formed  on  the  silver  rod  using  con- 
ventional  chemical  or  electroplating  processes. 
The  presently  preferred  method  of  chloriding  or 
bromiding  the  silver  rod  is  a  chemical  plating 
process  wherein  the  silver  rods  are  placed  in  an 

aqueous  solution  of  an  oxidizing  agent  con- 
taining  chloride  or  bromide  anion. 

A  number  of  oxidizing  agents  will  cause  silver 
chloride,  for  example,  to  be  formed  on  the 
surface  of  the  silver  rod  provided  that  the 
reaction  conditions  allow  an  oxidation-reduction 
reaction  to  occur  in  which  silver  metal  loses  one 
electron  to  become  Ag+  and  a  chloride  anion 
(CI-)  is  available  to  form  insoluble  silver  chloride 
(AgCI). 

Whether  or  not  a  particular  reaction  will 
occur  spontaneously  in  this  respect  can  be  pre- 
dicted  by  reference  to  a  standard  table  of  half- 
cell  electromotive  force  (emf)  values  (i.e.,  oxida- 
tion-reduction  potentials  as  found  in:  Latimer, 
W.  M.,  The  Oxidation  States  of  Elements  and 
Their  Potentials  in  Aqueous  Solution,  2nd 
edition,  New  York:  Prentice-Hall,  Inc.,  1952). 
Any  reaction  will  occur  spontaneously  if  the 
sum  of  the  emf  values  for  the  oxidation  half- 
reaction  and  the  reduction  half-reaction  is 
positive. 

For  example,  the  preferred  oxidation  agent 
for  use  in  chloriding  the  silver  rods  is  sodium 
chlorite  (NaClOz).  When  sodium  chlorite  is 
added  to  acid  solution,  it  disproportionates  into 
a  reduced  species,  hypochlorous  acid  (HOCI), 
and  an  oxidized  species,  chlorine  dioxide  (CIOz). 
Both  of  these  species  are  capable  of  oxidizing 
silver  as  shown  below. 

In  reaction  (1), the  chlorine  dioxide  which 
was  generated  from  sodium  chlorite  becomes 
reduced  to  again  form  sodium  chlorite  in  the 
process  of  oxidizing  silver  metal  to  ionic  silver. 
This  reaction  proceeds  spontaneously  with  a  net 
reaction  potential  of  0.36  volts. 

Similarly,  the  hypochlorous  acid,  also 
generated  from  the  sodium  chlorite,  oxidizes 
silver  metal  to  ionic  silver  and  in  the  process 
forms  chloride  anion  (CI-)  with  a  net  reaction 
potential  of  0.69  volts  as  shown  in  reaction  (2). 
The  generation  of  chloride  (CI-)  in  reaction  (2)  is 
significant  because  it  continues  to  react  with 
the  ionic  silver  formed  on  the  surface  of  the 
silver  rod  to  produce  the  desired  silver  chloride 
coating. 

From  the  emf  values  of  reactions  (1)  and  (2), 
one  can  also  predict  that  hypochlorous  acid  is 
capable  of  oxidizing  chlorine  dioxide,  producing 
respectively  more  chloride  (CI-)  and  chlorate 
(CIO3-).  Thus,  the  final  reaction  products  of  an 
acid  solution  of  sodium  chlorite  in  the  presence 

of  silver  metal  appear  to  be  Åg/AgCl,  CI-,  and 
CI03 . 

In  general,  in  order  for  the  chloriding  and 
bromiding  of  the  silver  rod  to  occur  rapidly,  it  is 
necessary  to  add  an  acid  to  the  reaction 
solution.  If  the  oxidizing  agent  itself  serves  as  a 
source  of  chloride  ions,  as  is  the  case  with 
sodium  chlorite  (NaCIO2)  sodium  hypochlorite 
(NaOCI),  and  chlorine  gas  (CI2),  an  acid  having 
no  available  halogen  atoms  such  as  acetic  acid, 
phosphoric  acid  or  sulfuric  acid  may  be  used. 
However,  hydrochloric  or  hydrobromic  acid  is 
preferred  because  the  availability  of  extra  halide 
ion  speeds  the  formation  of  silver  halide  ions. 
When  the  oxidizing  agent  does  not  provide  the 
requisite  halide,  hydrochloric  or  hydrobromic 
acid  is  conveniently  used  to  provide  both  the 
desired  pH  and  the  halide. 

Examples  of  oxidizing  agents  other  than 
sodium  chlorite  which  will  oxidize  the  surface  of 
silver  rods  and,  in  the  presence  of  either  hydro- 
chloric  acid  (HCI)  or  hydrobromic  acid  (HBr) 
form  the  surface  coatings  of  silver/silver 



chloride  (Ag/AgCI)  or  silver/silver  bromide 
(Ag/AgBr)  respectively  include,  but  are  not 
limited  to:  sodium  chlorate  (NaC103),  sodium 
chromate  (NaCr04),  potassium  dichromate 
(K2Cr2o7)  and  potassium  permanganate 
(KMn041. 

A  sufficient  amount  of  silver  chloride  or  silver 
bromide  must  be  coated  onto  the  silver  wire  to 
insure  that  when  the  chloride  or  bromide  is  ex- 
changed  for  radioactive  iodide,  the  seed  will 
provide  the  requisite  radiation.  In  general,  the 
iodine  seed  should  provide  radiation  emission 
which  is  equivalent  to  that  of  between  0.1  and 
100  millicuries  of  radioactivity.  To  achieve  this 
level  of  radioactivity,  each  seed  should  contain 
between  about  0.15  and  150  millicuries of 
iodine-125.  The  additional  amount  of  iodine- 
125  is  required  to  compensate  for  approxi- 
mately  20  percent  attenuation  by  the  silver  rod 
(3.0  mm  in  length  and  0.5  mm  in  diameter)  and 
14  percent  attenuation  by  the  titanium  con- 
tainer  having  a  0.060  mm  thick  wall. 

In  the  preferred  method  of  chloriding  the 
silver  wire,  it  has  been  found  that  an  aqueous 
solution  of  6  molar  hydrochloric  acid  (HCI)  con- 
taining  0.1  molar  sodium  chlorite  (NaCI02)  will 
sufficiently  chloride  silver  rods  in  approxi- 
mately  1  hour.  The  rods  are  then  added  to  an 
aqueous  solution  containing  carrier-free  iodine- 
125  for  about  18  hours  to  coat  the  iodine-125 
onto  the  rods.  The  supernatant  is  then  with- 
drawn,  and  the  seeds  are  washed  with  acetone 
and  air  dried. 

Silver  chloride  or  bromide  can  also  be  affixed 
to  silver  rods  using  electroplating  techniques  as 
described  in  Examples  1  and  2  below,  or  radio- 
active  iodine  can  be  electroplated  directly  onto 
the  silver  rods  as  illustrated  in  Example  4.  These 
techniques  are,  however,  more  cumbersome 
and  generally  more  time-consuming  than  the 
chemical  plating  process. 

After  the  rods  are  coated  with  iodine-125, 
they  are  inserted  into  the  open  end  of  the  con- 
tainer  (one  end  having  been  previously  sealed), 
and  the  container  is  closed  and  hermetically 
sealed  in  the  conventional  manner,  e.g.,  TIG 
welding.  (The  hermetic  seal  is  required  to 
prevent  migration  of  iodine-125  into  the  tissue). 
The  seeds  are  implanted  in  the  tissue  in  the 
conventional  manner.  The  position  and  number 
of  seeds  in  the  tissue  can  be  readily  deter- 
mined  by  x-ray  photography.  The  rod-shaped 
carrier  bodies  show  up  on  the  x-ray  photo- 
graph,  indicating  the  precise  orientation  of  the 
seeds,  from  which  the  distribution  of  the  radia- 
tion  dosage  in  the  tissue  can  be  computed. 

The  improved  radioactive  iodine  seeds  of  the 
invention  are  further  illustrated  by  reference  to 
the  following  non-limiting  examples. 

Example  1 
Five  lengths  of  silver  wire  (>99.9%  purity), 

each  70  mm  long  and  0.25  mm  in  diameter, 
were  suspended  in  a  glass  graduate  containing 
25  ml  of  1  M  NaCi.  The  lengths  of  silver  wire 

were  attached  to  the  positive  (+)  electrode  of  a 
6  volt  direct  current  power  supply.  The  negative 
(-)  electrode  of  the  supply  was  connected  to  a 
thin  platinum  metal  strip  running  along  the 
inside  edge  of  the  graduate  and  in  contact  with 
the  NaCI.  Current  of  about  0.5  milliampere  was 
applied  between  the  silver  wire  and  platinum 
electrodes  for  a  period  of  about  60  minutes. 
Chloride  anions  (CI-)  migrated  toward  the  (+) 
silver  wires  and  reacted  with  silver  cations 
(Ag+)  concurrently  formed  producing  insoluble 
AgCI  on  the  surface  of  the  silver  wires.  The 
wires  were  weighed  to  an  accuracy  of  one 
microgram  before  and  after  the  application  of 
current.  The  observed  increase  in  weight  (0.7 
mg/wire)  due  to  added  CI-  was  found  to  be  in 
agreement  with  the  theoretical  weight  gain 
calculated  using  Faraday's  Laws  of  Electrolysis. 

The  lengths  of  silver  wire,  coated  with  silver 
chloride,  were  cut  into  about  115  individual 
lengths  of  wire  each  3  mm  long.  These  were 
added  to  a  glass  test  tube  (10  mm  diameter  by 
70  mm  long)  containing  0.2  ml  of  sodium 
iodide  solution  in  0.01  M  NaOH.  The  sodium 
iodide  solution  contained  less  than  one  micro- 
curie  of  radioactive  iodine-125  and  non-radio- 
active  iodide  equivalent  to  about  1000  milli- 
curies  of  (125.  (This  equivalence  can  be 
calculated  on  the  basis  that  if  each  atom  of 
iodine  is  radioactive,  then  one  gram  of  iodine 
would  contain  1.74×104  curies  of  iodine-125. 
Thus,  about  57  micrograms  of  "cold"  iodine  is 
"equivalent"  to  1000  millicuries  of  iodine-125). 
If  the  seeds  were  to  be  used  to  treat  patients, 
about  100  additional  millicuries  of  iodine-125 
would  also  have  been  added  to  this  reaction. 
The  test  tube  was  closed  and  rotated  for  17 
hours.  During  this  time,  radioactive  and  non- 
radioactive  sodium  iodide  exchanged  with 
chloride  ions  on  the  surface  of  the  wires  to  form 
a  coating  of  insoluble  silver  iodide.  Chloride  ions 
were  released  into  solution.  Due  to  the  in- 
solubility  of  silver  iodide,  substantially  all  of  the 
iodide  originally  present  in  solution  reacted  with 
the  surface  of  the  wires  producing  greater  than 
97%  reaction  efficiency.  This  was  assessed  by 
measuring  the  decrease  in  supernantant  radio- 
activity  following  the  reaction.  About  20 
percent  of  the  radioactivity  absorbed  on  the 
surface  of  the  wires  was  found  to  be  attenuated 
or  absorbed  by  the  wires  themselves. 

The  wires  were  washed  using  three  1  ml 
quantities  of  acetone,  air  dried  and  her- 
metically  sealed  (using  tungsten  inert  gas  weld- 
ing)  within  individual  titanium  containers  about 
4.5  mm  long,  0.8  mm  in  diameter  and  having  a 
wall  thickness  of  about  0.06  mm. 

Example  2 
In  this  example,  individual  silver  wire  rods 

were  plated  with  silver  chloride,  eliminating  the 
need  to  cut  silver  wire  plated  with  silver 
chloride.  The  advantage  of  this  technique  is  that 
the  ends  of  the  silver  rods  are  also  plated,  which 
is  not  the  case  with  the  rods  in  Example  1.  A 



special  electroplating  basket  (1  inch  in  dia- 
meter  by  1-1/4  inches  high)  consisting  of  a 
titanium  support  mesh  and  porous  platinum 
lining  was  specially  fabricated.  One  hundred 
silver  rods,  each  3  mm  in  length  and  0.5  mm  in 
diameter,  were  placed  within  the  basket,  and 
the  basket  was  submerged  in  1  liter  of  1  M 
NaCI.  A  single  platinum  strip  submerged  within 
the  NaCi  was  attached  to  the  (-)  terminal  of  a  6 
volt  direct  current  power  supply  and  the 
platinum  lined  basket  was  connected  to  the  (+) 
terminal.  The  basket  containing  the  silver  rods 
was  rotated  within  the  NaCI  producing  a 
tumbling  effect  of  rods  against  the  platinum 
wall  of  the  (+)  polarized  basket  while  applying  a 
constant  current  of  about  0.5  milliamperes  over 
6-1/2  hours  to  achieve  approximately  the  same 
degree  of  plating  of  silver  chloride  on  the 
surface  of  the  silver  rods  as  described  in 
Example  1. 

The  silver  rods  coated  with  silver  chloride 
were  removed  from  the  basket,  washed  using  a 
small  volume  of  distilled  water,  rinsed  with 
acetone  and  air  dried.  lodine-125  and  non- 
radioactive  iodide  were  adsorbed  onto  the 
surface  of  the  silver-silver  chloride  rods  by  ion 
exchange  with  chloride  and  the  rods  were 
sealed  within  titanium  containers  as  described 
in  Example  1. 

Example  3 
In  this  preferred  embodiment  of  the  inven- 

tion,  two  thousand  silver  rods,  each  having  a 
length  of  3  mm  and  a  diameter  of  0.5  mm 
(>99.9%  pure  metal),  were  added  to  a  glass 
vial.  Twenty  ml  of  6  M  HCI  and  2  ml  of  1  M 
sodium  chlorite  (NaC102)  were  added  sequen- 
tially  to  the  vial,  which  was  then  rotated  for  one 
hour  at  room  temperature.  The  rods,  now 
coated  with  adsorbed  silver  chloride,  were 
removed  from  the  glass  vial,  rinsed  well  with 
water,  then  rinsed  with  acetone  and  air  dried. 

One  hundred  of  these  treated  silver  rods 
were  added  to  an  amber  glass  vial  containing 
150  millicuries  of  iodine-125  (in  0.3  ml  of  10-4 
M  NaOH  solution,  pH  10)  and  non-radioactive 
iodide  equivalent  in  weight  to  about  900  milli- 
curies  of  iodine-125.  The  function  of  the  non- 
radioactive  iodide  in  this  example  was  to  mix 
with  the  radioactive  iodine-125  and  thus 
produce  a  more  uniform  distribution  of  iodine- 
125  on  the  surface  of  the  individual  silver  rods. 

The  vial  containing  the  silver  rods  and 
reaction  solution  was  rotated  for  19  hours. 
During  this  time,  more  than  97%  of  the  iodine- 
125  became  affixed  to  the  surface  of  the 
treated  silver  rods.  The  supernantant  was  with- 
drawn  from  the  rods.  The  rods  were  sub- 
sequently  washed  with  acetone,  air  dried,  and 
encapsulated  within  titanium  containers  as 
described  in  Example  1.  X-ray  visibility  of  the 
radioactive  rods  within  titanium  containers  (im- 
planted  within  raw  meat)  was  excellent, 
showing  the  spatial  orientation  of  the  rods. 
Radiation  intensity  about  the  exterior  of 

individual  titanium  containers,  as  profiled  using 
a  crystal  diffractometer  (having  a  sodium  iodide 
detector)  showed  an  expected  dose  pattern  and 
indicated  very  uniform  coating  of  iodine125 
over  the  surface  of  the  silver  rod  inside. 

Example  4 
Eighteen  silver  wire  rods  3  mm  long  by  0.25 

mm  in  diameter  were  added  to  a  special  glass 
reaction  vial.  The  vial  was  4.5  cm  high  by  1.5 
cm  in  diameter.  It  contained  a  piece  of  platinum 
foil  which  completely  covered  the  inside  bottom 
of  the  vial  and  ran  up  the  inside  wall  and  out  the 
top  of  the  vial.  This  foil  was  connected  to  the 
(+)  electrode  of  a  6  volt  direct  current  power 
supply.  lodine-125  (18.8  millicuries)  in  1.5  ml 
of  dilute  NaOH  (pH  about  10)  was  added  to  the 
vial.  A  special  coiled  platinum  wire  was  then 
inserted  into  the  vial  just  beneath  the  surface  of 
the  solution  and  attached  to  the  (-)  terminal  of 
the  power  supply.  The  reaction  vial  was 
agitated  using  a  "maxi-mix"  which  produced  a 
gentle  but  rapid  motion,  causing  the  silver  rods 
to  spin  and  rotate  on  the  circular  platinum  foil 
bottom  of  the  vial.  A  constant  current  of  25 
microamperes  was  applied  for  two  hours 
causing  anionic  iodine-125  to  affix  to  the 
surface  of  the  (+)-charged  silver  rods  in  contact 
with  the  (+)-charged  platinum  foil.  The  super- 
nantant  solution  was  removed  and  the  silver 
rods  were  washed  with  small  portions  of 
acetone  and  air-dried. 

Several  qf  the  rods  were  placed  on  x-ray  film 
to  assess  the  distribution  of  radioactivity  on  the 
surface  area.  The  film  disclosed  uniform  dis- 
tribution.  In  addition,  x-rays  of  the  rods  showed 
good  radiographic  visualization.  The  rods  were 
sealed  within  titanium  containers  as  described 
in  Example  1. 

1.  A  radioactive  iodine  seed  comprising  a 
sealed  container  having  an  elongate  cavity,  a 
therapeutic  amount  of  radioactive  iodine  within 
said  cavity  and  a  carrier  body  disposed  within 
said  cavity  for  maintaining  said  radioactive 
iodine  in  a  substantially  uniform  distribution 
along  the  length  of  said  cavity,  characterized  in 
that  said  carrier  body  is  an  elongate  rod-like 
member  which  is  detectable  by  x-rays  and 
occupies  a  majority  of  the  space  within  said 
cavity  and  the  same  part  of  the  carrier  body 
which  functions  as  the  support  for  the  radio- 
active  iodine  is  detectable  by  x-rays. 

2.  The  radioactive  iodine  seed  according  to 
claim  1  wherein  said  carrier  body  is  a  silver  rod. 

3.  The  radioactive  iodine  seed  according  to 
claim  2  wherein  said  silver  rod  is  about  0.10  to 
0.70  mm  in  diameter. 

4.  The  radioactive  iodine  seed  according  to 
claim  3  wherein  said  silver  rod  is  about  3  mm  in 
length. 

5.  The  radioactive  iodine  seed  according  to 
claim  1  having  radiation  emission  equivalent  to 



that  of  between  about  0.1  to  100  millicuries  of 
radioactivity. 

6.  The  radioactive  iodine  seed  according  to 
claim  1  wherein  said  container  comprises 
titanium. 

7.  A  method  of  making  a  radioactive  iodine 
seed  for  use  in  radiation  therapy  comprising  the 
steps  of: 

a.  forming  a  layer  of  silver  chloride  or  silver 
bromide  on  the  surface  of  a  rod-like  member 
having  silver  exposed  on  the  surface  thereof; 

b.  replacing  said  chloride  or  bromide  with  radio- 
active  iodide  by  an  ion  exchange  process; 

c.  inserting  said  rod-like  member  having  a  layer 
of  radioactive  silver  iodide  thereon  into  a 
container  of  a  low  atomic  weight  metal 
having  an  elongate  cavity  therein;  and 

d.  sealing  said  container. 

8.  The  process  according  to  claim  7  wherein 
a  layer  of  silver  chloride  is  formed  on  said 
surface  of  said  rod-like  member  in  step  (a). 

9.  The  process  according  to  claim  8  wherein 
said  silver  chloride  layer  is  formed  on  said 
surface  of  said  rod-like  member  by  immersing 
said  rod-like  member  in  an  aqueous  solution  of 
an  oxidizing  agent  containing  hydrogen  ions 
and  chloride  ions. 

10.  The  process  according  to  claim  9 
wherein  said  oxidizing  agent  is  sodium  chlorite. 

1.  Semence  d'iode  radioactif  qui  comprend 
un  conteneur  scellé,  comportant  une  cavité 
allongée,  une  quantité  thérapeutique  d'iode 
radioactif  placée  dans  la  cavité  et  un  corps 
porteur  disposé  à  l'intérieur  de  la  cavité  pour 
maintenir  l'iode  radioactif  uniformément 
distributé  le  long  de  ladite  cavité,  la  semence 
étant  caractérisée  en  ce  que  ledit  corps  porteur 
est  un  élément  allongé  en  forme  de  baguette, 
décelable  aux  rayons  X,  occupant  la  plus  grande 
partie  de  l'espace  de  la  cavité,  et  en  ce  que  la 
même  portion  du  corps  porteur  qui  fonctionne 
comme  support  pour  l'iode  radioactif  est 
décelable  aux  rayons  X. 

2.  Semence  selon  la  revendication  1,  carac- 
térisée  en  ce  que  le  corps  porteur  est  une 
baguette  d'argent. 

3.  Semence  selon  la  revendication  2,  carac- 
térisée  en  ce  que  la  baguette  d'argent  a  un  dia- 
mètre  d'environ  0,10  à  0,70  mm. 

4.  Semence  selon  la  revendication  3,  carac- 
térisée  en  ce  que  la  baguette  d'argent  a  environ 
3  mm  de  longueur. 

5.  Semence  selon  la  revendication  1,  carac- 
térisée  en  ce  que  ladite  semence  fournit  une 
émission  de  rayonnement  équivalente  à  celle 
comprise  entre  environ  0,1  et  100  millicuries 
de  radioactivité. 

6.  Semence  selon  la  revendication  1,  carac- 
térisée  en  ce  que  le  conteneur  comprend  du 
titane. 

7.  Procédé  de  fabrication  d'une  semence 
d'iode  radioactif  pour  l'emploi  en  radiothérapie, 
caractérisé  en  ce  qu'il  comprend  les  opérations 
qui  consistent  à: 

a.  former  une  couche  de  chlorure  d'argent  ou  de 
bromure  d'argent  sur  la  surface  d'une 
élément  en  forme  de  baguette,  comportant 
de  l'argent  exposé  sur  sa  surface; 

b.  remplacer  ledit  chlorure  ou  bromure  par  un 
iodure  radioactif,  par  un  processus  d'échange 
ionique; 

c.  insérer  ledit  élément  en  forme  de  baguette, 
comportant  une  couche  d'iodure  d'argent 
radioactif,  dans  un  conteneur  constitué  d'un 
métal  de  faible  poids  atomique,  comprenant 
une  cavité  allongée;  et 

d.  sceller  ledit  conteneur. 

8.  Procédé  selon  la  revendication  7,  carac- 
térisé  en  ce  qu'on  forme  une  couche  de  chlorure 
d'argent  sur  la  surface  de  l'élément  en  forme  de 
baguette,  dans  l'opération  (a). 

9.  Procédé  selon  la  revendication  8,  carac- 
térisé  en  ce  qu'on  forme  le  couche  de  chlorure 
d'argent  sur  la  surface  de  l'élément  en  forme  de 
baguette,  en  immergeant  ledit  élément  dans 
une  solution  aqueuse  d'un  agent  oxydant  con- 
tenant  des  ions  hydrogène  et  des  ions  chlorure. 

10.  Procédé  selon  la  revendication  9,  carac- 
térisé  en  ce  que  l'agent  oxydant  est  le  chlorite 
de  sodium. 

1.  Radiojodkapsel  mit  einem  dicht  ver- 
schlossenen  Behälter,  der  einen  langge- 
streckten  Hohlraum  besitzt,  der  eine  thera- 
peutisch  wirksame  Menge  Radiojod  und  einen 
Tragkörper  enthält,  der  eine  im  wesentlichen 
gleichmäßige  Verteilung  des  Radiojods  über  die 
Länge  des  Hohlraums  aufrechterhält,  dadurch 
gekennzeichnet,  daß  der  Tragkörper  ein  lang- 
gestreckter,  stabförmiger  Körper  ist,  der  mit 
Röntgenstrahlen  erfaßbar  ist  und  den  größten 
Teil  des  Hohlraumvolumens  einnimmt,  und  daß 
der  das  Radiojod  tragende  Teil  des  Tragkörpers 
durch  Röntgenstrahlen  erfaßbar  ist. 

2.  Radiojodkapsel  nach  Anspruch  1,  da- 
durch  gekennzeichnet,  daß  der  Tragkörper  ein 
Silberstab  ist. 

3.  Radiojodkapsel  nach  Anspruch  2,  da- 
durch  gekennzeichnet,  daß  der  Silberstab  einen 
Durchmesser  von  etwa  0,10  bis  0,70  mm  hat. 

4.  Radiojodkapsel  nach  Anspruch  3,  da- 
durch  gekennzeichnet,  daß  der  Silberstab  unge- 
fähr  3  mm  lang  ist. 

5.  Radiojodkapsei  nach  Anspruch  1  mit  einer 
Strahlungsemission,  die  einer  Radioaktivität  von 
etwa  0,1  bis  100  Millicurie  äquivalent  ist. 

6.  Radiojodkapsel  nach  Anspruch  1,  da- 
durch  gekennzeichnet,  daß  der  Behälter  minde- 
stens  teilweise  aus  Titan  besteht. 

7.  Verfahren  zum  Herstellen  einer  Radiojod- 



kapsel  für  die  Verwendung  in  der  Strablen- 
behandlung,  mit  folgenden  Schritten: 

a.  Auf  der  Oberfläche  eines  stabförmigen 
Körpers,  auf  dessen  Oberfläche  Silber  frei- 
liegt,  wird  eine  Schicht  aus  Silberchlorid  oder 
Silberbromid  gebildet; 

b.  das  Chlorid  oder  Bromid  wird  in  einem  lonen- 
austauschverfahren  durch  radioaktives  Jodid 
ersetzt; 

c.  der  mit  einer  Schicht  aus  radioaktivem  Silber- 
jodid  versehene,  stabförmige  Körper  wird  in 
einen  Behälter  eingesetzt,  der  aus  einem 
Metall  mit  niedrigem  Atomgewicht  besteht 
und  einen  langgestreckten  Hohlraum  enthält; 
und 

d.  der  Behälter  wird  dicht  verschlossen. 

8.  Verfahren  nach  Anspruch  7,  dadurch  ge- 
kennzeichnet,  daß  im  Schritt  (a.)  auf  der  Ober- 
fläche  des  stabförmigen  Körpers  eine  Schicht 
aus  Silberchlorid  gebildet  wird. 

9.  Verfahren  nach  Anspruch  8,  dadurch  ge- 
kennzeichnet,  daß  zur  Bildung  der  Silber- 
chloridschicht  auf  der  Oberfläche  des  stab- 
förmigen  Körpers  dieser  in  eine  Wasser- 
stoffionen  und  Chloridionen  enthaltende, 
wäßrige  Lösung  eines  Oxidationsmittels 
getaucht  wird. 

10.  Verfahren  nach  Anspruch  9,  dadurch  ge- 
kennzeichnet,  daß  das  Oxidationsmittel 
Natriumchlorid  ist. 
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