
l.-L 
Thl@ regor( rupnpmebne~SxW&d --red *. fbe vniw 
stater, nor the CommtsSb& nor a ~ g  perm *cting on bahaU of the lWnrdM108: 

1 L . ~ t . b s m y w r a e t p o r m ~ ~ e d o r L r n ~ r i t h ~ t * t l u , ~ R I -  
~ r c y . ~ m p l s ~ s ,  o r ~ e s o f t b e ~ m a t l o n ~ ~ t M o ~  orlbattheW , ofaPgLnlorrmtim, - I I t u s , l n s t b D d e r ~ . ~ l a t M s ~ ~ y n o t i i d c l n e s  

7 prlvatee o ~ e a  righbs; or 
B. A o a m e a a n y I l a b l l l U e e a n t h ~ t o t b e ~ q f ,  o r i o r ~ o ~ ~ k o l n t b s  

l u ~ )  of any WonuaMon. e, mOtMd, or PXUCWE disclosad I~tthicrepart 
A. U& fn the above. 'parsenem W o f  me commkw~@=" iuchuh any em- 

@ o P o r ~ t o r o f t b e c o n & 3 s ~  oror~ds.ch--*tofbe-~ - , woh employee or cantractor of the GOmmisrion, or employee of much cpmtraetor 
&sembmtaa, or pmvideo access to, .m Momiatloi~ par-t to hl. Pr 00*& 

r[ with the commtsskm, m hla smp10p1eSt rlth epob minfrdor. 

A~~IDENTA~'%ADIOGOLD ( 8 ~ ~ )  LIVER s w  OVEIW)SE .. . . - 
WITH FATAL OUTCOME 

M. Baron, M.D. , Stanley Y a c h h ,  M.D. , Robert Polcyn, M-D. 
krank W. Fitch, M.D. , Ph.D. E W. Q. Stumer, M.D 

Departments of Medicine, Radiology and Pathology of the Fritzker 
school of Medicine of the University of Chicago, and the 

Argonne Cancer Research Hospital (operated by the 
University of Chicago for  the  United States 

Atomic Energy Codss ion)  
Chicago, I l l ino is  60637 U.S.A. 

1. INTRODUCTION 

The use of radioisotopes for scanning has added significantly t o  the 
cliniciant s ab i l i ty  t o  detect and interpret disease manifestations. A s  with 
other useful materials administered intravenously t o  patients, radioisotopes 
must be most carefully monitored t o  prevent the type of accidental over- 
dosage we w i l l  now describe. 

. , 

2. CASE HISTORY 
% i 
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> '. 1 

A 73-year-old &ite housewife was  transferred t o  the -onG-&cek 
Research Hospital in August, 1968. She had accidentally received 200 m i l l i -  
curies instead of the anticipated 200 miancurie dose of radioactive 

. 
colloidal gold ( *AU) intravenously for  a l iver  scan. She expired 69 days 
l a t e r  of hemorrhagic oarrplications related t o  thrombocytopenia. Before dis- 
cussing our observations and, managent of this patient further l e t  us 
briefly r e v i e w  the pertinent past history. 

The patient had been in good general health, except for  congenital 
deaf+nutisn, unt i l  1961. A t  that time she was f i r s t  noted t o  have a 
hamglobin of 9.0 grams %. The ananic condition w a s  found t o  be refractory 
t o  multiple hematinics over the next seven years. She required blood trans- 
fusion on one occasion i n  1963. In March, 1968 peripheral blood and bone 
mamow findings established the diagnosis of chronic erythremic 
myelosis C1-31 (Fig. 1). Figure 1 i l lus t ra tes  tm f ields from a bone m a r r o w  

i 
aspirate done at that  time. The megaloblastoid maturation with bizarre 
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nuclear configurations i n  t he  red c e l l  l i n e  and atypical  megakaryocytic 
forms are t o  be noted. A peripheral  blood smear showed mdny nucleated red 
blood cells and ear ly  myeloid forms, including 5 % myelocytes. No therapy 

, . 
1 :  

was ins t i t u t ed  for he r  blood conditi.on at t h a t  time. 

Early i n  August, 1968 the  pa t ien t  was readmitted t o  her  l oca l  hospi ta l  
f o r  evaluation of abdominal swelling and hepatomegaly. Repeat bone m a r r o w  
asp i ra te  confirmed the  earlier findings. Evaluation of the  hepatomegaly 
included the  radioactive co l lo ida l  gold ( l g 8 ~ u )  scanning procedure which is  
the  subject  of t h i s  report .  A s  soon as the  overdosage was rea l ized  the  
pa t ien t  w a s  placed i n  protective i so l a t i on  and arrangements were made f o r  
her  t ransfer  t o  Argonne Cancer Research Hospital. 

Upon a r r i v a l  at t he  emergency mom some 30 h after the  radiogold 
in jec t ion ,  t he  pa t ien t  was monitored externally t o  check the reported over- 
dose and t o  estimate her  po ten t ia l  hazard t o  bedside personnel. The 
exposure dose r a t e  a t  that time w a s  35 milliRoentgens/h at one m e t e r  
distance,  which w a s  fe l t  t o  be consis tent  with the  reported dose of 200 
millicuries. From the  finding of  0.04 microcuries per  m i l l i l i t e r  of  whole 
blood, it w a s  calculated that less than 0.1 % of  t he  injected dose remained 
i n  the  t o t a l  blood volume at  30 h after inject ion.  

A whole body scan was performed without administering addi t ional  
isotope (Fig. 2). The t o t a l  body d is t r ibu t ion  of detected counts was f e l t  
t o  be typ ica l  f o r  uptake of  co l lo ida l  mater ia l  by an abnormally extensive 
reticuloendothelial  marrow. A s imilar  r e s u l t  has been noted i n  pat ients  who 
have polycythemia V e r a  C41. A scan o f  t he  upper abdomen done at  the  same 
time shows t h e  l i v e r  and spleen cont0 l . r~  (Fig. 3 ) .  The unusually la rge  
amount of rad ioac t iv i ty  i n  these s i t e s  was corroborated by the sizeable 
count numbers accumulated very rapidly with a pinhole aperture on the  
detector.  

Estimated dosages of radiat ion t o  be received by the  several  key 
t a rge t  organs, namely, l i v e r  and spleen, bone m a r r o w ,  and in t e s t i ne  were 
calculated by standard beta  and gamma dose formulas C51. Assumptions made 
f o r  purposes of these calculations were: (1)  t h a t  l i v e r  and spleen combined 
reta ined 95 % of the t o t a l  acbninistered isotope C41; ( 2 )  t h a t  t h e i r  weights 
were 1700 grams and 300 gr&, respectively;  (3) t h a t  the  e f fec t ive  half-  
l i fe  i n  these organs of the  radiogold-198 i s  equal t o  i ts  physical ha l f - l i f e  
of 2.7 days; and (4) t h a t  t he  geometric f ac to r  f o r  gamma dose i s  equal t o  
t h a t  defined f o r  a cylinder of radius 10 cm and length 5 cm. The resu l t ing  
estimates a r e  tabulated i n  Figure 4. The sizeable l i v e r  and bone m a r r o w  
doses predicted clinical d i f f i c u l t i e s  with these organs. No s ign i f ican t  
i n t e s t i n a l  dysfunction w a s  ant ic ipated o r  observed C61. 

On a r r i v a l  a t  t he  Argonne Cancer Research Hospital the  pa t ien t  was 
alert ,  cooperative, and i n  no acute d i s t ress .  P e e i n e n t  physical findings 
included a firm nontender l i v e r  edge palpable 5 cm below. the  r i g h t  cos t a l  
margin and spleen palpable 3 cm below the  lef t  cos ta l  margin. Several small 



inguinal nodes w e r e  present b i l a t e r a l ly .  Blood counts on admission were: 
hemoglobin - 9.7 grams %; white blood cell count - 5,450 per  cubic m i l l i -  
meter; d i f fe ren t ia l -  42 % polymorphonuclears, 19 % s t ab  forms, 
3 % metamyelocytes, 28 % lymphocytes, and 8 % mnocytes. Five normoblasts 
w e r e  present f o r  every 100 white blood cells. The re t iculocyte  count w a s  
6.5 %. Other laboratory results included an elevated serum u r i c  acid  of 
16.3 m i l l i g r a m  %, a s l i g h t l y  increased serum alka l ine  phosphatase 
(68 Internat ional  Units) ,  blood urea nitrogen of 23 milligram %, and normal 
s e m  b i l i rub in  and bleeding and c lo t t i ng  workup. The serum l a c t i c  dehydm- 
genase l eve l  was approximately 10 times the  upper normal value, but t h i s  
finding had been noted p r io r  t o  administration of the  radiogold. 

It seemed c l e a r  t h a t . t h e  first major management problem would be 
supporll- of t h e  pa t ien t  ' s hematopoietic system C 6 I . Bone m a r r o w  trans- 
plantat ion w a s  considered, but not attempted because of t he  lack .of a 
c losely compatible donor and the  uncertain value of such a procedure i n  the  
400-500 R bone m a m o w  dose range i n  humans C71. The pa t ien t  w a s  i n i t i a l l y  
placed i n  protect ive i so la t ion  with s t r i c t  l imi ta t ion  of  exposure time f o r  
personnel at  t h e  bedside. By the  end of the  first week, when her  absolute 
granulocyte count had f a l l en  below 500 c e l l s  per cubic mill imeter,  she was 
i n  a special  two-room iso la t ion  s u i t e  designed t o  provide surgical  asepsis  
in the  pa t i en t ' s  half  of the  area. Clothing, food, water, u t ens i l s ,  and a l l  
o ther  items entering the  pa t i en t ' s  room were pre-s ter i l ized.  The air  in the 
pa t i en t ' s  r o o m  w a s  kept as dust-free as possible by f i l t r a t i o n  through 
laminar flow air  h6ods (Abbott Clean Air Centers manufactured by A i r  
Control, Inc . ,  Norristown, Pennsylvania, and kindly loaned t o  us by Abbott 
Laboratories, North Chicago, I l l i n o i s ) .  Oral Neomycin su l f a t e  and Nystatin 
were s t a r t ed  on admission i n  an e f for t  t o  reduce the  poss ib i l i t y  of  
bacteremia from endogenous i n t e s t i n a l  f l o ra .  Vitamin K1, pyridoxine, and 
f o l i c  ac id  were other  o r a l  medications given throughout t h e  hospi ta l  course 
t o  replace substances normally made by i n t e s t i n a l  f l o r a  and/or destroyed by 
food s t e r i l i za t ion .  Allopurinol was st&ed soon a f t e r  admission, and the  
serum uric acid had returned t o  normal by the ten th  day. 

The pa t ien t  w a s  given intermit tent  transfusions of f resh  whole blood, 
but the  number of  compatible un i t s  available was l imited by her  A negative 
blood type. During t h e  f i r s t  three t o  four weeks da i ly  infusions of  buffy 
coat concentrates containing granulocytes and p l a t e l e t s  C81 were given, but 
later p l a t e l e t  concentrates were subst i tuted because of  f e b r i l e  reactions 
noted after administration of buffy coat preparations. 

Daily peripheral blood counts w e r e  performed.and a r e  i l l u s t r a t e d  i n  
Figure 5. A s  expected, t he  absolute lymphocyte count f e l l  most rapidly and 
eventually showed some recovery. The granulocyte l eve l  dropped somewhat 
l a t e r  than the  lymphocyte count and showed su f f i c i en t  impmvement by the 
9th week t o  permit discontinuation of t he  i so la t ion  procedures.' There was 
never any s ignif icant  d i f f i c u l t y  with infect ion.  The p l a t e l e t  count reached 
lowest l eve ls  by the  t h i r d  week, but never could be ra ised above 8,000 per 
cubic millimeter t he rea f t e r  despi te  t he  infusions of p l a t e l e t  concentrates. 



Intermittent i n j  ect ions  of andrvgeri wei- given i n  hopes of st imulating 
m m w  function C91, and, l a t e r ,  cor t icosteroids  w e r e  s t a r t ed  i n  an e f f o r t  
t o  reduce cap i l la ry  f r a g i l i t y  and possibly prolong p l a t e l e t  l i fespan.  

Despite these measures aimed a t  increasing p l a t e l e t  l eve ls  the  pa t ien t  
had pers i s ten t  marked thrombocytopenia and petechiae, in termit tent  
hematuria, m d  subconjunctival hemorrhage. As  the  hospi ta l  course 
progressed, t he  l i v e r  and spleen w e r e  noted t o  decrease i n  s ize .  There w a s  
no s ign i f ican t  deter iorat ion of  t he  l i v e r  function tests. The pat ient  
remained alert and ambulatory within her  room u n t i l  the  terminal event. On 
t h e  68th b s p i t a l  day she canplained of  sudden dizziness and fe l l  t o  t he  
f loor .  She complained of severe headache, and became progressively 
obtunded. Consciousness w a s  not regained, and she expired t h e  following 
day. 

3. POST MORTEM FINDINGS 

Post mortan findings of special  i n t e r e s t  were i n  the  bone mamow, 
l i v e r ,  lymph nodes, and brain (Fig. 6) .  Femoral m a r r o w  was generally hypo- 
cellular, but there  w e r e  read i ly  iden t i f iab le  is lands of  erythroid and 
granulocyte precursors. Megakaryocytes w e r e  notably scarce. RTb , s t e rna l  
and ver tebral  m w  specimens w e r e  similar.  The l i v e r  weighed 2090 grams.. 
The spleen weighed 490 grams. Microscopic changes i n  t he  l i v e r  were non- 
specific--a number of hepatocytes were seen t o  have hyperchromatic and/or 
double nuclei .  Special s t a in s  f a i l ed  t o  reveal more than a very s l i g h t  
increase i n  t he  m u n t  of collagen in t h e  l i v e r .  Lymph nodes were somewhat 
atrophic with prominent extramedullary hematopoiesis both wi th in . the  
medullary regions of the  nodes and in the  pericapsular fat. Intracerebral ,  
subdural, and subarachnoid hemorrhage were iden t i f ied .  

4.  DISCUSSION 

The pat tern of radiat ion in jury  expected f r o m  overdosage of in t ra -  
venous radiogold co l lo id  i s  predictable f r o m  our  knowledge of t he  f a t e  of 
injected co l lo ida l  pa r t i c l e s  and t h e  radioactive decay parameters of t h e  
spec i f ic  isotope. The metal l ic  gold p a r t i c l e s  i n  co l lo ida l  form are 25 t o  
50 millimicra i n  s i ze  and are avidly phagocytosed by the  re t iculoendothel ia l  
system [ l o ] .  These pa r t i c l e s  are almost completely cleared f r o m  t h e  blood 
i n  10 t o  30 minutes. The gold pa r t i c l e s  are metabolically i n e r t  and 
chemically nontoxic i n  the  human body. They are i r revers ib ly  trapped i n  t he  
macrophages u n t i l  t h e  cells degenerate and die .  A s  a r e s u l t  o f  this 
ef fec t ive  sequestration the  co l lo ida l  mater ia l  is not excreted t o  any 
s ign i f ican t  extent i n  feces o r  urine. Our pa t ien t ,  f o r  example, excreted 
only 2 .2  microcuries of radiogold o r  .001 % of t he  injected dose i n  t h e  
s too ls  over t h e  first 4 days of  hospi ta l izat ion.  Urinary rad ioac t iv i ty  
during t h i s  period was a l so  minimal. Attempts a t  m b i l i z a t i o n  of  t he  
pa r t i c l e s  with two,three dimercapto-propanol (Br i t i sh  a n t i - k w i s i t e ,  BAL) 
and o ther  chelating agents have been unsuccessful [Ill. Thus, once cleared 
by the  reticuloendothelial  system, the pa r t i c l e s  a r e  s t r a t eg i ca l ly  fixed 
adjacent t o  pro l i fe ra t ing  radiosensi t ive  c e l l s  i n  bone m a r r o w ,  l i v e r ,  and 
spleen. 



The time course and type of  radiat ion injury sustained by these 
sens i t ive  c e l l s  is dependent on ce r t a in  physical properties of t he  gold 
isotope,  which a r e  indicated i n  Figure 7. The major damage f r o m  radioactive 
decay is due t o  the  beta  emission. The gamma emission i s  useful f o r  
external monitoring and thus  f o r  scanning and dosage estimates. It is a l so  
responsible for  t he  exposure hazard t o  bedside personnel i n  circumstances of 
overdosage. We real ized t h a t  the  physical ha l f - l i fe  of 2.7 days permitted 
some time t o  attempt removal o r  neutral izat ion of  t he  pa r t i c l e s  before the 
vast  majority of the  radiat ion dose m u l d  be delivered,  but no effect ive 
method of preventing the  inevi table  radioactive decay at the sites o f  
p a r t i c l e  local izat ion is known a t  present. 

It was c l e a r  f r o m  the  i n i t i a l  dosage estimates, f r o m  t he  consid- 
erat ions  j u s t  mentioned, from numerous s tudies  i n  mimals ,  and f r o m  the  
subsequent c l i n i c a l  course t h a t  serious hematopoietic insufficiency is  the  
major ear ly  problem. We a l so  suspected that even i f  t h a t  phase could be 
weathered with supportive care l a t e r  hepatic damage w a s  l ike ly .  O u r  
expectations i n  t h i s  regard were confirmed by the  as ye t  unreported expe- 
rience of Brodsky C111 wi th . a  similar overdose accident i n  which the  pat ient  
survived a prolonged period of hematopoietic insufficiency with thrombocyto- 
penia as a major feature  only t o  expire o f  hepatic insufficiency months 
later. It must be pointed ou t ,  however, that the exact nature of t he  
hepatic pathology was not c l e a r  in Brodsky's case,  and that hepa t i t i s  
secondary t o  extensive blood product replacement during t h e  hematopoietic 
f a i l u r e  phase may have been an important contributing fac tor .  

I n  contras t  t o  the 'pauc i ty  of information about t h e  t ox ic i ty  o f  int ra-  
venous radiogold i n  humans C121, considerable data  are avai lable  f r o m  animal 
studies.  Blood dyscrasias C131 and several  types of delayed hepatic 
pathology including hepatoma formation C141, cys t i c  changes, f i b r o s i s ,  
necrosis,  and c i r rhos i s  have been noted C151. 

A very in te res t ing  aspect of  our pa t i en t ' s  s to ry ,  which complicates 
in te rpre ta t ion  of her  clinical course and pathologic findings,  i s  her pre- 
exis t ing hematologic disorder.  We were uncertain how the  presence of t h i s  
condition might modify several  aspects of t he  body's a b i l i t y  t o  handle t he  
radiat ion injury and recover. It was clear at the  ou tse t  from the  scan of 
t h e  whole body (Fig. 2) and the  whole blood count r a t e  at  30 hours, t h a t  
there  was no s ign i f ican t  impairment of trapping o f  t he  radioactive 
par t ic les .  I n  fact, t he  m r e  extensive reticuloendothelial  system may have 
accelerated clearance f r o m  t he  blood. It i s  known t h a t  considerably smaller 
dosages of intravenous radiogold (approximately 40 mi l l i cur ies )  may be 
benef ic ia l  i n  the  therapy of pa t ien ts  with re la ted  myeloproliferative 
disorders C161. It occurred t o  us t h a t  the  overdose might have inadvert- 
ent ly  represented "curative" treatment f o r  t h e  pa t i en t ' s  condition i f  she 
could be supported long emugh and i f  he r  m w  had the  a b i l i t y  t o  repopu- 
l a t e  with nonnal cell l i nes .  We speculated fu r the r  t h a t  the  l i v e r  and 
spleen which presumably were enlarged as a 'feature of  t he  erythremic 



myelosis might have in tens i f ied  the  depression of peripheral blood counts by 
acting as i r r ad i a to r s  of  the  blood elements c i rcu la t ing  through than. 

Our pa t i en t ' s  post mortem findings,  viewed i n  l i g h t  of t he  bl&d count 
changes a f t e r  the  overdose, seem consistent with attempted regeneration i n  
t he  hematopoietic t i s sues  with addit ional f o c i  of blood formation i n  cer ta in  
extramedullary s i t e s  such a s  lymph nodes. It i s  not c l ea r  whether the  
extramedullary hematopoiesis represents a residue of the  pre-existing blood 
condition o r  an attempt a t  compensation f o r  the  suppressive e f f ec t  of  the  
approximately LDS0 dose t o  the  m a m w .  In  e i t h e r  case it is  interest ing 
that i n . t h e  autopsy material  the process i s  seen i n  lymph nodes, but not i n  
more l i ke ly  sites such as l i v e r  and spleen C21. This suggested t o  us t h a t  
the  lymph nodes, despi te  t h e i r  s ign i f ican t  r e t i c u l a r  c e l l  content,  may have 
had access t o  f e w e r  gold pa r t i c l e s  than had the  l i v e r  and spleen because of 
the  very e f fec t ive  i r revers ib le  trapping of t h e  pa r t i c l e s  i n  these enlarged 
organs. A s  a r e s u l t ,  t h e  beta  radiat ion dose t o  t he  nodes might have been. 
considerably less than t o  l i v e r  and spleen and extramedullary blood 
formation might have e i t h e r  continued throughout t h e  course of t he  over- 
dosage, i f  it w a s  present before, o r  have been.pennitted t o  begin anew 
during recovery more-readily than i n  l i v e r  o r  spleen. Consistent with this 
interpreta t ion i s  the  c l i n i c a l  observation of  the  necessity f o r  giving 
intralymphatic ra ther  than intravenous inject ions  of  radiogold t o  e f f ec t  
s ign i f ican t  changes i n  pathologic: lysrlpl-1 nodes [8,1G1. 

I n  conclusion., it i s  important t o  point out that overdosage with 
intravenous radiogold co l lo id  i s  a model ' type of radiat ion exposure. The 
pat tern of re tent ion and t h e  chemical iner tness  of t h e  co l lo ida l  pa r t i c l e s  are 
most similar t o  those seen with thoro t ras t  C171. Several important points of 
difference are t o  be noted, however. Radiogold is a beta and gamma emit ter  
r a the r  than an alpha emitter. In  addit ion,  the  very much shorter  physical 
ha l f - l i f e  of  radiogold pennits the  mre rapid radiatiori dose delivery.which 
makes possible t h e  acute as well as chronic sequelae of overdosage. Until  
it is possible t o  devise a means of mobilizing retained pa r t i c l e s  o r  a 
method of  in te rna l  shielding, possibly by giving followup doses of non- 
radioactive gold co l lo id ,  our strongest  protection against  radiogold 
intoxication i s  prevention of overdose through scrupulous monitoring tech- 
nique before intravenous administration. 
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Figure Captions f o r  SM-119/39 

Fig. 1--Bone m a r r o w  smear made p r io r  t o  accidental Radiogold (lq8Au) Colloid 
overdosage. Note red c e l l  and megakaryocyte changes of erythremic 
myelosis. (Wight ' s  s t a i n  ~ 1 8 0 ) .  . . 

Fig. 2--Whole body scan made with a g m a  s c i n t i l l a t i o n  camera (Anger) using 
a pin-hole collimator at t h i r t y  hours a f t e r  intravenous dose of.200 
mi l l icur ies  of  Radiogold ( l g 8 ~ u )  Colloid. This f igure i s  a composite 
of three images made with equal expsure time. Note t h e  abnormally 
extensive d is t r ibut ion  of reticuloendothelial m a m o w .  

Fig. 3--Anterior l i v e r  scan made i n  same manner a s  Fig. 2 with a one minute 
exposure time (728,000. counts 1. Midpoint of  l i v e r  was 31 cm f r o m  
the  pin-hole aperture.. Liver and .spleen appear adjacent with no 
marked difference between a c t i v i t y  i n  the  spleen and t h e l e f t  lobe 
of the  l ive r .  

~ i g .  .'4--Estimated absorbed doses a f t e r  2 0 0 mi l l icur ies  Radiogold ( 8 ~ u )  
Colloid intravenously. Figures ax based on standard beta and gamma 
dose formulae (Johns, H.E. , The P'nysics of  ~ad io logy ,  pp. 562, 565, 
Second Edition, C.C. Thomas Publisher). 

Fig. 5--Peripheral blood leukocyte and p l a t e l e t  counts following intravenous 
Radiogold ( 8 ~ u )  Colloid (200  millicuries) given on day zero (arrow). 
Note ear ly  fall  of absolute lymphocyte and granulocyte counts with 
later p a r t i a l  recovery. P la te l e t  ' levels  f a l l  l a t e r  without evidence 
f o r  recovery by day 70 (pat ient ' s  demise). 

. Fig. 6--Pos-trno~tem microscopic changes i n  femoral bone marrow (a ,b) ,  l i v e r  
(c) ,  and lymph node (d l .  Note moderate h y p o ~ e l l u l a r ~ t - y  with is lands 
of ery thmid a c t i v i t y  and absence of megakaryocytes i n  m w  areas.  
(a-Azure-eosin x45; b-Azure-eosin ~ 7 2 1 ,  focal  nuclear atypia and 
congestion i n  l i v e r  (c-Hematoxylin and eosin ~ 4 5 1 ,  and lymphoid 
depletion and hematopiesis  i n  pericapsular fat o f  lymph node 
(d-Hematoxylin and eosin x72). 

Fig. 7--Physical charac ter is t ics  of radiogold ( 8 ~ u )  . 
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FIG. 2. Whole body scan made with a 
gamma scintillation camera (Anger) using 
a pin-hole collimator at thirty hours after 
intravenous dose of 200 mil licuries of 
Radiogold (Ig8au) Colloid. This figure is 
a composite of three images made with 
equal exposure time. Note the abnormally 
extensive distribution of reticulo-endothelial 
marrow. 





ORGAN ABSORBED DOSE 
- 

LIVER 
SPLEEN 

7,300 rads 
7,300 rads 

INTESTINE ADJACENT 
TO LIVER AND SPLEEN 600 rads 

I '\, 

i 4, RED BONE MARROW 440 rads 

INTESTINE OF MID 
ABDOMEN 60 rads 

- - - 

I 

I . Fig. 4. Estimated absorbed doses after 200 milli- 
1 

curies Radiogold ( I g 8 ~ u )  Col loid intravenously. Figures 
I 

I are based on standard beta and gamma dose formulae 
(Johns, H.E., The Physics of Radiology, pp. 562, 565, 
SecMd Edition, C.C. T h o m a  Publisher). - & -  

- GRANULOCYTES 
fi--.& PLATELETS 
x---x LYMPHOCYTES 

DAYS AFTER AU"" 

FIG. 5 Peripheral blood leukocyte and platelet counts following intravenous 
Radiogold (19'Au) Colloid (200 millicuries) given on day zero (arrow). Note 

L early fall of absolute lymphocyte and granulocyte counts with later partial I 

h recouay. Platelet l w h  fall later without evidma f a  rSWMy by doy 70 



PHYSICAL HALF LIFE 2.7 days 1 
AVERAGE BETA ENERGY 0.328 meV 
PRIMARY GAMMA ENERGY 0.41 1 meV 
DOSE RATE CONSTANT 
(Roentgens per hour one em. 
from a one millicurie 
point source) ' 2.7 . R per hr. 

I 

Fig 7 Physical Characteristics of 
Radiogold (Ig8Au) 
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