
LISICALLY, radioactive colloidal gold has C been administered interstitially, into cav- 
ities, and intravenously. Tlie distribution and 
effect are greatly influenced by the route of 
administration. T h e  present report is entirely 
concerned with tlie inti-a\.enous injection of 
this material. 

T h e  tissue distribution after intravenous 
injection 112s been well established in dogs, 
rats," and guinea pigs. I n  esperinieiital ani- 
mals, special studies have been done on tlie sig- 
nificance of particle size13 and upon tlie rate of 
removal froni tlie blood stream.3 This radio- 
active colloid has been used to produce cirrho- 
sisc, 7 and to study the effect of this form of 
irradiation upon the liver,: hematopoietic 
tissue," and blood-clotting mechanism.4 Its 
distribution in man has been recorded by 
Sheppard and co-workers, n*ho reported in- 
formation on two patients. It is apparent that 
this isotope offers a means of achieving a dis- 
tinctive type of radiation distribution; the 
greatest part of tlie dose is delivered to the 
liver, with relatively smaller amounts reacli- 
ing the spleen and bone manow. Still sinaller 
quantities are distributed in other tissues of 
the body. T h e  chief therapeutic use reported 
for Aui3s administered intravenously is in the 
treatment of leukemia and 1ymphoma.J 

T h e  present study was undertaken to investi- 
gate a repeatedly sugsested possibility of using 
.4u13S in the treatment of neoplasms located 
in the liver and to obtain additional general 
information on its distribution and effects in 
man. 

Six patients, whose case histories and au- 
topsy reports are presented in a brief form, 
received tlie isotope intravenously. In  two of 
these, it  it-as thought possible to attempt irra- 
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diation of neoplasms in\'olving tlie liver. Oiic 
other patient had carcinoma of the liver h i t  

was given rather small closes without mi r rh  
liope of therapeutic effect, since the two e:irlic.r 
cases had sh0n.11 concentration of the iwtiqx 
o i i ly  in tlie noriiial l i \ w .  The  othcr p a i i e i ~ i ~ .  
two with extensive neoplasms and one *,i.iiIi 

chronic granulocytic leukemia, were in tcriiii- 
nal condition and w r e  given the isotope 
shortly before death. -4 separate study of tlic 
use of iiitra\~enously atlniinisterccl colloitlal 
.-\ul'JS in leukemia will be reported at a later 
date,' as 1\41 also :I study of the lieniatologic~l 
effects of this isotope u.lien it is given h y  vnr i -  
ous routes to patients v.ho have a lxriet:. ( 1 1  

neoplasms. 

Tlie radiocolloidal gold was ndniinisterctl 
intrayenously tlirougli a gravity-drip appara- 
tus, which has been described for intracavitnr\. 
infusion.' 

T h e  colloidal Xu133 was prepared frolll 
. - \uITI;  by reducing =\u (111) to =\u (I) w i t h  
ascorbic acid. T h e  reduction occurred in a l h -  
line solution in which .4u (111)  cas dissolvd 
with carbonate as a complex ion. Tlie specific 
activity varied from 1.43 to 4.91 mc. per 1112. 
I n  one patient (case 7) a collimated Geiger 
tube was placed over the liver and spleen, 3nd 
serial counts were made tor a period of several 
clays in order to gain infoiniation on the con- 
centration of.tlie gold in these organs. Plasma 
levels of radioactivity were measured in tu.0 
patients on blood obtained a t  intervals froI11 
a vein in tlie m opposite the side of injectio11. 
T h e  blood specimens were withdranm i n  3 
heparinized syringe and the plasma rad ie  
activity was determined by counting liquid 
samples i v i t l i  an end-window Geizer tube.' 
Tissues obtained at autopsy were digested u.ith 
nitric acid and assayed in a similar manner. 
Gross autorndio,rranis were prepared fro111 
bone and various other organs.3 

;ox N. 
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CASE REPORTS AXD . ~ ~ U T O P S Y  FISDIXS 

Case I.-G. E.-C.;a #-year-old man, had a 
di3posis of foliicular lymphoma established 
in 1949 through biopsy of a cervical lymph 

T h e  patient was treated with roentgen- 
radiation from February, 1949, until ad- 

mission to the ORINS Medical Division in 
%o\ember, 1950, at which time he was given 
Ltrapleural colloidal Aul'Js because of in- 
cr;lc~;lble pleural effusion. Lymph-node biopsy 
in Soyember, 1950, showed lymphosarcoma. 
He was given 2.3 Inc. of Au193 (approximately 
0.6 mg. stable gold) intravenously twelve hours 
before death. 

.at autopsy, lymphosarcoma involving all 
]!mIph nodes, spleen, pleura, epicardium, pan- 
ocas, kidneys, and bone marrow was found. 
There was a hemothorax of 1400 cc. on the left 
ride and a hydrothorax of 300 cc. on the right. 

J [ Icroscopically, the hepatic architecture was 
presyed. Some pigment retention of bile was 
with111 the hepatic cells and cloudy swelling 
was present. Some of the Kupffer cells con- 
ained a fine dustlike black pigment. Sections 
of bone mamow showed complete replacement 
by lymphosarcoma. Sections of the spleen 
showed loss of splenic architecture with homo- 
geneous, compactly arranged lymphoid tumor 
cells. Numerous petechiae were scattered over 
the skin. T h e  findings relative to the intra- 

: pleural infusion of Au138 included pigmenta- 
; tion on the pleural surfaces with some fibrous 

thickening. 
Case P. N. J- S. was a 53-year-old white wom- 

an who, since October, 1949, had had increas- 
ing symptoms secondary to widespread pelvic 
3nd abdominal metastases thought to be from 
a carcinoma of the cervix. She received two 
large tracer doses of gallium 72 intravenously 
2nd subsequent biopsies were done in order 
to determine its uptake in the neoplasm. Treat- 
ment with this isotope was not considered 
desirable, and she received deep roentgen-ray 
therapy. Soon after the onset of a hemorrhage 
h n  an abdominal vessel in the region of the 
neoplastic involvement, she received 10 mc. of 
colloidal Au19* (approximately 3.5 m . stable 

hours after the administration of the gold. 
.Autopsy showed the pelvis to be studded 

Yith nodular tumor and the intestines matted 
In a mass that could be separated only with 
great difficulty. There was large firm tumor in 
*he pelvis with fistulous communications to 
h e  cecum, vagina, and sigmoid. T h e  tumor 
B o ~ s l ~  was then thought to be of ovarian on- 
en. h c e  the cervix was not involved. 

kroscopically,  a section of the liver 
dowed some atrophy of cords with pigment 
-tention in the hepatic cells. This p i p e n t a -  

--. -_ 

Wid) intravenously. T h e  patient died f ourteen 

tion was more pronounced in 'the c e n u d  por- 
tions of the lobule and may represent passive 
congestion. Patchy areas of fatty degeneration 
were also observed, such as would be expected 
in carcinomatosis with emaciation. Gold par- 
ticles were not seen. Sections of bone marrotv 
showed fairly active hematopoiesis. These sec- 
tions did not show marrow markedly depressed 
from radiation. T h e  tumor was composed of 
raLher bizarreappearing cells with numerous 
multinucleated giant tumor forms. T h e  n e e  
plasm failed to form any pattern and there 
were zones of necrosis. 

.A section oE the spleen sholved a rather 
small and sometimes indistinct white pulp. 
The  red pulp was increased in amount with 
more nuclei and what appeared to be lympho- 
cytes. Plasma cells were also found. N o  lymph 
nodes were seen in the material. 

Cnse 3 .  In JIarch, 1953, hf. C. D., a 51-year- 
old woman, had a left radical mastectomy per- 
formed because of a scirrhous adenocarcinoma 
of the breast, which was metastatic to one 
axillary lymph node. Following surgery she 
received deep roen tgen-ray therapy over the 
left chest. In  September, 1953, she had right 
upper abdominal discomfort and anorexia. fol- 
lowed about a month later by jaundice, which 
became progressively more in tense. With the 
onset of jaundice her appetite improved. She 
noted increasing drowsiness, lethargy, and 
weakness but maintained her weight fairly 
well. Her liver was nodular and paIpable 14 
cm. below the right costal margin. She was 
given small amounts of colloidal Au198 intra- 
venously in order to obtain scintiscan records 
over the liver. T h e  dosages were as follows: 
November 24, 1953, 3.83 mc.; December 10, 
3.76 mc.; December 17, 1953, 3.35 mc.; January 
3, 1954, 9.4 mc. This last dose was given twenty 
hours before death. 

At autopsy the body was deeply jaundiced. 
There was massive metastatic carcinoma in- 
volving the liver, which weighed 3600 gm. T h e  
gallbladder was (surgically) absent; there was 
no obstruction of the common bile duct. T h e  
liver was extensively replaced by tumor with 
cystic and hemorrhagic necrosis throughout 
the larger zones of tumor. There were viable 
peripheral margins. There were metastases to 
the left adrenal, bone, and pamaortic lymph 
nodes. Microscopic examination showed n o  
evidence of radiation effect on the normal liver 
tissue or on the tumor. Scattered dustlike 
particles of pi,grnent could be found in the 
Kupffer cells. T h e  bone marrow, lymph nodes, 
snd spleen did not show any ndiation effect. 

Case 4 .  J. 31. M., a 27-year-old white man, 
had been treated with roentgen-ray radiation 
for chronic ,granulocytic leukemia from May, 
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1949, until admission to the ORINS Medical 
Division, at which time he had ceased to re- 
spond to therapy. He  had also received 38 mc. 
of colloidal Aule8 intravenously, as treatment 
for his disease, eight months prior to admis- 
sion. From March 5 ,  1951, through April 12, 
1951, he  was given a trial of gallium 72 intra- 
venously, because of widespread persistent 
joint and bone pains, thought to be due to 
leukemic periosteal infiltrations. He received 
39 mc. of colloidal Au19* (approximately 14.6 
mg. stable gold) intravenously fifty-five hours 
before death. 

Autopsy showed marked splenomegaly (4040 
gm.) and hepatomegaly (5310 gm.) with gen- 
eralized slight enlargement of lymph nodes, 
leukemic infiltrations of kidney, and replace- 
ment of normal marrow by leukemic cells. 
There were leukemic infiltrates in the liver, 
adrenals, brain, spleen, lymph nodes, and 
tebtes. 

T h e  hepatic cells did not show any changes 
that could be attributed to radiation. No pig- 
mented Kupffer cells were observed. Because 
of the diffuse replacement of the bone marrow 
by leukemic cells, no radiation effect on the 
marrow could be determined. 

Case 5. In  1948 this patient, J. M., a 50-year- 
old white woman, was treated with radium and 
deep roentgen-ray therapy for carcinoma of 
the cervix. She did well until about March, 
1952, when she began to lose weight. I n  De- 
cember, 1952, an exploratory laparotomy re- 
vealed metastatic nodules in the liver. Later 
she developed edema of the lower extremities, 
increase in anorexia, and loss of weight. She 
was given small doses of intravenous sold as 
follows: April 9, 1953, 2.9 mc.; April 17, 21.2 
mc.; April 28, 1l.S mc.; May 5. 1953, 23.3 mc. 
(This last dose, administered five days before 
the patient died, contained approximately 8.1 
mg. of stable gold.) Plasma assay levels, ex- 
pressed as per cent of the maximal plasma 
concentration two minutes after injection, de- 
termined on specimens obtained at intervals 
of two, five, ten, twenty, and forty minutes and 
four hours following administration, were 100, 
41, 10, 1, 0.2, and 0.09 per cent.respectively. 
There was thus a rapid disappearance of the 
gold from the plasma: at the end of forty 
minutes more than 99 per cent of the colloid 
had been cleared from it. 

At autopsy, spread of the carcinoma to local. 
pelvic structures with obstruction of the right 
ureter and compression of the iliac arteries 
was found. There were metastases to abdomi- 
nal I p p h  nodes and massive areas of metas- 
tases in the liver. T h e  liver weighed 3250 gm. 
Thrombophlebitis of iliac veins was present. 

Sections of the liver did not show any 
changes that could be attributed to radiation. 
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No Ku ffer cells with pi 
found. s ections studied at 
growing edge of metastasis 
did not show any evidenc 
struction of the tumor. Se 
showed decrease in width 
T h e  red pulp showed an apparent incre 
the stromal tissues. Sections of the bone m a 2  
row indicated some decrease in hematopoiah;'j 
however, hematopoiesis was present even jaf 
sections of the ilium where perhaps largaz 
amounts of radiation had been given. N u m e 3  
ous precursors of granulocytic series w e e  

Case 6. F. L. S. was a 7-year-old boy in whom? 
the diagnosis of hepatoma was established at3 
esploratory laparotomy in August. 1950. Fol- l 
lowing this procedure, the patient became prc+ 
gressively worse with increasing swelling of 3 
the abdomen, development of a right hydre? 
thorax, and engorgement of the veins over the - 
abdominal wall and lower chest. He received ; 
two doses of colloidal Aulg8 intravenously. .' 
T h e  first dose of 21 mc. was given ten days; 
before death; the second dose of 42 mc. ( a p i  
proximately 13.8 mg. stable gold) was given: 

Autopsy showed the liver to have a massive' 

involving the right lobe. It was sharply de., 4 bright-yellow neoplasm, 12 cm. in diameter, 

marcated from the remainder of the he 
tissue; the tumor extended into the he 
vein, vena cava, and upward into the 
auricle. There was also caudal extension 
the tumor and thrombus to the femoral ve 

present. 4 

5.3 days before death. f 

Several small metastatic nodules were 
in the right lung. 

hiicroscopic sections showed a 
plastic hepatoma without ducts being form 
T h e  spleen showed a relative increase 
stromal tissues r,r' the red pulp with pr 
nence of the cells lining the sinusoids. 
relative amount of white pulp was sparse 
ticularly so for a young person. No pha 
cells containing gold pigment could b 
Sections of non-neoplastic liver showed 
.passive congestion and necrosis owing 
obstruction of the vena cava. O n  rare occas 
fine dustlike material could be seen in s 
Kupffer cells. No bone marrow was availa 
for study. 

Cuse 7. In  January, 1950, R. T., a 
white man, had a resection of t 
colon, which histologically showed 
noma. In  May, 1951, a second lapa 
performed, at which time he was seen 
liver metastases. T h e  site of the resec 
moid colon was apparently free of tumor. 
October, 1951. he developed cervical pain, ;u 
well as some difficulty in  speech, which was 
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FIG. 1 .  The KuplTcr ccll contains black particles of pigment. Thne prrrticln ale aggrcgrrtes of 

FIG. 2. Ttlc erowinv zone of inetastatic ildcnoc;Liciiiuiiia shows no radiation cflect from t11c 
gold. (X1080.) 

tribu tcd to cr:iiii;iI met;lstLiscs. .Uter ndiiiission 
I O  ORINS Afetlical Division, lie received deep 
ioctiigcn-ray therapy over tlie right side 01 the 
neck with considerabie relief of pain and bollle 
decrease in neurological findings. Exaniina~ion 
in January, 1952, shorvcd tlie liver to have 
;ncreased in sire and to be nodular and non- 

ndcr. A biopsy of the liver, which showcl 
only normal liver tissue, was performed. On 
January 17, 1952, he was given 105 mc. of 
radiocolloidal gold (approximately 82.5 nig. of 
stable gold) intravenously. External counts 
with a collimated Geiger tube were niade over 
the liver and spleen, and plasma assays for 
radioactivity were made on specimens taken 
at intervals. There was no immediate reaction 
to the intravenous Gold, but, three days lollow- 
ing its administration, tenderness developed 
over the liver, which sgradually subsided dur- 
ing the following week. The  patient was an- 
orexic for about the first week, but his appetite 
gradually returned to its previous level. On 
February 5, 1951, the patient passed grossly 
bloody stools. He was given multiple blood 
transfusions but died in peripheral vascular 
\hock twenty-three days after he received the 
::old. Radiation effect on the blood was mani- 
fested chiefly by depression of platelets, which 
fell to low levels shortly before death. 41- 
though there was no evidence of generalized 
bleeding and a localized bleeding site was 
found at autopsy, it was felt that the thrombo- 
cytopenia contributed somewhat to his final 
hemorrhage. 

1 l i w r  p:irciichyin:i also shows no radiation rlTcct. 

.-\uiopsy showed carcinonia riieLastaLic to the 
retrosignioid area near tlie site of die surgical 
anastomosis, with iiietastases to periaortic ab- 
dominal lyniph nodes, liver, right adrenal, 
lungs, and jejunum. Involvement of the liver 
consisted of massive partially necrotic tumor 
nodules. The  primary site of gastrointestinal 
hemorrhage was found a t  an area in which the 
jejitiiitni !\*as eroded by metastatic carcinoma. 
Petechial hemorrhages of the skin of the ante- 
cubital fossae and shoulders were seen. They 
were also present on the serosa of the bowel 
and gastric mucosa. 

Microscopic examination showed the non- 
neoplastic portions of the liver to be free of 
any change that could be attributed to radia- 
tion.. Kupffer cells contained fine black par- 
ticulate matter (Fig. 1). There was no evidence 
of any zone of inhibition at the border be- 
tween tlie growing edge of metastatic neoplasm 
and g-old-con taining normal hepatic tissue 
(Fig. 2). The  spleen showed some decrease i n  
the size of the white-pulp zones, although tufts 
of lymphoid cells around the central arterioles 
did persist. Sections of the bone marrow 
showed erythropoiesis, but there was some de. 
crease in activity with relative increase in 
the amounts of fatty tissue within the marrow. 
Negakaryocytes were scarce. 

\ 

RESULTS 

.l;lthough the concentration of activity was 
nieasured with a high degree of accuracy in 
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these limitations, i t  may be worth while to 
present our rough estimates of the distribu- 
cion of the total dose. The  normal liver tissue 
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FIG. 3. Plasma and liver radioactivity after injection 
of 105 mc. Aule8 intravenously. Patient R. T. 

small samples of tissue, direct measurements 
were not made on whole organs to determine 
the per cent of the total administered dose 
that was deposited in each one. When the 
concentration per gram is multiplied by the 
known or estimated weight of the organ, vari- 
ous obvious errors prevent the resulting figure 
from representing the true amount of isotope 
contained. T h e  weight of the bone marrow in 
these patients could only be estimated, with a 
wide range of error. T h e  concentration oE 
radioactivity vaned widely from area to area. 
When extensive neoplastic nodules are pre- 
sent in the liver, the determination of their 
weight is di5cult and therefore it was only 
estimated. Thus, the weiaht of normal liver 
tissue is not accurately known. In  spite of 

probably contained from 60 to 94 per cent of 
the administered dose of AuID*. T h e  spleen 
was calculated to contain from 5 to 16 per 
cent, except for one instance in which the fig- f 
ure of only 1.2 per cent was obtained. There f 

is a large error in estimating the total bone- 
niarrow content, but it appears that this organ 
may contain total amounts of the isotope in 
the same range as the quantities in the spleen. 
T h e  kidneys were calculated to contain from I 
0.05 to 0.24 per cent, and the lungs from 0.8 5 
to 3.2 per cent, of the administered dose. The  I 
adrenals had less than 0.1 per cent and the i 
total plasma was estimated to contain, at  the ; 
time of death, from 0.1 to 0.7 per cent. 

Plasma Levels and Excretion. In  these pa- 
tients the Aulas was administered over a peri- 
od of ten to thirty minutes and most of it had - 
left the plasma before the injection was com- 
pleted. Therefore critical studies of the initial 
removal from plasma could not be done. In  
case 7, external counting studies of the activity 
in liver and studies of plasma activity were 
begun at the completion of the injection (Fig. 
3). This shows the rapid fall in plasma radio- 
activity, the early localization of the isotope 
in the liver, and its continued concentration 
there over a period of several days. After the 
initial decline caused by deposition in reticulo- 
endothelial organs, the plasma radioactivity re- 
mained at a low but rather constant level for 
many days. Information is not available to 
show whether the AuIQ8 in the plasma is col- 
loidal or ionic. A simiIar early rapid fi l l  was 
seen in the plasma.activity of case 5 (see case 
report). 

T h e  total urinary excretion was very low, 
but there was a much larger amount during 
the first day with extremely low, rather uni- 
form amounts excreted on succeeding days 
(Fig. 4). An effort was made to estimate 

TABLE 1 
LIVER-FUNCTION STUDIES OBTAINED ON CASE 7 BEFORE AND AFTER INTRAVENOUS 

INJECTION OF 105 MC. Au'", JANUARY 17, 1952 
-~ 

9/16/51 1/8/52 1/17/52 1/22/52 1/25/52 2/2/52 

0 0 0 0 0 0 
4 . 9  5 . 4  8. 1 6 2.7 2 .5  
6 .4  5 . 4  6.7 5.8 5 .6 5.4 

Cephalin flocculation, 48 hr. 
Thymol turbidity, units 
Total protein, gm./100 cc. 

albumin, grn./100 cc. 
globulin, gm./100 cc. 

Total serum cholesterol, rng./100 cc. 
Per a n t  esters 
Per cent brornsulfalein (5 rng./kg.) 

4 . 1  4 . 2  3 . 4  3.3 3 . 6  4 . 0  
2 . 3  1.2 3.3 2 . 5  2 . 0  I .4 

163 310 280 320 225 
64 67 63 78 53 22 
350 

7 2 . 8  12.6 retention in 45 rnin. 
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b e  initial fall in plasma radioactivity, twenty- 
lour-hour urine samples contained approxi- 

' mately 16.6 to 10.6 per cent of the estimated 
' totd.body plasma content. 

Clinical € f l e c k  The  intravenous injection 
: o[ tile radioactive colloid produced no imme. 

diate clinical reactions. Transient localized 
tenderness of the liver was noted in the patient 

'- who received the largest dose of the isotope. 

DISTRIBUTION AND EFFECT OF INTRAVESOUS X u 1 0 8  - Roof  et 0 1 .  

pear to beinfluenced in any way, although in 
- the one patient who was given the largest dose, 

the hematological studies suggested that a 

ad- B.C.** 0.02 B.C:* 0.02 0.03 0.06 0.01 0.02 0.117 0.24 
B.C.** 0.02 B.C,** 0.01 0.04 0.07 0.008 0.01 

L D I  0.02 0.43 0.30 1.46 0.61 1.16 0.09 0.19 0.50 1.10 12.200 9.36 
B.G.** 0.03 0.22 1.07 0.53 1.01 0.09 0.19 0.18 0.40 5.800 4 . 4 1  

lEldzcr 0.01 0.14 0.07 0.34 0.01 0.02 0.08 0.16 0.25 0.55 5.800 4.36 
S.G.** 0.10 0.07 0.32 0.02 0.03 0.18 0.40 

.Mrr+ . s l  0.04 1.02 0.37 1.81 0.08  0.15 0.06 0.13 1.42 3.10 28.200 21.33 
0.09 0.18 0.04 0.09 0.89 1.95 24,600 18.61 

W c 
W .07 
P 
2 .Ob 

56 1 

1 TABLE 2 

:I!LLe=L .01 

I 2  3 4 5 b 7 8 S IO II P 1 3 1 4 l 5  

TIME IN DAYS 

FIG. 4. Excretion of Aulo8 in the urine after intra- 

formed on case 5 and these are shown in Table 
1. Most of these studies were normal through- 
out the course. T h e  bromsulfalein retention 
was slightly increased above normal but not 

venous administration of 105 rnc. Patient R. T. 

RELATIVE DISTRIBUTION OF COLLOIDAL Au's' IN SEVEP; P.9TIEKTS .IT .AUTOPSY 
FOLLO\VING INTRAVEKOCS IXJECTION 

Caw no. 1 
h, mc. 2.3 
Dunt. hr.- 12 

4 5 6 7 
42 105 2 3 

10 9.4 33 25.2 
11 17 55 120 128 552 

Ormn dc./gm. D A R t  ,,c./grn. DART rc./Km. D A R t  rc./gm. D A R t  pc./gm. D A R t  Cts/gm.: D.-\RD rc. /gm. D A R t  

EwI 0.98 23.95 11.40 55.06 7.58 14.29 9.86 20.75 40.11U 87.77 330.400 249.52 61.36 38.28 
8.15 39.35 9.36 l7.6i 1.76 3.70 25.1Ou 54.93 198.800 1JO.15 56.CO 34.93 

WC'Cn 0.31 5.44 0.66 3.20 4.13 7.80 0.61 1.28 49.65 108.64 826.600 624.32 5 3 . 5 ;  33.42 
0.44 2.13 0.21 0.45 35.47 77.62 52.14 32.52 

0.76 1.44 0.05  0.11 9.03 19.76 191.800 144.90 1.86 1.16 
Vmrbnl 
W I O W  0.02 0.41 1.90 9.16 0.24 0.45 0.05 0.10 10.78 23.59 296,400 223.S7 5.31 3.31 

0.02q 0.03 54,900 41.51 2.907 1.81 

0.63 3.06 0.00q 0.01 91.600 69.18 2.127 1.32 , 

B.G. t  

0.91 0 57 
0.45 0.28 
0.47 0.30 
0 . 4 5 9  0.28 
0.529 0.37 
0.519 0.32 

B.G. t t  
B .C . t t  
B .G. t t  

0.1ag 0.11 
0.19 0.12 

B.G. t t  
B .G. t t  

B . G . t t  
0.038 0 . 0 2  

R . C . t t  
B . C . t t  
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T A ~ L E  3 
R.4SGE OF .-\CTI\‘ITY IS 1ILLTIPLE SAhlPLES OF LIVER .ASD TU1lOR FOLLO\\.ISG 

ISTRA\’ESOUS Aut” IN CASE 5 

t 
I 

l l ean  S. 
pc. jgm. pc./gm. pc./gm. pc./gm. rc./gm. pc./gni. rc./gm. standard de\,iation 

Liver 40.11 36.351 5 5 . 3 3  32 88 29.4; 27 69 25 10 32 0- l t . l  i 4  
Tumor 0.OOj 0.047 0.048 0.044 0.027 0 023 0.019 0 036==0 011 

distinctly related to the Au’98 injection. XEter 
the isotope was aiven, an apparent decrease in 

basis of that dose. In calculating total distrilju. 
tion of the isotope, residual activity from pre. 

’the per c‘ent of <holesterol &ers developed. 
Distribution Data. T h e  patients died at in- 

tervals of twelve hours to twenty-three days 
after injection of the colloidal AuIDB. Table 1 
shows the concentration per gram weight of 
tissue of the .J,U**~ as determined at autopsy. 
When more than one dose was given, the 
residual activity was chiefly that of the final 

vious doses was considered as i f  the-activity re. 
maining from earlier doses had been given 
with the last dose. T h e  liver, spleen, and mar. 
row, in that order, retain the largest share of 
the Au108. T h e  extremely low retention i n  
the non-reticulo-endothelial tissues is illus- 
trated, as is the minimal concentration in  
tumor tissue. Talde 3 shows the rancre in con- “ close and corrections lor decay were on the centration of . A U ~ O B  per gram of wet weiglit i n  

, 

FIG. 5. .4, Photognph and, B. g ~ o s  autoradiopm of liter from case 7 with li\cr n1ctastasa I 
-* horn  mrcinoma of the colon. The patient received 105 mc. .\ulefl  inrravenouslv 552 h o u n  

. -_- c bcfore death. T h e  autoradiogram shows the absence of .iulsS in the  aleas of rreta;tatic tumor. 
-_.. . 



samples of liver and of tiinlor as 
at autopsy of case 3. 

DISCUSSION 
K- 

$, \ lo i t  of the gold given becomes firmly 
1wf::cti in normal liver tissue. T h e  firmness of 
lhij  artachment is perhaps indicated by the ii,,- levels of activity in tile bile. It \$'as clear 
1),3t discrete areas of neoplasm in the liver, re- 
S3rdless of size or adequacy of blood ~ ~ l p p l y ,  
completely failed to share in the liver's ability 
Io concentrate the isotope (Fig. 5 A  B). T h e  
distribution in reasonably normal liver par- 
enchyma was grossly quite uniform, with a 
fine pattern of increased concentration re- 
~ a l ( . ~ i  to lobular architecture. As compared 
; c , i r I i  isotope distributions in general. this is 
orlc of the most homogeneous we have seen. 
 en more than one sample of liver was as- 
QyecI, concentrations of activity were found 
1 0  be quite uniform except where there was 
211 obvious explanation for a more patchy dis- 
tribution (Table 3). I n  the young boy with 
hep:itic-cell carcinoma (case 6 )  there was ex- 
tcnsive interference with the blood supply of 
ihc liver, which probably accounts for the 
111trc~~ta1 activity of the two samples assayed. 
n i  .\cIl as for the fact that the spleen showed 
I l l I J w  of the isotope per gram than did the 
liver. In  the patient with granulocytic leuke- 
mia (case 4), dense leukemic infiltrates were 
associated with decreased concentration of 
AuX9*. This was verified by autoradiogram. In 
the patients i n  whom there were discrete 
metastases surrounded by apparently normal 
liver tissue, it  appeared that there was a great- 
er uneveness of distribution in the hepatic 
t h e  immediately adjacent to the tumor 
Illnltiles. 

1)istribution of radioactivity in the paren- 
chyma of the spleen also tended to be fairly 
uniform as indicated by radioassay and auto- 
radiograms (Fig. 6,A, B). In the two patients 
(cases 5 and 7) who had multiple discrete met- 
astatic lesions in the liver and who were prob- 
ably nearest to noma1 in retido-endothelial 
function, the concentration of radioactivity 
Per ,gram was very nearly the same in the liver 
and in the spleen. T h e  total amount in the 
li t  cr, however, was obviously many times 
P a t e r  owing to the greater weight of this 
organ. The  patient with granulocytic leukemia 
( m e  4) had a very large spleen that was filled 
with leukemic cells and possibly had a very 
inadequate blood supply. Presumably the re- 

j_ __ - . . . --_- 
FIG. 6. A, Photograph and, B. gross autoradiogram of 

spleen from case 5 with metastatic carcinoma of the 
cervix. The  patient received 23.3 mc. AulQB 120 hours 
before death. The  relatively uniform distribution of 
AulBa is shown. 

sulting impairment of reticulo-endothelial 
function accounts for the uneven and generally 
low concentration of the isotope. Less severe 
but similar factors may have accounted for 
the rather low concentration of the isotope in 
the spleen of the patient (case 1) with lympho- 
sarcoma. T h e  remaining patient (case 2) was 
one who was in shock from massive gastroin- 

given, which was only a few hours before 
death. In  this instance there was a strikingly 
low concentration in the spleen. 

T h e  bone marrow has fairly high concentra- 
tions OE the colloidal isotope. T h e  samples in 
Table 2 listed as vertebrae and sternum were 
chiefly cancellous bone with cellular marrow 

' 

. I  . .  .! z 

4: testinal bleeding at the time the isotope was 

:: g 3 
* '  

9 2  
' lit and contained relatively little bone cortex or 

fatty marrow. Autoradiograms indicate a 31 
7I' 

1' 

8 .  Y 

*I. 

patchy, uneven distribution of the isotope with 
most of the activity in the areas of active 1.: 

! 



! 

? 
1 FIG. 7. A. Photograph and, B .  autoradiogram (see opposite page) of femur from m e  5 .  One 

hundred and twenty hours before death, 23.3 mc. of .4ulSs was given intravenously. The  
areas of mdioactivity are those of active, cellular marrow. 

cellular marrow (Fig. 7,.4, B). Diffuse abnor- 
malities of the marrow associated with chronic 
granulocytic leukemia and lymphosarcoma 
were associated with relatively low concentra- 
tions of the isotope. 

T h e  concentration of the colloidal material 
i n  normal lymph nodes is perhaps lower than 
one might be led to expect in view of their 
importance in the reticulo-endothelial system. 
It is well known that adjacent lymph nodes 
contain relatively large amounts of this col- 
loidal isotope when i t  is injected interstitially. 
They represent an efficient filtering device 
for the material in the lymphatic channels. 
When the goId is given intravenously, 'how- 

l 

ever, the blood supply of the lymph nodes o 
their ability to clear the blood, is such t 
relatively low levels of AuI38 concentration 
developed as related to liver and spleen. 

uneven concenuation of the Au*Ds. I n  the 
ney the localization is chiefly in the co 
Endocrine organs show concentrations cons  
erably higher than those of mesodermal d e n  
tives and this may be due to a small amount 
reticulo-endothelial tissue in  these organs. 

The administration of .4u198 intravenou 
caused little untoward effects in the patien 
I n  a few instances there was anorexia for 
few days, and, in one patient who receiv 

T h e  lungs show a rather high, if somewh 
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dcnce of bone-marrow depression in case 7 
2nd of animal experiments,% 12 early death 
from a single dose of - 4 ~ 1 3 s  would be expected 
10 result from bone-martow damage rather 
[hall from radiacion effect on the liver. Radia- 
[ic,n damage to the bone inarrow ii-ould prob- 
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105 mc., there was transient liver tenderness. 
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ably be the factor limiting the dosages of 
AulD8. T h e  present study has not ruled out the 
possibility that diffuse, minute neoplastic tis- 
sue in the liver might be more effectively 
irradiated by colloidal Au13S than by other 
means. In  some cases ol lymphosarcoma with 
extensive, diffuse liver involvement better re- 
sults might be obtained from the use of col- 
loidal Au19s than by other means of therapy. 
Patients in whom the disease is localized 
mostly in lymph nodes would not be expected 
to respond so well in view of the low concen- 
tration of the isotope in even relatively nor- 
mal lymph nodes. 

Although the therapeutic possibilities of in- 
travenously administered colloidal radiogold 
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appear exceedingly limited, the unique be- 
havior of colloidal materials and their con- 
centration in i.eticulo-endotheli~il tissues are 
the basis of worth-while experiments going on 
at the present time in several institutions. The  
production of espcriniental cirrhosis has al- 
ready been alluded to. T h e  rate of removal ol 
the isotope from the blood may e\fen tually 
give information on blood flow i n  the liver or 
reticulo-endothelial function. Studies of this 
type with another colloid, chromic phosphate 
(P3?), have been reported.Y T h e  abscence o€ 
concentration of colloidal Au19* in  tumors in 
the liver with the resulting area of low activity 
in a field of high activity suggests the obvious 
possibility that external counting studies 
might reveal unknown areas of neoplasm in 
the liver. 

Such studies, based upon the information i n  
the present report, are in progyess. 

Si;si M A R S  

1. Radioactive gold i l l  colloitlal forin caii 
be injected intravenously into the human be- 
i ng \vi  tho ii t immediate untoward I-en c t io 11 s. 

2 .  1he  isotope rapidly leaves the blood 
~ t rea in  and deposits largely in reticulo-endo- 
the 1 i a1 organs. 

3. Seopliisnis that replace reticulo-endothc- 
lial tissue in  liver do not concentrate the iso- 
tope and these lesions contrast strikingly wid> 
surrounding tissue having high levels ol 
activity. 
4. This information on a small number of 

cases suggests that intravenous colloidal radio- 
gold has no promise in the treatment of di+ 
Crete primary or inetastatic lesions of the liye: 
but does not rule o u t  the possibility that vel.! 
fine, diffuse lesions could be treated ntlvaii- 
tageously. 

-.. 
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