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N THE COURSE of a study of the use of colloidal I Au'95 in the treatment of ascites and pleural 
effusions, data have been collected on the dis- 
tribution and escretion of this isotope. This 

'form of treatment, suggested by hliiller, has 
proved of some value in symptoiuatic therapy 
of patients who have massive fluid collections 
resulting from metastatic neoplasms involving 
serous cavities. Clinical results of therapy in 
our series of cases have been previously re- 
ported.' T h e  purpose of the present report is 
to present information upon the fate of the in- 
jected material and to record some of its gen- 
eral effects. 

a 

METHODS 

T h e  material used in these studies was a 
preparation of colloidal A U ' ~ ~  containing a 
total amount of gold usually ranging from 3 to 
mg. per ml. T h e  radioactivity varied from 10 

--I 25 mc. per ml., except in a very leu. cases in 
u*hich preparations of lower activity were used. 
Single doses varied from 10 to 235 mc. Details 
oE dosage and method of administration have 
been reported.' T h e  isotope was usually in- 
jected through a polyethylene tube inserted 
into the body cavity. 

This report is based on the study of thirty 
- . patients who had pleural or peritoneal eHu- 

sions associated with carcinomatosis. Tissue 
studies of radioactivity were made on thirteen 
rises esamined at autopsy, laparotomy, or both. 
In  several patients two polyethylene tubes, 
wine distance apart, were inserted-one for ad- 
ministration of the gold and one for with- 
drawal of fluid for determination of radioac- 
tivity (Fig. 1). It was believed that fluid drawn 
through the tube of administration should not 
bc used for assay, because i t  might have arti- 

From the Medical Division, Oak Ridge Institute of 
Nuclear Studies, Oak Ridge, Tennessee. 

The colloidal AulBs used in this investigation was 
supplied by Abbott Laboratories, North Chicago, Zlli- 
nois. 

Received for publication, September 24, 1952. 

I 
ficially high values as a result of poor mising i l l  1 
the cavity and contamination a t  the time 0: 

withdrawal. Daily complete twenty-four-hour 
urine specimens and frequent blood sampler I 

were collected and assayed for radioactivit!. 
Stool specimens were not assayed after esrrenic. 
l y  low levels of activity were found in those 
from the first two patients studied. Biopsy anti 
autopsy specimens were obtained for histologi- 
cal study, radioassay, and autoradiographic es- 
posures. All radioassays were performed I,\ 
liquid techniques. Solid tissues were dissol\ ctl 
in concentrated nitric acid in preparation lur 
assay, while urine and plasma were untreated 
or were simply diluted with water. In all cases, 
a 10-ml. specimen was placed in a standard 
small Petri dish and assayed under a calibratctl 
end-window Geiger tube. All values were cor. 
rccted for radioactive decay to the time of ad. 
ministration of the isotope. T h e  autoradio. 
gains  shown in Figs. 4,9, and 10 were prepnrcd 
i i  om gross tissue. T h e  soft tissues were froicii 
solid in a deep freeze, sliced, and exposed oil 
no-screen film for varying lengths of time. The 
exposure depended on the degree of radio:ic- 
tivi ty. The bone autoradiograms were prepared 
by the method of Lotz, Gallimore, and Bo)d. 
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FIC. 1. Photograph of patient during injection of tol- 
loidal Aul9s into the pleural cavity. The addit iod l 

polyethylene tube is for withdrawal of samples of 
pleural fluid after treatmen& 

294 

L 

t 

I O 8 6 9  f 1 



’ ,  .4w19s FOR SEROUS EFFLWOSS IN CANCER - Andrcws el al. 295 

2 Radioactivity of Ileum1 h i d  following intra- r~eo”” injection of colloi a1 Au198. All values are cor- 
& for radioactive decay. 

&-;An OF THE ISOTOPE IN THE CAvnY 

injection of the colloidal Aul9*, the 
3 e n t s  were asked to move about at frequent 
& ~ d s  during the first few hours. Our experi- 
el;cc suggests that complete mixing of the gold 
~& &e fluid in the cavity usually occurs with- 
in &e first few hours. This was shown in sur- 
q s  of radiation .levels a t  the surface of the 
body made by means of a collimated Geiger 
tube. Additional evidence of this even distribu- 
don in the cavity is Jound in the radioactivity 
lcvels of fluid drawh from the cavity at sites 
distant from the point of injection. It is found 
that the fluid at these sites reaches a maximum 
radioactivity very rapidly. 

In several patients, rather extensive records 
were made of the radioactivity levels of the 
fluid irl the cavities for several days after the 
ndic i injection, and Figs. 2 and 3 show 
these u5ta. The  fall in concentration of radio. 
activity, after correction for decay has been 
made, must be due to dilution of the gold by 
further fluid production or removal of the gold 
from the fluid or both. It is known that active 
effusion of fluid may continue for some timz 
after the gold is given, even in patients who 
respond favorably to the treatment. However, 
i t  is not possible that there was sufficient dilu- 
tion of the gold in the cavities to explain the 

FIG. 3. Radioactivity of ascitic fluid following intra- 
Printoneal injection of colloidal A u m .  All values :Ire 
slmected for radioactive decay. 

major part of the fall in concentration of radio- 
activity, since this would have required a much 
greater increase in volume than ever occurrtd. 
Studies of blood and urine .levels of radioactiv- 
i ty  in the period immediately following admin- 
istration show that there is little absorption or 
excretion of the gold colloid, and external 
counting assays over the liver indicate that 
there is not a prominent localization in this 
organ. Furthermore, tissue assays indicate that 
a large portion of the radiogold becomes fked 
in a superficial position on the serous surfaces. 
Autoradiograms confirm this distribution of 
the isotope (Fig. 4). T h e  exact mechanism of 
this deposition is not known but i t  is believed 
to be a property of the colloid in relation to the 
snrface. A similar tendency of the colloid to be- 
come attached to surfaces is seen in vitro. An- 
other important event is phagocytosis of gold 

_ .  .. . . . .. >>..;. . .  .. . .  . .  . . .  . . . .  . .  
. _ .  . .  . i . \  .. - ,  . 
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FIG. 4; Gross autoradiogram of lung of patient I. B. 
who received i8.4 mc of colloidal Auies intrapleurally 
sixteen days before death. The width of the area of 
blackening is partly explained by the fact that the 
pleural surface was not perpendicular to the film but 
was folded and partially flattened against the Elm. 

The actual penetration in the tissue was thus less than 
it appears on the autoradiogram. 
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FIG. 5 .  Radioactivity of plasma following intrapleural 
injection of .\ul95 in s i s  patienu. (Corrected for decay.) 

particles by niacropliages on the walls of the 
czvity and free i n  the fluid. 

RLOotl RADIOACTIVITY 

l'enous blood was obtained claily after treat- 
ment, heparinized, and, after centrifugation, 
red-cell and plasma fractions were assayed for 
radioactivity. The  plasma showed levels of ac- 
ti t . i ty considernbly greater than those OE tlie red 
cells. Since the red-cell samples were not 
u-ashed, the activity recorded for them may 
have been all or in part that of the included 
piasin a. 

Plasma radioactivity levels were low in rela- 
tion to the total dose of the isotope. On the 
basis of estimated total plasma volumes for the 
patients, i t  is calculated that tlie amount pres- 
ent in the blood at one time is generall!' less 
tli,an 1 per cent of the dose given. 

.A variable pattern of plasma levels of activity 
was seen atter both intrapleural and intraperi. 
tcneal radiogold administration; but, for each 
individual patient, the changes in blood-activ- 
i ty  levels from day to day vere relatively slight 
.(Figs. 3, 6).  The  patients $!.en the isotope intra- 
pleurally appeared to have a more gradual and 
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FIG. 6. Plasma radioactivity in eight patienu afttr 

intraperitoneal injections of colloidal .%ulgS. (Corrected 
for decay.) 

i 

f in if or in rise in plasma radioactivity thall til(% 
treated intraperitoneally. 

T h e  pattern of the rise in  radioactivity in lhr  
blood does not appear to bear a direct time rc. 
lntionship to the fall in concentration in ~1~~ 
fluid of the cavity, since the latter occurs much 
more rapidly. The  activity in the blood i, 
thought to be related to delayed mobiliratic,n 
of the colloidal material after it has been de. 
posited on the walls of the cavity. It \\.as riot 
possible to correlate the plasma lel.els witti tht. 
degree oE fibrosis of the serous surfaces. ( ) I ) ~  

patient, C. F. (110084), had relatively high 
blood radioactivity levels after only 14 n i c  oi 
radiogold. This patient had a chylous effusion 
caused by the neoplasm invading the thoracic: 
duct. and  i t  is possible that much of the radio- 
gold that reached the blood stream did so bv 
entering this lymph channel directly from th; 
pleural space. 
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FIG. 7. Urinarv excretion oE . i u l s a  after inrrapleiirJl 
injection. Each dot represents the total four-hour :*\. 
cretion for one patient, charted on a semilog scale. 7 !IC 
line represenrs the approsirnate mean escretion. (Cor- 
rected for decay.) 

S o  studies have been done to determine 
whether the relatively small quantity of radio- 
gold that reaches the blood stream is in colloi- 
dal form or whether it may represent a sni:til 
fraction of the gold that is ionized at the tiiiie 
of administration or that becomes ionized i i i  

the body. However, h e  distribution in h e r .  
spleen, bone marrow, and other organs is simi- 
lar to that seen after intravenous injection O[ 
known colloidal preparation. This siiggejcj 
that the gold that enters the blood stream is 
coIloida1 form. 

URISARY ESCRETIOS 

-\ small, but highly variable, portion of the 
total dose given is excreted in the urine. F ipre ,  
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f&d 8 indicate the daily escretion levels for 
&-: nvo groups-inmapleural and incraperi- 
t a l .  T h e  escretion curves differ decidedly 
:lorn those of the blood lewls in that the high- 

escretion occurs in the first twenty-four 
Smrs while the blood activity is lo[\.. .After this 
irJcial period. there is a tendency for the 
imount escreted in<the urine to be propor- 
:ional to the blood letrels in  individual patients. 
ir  is sugsested that the early, relati\.ely high 
&nary concentration may be explained by the 
:rrcsence of a small amount of ionized gold in 
:he preparation git.en. this fraction being 
readily absorbed and readily escreted, \\.hereas 
:he later values may represent the colloidal ma- 
m i d ,  which is both slou.ly absorbed i tnd po01-1~ 
s u e  ted. 

2-m I 
- 
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TISSUE .-iss.~r.s 

In stutlyins the tissue distribution of the 
&topes injected into body ca\,ities, we have 
rnrounrered one particular difficult!.: the pres- 
rr:ce of the isotope in the free fluid of the bod! 
cavity is likel!, to lead to smearing arid contami- 
rlztion of tissues removed at operation or 
aiitopcy so that assay of these tissues for radio- 
mi\ icy may be misleading. In  an effort to avoid 
;his error at the time of autopsy, the cavity that 
tcntains the isotope is not entered until all 
other available tissues have been obtained for 
ndioassay. Trhen, in selecting specimens from 
thc treated cavity for radioassay. an area nor 
i8;cluding the serous surface is to be assayed, the 
ir t t .  fiuid is first wiped off and the contami- 
23ted exterior is then carefully cut off u.ith the 
1~ ol successive clean kni\.es. It has been found 
h a t  once the gold is deposited on the lining o l  
h e  QVity i t  is not easily dislodged, so that the 

main source of contamination is the relati\.el!. 
small amount of the isotope free in the fluid of 
the cavit!.. 

In assaying the serous surfaces of the treatecl 
cavities for radioactivity, we h3i.e generally cut 
a thin layer of tissue for assay and determined 
the radioactivity per unit weight. It now ap- 
pears that this is a rather unsatisfactory proce- 
dure, since most of the colloidal gold is in an 
estremely superficial layer and specimens usu- 
ally include some deeper tissues that contain 
i'ery little of the isotope. Thus? the thickness of 
the specimens may influence the apparent con- 
centration of gold if calculations are made on 
the basis of weight. It appears that a much more 
significant value under these circumstances is 
the activity per unit of surface area. and we are 
now attempting to obtain this information. 

SURGICAL DATA 

On several occasions followingr the adminis- 
tration of intraca1.i tary radiogold, surgical pro- 
cedures were done that yielded tissue specimens 
for study. These cases and the radioactivity 
levels of the tissues are suniniarired here. 

C. B.  R. 010034. The  patient was a 3;-year- 
old woman .r\.ho had estensive intra-abdomina! 
metastases of a papillary adenocarcinoma. 
probably of ovarian origin. She had a localized 
collection of fluid in the lesser omental cavity, 
which had been temporarily relieved by previ- 
ous surgery. On October 15. 1950, 100 mc. of 
colloidal . \ L I ~ ~ '  was injected by means of a long 
needle inserted into what w a s  believed to be 
the lesser omental cavity. One week after the 
injection of the gold. another laparotomy waz 
clone. Radioassay values are found in Table 1. 

TABLE 1 
RIDIO.-ZSS.IY \-.ILITES OS C. B. R. 

Specimen Pc./gm. 
Peritoneum irom lesser omental cax-ity 115.16 
Peritoneum from greater omental cavity 0.05 
Tumor from mesocolon 1.T1 
Fluid from lesser omental cavity 0. .i4 
Fluid from greater omental cavity 0.05 
Fluid from cystic spaces in neoplasm (sample a )  0.19 

(sample bi 0.11 
~ 

E .  S. 11019. T h e  patient was a 46-year-old 
man who had been subjected to a thoracotomy 
after the discovery of a pleural effusion and an 
abdominal mass. Tissue obtained at this oper- 
ation had revealed an unusual malignant 
lesion, probably a mesothelioma. \\-hen the 
patient was in almost terminal condition. 3 
laparotomy was done nine days after 1S1 mc. 
Xu198 had been given intraperitoneally. This 
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TABLE 2 
RADIO.ISS.IY \'.\LUES OS B. S. 

Specimen P C . / P .  

Tumor from two different areas (sample a) 0.28 
(sample b) 0.50 

Parietal peritoneum 1.18 
Abdominal Auid 0.2: 
Skin 0 .a 
Plasma 0.04 

second operation was performed in an attempt 
to relieve distention believed to be caused by 
loculated fluid. Several biopsies were obtained; 
the radioactivity levels are shown in Table 2. 

H .  I .  1100E~1. This 4s-year-old white woman 
had extensive intra-abdominal metastases from 
a pseudomucin-forming carcinoma of the 
ovary. X laparotomy was done three days after 
intraperitoneal administration of 4S.2 mc. OE 
colloidal .\ulas. Table 3 shows the results of 
radioassay. 

TABLE 5 
R.\DIO.ISS.AY VALUES OS H. I .  

Specimen r c . k  m - - 
Thin layer of normal peritoneum 8 . 7 2  
Fat  from just beneath peritoneum 0.02  
Peritoneum with tumor 0.48 
Tumor 

Superficial gelatinous nodules 115.12 
Cystic superficial nodules 3.83 
Solid, more than 1 cm. from surface 0 001 
Other rumor samples 0.07 

0 . 4 2  
0 i 3  
5.63 

Abdominal Auid 2.08  

Muscle from abdominal wall 0 .07 
Liver without capsule 0 a2 

L 

J .  B .  J fcG.  11007S. This 33-year-old white 
u'oman had a carcinoma O E  the uterus with 
multiple intra-abdominal metastases. On hIav 
24, 1931. she was $\en 251 inc. o€ colloidal 
. ~ L I ~ ~ ~  intraperitoneally. On June 19, 195 1 ,  
cicenty-sis days later. a laparotomy was neces- 
sary because of obstruction of the colon. The  
peritoneum. wherever i t  was not involved with 

TABLE 4 
R\DIO.\SS.AY VALUES OS 1. B. McG. 

'Specimen rc./gm. 
Sormsl peritoneum 22.29 
Pigmented peritoneum 3271.42 
Tumor 

Sodule free in abdominal cavity 764.29 
Mass in omentum 144.29 

7 .93  
.Ascitic fluid 0.09 
Fluid from cyst in pelvis 0.05 
Skin, fascia, and tumor from Xo detectable 

abdominal nail activity 

Mass between two loops of small bowel 

tumor. shol\.ed pronounced variation in color. 
The  surface in the upper abdomen looked 
normal. ichile that in the pel\% and around Lht 
bladder had a distinct bluish-purple p i p e n .  
ration, presumably owing to the gold. Assay of 
radioactir.ity is shoirn in Table 4. 

G. 1:. 110121. This patient was 3 49-yearald 
woman xho  had a papillary and solid aden- 
carcinoma of ovarian origin, i v i  th widespread 
intra-abdominal metastases and prominent 
cites. She was given 153 mc. of colloidal . \ I I ~ %  
intraperitoneally. An operation was p e r f o m d  
fiheen days later in an effort to correct intatj. 
nal obstruction that had developed followinq 
treatment. T h e  results of radioassay are sh0u-n 
in Table 5 .  

TABLE 5 
R.4DIO.ASS.AY VALUES OS G. IT. 

Specimen PC..'TZl 

.Adhesion from small bowel with tumor 
Other samples of tumor from large masses 

39 4 3  

adherent to intestine 0.34 
5.91 

40 14 
Parietal peritoneum with microscopic area 

of tumor 6.51 
Plasma 0.13 

' 4 .  .If. 010031. This patient was a 69-year-old 
irhite woman who had a pseudomucin-forminq 
carcinoma of the ovary with extensive intra. 
abdominal metastases. During the three month. 
preceding operation, the patient had receivc c!  
seven intraperitoneal injections of colloid3i 
.4uIgs, varying from 10 to 100 mc. T h e  last d o ~ .  
three clavs before operation, was 32 mc. T h c  
operation was done to evaluate effects of treat 
men t. Radioassays of various samples are shown 
in Table 6. 

TABLE 6 
R..\DIO.ASS.IY \'.%LUES ON -4. 11. 

Specimen p d r m .  

Tumor 
1 . 7 1  
6.1.; 

1 4 . 2 2  
0.01 
0.05 

Peritoneum with pseudomyxomatous tissue 0.2s  

(sample b) 31.63 

0.56 .Adhesions around tumor 3 .24  
Gelatinous fluid 

0.00 Fluid from within cysts 0.00 
Skin 

T h e  radioactivity values of the surgiczl 
specimens show wide variations in concentra- 
tion of the isotope, that cannot be esplained b!. 
the nature of the tissue assayed. Most of 

Cystic areas in omentum 
Sodule in omentum 
Sodule on surface of bowel 
Deep cystic area 
Deep solid area 

(sample a) 
Omentum 0.21 

1 0 8 0 9 2  t 
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4 .  ... variations are due to the fact that the isotope 

is deposited on the surface of the specimens, 
and the amount of surface varies greatly in re- 
lation to the weight of the sample. In one pa- 
tient, J. B. McG. ( I  10078), there.was an extreme 
difference in the radioactivity of two specimens 
of peritoneum without tumor. T h e  specimen 
that had a high activity was pigmented; the one 
that had a low activiv was not. There was ob- 
viously a very uneven deposition of the isotope 
011 the surface in this case. 

T h e  radioassay from surgical material con- 
firm the fact that the radioactivity of the fluid 
becomes less than that of the serosal surfaces. 
They also serve to emphasize the aImost com- 
plete failure of the isotope to penetrate signifi- 
cantly beneath the surface. 

.\CTOPSY STUDIES 

Data are available on radioactivity of tissues 
obtained at autopsy from nine patients who 
died at intervals of from one to sixteen days 
following injection of gold. 

Table i indicates the radioactivity levels per 
gram of a representatile group of tissues. T h e  
values for the w l l s  of the treated cavities show 
great fluctuations. which may be esplained 
partly on the basis of the variations in the thick- 
ness of the samples taken for assay. In  most in- 
stances the cavity ivalls had an  actiticy per gram 
considerably higher than that of the fluid with- 
in the cavity. One patient. C. F. (11OOS4), had 
relatively loiv actisity in the specimen from the 
cavity wall as compared with the liver and the 
spleen. These finding are believed to be es- 
plained by the unusual degree of absorption 
hito the blood stream of the colloidal material 
in this case, possibly injected inadvertently into 
a vein. 

Table S show the total per cent of the in- 
jected radioactivity that could be recovered in 
the livers and spleens of patients autopsied at 
varying intervals after treatment. These values 
ivere obtained by multiplying the activity per 
gram of samples of these organs by the total 
organ xceishts. 

In a few instances in which more than one 
treatment had been given, the calculated resi- 
dual activity in the body from earlier injections 
was added to the amount of the latest dose as 
basis for percentage calculations. In no case 
was this residual activity large in relation to the 
last dose. One patient, B. S. (110123), was ex- 
cluded from the chart because of unsatisfactory 
assays of liver and spleen activity. In this case 

1 0 8 0 9 2 2 -  
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terol-flocculation tests were performed u p r r  

treatment. Half of this group had a b n o m &  
ties by these tests before the radiogold & 
given. Following treatment, there wm--& 
fluctuations but no distinct effect that ap- 
related to the radioisotope seamen?, 

Hematological studies showed a ~ &g 
eaily, mild leukocytosis and distinct 6 

TABLE 8 

AFTER Ih'TRAC.4VIT.4RY INJECTION 
-4cTOPSY D1STRIBUTION OF COLLOID-IL .\u19' 

the serum before and at intm.ak d e  

T- 

:,; 

-1.B. ,"i '16 'Pleural . 2.39 0.15 : 
.*Probably false high d u e  because of smearinp. 

~ j .  . . I .  
C .  -.  

the c a l d a t e d  recovery is greater than the in- 
itial dose given. In other cases in which mul- 
tiple samples of liver were assayed, there was 
close agreement in  isotope concentrations. 

On the basis of limited data. it appears that 
lymph nodes adjacent to the cavity of injection 
have relatively high concentrations of radioac- 
o'vity, whereas those distant from this site have 
much lower values. '4 more coinplete study of 
this aspect of the distribution would be ol 
value. 

EFFECTS OF RADIATIOS FROhf COLLOIDAL .\U1" 

T h e  locally effective radiation is almost en- 
tirely the result of the B emission of the isotope. 
This radiation is largely dissipated in the first 
millimeter of the surface of the cavity lining. 
Assuming that the isotope is concentrated in a 
thin film at the surface, Chamberlain has calcu- 
ldted that the p dosage at the surface is approxi- 
mately 900 equivalent roentgens for each 1 mc. 
spread over 1000 sq. cm. If 100 mc. were in- 

- jected intraperitoneally in an average adult 
with a peritoneal surface of 30,000 59. an., the 
average surface dose would be about 3000 
equivalent roentgens, assuming, of course, that 
all of it deposited on the surface. 

T h e  7 emissions are of such energy that ;1 
significant part of their ionization occurs out- 
side the body; within the body, their effect is 
quite diffuse. The  y emission from the gold 
probably has little to do with the effect upon 
fluid formation but contributes significantly to 
the total-body-radiation effect 

Since a large portion of the radiogold that 
reaches the blood stream is removed by the 
liver, ,it was of interest to study liver-functibn 
tests in relation to the gold injections. In eight 
patients thymol-turbidi ty and cephalin-choles- 

- 

penis, particularly in  those patients who 
evidence of local inflammatory reacu'on a t l a  
injection. Individuals who received large d w  
of the radiogold showed in addition a moreanj- 
form sequence of changes characteristic of mild 
radiation damage to the bone marrow. Thw 
effects included a prompt lymphopenia with a 
later mild depression of granulocytes -and 
thrombocytes. A delayed monocytosis -ass 
prominent in some cases.:Patients given mul- 
tiple inuacavitary injections of the isotopc 
with a large total dose, developed a moderatrlv 
severe leukopenia that persisted for month;. 
Effects upon red-cell values were difficult to 
interpret because of multiple factors conmibur. 
ing to anemia. - ' 

DISCUSSION 

Since relatively little is known about the fac- 
tors causing fluid accumulation in patients with 
rieoplasms, it is difficult to esplain the ther- 
apeutic action of colloidal . I u l g S  in these situa. 
[ions. JVhatever the mode of operation. i t  i \  
obvious that the balance between fluid forma- 
tion and fluid removal must be aItered. 31mt 
patients with carcinoma do not have effusions 
in the absence of lesions involving the serous 
surfaces of body cavities. Hodgkin's disease, on 
the other hand, sometimes produces plcuml- 
fiuid collections that appear to result from 
lymphatic blockage without direct invasion O[ 

the pleura. 
Several possible mechanisms for the action of 

the radioisotope in controlling fluid coliecrIori 
have been suggested: 
1. T h e  radiogold may produce superficial ndi-  

ation damage and resultant fibrosis OE rhe 
tumor surface projecting into the cavity. Thc 
formation of fibrous tissue in some of our 
cases seems coinpatible with this theor?.. 
However, there is no e d e n c e  of se1ecuh-C 
deposition of the isotope on the surfaces of 
the neoplasms, and morpholo@al eridenw 
of radiation effects upon the tumors ha\T 
been rather slight. 

2. T h e  radiogold carried to the 1p1ph nodes in 

1 0 8 0 9 2 3  
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;iD‘i- parenchyma. 
. .  

region of the cavities niay control neo- 
*-there and relieve lymphatic obstruc- 
-.This seems unlikely in view of the rela- 
@$y small amount of gold that reaches the 
& m p h  nodes and the absence of radiation 
% E m  upon neoplasiii i n  these nodes. I t  seems 5- T p b a b l e  chat if this mechanism has any im- 
#prrance, it is chiefly in the patients with 

-* inflammatory response resulting in oblit- 
-don of the serous cavity might account for 

cessation of fluid collection. Our experi- 
;? indicates that a mild inflammatory re- 

~e does sometimes occur, but autopsy 
fail to show estensive fibrous adhe- 
biiterating the serous cavities. 

mechanism of action, -pos- 
not involved with tumor, 

by Goldie et al. has indicated 

odgkin’s disease and lymphoma. 

i 

that intraperitoneal injections of colloidal 
.AuI9S have a profound effect upon tumor cells 
inoculated into the body cavity and that treat- 
ment will greatly prolong the life oE the ani- 
mals. This seems to-substantiate _.I _ _ 1  a true r ad ie  
therapeutic effect - upon-sma2ignant tissue. 
However, in this situation the free malignant. 
cells are dispersed in a manner that makes them‘ 
highly vulnerable to theshok.knge /3 paqtides. 
T h e  disappearance of.  frecim’mor. cells from 
fluids, which we have noted after treatment of 
certain human patients, appears to be a com- 
parable effect..Fixed masses .of tumor in the 
walls of the cavity are usually too thick to be 
affected-except on their most’superfiual q e a j  
-but t h i s  may be suffiaent to decrease fluid 
exudation. -, 

. s UXf MARY 
%. 

’ -  - ,  

- -  

1. Information has been presented chat 
shows the fate and distribution of colloidal 
Au19S injected into serous cavities. This data  . 
was obtained from a group of thirty patients 
treated with this isotope for effusions caused by 
m a1 ign an t neo piasm. 

./I.% ~ - j: I; 0.. . ~. :j _ -  . .  . . ._ . . . .  
L-:-.. >-----G---- 

FIG. 10. Gross autoradiogmm oE upper end of femur 
from patient C. F., who died eleven days after 33 m c  
o€ colloidal Aut98 wz given innapleually. The isotope 
is seen to be deposited in the areas of active marrow. 

e 
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2. The greater part of the colloidal .\u19s in- 
jected into the body cavities is rather rapidly 
removed from the free fluid and is fised on or 
near the surface of the lining of the cavity, 
partly within phagocytes and partly adsorbed 
on surfaces. .Uthough the colloidal material 
generally mixes well with the fluid in the bodv 
cavity, its deposition on the walls is uneven. S o  
special affinity for local tumor implants has 
been demonstrated. 

3. T h e  Xu19s does not penetrate significantly 
in to the neoplastic or normal tissues adjoining 
the cavity. The  superficial location of most of 
the colloid on the walls of the cavity and the 
short range of its p emission prohibit effective 
mdiation beyond a depth of 2 or 3 mm. 

4. A small but appreciable quantity of the 
isotope slowly finds its way, probably through 

lymphatic channels into the blood stream, from 
which it  is largely removed by the liver, s p l m .  
and bone marrow. 

A small amount is excreted chiefly in he 
urine and measurable quantities are found in 
many organs. 

j. T h e  penetrating emission from the 
treated cavity combined with the local radia. 
tion in distant organs from the blood-borne 
and lymph-borne fractions result in significant 
total-body radiation. Indications oE this arc 
seen chiefly in the blood and bone-rnarrok- 
changes during a period of a few weeks follow. 
ing injection of the isotope. 

6. Although the metabolism and distribu- 
tion of this isotope have been studied in som: 
detail, its exact mechanism of action is not a. 
yet known. 

REFERESCES 

1. ANDREH'S. G. A.: ROOT, S I\'.; K E R X A X ,  H. D., and 3. GOLDIE, H.; CALVtS, L. B.; N\IASH. H., and H.4tf\ 
BIGELOW, R. R.: Intracavitary colloidal radiogold in the P. F.: Radioactive colloidal gold in macrophages an( 
treatment of effusion caused by malignant neoplasm. serous esudate in peritoneal fluid oE sarcoma bearin: 
Ann. Sur:. 1%: 375-361. 1953. mouse. Proc. SOC. Expcr.  B i d .  & X e d .  76: 480-481. 1931 

2. CHAMBERLAIS, R. H.: Outline of the application of 
radioactive colloidal gold198 to intraperitoneal. intra- Ho,,. to ,oer good ~ o s s  autoradiographs of large undc 
pleural. and intrathecal use. In T A B E R N ,  D. L.; GLEASOK, calcified bones. ,yucleonics 
G. I., and Sauorc. MARY J.. Comp.: A Preliminary 
"Manual" on the Properries and Uses oE Colloidal 5 .  ~ I C L L E R ,  J .  H.: Zur medizinisch-therapeutisctlc 
Gold 198. Sorth Chicago. ribbott Laboratories. 1951 : \'emendung der kijnstlichen Radioaktivitat. nu 
pp. 23-31. 

4 ,  L ~ ~ ,  E.: G ~ ~ ~ ~ ~ , ~ ~ ~ ,  J ,  c . .  and B ~ , . ~ ,  c. 
(3): 28-31, 19j2. 

rchrvci-. .-lknd. d .  meri. Tl'issensch. 5 :  464-510, 1949. 


