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Summary. The subjects of investigation were 13 dead thorotrast patients, 10 male, 
3 female, with ages ranging from 45 to 79 years. Two thousand organ and tissue specimens 
were investigated by means of autopsy and by both microscopic-autoradiographic and 
neutron activation analysis in order to detect late effects and to determine on approximate 
mean concentration of 23aTh (mg per g of tissue). 

A comparison between late effects and concentrations of the dye medium led to the 
following conclusions: 

1. 2a2Th is, after intravascular injection, deposited in all organs and tissues of the human 
body. 

2. The highest mean concentrations are shown in the spleen, liver, bone marrow, and 
lymph nodes. 

3. The distribution of 232Th is inhomogeneous in all organs and tissues. The variations of 
maximum and minimum concentration lie around factor 2.2 • 10~ 105. 

4. Late effects occur only in spleen, liver, lymph nodes, and bone marrow, but not in 
organs and tissues that  show a mean concentration of ~32Th under 10 -1 mg per g tissue. 

5. I t  is highly probable that  tumors of thorotrast patients in organs other than spleen, 
liver, lymph nodes, and bone marrow are not caused by deposition of ~32Th or Th02. 

Zusammen]assung. Bei 13 verstorbenen Thorotrastpatienten (10 M~nnern and 3 Frauen) 
im Alter zwisehen 45 und 79 Jahren sind dureh Obduktion, mikroskopisch-autoradiographi- 
sehe Untersuchungen und Neutronen-Aktivierungsanalyse yon ca. 2 000 Organ- und Gewebs- 
proben die makroskopisch und mikroskopisch erkennbaren Spi~tseh~den sowie angeni~herte 
mittlere Konzentrationen (Medianwerte) yon ~a2Th (mg/g Gewebe) festgestellt worden. 

Eine Gegenfiberstellung yon Spg~tsch~den und Konzentrationen des Kontrastmittels er- 
laubte folgende Feststellungen: 

1. 2a2Th wird in allen Organen und Geweben des menschlichen K6rpers nach intravasaler 
Applikation abgelagert. 

2. Die hSchsten mittleren Konzentrationen weisen Milz, Leber, Knochenmark und 
Lymphknoten auf. 

3. 232Th ist in allen Organen und Geweben inhomogen verteilt  mit  Schwankungen yon 
maximaler und minimaler Konzentration um den Faktor 2,2 • 16~ • 16 s. 

4. Sp~tseh~den treten nur auf in Milz, Leber, Lymphknoten und Knochenmark, nicht 
aber in Organen und Geweben mit  einer mittleren Konzentration an 232Th unter 10 -2 mg/g 
Gewebe. 

5. Tumoren bei Thorotrastpatienten in anderen Organen als in Milz, Leber, Lymphknoten 
und Knochenmark sind mit  hoher Wahrscheinlichkeit nicht Folge der Ablagerungen yon 
ZaZTh bzw. ThO2. 

* Dedicated to Prof. Dr. W. Maurer on his 70th birthday. 
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A. Introduction 

The  c o n t r a s t  m e d i u m ,  t h o r o t r a s t ,  because  of i ts  cance rogen ie  effects,  has  n o t  

been  used  for  t h e  p a s t  20 -25  years .  C o n s e q u e n t l y ,  in a few yea r s  t ime ,  t he r e  will  

be  no  t h o r o t r a s t  p a t i e n t s  left .  I n  spi te  of this ,  f ind ings  in t h e  f ie ld  of h u m a n  

t h o r o t r a s t o s i s  are,  for  seve ra l  reasons ,  stil l  of i n t e r e s t :  

1. As time goes by, an ever-increasing number of people will be exposed to radiation as a 
direct result of their contact with radionuclides in industrialized areas. Up to now, there is 
insufficient data which refers to the distribution of such nuclides in the human body. Investi- 
gation, both qualitative and quantitative, into living and dead thorotrast patients, could 
lead to the discovery of important information. Of particular importance will be those cases 
where, in spite of deposits of radioactive foreign bodies, late effects did not occur. 

2. So far, it is not clear whether tumors in general thorotrastosis are caused by ionizing 
radiation alone, or by the stimulus of foreign bodies, or, indeed, by both factors together �9 
I t  is also not clear which organ-specific factors are responsible for the very different frequency 
of tumors in certain organs, in spite of an equal concentration of radioactivity. All these are 
questions which have become topical in recent years because of findings made in industrial 
pathology and which can only be given partial solutions by recom:se to animal experiments. 
(Wenz, 1964; Benstedt, 1967; Riedel et al., 1973.) 

3. In  some cases of the so-called PVC-disease, h~mangioendotheliosarcomas of the liver 
have been observed. These tumors very seldom occur spontaneously in this organ but they 
are very frequent in patients suffering from thorotrastosis (Liidin, 1953; Frtihling et al., 
1955; Grampa and Degna, 1958; Silva Horta et al., 1965; Hohenstatt,  1965; Kemnitz, 1964; 
Barousch, 1969; Wegener and Zahnert, 1970; Hofbauer and tiering, 1970; Wegener et al., 
1971 ; van Kaick and Scheer, 1973 ; Edit, 1974; Edit,  1974; Lange et al., 1974; Lee and Harry, 
1974; Roe, 1974; r u t h  and Pietzke, 1975.) 

This raises the question whether the development of this type of tumor can reveal some- 
thing about the way in which such different substances as thorotrast and PVC (or its subunits) 
work. 

In the course of our pathologic-anatomic investigations into the late effects of 
human thorotrastosis, we had determined the quantity of ~aUTh by means of 
neutron activation analysis and then began our initial synopsis of the pathology 
and distribution pattern (Kampmann et al., 1969; Wegener and Zahnert, 1970; 
Wegener et al., f969, 1970, 1972, 1973 ; Wesch et al., 1973). Since then, the rese- 
arch material has grown to 2000 specimens taken from 13 autopsy cases, and 
we can try to answer the following questions using qualitative and quantitative 
data : 

I. Where exactly is 2~2Th in the form of ThO u deposited after intravaseular 
injection of thorotrast ? 

2. Which concentrations of 2SUTh are found in various organs and tissues ? 
3. Is the distribution of 23UTh in organs and tissues homogeneous or inhomo- 

geneous ? 
4. Is there relationship between the concentration of USUTh in an organ and 

the onset of ]ate effects .~ 

B. Material and Methods 
Altogether, we examined 2019 organ and tissue specimens of 13 autopsy cases in order to 

ascertain the quanti ty of 2~2Th. All 13 patients had received intra-arterial injections of thoro- 
trast 25-30 years previously. The quanti ty injected and the age of the solution were, in most 
cases, not known. We took organ specimens for control investigations from current autopsy 
material. After weighing the organ specimens we determined the quantities of 232Th by using 
neutron activation analysis (Edgington, 1967; Scheer et al., 1967; Kampmann et al., 1968; 
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Kaul and Heyder, 1968; Wesch etM., 1973). For this process, we freeze-dried the tissue 
specimens which weighed about 0.5-2.0 g each. Then 32 samples, together with 8 standards, 
which contained different but known concentrations of thorium, were irradiated in the rotating 
position of the research reactor Triga Mark I of the German Cancer Research Center. The 
flux during the irradiation was 2.1012n �9 s -1. cm-L The irradiation time lasted about 8 h. 
The nuclear reaction equation for the irradiation and the decay of the thorium is as follows: 

2a~Th (n, y) --> ~a3Th fl- 283~ - -  

22m---+ ~a -2~dd ->~33U" 

The neutron capture of thorium 232 causes the conversion to thorium 233, which decays 
with a half-life of 22 min to protactinium 233. This decays with a half-life of 27 days to 
uranium 232. This long half-life permits the activities of elements like sodium, bromine, 
chlorine, eSc. to decay. They were also produced by neutron irradiation and disturbed the 
detection of thorium. The rule is, that the quantitative measurements were done 14 days 
after the end of the irradiation. For this purpose the y-rays, which resulted in the decay of 
protactinium, were measured. By integration of the photopeak of the standard it is possible 
to determine the content of thorium in the sample. The measurements were done by a Ger- 
manium Lithium drifted detector or a 5" • 5" Na-J well type detector, depending on the con- 
tent of thorium in the sample. The limit of detection without ehemicM separation amounts 
to about 0.1-0.05 fxg, depending on the phosphorus content in the sample. The margin error 
for this method is about 5%. When referring to deposits of 232Th in the following pages, we 
always mean the deposition in Th02 form. 

C. Results  

Table 1 shows the data  about  sex and  age of the patient~ a t  the t ime of death, 
site of thoro t ras t  inject ion,  dura t ion  of effect of 232Th, pr imary  disease a t  the t ime 
of hospital  admission, and  cause of death.  

We invest igated tissue specimens of 10 males and  3 females, their  ages ranging 
between 45 and  79 years. All of them had received in t ra-ar ter ia l ly  an  u n k n o w n  
q u a n t i t y  of thorot ras t  22-30 years before death. Eight  pat ients  died in  a coma 
hepat icum, 3 of caehexia combined with bronchopneumonia ,  and  2 of cardiac 
and  renal  insufficiency. I n  those cases where thorotrastosis  was ment ioned,  
morphologically defined organ changes could not  be determined during the short 

hospital  stay. 
Table 2 shows maeroscopieally and  microscopically diagnosed late effects in 

the organs of the RES.  Ten  pa t ients  developed carcinomas and  hepatic sarcomas 
in  cirrhosis of the liver;  in  one ease we found liver cirrhosis only, in  another  only 
a fibrosis of the liver. I n  all eases, the spleen showed fibrosis and  a t rophy  in varying  
degrees. I n  pa t ien t  No. 3 the spleen was ext i rpa ted  years before death. I n  one 
case only (No. 7) we found a benign hemangioendothel ioma of the spleen. The 
lymph nodes revealed, depending on their  posit ion and  the a m o u n t  of 232Th 
stored, various degrees of fibrosis with a t rophy  of the lymphat ic  tissue. I n  none 
of the cases did we observe late effects such as leukemia or ma l ignan t  lymphoma.  
There are also references in  the table, unspecified for each case, of changes in the 
bone marrow, bu t  these will be dealt  with in a later paper, referring to the quant i -  
ta t ive  sedimenta t ion  of various degrees of ~32Th in bones. We saw some cases 
with ac t iva t ion  as well as depression of the blood product ion,  bu t  also cases with- 
out  morphologic changes. There was no incidence of leukemia, re t iculum cell 
sarcomas, Ewing 's  sarcomas, or other ma l ignan t  processes. 
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Table 1. Inject ion data  and clinical da ta  of the  13 pat ients  

Case Sex Age a t  Site of Durat ion Pr imary  disease Cause of death  
dea th  injection of effect 
(years) 

1 male 59 A.subcl. 25 hypertension cardiac insufficiency 
2 male 72 A.carot.comm. 27 liver cirrhosis bronchopneumonia 
3 male 56 A.carot.comm. 27 liver cirrhosis coma hepat icum 
4 male 51 A.carot.comm. 28 thorotrastosis renal insufficiency 
5 male 65 A.femor. 26 thorotrastosis coma hepat icum 
6 female 56 A.carot.comm. 30 thorotrastosis coma hepat icum 
7 female 45 A.femor. ca. 28 thorotrastosis coma hepat icum 
8 female 72 A.carot.comm. ca. 22 stomach cancer coma hepat icum 
9 male 53 A.radialis 28 thorotrastosis coma hepat icum 

10 male 55 A.femor. 26 hepatic cancer coma hepat icum 
11 male 53 A.carot.comm. 27 hepatic cancer coma hepat icum 
12 male 79 unknown unknown liver cirrhosis bronchopneumonia 
13 male 53 A.femor. 29 thorotrastosis cachexia 

Table 2. Table of the  late effects in organs of the RES 

Case Liver Spleen Lymph  Bone 
nodes marrow 

1 cirrhosis fibrosis and a t rophy fibrosis 

2 cirrhosis fibrosis and a t rophy 

3 cirrhosis; fibrosis 
bile duct  carcinoma 

4 cirrhosis; 
bile duct  carcinoma 

5 cirrhosis; 
hemangioendothelial  sarcoma 

6 cirrhosis ; 
hemangioendothelial  sarcoma 

7 cirrhosis ; 
hemangioendothelial  sarcoma 

8 cirrhosis ; fibrosis 
liver cell carcinoma 

9 cirrhosis; fibrosis 
hemangioendothelial  sarcoma 

10 cirrhosis; fibrosis 
hemangiocndothelial  sarcoma 

11 cirrhosis; fibrosis 
bile duct  carcinoma 

12 cirrhosis 

13 fibrosis fibrosis 

fibrosis and a t rophy 

fibrosis and a t rophy 

fibrosis and a t rophy 

fibrosis; 
hemangiocndothelioma 

fibrosis and a t rophy 

fibrosis 

fibrosis and a t rophy 

fibrosis and a t rophy 

fibrosis 

fibrosis and a t rophy 

act ivat ion;  
depression; 

wi thout  
morphologic 

changes 
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Tab le  3. Group  I :  Organs  a n d  t i s sues  w i t h  a m e d i a n  va lue  m >  10 ~ m g  332 T h / g  t i s sue  

O r g a n / T i s s u e  n m (mg/g)  %lin-Cmax (mg/g) Q =  Cmax 

Cm in 

l y m p h  nodes  (axis:  l iver-spleen) 19 68.4-10 ~ 2.5" 10 ~ -9 .9-101 4.0.101 
spleen  14 12.7 .10 ~ 9 .0 .10  a-2.1" 102 2.3.104 
l iver 959 4 .1 .10  ~ 8 .0 .10-3-1 .8  �9 102 2 .3 .10  ~ 
l y m p h  nodes  (A.renalis) 11 7 .9 .10  ~ 3 .4 .10-2-6 .9  �9 101 2.0. l03 

Sect ion 1 : I n v e s t i g a t e d  o rgan  or t i s sue  
Sect ion 2: N u m b e r  (n) of e x a m i n e d  spec imens  
Sect ion 3: Median  va lue  (m) of concen t r a t i ons  of 232 T h  in m g  per  g t i s sue  
Sect ion 4: Smal l e s t  (Cmin) a n d  g r ea t e s t  (Cmax) concen t r a t i on  of 232 T h  in a s amp le  in m g  
per  g t i s sue  
Sect ion 5: l~atio of g rea t e s t  to smal les t  concen t r a t i on  (Q = Cmax/Cmin) 

Table  4. Group  I I :  Organs  a n d  t i s sues  wi th  a m e d i a n  va lue  10 ~ > m ~  10 -1 m g  232 T h / g  t i s sue  

Organ /T i s sue  n m (mg/g)  Cmin-Cma x (mg/g) Cma x 

Cm in 

l y m p h  nodes  ( inguinal  f lexure)  6 
l y m p h  nodes  (h i lum a n d  b ronchus )  30 
tons i l s  11 
l y m p h  nodes  (bifureat io  aor tae)  9 
bones  a n d  bone  m a r r o w  380 

3.3 '  10 -1 5.6" 10-2--3 .8  - 10 -1 6.8 '  10 ~ 
2.5" 10 -1 2.0" 10-3- -6 .9  . 10 ~ 3.5" 102 
2.0" 10 1 7.0 '  10 5 - -5 .5 '  10 -1 7.9-108 
1.7" 10 -1 4.0" 10-3- -9 .5  �9 10 ~ 2.4" 105 
1.5" 10 -1 1.0" 10-5- -3 .5  �9 10 ~ 3.5-105 

Sect ion 1 : I n v e s t i g a t e d  o rgan  or t i s sue  
Sect ion 2: N u m b e r  (n) of e x a m i n e d  spec imens  
Sect ion 3: Med ian  va lue  (m) of concen t r a t i ons  of 2a2Th in m g  per  g t i s sue  
Sect ion 4: Smal l e s t  (Cmin) a n d  g rea t e s t  (Cmax) concen t r a t i on  of 233 T h  in a s ample  in m g  
per  g t i s sue  
Sect ion 5: R a t i o  of g rea t e s t  to sma l l e s t  concen t r a t ion  (Q = Cmax/Cmin) 

Table  5. Group  I I I :  Organs  a n d  t i s sues  wi th  a m e d i a n  va lue  1 0 - 1 > m ~ 1 0  -s  m g  23STh/g 
t i s sue  

Organ /T i s sue  n m ( m g / g )  Cmin--r  x (rag/g)  Cma x Q -  
Cm in 

cervical l y m p h  nodes  6 7 .8-10 -2 5 .0 .10  - 2 - 1 . 5 . 1 0  ~ 3.0.101 
adrena l  g l and  12 3 .7 .10  -2 2 .0 .10 -4 - -4 .8  �9 10 -1 2 .4 .10  a 
ga lb ladder  a n d  bile d u c t s  9 2 .4-10 -2 2.0" 10 - 5 - 1 . 2 . 1 0  -1 6 .0 .10  a 
h y p o p h y s i s  6 1 .6 .10  -2 8 .6 .10 -4 - -5 .8  . 10 -2 6.7.101 
lung  28 1 .4 .10  -2 1 .0 .10 -5 - -2 .5  �9 10 -1 2.5.104 
in t e rvc r t eb ra l  disc 7 1 .4 .10  -2 1 .0 .10-5 - -4 .7  �9 10 -2 4 .7 .10  a 
panc reas  10 1 .2 .10 -2 3 .6 .10  - a -  1 .2 .10  -1 3.3.101 
colon 25 1.1- 10 -2 1 .0 .10 -5 - -3 .2  . 10 -2 3.2.103 
smal l  in tes t ine  21 1 .1 .10  -2 2 .0 .10 -5 - -5 .5  . 10 -2 2.8.108 
b r o n c h u s  11 1 .1 .10  -2 1 .9 .10  - 3 _  1.5- 10 -2 7 .9 .10  ~ 

Sect ion 1 : I n v e s t i g a t e d  o rgan  or  t i s sue  
Sect ion 2: N u m b e r  (n) of e x a m i n e d  spec i mens  
Sec t ion  3 : Med ian  va lue  (m) of concen t r a t i ons  of 232 T h  in m g  per  g t i s sue  
Sect ion 4: Smal les t  (Cmin) a n d  g rea t e s t  (Cmax) concen t r a t ion  of 282 T h  in a s ample  in m g  
per  g t i s sue  
Sect ion 5: Ra t i o  of g rea t e s t  to  sma l l e s t  concen t r a t i on  (Q = Cmax/Cmin) 
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Tab le  6. Group  IV :  Organs  a nd  t i ssues  w i t h  a m e d i a n  va lue  1 0 - 2 ~ m ~  10 -5 mg  232 Th /g  

t i s sue  

Organ /T i s sue  n m Cmin--Cma x (mg/g)  Cma x 
(mg/g) Q . . . .  

Vm in 

t r a c h e a  8 9.5- 10 3 3 .0 .10-~- -7 .6  �9 10 -2 2.5.103 
k i d n e y  22 9 .5 .10  -3 1 .0 .10-5- -3 .2  �9 10 -2 3.2.103 
tes t i s  6 8.9- 10 -3 1 .0 .10-5- -5 .3  �9 10 -3 5.3.102 
v a g i n a  3 8.1- 10 -3 7 .7 .10 -a - -  1.3 �9 10 -2 1.7.10 ~ 
d u r a  m a t e r  11 7 .9-10 -3 1.0- 10-5--6.3 . 10 -2 6.3-103 
s t o m a c h  8 7.6-10 -3 1 .0 .10 - 5 - 1 . 6 . 1 0  -e 1.6.103 
esophagus  8 7.5-10 3 8 .0 .10-5- -4 .0  �9 10 -2 5.0-102 
p e r i c a r d i u m  5 7.0-10 -3 5 .4 .10 - 3 - 1 . 2 . 1 0  -2 2 .2-10 ~ 
a .pu lmona l i s  14 6 .4 .10  -3 3 .7 .10-~- -8 .8  �9 10 -2 2.4.102 
a .hepa t i ca  4 5 .8 .10  -a 1.0-10 - 5 - 1 . 2 . 1 0  -3 1.2.103 
a . i l iaca  24 5 .5 .10  -a 1 .0 .10 - 5 - 1 . 4 . 1 0  -2 1.4.10 a 
ao r t a  29 5 .2-10 z 1.0- 10 - 5 - 1 . 2 . 1 0  -3 1.2- 103 
a . renal is  6 4 .7 .10  -3 1.8- 10-4--2 .4  �9 10 2 1.3.102 
p r o s t a t e  5 4 .3 .10  -3 1.0.10 - 5 - 1 . 3 . 1 0  -3 1.3.103 
a t r i u m  16 4.3- 10 -3 2.0- 10-5-- 8.4-10 -3 4.2.102 
u re t e r  6 3 .9 .10  -a 1 .0 .10 - 5 - 1 . 7 . 1 0  -2 1.7.103 
ve ins  42 3.7- 10 -3 1.0- 10-5--5.9 �9 10 -2 5.9.103 
sk in  15 3.6- 10 3 1.0.10 - 5 - 1 . 7 . 1 0  -2 1.7.103 
aa .cerebra les  8 3.4- 10 -3 1 .0 .10-5- -4 .3  �9 i 0  -3 4 .3 .10  ~ 
card iac  ven t r i c l e  25 3 .4 .10 3 1 .0 .10 - 5 - 1 . 1 . 1 0  -2 1.1- 103 
a p p e n d i x  4 3.3- 10 3 2 .0 .10  - 5 _  1.2.10 1 6.0.103 
connec t ive  t i s sue  27 3 .2 .10 -3 8 .0 .10 -5 - -6 .9  �9 10 -2 8.6'  102 
m a m m a  5 3 .2 .10  -3 4 .2 .10  - 4 - 1 . 3 - 1 0  -2 3.1.101 
a . subc lav ia  12 3.1- 10 -3 1.0.10 - 5 - 1 . 7 . 1 0  -2 1.7.103 
u r i n a r y  b l adde r  6 2 .9 .10  -3 3 .2 .10  - 4 - 1 . 5 . 1 0  -2 4.7-101 
co ronary  a r te r ies  22 2 .7 .10  -3 1 .0-10-5- -6 .4  . 10 -3 6.4-102 
card iac  va lves  12 2.7- 10 -3 1 .0 .10-5- -8 .7  �9 10 -3 8.7.102 
t ongue  6 2 .6 .10  -3 2 .0 .10 -5 - -7 .8  �9 10 -3 3.9.102 
t h y r o i d  10 2.3-10 3 1 .0 .10-~- -2 .4  �9 10 -2 2.4.103 
a . femora l i s  8 2 .1 .10  -3 1 .0 .10-5- -5 .2  �9 10 -2 5.2.103 
s t r i a t e d  musc le  35 2 .1 .10  -3 1 .0-10-5- -3 .4  �9 10 -2 3.4.103 
men i scus  4 1.9- 10 -3 2 .3 .10 -4 - -3 .4  - 10 -3 1.5-101 
a.carot, comm. 8 0.9.10 -3 2.0- i0-5--4.1 - 10 -3 2.1- i02 
capsule  of t he  knee  j o in t  3 0.3- 10 s 1 .0 .10-5- -2 .4  �9 10 -3 2.4- 10 ~ 
ne rvous  s y s t e m  28 0 .3 .10  .3 1.0- 10-5--6.3 �9 10 -3 6.3- 102 

Sect ion  1 : I n v e s t i g a t e d  o rgan  or t i s sue  
Sect ion  2: N u m b e r  (n) of e x a m i n e d  spec imens  
Sect ion  3 : Med ian  v a l u e  (m) of concen t ra t ions  of 232 Th  in  mg  per  g t i s sue  
Sect ion  4:  Sma l l e s t  (Cmin) a nd  g r e a t e s t  (Cmax) c o n c e n t r a t i o n  of 232 Th  in a s amp le  in  m g  
pe r  g t i s sue  

Sect ion 5: R a t i o  of g r e a t e s t  to  sma l l e s t  concen t r a t i on  (Q = Cmax/Cmin) 

Tables 3-6 show the results of the neutron activation analysis. The various 

sections contain the following data: 

Section 1 : Investigated organ or tissue. 

Section 2 : Number (n) of examined specimens. 

Section 3 : Median value (m) of concentrations of 282Th in mg per g tissue. 

Section 4 : Smallest (emin) and greatest (Cmax) concentration of 2aaTh in a sample 
in mg per g tissue. 
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Section 5 : Ratio of greatest to smallest concentration 

The organs and tissues are grouped according to their average mean value. 

Group I (Table 3) comprises organs and tissues containing m > 10 o mg ~32Th per 
g tissue. 

Group I I  (Table 4) comprises organs and tissues containing 10 ~ > m --> 10 -1 mg 
2~2Th per g tissue. 

Group I I I  (Table 5) comprises organs and tissues containing 10 -1 > m ~ 10 2 mg 
2a~Th per g tissue. 

Group IV(Table 6) comprises organs and tissues containing 10 -2 > m mg 2a2Th per 
g tissue. 

For this table, we chose the median value of concentration as well as the smallest 
and greatest range of concentration, since in many  organs and tissues it is impos- 
sible to determine a meaningful mean concentration. 

D. Discussion 

a) Deposition o[ ~32Th in the Body 
In  earlier histologic and autoradiographic investigations (Wegener and 

Zahnert, 1970) we had believed tha t  organs existed (the complete nervous system, 
for instance) where no 23~Th was deposited. The highly sensitive method of 
neutron activation analysis shows, however, tha t  no organ or tissue of the human 
body remains free of 2a~Th after intra-arterial injection of thorotrast.  This ubi- 
quitous deposition is understandable. The administration of thorotrast  is com- 
parable to vital staining, using t rypan blue, pyrol blue, or lithium carmine. This 
technique was developed by l%ibbert (1904) and Goldmann (1909, 1910, 1913), 
and, in recent years, has been related to thorotrast by Grampa and Ferrario 
(1967). Although these dye materials are mainly stored in the RES proper, they 
can be found throughout the entire system, that is to say they can be seen in 
the so-called RI-IS (----reticulohistiocytic system; new nomenclature), suggesting 
that they are also in the histiocytes of the connective tissue all over the body. 
When Aschoff (1924) outlined this system, he was very much influenced by the 
results of vital staining. This readily explains the deposition of 2S2Th over the 
whole body. After intra-arterial injection of thorotrast, the Th02 particles reach 
the reticulohistioeytieal system (RIIS) very quickly via the bloodstream. The 
sugar component (dextrin), however, which stabilizes the injected solution, is 
separated in the blood immediately after intra-arterial injection. 

b) Concentration o/2a2Th in Various Organs and Tissues 
The organs of the reticuloendothelial system show the highest median con- 

centration: spleen, liver, bone marrow, and lymph nodes. This fact was hitherto 
well established. The lymph nodes around the portal fissure and in the surrounding 
tissue of the pancreas show the highest median concentrations, followed by liver 
and spleen. This distribution suggests tha t  certain quantities of 232Th get carried 

4 Virchows Arch. A Path .  Anat .  and ItistoI.  
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away from the liver and also from the spleen via the lymph tracts into the lymph 
nodes of the immediate surroundings. These three most important  places of 
deposition of 2~2Th are followed by: lymph nodes in more remote areas of the 
body (para-aortae, parahilar), bone marrow, and tonsils. These organs also form 
par t  of the retieuloendothelial system proper. All other organs belong to the RI-IS ; 
here the median concentrations of 2a2Th are about 2-3 decimal exponents lower 
than in the organs of the RES proper. The adrenal gland and the pituitary gland 
were placed by Asehoff (1924) in the g E S .  Their median concentration of 232Th 
seems to prove this to be correct. Certain important  organs and tissues (i.e., 
ovary and uterus) are not mentioned in the tables. We measured only one or two 
concentration values. 

c) Distribution o/~3~Th in Organs and Tissues 

Our results in Tables 3-6 prove tha t  2~Th in all organs and tissues is distributed 
inhomogeneously. This is shown clearly in the wide range between maximum 

and minimum concentrations, but is even more evident in the quotients Cma~x ---- Q 
Cmin 

which range from 2.2 • 10 o in the pericardium to 2.4 • 105 in the lymph nodes at  
the bifurcation of the aorta, and to 3.5 • 105 in bone and bone marrow. There is 
no recognizably regular pat tern for this quotient. There is also no dependence on 
the concentration since the lymph nodes of the liver-spleen axis show a very low 
Q level (3.9 • 101), while those at  the bifurcation of the aorta show a very high 
Q level (2.4 • 105). These very diverging Q levels of the lymph nodes reveal most 
clearly tha t  there is no dependence on the sum total  of stored 28~Th. 

Hursh et al. (1957), Hursh (1967), and Parr  (1967) had drawn attention to 
the inhomogeneous deposition before we did. In  spite of this, the total  amount  
of 23~Th in an organ, the resulting radiation dose, and the possible development 
of tumor growth was again and again concluded from concentrations in specimens 
of organs and tissues. According to our results, this conclusion is only par t ly  
justifiable. In  such evaluations or assessments, relatively minor mistakes may  
occur for the lymph nodes of the liver-spleen axis. Major errors may, however, 
occur in evaluations for the liver, where these data would be most important,  
because of the tumor frequency in this organ. 

A statement  about  the percentage distribution of the total  amount  of thoro- 
t rast  in the various compartments  of the RES (RHS) is therefore only par t ly  
correct and this is also likely to be the case when we look at  the percentage- 
distribution of thorotrast  deposited in the various compartments  in relation to 
the compartment  liver. A number  of factors are responsible for the development 
of such inhomogeneous deposits: 

1. In  a very small percentage of cases the variable amount  of injected thoro- 
t rast  could be seen to be responsible. Generally, the amount  of injected solution 
lay between 20 and 80 ml. These variable amounts with a difference of factor 4 
between minimum and maximum concentration, cannot totally explain the big 
Q values. 

2. The total  amount  of thorotrast  injected plays a part  in that ,  with small 
amounts of it, more will remain in the spleen than if a bigger quanti ty had been 
used, in which case this part  of the RES would be set with thorotrast  (Hale and 
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Baillif, 1953). This effect, caused by great quantities of thorotrast,  was, in earlier 
years, used when blocking the RES in order to generate a shock (Bennsinger 
et al., 1971). Only after very large amounts of thorotrast  do bone marrow, lymph 
nodes, and lungs store it intensively during the initial period following injection 
(Kabisch, 1967). In  addition, the ability of the macrophages to phagocytose 
changes. Kabisch (1957, 1967) showed in rat  experiments tha t  the number of 
cells storing was dependent on the amount  of thorotrast  injected. 

3. The injection site is important :  I f  injected in the neck region, the cervical, 
hilar, and paratraeheal lymph nodes eontain more 2a2Th than in cases where the 
contrast dye was injeeted into the inguinal region and vice versa. This phenomenon 
is probably coherent with the fact that ,  however exactly and carefully the in- 
jection has been carried o u t ,  small paravaseular deposits develop which are 
carried away via the lymph tracts. In  eases where these paravascular deposits 
can be detected maeroeopicMly, the different concentration in the lymph nodes 
of various body areas is particularly marked. Hale and Baillif (1953) were able to 
prove this in animal experiments. 

4. Previous diseases of an organ will influence the organ's ability to store. 
Fibrous lymph nodes resulting from tuberculosis, or from ehronie nonspeeifie 
lymphadenitis, can store much less ~32Th than intact ones. A liver after hepatitis, 
eholangitis, or f a t ty  degeneration with portal or intralobular fibrosis will show a 
different storage capacity than an intact  organ. Silva I tor ta  et al. (1961) have 
observed tha t  dilatation of the spaces of Disse--in the area or region of which 
the lymph tracts of the liver are thought  to lie cause difficulties in transporting 
away the lymph and consequently the thorotrast  remains in one place for a 
longer period of time. 

5. Immediate ly  after storage of ~2Th in an organ of the RES a "d i spu te"  
eommenees between the tissue, the foreign body, and the radioactivity. After a 
while, there will be fibrosis, cells disintegrate which are however replaced via 
regeneration from eells in the neighborhood. Later, however, this process leads 
to the formation of cicatrieial tissue. Lymph and blood vessels obliterate, 232Th 
is phagocytosed by cells and, after their death, liberated again, thereby starting 
the cycle all over again (Anders and Leitner, 1932; Easton, 1952; Baillif, 1953). 
This constant ehanging around of the stored material leads to structural alteration 
of the organ. The liver can lose its intimate structure and become cirrhotie. In  
addition, from the first moment  of storage, subsequent nuclides of disintegrated 
2a2Th occur. These only accelerate the above-mentioned organ change beeause they 
are also radioactive and disintegrate into new and again, radioactive elements. 
Rfiger (1969) has shown in extensive animal experiments that  thorotrast  is, at  
first and for some hours, stored in muscle, heart, thymus,  and other organs, after 
which it is released into the organs of the RES. This storage and releasing effect 
does not take place in a uniform manner and so the individual distribution to the 
organs will be influenced. 

6. I t  was not possible in all cases to free the organ parts eompletely from the 
at tached connective and fa t ty  tissue. This fact explains some very high Q levels 
in organs with low median concentration of 2a2Th (for instance in veins). Inevitably,  
232Th is measured which is incorporated in  adjacent tissue. 
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7. Bell (1953) has shown tha t  the collodial stability was important  for a homo- 
geneous distribution of thorotrast  if used as a contrast dye. This stability, 
however, is lost during hydrolysis of dextrin which takes place at different times 
in the various organs. 

d) Concentration and Late E//ects 

Late effects, as shown in Table 2, occur only in concentration groups I and I I .  
I t  is important  to note tha t  malignant tumors developed exclusively in the 
liver. Only in one case did we find a benign tumor and tha t  was in the spleen. 
There is therefore no dependence of the tumor frequency on the median concen- 
tration of 232Th. This is also made clear in the late effects of the lymph nodes of 
the liver-spleen axis. 

The animal experiments revealed very soon tha t  the simple relationship 
c t :constant  (c=  concentration of poison) (Druckrey and Kupfermiiller, 1948, 
1949) does not apply to tumor procreation by means of thorotrast  (Wenz, 1964). 
On the contrary, there are numerous factors, quanti tat ively not yet conceivable, 
involved in the development of thorotrast  tumors. They are : 

1. Absolute quant i ty  of 23~Th in the organ 
2. Number of irradiated cells 
3. Self-absorption of the aggregated material tha t  was deposited in the 

various organs in different degrees. In  autoradiographic and histologic investiga- 
tions, Wegener and Zahnert  (1970) and Wegener et al. (1973) have made it 
obvious that,  for instance, in the spleen, 232Th is, on the whole, deposited in larger 
clusters. As a result of this, the self-absorption rate is much higher than, for 
instance, in the liver, where 23~Th is deposited in the form of the smallest aggre- 
gates or single particles of thorium dioxide. 

4. Unspecific radiation effects in the organ and its surrounding tissue (i.e.: 
fibrosis) with increased radiation absorption 

5. Transport  of thorium in the organ during lifetime 
6. Stimulus caused by a foreign body (here: 2a~Th). 
We conclude from our investigations tha t  we can, with a high degree of 

probability, make the following statements:  
1. Late effects after thorotrast  injection occur only in the organs of the I~ES 

proper, tha t  is to say, in the sites of deposition of the highest median concentra- 
tion of ~a2Th. 

2. Tumors occur frequently in the liver. This is the organ not with the highest 
median concentration, but  with the maximum absolute quanti ty of 2a2Th and 
therefore with the greatest number of "a l t e red"  cells. 

3. All organs in the concentration groups I I I  and IV (except for lymph 
nodes in group I I I )  show no late effects. This means that  tumors which developed 
in these organs after injection of thorotrast  are probably not caused by the 
radioactive contrast medium, no mat ter  whether radiation, or the stimulus 
provided by a foreign body is blamed for tumor production, or both factors 
together. The lat ter  fact also applies for various nontumor diseases with mutat ion 
in certain organs, such as Addison's disease (adrenal atrophy), diabetes mellitus, 
general arteriosclerosis, nephritis, so-called prostatic hypertrophy, goiters, and 
many  others. One exception may  possibly be the lung which is exposed addition- 
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a l ly  to  r ad ia t ion  via  exhaled  thoron.  This knowledge  is i m p o r t a n t  in the  formula-  
t ion of the  exper t ' s  opinion.  Fo r  no t  all  t ho ro t r a s t  pa t i en t s  will suffer the  compli-  
ca t ion of a " t u m o r " ;  some dy ing  of diseases unconnec ted  wi th  t ho ro t r a s t  dur ing 
the  l a t ency  period.  Then,  all  too often, a causa l i ty  be tween thoro t ras tos i s  and  
dea th  is assumed.  

I n  this  con tex t  i t  would be pe r t i nen t  to  discuss the  deve lopmen t  of so-called 
double  carc inomas  in general  h u m a n  thoro t ras tos is .  W u k e t i c h  and  Mark  (1957) 
and Budin  and  Gershon-Cohen (1956) have  presented  cases wi th  no t  only  malig- 
n a n t  l iver  tumors ,  bu t  also add i t iona l  carc inomas  in the  direct  ne ighborhood  of 
t ho ro t r a s t  organs (splenieflexure of the  colon). These au thors  re la ted  the  carci- 
nomas  in the  ne ighborhood  of t ho ro t r a s t  organs to  deep i r r ad ia t ion  p roduced  b y  
the  r ad ioac t ive  con t ras t  med ium and  its by-produc t s .  I t  should be ment ioned ,  
however,  t h a t  the  a lpha  par t ic les  of 232Th, only  have  a m a x i m u m  pene t r a t ion  
range of 83 m~z. There  is no be ta  i r r ad ia t ion  wi th  232Th and  the  g a m m a - r a y  produc-  
t ion  is qui te  poor in energy (0.059 MeV). The by-p roduc t s  of 2a2Th develop in such 
a smal l  q u a n t i t y  and  are of ten nucl ides  wi th  a high p ropor t ion  of a lpha  rays.  
They  also are  r ap id ly  d i lu ted  b y  the  b loods t ream and  a high percentage  of t hem 
are mobi l ized from spleen, l iver,  and  l y m p h  nodes.  I t  is therefore  t rue  to  say  
t h a t  the  deve lopmen t  of carc inomas in the  ne ighborhood of t ho ro t r a s t  organs as a 
resul t  of r ad ia t ion  is h ighly  unl ikely.  I t  is much more  p robab le  t h a t  in cases of 
double  carc inoma,  a t ho ro t r a s t  pa t i en t  has  b y  chance deve loped  a second carci- 
noma.  
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