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Pathological and Radiological Studies of Chronic Thorotrast Injury
Part II: Experimental Study

by

Takesaburo Mori
The Second Department of Pathology (Director: Prof. T. Sakai),
Yokohama City University School of Medicine

Following the previous paper (Part I) concerned with the study of chronic Thorotrast toxities
in the human investigated from the patho-morphological and radiological standpoints, this paper
deals with. the experimental studies designed to clarify the morphogenesis of the structural damage produ-
ced by Thorotrast administration.

For the analysis of the Thorotrast injuries, three etiological factors, i.e., its radioactivity, its action
as a foreign body and its toxicity should be considered.

"Thus, as control media, the author employed three different kinds of dye stuff; Indian ink and
Carmine, both generally known to be non-radioactive but acting almost exclusively as a foreign body,
when introduced in the animal body; and Trypan Blue, a dye-stuff, not radioactive but chemically toxic.

Thorotrast was introduced into mice, rats and rabbits per vein. Control media were also given per
vein to mice only. Both Thorotrast and control media, once introduced into the animal body, were phago-
cytosed within a short period, widespreadly in the cells of the reticuloendothelial system.

They were also found, though a lesser degree, in the parenchymal cells of the various organs, as
well as in the intercellular spaces.

The deposited media in the tissues showed migration through lymphogenic or hematogenic pathway,
even after the fixation of the media in the tissues had been established and stabilized. This migration
occured even in cases in the Thorotrast group, where there was encapsulated by dense fibrotic tissue.

Besides freely movable extracellular Thorotrast granules, there were histiocytic macrophages in the
vascular Jumina with ingested Thorotrast granules in the cytoplasm. These findings explained the
continuous redistribution of the media.

The amount of Thorotrast, once deposited in the tissue, showed apparently no remarkable decrease
throughout 16 months. On the other hand, the control media deposited within the tissue diminished
rapidly and greatly in quantity between 6 to 12 months.

To compare the Thorotrast doses given and the tissue damage which was resulted, the animals were

divided into 3 groups and to the animals of each group 1.25 ml, 5 ml and 25 ml of Thorotrast per
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kilogram of body weight was administered. Roughly estimated, it was found there was well developed

correlation existing between the dose and histological changes.

Histological changes induced by Thorotrast consisted of constantly progressive destruction of the

tissue cells with resulting regeneration, reactive reticuloendotheliosis, destruction of the peripheral blood

and lymph vessels and secondary proliferation of the connective tissue finally the formation of exten-

sive fibrosis.

In distinction from the Thorotrast group, Indian ink and Carmine caused only slight and temporary

histological changes. Trypan Blue caused diffuse and rather conspicuous retrograde cellular damages of

the parenchymal tissues, increasing in severity according to the doses given, but it was not continuously

progressive and was limited in time.

Histochemical procedures indicated that granules and aggregates of Thorotrast particles contained

sugar protein as an interparticle sticking substance. The binding of sugar protein to the Thorotrast

particle probably aids in the phagocytosis of the particle by the reticuloendothelial cell,

The tissue dosage of Thorotrast in the experiment was 6.7 to 79.3 rad per week in the liver and

10.3 to 177.7 rad per week in the spleen.

In conclusion, it was clarified that the radioactivity and action as a foreign body act together in the

morphogenesis of the chronic Thorotrast injuries, although its chemical toxity is insignificant. Localiz-

ed circulatory disturbances resulting from the vascular damage probably play a major role in intensify-

ing the tissue destruction and fibrosis.
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TishbhTE D, &L OWENFLET HO0™,

Huguenin et al®® x [+ iz 5 F%EnS
FEZmM e ZEs co B HELTH D,
Biingler et al'® |3 JIER O oWZL%, Tsunoo
et al®®, Popper et al®?, N84T IFHERERS
%, Lambin et al® \ZiUMEEA Y, HADE
E R O —REIHEINR D28 7 Wb %, Naegeli
et al®™® 13V voAEiOEI%, Ruggieri et al™)3
BRAEOTLER LTS,

Theo, BHERO FE o, 1933F 0
Oberling et al’™ |z. X % 5 ¥ 7 O AT HHEERA
o4k, Roussy et al™, FHHM®LE kL b
PIIE R O IE DB 2 1 C BT\ % (Table 1),
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il 2 DERZ LA DT D, BN
A Lid® b, —EOHMCR/ELL T
b i b3, 2060 EEAECHERAR L LTH
TREIR I h D 2 THS.

IoT, ZoX 5k [ BEEENREDLS
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fodbic, =v A, FSYFROFEROIMEEMFEHL
. [ F ] it Fellow-Testagar 2L (ZFEg{b Y
v 2 2214 %, Methyl-p-hydroxy-benzoate .15
25, Dextrine 16%, ZEJEK65%) i,

=Y ARUT Y Fies T, [hEARE
HHZE L O BIREMR NBiz i, (a) 1.25
mlfkg FEARE, (b)) Smlkg HARE, (c) 25
ml/kg FWARED 3 oD ARRE .

AR, (a) ANMEcsid s mEGpREA
5t (10~40ml) I3 % b @ & LT1.25ml/kg,
(b)) PSR AdE (50~ 100ml) i G35
$D kLT 5mlkg KT (c) SdmpEAR ( 500
~ 600ml) ZXET % b o & L 25mlkg o 3 fi
I U el

[ IEARRKOFEC L OTHRE L., Ab,
HiFER: BEiEx, = v 27208 : 1.2¢:0.15¢
(REE L A—fEHo ~ v 215EoEEE), w7 T
200g :11.08 ¢ 0.4¢ (BB LF—Ffios » 710
P SEHfE), AfkT60kg : 1.5kg : 0.12kg (HZ AR
e RHBE R L D) THH, 2T, vV ARTF
v 7 OB T BFo BRI, Ak thofy 3%
% b, BEREE 4.5~ 1.2MECh 5. HucikiE1ke
Mpo [+ ] EAdE, FoBHDEECHTHFOE
RS E, AKEREOM3MEE LA,
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Table 1: Malignant Tumors following to Thorotrast Administration in Animals
Amount Latent Malignant Tumors
Investigator Method Tho:gtmst Period
() (months) Type & Site Number
Selbie (1936°7) Subcutaneous 0.6 15 Sarcoma at injected 2[9Cover 1 yr.
(1938°2) injection ) site survival)
Andervont & Subcutaneous 12 Spindle cell sarcoma
§ Shimkin (1940%) injection at injected site
Eo 1) Hemangioendothe-
lioma of liver
Guimaraes et al Intravenous 13—21 2) Hemangioendothe-
(195524250 injection lioma of spleen
3) Pulmonary carci-
noma
Roussy, Oberling ::ltrgé)ern;on- Spindle cell sarcoma
& GuerianStl, subcutaneous| | 0-2—10 10—-17 in peritoneum and
57T, ! i
1936 b injection subcutis
Selbie (1936%) Subcutaneous ; Sarcoma at injected 14/16 (over 1
(193852 injection 0.1— 0.6 11—14.5 site yr. survival)
. Subcutaneous Sarcoma at injected
Prussia (1936°) injection 4.5 site
Kusumoto Subcutaneous W Sarcoma at injected 3(3 (over 1
(19384) injection 2.0— 1.8 9-15 site yr. survival)
=] : Subcutaneous Fibrosarcoma at T[8 (over
I:E‘ Mlyamm&%gm) & intraperito- 2.5 ( 116, g*g) injected site 4.5 months
neal injection AVerag survival)
. r Subcutaneous Fibrosarcoma at
Natucci (1930') injection 11—14 injected site
: Y Subcutaneous
¥$i}:1dz:ki& & (*) 1319 Sarcoma at injected 8/11 (over 1
(194300 intratesticular | 0.025— 1 site yr. survival)
injection
Subcutaneous, 15
- intraperitoneal Fibrosarcoma at 7/15 (over 1
Tkeda  (1961°%) & intratesti- 0.2-- 5 1316 injected site yr. survival)
cular injection
Burrows Intravenous 53 Multiple hematomas
(19372) injection . in liver and spleen
Onufrio Intravenous 94 Endothelial cell
(193850) injection ) sarcoma of liver
Mervenee & Ten Intravenous 31--36 Polymorphous cell
Thije  (1939) injection sarcoma of liver
1) Endothelicangiosar-
o Zeitlhofer & Intravenous coma of liver and
8 Speiser (1955%) injection 48 spleen
c 2) Pulmonary carcino-
~ ma
1) Hemangioendothe-
Johansen lioma of liver
(1955%1360) Intravenous 24 2) Fibrosarcoma
injection 3) Striated muscle cell
sarcoma
4) Sarcoma of lung
Swarm et al Intravenous Endothelioangio-sarc-
(19618) injection oma of liver
L5 Injection to 37 1) Carcinoma of 49 (over 28
;5 & | Foulds (1939°) base of nipple| 0.8— 1.2 (average) mammary gland months
| &8 average 2) Sarcoma of chest survival)

(*) Home-made ThO, colloid used.
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B, =y ATEl F ARSI AEST 13k
EIRRE LT, MV L oBRy S iR
jodic, (d) fFHE 1kg¥4 h1.25ml 5 550ml
TOI0EE OFEAR A L((1) 1.25ml/kg,
2) 2.5ml/kg, 3) 5.0mlke, 4) 7.5mlkg,
5) 10.0ml/kg, 6) 12.5ml/kg, 7) 15.0ml/ke,
8) 20.0ml/kg, 9) 25.0ml/kg, 10) 50ml/kg),

FE, R vigEEamithco s At Sc@EREY
BERris (oW FHERT6»ALETHS
T rARDBRL). Mo o BB ARG CREA
FRARME T 6 2 Ao 2 BrAw s v TRREE L L.

(M oEAR, =YARDS Y FCREAE
L CRHEIR~D 1 EREAE, FETIIEZHIR~
O 1 EREARI X0z,

fpds, =V ATH—MPEBAEALfFo%k, i,
[b] @5 w7 ~ofiE 1 E0mljkeg bl i EEEr o
T, 25mlkg % A D4 12481 3 & 1< 10ml/kg, 10
ml/kg, 5mlfkg s 3MICAY A LA, [+ ] 25ml/ke
PEREABEREEY, 5~20mlike ¢ 4 f5HHR%
#,1.25mlfkg <20 EARN R Vv R, BRI
KER .

B, [r] ETEAMCET 58825 xR
Hicdiz, 0.2ml @ [+ ] 2=9 A0EHicEA
Liz ((e) FETHEARD.

HIRTE : WIEFRC T RT= v AR AT,

FERSHER D X MBI 2B b oxt
BEAME L LB R » 0§ v (Carmine)s®
D22F R K VER " iy, & 4K 1kg24h1.25
ml DEHIR 1 EFEAZ{Tirok (BHEARR
C-An 3 YIEARE.

LB L BT 5 IEHHERD O R 2 T~
B b Y 2 v 7 —(Trypan Blue;C, Hy Ny
Na,0.S,) 2T R/YKER Y -1, o h
B Y ASYTA—FEARTE, EAREHEBZME
OBIRE T % 7= % 1©1.25ml/kg FEAFERD 5
mlfkg TEAFED 2 FEBE . FEAR 1.25ml/kg
AR CIIREIR—EEAY, 5mlkg AT
131.25ml/kg 3024 M3 & i 4 B @A 4y
HL7z (FY 2y —1.25mlkg FEARERC b
Vv 7 v —5mlkg FEARE.

T, BRRE YA YT A —CRE L
BT5 [ b ] WEREBLTASS fedic, PVSY
7 n—5mlkg %1.25mlkg “3o24F[E] % Z 1 4
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BIRERERC/E: L, o #edifBEw [ -] 25
ml/kg B 1 EEA LI (P YR v T
—+ [ b EATH.

i, £EBFRCHTAMBE U CELERY
AP

BEo [F] EABREKONBH e %, EAY
B OBFRRTEE R O by, B30
4y, 6EEfE, 24F:MH, 3 H, 10H, 30H, 60H,
9H, 6 7A, 12273, 167 A0 12F S B8\ C
B B, R L1z (Table 2),

(C) SR UHSRENREE

MBERERE, 2B oW TE—RoAE
B 3sid % & B—JFE i,

b, MEESEE T T0%7 4= viEcEE
Ly~ b&&)ve=d v, =5 250,
Papo ghgitlfs, 7+ v <= V) —Hif, PAS M,
ERZ ezt e THEareficFiy. BEEELT
=T AFH e 7 vHF =y v, PTAHREE, <2 ¢
s Ay v, gt RO feliRe e T oA,

¥ 1z, B304z Tritiated Thymizin Jgot
Tritiated Thychizin 2{E4F L, EAEREA —
FFOFIS T 74 -1 > TDNARERI RO
RN AL o E %4778 5 L 3kiz, Feulgen
DDNARGEEZPHE LT, MRAODN A KRS
RNA QBRI

e [ b EARECH T oBRARLSE SR
BN BRHI, - IO IIT I -0 B
afp oA 7w (Kodak ARI0, 2 k) v & v
75, HRERE 1000, Padg 2 v S —Yum),
RO >\ WC iR A Wk, KIEL, 22 Gas-
flow Giger Miiller Counter = ¥ b #4527
EL .

o, I, MviigsEoBby Racwic, B
Watho VIEEHHRLI O, BN (BEx2
mm) DFRBEK VEREER A A .

I EERRE™

(A) BHmR

1) Ff:

(a) BRHAR

B SRR ARE T B borEkEL, BE
KRLTs Y FRURBE ST HRTRYNL -,
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[ h AR FoRBMZELE LT, 1.25
ml/kg FEARECTIRBED 5 oA EAKIORE ¥
THRONS. 5mlkg HARETIL 5 ofiLies) 1
M+ %. 25mlkg JARECIEZ M S 5 ik
—REER L), BEOERMM”N 3 » A%E T
BHHbRD. o, 25mlkg EARETIL6 AL
R LABMmE L7 b, AEROEHE TS
BoFRAoOBAGOER A RONS.

REBR  BIHEARRO 2V 3 VEARTE,
10HE Z CTOEED 5 -oft, WS ARC
BT 5 ERWE LR CIARMZIZED bh
L. LinL, PR YT A —EABTIIER L
BRELE, 5> oMBOERMMARShS . Hic
5mlkg AT TIXFORENKL 3 »AKTYL
Bdbhs,

(b) FARFOMRALE, BEHE U HEH
ik

[ M EEARE: [ F] RTFi230 ~ 1008 0ok
EETHY, AERCHEAIRS LAHIT 1 ~2
e OFREPT 5 L XhT \» 5%, KER T
b, [ PIVEEABIST, ~<bFv)v.e=
Y VRETCEMBECRE D, PASHETHE
D 1~2p QR E LTIzt Kupffer I
e O A0 i I P A e 2 s B P AR OF
CiFfRc R hs (Fig. 1, 2).

24N CUk, MBI ok [+ ) Bk

Bl 1. DY et g 7
g 'y . W e s

kg intravenous injection of Thorotrast: Num-
erous Thorotrast granules stick on the surfaces
of the hepatic cells. Some of them are pha-
gocytosed by the sinusoidal reticuloendothelial
cells. H. & E. Stain, x 400.

;

-
.

Fig. 2. Liver of mouse, 6 hours after 1.25 ml/kg
intravenous injection of Thorotrast: Thorotrast
granules are seen in the cytoplasm of a hepatic
cell'as black dots. Phase Contrast, %1200,
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Fig. 3. Liver of mouse, 24 hours after 1.25 ml/kg
intravenous injection of Thorotrast: The maj-
ority of Thorotrast granules is phagocytosed

by reticuloendothelial cells, and distributed
diffusely in the liver. H. & E. Stain, x 100,

E?‘ e R A

B LTy, [ ] o KEH 3 #EPRE
I, —HERETAIRRC ST A . Mo [ ] iz
B E AP+ 5 (Fig. 3). 280+
TEAESRML T FFo #8ZM Lo B3 2567
Vo LALLM M EABEFNT M EEXD
AR S S L DRREE & ORI BB 2t
MILBAFEAFRD B A, B, 1.25mlke AR
T WPIRMEER O FEIREA o [+ WE s
Aig <, T EREARMR o Bk b
THs (Fig.4). 5mlkg FARETE [+ Qif
PR, [+ ] AR L L Ex
L, ERAIAE 4D LiX LiZER20~30p 1w B8
B P80 X 51cR x5, 25mlkg AR
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Fig. 4. Liver of mouse, 24 hours after 1.25 ml/
kg intravenous injection of Thorotrast: Retic-
uloendothelial cells containing phagocytosed
Thorotrast granules are moderately enlarged.
The amount of Thorotrast deposited in this
case is relatively small. H. & E. Stain, x600,

BARB A R i 2688 W8 %

= A "‘I!J
,;»

% :

&

.‘l...

Fig. 6. Liver of mouse, 24 hours after 25 ml/kg
intravenous injection of Thorotrast: In the lo-
bule there are several aggregates of the reti-
culoendothelial cells filled with Thorotrast gra-
nules. H. & E. Stain, x 400.

I‘1g 5. Liver of mouse, 24 hours after 25 ml,l'kg
intravenous injection of Thorotrast: The am-
ount of Thorotrast deposited is large. Reticulo-
endothelial cells are markedly enlarged due
to ingestion of Thorotrast granules. Some of
them are aggregated in large masses. H. & E.
Stain, x 100,

TriAfaNER R L , MR o mEE
DOIERBKVB0 ~ 100p &5 [ | EMRAIFE
MofmrsRohs (Fig. 5, 6).

R, oW [ ] SEafnRiaiar o
[ b PaEHFAIfa %, B3, Necrobiosis, 1§
ARO[+ ] P FE o Fikk 251 E,
EMIME OIEW O 5 oifipiBdbhs. Zh
H0ZELikl.25mlkg FEAFFCTIRBE TH 2%,
Sml/kg LA EOWT AR THEWTHE .
3~10HTix, 5mlkg LhE o HEARE T i

Fig. 7. Liver of mouse, 3 days after 23 rnl,fkg
intravenous injection of Thorotrast: The sect-

ion shows a large number of enlarged reticu-
loendothelial cells filled with Thorotrast gran-
ules, small round cell infiltration and Thorot-
rast ingested f{ree cells in the blood vessels.
H. & E. Stain, x 100.

L [+ ] EMEPI Rl o B m RPN R 8%

Bz hbfifan N ERTORERIRD LIS

BMRLCBOpER

DIRABEET 7Y

N 7

(Fig. 7). [+ ] #RAREERTT LE LA
Y voER, HERE o/ NPFIRMRRREE S Fig
8).—ifo> [+ | AR I A M, WAl
b, [ NMERROVNEFER 2+ % (Fig,
9). ¥, PR B MEOHEMIES [+ &
@ bhn (Fig. 10).

[+ BERAEN R o/
v VG R A~ 0B p b
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» 10 days after 5 mlfkg
intravenous injection of Thorotrast: Small
round cell infiltrations are seen around Tho-
rotrast aggregates. H. & E. Stain, x 200.

LN TaRIN, - 3

(e I ‘-'-. s

Fig. 9. Liver of mouse, 10 days after 5 ml/kg
intravenous injection of Thorotrast: Several
pyknotic nuclei are seen in a Thorotrast aggre-
gate of the central portion. H. & E. Stain, x
600

intravenous injection of Thorotrast: Thorotrast
granules are phagocytosed in an endothelial
cell of the blood vessel in the center (arrow).
H. & E. Stain, % 4(0.

Fig. 10. Liver of mouse, 10 days after 5 ml/kg

1097
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Fig. 11. Liver of mouse, 30 days after 5 ml/kg
intravenous injection of Thorotrast: Necrobio-
sis and degenerative changes of hepatic cells
are seen in the neighbourhcod of Thorotrast
aggregates and reticuloendothelial cells filled
with Thorotrast H. & E. Stain,
X 400,

L pes,
¥ TArG, A
-"",;'!h'fﬂi?’_" e

’r_:- 3’-£
"“‘ii?-‘ it

granules.

~

’..ha
&4+ 1
et
Eig. 12.

e . el
Liver of mouse, 30 days after 5 ml/kg
intravenous injection of Thorotrast: A nodular
proliferation of round cells is seen in an area
containing Thorotrast deposits. H. & E. Stain,
400,

bLRBA, Th b [ | B o N ERES
BB &7 s . FFHIR 0B 4T M5 5 O Necro-
biosis % N4 % (Fig. 11). —fBDREHI Tt/ N3
P P10 BUR B 2338 i 5 (Fig. 12).

60~90HTix, [ | EEHIREO/NENBEN
EW LTS,

6 M ALK TIx, [ b AR o K.
INEROEBIRRBIR O 79 v v ST ~ #4
L, 37 100p B8 [ r | R 2 IR 3
% (Fig. 13, 14). Z olgfilim B [ b 2
AR O B B SE Bl HAE U f- s de © L
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Fig. 13. Liver of mouse, 6 months after 1.25 ml/
kg intravenous injection of Thorotrast: Thor-
otrast granules are concentrated around the
blood vessels making large aggregates. H. &
E. Stain, x40.

Fig. 14. Liver of mouse, 6 months after 5 ml/kg
intravenous injection of Thorotrast: Large

Thorotrast aggregates of several hundred mi-

crons in diameter are concentrated around

blood vessels accompanied by small round cell

infiltrat ions. H. & E. Stain, x 200,
BEhs &iwnz (Fig. 15).

Mh ] oEFEABBOE S [ ] WhRo%
P L3 mBRTH A2, Smlkeg L EDEATFT
316 BT L H HEED [ b ARMREY
[ B o/NERBIFPRED bR (Fig. 16).
Teds, EREMOMEEIC LoT [ ] BEoE
WwERDB. BB, =V A, RRTIHEL, 77
7 TidEL.

9~127 AT [ b AR RERE RO [ ]
S 0 KR/ vk AR AE B O B ARAE CH b Bl %
hz (Fig.17). 7ek, [+ AR#AREERD
[+ 1 S E10~E100.: B sHaE,  PIE

Fig. 15. Liver of mouse. 6 months after 25 ml,f
kg intravenous injection of Thorotrast: Re-
markable reticulum fiber proliferation is seen
around the Thorotrast aggregates and reticulo-
endothelial cells filled with Thorotrast granul-
es. Silver Impregnation, » 200.

kg intravenous i:n_je(:tion of Thorotrast: Thor-
otrast aggregates deposit in the lobules as well
as around the small vein, in spite of the fact
that most of them have migrated toward the
Glisson's sheaths or perivascular spaces. H.
& E. Stain, x 100.

B ROAMMEL RS bR B, B, e
HSRFEORE R [ ] AeillERoEE Ok E
W] SREATHZEE L

12~167 QicE->Th, RS EHBTRY
PE i [ Peifadesi B ot T 1 4R ofib
W, #Fitow [ ) B2 B U e PSRRI R 0 ER
»bhb., 2BEMOERPMNCEgEL T
RN ALRS. oz LREAKLZH
AU EZ#Ecmihcsvwtd, [ ] FFRgEn
B LI IR T & h B = L 2RT.
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kg intravenous injection of Thorotrast: Remark-
able collagen fiber proliferation is seen en-

circling Thorotrast aggregates and the Thorot-
rast ingested cells. Azan-Marrory Stain, x 200,

W

Fig. 18. Liver of nabbit, 16 months after 3 ml/kg
intravenous injection of Thorotrast: Small si-
zed Thorotrast granules and aggregates deposited
in the blood and lymph vessels of the Glisso-
n’s sheaths. Azan-Marrory Stain, x 200.

MEEED [ | P p 5 MAEREIRIE 12
AUgD =92, 777 TR BETH BN,
163 ARORETIWECEDd RS, HFic, =
NODFRETIRZ Y v VRO Y v 8RB0
VAR~ [ b ) WairRbns (Fig.18). o
hud Microradiography T3 RIRIAR & L <#R®
bh% (Fig. 19).

[ b OFFUER RGRLEEER, RO BR
TRIC AR U CE DIk B
(Table 3 ),

SHBRE : BRI 31 2 3SHEOEAME ; BIb
B BIToOKAE X 400~ 800A )8, Ha 3 v
(20, 4R Tk Vv T — (13.28)89 13

Fig. 19. Microradiogram of the liver of rabbit,
16 months after 3 mlfkg intravenous injection
of Thorotrast: Net-like shadows corresponding
with the distribution of Thorotrast deposits
show Thorotrast deposition in or around the
Iymph and blood vessels of the Glisson’s she-
aths.

AL WSl Ea PRSP Las
Fig. 20. Liver of mouse, 24 hours after 1.25 ml/
kg intravenous injection of Indian ink: Many

reticuloendothelial cells * have [phagocytosed
Indian ink and increased in size. Histological
change is minimal. H. & E. Stain, x 100.

ITHE A BRI P KR 7 o A B, —
M R R % 7o DM & L s
2T, Z DO E T BRSO F AtET
HD. EOEBEARTROERAIEE R /)N
HOEIRIAIR D 7 ) v LR ~BE L, *
BT S . BHOE P OWTRE & 2ok
S MBZEMEAYE OB L ot Rics . H
B, BHECAIAL: YIRS, PYVAYT A —
TILaHE.

FSBHEAR L Vli~% . B AK 6B
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TIREAN T OMARMBESE~0ELRbh,
24 LR O K E LA R, —
AR E T 5. L, ZhbBHEmE
PRIk Lic 1 Th b, B
DY, BIEEO FHBENMLFRAE Rbhisu
(Fig. 20) .

3 7 RGN B ARTF RO ER AR o RO
BIRRO 7 ) v VR~ 0 & & fps e Bl
WEBH,

e T S et AL L B
Fig. 21. Liver of mouse, 12 months after 1.25
ml/kg intravenous injection of Indian ink: In-
dian ink granules concentrated around the Gli-
sson’s sheath and blood vessels make aggrega-
tes of various size, occasionally being accom-
panied with small round cell infiltration.

The amount of Indian ink deposits is markedly
decreased. H. & E. Stain. x 100.

Fig. 22. Liver of mouse, 21 hours after 1.25 ml/kg
intravenous injection of Trypan Blue: Reti-
culoendothelial cells having ingested Trypan
Blue fall off from the sinusoidal wall and
migrate in the sinusoid or small blood vessels,
Slight atrophy of the hepatic cells and disten-
sion of sinusoids is noticed. H. & E. Stain,
x 100,

Pl R T § i

1101

AATESTERENRS, 6~120 T BT o
LB R EE LT 5. = oy, Bit
EUE L/ B BN % £ 5 50~604 & To
MMESAE TR L, NEROERRE, 70 Y vk
AT 5. LarL, FofioflfKic:
b b hiou (Fig.21).

A3 AEARC KT A BT AR L3
EREETH S .

WiZ, F VAT —E AR BT L B Rk
NB. PV VTR —EABGHET R Y v
M= EM L ISR OMPNRAIIE o FEE, MM
FRBROPNEMEROBEN OB, 2405
B TER LD, X5tk YT
N —FRAIRE OB IS IIEAB 3 B ¥ Tavk 2
L<, I0OHDMETIFRA E RBhicd 5.

Z ORFH X AR X A L WSS Lo %
S He, 1.26mlke P ARETIE, 241
B3 HF T Vv 7L —EMHIE o 4lim
R e B O B MR O SN B o0
PREE O THIRaE, SR oME RS
NBEETHD (Fig.22) 10ALETE bV 2y
7 -l N ER LSRR, 7Y v VI
SRR PR OV ERSR S, ANFIRIREIRE A £ 5 %
TE~B10fA DO E AL OTERL, /INBFE B
RO B o MR 0 A i & h 3 72

"
|

3 "‘ ;’ { .. .

L - mﬁ:! AN 2

Fig. 23. Liver of mouse, 10 days after 1.25 ml/kg
intravenous injection of Trypan Blue: Reticulo-
endothelial cells having ingested Trypan Blue
deposit forming gigantic aggregates which
are encircled by a narrow zone of round cell

infiltrations in the lobule. H. & E. Stain,
» 100,

|l WS AU S il T |
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Erp s (Fig. 23).30~60H TIL U ¥ Ak OBRE
DA, AR RE M 5 BR il
HEFADBR RO LB DF0x FREE o/ NEFER R
B»HhhbR, Do HRE EE T 5.
Zhicx L, 5ml/ke EARETIR, 24 Ric
R D b Y 2 T — BRI SR o Bl
HiREED b oL, ERMIRR O IfasiEEY ©
EM MR RO ENBENE, EMMEROF
LWIKER O BE, HFeEfcEs0 % A%0EL

S R e e
“5&'“ Yoot L . s f by

félﬂ T.: " 2 '-M';.. .‘ Vi 1

Fig. 24. Liver of mouse
intraperitoneal injection of Trypan Blue: Re-
ticuloendothelial cells ingested Trypan Blue
migrate in the sinusoids and blood vessels.
Diffuse degenerative changes of the hepatic
cells, extensive destruction of sinusoids and
small round cell infiltration is marked. H. &
E. Stain, x100.

intraperitoneal injection of Trypan Blue: Ir-
regular disappearance of reticulum fibers is
demonstrated with marked atrophy of the he-
patic cells and destruction of sinusoids. Silver
Impregnationby Pap, x 100.

A £ o it W26 %85

Fig. 26. Liver
intraperitoneal injection of Trypan Blue: He-
patic cells show diffuse atrophy or degenerat-
jon. The majority of the sinusoids is distend-
ed or destroyed. Large necrotic areas are seen
accompanying with marked small round cell
infiltration. H. & E. Stain, » 100.

WiFIRR o RIE, Zela O IR, ZiE,
B3E, ARsiEonise, Mk, JMEMRRE
RO Y R T A b 5 BORIETE R A fE
B TH LS, B Hbh b (Fig. 24, 25).
IOk S A EHIESI30AE T B TER T
Ho, ZoFFRL D SO 1004 1R 5 KFFE
RoWKBRbhS X 51’ (Fig. 26). 34
B Uk S mE 4 55, 160
BTLREFERIIERBED bh B, ok, 1.25
ml/kg Jo0° 5ml/kg ARG o BRI 3 »
AU AR BT 5 .

(c) DNA 4T U RNA AR O
A

[ b AN : DN ABAERO RN A LA
Jao B, AL f-B TR IE T TR TR
CEEEEC LR BRI, UL, FHF ]
AT G [ ] TEAREOBKZHIGL 2
DN A #i4: R O'R N A 544 B g o 36 % 8 7=
(Fig.27).

b DNAWAE RO RN A BT, 5
[ F ] ARAIRRED ] #EHcEL, £
OIEHLIRAE 3 HifE T H D, WAKIEH AT
IIEEAR & ERRICREY TS, coz ki
S iR~ L 1 B BRI o B EE L 156
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Fig. 27. Autoradiogram of the liver of *H-Thy-
midine injected mouse, 3 months after 25 ml/
kg intravenous injection of Thorotrast: Hepa-
tic cells with much DNA are found in the

center of the picture (arrow) . Multiple
a-tracks from Thorotrast particles are demon-
strable. Toluidine Blue Stain, x 400,

OFFR P BT 2 0 LELONS. It
%, DNARER O RN A B4 41 o BEIn 4809
FTHI0HEE TIEHRDLNE.

HIRTE : BTEARRO 2 3 vEARRC 1T
% DN A B O R N A 54 [T HiE oo B bk g
W< BETHA. ft, 10H ¥ CIRBERINT
5, S0OHLMEZIEIERIRBE /D, DNAKYS
RO RN ABEREPIRMEOMMTIE LA ER
¥ (4 AN

—H, PVAVTA—FARTIIOE A, »
DB O THEWH DN AWER U RN AR
ERfflaoHBrRoh 5. B, DNARAER
U RNAMAEFRIfROBGI0HE T [ ] EA
X DECECHDBEREHA L, 30H~3
ARATE TP AL v ks.

TEAR X ) DN A 4 MR O R N A S92
MoK X ES B b, 1.25mlkg FEAR
TX30H PIBILIRIEIERIRIE L 72 % 2%, 5ml/kg
HEABTER3 2ARBECLRMRECHS. D
N AR O R N A B4 8P A0 o 340013 He iz
HEHTH S .

HOCH BRI 15 DN A4 TR N A
AR oRINE—AETEH b, BHEARR
O AN VEARTIREL, PV YT —A
¥, e 5mlkg FAFETIREN. oo 2kt

1103

WO OWBEROBHEL [+ | AR LA
T TR TH D = L BT 5.

@) m’

(a) BWRAR

[h AR : AR L LIEABIOH~3 2
Rigiz—@tko 5o, ERoMMEOEL?E
bhad. TORELEEEARCHIET 5, 4
w25ml/kg FEAFECRER © iz EBWch b
—FFIEHED 2 ~3 L5 . 6 7 AL TI25
ml/kg FEAFIAMBEE ), AEROEE TS
BoEAGTHEREBORE ko MESR R Sh
%

FEMERE : MITEARR O b Y S v 7L —EARE
TIXEARIOH~ 3 7 A% Co—@#o 5 >ifio
et/ BELRORSL. 2B ) AvF -5
ml/kg FHEATETIRD 5 ERE O OffiKk F OV E R 1
myEd b s,

(b) FANFOMEBALE, BEL CICHER
Zit

[ IJEARE: [ b ] EABSOS IR A%
DFRWE OHIFEMINE, BRSO MM R E
Bokic B s n s (Fig. 28). 6 Bl 1 T35 5
EICHIM L, 245 IS S T
5.

[+ ) WA IR R OHEZE e o B 1 AR

! # &
'
|y i
o %
" B
»
*

Fig. 28. Spleen of mouse, 30 minutes after 1.25
ml/kg intravenous injection of Thorotrast: Se-
veral Thorotrast granules are phagocytosed in
the cytoplasm of the reticuloendothelial cells
of the red pulp. Some of them deposit in the
extracellular spaces Phase Contrast, %1000,
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Fig. 29. Spleen of mouse, 24 hours after 1.25 ml/
kg intravenous injection of Thorotrast: A few
Thorotrast granules forming small aggrega-
tions deposit in reticuloendothelial cells and
extracellular spaces of the red pulp. H. & E.
Stain, x 600.

DEPIZ L oOTENHS . MAlb, 1.25mlkg FEA
T8O [+ ] BRI 10~20p ¥ ToE
oo MRS DRV AT X B B R O RaRRR
~DWENR BB MILEEE D 5 o MaLED b
LiEETHDH (Fig.29).

5mlkg FEARETIE [ b WFEEHINL, 7
[t iAol b IEMIEXREP R o fbic,
[ b R ROT70~80 =T [+ | oMl
MEA~OWEIROND . 5ol LW T 5

intravenous injection of Thorotrast: Several
gigantic aggregations of Thorotrast granules
are seen in the intercellular spaces of the red
pulp. Intracellular ingestion of Thorotrast
granules is also demonstrable. The amount of
Thorotrast deposited in this group is far more
abundant than in 1.25 mlfkg injected group.
H. & E. Stain, x 400.

AR # AP MR 6% W8 &

(Fig. 30). FrcpMgicd 8o [ ] ER2R
Hahs.

25mlfkg PEAFETE [ F ) xRt o8
FAlc B X, LELE 200~ 300 i s
[ b A 2 a2 . fifekis ol +
FEMLZE LN 5., chs [ ] AEREo
— A, BRtkEs. B 5 oI d HER T 5
(Fig.31). FMEETH [ b P s & Wind %
Ph, FOBRE R L GEIIER . fEo
TS ELTAHDE [ ] THDHOL Ehic

Fig. 31. Spleen of mouse, 24 hours after 25 ml/
kg intravenous injection of Thorotrast: In the

red pulp there are large groupings of the re-
markably enlarged reticuloendothelial cells fil-
led with Thorotrast granules. Some of the Th-
orotrast ingested cells show remarkable degen-
erative changes. H. & E. Stain, x 400.

6 DI P R T

w-k'"» S W]

s P4 e b e Q},“_""

AR
X\

s
PR

&5
2l

s

=
-
rzat
Ty oy
b
F - .y - ]

TGN

Fig. 32. Spleen of mouse, 24 hours after 25 mlf
kg intravenous injection of Thorotrast: In the
red pulp a large number of Thorotrast ag
gregates is deposited (right). In the white pulp
a few Thorotrast granules and aggregates are
also demonstrable (center to left). H. & E.
Stain, %100,
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HggE o [ ] oo EpsEsE o x
51l %% (Fig.32). 100 T & [Alk/cREEN
5.

30H DB 5ml/kg DL Lok ARECIRREEEC
o [+ ] EmRdila oz, B L, et
b SERoB L HnT 5. ¥4, BEOMEE
MAERTESROND . Fio [~ Wb d 8l
KL [+ EROBEARRDBNRS

S%Hu&ﬂ,SnguL®&Kﬁf@ﬁw
Bio [ ] EHoER, MHE8HEDRE E R
CBE#HEOHBE SRS h 5 (Fig. 33). fEm

Fig. 33. Spleen of mouse, 3 months after 25 ml/
kg intravenous injection of Thorotrast: Remar-
kable proliferation of reticulum fibers is seen
encircling Thorotrast aggregates. Silver Impre-
gnationby Pap, x 200.

1105

BioPERUEHFLRD RS .

6 H AL e &, = ORI — B2 L
D 500~ 600s 12l s REMMHELT % . Hicos
ml/kg FEARFCIXHREEEO [+ Eofgn s, H
FEMEOBEE, Ao [+ | o 8Nk
U EIIREE O 2 OEFEy D TER L I D .
12~16% Awcie’h &, 5mlkg HARELL Ecix
AR T L, PR v T D
BT % . 25ml/kg FEAMERORE 3 mlke 3
ARET (X S & ARREE & o X5 vk R & 7 p
(Fig. 34, 35).

Fig. 35. Spleen of rabbit, 16 months afer 3 ml/
kg intravenous injection of Thorotrast: The
majority of the red pulp is replaced by
Thorotrast aggregates (black area). Trabecules
and markedly atrophic white pulps are seen
among the Thorotrast deposited red pulps.
H. & E. Stain, :><4[|

Fig. 34. Spleen of mouse, 12 months after 25 ml/
kg intravenous injection of Thorotrast: Gigan-
tic Thorotrast aggregates of up to several
hundred microns deposited in the red and white
pulp. H. & E. Stain, % 100.
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Fig. 36. Spleen uf rabbit, 16 months afrcr 3 ml/
kg intravenous injection of Thorotrast: The
walls of the blood vessels of a trabecule are
thickened due to Thorotrast depesits, Some of
them are consequently destroyed, H. & E.
Stain, x 200.
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LasL, Zollics vty [ b EREH D
AT MIAARAE B 0 B AR o AR £ L <
e, Flo, FLW Y VAR, #EER, e
OWHEROCFEEN RSB, Mlfuref s L
TEYTS.

PEoz &a6 [ b OfMER O SHER
W, HEAREHIG L, ol offl & i kg
ST A LT D.

mEoZELE LTix, mENEMC X 50 ]
BB 3 H B @ 05 SO e
o [ £650Rbhic. Heleh AROR
Bk [ b RN ES < L\ EEE
JEIE, (g BERAR M EE, Wb, MmEPAZEN
Rboht (Fig. 36) . JRE, BEED Y v<RHigE~
Or]#ELe »AEIGRDLRD Y, FIC
167 A oFRRCrifld CEHTH Y, AMEFIT
FECETRAE bR,

Tk, @EBRMMCEST [ ] FREOFL
WA AR AR, BRI b e
(Table3).

KRR BHEABRO YV § VEARTI,
EAB2ARFE CHEARF O LRFT T T 5.
FOWAETA T E L LT HREE THh, HiE
i, MR AR ERS.
10~30H TIXEAR i3/ MEMA R L ik
R D A PN R O BT, i R

s St - '-_ T

Fig. 37. Spleen of mouse, 30 days after 1.25 ml/
kg intravenous injection of Indian ink: Num-
erous small-sized aggregates of Indian ink de-
posit mainly in the red pulp. H. & E. Stain,
% 400.

'l

R [ Sl i o kRS 3526 8 &

4% (Fig.37). Dk ot 5 », ik
FRIEECHEL L, 6~120 TR ARL

HEEE LT, 30H ¥ Tk BE o M8
fia, MfkEROZEM:, B3E, WE, AR oBERR
G5 oMAFED B s, KA LR bR
5.

BY VI —EARTI, AR D
JEE M O HIRARIR © 13 A 10HE F T g
BPEREOMAFEC LD HRS . fos, 5mlkg #
ABECIRARSOC b &5 o AFERPR AR b h
5.

g LEARCIoTELVER S, [
%, 1.26ml/kg 7 AFECIR24RFEI~10H Gz
ofifaMiR oz, BE5E, W, B ofEx,
HIMEMEAN o P A S BEWE OB 5 o
R bhsys, 30ABRKECIER REBCHE T
. LivL, HIAERRHED LB Toh & 2 0k
LERET % . 5 mlfkg P AREC 24 fE] CRRE 4
BB AR TH LW E Ao MM, %
HRoWm, Fl, B, EIEL O AR HE o
B, HEHBROND . R E M T3 97 E
BT 2 (Fig.38).

IhHoBX3 P AEE CREEL, DSBS
o e e ety R
Sii B
Y

intraperitoneal injection of Trypan Blue: The
structure of the spleen is so diffusely destroyed
that the distinction between red and white
pulp is almost obscured. Disappearance of re-
ticulum fibers is considerable. Silver Impreg-
nationby Pap, x 100.
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WCETT A . 6 2 A LIS GRS 3 EWe
BT mps, BELORIE 1000 w5 kE
REICIERERL N T 5. ABoERE -
AEK, BRI oMM o iE L Roh
%. Tek, HREEPIC SR 0 FIRHIRE o BRI
AELRZ.

(c) DNA 4%k U RNA #4005
]

[ AR DNABAEMERO R N A H4:
M 1 FEAKI0E ¥ CLr @R i S\, 60
AL X AN CLEBR b ha . Bicizn
At o2smlkg AR TR o h b B A
B0 iy, Bek 0 ¥ A e 435

A TN BTN Al i
Fig. 39. Spleen of mouse, 12 months after 25 ml/
kg intravenous injection of Thorotrast: The
majority of the cells of the red pulp shows in-
crease in content of DNA. Large groupings of
Thorotrast aggregates are also seen. Feulgen
DNA Stain, x 400.

Box [ b ] EARCIENE L, £FE%RIMEcE
DTHE IV ELLIE,

KIERE « MIHEARRO v 3 EARETIE,
DN ABER O RN A B4 MIfX10H & ClRgeE
OWMERT A, 308 L EIER KB E T
%.

YAV T A= ARETIE, DN A BI:YIER
O'R N A B4l . 25ml/kg, 5ml/kg 7 A Bt
WIOHEHE T W w ¥in 45, 32 AL
1.25ml/kg AR Tl 2 EFWFREBEAD, 5
ml/kg AR CILEE OMINREBLFE L, Al

1107

FEORBEE H\ - FOTENOE AMCHHT 5 &
s, 6 AT 5mlkg HEAREL IEH
R 5.

@) [rEFSZ M, MLES

[ I EEA=Y A0RF, M Peas a2 it
PR CHIE Lie GGl AL L 30 B i@ %
2z Gasflow Giger Miiller Counter-Ciij5F (Table
300
HHEARILIAE R X 3EEAR IS L.
%, 1.25mlkg WAFETIXIF 1.25~ 3.5mg/ g
(wet tissue) ,Ji 2.75~5.75mg/ g (wet tissue) ; 5
ml/kgiE ABETIEIT 6.0~10.5mg/g (wet tissue),
[Bi11.0~28.0mg/ & (wet tissue) ; 25ml/kg 7i: A B
TIEIF 38.25~60.5mg/ & (wet tissue), i 60.75
~ 127.5mg/& (wet tissue) Tt HICFic
VR AR DB2~78%, Wi 7 ~18% » IS
. ¥, [MIEARIZAFECR M i
DAL D ot

FE AT O T ARG A& I o Ko x
STHETH &, 1.25mlkg JEARECI JFF0.67
Tad /week, JE1.03 rad/week, 5ml/kgik A BE-CiNF
1.65 rad/week, J# 4.43 rad/week ; 25ml/kg A
FECIF 9.39 rad/week, [ 17.77 rad/week ¢
Hotz.

(5) K, B URMEOZRBMNELE [ b B
MEE & ORIF

[P REA LY ARO T Y 74tk o i
VBRI RTTIow, T, S oBRE LA
N, SRBHF, MEERALL.25mlkg FEARECIR
iedh bhigwn, Sml/kg DL RO ARECIiED
LD, Lhuk [+ HEAR 6 WEHE T 224
WTHor, 24RBEECITER,AS0 E A& s
Dy 3AFETRALEL. ZoEFoilk
WIEA EEEBRY B 5. B, Smlkg i
ABETII#EI A, 12.5ml/kg EAFECIIERE L fr
D, TR EZEARAHEMLCLEDL B 7w,
Fio, B, o 2 miEh ok v FEE T 12.5
ml/kg Dl EOEARET I T ¥ AKBENELR
fo.

6 7 AL, b F, BB v B
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Fig. 40. X-ray photographs of mice, 24 hours and
6 months after 25 ml/kg intravenous injection
of Thorotrast:

Fig. 41. Super-soft X-ray photographs of 2 mm
thick slices of the liver and spleen of mice, 24
hours and 6 months after 25 mljkg intravenous

injection of Thorotrast:

(a) 24 hours after: The livertop shows a diffu-
se, faint and cloudy shadow and the spleen
bottom shows a diffuse dense shadow.

(a) 24 hours after: Photograph shows diffusely
dense shadows of the liver and spleen.
Ii . . ‘ aiII

(b) 6 months after: Both of them show conspi-
cuous net-like shadows. Top is liver and bo-
llom is spleen.

(b) 6 months after: photograph shows net-like

shadows of the liver and spleen. 1, ZhooERT [ ] pNEERTYZEDNERE L
G AR 8 EREE B, I M TEMPFRMRIC R S WP O ¥ At

Xl REMCE LS. 1, BF, o 2 ik WET DD THS. 6 7 ALUBRCIFCEAR,
DI VRTICL ook R, B PCARVIBBIERT 20w, [ h ] AN
B ey 2T % (Fig.40, 41). wBEHL, JH‘*G{-i;fJ\a’éEPatriﬁ*fUrdfﬂ RO 7YY v

s R EE B AR ECAEE v, Foifick10e ~% 100p O
W BT50 kéﬁ%‘rzi@lxb. FC R R P B 1004
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BhEo VHE & EEEHNTTR &%



FEA414211 4250

CREERERYHEHT 5D THS.
G & @
CF)EEARE: [ BN Cl I Mg
i, HRERERSE o PR B Eh s 28, —
VT R % fo MM E LT (Fig.
42). Lo L [+ ] oESRABENIHS T,

ra.;i

Fig. 42, Bone marrow of mouse, 6 months after
25 mlfkg intravenous injection of Thorotrast:
The majority of Thorotrast granules is pha-
gocytosed by the reticuloendothelial cells in
the bone marrow. Extracellular aggregates are
also seen. H. & E. Stain, %600,

SEBHIMICES>TIIZO ¥ AR BEiPI /T
LTWwic. ¥, [ M EAROEZECE S HSD
BED [ b ] WEROEIELET HH, F-—-EA
afﬁﬁ%%ﬁﬁ%ﬁbf%&&ﬁ}bﬁb‘

[ W e 5 Rk L LTk, —ifofE
Pl CEMCHEPRMIE, B RiMias oG, BT
AW RO, RBD N RETH S .

WHHBRE « S BTRC s 1 B AR T OB A
R, &8 '] rEREETHL. L,
BU R B U 0 3 Wl o R 4 s VW Vo o 1 1 e
15 Ak, BITEARE, 23 VIEARER
U b Vo8 v/ —1.26mlkg JARE C 1% W
bk Abhic v, L»L, FYVA2AvIFr—5
ml/kg 31 AFE T (1300 F CoO—iB@i o HPIRA
fa, BRSO ZM, I, B bhic. i
2, ZomicEWTE [ EARORFRIIZL
x5,

(6) ZofhdheF AR

[ b lF, B, BRI o B3 Foot

1109

G, © B, BE FURER, BBk, 23, 9P

B, BB, BEED CL, SMARTHELND
WAL TWEZ EARDLRE (ZhboERR
O MR 2 TE AR F ORI S IR R O 2 3 %) .
[ b1 PSRk SRR 2 5l L C S el
ind bivfehyofz (Tabled ),

LaL, AT s [ b ] A
W Lo THENYENH D . 1.26mlkg EARECIR
W7 <, 5ml/kg For2sml/kg pEARECIL
Jid G2

HMIERTL, cho ol F o AR T
D EMENRD BRI, L L3 ~6
» AL EAT 5 .

(a) if»

ChJEARE: (b b TFEi@ieLc
FEv LD oW BRI O ME RS A #o A
RN, i, PR A & /N ok ek,
FBor10~20p - coMEMN R bt (Fig. 43),
O T ] 3D b huin v, 7ok,

[ b ¥ ff 5 M e Rl oy,

RERRRF « IREREGC [ r ) AR - ARk

lﬂ%@ﬁ%ﬁﬂ%h%ﬁ F s e S AL
b U2 vT — 5mlke 1 ABRT 31T 5005

“Iﬁahg-ln-‘:'::
o e
I' IS.."‘“!

Fig. 43. Autoradiogram of heart of mouse, 30
days after 25 ml/kg injection of Thorotrast:
a-tracks show the existence of Thorotrast gra-
nules phagocytosed in the endothelial cells and
in the macrophages of the intramuscular con-
nective tissue, although the particles are not
demonstrable by the light microscope. Tolui-
dine Blue Stain, x 400,
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Table 4: Thorotrast Deposition in Organs other than the Liver and Spleen

: 30 | 6 24 10
Organ ‘ Group ‘Ammal‘ mms| hrs. I hrs. \ days ‘ days ] day's ‘mmnths ‘momhs ‘ mcunths
1.25 |Mouse | — | — | # | + | # o = | H#
wilks [Rae ||| I —
. 5 |Mowe | — | 4 | # | — | + | # | # | H | +
Heart mi/kg [Rat ]I | | F |
25 Mouse | H | 4 | # — # | R H#
ml/kg | Rat [ | ' |
1.25 |Mouse | — | — | H # + |+
ml/kg | Rat | | | | |
. 5 | Mowe | + | # | # | +# I - # | -
S ml/kg | Rat | ; |
25 | Mouse | # IR
mlfkg | Rar | | | | _
1.25 | Mouse | {4 | (&) | | + + | — +#+
mlfkg | Rat | | | |
M | | .
Kidney m5uk ouse | + | H | H | # #+ | # + | i |
g | Rat | | |
25 Mouse | # | 1t ‘ + + +H +
ml/kg Rat ;
1.95  Mouse | — | . T - -
miks Rat || |
5 | Mouse [ — | + = = - In i
Pancreas mifkg [Rat | | |
25 | Mouse — -— |
ml/kg | Rat | I
1.25 | Mouse | |t - i +
mlfkg |'Rat | | [
Stomach 5 iMouse | m I -+ m EN I = f
Intestine ml/kg | Rat l
25 | Mouse | -+ | +H | [
mlfkg |'Rat | ,: p | | |
125 |Mouse | | | I
mifke "Rac '. | | |
Loose connec- 5 Mouse | | | | | |
tive tissue ml/kg |"Rat | : ! | [ +
25 | Mouse | : | | ! i
| mlfkg [ Rat | I I | i | |
Sub- | Mowse | — | — | — | + | = | # [ — | |
maxllla-| : | ' '
il S e I O I I
Endg- ——— il | : 1
crine & Adr 1? IIeSp= Mouse' +  + | # | + I S I s = | + | |
enall ective [
repro- of [Rat | ‘ | | | | I | |
ductive — T - .
organs | oo [AMOUM Mouse | — | + | + | H# | H | # |+ | |
. Rat | | | | i ! | |
Ovary &l Mouse | — + | #H H# O H | H |
Uterus | | Rat | | | | | | | |

Note : 4 Thorotrast particle found by autoradiography.
H Thorotrast aggregates or granules found by microscope.
4t One or more Thortrast aggregates found in each low power field of microscope.
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OEMERF O B O E L R T il b
L.

(b) B

[ b EEARE: [ b eaissc vz iiife
MR, MMER, PRSI CRT % o Bk
ReBEMEh st (Fig. 44), /N B8R /)
HHIHERBERE O B Y v e & W33

r 'lr'

S0y S

oy -“J“
[ e -'
F % | ‘-_-/qu*",.%
k-.:’!‘ , "‘r. 1}"

i _n‘ﬂ - o o

Fig. 44, Autoradiogram of ].ung of mouse, 12
months after 1.25 mlfkg intravenous injection
of Thorotrast:  Thorotrast deposits in the
alveolar cells are demonstrated by e-tarcks.
Toluidine Blue Stain, x600,

Fig. 45. Lung of mouse, 6 months after 25 ml/kg
intravenous injection of Thorotrast: Numerous
small-sized Thorotrast aggregates deposited in
the intra-alveolar connective tissue near the
lung hilum. H. & E. Stain, x 400

ek, FrofboRpEER L T 5KER
HBENT LA —- S0+ 7574 =12k b [+
DFENRRD bhic,

3 A BT ARE M D [ b S a3
SL, MFTRY v {0 o RE#E [+

1111

WEELSIMAT S (Fig.45). chud [+ ] HfisE
B X OEATRY v Ei~BE Lz L xR,

SRTE © KRR B 24 ) G E AR T v i
Ra Epcifia, MR, MESEAHSOMSZE %
{, 30~90H TWHRY v s\, hidE
MNELT DR HFTE Y v ii~DB % E
BRI 5 .

s, PIRVTA—REATECIXIOR HEZ T
M EBEOE W IR, FRD OB .

AL LT, PV SvFr—5mlkg #
ATCER il LR DM, B3E, AR
UHEMBRAMEOBIE, MERTD bRLH, o
BFTEEW L 0B 5hio.

(c) &

[ EEARE: [ b 1224B:RH 5300 % Tt
Fwe RER G B, TRMVE L RAa, AP
M ~ELF % 2okt 5 (Fig. 46). 3
A AU EE~OWE LS b, R E
40~50 % COMERE VRS 5 (Fig. 47).

ML LT, 0REE TRl ARETIR
HE E B AR o WIERE O 5 oifl 23 3 b
% . 5ml/kg Bl EOEARECE0H T FHIE |
B 0ZEW:, BRRROEERRORS &,
DN A4 T O R N A H54: FR A1 b B oo 54 im
WE» FeEd % .

i‘

e

| Milia_ b TR i

Fig. 46. Autoradiogram of kidney oi mouse, 10
days after 25 mlfkg intravenous injection of
Thorotrast: e-tracks show Thorotrast deposition

in the glomerulus. Toluidine Blue Stain,

% 600.
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Fig. 47. Kidney of mouse, 12 months after 25
mlfkg intravenous injection of Thorotrast: A
Thorotrast aggregate deposits in the interstitial
space among the nephrons. H. & E. Stain, x
400.

RHRRE : R A BN 10H £ TS o TR
DOIEARLF AR RO R M LB P2
Bhaat, 30H LR T 5.

s b LT, SHEAR, »r 3 VEA
B, PV SvI—1.25mlkg HEARECIL, 10H
B & ClRME e oRIIER, 5 omRkU
DN A4 B O R N A SRS LAl o L
WEIm R b s, DEEWCERTE. Le
L, FY-SvFor—5mlkg [JEARETIE, 24([E
7y B60 HE ¥ CHUAREREMIE, oIER, SR
O FRANGE b B o TR, RS RHE O B
B, e OEBIE L OB oFER 2 b h
%

(d) [

CRJEARE: [F] dEE LCHE/AHA
R E o BRI A 3 5 25, IRl
b e DR IR 5 . ki LT
L, LiE L, HEAREREE ZES bR
%

RRTE « W IRA BN HER AR ToEAR
F oIS X HEMB OSSR L L Tolt
ENBEZEE B, ThAoFEE RS bhis
("R

(e) B

[FJEARE: [ FRFEodE, &
1 10~20p ¥ CO/NMEBL & U CORIEEA B OYKS

AR E iR S ilE 5268 W8 &

BT EEAS AR TS 55

[k oX85 i S w f{mIhtw3
By, AfasMEIEE S Rohs . [ b ] ks
HMEERRD bR,

REHARE ¢ X IR TIOR8 B ORI T R
BREPNCIE AR T2 B L e B oM iRk % 8
fo. MERALE LTz, YAV T A —5mlkg
EAFTHEORE,L RO h M, 5kt o
T RHER .

(f) AR UL

[F ] EARE : FRIBROCETR G, [
W HERSSEANCRT ¥ o BhrR e g
T5. fok, IR b DR s BTk
[F] WP RE SR, T b gtk s
TR bhicy.

B kT, 24T T B ok
A A P B RV B & 721320~~30p ¥ T
B LTE®RINS. 10~300%3 [ b &l
M v R e BB, o [ ] AR
AL 5. h & —Hgd:, ¥t
Bav [+ EMEERTS (Fig.48). = off
[ SR ) E MR D R B S h B
2, FhEHC U LEEEEECE L0 A M
OHFFR ORI RDBIAE . DX 5T
7Y T CEERCERTH Y, [ ] e X BRI
MIBPEE & LB 5T R %22+ % (Fig.49).

=

'
Jﬂﬂ

Fig. 43. Adrenal gland of mouse, 3 days after 25
ml/kg intravenous injection of Thorotrast: Tho-
rotrast granules concentrated almost exclusi-
vely in the zona reticularis forming small
aggregates. H. & E. Stain, %10
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Fig. 49. Adrenal gland of mouse, 6 months after
5 ml/kg intravenous injection of Thorotrast:
Diffuse proliferation of reticulum fibers is seen
in the adrenal gland, especially in the inner
zone of the cortex. It is especially remarkable
around Thorotrast aggregates. Silver Impreg-

-
Fig. 50. Autoradiogram of testicle of mouse, 30
days after 5 ml/kg intravenous injection of
Thorotrast: a-tracks show Thorotrast deposition
in the germ cells of the seminiferous tubules
(arrows). Toluidine Blue Stain, x 400,

|HTE, [ E e HEA < HEmE
(Leydig’s Interstitial Cell) My & 7= 135 Ek
DO TUHRT 5. L UMM & =< D3us
N [ ] RTROCER #Edbh 5 (Fig.50).
B cux, [ b]xEE L CHEBSSRCE
BIRER DT, % 721320~301 ¥ T o/ NMES
O THEFETS. ek, o [+ ] BREOHE
MAHEEMCED bR S B, SR s
X 5 IMEAEGR S Roh s (Figsl).

FETE, [ RFROERD ORI
EMIOTRERE A BA O BERE AR I h T

Fig. 51. Ovary of mouse, 6 months after 25 ml/
kg intravenous injection of Thorotarst: Thoro-
trast granules and small aggregates are dem-
onstrated in the cortical connective tissue and
in the corpus luteum (arrows). H. & E. Stain,
X 400.

W5,
frds, A, PR, FET, [ ] dEcHk
5 LRSS bhvigu

WHARE : W IRE OO LTSRS T 5
AR F oY, FCEERSERA oHPR
MERoOFTRD RS, HAMELE LT,
Vyo2v7—5mlkg WATRCKITA30HEE T
OMFERAEOBWIE, BREEOHE OMEE, EEM
faoRBITHEEELLDTH .

(g) BRMEHESHETU M 3 X PETEAL
fr

BCF, RERE, BRI, MeRbidE o fERS &k, %
BRSSPI A o [ R ¥ fo i
»EW Lo KA ofEPRMlE, R X
%

ok, MEMENEEA T, FMEEET oBiRE A kA
wEEO [ ] B, ] fErfobh
%
[+ ETHEADES OIEAFBLIC 51T 2 A4k
Zx, 3HETRESED [+ ] B EOHEHRO
WA, MEASaSME, HkoziE BIERD
MR ERRERE, b 0 TH S . 10ALIETIL
Ak o—HBEFECk D, [+ EBRCEER
zbh, % ORI Mo ok o BAE
nRbhZ (Fig. 52). UL, 378 % ToO kK
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Fig. 52. Subcutaneous tissue of mouse, 60 days
after 0.2 mlfkg subcutaneous injection of Tho-
rotrast: Waxy degeneration of muscles is seen
among the areas infiltrated by Thorotrast ag-
gregates. Pre-exsiting muscle fibers at this site
have disappeared due to destruction by Thor-
otrast toxity. H. & E. Stain, x 400,

RO R falEe R S hichor (]
FETHEARD.

RRRE : EARC, EARRTIRb0M
OB AHACRNREREROFH, H
B N CTHEET S . L L, 6aF
WHECTHE S L L Y R v T A —5ml/kg
ATHC BT 5 B ABOTEL RV TED b
iz,

() IREFRFERU[ FOFSZ M| AR
B

LA EDEBHEE B, [ b gy ofiss
RO L - BEESEAEBE L, BRAo
VYA, U v ROIAERRC B IAET 5
ERBIL el zoZ kb [ M Y v
ATHERCIMTHECBE TS L bhs .
IoT, [M] 0oV v ATl O mTERE o8
HRERT 5 70dic, ANMEFlicst) 2 L AkEoH
BT, V) VAFIROIE O RE 1.

(a) U/E

FPIEARE: [ 0] o) v TR0 kEE
RS Ao, Y ARYT Y T O, §4
Bk, WGP, BFFT, BE, B, B (BEEKEIRA
) RONGRIE Y v <o RFEBE A 1T ieof:
(Diagram 1),

ChB Y VAAETTO [ b WEEETE A4

AR EZ A E 2 RE5E H26% 89

//.ﬁi?
90
o
k,g )

O,
\
?:D’\
\1 '.
,
Diagram 1: Thorotrast Deposition in Lymph
Nodes.

® Black dotts show Thorotrast deposited lymph
nodes.

TRIFTERT D . TOWEETLE Y VA JiC—k
THY, YV VAHOFIETC X 5 2ZRITED B
nig\. ok, HEARKC L AZUEROERIIERE
THHF, Mz EEBciR. okt s
[+ oXE 3 M#E#E, KRERiiag o
T ER & Bhnt, —E AR e
B F Foi340~50p % TOMREMENER & L CikE T
5(ﬁgm)

Eﬁ?“" .

gi s &l’

’;g!wu;

- Fig. 53. Lymph node of mouse, 24 hours after
25 mlfkg intravenous injection of Thorotrast:
Thorotrast deposits in the cortical zone of the
lymphoid tissue, either being phagocytosed by
the reticuloendothelial cells or aggregated in
the intercellular spaces. H. & E. Stain, x 400.
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he [ b WEIEECS <, ZR/IMINT
RS TS, Teds, HIfEMIRE O RN, D& Y
VARROHRE Y VoA oIRE, AIRBEHE D Bk
LRdbNn5.

3 HEM L, SE oM [+ ) ERHEPNRAR
D) VATRAHABBERR SR A5, Zhbi10H
IEME LCUBEE A T5 (Fig. 54).

LoL, ok wibh o [ F] #il
AoV vBRBEES2ERECES> TR
bhs.

3~10HE B, EEe [ M) 2EML-{lk
DORPARO Y v REE 35 B T IR E Y R
bhn (Fig. 55),

Fig. 54. Lymph node of 1 mouse, 10 days after 25
mlfkg intravenous injection of Thorotrst: Mi-
grating histiocytic macrophages with much
ingested Thorotrast granules are demonstrated
in the cortical sinuses. H. & E. Stain, x1000.

Fig. 55. Lymph node of mouse, 10 days after 5
mlfkg intravenous injection of Thorotrast: Re-
ticulum fibers of the sinusoidal wall reveal
remarkable proliferation corresponding to the
cortical area in which Thorotrast is remarkably
deposited. Silver Impregnationby Pap, x 200.

F1g 56. Retropentontal lymph node of mouse,
3 months after 25 ml/kg intravenous injection
of Thorotrast: A large mass of Thorotrast pha-
gocytosed cells in the cortex. H. & E. Stain,
% 600.

Fig. 57. Retroperitoneal lymph node of mouse,
3 months after 25 ml/kg intravenous injection
of Thorotrast: Thorotrast aggregates are enclo-
sed by a remarkable proliferation of reticulum
fibers. Silver Impregnationby Pap, x1000.

3ZEP#E, ] &RKMROS Y
vARIO—HEEL, TOFO HELORE
P, Y - EEEHEC B o Rk ek
o [ ] ERART 5 (Fig.56, 57).

6 AT, v EvHie, [ ] 48l
JE BRI oD 3 s i JEFURHE D A Y L
LiERwbhn. fok, Bl [ ] BREOH -
w b #ERLICEE ZHRSHBARMAD %
BROhE., oz Xy, oRilickwciic
[ W HaE b ONFETHZ LY
Y.

6~12h ATk, V v o FER X B
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b WERDENEND ; B, BE#IREAG]
TR, BRI, FFFT, BE MRV vosEn. JERER
FEAGCRE B g4 EROEEEY v Ao
[P WHEENFELIHEMTS. chbo ) v
HITu, #8 B o MFERRHE R O BIR AR HE o 14 2
o8 1002 1 Fs [ F ] B O
[ EBRRBR

DU, USRS, ML, V) vosREER<
fhEk+ % (Fig.58),

. Retroperitoneal lymph node of mouse,
12 months after 25 ml/kg intravenous injection
of Thorotrast: In the cortex large Thorotrast
aggregates and decrease in cellular elements
are noted. H. & E. Stain, % 400.

e

Fig. 59. X-ray photograph of rat, 6 months after
25 mlfkg intravenous injection of Thorotrast:
The photograph demonstrates 2 dense nodular
shadows of the retroperitoneal lymph nodes
along the vertebral colum.

) VBRI

AR E ok F 4Rt 204 His 5

Tefs, thb [ b &EHEY v it e ~12
HADZ YT OVRBETEMER T BB L
LT@RHbhie (Fig.59).

RPBR  HRERICEART 0 ) v i~ D
WA [ b ) AR L AT EEA B4Rt T
L, 2850 VAT . FoWwsE
HALE R B oA, KEMARS oMHEA
HAfilacd b, —HEERCERE OB T
H5. 3~10HE TR FERMREDO Y vRN
EBEN PV ARy —EARTH HRERD B
han, [FIEAFESEVTRw.

HEARTIE e 5 Ay, B EARE,
AN VIEARERO MY o2 v L —1.25ml/kg 3
ARTIREREA LR BRIV, PV v T
—5mlkg FAFCRERHR OIS . AL, 3
7 A HRE ¥ TRIERE o MM R o, 1§
A, UV vABROEA:, U NEIOIBREEN RS B
hs.

ZOC A, HBRETIE ] EARNT ¥
ISEARLF OV VTR EN IR, #EfE¢L
LIERHICTH B = LR T B .

(b) MEFR

(R EAR: [ ] MEREARES0S T
R So [ ] RTFROCERE O [ ] &
ek Rt Eh s, siFEEIL, mEN
rbjnﬁﬁﬁwﬁ%(ﬁgm)

Fig. 60. Autoradiogram of a pulmonary artery
of mouse, 6 hours after 25 ml/kg intravenous
injection of Thorotrast: The existence of Tho-
rotrast ingested cells in the pulmonary artery
is demonstrated by a-tracks. Toluidine Blue
Stain, x 400,
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4R, [ ] oXKEMEERNCILE
L, Mo [ ] RFROERY ol
Bl o B A AT 5.

L, chll#ds [ ] B a9
[E)% 38 U A B0 b P R S hiz.

MEEEDZE b, B PIFT R ciai L -
<, BERFR L gL e s,

RERBRE : ST, WO aHE L LR
AL Gons, M B bhs oiiEAR
R TTH Y, 24RFHEILIEE 12 B0 w T
5. LiL, Thllgd o < A ianiars o
JETEEREE » AT 5 .

A I VEOCRYIA VI A—EATETHITIER
HRTH5.

IMAEBEZ L & LTk, HEAGBRE QMR KM
WX HEMMBEFONRA. T b Vs vF v —F
ABECIIEAKIOR ¥ CIIMABRC &R0 EFEik
BFENRONS . fok, MBAHCE - MRS
s bR, oz ki, [ EARTM
EEEDOW O N IcBIEN R bR O L3 RicoTciT
Rths.

(B) W@ARIEWEHED [ PO SR ] EED
¥4

WARLTLOPE TR LI [ +] ZHEA
Licsse, b 2nfalie 2 i 25 % 5
HROHEC L DBRE L. Blb, FE1kg4 b
5ml @ F Vo7 —% 1.256ml S 4 [EThH
4RI IHEICEEA L, &8 O REY
EIEFH L, B lkg % p25ml o [ b ] %
24 BRI BIEPICEEA LT (P YV 2 v T —+
Db EAR.

(M EAHI~I0A Tk, [+ oKX
R CELEL, IF, BohiEwcdi
O [ r ] SHEARME 'R EhTWbIC BE
T, ToflolEiETy [ ] ol Tl
["AI8

B0H AT, BN B aHko [+ B
HIERD bhiel e b, BEETHEEABACS
o [ F ] WERRORD XSS,

BEERM [ b PEERE P VS v — gkt &
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T s ; s, 1, B, V) vosd, B
OHEPFAMEE Ofh~D [ b | FEOEIMMNER
BDeh3., Lnl, T2z olilciizaiiias
WL [+ 1.25mlkg TEARDOEFLLUT T H 5
(Fig.61).

6 # ALRETL, BB FBEAS AN [ ]
WAEEIED L, BEA [ WER » ¥

Tt
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Pv . e e, ‘.
Yo 3%
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F1g 61. Liver of mou‘ie, 30 days after intraperi-
toneal injection of 5 ml/kg Trypan Blue and
25 mlfkg Thorotrast: As this stage the acute
tissue reaction to Trypan Blue has already be-
come inconspicuous. A focal round cell prolif-
eration and slight degenerative changes of
the hepatic cells only are noticeable. A few
Thorotrast granules phagocytosed by the reti-
culoendothelial cells are demonstrated. H. &
E. Stain, x 400.

Fig. 52 Liver of mouse, 6 months after intra-
peritoneal injection of 5 ml/kg Trypan Blu and
25 mljkg Thorotrast: Areas of Thorotrast and
Trypan Blue deposited are encircled by a zone
of accumulated small round cells, The amount
of Thorotrast deposited is far greater in that
of 6 hours(cf. Fig. 61). H. & E. Stain, x 400.
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. B, B, B WER [+ ] 5mlkg
BARLRRBE EcETA. - ol
TR SER OB VNERK, BCIXIREEA
CEEZRDBNEM, TONMILEN0 E Al
ThH%H. —HoOHE~o [ M ELEDHLR
% (Fig.62).

127A0%, Tl 4o 7Yy VK
W, POBIRABERO/DNENEENROh, BT
b EWPLKRERHRL R DN 5. = OB o ik
FELTE TP X s2BiELOLRBLO
offl, FV2vFa—5mlke FEAREE RS
O, BEirtoeEEciREobhs.
ke kot, FYVAYIAr—TLEofENR
FRELLHBRE [ M 2#FEATHE, [ M ok
T EENC R TR L, RCCHEET
B ASACEEL, B, BENR LY Av7
V=B ROWA &I, BT D bR
HeBE)+5C B bhicLic.

(C) [rAMZR M HFOERERM
A3 30~ 100A o M TITHREE 02 v S ¥
WFTHsH [ M1 A, EFERT~< ) v
=7y VR ETHRE, PASHETHEEDN ]
R (1~2p) F72 [ ] 4E8E (10~%100k)
PR 5 BT~

foe, [+ oEERToBE ¥ BET 5
ik [ ) B E A R OB DR T RS A

Table 5: Staining of Thorotrast Granules
and Aggregates

]l Results

" Hematoxylin Eosin |
PAS |
2R.-Chromotrop

Staining

Yellow brown

Red purple
Red brown
Yellow brown

Van Gieson
Weigert Elastica (—)
Light green

Azan-Mallory

Best-Carmine Dark red
Sudan 3 Fat (=)
Silver Imp-

regnationby Pap (=
Feulgen DNA (=)
Ninhydrin Schiff (+)
Amidoschwarz 10 B Light blue

BAR[E #HaE Mt H26% Me s

PR E D . F T CREORER T,
T ORERIGERE L. L OfEFR% Tables )z
7. B, PASHBR O <AL« v
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Table 6: Tissue Dosage in Regions adjacent
to Thorotrast Aggegate. (rad/week)

Distance from Thorotrast
Aggregate (u)

1| 2| 5\10]2@i30]40\50

se 200 1[1950/1800[1300| 890| 420 190{ 74 | 37
igb 60 115401300 900, 546 220, 92| 87 | 11
g% 20 ¢| 830| 610| 352 180| 60 28 | /
gg 6u| 1700 92 37 11| S|\ /| /| S
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