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(SFFV) and which probably is responsible 
for inducing polycythemia when present in 
high titers, and another which, when active 
in the presence of little or no SFFV, induces 
anemia. The role of either virus in initiating 
leukemia remains to be determined. 

The authors are indebted to Andres Bulba, 
Joyce Jividen and Fdmund Dywinski for their 
excellent technical d t a n c e .  

1. Friend, C., J. Exptl. Med. 105, 307 (1957). 
2. Mirand, E. A., Science 156, 832 clQ67). 
3. Mirand, E. A., Natl. Cancer Inst. Monogr. 

4. Mirand, E. A. and Grace, J.  T., Jr., Virology 

5. Mirand, E. A. and Grace, J .  T., Jr., Virology 16, 

6. Axelrad, A. A.  and Steeves, R. .4., Virology 

7. Mirand, E. A., Prentice, T .  C., Hoffman, J .  G., 

22, 483 (1966). 

17, 364 (1962). 

344 (1962). 

24, 513 (1964). 

and Grace, J .  T., Jr., Proc. SOC. Exptl. Biol. Med. 
106, 423 (1961). 
8. Mirand, E. A. and P r e d c e ,  T. C., Proc. Soc. 

Exptl. Biol. Med. 95, 164 (1957). 
9. Steeves, R. A. and Axelrad, A. A., Int. J.  

Cancer 2, 235 (1967). 
10. Metcalf, D., Furth, J., and Buffett, R. F., 

Cancer Res. 19, 52 (1939). 
11. Zajdela, F., Bull. Cancer 49, 351 (1962). 
12. Rauscher, F. J., J. Natl. Cancer Inst. 29, 

515 (1962). 
13. Boiron, M., Levy, J.,  Lasneret, J., Oppenheim, 

S., and Bernard, J., J .  Natl. Cancer Inst. 35, 
865 (1965). 
14. Mirand, E. A., Marsha& G. J., Rauscher, F. 

J., and Grace, J. T., Jr., Exptl. Med. Surg. 23, 
323 (1965). 

15. Gross, L., Acta Haematol. 32, 81 (1964). 
16. Siegler, R., Rich, M. A., Cancer Res. 24, 1406 

(1964). 

Received Nov. 14, 1967. P.S.E.B.M., 1968, Vol. 127. 

Effects of Thorotrast upon the Reactivity and Intravascular Dis- 
appearance Rate of Fibrinogen in the Rabbit* (32832) 
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Univfrsi ty  of Southrrn California, Los Angeles, California 90033 

The experiments reponted herein are an ex- 
tension of earlier studies from this laboratory 
of the in vitro ( 1 )  and the in viva ( 2 )  ef- 
fects of Thorotrast upon hemostatic factors in 
the rabbit. In those studies Thorotrast was 
found to prolong the thrombin time of plasma 
but not to lower its fibrinogen level. Further 
evidence of the effect of Thorotrast upon 
fibrinogen reactivity is presented below along 
with measurements of the effect of Thorotrast 
upon the intravascular disappearance rate of 
'''lI-labeled fibrinogen. One purpose was to 
determine if the return of ithe thrombin time 
to normal after Thorotrat was associated 
with the removal from the circulation of in- 
creased amounts of fibrinogen altered by 
Thorotrast. 

*This investigation was supported by PHS Re- 
search Grant No. HE 06128-06 from National Heart 
Institute Band PIES Training G m t  No. TI AM 5192- 
08 from National Institute of Arthritis and Metabodic 
Diseases. 

A second purpose was to look for evidence 
of intravascular clotting after Thorotrast. Our 
recent studies indicated that measurement of 
the disappearance rate of 1311-labeled fibrino- 
gen may detect intravascular clotting after 
endotoxin in rabbits whose fibrinogen levels do 
not fall. Bath the injection of Thorotrast ( 2 )  
and of tissue thromboplastin ( 3 )  lower Fac- 
tor V, Factor VIII, and platelet levels in the 
rabbit. The possibility existed that the falls 
induced by Thorotrast might stem n d  only 
from its direct aotion upon these factors but 
also from intravascular clotting. 

Thorotrast is used to prepare rabbits for 
the deposition of fibrin in glomerular capil- 
laries and renal contical necrosis (the gener- 
alized Shwartzman reaction) by agents known 
to promote intravascular cldting, e.g., endo- 
toxin ( 4 ) ,  activated Factor X ( S ) ,  and by 
agents under study for their ability to promote 
intravascular clotting (6) .  It has been as- 
sumed that the intravascular clotting is in- 
duced by only thme second agent and that 
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Thorotrast acts to prevent cellular clearance 
of fibrin in the liver (7). Yet, Thorotrast alone 
has been reported to produce renal cortical 
necrosis in rabbits (8).  Therefore, it seemed 
important to us to determine if Thorotrast, in 
the dosage used to produce “reticuloendo- 
thelial blockade” in the rabbit (3 ml/kg) was 
itself capable of inducing intravascular 
clotting measurable by an increased rate of 
disappearance of labeled intravascular fibri- 
nogen. 

Materials and Methods. Thorotrast R: a 
sterile, filtered, stabilized 24-26% solution of 
thorium dioxide in a carrier solution of 25% 
dextrin and 10.15 % methylparasept (Fellows- 
Testagar, Detroit, Michigan) was given in- 
travenously in a dosage of 3 ml/kg. Liquid R, 
sodium polyanethol sulfonate (Hoffmnn-La- 
Roche, Nutley, New Jersey) was dissolved in 
saline. Endatoxin-Bacto Lipopolysaccharide 
W E .  coli Olll:B4, (DIFCO Laboratories, 
Detroit, Michigan) was dissolved in saline. 
Rabbits-New Zealand females were fed 
Purim rabbit chow with tetracycline and al- 
lowed water ad libitum. For at  least 3 days 
before and during experiments, potassium 
iodide (200 mglliter) and sodium chloride 
(1.8 gm/liter) were added to the drinking 
water #to prevent accumulation of iodide-1311. 

Rabbit fibrinogen, 9770 clottable, was pre- 
pared from plasma according to McFarlane 
(9) using 25  and 23% saturated ammonium 
sulfate, and was stored at  -20°C until labeled 
with 1311 by Abbott Labaretories, North 
Chicago, Illinois. The initial activity was 
198 pC/mg. The preparation was stored frozen 
and used within 3 weeks. The first experi- 
mental sample, which was taken 30 hours 
after the injection of the labeled material (,.ee 
below), had the following mean distribution 
of radioactivity expressed ;is percentage of 
whole plasma radioactivity: fibrin clot, 85% 
(range 77-9476) ; trichloroacetic acid pre- 
cipitate of the supernatant of the fibrin clot, 
7 yo ; radioactivity remaining in the super- 
natant after treatment with tridoracetic 
acid, 8%. Plots of whole plasma radioactivity 
and of fibrin clot radioactivity in serial sam- 
ples against [time gave lines with parallel 
slopes (Fig. 4). 

Ear veins were dilated with xylene and 

warm water, a 20-gauge siliconized needle 
was inserted, and blood was allowed t o  drip 
directly from the hub, 3 ml onto 6 mg of 
EDTA (disodium salt of ethylenediamine- 
tetraacetic acid) powder in a glass tube, or 
1.8 ml into 0.2 ml of citrate anticoagulant 
(0.06 M in trisodium citrate and 0.04 M in 
citric acid) in plastic. Platelet-poor plasma 
was prepared by centrifuging at  10,OOO rpm 
for 10 min, and was stored in plastic vials 
a t  -2OOC. 

Thrombin time. Citrated plasma, 0.2 ml, 
was warmed for 3 min, and then 0.1 ml of 
thrombin ( 5  NIH-units/ml) was added. Clot- 
ting ltime was recorded in seconds. 

Radioactivity measurement. EDTA plasma, 
0.3 ml was mixed with 5 .5  ml of barbital 
buffer [2.93 gm of NaCl, 5.71 gm of Nabar- 
bital, 22.3 ml of 1 N HCl, made up to 1 liter 
with distilled water] and 0.05 ml of calcium- 
thrombin (equal parts 1 M CaC12 and 1 : 100 
dilution in saline of lo00 units/ml stock 
bovine thrombin prepared as described else- 
where (10)). A glass )rod was placed in the 
mixture. After 60 min the clot was wound 
out on the glass rod, washed in 5 ml of saline 
and 5 ml of distilled water for 30 min and 
dissolved in 5 ml of alkaline urea (0.2 N 
NaOH added to 400 gm of urea to make 1 
liter). Aliquots of plasma, nmclottable super- 
natant buffer, and alkaline urea fibrin solu- 
tion were counted for radioactivity, which was 
expressed as a percentage of plasma radio- 
activity of the first sample. Thorotrast radio- 
activity did not interfere with counting of 
1311 radioactivity. When Thorotrast prevented 
the fibrin clot from adhering to the glass rod, 
separation was made by filtration. 

Results. 1 .  Additional evidence that Thoro- 
trast alters fibrinogen reactivity. ( a )  The 
microscopic appearance of the clot. Four 
tenths ml of rabbit ar human citrated plasma 
were recalcified with 0.1 ml of 40 mM CaC12, 
a drop was p l x d  between a glass microscope 
slide and a cover slip, and observed under 
phase microscopy. Fibrin was first seen on the 
surface of tiny particles as a fine network 
which radiated from different particles to 
meet and intermesh (Fig. 1A). With plasma 
that had incubated at  37°C wilth one- 
twentieth its volume of Thorotrast for 30-90 
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FIG. 1. Phase micrograph (original magification X 450) of fibrin do,t formed by reoalcifying 
0.4 ml of plasma with 0.1 ml of 40 m M  CaCl.. (a) normal plasma, (b)  plasma incubated with 
Thorotrast (0.95 ml of plasma -t 0.05 ml of Thorotrast a t  37°C) for 90 min. 

min, fibrin appeared as a mixture of amor- 
phous precipitate and very short strands (Fig. 
1B).  

( b )  E8ect on thrombin time. The striking 
effect of the injection of Thorotrast on the 
thrombin time was confirmed ( 2 )  (Fig. 2 ) .  
Since there was a t  least a 30-min delay before 
the thrombin time lengthened, a time-con- 
suming reaction, presumably between Thoro- 
trast and fibrinogen! must occur. The throm- 
bin time remained markedly prolonged as 
long as significant amounts of Thorotrast 
radioactivity could be detected in the plasma. 
Some prolongation was still evident 10 hours 
after the injection, but values had returned 
to normal a t  23 hours. 

The distribution of Thorotrast radioactivity 
between fibrin clot and supernatant was de- 
termined in plasma from blood drawn 0.5 and 

1 hour after rabbits were given Thorotrast. 
Approximately 7 5 % of the radioactivity was 
associated with the fibrin clot and 25% with 
the supernatant (Table I ) .  This raises the 
strong possibility that Thorotrast circulates 
largely bound to fibrinogen, but does not prove 
this since Thoratrast could have been occluded 
in the fibrin clot as it formed. Interestingly, 
the distribution of Thorotrast between the 
clot and the supernatamt was the same in 
the 0.5 hour samples, when the thrombin time 
was still normal (30, 32, and 35 sec), as in 
the 1 hour samples, when the thrombin time 
was markedly prolonged (119, 194, 229 sec).  

2 .  Clearance of lSII-labeled fibrinogen. I n  
preliminary studies with 191 I-labeled fibrino- 
gen, plots of either plasma or fibrin-clot ra- 
dioactivity against time on semilogarithmic 
paper consistently gave lines which were 
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curved from the injeotion time to between 20 
and 30 hours and straight thereafter. Since 
earlier investigators (9, 11) have shown that 
the straight line portion of such curves is 
a valid measure of the disappearance of fibrin- 
ogen from the circulation, we adopted the 
following procedure: An initial sample was 
colleoted at  least 30 hours after injection of 

labeled fibrinogen and a second sample was 
taken 16-1 8 hours later. A line drawn through 
these 2 points then defined ,the control labeled 
fibrinogen disappearance curve for that par- 
ticular animal. Downward deviation of sub- 
sequent observed points from an extrapolaticm 
of the control line indicated excess disappear- 
ance of intravascular fibrinogen, which could 

TABLE I. The Distribution of Radioactivity between Fibrin Clot a i d  supernatant in Plasma 
from Blood Taken 0.5 Hour and 1 Hour after Injection of Thorotrast. 

Net oounts in 1 hour 
~~~~ ~~~ ~ ~- ~ 

Animal 1 Animal 2 Animal 3 

Sample 0.5 hour 1 hour 0.5 hour 1 hour 0.5hour 1 h w r  

Fibrin clot 27,796 28,023 25,286 15,132 31,462 24,898 
Sripernatait 11,657 10,441 910G 5465 9632 7400 

0.3 nil of plasma mis~il with 5.5 1111 of buffer and clotted with 0.05 nil of cnlciuni-t~hroiilbin. 
After 1 hour the niixture is filtered. The filtrate is counted as the supernatant, and tlic clot 011 

the filter paper is dissolvod in  5 ml of alk:Lliue iirca :uid counted. 
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HOURS AFTER INJECTION OF THOROTWT 

FIG. 2 .  Th.orotrast radioactivity ( X )  in fibrin 
clot and change in thrombin time ( 0 )  following 
injection of Thorotrast (3  ml/kg) into a rabbit. 

be expressed quantitatively as illustrated in 
Fig. 3. 

Figure 3 shows that a decrease in the con- 
centration of fibrinogen-1311 is a more sensitive 
index of intravascular clotting than the 
fibrinogen concentration. In this animal, given 
50 pg/kg of endotoxin, a marked input of 
fibrinogen into the plasma caused fibrinogen 
levels to rise despite a significant increase in 
the rate of disappearance of fibrinogen from 
the plasma after endatoxin. 

In  7 rabbits (wt. 1.3-1.8 kg) control sam- 
ples were taken at  31 hours and at  47 hours 
after the injection of labeled fibrinogen and 
the animals were then given Thorotrast. 
Serial samples were collected at  intervals up 
to 24 hours. In no animal did the observed 
whole plasma or fibrin-clot radioactivities 
deviate from the extrapolated line. A com- 
posite line constructed from the log mean of 
the data from all animals is shown in Fig. 4. 
Clearly, a significant increase in the removal 
of fibrinogen by any mechanism does not 
occur after Thoro trast. 

3. Precipitation of fibrinogen by  Liquoid. 
Lee and co-workers (12 )  recently reported 
that a dose of Liquoid insufficient in itself to 
provoke renal cortical necrosis did so in rab- 
bits given Thorotrast 3 hours earlier. Al- 
though Liquoid, unlike other agents with this 
effect, precipitates fibrinogen directly, in 
cubating plasma in vitro with unfiltered 430- 
rium dioxide suspension did n d  visibly in- 
crease the precipitate formed on adding small 
amounts of Liquoid to rabbit plasma ( 1). 

To determine whether Thorotrast alters the 
precipi;tability of fibrinogen when given in 
vivo, we drew blood into citrate from 4 
rabbits 3 hours after injecting Thorotrast and 
incubated the plasma with one-tenth volume 
of Liquoid (0.02-10 mg/rnl) for 60 min 
a t  37OC. The quantity of precipitate was 
the same as that noted with plasma from 
a preinjection sample. 

Summary and Conclusions. The data pre- 
sented above confirm and extend previous ob- 
servations (1 ,  2, 13) that Thorotrast mark- 
edly alters the reactivity of fibrinogen. 
Microscopic examination of clods from plasma 
incubated in vitro with Thorotrast revealed 
a progressive defect in fibrin strand formation. 
Thrombin times were prolonged far & least 
10 hours after the intravenous injection into 
rabbits of the dosage ( 3  ml/kg) used 40 

\ 145.3 -5166) I00 _ _ _  

o ' m ' 3 ' 4 2 ' 4 b ' s , ' d 0 '  66 I "  72 

HOURS AFTER - FIBRINOGEN INJECTION 

FIG. 3. Radioactivity of fibrin clot, and fibrino- 
gen level in a rabbit given firin!~gen-'~'I and then 
endotoxin (50 pg/kg). Each point is the mean of 
two determinabions. 
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m l o l ~ ' ' I  1 1  I I I I 1  I I I I 
31 37 43 49 55 61 6 7 .  73 

HOURS A F E R  I 1 3 ' -  NERfNOG€N lNJECflON 

FIG. 4. 1311-nadioactivity in whole plasma (0)  
and fibrin clot (A) in 7 rabbits given fibrinogen-*I 
and then Thorotrast (3 ml/kg). Points are log 
means of from 2 to  7 animals. 

produce "re t iculoendot he1 ial blockade." When 
plasma from blood drawn after the adminis- 
tration of Thorotrast was clotted, most of the 
radioactivity of the Thorotrast was found in 
the clot. This suggests that Thorotrast may 
circulate largely as a complex with fibrinogen. 

Despite these marked effects, Thomtrast 
did not increase the rate of intravascular 
disappearance of 1311-labeled fibrinogen. Thus, 
the return of the thrombin time to normal 
within 1 day after Thorotrast was n d  asso- 
ciated with the removal of measurable 
amounts of a Thorotrast-fibrinogen complex 
or of excess fibrinogen damaged directly or 
indirectly by Thorotrast. Apparently, as 
Thorotrast is removed from the circulation, 
fibrinogen altered by Thorotrast recovers its 
normal reactivity. 

The fibrinogen present in the circulation 3 
hours after the administration of Thorotrast 
was no more susceptible to precipitation in 
vitro by Liquoid than was normal fibrinogen. 
This s u p p r h  ithe view of Lee and co-workers 
(12 )  that Thorotrast has no role other than 
altering reticuloendothelial function in pre- 
paring animals for renal cortical necrmis after 
Liquoid. 

Thorotrast does not induce measurable 

intravascular clotting. Therefore, the declease 
in platelets, Factor V, and Factor VIII ob- 
served earlier ( 2 )  must represent a direot ef- 
fect of Thorotrast upon these factors. Endor 
toxin is normally absorbed from the gut and 
removed by the reticuloendothelial system 
(8). In  ow rabbits, which received a feed 
containing tetracycline, insufficient endotoxin 
was absorbed to change the disappearance rate 
of intravascdar fibrinogen after "reticulo- 
endathelid blockade." This suggests that in 
healthy animals, fed a diet supplemented with 
antibiotic, evidence of increased fihinogen 
disappearance after Thoratrast and a second 
agent may be attributed to an action of the 
second agent, provided that this agent does 
not also increase absorption of endotoxin fm 
the gut. 
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