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TABLE 11. Plasma Lipid and Cholesterol Levels of Turkeys Fed Estrogens and Cholesterol. 

Total lipid" Total cholesterol" Total lipid/total 
Treatment (mg/lOO ml) (mg/100 ml) cholesterol 

0 691 5 189 184 & 28 3.76/1 
1.71/1 Cholesterol 1,112 2 359 648 2 166 

DES 13,839 & 3,095 1,065 f 266 12.99/1 
DES-cholesterol 2,167 & 660 770 k 228 2.81/1 
DD 16,103 & 1,390 1,136 2 261 14.17/1 
DD-cholesterol 16,662 & 3,850 1,967 5 608 8.46/1 

* Mean f standard error at 11 weeks of age. 
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Experimental Studies of Factors Influencing Hepatic Meltastasels. 
XVIII. Significance of Trapped Tumor Cells." (31876) 
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Partial hepatectomy ( 1 ) , vena cava con- 
striction ( 2 )  , reticuloendothdial system block- 
ade (3 ), mechanical trauma (4),  high fat diet 
( 5 )  and dextran(6) have been observed to 
increase the incidence as well as size of he- 
patic metastases following intraportal injec- 
tion of relatively known numbers of Walker 
tumor cells in Sprague-Dawley rats. Precise 
mechanisms responsible for the enhanced me- 
tastases have not !been elucidated, although 
evidence suggested that this effect resulted 
from hepatic damage and/or the trapping 
of tumor cells within the liver. The present 

study was performed with 51Cr-labeled tumor 
cells to determine the significance of increased 
retention of tumor cells in this regard. 

Material and methods. Adult female 
Sprague-Dawley rats,+ weighing approximate- 
ly 200 g, were employed in all experiments. 
They were housed in individual cages and, 
except for those receiving a high fat diet, 
were permitted Purina Laboratory Chow and 
tap water ad libitum. Animals on the high 
fat diet were fed a 30% fat, choline-free diet 
for 4 weeks before tumor cell injection. Their 
controls were pair-fed with a 3% fat diet dur- 
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laboratory since 195 7, was employed. Details 
of technics used for preparation, counting, in- 
traportal inoculation and 51Cr-labeling of such 
cells have been previously described ( 7,8). 
51Cr-labeled cells were suspended in saline or 
dextran so as to provide a concentration of 
500,000 cells per 0.5 ml. The activity of the 
suspensions used in these experiments aver- 
aged 1600 counts/min/0.5 ml. 

Animals were sacrificed by exsanguination 
1, 4 or 24 hours after tumor cell injection. 
Livers were removed, washed free of surface 
blood and blotted dry. 51Cr activity of the 
median, left lateral and remaining lobes of 
each liver was separately counted, utilizing a 
Baird-Atomic sodium iodide thallium acti- 
vated well scintillation counter. 

It was repeatedly demonstrated that a di- 
rect relationship existed between the num- 
ber of tumor cells and radioactivity of all 
suspensions employed, indicating a random 
distribution of the chromium tag within the 
tumor cell population. Results are presented 
as percent of injected cells or percent of 
radioactivity. 

Technics utilized for partial hepatectomy 
( 1 ) , caval constriction ( 2 )  and mechanical 
trauma (manipulation) (4) of the liver were 
similar to those previously described in detail. 

Reticuloendothelial interference was pro- 
duced by intravenous injection of shellac- 
free India inkt (32 mg/100 g) 2 hours prior 
to or immediately after injection of tumor 
cells. This dose delayed the plasma clearance 
of Evans blue as noted previously (3 ) .  

Two ml of low molecular weight dextranQ 
(molecular weight 40,0010, 10% wtJvol in 
saline) was injected intravenously 1 hour be- 
fore tumor cell injection. Tumor cells sus- 
pended in low molecular weight dextran in- 
stead of saline were also injected intraportally. 

Results. Control, untreated rats inoculated 
intraportally with labeled tumor cells demon- 
strated 31.1 -F- 9.376, 25.6 t 7.4% and 
23.8 -t- 5.1% of the injected activity and/or 
tumor cells within their livers 1, 4 and 24 
hours, respectively, following injection (Table 

$ C 11/1431A, Gunther Wagner, Hannover, Ger- 

$ Rheomxrodex, Phamaha Laboratories, Uppsa- 
many. 

la, Sweden. 

I ) .  The distribution of cells within the hepatic 
lobes was unequal. One hour following in- 
jection, 70% of the liver (left lateral and 
median lobes) of 17 rats contained 50.1 -F- 
10.2% of the injected cells, whereas the right 
lateral and caudate lobes (30% of the liver), 
which comprise the hepatic remnant follow- 
ing partial hepatectomy, demonstrated 49.9 

When partial hepatectomy was performed 
24 hours prior to or immediately after tumor 
cell injection, liver remnants contained the 
same as or less activity than that contained 
in a similar portion of liver in control ani- 
mals. Vena cava constriction, R-E blockade, 
hepatic manipulation, administration of a high 
fat diet, and dextran also failed to produce 
a significantly greater number of tumor cells 
in the liver (Table I).  

Discussion. Previous experiments per- 
formed by us(7,8) as well as others(9,lO) 
indicate the usefulness as well as validity of 
labeling tumor cells with 51Cr. Activity fol- 
lowing this procedure is almost exclusively 
limited to the cellular elements of labeled 
tumor cell suspensions and such cells are 
capable of growth into overt tumors when 
transplanted to suitable hosts. Histologic 
study has revealed that the administration 
of such colloidal particles as India ink(3) and 
dextran (6)  results in sinusoidal compression 
due to swelling of Kupfer cells containing 
these phagocytized particles. A similar sinus- 
oidal alteration is apparent in the livers of 
rats receiving a high fat, choline-free ration, 
in which instance sinusoidal cells are dis- 
tended with lipid ( 5 ) .  This information as 
well as recognition of a comparable effect 
of caval constriction at  the site of hepatic 
outflow on metastases suggest that the en- 
hancing effect of these modalities on metas- 
tasis formation within the liver may result 
from trapping of tumor cells within this or- 
gan. A relatively proportional relatiunship 
has been noted between numbers of tumor 
cells inoculated intraportally and incidence 
and size of hepatic metastases ( 7) .  Alteration 
of the hepatic microcirculation following par- 
tial hepatectomy or hepatic manipulation 
might also be visualized as producing intra- 
hepatic trapping of tumos cells. Yet, the 

t 10.1%. 
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TABLE I. Percent of Intraportally Inoculated “Cr-Labeled Tumor Cells in  Liver. 

Time of sacrifice post tumor cell (TC) injection (hr) 
1 4 24 

I. Controls 
Total liver 31.1 f 9.3” 
Lef t  lateral and medium 15.5 f 4.1 

lobes (70%) 
11. Partial  hepatectomy 

A. 24 hr before TC in j  
B. Immediately after TC inj 

111. Vena cava constriction 
A. Immediately before TC in j  
B. Immediately after TC in j  

A. 2 hr before TC in j  

21.3 f 2.7 
15.6 ~fr 3.3 

26.9 & 4.4 
25.1 f 3.5 

22.9 & 6.0 
IV. R-E blockade 

B. 1 hr after TC in j  - 

V. Liver trauma 
A. 15 min before TC in j  27.4 3.2 
B. 15 min after TC in j  30.0 8.1 

30.8 rfr 5.4 

21.3 2 2.7 
15.6 r+ 3.3 

VI. High f a t  diet 
VII .  Dextran 

A. 1 hr  before TC in j  
B. TC suspended in dextran 

25.6 f 7.4 
13.4 & 3.8 

12.9 ~fr 2.8 
8.2 2 3.0 

28.7 +- 3.7 
25.6 f 2.6 

22.6 f 5.3 
19.2 & 4.4 

15.5 ? 2.2 
23.5 f 10.8 
31.3 f 5.5 

12.9 & 2.8 
8.2 f 3.1 

23.8 & 5.1 
13.0 f 2.2 

11.6 & 2.3 
6.9 f 1.8 

19.7 3.4 
19.6 2 2.8 

14.3 4.4 
11.1 & 2.2 

19.6 f 7.0 
22.0 & 9.3 
26.2 4.5 

11.6 f 2.3 
6.9 -t- 1.8 

* Each value is the mean and standard deviation of 12 animals. 

results of this study fail to suibstantiate such 
a coatention. Also, investigation of rheologic 

free diet, caval constriction, or injection of 
dextran. This information indicates that the 

properties of the blood following hepatic 
manipulation failed to disclose an increase 
in blood viscosity( 6) .  

All of the modalities utilized to augment 
metastases, except dextran infusion, have also 
been noted to produce elevation of serum 
glutamic oxalacetic and pyruvic transami- 
nases(1-S), which in the absence of histo- 
logic evidence of damage in other tissues 
signifies hepatocellular damage. Attempts to 
more precisely define this latter have been 
unsuccesslful. Nevertheless, it appears more 
plausible to relate the augmentation of he- 
patic metastases produced by these modali- 
ties to the metabolic or biologic (“soil”) in- 
fluences of damaged hqat ic  cells on tumor 

augmentation of hepa tic metastases produced 
by these modalities in this model system is 
related to their metabollic or biologic (“soil”) 
rather than mechanical influences on hepatic- 
tumor cell relations hips. 
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