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with sarcomas the largest and in some cases 
the only tumor mass was attached to connec- 
tive tissue coating around the chamber. 

Microscopically the plasma-cell neoplasms 
were composed of large cells with plasma-cell 
characteristics. Metastases were frequent. 
They were found in ovary, pituitary, spleen 
and lymph nodes. One tumor line caused a 
myeloma type change in kidney and another 
line produced osteolytic lesions. 

Either whole mounts or sections were made 
of the porous membrane with adjacent cell 
layers from some diffusion chambers (Fig. 2 ) .  
Viable appearing mammary tumor tissue was 
found in 4 of 5 chambers from mice that de- 
veloped plasma-cell tumors. His tologically 
recognizable mammary tumor tissue was pres- 
ent in 3 of the 4 chambers’ taken from mice 
with sarcomas. The cells appeared necrotic 
in one chamber but the tissue surrounding the 
chamber was also necrotic. 

Discussion. Induction of plasma-cell tu- 
mors was an unexpected result of these ex- 
periments originally set up to study passage 
of mammary tumor agent through pores of 

various sizes. The findings on mammary tu- 
mors will be published separately. 

Unpublished observations show that rings, 
each with 1 membrane attached, induce sair- 
comas when implanted subcutaneously, but 
further experiments are needed to elucidate 
the role of diffusion chamber parts, the tissue 
inside the chamber and the stilbestrol in in- 
duction of plasma cell tumors. 

Summary. Seven plasma-cell neoplasms 
and 6 fibrosarcomas developed in strain 
BALBjc mice that carried diffusion chambers 
in the peritoneal cavity. The diffusion cham- 
bers contained mammary tumor tissue ob- 
tained from strain C3H mice with the milk 
agent. Five plasma-cell tumors and all sar- 
comas were successfully transplanted to strain 
BALB/c mice. The 2 plasma-cell tumors and 
the 2 sarcomas transplanted to C3H mice 
failed to grow. 

1. Dunn, T. B., J .  Nat.  Cancer Znst., 1954, v14, 1281. 
2 .  Rask-Nielsen, R., ibid., 1956, v16, 1129. 
3. Algire, G. H., Borders, M. L., Evans, V. J., ibid.,, 

1958, v20, 1187. 

Received March 31, 1959. P.S.E.B.M., 1959, ~ 1 0 1 .  

Regulation of Cholesterol Oxidation by Liver in vitro.*+ (24971) 
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Careful balance studies of absorption and 
excretion of bile acids and cholesterol in rats 
(1)  indicated that administration of bile acids 
in the diet depresses mobilization of liver 
cholesterol. Further analysis of this phenome- 
non in both rats(2,3) and mice(4) has shown 
that both rates of synthesis and mobilization 
of liver and adrenal cholesterol are reduced 
upon feeding bile acids. Bile acids are major 
products of cholesterol catabolism in the liver 
( 5 ) .  Daily production of bile acids in the 
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rat is greatly enhanced when enterohepatic 
circulation of acids is interrupted by cannu- 
lation of bile duct (6,7). Bergstrom and Dan- 
ielsson(8) showed that it is the concentratioin 
of bile acid conjugates in portal blood whiclh 
actually influences rate of further synthesis of 
bile acids in the liver. These findings indicatle 
that in zlizlo, the level of recirculating bile salts 
controls cholesterol catabolism in liver and 
further production of bile acids. We have 
now observed this “feedback effect” in an in 
vitro system prepared from rat liver, which 
oxidizes cholesterol to COZ and bile acids 

Methods. Cholesterol-2 7 - P 4  was synthe- 
sized from 3p-hydroxy-5-norcholestene-2 5- 
one ( 10-1 1 ) and purified via the digitonide 

(579) .  
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barium carbonate in a Thixin gel. Nitrogen 
determinations were carried out by  micro- 
Kjeldahl method and the ammonia deter- 
mined by direct hTesslerization and by titra- 
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and final passage through an alumina column. 
Sodium pyruvate-2-C'I4 was obtained from 
,Atomic Energy Research Establishment. 
,Amersham. England. 3 ~ .  7 ~ .  12~-Trihydrosy- 
coprostane-2 7-('14 was synthesized from tri- 
formylchloride and di-isopropyl- 1 .3-C1'-cad- 
mium ( 12.13 ) , Glycocholic and taurocholic 
acids were synthesized from cholic acid 
by method of Sorman(  14) and recrystal- 
lized to constant melting point. These 
synthetic conjugates contained less than 
5y) cholic acid as determined by chroniato- 
graphic separation on paper and paper iono- 
pheresis( 1 5 ) .  Bile cannulae. which allowed 
recirculation of bile into the duct, were in- 
serted in male \Tistar rats weighing 150-1 SO 
g. The bile was allowed to drain into balloons 
(a) directly after operation or (b )  after re- 
circulation for several days before drainage. 
Animals were fed ad lib. and given 0.5%) sa- 
line as drinking fluid? and after a t  least 3 
days drainage of bile, were sacrificed and their 
livers removed and weighed. Livers were 
taken only from those animals which had 
given a consistent bile flow through the can- 
nula, for a t  least 3 days. IVashed liver mito- 
chondria and a boiled supernatant fraction 
were isolated from liver honiogenates prepared 
in 1 0 9  (weight volcme) aqueous sucrose and 
incubated a t  pH 8.5 with cholesterol-2 7 4 . l  I 

or sodium pyruvate-2-C1 I ,  as previously de- 
scribed ( 5,9). The carbon clioxide-GI4 evolved 
Mras trapped in 2 N sodium hydroxide, precipi- 
tated with barium chloride and counted in 
liquid scintillation counter as suspension of 

oxidation of cholesterol, relative to pyruvate 
oxidation. by liver mitochondrial preparations 
from bile-fistula rats, compared with oxida- 
tion of cholesterol by mitochondrial prepara- 
tions from control animals. This is indicated 
by the ratio C,'P, computed as ratio of specific 
radioactivities of CO, (as barium carbonate) 
isolated from incubations with cholesterol-2 7- 
C1 and sodium pyruvate-2-C14 respectively. 
This ratio was significantly greater for oxida- 
tion by liver mitochondria1 preparations from 
bile-fistula animals than for oxidation by simi- 
lar preparations from control animals. 

IYhen taurocholic and glycocholic acids 
were added to incubations with mitochondria 
prepared from normal rat livers, a selective 
inhibition of cholesterol oxidation was ob- 
served. Oxidation of sodium pyruvate and of 
3 ~ ,  7 ~ ,  12~trihydroxycoprostane (THC) was 
depressed to a much lesser extent (Table 11). 
l'ncon juga ted bile acids (cholic, deoxycholic, 
lithocholic acids) and tauro- and glycholitho- 
cholic acids inhibited oxidation of pyruvate 
as well as cholesterol oxidation. 

TABLE 11. Effect of Addcd Bile Acids upon Oxi- 
elation of Rotlium P p n ~ i t e - 2 - C ~ ~ ,  Cholcsterol-27-CJz 
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5 rrig bile acids, neutralized with Tris, added t o  
filial incubation vol of 12.5 nil in 0.1 nr Tr i s  bydro- 
chloride buffer, pH 8.5. 
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Discussion. Cholesterol is oxidized to hy- 
droxycholanic acids by liver mitochondria in 
vitro with loss of terminal methyl groups of 
the side chain(5). Thus, formation of C02 
from these carbon atoms serves as index of 
cholesterol oxidation and bile acid formation. 

These experiments indicate that cholic acid 
conjugates, but not the unconjugated acid, 
regulate oxidation of cholesterol in vitro as 
well as in vivo (6-8). Oxidation of cholesterol 
in vitro was significantly increased when liver 
tissue was depleted of endogenous bile salts 
by drainage of bile and interruption of the en- 
terohepatic circulation. Conversely, when 
bile acid conjugates were added back to the 
oxidative system, cholesterol oxidation was 
decreased. That these were specific effects 
upon cholesterol oxidation and not just acti- 
vation or inhibition of all mitochondrial oxi- 
dases, was indicated by comparative studies 
upon oxidation of sodium pyruvate by the 
same mitochondrial preparations under iden- 
tical conditions. 

These studies of cholesterol oxidation in a 
cell-free system in vitro confirm the in vivo 
findings of a feedback regulation of the trans- 
formation of cholesterol to bile acids. The 
mechanism of this regulatory control cannot 
therefore be ascribed to alterations in perme- 
ability of liver cells to circulating cholesterol, 
under the influence of conjugated bile salts in 
portal blood. 

3a ,  7 ~ ,  12a-Trihydroxycoprostane (THC) , 
which has the side chain structure of choles- 
terol and nuclear structure of cholic acid, is 
readily oxidized by the rat liver to cholic acid 
and COa( 12,16) and has been implicated as 
intermediate in metabolic conversion of cho- 
lesterol to cholic acid. In these experiments, 
bile acid conjugates hardly depressed oxida- 
tion of THC, although oxidation of cholesterol 
was much inhilbited. Evidently, the conju- 
gates do not control cholesterol oxidation by 
competitively inhibiting enzymes which would 
metabolize any trihydroxycoprostanes, formed 
as intermediates in transformation of choles- 
terol to the bile acids. This would appear to 
support Bergstrom’s hypothesis ( 17)  that the 

rate-determining step in cholesterol catabol- 
ism and bile acid formation is associated with 
nuclear hy droxyla tion, especially 7 a-hydroxy- 
lation; and it is this step which is sensitive 
to the conjugated bile acids in the enterohe- 
patic circulation. 

Summary . A feedback mechanism, whereby 
conjugated bile acids control oxidation of 
cholesterol in liver, has been discerned in 
vitro. Addition of cholic acid conjugates de- 
pressed oxidation of cholesterol, but not that 
of sodium pyruvate or 3a, 7 ~ ,  12~-trihydroco- 
prostane, by fortified rat liver mitochondrial 
preparations. Preparations from livers of 
rats, deprived of bile salts by interruption of 
en terohepa t ic circulation, oxidized choles teroil 
to a greater extent than controls. The site of 
action of the feedback effect is discussed 
briefly . 
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