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number of properties examined.
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Recent investigations in a number of lab-
oratories have made possible the formulation
of a simple hypothesis regarding the under-
lying functional derangement responsible for
accumulation of fat in the liver following car-
bon tetrachloride poisoning. This hypothe-
sis is as follows: The liver is constantly se-
creting large quantities of triglycerides into
the plasma. Carbon tetrachloride poisons
the secretory mechanism and as a result tri-
glycerides accumulate in the liver. Key ob-
servations which led to formulation and test-
ing of this hypothesis were the following:
It was observed(1) that following intubation
of carbon tetrachloride into the stomach of
rats, the hydrocarbon reached its peak con-
centration in the liver within 1 to 2 hours. In
another study(2) it was shown that liver tri-
glycerides were elevated 347 within one hour
and 195% within 3 hours following carbon
tetrachloride poisoning.  Furthermore, we
have shown that mitochondrial oxidation of
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t Senicr Research Fellow, Nat. Inst. Health, P.H.S.
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octanoate, and mitochondrial respiratory con-
trol, are completely unaffected 2 hours after
carbon tetrachloride poisoning at which time
liver triglycerides are elevated 70% (Reck-
nagel, R. O., and B. Lombardi, unpublished).
These observations in conjunction with our
earlier studies(3,4) of mitochondrial function
following carbon tetrachloride poisoning, as
well as related work of others(5) appeared to
us to demonstrate convincingly that failure of
fat oxidation, or uncoupling of oxidative phos-
phorylation, could not account for the early
rise in liver triglyceride content. It was fur-
ther observed(6) that 4 hours after carbon
tetrachloride poisoning, hepatic glucose-6-
phosphatase, a microsomal enzyme, was de-
pressed to 59% of control levels. Subse-
quently, (Recknagel, R. O. and B. Lombardi,
unpublished) it was shown that this enzyme
was depressed 30% 2 hours after carbon tetra-
chloride intoxication. Neubert and Maibauer
(7) had previously noted that the hepatic mi-
crosomal enzyme system involved in amino-
pyrine detoxication was destroyed in carbon
tetrachloride poisoned rats at a time when
no derangement in mitochondrial oxidative
phosphorylation was evident. These observa-
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tions pointed to the membranous component
of the endoplasmic reticulum as the most
probable locus for a hitherto unknown mech-
anism intimately concerned with hepatic lipid
metabolism. Consideration of the role of
liver in transport of lipids in the body led to
the hypothesis that an hepatic lipid secreting
mechanism was probably involved. The re-
cent reviews by Fredrickson and Gordon(8)
and by Olson(9) may be consulted for the
historical roots of this hypothesis. More re-
cently, Byers and Friedman (10), by prevent-
ing exit of triglycerides from the plasma by
means of Triton injection, demonstrated con-
vincingly that the liver is capable of secreting
large amounts of triglycerides into the plasma.
It appeared to us to be highly likely that this
hepatic triglyceride secretory mechanism was
the locus of a functional derangement in the
carbon tetrachloride poisoned liver. This
communication presents data in support of
this hypothesis.

Methods. Sixteen male rats of the Sprague-
Dawley strain, from 208 to 274 g body weight,
were used. The rats were without food over-
night for 17 hours. The experiment which
was carried out twice was designed for 8 rats
divided into 4 equal groups. Four rats were
force-fed mineral oil (0.25 ml/100 g body
weight), and 4 rats were force-fed a 1:1 car-
bon tetrachloride-mineral oil mixture (0.5 ml
of the mixture/100 g body weight). Force-
feeding was done through a stomach tube
under light ether anesthesia. After 2 hours, 2
of the mineral oil fed rats were injected with
0.9% NaCl and 2 were injected with Triton
(Winthrop Labs, WR-1339). Similarly, car-
bon tetrachloride fed rats were injected with
either 0.9% NaCl or Triton. The dose of
Triton was 100 mg/rat, dissolved in 0.5 ml
of 0.9% NaCl, injected into a saphenous vein
under light ether anesthesia. Ninety minutes
after Triton (or 0.9% NaCl) injection, 5 ml
of blood were withdrawn from the abdominal
aorta. The liver was removed and weighed,
and a liver sample taken for triglyceride
analysis. Blood and liver samples were taken
under sodium pentobarbital anesthesia (5
mg/100 g body weight, intraperitoneally).
Plasma triglycerides were estimated according
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TABLE I. Effect of Carbon Tetrachloride Poison-
ing on Plasma Triglyceride Coutent in Triton
Treated and Non-Triton Treated Rats.

Plasma

triglycerides,  Liver tri-
Treatment No.of mg/100 ml glycerides,

of animals rats plasma mgt
Control 4 244 + 2,65 20.5 + 2.63
CClL fed 4 6.4+ .86 609+ 8.8+
Triton (no CCL) 4 286 +21.6  19.3 = 3.68
CCl, fed + Triton 3% 69 +10.3 63.0 + 4.33

* One rat lost nnder nembutal anesthesia.

t All data given as mean —+ stand. error. Liver
triglycerides given as mg/whole liver/100 g body
wt.

to Van Handel and Zilversmit(11). Total
liver lipid was extracted according to Folch
et al.(12), redissolved in chloroform and
passed over a silicic acid column. The chloro-
form eluate of the silicic acid column was
analyzed for triglycerides according to Van
Handel and Zilversmit(11).

Results. Ninety minutes after Triton ad-
ministration to normal rats, plasma triglycer-
ide content was elevated 12-fold (Table I).
If the rats had been poisoned with carbon-
tetrachloride 2 hours previously, this increase
in plasma triglycerides was markedly de-
pressed. Plasma triglyceride concentrations
in carbon tetrachloride poisoned rats not given
Triton were also markedly lower than corre-
sponding controls. Data of Table I also in-
dicate that 3.5 hours post carbon tetrachloride
feeding, liver triglyceride content has been
elevated 3-fold. Triton administration did
not alter hepatic triglyceride concentration in
normal rats, nor did it affect hepatic triglycer-
ide accumulation due to carbon tetrachloride.
This suggests that insofar as lipid transport
mechanisms are concerned, Triton selectively
inhibits exit of triglycerides from plasma
whereas carbon tetrachloride selectively in-
hibits exit of triglycerides from liver. Plasma
triglyceride values formed 4 distinct groups
with no overlapping values. Liver triglyceride
values formed 2 distinct groups (CCly-fed wvs.
non-CCly-fed) with no overlapping values.

Discussion. The data presented suggest
that with respect to the hepatic triglyceride
secretory mechanism, carbon tetrachloride
has, in effect, produced a functional hepatec-
tomy. This is evident in the non-Tritonized



610

animals, but the effect is markedly exagger-
ated following Triton administration. Fail-
ure of the triglyceride secretory mechanism
appears to be almost complete 2 hours after
intoxication, which corresponds in time with
attainment of the peak concentration of car-
bon tetrachloride in the liver(1l). Failure of
the hepatic secretory mechanism results in a
dramatic fall in plasma triglycerides and a
corresponding retention of triglycerides with-
in the liver. The small rise of plasma tri-
glycerides in the carbon tetrachloride poisoned
rats injected with Triton could be due in part
to a contribution from the gut(10).

The hypothesis in its present form has been
restricted to the pathology of carbon tetra-
chloride poisoning. It has been tested only in
regard to the action of this hepatotoxin. How-
ever, it appears self-evident to us that the he-
patic triglyceride secretory mechanism must
be complex and that it could fail as a result
of a variety of pathological disturbances of
the liver cells. It will therefore be most in-
teresting to determine whether ethionine ad-
ministration, choline deficiency, phosphorus
poisoning, etc. likewise produce hepatic fat
accumulation by destruction of or interference
with the normal function of the hepatic tri-
glyceride secretory mechanism. The elegant
demonstration of this hepatic function by
Byers and Friedman(10) has provided a sim-
ple method for determining the extent to
which the hypothesis here presented is in fact
a general one and not peculiar to carbon tetra-
chloride poisoning alone.

Summary. Intravenous administration of

ADRENAL AsSCORBIC Acip AND (CORTICOSTEROIDOGENESIS

Triton to rats causes a marked elevation of
plasma triglycerides. If the rats have been
poisoned with carbon tetrachloride 2 hours
previously, accumulation of triglycerides in
the plasma following Triton administration is
markedly reduced. The existence of an he-
patic triglyceride secretory mechanism is in-
ferred from the work of others, and it is postu-
lated that carbon tetrachloride poisons this
triglyceride secretory mechanism. Triglycer-
ides, which would normally be secreted into
plasma, are retained in the liver.
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In spite of widespread use of adrenal as-
corbic acid concentration as parameter of
adrenal cortical activity, little is known re-
garding its true relationship to corticosteroido-

genesis. Since a sensitive method for deter-
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