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Summary:Following cerium injection to female rats: (1) Plasma free
fatty acids (FFA) concentration increases during the first 24 hours,
then remains constant up to 48 hours. (2) Adipose tissue lipolytic
activity increases tremendously during the first 12 hours (+380%),
maintaining high values throughout the study (48hrs). These modifi-
cations are followed by a time-dependent increase of total liver
lipids consisting mainly of triglycerides and to a less extent of
cholesterol. (3) Adrenalectomy prevented the development of cerium-
-induced fatty liver : plasma FFA and lipolysis failed to increase
in adrenalectomized cerium—treated animals. Thus, our study demons-—
trates the involvement of adrenergic stimulation of adipose tissue
lipase as an obligatory step in the development of cerium—induced
fatty liver.

Introduction: The development of fatty liver after intravenous
injection of rare earth salts has been fairly well studied (i-4).
Although the increase of plasma free fatty acids (FFA) resulting
from rare earth administration is thought to be responsible for the
accumulation of liver triglycerides (5), the determination of glyce-
ride fatty acids composition in liver and adipose tissue does not
define the origin of fatty acids which accumulate in the rare earth
fatty liver (4). It has been previously established that hormones
play a major role in the toxicity of rare earth salts : while intact
female and castrated male rats develop a fatty liver, hypophysectomy
protects the liver of female rats from fatty infiltration (2).
Nevertheless, the complexity of hormonal interactions precludes any

definite interpretation of previously publiished data concerning the

particular role of each endocrine gland.

ABBREVIATIONS: FFA : free fatty acids; b.w. : body weight.
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In this study, we demonstrate the existence of a direct rela-
tionship between plasma FFA, adipose tissue lipolytic activity and the
development of fatty liver. In addition, we make evident an essential
role of adipose tissue lipase activation through adrenal hormones in
the cerium—induced fatty liver.

MATERIALS and METHODS:

Animals: Female Wistar rats weighing 200-250 g received under light
ether anesthesia 0.5 ml of 155 mM sodium chloride (control rats) or
cerium chloride (3 mg of cerium, as element, per kg b.w.) by intra-
venous injection in the femoral vein. As cerium administration induces
a reduced food intake, control- and cerium-treated rats were pair-fed.
All animals were fasted overnight before the sacrifice with free

access to tap water. Where mentionned, bilateral adrenalectomy was
performed under pentobarbital anesthesia (30 mg/kg b.w.) 72 hours
before saline or cerium injection.

Analytical methods:At the time indicated after saline or cerium
injection, blood was sampled under light ether anesthesia by aortic
puncture using heparinized syringe. After perfusion of isotonic saline
through the portal vein and complete blanching, the liver was removed,
blotted on filter paper and weighed. The lipids of about 1 g of liver
were extracted in duplicate samples (6). Triglycerides (7), cholesterol
(8) and phospholipids (9) determinations were carried out on aliquots
of the lipid extract. Total liver lipids were determined gravimetri-
cally. After centrifugation of the blood at +4°C, plasma FFA concen—
tration was determined (10).

Determination of lipolytic activity: Fat pads were sampled bilateral-
ly, minced with scissors, washed with isotonic saline to remove blood
and blotted on filter paper. Aliquots of adipose tissue weighing about
200 mg were incubated at 37°C during 60 minutes in 3 ml of Krebs—Ringer
buffer, pH=7.4, containing 10 mM glucose and 0.3 mM delipidated albumin
(11). Lipolytic activity was calculated after determination of FFA
medium concentration (10) at the beginning and at the end of the incu-
bation period. In order to test the direct effect of cerium ions on the
lipolytic activity, adipose tissue lipase was extracted and its activity
determined according to the method of Rizack (12).

Chemicals: All the chemicals for routine use were obtained from Prolabo
(Paris, France). Pentobarbital sodium was obtained from Lathévet (Paris,
France) and cerium chloride from Koch~Light (Colnbrook, England).
Statistical methods: The significance of differences between control
and cerium-treated rats was determined with the Mann-Whitney U-test.

RESULTS and DISCUSSION: Following cerium injection, plasma FFA concen~

tration increases and reaches maximum values 24 hours later (Figure 1).
This increase is statistically significant as early as 12 hours and is
more pronounced between 12 and 24 hours after cerium. High values of
plasma FFA are then maintained with a tendency to decrease between 24
and 48 hours (Figure 1). Our results are in agreement with those

published by Snyder and Stephens (5). These authors suggested that the
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FIGURE ! : Evolution of plasma FFA, adipose tissue lipolytic

activity and liver lipids after cerium injection.Each point
represents the mean *+ SEM of 6 determinations. All values were
determined and compared as described in MATERIALS and METHODS.

observed increase in plasma FFA concentration resulted from extrahepa-
tic mobilization (5).

In order to verify this hypothesis, we determined the lipolytic
activity of adipose tissue at different times after cerium injection.
Between 6 and 12 hours we observed a 4-fold increase of adipose tissue
lipase activity which precedes the increase of plasma FFA (Figure 1).
This kinetic study constitutes the first direct evidence that FFA
accumulation in the plasma observed after cerium injection results
from increased adipose tissue lipolytic activity.

In order to clear up the mechanism of adipose tissue lipase
activation, we tested the possibility of a direct action of cerium
ions on this enzyme. After extraction of lipase from adipose tissue
obtained from intact rats, we measured the effect of cerium chloride
addition in vitro on the lipase activity. Our results rule out a
direct effect of cerium on the lipase : without cerium: 551.2 % 41.9
nmol fatty acids released.hr_1 (n=4); cerium added (2.8 mM) : 570.3

+ 28.4 nmol fatty acids released.hr"1 (n=3). This lack of effect
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contrasts with the lipase inhibition observed after addition of
tetracyclin in vitro, another potent steatogenic agent (13).

As FFA uptake rate by the liver is directly related to their
plasma concentration (14,15), the amount of farty acids taken up by
the liver of cerium—treated animals is greatly increased compared to
control rats. It has been previously shown that in response to an
increased influx of fatty acids into the liver, the amount of low
density lipoproteins secreted by the liver is highly enhanced (16,17).
On the contrary, despite a 2-fold increase of plasma FFA induced by
cerium injection, plasma lipid concentration remains steady (4,18) or
even decreases(19). This disproportion between FFA influx and lipid
secretion leads to a progressive accumulation of liver lipids (Fig. 1).
Previous investigations have shown that the bulk accumulation of liver
lipids is achieved within 48 hours (2) and then remains constant (4)
or slightly increases (3) 72 hours after cerium injection. Later on,

a decrease of lipid content of the liver is observed (3), showing
much variation. This recovery period is difficult to study as only a
few rats survive longer than 72 hours following cerium injection (2).

This progressive accumulation of lipids contrasts with the
tetracyclin-induced fatty liver where a 2-fold increase in liver
lipids is observed as early as 3 hours after injection of the anti-
biotic (13), and suggests a progressive perturbation of lipid metabo-
lism in the liver of cerium-intoxicated animals. The lipids which
accumulate consist mainly of triglycerides : we observe a 3-fold
increase 12 hours and a 6-fold increase 24 hours after Ce, and to a
less extent of cholesterol : +18% at 12 hours and +180% 24 hours after
Ce. On the contrary, the liver phospholipid content remains unchanged
(Table 1).

If high plasma FFA levels resulting from increased adipose tissue

lipase activity are responsible for the fatty infiltration observed after
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cerium injection, a suppression of lipase activation should protect the
liver from steatosis. As epinephrine controls the rate of adipose tissue
lipase (12), we tested the possibility that adrenalectomy could suppress
the lipolytic response observed after cerium injection into intact
animals.

In fact, adrenalectomy performed 72 hours before cerium injection
abolishes completely the development of fatty liver : triglycerides and
cholesterol contents of the cerium- and control- group are similar (Table
1}. Contrasting with our results, Snyder et al. found no or incomplete
prevention of cerium—induced fatty liver after adrenalectomy depending
on the strain of rats used (2). It is likely that differences in the
response of adipose tissue lipase to epinephrine stimulation are respon-
sible for these variations.

The complete prevention of liver triglycerides and cholesterol
accumulation after injection of cerium into adrenalectomized rats
indicates that adrenal hormones play a role of first importance in the
etiology of the cerium—induced fatty liver.

Indeed, injection of cerium into adrenalectomized animals does
not produce the important increase of plasma FFA observed 12 or 24 hrs
after cerium injection into intact animals (Table 2). This observation
prompted us to measure the adipose tissue lipolytic activity in vitro
12 or 24 hours after injection of cerium into adrenalectomized rats.
Again, adrenalectomy prevents completely the considerable increase of
lipolytic activity induced by cerium in intact rats (Table 2).

Thus, in the cerium-induced fatty liver, we have established a
direct cause-effect relationship between : 1-The lipolytic activity of
adipose tissue and the plasma FFA concentration. 2-The excess of plasma
FFA and the accumulation of triglycerides in the liver. It is note-
worthy to compare the mechanism of cerium—fatty liver with the tetra-

cyclin-fatty liver : in the latter case, the steatosis results mainly
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from impaired lipoprotein secretion and not from increased FFA influx
since tetracyclin inhibits directly the adipose tissue lipase, resulting
in a very low plasma FFA concentration (13). It is not known however if
cerium chloride impairs the secretion of lipoproteins by the liver, a
phenomenon enhancing the accumulation of hepatic triglycerides. This

study is under current investigation in our laboratory.
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