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Effect of phospholipid on fatty liver induced by orotic acid, carbon tetrachloride, or
ethionine has been studied. Results are summarized as follows:

1. Orotic acid induced a marked accumulation of liver glycerides, and a decreased
concentration of liver phospholipid and protein, and of serum beta-lipoprotein. These
lesions were restored by administration of phospholipid.

2. In rats given carbon tetrachloride or ethionine, liver lipid accumulation and a
decreased concentration of serum beta-lipoprotein were partially restored by administra-
tion of phospholipid, but a decreased protein content in the liver was unaffected.

These results indicate that administration of phospholipid is effective in counteract-
ing the depression of serum beta-lipoprotein and liver lipid accumulation by orotic acid,
carbon tetrachloride, or ethionine. Phospholipid appears to have an important role in
normal release of beta-lipoprotein.

Fatty liver can be induced in rats by the administration of a large variety of chemicals.2®
It has been shown that, despite the multiplicity of etiologic factor, formation of fatty liver is
related to one or a few basic and general mechanisms.®~? In the case of fatty liver induced
by carbon tetrachloride®-!? or ethionine,!3-18 as well as those due to puromycin!®2?® or white
phosphorus intoxication,?) the primary lesion appears to be an inhibition in the synthesis of
protein moiety of beta-lipoprotein. Similarly, fatty liver induced by orotic acid seems to
result from a block in the release of beta-lipoprotein from the liver.?2:23)  However, our previous
results?® and others?® have shown that orotic acid has little or no effect on the incorporation

1) Location: Sinjuku-ku, Tokyo.

2) C.H. Rouiller, “The Liver,” Vol. 2, Academic Press, London, 1964, p. 394.

3) B. Lambardi, Lab. Inves., 15, 1 (1966).

4) R.O. Recknagel, B, Lambardi, and M.C. Schotz, Proc. Soc. Exp. Biol. Med., 104, 608 (1960).
5) R.O. Recknagel and B. Lambardi, J. Biol. Chem., 236, 564 (1961).

6) B. Lambardi, Fed. Proc., 24, 1200 (1965).

7) E. Farber, Adv. Lipid. Res., 5, 119 (1967).

8) E.A. Smuckler, O.A, Iseri, and E.P. Benditti, Biockem. Biophys. Res. Commun., 5, 270 (1961).
9) D.S. Robinson and A. Seakins, Biochem., J., 82, 9P (1962).
10) A. Seakins and D.S. Robinson, Biochem. J., 86, 401 (1963).
11) B. Lambardi and G. Ugazio, J. Lipid Res., 6, 498 (1965).
12) R.O. Recknagel, Pharmacol. Rev., 19, 145 (1967).
13) M.V. Simpson, E. Farber, and H. Tarver, J. Biol. Chem., 182, 81 (1950).
14) D.S. Robinson and P.M. Harris, Biockem. J., 80, 361 (1961).
15) P.M. Harris and D.S. Robinson, Biochem. J., 80, 352 (1961).
) M. Heimberg, I. Weinstein, G. Dishmon, and A. Dunkerley, J. Biol. Chem., 237, 3623 (1962).
17) E. Karvinen, O. Koskimies, and M. Miettinen, Acta Physiol. Scand., 62, 150 (1964).
) G. Ugazio and B. Lambardi, Lab. Invest., 14, 711 (1965).
) D.S. Robinson and A. Seakins, Biockim. Biophys. Acta, 62, 163 (1962).
20) D.S. Robinson and A. Seakins, Biockem. J., 83, 36P (1962).
21) A. Seakins and D.S. Robinson, Biockem. J., 92, 308 (1964).
22) R.J. Rubin and R.G. Pendleson, Fed. Proc., 23, 126 (1964).
23) H.G. Windmueller and R.I. Levy, J. Biol. Chem., 242, 2246 (1967).
24) Y. Aizawa and I. Negishi, The 91st Annual Meeting of the Pharmaceutical Society of Japan, Fukuoka,

April 1971.

25) H.G. Windmueller and A.E. Spaeth, J. Biol. Chem., 240, 4398 (1965).

NII-Electronic Library Service



No. -9 1939

of 14C-labeled amino acid into liver protein. Roheim, ¢t al. found that serum apoprotein
(@>>1.21), which combined with lipids in the liver to form betalipoprotein,?® was unaffected
by orotic acid.2",2® They suggested that a failure in the binding of apoprotein with lipids
in rats given orotic acid produces lipid accumulation in the liver. Previously, it was found
that the incorporation of methionine[methyl-*4C] into liver phosphatidylcholine and serum
beta-lipoprotein was significantly decreased by orotic acid® and that a decreased release of
beta-lipoprotein in rats given orotic acid was restored by the addition of phosphatidylcholine
into the incubation medium. These findings indicate that impaired phosphatidylcholine
synthesis may be responsible for a decreased release of beta-lipoprotein and, as a result induce
lipid accumulation in the liver. If so, administration of phospholipid may cure orotic acid-
induced fatty liver. The purpose of this study was to determined if phospholipid has the
ability to restore fatty liver induced by orotic acid, ethionine, and carbon tetrachloride.

Experimental

Rats used in all the experiments were females (180 to 210 g) of Wistar strain and were supplied with
food and water freely. In theinitial study, rats were fed a semisynthetic diet (18 per cent casein, 72.8 per cent
sucrose, 2.0 per cent corn oil, 2.2 per cent vitamin mixture, and 5.0 per cent salts.)® for 2 days. To these
diet 1 per cent orotic acid was added during the next 7 days. Intact rats continued on the indicated diet.
Rats in both groups were injected intraperitoneally, daily, with 0.4 ml of 0.9 per cent sodium chloride solution
containing 40 mg of ox brain phospholipid throughout the experimental period. At the end of this period,
animals were sacrificed by heart puncture under ether anesthesia.

Liver lipids were extracted once with 80 per cent ethanol once with 100 per cent ethanol, twice with
chloroform-ethanol mixture (1:1, by vol.), and once with ether. Glycerides were hydrolyzed in 0.5N
alcoholic potassium hydroxide for 30 min at 70° and liberated glycerol was enzymically determined by the
method of Eggstein.3® Lipid phosphorus was estimated by the method of Chen, ef al.3® after digestion
with perchloric acid. Protein was determined according to Lowry, ef al.3® Serum beta-lipoprotein was
separated according to precipitation method with mepesulfate (sodium salts of sulfated methyl polygal-
acturonate methyl glycoside) as described by Florsheim, et al.?® Lipids in serum beta-lipoprotein were
extracted by the procedure of Folch, ef al.3® Analysis of phospholipid and protein was carried out as des-
cribed above.

In the following experiment, female rats were fasted for 12 hr before receiving carbon tetrachloride or
ethionine., Ethionine was given intraperitoneally with 100 mg of ethionine in saline solution (25 mg/ml)
per 100 g body weight in four divided doses at 0, 3, 6, and 9 hr. Carbon tetrachloride intocixation was pro-
duced by forced feeding of the mixture of carbon tetrachloride and sesame oil (1: 1, by vol.) at a dose of 0.5 ml
of the mixture per 100 g body weight. In carbon tetrachloride- and ethionine-treated groups 40 mg of ox
brain phospholipid was given intraperitoneally, 8 times at 6, 24, and 48 hr before rats were killed. The
animals were sacrificed 24 hr after treatment with carbon tetrachloride or the initial administration of ethio-
nine. Liver lipids and protein, and serum beta-lipoprotein were determined as described above.

Results

Effect of Phospholipid on Orotic Acid-induced Fatty Liver

When rats were fed a semisynthetic diet supplemented with 1 per cent orotic acid, liver
glycerides increased 523 per cent of that in intact rats (Fig. 1). This glyceride accumulation
in the liver was restored by the administration of phospholipid. Administration of phos-
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pholipid had no effect on liver glyceride content in intact rats. The data in Fig. 2 indicate
that the content of liver phospholipid and protein in rats given orotic acid was depressed to
66.1 and 70.2 per cent of that in intact rats, respectively, and this depression was also restored
by the administration of phospholipid. As shown in Fig. 3, low level of serum beta-lipoprotein
were found in rats given orotic acid. As in liver lipids and protein, administration of phos-
pholipid restored the depression of serum beta-lipoprotein. In intact rats, the concentration
of serum beta-lipoprotein was not changed by the administration of phospholipid.
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Fig. 1. Effect of Phospholipid on Liver

Glyceride Content in Orotic Acid-fed
Rats

Histogram shows the content of liver glycerides
in control and phospholipid-treated rats. Vertical
bar represent the mean + standard error.

Rats were fed semisynthetic diet with orotic acid
(orotic acid) for 7 days, while intact rats were fed
semisynthetic diet alone (intact).

Fig. 2. Effect of Phospholipid on Liver Phospho-
lipid and Protein Content in Orotic Acid-fed
Rats '

Histogram shows the content of liver phospholipid and pro-
tein in control and phospholipid-treated rats. Vertical bar
represents the mean + standard error. For experimental condi-
tion, see the legend to Fig. 1. Orotic acid (OA) was added
whre indicated at a level of 1 per cent in the diet.
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Glyceride Content in Rats Given Car-

Fig. 3. Effect of Phospholipid on Serum Beta- bon Tetrachloride or Ethionine

lipoprotein in Orotic Acid-fed Rats

Histogram shows the concentration of serum beta-lipopro-
tein in control and phospholipid treated rats. Vertical bar
represents the mean +standard error.

Rats were fed semisynthetic diet alone (intact) and orotic '

acid-supplemented diet (OA).
[]: control EEH: phospholipid

Histogram shows the content of liver glycerides
in control and phospholipid treated rats. Vertical
bar represents the mean +standard error,

Carbon tetrachloride was given orally with 0.5 ml
of carbon tetrachloride-sesame oil(1: 1) per 100 g
body weight (CCl,), while ethionine (100 mg/100 g
body wt.) was given intraperitoneally in four
divided doses at 0, 3,6, and 9 hr (ethionine). At

24 hr the animals were killed by bleeding from the
heart.

[_J: control : phospholipid

Effect of Phospholipid on Carbon Tetrachloride- and Ethionine-induced Fatty Liver

Liver glycerides in rats given carbon tetrachloride or ethionine were increased about
seven- and three-fold, respectively, as compared with that in intact rats (Fig. 4). Administra-
tion of phospholipid appears to restore the liver glyceride accumulation in rats given carbon
tetrachloride, but a significant difference was not observed. On the other hand, liver lipid
accumulation in rats given ethionine was partially restored by the administration of phos-
pholipid. The content of liver phospholipid in rats given carbon tetrachloride was slightly
decreased, but administration of phospholipid had no effect (Fig. 5). In rats given ethionine,

NII-Electronic Library Service



No. 9 - 1941

the content of phospholipid was the same as that in intact rats. The content of liver protein
was decreased in both rats given carbon tetrachloride and ethionine (Fig. 5). This depression
was unaffected: by the administration of phospholipid in both groups. These results differ
from the case of orotic acid-induced fatty liver (Fig. 2). The concentration of serum beta-
lipoprotein in rats given carbon tetrachloride or ethionine was also decreased (Fig. 6). .The
depression of phospholipid moiety of beta-lipoprotein in rats.given ethionine and protein
moiety in both groups were restored by the administration of phospholipid, but the depressmn
of phosphohp1d moiety in rats given carbon tetrachloride was not changed.
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Fig. 5. Effect of Phospholipid on Liver Phospho- Fig. 6. Effect of Phospholipid on Serum Beta-lipo-
lipid and Protein in' Rats Given Carbon Tetra- - protein in Rats Given Carbon Tetrachloride or
‘chloride or Ethionine ' Ethionine
Histogram shows the content of liver phospholipid and pro- Histogram shows the concentration of serum beta-lipoprotein in
tein in control and phospholipid treated rats. Vertical bar control and phospholipid treated rats. Vertical bar represents
represents thé mean + standard error. ) the mean +standard error. )
. Rats were administered: none (I: intact), carbon tetrachlo- Rats were administered: none (I: intact), carbon tetrachloride
ride (C), or ethionine (E). (C), or ethionine (E).
[C1: control Y : phospholipid - [J: controt EEHE: phospholipid

Discussion

The present study showed that infiltration of glycerides in the liver, and depression of
liver phospholipid and protein, and of serum beta-lipoprotein in rats given orotic acid were
observed, and these lesions can be restored by the administration of phospholipid (Fig. 1 to 3).
Witting3® reported that liver lipid accumulation induced by orotic acid was inversely related
to dietary polyunsaturated fatty acid as in the choline-deficient rat.®® In the present study,
it seems possible that polyunsaturated fatty acid from the phospholipid is released by phos-
pholipase. However, the mechanism of the effect of polyunsaturated fatty acid is little known
in detail. On the other hand, it was demonstrated that liver lipid accumulation induced by
orotic acid was restored by adenine sulfate? but not by lipotropic factors, such as folic acid,
cobalamine, methionine, or choline.’”? Our previous results have shown that, when rats
fed a semisynthetic diet with supplemented orotic acid, the incorporation of methionine
[methyl-1*C] into liver phosphat1dylch011ne and serum beta-lipoprotein was significantly
decreased. Therefore, it can be understood that methionine had no effect on orotic acid-
induced fatty liver. In addition, the depression of liver phosphatidlycholine synthesis may
be due to the depression of adenine nucleotide. However, phospholipid has a curative effect
on fatty liver induced by orotic acid. This curative effect of phospholipid is probably due'
to its effect on the release of beta-lipoprotein from the liver.

Liver necrosis has been observed in carbon tetrachloride-poisoned rats.?® This differs
from fatty liver induced by ethionine or orotic acid. However, carbon tetrachloride-induced.
fatty liver is due to decreased synthesis of protein-moiety in beta-lipoprotein®-1? as in ethionine-
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induced fatty liver.}3-1® These lesions may result from free radical, such as CCly., and
CClI..39-4D since cystamine, a well-known antidote against radiation injury, can restore carbon
tetrachloride-induced liver injury.®% In the present study, administration of phospholipid
tended to only slightly restore liver lipid accumulation after carbon tetrachloride intoxication
{Fig. 4). These results suggest that phospholipid dose not play a major role in hepatotoxic
effect of carbon tetrachloride. However, administration of phospholipid restored the depres-
sion of serum beta-lipoprotein, especially the protein moiety of lipoprotein (Fig. 6). In
addition, Sakai found that the incorporation of labeled choline into serum phospholipid
increased at 38 hr after carbon tetrachloride intoxication.®® From these findings, phos-
pholipid seems to be an important factor in the release of accumulated lipids from the liver.

It is generally accepted that administration of ethionine induces a rapid decrease in the
content of liver adenosine triphosphate!® which is followed, in turn, by inhibition of synthesis
of ribonucleic acid* and of protein,1314:45,46) and as a result, causes lipid accumulation in
the liver.#-49  These lesions can be restored by administration of adenine, adenosine triphos-
phate, adenosine, inosine, or methionine.4»48:50~52) In the present study, administration of
phospholipid partially restored accumulation of liver lipids in rats given ethionine (Fig. 4).
As in the case of carbon tetrachloride-induced fatty liver, this may be due to its effect on the
release of beta-lipoprotein from the liver, since administration of phospholipid resulted in a
return of the concentration of serum beta-lipoprotein to normal (Fig. 6). Robinson, et al.
observed a depression 47 vivo in the incorporation of orthophosphate [32P] into liver and serum
phospholipid in rats given ethionine.’® However, the present results showed that administra-
tion of phospholipid did not affect the decreased protein content in the liver (Fig. 5). Accord-
ingly, it would appear that a decreased phospholipid synthesis is not a primary action on
pathogenesis of fatty liver induced by ethionine. ‘

Thus, fatty liver induced by orotic acid, carbon tetrachloride, and ethionone can be
testored by the administration of phospholipid. These results suggest that phospholipid is an
important factor in normal release of beta-lipoprotein.
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