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Abstract--The effect of acute ethanol ingestion on hepatic phospholipid metabolism has 
been investigated in the rat. No significant increase in the content of either lecithin or phos- 
phatidylethanolamine occurred in the liver after 12 hr from treatment. The triglyceride con- 
tent of the liver increased three-fold. An increase of lecithin and phosphatidylethanolamine 
synthesis by the Kennedy pathway was found in vitro in the homogenates and microsomal 
fractions prepared from the ethanol-treated rats. A higher rate of conversion of phosphor- 
ylcholine and phosphorylethanolamine to CDP-choline and CDP-ethanolamine was also 
found in the experimental animals. The breakdown of CDP-choline to phosphorylcholine 
was noticeably decreased in the liver fractions of the ethanol-treated rats. No changes in 
the sequential methylation pathway for lecithin synthesis in the liver were observed after 
acute ethanol ingestion. 

IT IS WELL known that ethanol ingestion in the rat results in increased hepatic 
triglyceride content and alterations in lipid metabolism. However, the manner 
by which the ingestion of ethanol, either in acute or chronic conditions, leads to fatty 
infiltration of the liver is not clear, although the lipid accumulation due to acute eth- 
anol treatment has been postulated by many authors to constitute a direct effect of 
ethanol itself on the molecular structure of the membranes. Particularly, a lipoperox- 
idation process has been thought to play a starting causative role in the outbreak 
of acute ethanol-induced liver alterations. 1-3 

Chronic ethanol ingestion produces several side-effects, including interference with 
the hepatic release of triglycerides. 4'5 Phospholipids are known to be involved in this 
release under normal conditions. The mechanism of the removal is as yet unknown, 
although it is clear that the plasma phospholipids which constitute the lipoproteins 
containing the triglycerides released from the liver are formed and metabolized in 
the liver. 6 Popular opinion at the moment indicates that the removal of triglycerides 
from the liver, which occurs by lipoprotein release to the plasma, 7 is impaired at least 
during chronic ethanol treatment. It was thought by several authors in the past that 
ethanol induced fatty liver would contain more triglycerides owing to the lack of pro- 
duction of phospholipids. However, this hypothesis has been proved unreliable, since 
the system ofphospholipid synthesis in fatty liver produced by chronic ethanol treat- 
ment is efficient, 8 and the hepatic phospholipid content is even increased. 9,1° 
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Although studies in vitro and in vivo have been carried out by many workers on 
hepatic phospholipid synthesis and metabolism during chronic ethanol inges- 
tion, 9-12 little attention has been given to acute ethanol treatment in this aspect. A 
quantitative study was undertaken therefore on the in vitro metabolism of choline 
and ethanolamine, and their respective phosphate and cytidine diphosphate esters, 
in homogenates and purified microsomal membranes prepared from fatty livers of 
rats undergoing acute ethanol treatment. A parallel study was carried out in addition 
on phospholipid synthesis under comparable conditions. 

MATERIALS AND METHODS 
Animals and diets. Female Wistar rats weighing 120-150 g body wt (8-10 weeks 

old) were used throughout and caged individually. All groups were matched accord- 
ing to weight at the start of the experiments. Experimental and control rats were fed 
a diet (Piccioni, S.p.A., Brescia, Italy) containing 20'4~o protein, 3"6~o fat, 66"1~o 
mixed starches, 7~o ash and small amounts of cellulose by weight. The diet was com- 
posed of soy-flour powder containing 55'y0 protein (37~o), rice starch (20~o), sucrose 
(32'4~o), olive oil (3~o) and pure cellulose (2-6~). Salts and minerals (4'5~o), and addi- 
tional vitamins and cofactors were added and the diet mixture thoroughly mixed 
before use. Water was given ad lib. to both groups of animals. The rats, all kept in 
the same environment were fed this diet for 7-10 days before treatment. 

Treatment. Both experimental and control rats were fasted 12 hr before either 
saline or ethanol administration. At the desired time, ethanol was given by stomach 
tube as a 50 per cent solution, in a single dose of 6 g/kg. Control rats received by the 
same route a 0"9~o saline solution, in a single dose of 7.5 mg NaC1/100 g body wt. 
All animals, fasted after dosing, were killed by decapitation 12 hr from treatment, 
the livers promptly removed, rinsed with cold isotonic saline and treated as follows. 

Tissue preparation and subcellularfractions. Livers were chopped into small pieces 
and fractions for quantitative triglyceride determinations taken before further oper- 
ations and frozen, if not immediately used. The remaining liver pieces were pooled, 
and a homogenate was prepared as described previously. 13 Microsome and superna- 
tant fractions were prepared according to Binaglia et al. ~3 The microsomal pellet was 
resuspended manually in a small glass-to-glass round-bottomed homogenizer for few 
sec, to give a final suspension in 0.25 M sucrose of about 20-30 mg protein/ml. The 
original post-microsomal supernatant which was used directly contained about 4 mg 
protein/mE The biochemical purity of microsomes was examined according to Por- 
cellati et al. 14 

hwubations. The incubations with the following substrates were performed accord- 
ing to previously published methods; 13 the products of the reactions are shown in 
brackets : choline (phosphorylcholine, CDP-choline, phosphatidylcholine), phos- 
phorylcholine (choline, CDP-choline, phosphatidylcholine), CDP-choline (choline, 
phosphorylcholine, phosphatidylcholine), ethanolamine (phosphorylethanolamine, 
CDP-ethanolamine, phosphatidylcholine, phosphatidylethanolamine), phosphory- 
lethanolamine (ethanolamine, CDP-ethanolamine, phosphatidylcholine, phosphati- 
dylethanolamine) and CDP-ethanolamine (ethanolamine, phosphorylethanolamine, 
phosphatidylcholine, phosphatidylethanolamine). In addition the amounts of the 
remaining substrate were determined. The components of the incubation mixtures 
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and other experimental details of the incubations are given under the appropriate 
tables. 

Extraction, separation and identification of the water-soluble labelled components. 
The reactions were stopped by placing the flasks in ice and then boiling for 3 min 
in a water-bath without shaking.15 The subsequent operations as well as the various 
identification criteria which have been adopted throughout the work were similar 
to those reported by Binaglia et al. ~3 

Isolation and analysis of hepatic lipids. Lipids were extracted from the washed, pre- 
cipitated material according to Porcellati et al. ~4 Separation and identification of 
ethanolamine phosphoglycerides and choline phosphoglycerides were done by the 
procedures described by Binaglia et al. ~3 

Analytical methods. Radioactivity of hydrosoluble compounds was measured 
according to Binaglia et al., 13 using calibration curves with labelled hydrosoluble 
compounds of known radioactivity content. Similarly, labelled lipids were deter- 
mined as reported by Binaglia et al. ~3 with recovery values of about 95 per cent of 
radioactivity. 

Phosphorus content of the hydrosoluble compounds, phospholipid P content of 
t.l.c, spots, and protein were determined as previously described.X3 Triglyceride was 
estimated by the method of Van Handel and Zilversmit. ~6 

Calculation of results. Recovery values and correction factors were calculated for 
each lipid class and hydrosoluble product, 13 and used to compile all the data of this 
communication. Unless otherwise stated, isotope incorporation was converted into 
nmole of product formed by dividing the estimated nCi by the specific activity of 
the incubated precursor. The activity was then expressed as nmoles mg protein- 
hr- 1 +_ S.E.M. The per cent conversion of the incubated precursor into product(s) 
was calculated for the whole incubation mixture on the basis of the nCi found related 
to the incubated nCi of precursor. 

Materials. The labelled and unlabelled substrates, organic solvents, cofactors and 
chromatographic reagents were obtained from commercial sources or prepared, as 
reported elsewhere. 13 

R E S U L T S  

Effect of ethanol on hepatic 91ycerolipids. Acute ethanol administration increased 
the hepatic triglyceride content. Already two hours after its dosing the hepatic trigly- 
ceride concentration was slightly increased in the experimental rats, while a signifi- 
cant increase was observed only 6 hr after treatment, with maximum values at 8 hr. 
At the maximum increase, however, the data was scattered and it was found more 
useful to adopt a 12 hr-interval from dosing since a more reproducible and still very 
consistent increase was noticed, as shown in Table I. It is clear from this table that 
the hepatic triglyceride content increased more than 3-fold in these conditions 
(P < 0.001). There were no substantial differences in triglyceride levels in different 
areas of the liver of treated and control rats. In preliminary experiments it was also 
observed that a dose of glucose, isocaloric to ethanol, gave the same results as sodium 
chloride administration with regard to liver triglyceride content for the 12 hr exam- 
ined. Unlike chronic ethanol treatment, 9,10 the acute administration did not produce 
significant changes in the phosphatidylcholine and phosphatidylethanolamine con- 
tent of either liver homogenates or microsomal membranes (results not shown in the 

~.v. 2 3 / 2 ~ 1  
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TABLE 1. CONCENTRATION OF HEPATIC TRIGLYCERIDES AFTER ACUTE ETHANOL 
INTOXICATION 

Hours after treatment Treatment Triglycerides (mg/g wet wt) 

12 Saline 9.4 ___ 0.72 (18) 
12 Ethanol 29.8 + 4.52 (27) 

Ethanol was given by gastric intubation (6 g/kg), as a 50~o solution. Con- 
trois received saline by the same route (see the text). 

Results are expressed as means + S.E.M. Number of experiments in 
brackets. 

table). Similarly, the wet weight and the protein content of liver from the ethanol- 
treated rats did not change significantly as compared to the control levels. 

General results. Before giving details of the results of subsequent sections, it must 
be mentioned that the incubations were always performed in the presence of saturat- 
ing substrate concentrations 13 and for time intervals that ensure zero-order kinetic 
rates, as determined in preliminary experiments and with reference to previous 
results, x3 It was observed also in preliminary experiments that dosing the control 
rats with glucose, isocaloric to ethanol, in place of saline solution, produced similar 
results in respect to any substrate examined. Isotonic sodium chloride control was 
therefore adopted throughout. All the tables in this paper report absolute values of 
conversion, expressed as nmoles of product formed per mg of incubated protein per 
hr, only for those reactions which involve a direct transformation of substrate to 
product, e.g. choline into phosphorylcholine, or CDP-ethanolamine into lipid, etc. 
It was thought misleading to express the other conversion data in absolute values 
as above, owing to the change in specific activity of direct precursor due to the 
amounts of endogenous material. All other data are expressed therefore as per cent 
of conversion of the incubated precursor into product(s), calculated for the whole in- 
cubation mixture on the basis of the nCi found related to the incubated nCi of pre- 
cursor. 

Effect of ethanol on the conversion of choline and ethanolamine into water-soluble 
and lipid material. Table 2 shows the results obtained by incubating choline or etha- 
nolamine with liver microsomes and homogenates. No differences exist between 
production of phosphorylcholine from choline and of phosphorylethanolamine from 
ethanolamine in normal and fatty liver, either in homogenates or in microsomal frac- 
tions. There were no significant variations in the formation of CDP-choline, whereas a 
valuable increase of the rate of production of CDP-ethanolamine was observed dur- 
ing ethanol intoxication (70 per cent change in the microsomes). From the same 
table it appears that a higher conversion of lipid precursor into lipid material (phos- 
phatidylcholine) occurred in fatty liver by ethanol. The per cent of this conversion 
in liver homogenate, which is about 0.32 per cent in the controls, increased to about 
0.8 per cent in fatty liver. The increase, though less evident, also occurred with liver 
microsomes. Probably CDP-choline, once formed, is more readily transformed into 
lipid material in fatty liver. Recovery of unreacted choline or ethanolamine was 92- 
95 per cent in both normal and fatty liver preparations. 

Effect of ethanol on the conversion of phosphorylcholine and phosphorylethanolamine 
into water-soluble and lipid material. Production of CDP-choline from phosphoryl- 
choline and of CDP-ethanolamine from phosphorylethanolamine increased slightly 
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in the fatty liver homogenate (Table 3). This increase was more evident and statisti- 
cally significant in both cases in the experiments using microsomes, where the per 
cent of variations were from 85 to 117 per cent. The successive conversion of phos- 
phorylcholine into lipid material (phosphatidylcholine) also increased under condi- 
tions of fatty liver in vitro, but not to a noticeable extent. The breakdown of the two 
phosphoric esters to choline and ethanolamine was not affected. The main result aris- 
ing from Table 3 points to a faster utilization of incubated phosphorylcholine and 
phosphorylethanolamine in the fatty liver for the synthesis of correspondent nucleo- 
tides and lipid material. The recovery of incubated substrates averaged always 85-90 
per cent in both normal and fatty liver. This result, together with those of Table 3, 
indicated that loss of material had not occurred and that neither substrate entered 
other material. 

Effect of ethanol on the conversion of CDP-choline and CDP-ethanolamine into 
water-soluble and lipid material. CDP-choline and CDP-ethanolamine were con- 
verted to a higher extent into correspondent phospholipids in fatty liver homogenate 
and microsomes, compared with control values (Table 4), with significant and strik- 
ingly similar results (35-36 per cent increase in the homogenates and 50 per cent in 
the microsomes). CDP-choline was hydrolyzed to phosphorylcholine at a reduced 
rate in the liver homogenate of the treated rats (44.5 nmoles of phosphorylcholine 
produced per mg of protein per hr against 26.3 nmoles in the fatty liver experiments, 
a decrease of about 40 per cent). A decrease of the rate of breakdown of CDP-choline 
took place also at the microsomal level (Table 3), although to a lesser extent (25-28 
per cent). Contrary to these last findings, the breakdown of CDP-ethanolamine to 
phosphorylethanolamine was high both in normal and fatty liver. Choline and eth- 
anolamine were produced in similar amounts in normal and fatty liver, as shown in 
the same Table. The amounts of labelled phosphatidylcholine arising from the step- 
wise methylation of the preformed phosphatidylethanolamine was also estimated. 13 
The amount of this lipid, which is produced in the range of about 12-15 per cent 
of the phosphatidylethanolamine, did not change during fatty liver production 
(Table 4). The recovery of the unreacted CDP-choline and CDP-ethanolamine was 
always satisfactory, and the sum of the unreacted nucleotides together with the pro- 
duced hydrosoluble and lipid compounds often approached 90-95 per cent. 

D I S C U S S I O N  

Few studies on the effects of acute ethanol ingestion on hepatic phospholipid 
metabolism have been described, and the results from these investigations refer 
chiefly to alteration in the fatty acyl profile of membrane phospholipids due to the 
treatment. The present study reveals significant changes in the rate of phospholipid 
synthesis. 

On the other hand, the importance of phospholipids for the structural integrity 
and biochemical function of cellular and subcellular membranes is of such magnitude 
to suggest that some of the changes in phospholipid metabolism found by us during 
the course of acute ethanol intoxication may be caused by alteration in the molecular 
architecture of hepatic membranes which is known to constitute the primary effect 
of ethanol itself. Variations in the molecular structure of liver membranes, such as 
those which occur at the level of the fatty acid profile of microsomal phospholipids 
during ethanol administration, l~'18 are probably the main factors responsible for the 
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changes in phospholipid metabolism, since it is known that this profile will affect to 
some extent enzymic activities related to phospholipid metabolism itself.19,20 

The results of our experiments demonstrated that 8-12 hr after ethanol 
administration the incorporation of some lipid precursors into either phosphatidyl- 
choline or phosphatidylethanolamine of fatty liver is significantly enhanced. These 
changes are accompanied by triglyceride infiltration of the liver. It has been fre- 
quently observed during our experiments that the higher the elevation of trigly- 
ceride content of the liver, the higher were the changes in the rate of synthesis of the 
two mentioned phospholipids. It can be postulated therefore that an increased rate 
of synthesis of phospholipids may reflect a rise in triglyceride and vice versa. It is 
impossible to state to what extent these relationships could be relevant for the bio- 
chemical damage of fatty liver induced by acute ethanol treatment. 

The greatest increase of enzyme activity noticed in our in vitro studies were 
observed at the level of the incorporation of phosphorylcholine and phosphoryleth- 
anolamine into corresponding phospholipids by the Kennedy pathway. This increase 
was clearly accompanied by significantly elevated levels of radioactive CDP-choline 
and CDP-ethanolamine, respectively. Probably one of the most interesting effects of 
the ethanol treatment is the increase in the rate of reaction of the cytidylyltransfer- 
ases (EC 2.7.7.14 and EC 2.7.7.15), which produce the respective cytidine nucleotides. 
These enzymic steps are known to be rate-limiting stages in the Kennedy pathway 
of phospholipid metabolism, 19 and the activating effect of ethanol upon them may 
be interesting in this connection. The activity of the diacyl glycerol cholinephospho- 
transferase and diacylglycerol ethanolaminephosphotransferase (EC 2.7.8.2) is also 
increased during the experimental period, as observed by the increased rate of incor- 
poration of CDP-choline and CDP-ethanolamine into corresponding phospholipids. 
This result may explain also the increased rate of incorporation of the phosphoric 
ester of choline into lipid material. However, it cannot be excluded that a modifica- 
tion of the endogenous diglyceride pool due to ethanol administration might be re- 
sponsible for the observed modifications, since it is not proven yet that the exo- 
genously added diglycerides are undistinguishable from the endogenous diglycerides 
for the active site(s) of the phosphotransferases. 

Although chronic ethanol treatment would also cause an increased rate of syn- 
thesis of hepatic phospholipid in vitro and in vivo, 9'1° there are however some relevant 
differences between the effect of acute and chronic treatment upon phospholipid syn- 
thesis. While long-term ethanol ingestion by rats produces an increase of lecithin syn- 
thesis by the sequential methylation pathway and no changes in the CDP-choline 
pathway, 9 the reverse is true for acute ethanol ingestion (Table 4). It must be added 
in this connection that ethanol ingestion for 2 weeks only does not affect the bio- 
synthesis of phosphatidylcholine by the methylation of phosphatidylethanolamine.12 
There are probably intermediate stages of ethanol intoxication, depending on 
duration of treatment, in which enzymic activities are specifically affected in different 
ways. It is interesting to recall, in this connection, that another type of acute liver 
injury and fatty infiltration, e.g. by CC14, does not similarly affect the methylation 
pathway.21 

It is known that the liver is the main source of phospholipids in plasma. Therefore 
any biochemical change of phospholipid metabolism in the liver is reflected by paral- 
lel variations in the plasma. The finding that two independent pathways for phospha- 
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tidylcholine synthesis in the liver (the Kennedy pathway and the stepwise methyla- 
tion pathway) are differently affected during acute ethanol intoxication may be im- 
portant in this respect, because the two pathways provide different lecithin molecules 
in the liver. 22'23 The different degree of response of the two pathways to ethanol 
treatment could constitute an efficient means of controlling the availability of specific 
molecular species of lecithins for the lipoproteins to transport triglycerides to the 
plasma. 

The variations in enzymic activities of phospholipid metabolism noticed during 
the present work do not seem to be related to enzyme induction due to ethanol. This 
consideration is substantiated by the finding that among the enzyme activities exam- 
ined some were unaffected and some even decreased, such as the CDP-choline hydro- 
lyzing enzyme. Moreover, the acute administration of ethanol, contrary to the 
chronic treatment, produces a decrease in the smooth endoplasmic reticulum, 24 and 
no variations of cytochrome P-450 and other microsomal enzymatic activities. 24'25 
The changes in enzyme activities observed during acute ethanol treatment probably 
reflect the development of the fatty liver. 

Acknowledgements--This work was supported by a research grant from the Consiglio Nazionale delle 
Ricerche, Rome (No. 72/00853/04-115,3381). We are indebted to Miss S. Spanner, Birmingham, England 
for helpful advice in some phases of this work. R. R. is a holder of a State Scholarship from the Ministero 
della Pubblica Istruzione, Rome. Mr. E. Giovagnoli and Mr. P. Caligiana assisted in some experiments. 

R E F E R E N C E S  

I. N. R. D1 Luzlo, Lab. Invest. 15, 50 (1966). 
2. M. COMPORTI, A. D. HARTMAN and N. R. DI Luzlo, Lab. Invest. 16, 616 (1967). 
3. A. TAKAI)A, F. [KEGAMI, Y. OKUMURA, Y. HASAMURA, R. KANAYAMA and J. TAKEUCHI, Lab. Incest. 

23, 421 (1970). 
4. K. J. ISSELBACHER and N. J. GREENBERG, New En.ql. J. Med. 270, 402 (1964). 
5. C. S. L,~)~ER. Fedn Proc. 26, 1443 0967). 
6. E. FARBER, Gastroenterology 50, 137 (1966). 
7. B. LOMBARDI, Fedn Proc. 24, 1200 (1965). 
8. R. SCHEIG and K. J. ISSELBACHER, .J. Lipid Res. 6, 269 0965). 
9. H. J. FALLON, P. M. GERTMAN and E. L. KEMP, Biochim. biophys. Acta 187, 94 (1969). 

10. C. L. MENDENHALL, R. H. BRADFORD and R. H. FURMAN, Biochim. biophys. Acta 187, 501 (1969). 
l 1. C. L. MENDENHALL, R. H. BRADFORD and R. H. FURMAN, Biochim. biophys. Acta 187, 510 (1969). 
12. D. N. SKURDAL and W. E. CORNATZER, Proc. Soc. exp. Biol. reed. 140, 528 (1972). 
13. L. B1NAGLIA, R. ROBERTI, G. MICHAL and G. PORCELLATI, Int. J. Biochem. 4, 597 (1973). 
14. G. PORCELLATI, G. AR1ENTI, M. PIROTTA and D. GIORGINI, J. Neurochem. 18, 1395 (1971). 
15. W. C. SCHNEIDER and R. M. BEHKI, J. biol. Chem. 238, 3565 (1963). 
16. E. VAN HANDEL and D. B. ZILVERSMIT, J. Lab. clin. Med. 50, 152 (1957). 
17. S.W. FRENCH, T. J. IHRIG, G. P. SHAW, T. T. TANAKA and M. L. NORUM, Res. Comm. Chem. Pathol. 

Pharmae. 2, 567 (1971). 
18. M. COMPORTI, E. BURDINO and F. RAJA, Life Sci. 10, 855 (1971). 
19. G. PORCELLATI, in Advances in Enzyme Regulation (Ed. G. WEBER), p. 83. Academic Press, New York 

(1972). 
20. G. PORCELLATI, in Dietary Lipids and Postnatal Development (Eds. C. GALL1, G. JACINI and R. PECILE), 

p. 90. Raven Press, New York (1973). 
21. Y. SHIMlZU, J. Lipid Res. 10, 479 (1969). 
22. D. RYTTER, J. E. M1LLER and W. E. CORYATZER, Bioehim. biophys, acta 152, 418 (1968). 
23. R. L. L', MAN, S. M. HOPKYNS, G. SHEENAN and J. T1NOCO, Biochim. biophys. Acta 152, 197 (1968). 
24. E. A. PORTA, O. R. KOCH and W. S. HARTROFT, Exp. molec. Path. 12, 104 (1970). 
25. E. RUBIN, P. BACCHIN and C. S. LIEBER, J. Clin. Invest. 48, 7t (1969). 


