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(4). In the uterus of the rat glycogen syn- 
thesis is catalyzed by phosphorylase from 
G-1-P and not through the UDPG pathway. 
Since the morphology and physiology of 
smooth muscle and skeletal muscle are not 
the same the difference in the metabolic path- 
way for synthesis of glycogen is not surpris- 
ing. It is possible that smooth muscle cells 
of organs that are not stimulated by ovarian 
hormones can behave in a different way from 
the smooth muscle cells of the uterus. 

Summary. UDPG-glycogen synthetase was 
not demonstrated in the uterus of the ovari- 
ectomized or in the ovariectomized-hormone 
treated rats. However, in the tongue the en- 
zyme was present. The results show that 
glycogen of the rat uterus is not synthesized 
through the UDPG pathway. The results 
also demonstrate a difference in glycogen 

synthesis between the smooth muscle of the 
uterus and skeletal muscle of the tongue. 

The authors are grateful to Dr. Warren N. Dan- 
nenburg, Dept. of Obstetrics and Gynecology Re- 
search, for helpful discussions during the investi- 
gation. 
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.Ethanol is known to interfere with lipid 
mettibolism in such a way that a prompt in- 
crease in the triglyceride content of the liver 
follows a large single dose( 1). A more pro- 
longed ethanol administration causes, in ad- 
dition, a hypertriglyceridemia in animals (2) 
and man(3,4). 

The mechanism of these metabolic alter- 
ations has not been definitely established. 
Evidence for an increased mobilization of fat 
from depots after ethanol has been presented 
by Horning et aZ.( 5 )  in demonstrating that 
the fatty acid composition of liver triglycer- 
ides of ethanol-treated rats resembles that of 
adipose tissue. In further support of this 
concept is the elevated level of plasma free 
fatty acids reported to occur after intoxicat- 
ing doses of ethanol in rat(6,7). However, 
others have not been able to confirm the last 

* This investigation was supported by grants from 
Sigrid Jusslius Foundation, Helsinki, and the Fin- 
nish State Medical Commission. 

finding, and have therefore not accepted the 
fat mobilization theory( 8,9). On the other 
hand, Lieber and Schmid( 10) have demon- 
strated that ethanol in vivo and in vitro in- 
creases the synthesis of fatty acids and in- 
hibits their oxidation in rat liver slices. Simi- 
lar results were obtained also by Reboucas 
and Isselbacher ( 1 1 ) , who showed, however, 
that these effects of ethanol do not adequate- 
ly explain the development of fatty liver. 
Ethanol has also been reported to increase 
the incorporation of palmitic acid into tri- 
glycerides in vitro by cell-free homogenates 
of rat liver( 12), and, in a perfusion experi. 
ment, to decrease the release of triglyceride 
from the liver( 13). 

In addition to the above mechanism there 
remains the possibility that ethanol could 
increase the rate of hepatic uptake of fatty 
acids from circulation and their esterification 
with a-glycerophosphate, i.e., the synthesis 
of triglycerides. This point has been investi- 



TRICLYCERIDE SYNTHESIS IN FATTY LIVER 81 5 

80 
J 

gated in the experiments reported herein. 
Materials and methods. The experiments 

were carried out on male albino rats weigh- 
ing between 240 and 280 g and maintained 
on usual laboratory chow. No fasting period 
preceded the experiments. In the studies con- 
cerning the effect of ethanol on the liver 
a-glycerophosphate ( a-GP) content the ani- 
mals were anesthetized with Nembutal, and 
a piece of liver weighing from 100 to 200 mg 
was removed for analysis. Thereafter, 5 g of 
ethanol per kg body weight was given 
through a stomach tube as a 50% v/v solu- 
tion. Control rats received an isocaloric 
amount of glucose in an equal volume. 
Pieces of liver were removed at  1, 2, and 3 
hours after the intubation. The L-a-glycero- 
phosphate content of the tissues was deter- 
mined by the enzymatic method of Bublitz 
and Kennedy( 14) as modified in this labora- 
tory ( 15). The completeness of absorption 
was controlled at  the end of the experiment 
b y  opening the stomach. 

The incorporation of circulating palmitic 
acid- 1-C14 into hepatic lipids was determined 
as follows. Rats received 6 g of ethanol per 
kg of body weight or an isocaloric amount of 
glucose through a stomach tube. Four hours 
later the animals were anesthetized with 
Nembutal, 1.0 ml of blood was withdrawn 
for analysis of plasma FFA( 16), and imme- 
diately thereafter 0.5 ml of rat plasma con- 
taining 5 pC of palmitic acid-l-C1* (Radio- 
chemical Center, Amersham, England) was 
injected into a jugular vein. After 10 min- 
utes a piece of liver (about 2 0 0  mg) was re- 
moved, and the lipids were extracted from 
it  with chloroform-methanol according to 
Folch et al.(17). Part of the extract was 
taken into ether, evaporated in planchets and 
the radioactivity present in .to$& liver lipid 
counted in a Tracerlab windowless flow 
counter. Another aliquot of the lipid extract 
was fractionated with thin layer chromatog- 
raphy on silica gel G (Merck, Germany) 
using n-hexane-diethyl ether-acetic acid- 
methanol ( 18) as developing solvent. The 
triglyceride, FFA, and phospholipid fractions 
were eluted from the?"medhim and their ra- 
didactivities and amount of the ester frac- 
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TABLE I. Plasma Free Fatty Acid (FFA, pEq/l) Before, and Liver Triglyceride (TG, 
mg/g Fresh Weight), Radioactivity in Hepatic Total Lipid (TL), Triglyceride, and Phos- 
pholipid (PL) 10 Minutes After Intravenous Injection of Palmitic Acid-1-0' into Ethanol- 

Treated and Control (Glucose) Rats. Mean f S.D. 

S.a. of TG Counts/min/liver x 10' 

Group N FFA TG TL TG PL (cPm/Pg) 
- 

Glucose 5 6 7 0 2 5 5  7.2 f 1.9 1360f 90 920 f 35 330 2 4 0  10.1 f 1.8 
Ethanol 5 710 f 60 10.2 f 2.7 245.0'2 120 1710 f 60 420 2 55 18.2 2 5.7 

mals receiving ethanol there was an almost 
.2-fold increase in the incorporation of in- 
jected palmitic acid-C14 into liver lipids as 
compared to controls. The increment of he- 
patic radioactivity was mostly accounted for 
by the triglyceride fraction whereas the in- 
corporation of the label into phospholipids 
was increased only slightly. The labeling of 
hepatic FFA fraction was identical in both 
groups. The liver triglyceride concentration 
of ethanol-treated rats was slightly elevated 
but nevertheless the specific activity of this 
fraction was higher than in control animals. 
The newly synthesized triglyceride thus had 
derived its fatty acid mainly from circula- 
tion. 
Discussion. The rapid increase of the U- 

glycerophosphate content of the liver after 
ethanol administration apparently is mainly 
due to its increased production from dihy- 
droxy-acetone phosphate (DHAP) , a reac- 
tion stimulated by excess DPNH, which gen- 
erates on oxidation of ethanol. An increase 
of liver DPNH/DPN ratio after ethanol ad- 
ministration has been conclusively demon- 
strated by several authors (20, 21, 11). This 
change presumably causes a shift in the 
DHAP # a-GP equilibrium to the side of 
U-GP. On the other hand, if ethanol also 
causes an increased lipolysis in adipose tis- 
sue, a s i s  possible, part of the excess hepatic 
a-GP might be derived from plasma glycerol, 
which is rapidly esterified in the liver. 

The factors controlling the rate of hepatic 
triglyceride synthesis are largely unknown, 
but several observations suggest that the con- 
centration of FFA in plasma is one factor 
(22,23). Although the present results do not 
exclude the possibility that the plasma FFA 
level was raised at some point after adminis- 
tration of ethanol, they clearly suggest that 

this mechanism does not solely explain the 
increase of liver triglyceride by ethanol. An- 
other important factor in the hepatic tri- 
glyceride synthesis might be rate of produc- 
tion and concentration of a-glycerophosphate 
in the liver. The data reported here have 
demonstrated a parallelism between liver con- 
tent of U-GP and hepatic uptake and esterifi- 
cation of circulating palmitic acid in ethanol- 
treated and control rats, but this, of course, 
forms no definite evidence for a causal rela- 
tionship between the two phenomena. 

At any rate, the present experiments sug- 
gest that an increased triglyceride synthesis 
is an important factor in the pathogenesis of 
the ethanol-induced fatty liver. I t  may be 
that an accelerated mobilization of fatty 
acids from adipose tissue is another neces- 
sary condition. The increased hepatic extrac- 
tion of plasma palmitic acid after ethanol 
can hardly be explained by changes in he- 
patic blood flow as this has been reported to 
be uninfluenced by ethanol (24). 

The decrease of plasma FFA level after 
ethanol administration observed by Lieber 
et aL(9)  is possibly explained by an in- 
creased hepatic utilization, and it does not 
necessarily exclude the possibility of an in- 
creased production. The hypertriglyceride- 
mia which follows prolonged ingestion of 
ethanol results possibly from an equilibration 
between the liver and plasma triglyceride 

The results suggest that insight into the 
pathogenesis of ethanol-induced fatty liver 
requires observations in an early phase of its 
development. None of the changes found 
herein is demonstrable when liver triglyceride 
content has attained its maximum. 

Summary. Administration of ethanol to 
rats as a single dose caused a significant in- 

pools. 
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crease in liver L-a-glycerophosphate concen- 
tration and in incorporation of intravenously 
injected palmitic acid-l-C14 into liver tri- 
glycerides. It is suggested that these metabo- 
lic alterations may play an important role in 
the pathogenesis of fatty liver and of hyper- 
triglyceridemia produced by ethanol. The 

,changes could be observed only during the 
first few hours following ingestion of ethanol. 
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A Behavioral Deficit Associated with Phenylketonuria in Rats." (28500) 
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It has been established in this laboratory 
that certain conditions of dietary intake of 
excessive phenylalanine by rats ( 1 ) or mon- 
keys(2) result in urinary excretion of phe- 
nylketones and elevated blood phenylalanine 
levels. Since it has been shown that phenyl- 
ketonuric monkeys have severe and presum- 
ably permanent decrements in learning abil- 
ities and other complex behaviors(2), it was 
of interest to determine if rats with similar 
biochemical evidence of phenylketonuria also 

*Supported by U. S. Public Health Service grant. 

have deficits in higher-order behavior. This 
preliminary report describes a behavioral 
testing procedure which has been reliable in 
rapidly detecting and quantifying a decre- 
ment in the maze performance of phenylketo- 
nuric rats. 

The selection of this procedure was dic- 
tated in part by several previous experiments 
which may be described briefly. The initial 
goal of this research has been to devise a 
learning task simple enough for rapid mas- 
tery by the rat, but difficult enough for re- 




