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Mallov and Bloch [l] first reported that a Iarge single dose 
of ethanol. given to the rat either by stomach tube or by in- 
traperitoneal injection provoked a significant accumulation 
of triglycerides (TG) within 12-16 hr. Numerous invcstiga- 
tars have contirmed this observation (for references. see 
Hawkins and Kalant [2]). but the mechanism has not yet 
been clarified. Since the effect is abolished hy hypophyscc- 
tomy or adrenalectomy [I], the acclli~lul~~tion of hcpatic TG 
was first attributed to stimulation of mobilization of fatty 
acids from peripheral adipose tissue to the liver, under the 
influence of adrenalin released as a consequence of intoxica- 
tion. Others have pointed out. however, that in the fasting 
animals the only significant source of fatty acids would bc 
the peripheral adipose tissue. The accumulation of TG in 
the liver was ~lttributed to imp~iirmcnt of oxidation of the 
mobilized fatty acids as a consequence of the increased 
NADHiNAD ratio secondary to the oxidation of eth- 
anol [3]. 

One method of distinguishing between these two possibi- 
lities appeared to be the use of pyrazolo. an inhibitor of alco- 
hol dchydrogenase activity [46]. If the accumulation of 
hepatic TG required the active metabolism of ethanol, it 
should bc prevented by a dose of pyrazolc which drastically 
reduced alcohol oxidation during the experimental period. 
In contrast. if the lipid accumulation were due to a direct 
effect of ethanol per .se. rather than to its metabolism. the 
admmistration ofpyrazolc should have no effect upon it. 

Unfortunately. the results of such experiments have been 
contradictory. Morgan and DiLuzio [7] found that pyra- 
zole completely prevcntcd the alcohol-induced acute fatty 
liver. Bustos t’t cti. [X] found that it had no effect whatever 
on the TG accumulation measured at I6 hr after the alco- 
hol. Numerous other groups 19%I27 have obtained intcrme- 
diate results with reduction of TG accumulation under 
some conditions and not under others. The effects of the 

pyrazoles appear to be complex, and a more detailed analy- 
sis of their effects upon the acute alcoholic fatty liver has 
been presented elsewhere [13]. 

In order to avoid the complications introduced by the in- 
hibitors of alcohol oxidation, a simple expedient has been 
adopted. Since alcohol oxidation reaches maximal velocity 
at quite low blood alcohol concentrations, any cffecrs on fat 
metabolism due to the nletabolism of ethanol should be 
fully demonstrated at sustained low concentrations of alto- 
hol. In contrast, any effects secondary to intoxication should 
be demonstrable only at higher alcohol levels. and should 
be proportional to the level. In the present study. hepatic 
TG accumulation has been examined in rats given the same 

total dose of ethanol. hut in one case as a single dose pro- 
ducing marked illtox~cation. and in the other as divided 
doses which did not product gross int~~xi~itiol~. 

The subjects used were adult male Wistar rats purchased 
from High Oak Farms. Guelph. Ontario. The mean body 
weights of the animals in different experiments varied from 
I35 to 265~. hut within any given experiment the weight 
range was not mom than + 15 g difference from the mean. 
The animals were housed in group cages, and fed standard 
Purina Rat Chow and water dtlf iih. up to the time of their 
selection for the experiment. 

In the first experiment, animals were sclcctcd at random 
and distributed among four matched groups. Chow w’as 
removed at 4:00 p.m. on the day preceding the experiment, 
but water remained available crd /i/r. throughout the exper- 
iment. Treatments were begun at 9:OOa.m. the next day 
according to the following schedule. Group I received a 
dose of ethanol (4-X g:kg) given by stomach tube as a X’,, 
(v!v) solution in water. Group 2 received an equal volume 
of an equicaloric solution of glucose in water, also as a 
single dose by intubation. Group 3 received the same total 
dose of alcohol as group 1, but divided into four doses of 
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Tahlc I. Liver TG levels in rats receiving ethanol or equicaloric glucose in single and 
divided doses (expcrimcnt f )* 

Group Treatment 
TG levels 

(mgjg liver) 

I Ethanol. cmglc dose. 4.8 &kg 13.6X f 0.98 
2 Glucose, single dose - - 6.71 + 0.69 
3 Ethanol. four divided doses IO.24 i_ @X3 
4 Glucose. divided doses 7.37 * 0.54 

* Results are expressed as mean k standard error, with ten animals per group. P values 
were dcterminrd by Student’s f-test (see text for P values). 

I.7 g’kg spaced al mtervals of 3 hr. Group 4 rcccivcd the 
same dose of glucose solution. also divided into the same 
series of doses at corresponding titncs. In groups I and 2. 
the stomach tube was also passed at the same times as the 
hractional doses in groups 3 and 4, but no solution was 
administered (“dummy gavage”). 

groups (P < OQOI. 0.02 and OUII vs groups 2, 3 and 4 res- 
pectively). 

In each of the remaining experiments only two treatment 
groups were used. viz. those receiving the same single and 
divided doses of ethanol as in experiment I. 

At 16 hr after the first administration of alcohol or glu- 
COW, wcighcd portions of liver were extracted [I41 and ana- 
lyzed for TG content [15]. In the first experiment. blood 
alcohol measurements wcrc made at intervals during the Ih- 
hr period. For this purpose. samples (0,05 ml) of tail tip ca- 

pillary blood were deproteinized and used for gas chroma- 
tographic analysis by the method of LcfHanc [ 161. 

The blood ethanol curves for groups I and 3 are shown 
in Fig. 1. Thcrc was a striking. even though completely pre- 
dictable. difference between them. After the single dose of 
4.X g.‘kg, a peak blood alcohol level of about 400 mg.!lXO ml 
was attained between 2 and 4 hr after gavage, and was fool- 
lowed by a linear descent to about 50 mg;lOO ml at I2 hr. 
In contrast. the divided dosage schedule showed the 
expected rise after each dose. with linear decline during the 
interval preceding the next dose. The highest level recorded 
was 122 mg~lOOml at 10 hr. and the final portion of the 
curve was almost exactly superimposable over the corre- 
sponding part of the curve for group 1. During the first 
12 hr. the mean blood alcohol level in group 3 did not Ml 
below 16 mg~lO0 ml. 

~.~~(~~j~~i~,~~~ 1. At Ih hr after the beginning of alcohol or Closely similar results of the liver TG analyses were 

glucose treatment. the liver TC levels in the two glucose ohtained in a preliminary experiment iti which group 1 
control groups did not differ significantly from each other. received a single ethanol dose of 4 g/kg and group 3 received 

The animals receiving ethanol in divided doses had a signifi- three doses of I.2 g/kg and one dose of 0.4 gikg separated 

cantly hlghcr lcvcl (P < o+l) than the corresponding glu- by 4-hr intervals. The resultsarc not shown here because the 

cose group (Table I), but those receiving the same total blood ethanol level in group 3 fell to IO mg/lOO ml or less 

amount given as a single dose had a still higher TG level. just before the second, third and fourth doses. 

which diffcrcd significantly from those of the three other Esperinlrnt 2. Five s eparate replications of this cxpcr- 

TIME (hrf 

Fig. I. Concentration ofethanol in blood of rats at various times after administration of ethanol by sto- 
mach tube: 0. doses of I.2 g!kg at 0, 3,6 and 9 hr: a, single dose of 4.8 g/kg at 0 hr and passage of stomach 

tube without fluid at 3, 6 and 9 hr. Vertical bars indicate S.E.h/I.; R; = ten values at each point. 
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Table 1. Effect of ethanol on liver TG levels in rats receiving ethanol in single and divided doses 
-.. 

Holdmg time* Hcpatic TG levels (mg:‘g) 
Experiment (days) Single dose Divided doses Pt 

____ 

2 I 201 * 1.4: 17.0 * 1.1 NS 
1 14.1 + 133 15.4 * I-2 NS 
3 26.4 * 2.x 25.1 + 1.8 < 0005 

5 13.8 + I.7 x.3 * 0.x.i <@001 

7 27.x * 1.41 :!I+) + I.8 < 0.05 

3 I 16.7 + I.7 17.2 * I.2 NS 
7 I74 + 0.74 13.6 & I.1 < 031 

* Holding time refers to the duration of stay after arrival in the animal quarters before intubation 
with ethanol. 

t P values are for the difference between single and divided doses. NS = not sigi~i~~anl. 
P > &05. 

: Kesults for all groups are expressed as mean + S.E.M. 
# For this group, ,V = 9; for all other groups, rl; = IO. 

iment were carried out. In each one, group I received a total 
amount of 4%g!kg of ethanol. as a single dose at 0 time. 
while group 2 received four doses of I.2 gikg each. separated 
by intervals of 3 hr. Group 1 underwent dummy gavagc at 
the same time as the later doses of group 2. In two replica- 
tions. the animals had been in the laboratory for only I day 
before the experiment. In the other three replications. thu 
animals had been in the laboratory for 3. 5 and 7 days before 
the day of the expertment. 

As seen in Table 2. there was no significant difference in 
the hepatic TG content between the animals ofgroups I and 
2 in those replications conducted on the da\r after arrival in 
the laboratory. In contrast. there was a highly signiiicant 
difference in the three replications carried out at 3. 5 and 7 
daqs after arrival. In all of these cases. the hepatlc TG level 
was higher in animals receiving the nlcohol as a single dose. 

E.~pc~in~,~f 3. A final experiment was done deliberately to 
test the effect of the length of holding time after arrival in 
the animal quarters. Forty anim:tls. obtained at the samc 
time, were divided randomlq into two equal groups. One 
group was subdivided into groups of 10. started on an over- 
night fast and used the next day on the same single and 
divided alcohol dosages as in experiment 3. The other group 
was held for 7 days, then used in another replication. As 
seen in Table 7. there was no significant difference between 
the single-dose and divided-dose groups tested the day after 
arrival, but a clearly signi~~~~nt difference ivas observed 
when the test was conducted 7 days later. 

The present results indicate clearly that intoxication prr 
se. as distinct from the metabolism of ethanol. contributes 
significantly to the TC accumulation in the liver after a 
single dose of alcohol. This is consistent with the earlier 
observations of Horning et nl. [17]. which indicated that the 
lcvcl ofTG ~i~curntilation was related to the dose of alcohol. 
even over a dosage range far above that required to saturate 
alcohol-oxidizing capabIlity. 

It seems clear that the metabolism of ethanol does con- 
tribute to the accumulation of TG. since group 3 in exper- 
iment I showed a higher level than did the corresponding 
glucose controls. However. the results of all three exper- 
iments also leave no doubt that an additional factor is intro- 
duced bq the ~idnlinistration of alcohol as a single large 
dose. In the divided-dose group in experiment I, the lowest 
blood alcohol level found during the first I2 hr was well in 
excess of the cstlmated K,n for disappearance of ethanol irr 
riro in the rat. given as 2.7 mM (124 mg~lO0ml)[l8], Eth- 

anol metabolism via the alcohol dchydrogenase (ADH) 
pathway should therefore have been proceeding at virtually 
maximal velocity in both groups [I!]. The additional TG X- 
cumulation in group 1 as compared to group 3 must therc- 
fore reficct some influence of intoxication pc’r SP. As noted 
previously [8], there was considerable variation in mean 
hepatic TG levels from one expcrimcnt to another. for as yet 
unknown reasons. However. the results of single ;knd 
divided dosage were always compared wlthin individual cx- 
periments. The f&t tlyat the single-dose effect can be pre- 
vented hy the ~~tinlil~i~tr~ltioll of b~t~l-~~di-en~rgic blocking 
agents [IY] is consistent with the ~~ss~ilnption that intoxica- 
tion causes release of adrenalin, which increases mobiliza- 
tlon of fatty acids from adipose tissue. 

There is also a considerable body of evidence [X] that 
large doses ofcthanol stimulate the secretion of adrenal cor- 
ticosteroids. in osperimental animals as well as in man. 
However. human studies 121. 271 have indicated that 
adrenal st~~~i~il~lti(~n occurs only at blood ethanol levels 
above I00 mg~l00 ml. In an earlier study [-1X], WC found in- 
creased steroid output in vitro by adrenal glands from rats 
which had recelvcd a single 4g.‘kg dose of ethanol. but not 
by glands from animals which had rcceited the same total 
amount of ethanol divided into two equal doses separated 
by an interval of I.5 hr. It is therefore rcnsonable to assume 
that the single dose of 4.Xg:kg m the present work was 
much more stressful than the divided dosage, and that this 
difDrence is causally related to the direrence in TG lcvcls. 

An unexpected observation was that of the relationship 
between length of acclimation to the laboratory and the 
presence of an alcohol single-dose effcc~. Conceivably, any- 

trials which had bocn m the laboratory for only I da> failed 
to develop TG accumulation when g,vcn the ethanol as a 
single dose. It seems more probable. however. that animals 
which were not acclimated would have a higher lcvcl of 
adrenalin sccrction. and even those which received the alco- 
hol in divided doses would have a greater stress response 
than animals treated similarly after a period of acclimation 
to the laboratorv. 

An Incidcntal.inferenee from the results of cxperimcnt I 
is that the microsomal ~t~nol-~~xidi~ing system (MEOS) 
which operates in ~*itro 1241 must have been playing little or 
no role iit riro. According to the kinetics of MEOS, it should 
have been most likelq to function at the high blood levels 
found in group I. and not at the lower levels prevailing in 
group 3. In contrast. the ADH pathway should have been 
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ftlnctiolling maximally in both groups. Therefore the total 
amount of ethanol metabolized during the first 1&~12 hr 
should have been greater in group 1 than in group 3 if 
MEOS were functioning. The fact that the two blood eth- 
anol curves were virtually superimposable from 10 hr 
onward suggests that, in fact. MEOS was not contributing 
to the ethanol disappearance. 

IO. 

1 I. 
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Stabilization of total and free ribosomes associated with 3-methylcholanthrene-induced 
adult rat Iiver growth 

Several investigators [l-4] have suggested that the accumu- In rats, liver growth and an accumulation ofcellular RNA 
lation and distribution of ribosomes within the cytoplasm follow the administration of certain drugs such as the bar- 
play an important role in the modulation of protein syn- biturate, phenobarbital and the polycyclic hydrocarbon, 3- 
thesis which accompanies most situations of accelerated methylcholanthrene (3-MC) [5%7]. Although RNA syn- 
growth and development. While it is well established that thesis is stimulated shortly after adult rats are injected with 
mcreases in ribosomal RNA synthesis are responsible for 3-MC [7. 8). these increases in RNA synthesis are insuffi- 
much of the ribosome formation observed during rapid cient. in themselves. to account for the accumulation of 
growth. there are few reports on the role of ribosomal RNA RNA which accompanies the subsequent liver growth [7]. 
degradation in this process. Similarly. there is little informa- We 171 and others 191 have proposed that RNA stabili7a- 
tion on the dcg~da~ion rates of ribosomcs in their two tion may also be associated with 3.MC-induced adult rat 
topographic states in the ceil. i.e. free in the cytoplasm or liver growth. In the present experiments. wc have investi- 
bound to the endoplasmic reticulum, during induced gated this contention more directly by studying the effect of 
growth. A complete understanding of the mechanism(s) of 3-MC administration on the turnover of total and free rat 
ribosome accumulation and distribution during growth and liver ribosomes. Our results indicate that the half-life of 
development requires that such studies be undertaken. ribosomes from i-MC-treated rats is increased when the 


