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Hiestand et al(1) reported that a fixed dose
of ethanol, administered intraperitoneally to
mice in increasing concentration, produced an
increasing rate of mortality. Similar ob-
servations were made by Aston and Cul-
lumbine(2), who found an inverse relation-
ship between the concentration and the LD50
of ethanol solutions administered intraperi-
toneally to mice. The present report describes
the relationship between the concentration of
ethanol, administered orally, intraperitoneally
and intravenously, and its hypnotic effect in
mice, as measured in terms of potentiation of
a fixed dose of hexobarbital.

Methods. Male albino mice of the Holtz-
man strain weighing from 19 to 40 g were
housed in stainless steel cages with exterior
dimensions of 24 X 19.5 X 19.0 cm in ag-
gregates of approximately 8 per cage. Their
diet consisted of Rockland Chow and water.
The lighting of the animal quarters was auto-
matically controlled to provide 12 hours of
artificial light alternating with 12 hours of
darkness. Room temperature was maintained
at 74°F. The mice were kept in their quar-
ters at least 3 weeks prior to experimentation
to allow adequate environmental adaptation.

Hexobarbital sodium was administered in a
dose of 75 mg/kg intraperitoneally (7.p.) as a
1% solution which was made isotonic with
sodium chloride. Ethanol solutions of 30,
50, 70 and 909 (vol/vol) were made up in
water with sodium chloride added to make
the solutions isotonic. These solutions were

administered by the oral (p.0.), intraperi-
toneal (i.p.) or intravenous (7.v.) route in
combination with the barbiturate and sleeping
times were recorded. All doses of alcohol
reported are expressed in terms of absolute
ethanol.

The mice were divided into 3 major groups
on the basis of the route of ethanol adminis-
tration. One group received 3 g/kg ethanol
p.0,. 5 minutes prior to hexobarbital. Another
group received 2 g/kg ethanol 7.p. simultane-
ously with hexobarbital. A third group re-
ceived 1.5 g/kg ethanol i.v. via the dorsal tail
vein, 4 minutes after barbiturate adminis-
tration. Sleeping times were measured as the
time elapsing between the loss of righting re-
flex and the point at which the anesthetized
mice righted themselves.

Statistical procedures employed in this re-
port were those outlined by Burn et al(3).
The significance of differences between the
mean sleeping times was evaluated by appli-
cation of the ‘Student’ t-test. The letters S.E.
in this paper refer to the standard error of
the mean.

Results. The results are given in Table I.
The 3 control series, in which hexobarbital
was given by the i.p. route, provided mean
sleeping times of 33.5, 36.0, and 41.5 min-
utes. These values were not statistically
homogeneous, indicating that day-to-day var-
iation in sleeping time was significant. An
attempt to reduce this error was made by in-
suring that all treatments, within one group,
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TABLE I. Sleeping Times (Min) + S.E. of Male
Mice Receiving Ethanol with 75 mg/kg Hexo-
barbital Sodium I.P,

Ethanol
coneen- Ethanol route
tration
(vol %) Oral Intraperitoneal Intravenous
0 33.5 + 1.84%  36.0 + 2.63* 41.5 + 1.35*%
(16) 1 (13) (13)
30 74.0 + 4.35  83.5 + 2.84*% 725+ 284
an (13) (2)
50 76.0 £ 5.35 97.0 +6.79  73.0 + 3.00*
(16) (13) (13)
70 78.5 + 3.98 103.5 + 3.48*% 96.0 + 4.14*
(16) (i2) (10)
90 75.5 + 5.51 84.0 = 5.31 155.5 + 8.55
(16) (12) (10)

* Signifieantly different (P == 0.01) from value
following in the Table.
t No. of animals.

were given on the same calendar dates.

The groups of mice receiving ethanol p.0.,
i.p., or i.v., in addition to hexobarbital i.p.,
all showed mean sleeping times which were
significantly greater than those observed in
their respective barbiturate control groups
(P = 0.01). The relationship between eth-
anol concentration and sleeping time differed,
however, in the case of each of the 3 routes of
administration.

In the oral ethanol series, the 4 mean
sleeping times ranged from 74.0 to 78.5 min-
utes. These values do not differ statistically
one from another, indicating the absence of a
relationship between ethanol concentration
and depressant effect by this route.

Mice to which ethanol was administered
i.p. exhibited a positive correlation between
alcohol concentration and mean sleeping time,
ranging from 83.5 minutes with 30% to 103.5
minutes with 70%. When the concentration
of i.p. ethanol was increased from 70 to 90%,
however, a significant reduction (P = 0.01)
in mean sleeping time of 19.5 minutes was
observed. The relationship between alcohol
concentration and depressant effect, by the
i.p. route, therefore, appears to be a convex
one with a maximum at, or near, 70%.

In the series of mice receiving ethanol i.v.,
alcohol concentrations of 30 and 50% elicited
mean sleeping times which were statistically
equivalent. Increasing the concentration of
ethanol to 70 and 90% produced progressive
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increases in mean sleeping time which were
significant (P = 0.01). This indicates that
i.v. alcohol concentrations greater than 50%
show a direct relationship to depressant
effect.

The mortality rate of animals receiving 1.5
g/kg ethanol 7.v. in varying concentrations,
without concomitant hexobarbital, was also
found to be proportional to the concentration
employed between 50 and 90%. All deaths
were immediate. The percent mortality at
50, 70 and 90% was 18.75 in 16 mice, 52.38
in 21 mice and 68.75 in 32 mice respectively.
Analysis of these data provided the regression
equation: y = 4.70 4 5.31x, in terms of log
concentration and probit. The LC50 (lethal
concentration) -+ S.E. was calculated to be
71.45 4+ 1.08 with 95% confidence limits of
62.13 and 82.17.

Discussion. Combined administration of
ethanol and hexobarbital, as an index of the
central depressant effect of the alcohol, was
employed in this study because it was found
that, in attempting to produce anesthesia of
about one hour’s duration with ethanol alone,
a discouragingly high mortality rate was en-
countered. It is assumed in this investigation
that any differences in sleeping time, observed
as the result of administration of varying
dosages of ethanol with a fixed dosage of
hexobarbital, must be due to the ethanol
given.

Because of the method employed, it is
impossible to make direct comparisons be-
tween routes of administration of ethanol and
absolute sleeping time. This could be done
only if one were certain that the peak blood
levels of alchohol and hexobarbital were
coincident in every animal tested, as has been
pointed out by Gruber(4). The data, how-
ever, do exhibit trends in sleeping time in
relation to ethanol concentration for each
route of administration employed, and these
trends may be meaningfully compared.

The results of the present study indicate
that the central depressant effect of ethanol
does not vary significantly when the agent is
administered p.0. in concentrations ranging
from 30 to 90%. This is in keeping with
observations by Rasmussen(5) who found the
blood level of ethanol in rats was inversely re-
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lated to the oral concentration administered
up to 21% and that in concentrations above
21% the blood level remained nearly constant.
This may be due to irritation and hemorrhagic
erosion of the gastric mucosa, as observed
by Williams(6) in the guinea pig receiving
ethanol p.0. in concentrations of 20% or
more. It has been suggested that in man such
irritation reduces gastric absorption of the
drug and also initiates pylorosplasm, pre-
venting the passage of alcohol into the duo-
denum, from which site it is rapidly absorbed
(7).

When a constant dose of ethanol was ad-
ministered 4.p., in this study, the depressant
effect of the drug increased with the concen-
tration up to 70%. In a concentration of
90%, i.p. ethanol showed a significantly re-
duced central depressant effect, compared to
70%. These observations are similar to those
made by Hiestand et e/(1), who found that
mortality rate among mice, resulting from the
i.p. administration of 120 mg ethanol per
mouse, increased from zero to 88% as ethanol
concentration was increased from 12 to 60%,
but failed to increase further as ethanol con-
centration was increased beyond 60%. This
was corroborated by Aston and Cullumbine
(2) who observed that the i.p. LD50 of eth-
anol in mice was reduced from 6093 to 3745
mg/kg when the concentration was increased
from 30 to 509%. It has been suggested by
Hiestand et al(1) that the lack of correlation
between mortality and higher concentrations
of ethanol 7.p. may be due to poor intraperi-
toneal absorption resulting from coagulation
of protein in peritoneal surfaces by the more
concentrated ethanol solutions.

Administered 7.v., the depressant effect of
a fixed dose of ethanol proved to be pro-
portional to the concentration in which it
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was employed, at least in concentrations
greater than 50%. Similarly, a direct rela-
tionship was observed between mortality and
the concentration of 1.5 g/kg ethanol i.9.
This is likely a reflection of a positive correla-
tion between blood concentration and central
depressant effect, and corroborates the sug-
gestion that the non-linear concentration re-
sponse data obtained by the p.o. and i.p.
routes is the result of alterations in the rate of
permeation of the gastrointestinal and peri-
toneal barriers respectively.

Summary. The central depressant effect
of ethanol has been assessed in male mice
in terms of the extent of prolongation of
hexobarbital sleeping time produced. The
dosage of alcohol was varied in terms of both
concentration (30, 50, 70 and 90 vol%) and
route of administration (p.0., i.v., and i.p.).
Correlation between concentration and de-
pressant effect of ethanol was absent by the
p.0. route and positive by the 7.v. route. When
administered i.p., the depressant effect of eth-
anol increased with increasing concentration
up to 70%, but showed a significant reduction
at 90%.
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