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The sensitivity and the precision of the sleeping time responses to
pentobarbitone sodium in 10 per cent ethanol in mice varies with
the strain of mouse. In any one strain sleeping time response in
animals dosed by weight with pentobarbitone sodium is related to the
weight of the animals. As mice aged, the sleeping time for all strains
differed between the sexes, the males sleeping longer than the females.
If the same mice were reinjected with pentobarbitone sodium the ageing
effect was accelerated. It has been confirmed that the responses of F,
hybrids must be determined experimentally, and may resemble that of
either parent, or fall between or outside those of their parents. In
choosing animals for the estimation of pharmacological responses,
therefore, their strain, weight, age and sex are each of importance, and
should be as controlled as their environment before and during tests.

WORK on sleeping time responses in mice was undertaken to investigate
some practical questions that arise in pharmacological assay. It had
been asked whether when choosing animals for use in the assay of pharma-
cological responses similar age or similar weight was the more important
consideration. It was hoped that the study of one particular reaction in
random bred, inbred and hybrid mice using mice of known age, sex and
weight might throw further light on the relationship between these variables
and indicate which, if any, is the most important.

MATERIAL AND METHODS

Pentobarbitone sodium was chosen as the sleeping drug for it is the
hypnotic of choice when long sleep in animals is required. I have
followed a usual convention of describing the characteristic central
depression which follows anaesthetic doses of this drug as “‘sleeping
time”, It was freshly dissolved for each test at a concentration of 5 mg./ml.
in normal physiological saline containing 10 per cent ethanol. For the
preliminary tests in random bred P/LAC mice a single dose of 60 mg./kg.
was used while in all other experiments sleeping times produced by 55
and 66 mg./kg. mouse were measured. The injections were intraperi-
toneal.

The test animals were bred at the Laboratory Animals Centre and
issued soon after weaning so that mice aged 5 weeks -+ 34 days were
available for the first experiments. They were housed not more than five
in each metal box 14 X 6 x 4% in. in size and were fed on diet 41B ad lib.
from hoppers. They were watered from plastic water bottles with metal
drinking tubes and kept in a room thermostatically controlled at 70° F. +
2°. For every experiment equal numbers of male and female mice,
strictly segregated, were distributed by random numbers into the mouse
boxes and usually 10 of each sex were used at each dose of pentobarbitone
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sodium, or a total of 40 mice per strain for any one test. The mice were
ear punched for individual identification. Experimental sleeping time
was measured as the time between the animals receiving their injection
and that time when they were able to right themselves when placed on
their backs. Analyses were made with logarithms of these times and of
the weights of the animals used. The possibility of using the reciprocals,
the squares or square roots as functions of time in preference to the
logarithms was investigated and rejected. A constant temperature
sleeping tray was not used, but a tray lined with foam rubber which con-
veniently took 120 mice and shielded them from draughts was found satis-
factory for the comparison of three strains of mice on one day. Repeat
sleeping tests were made at intervals of two weeks or longer and not more
than four tests were made on any one set of mice. As the temperature
was not controlled in the experimental laboratory, comparison could not
be made between the absolute values of sleeping times obtained on
different days. Mice which died as the result of repeated injections or
for any unknown cause were not replaced and unless otherwise stated
all analyses were made on the actual numbers used.

RESULTS

The effect of Sex and Body Weight in Random Bred P|LAC Mice on
Sleeping Time Responses to Pentobarbitone Sodium

The results obtained in these experiments were analysed as shown in
Table I. Preliminary work on the sleeping times of the five week old
mice, 28 males and 30 females, had shown that for male mice the correla-
tion coefficient of the logarithms of weight and sleeping times was —0-525,
while for female mice it was —0-616, and for five week old mice irrespective
of sex —0-564. It therefore seemed reasonable not only to analyse
results for the variance between sex, weight (or log weight) and log
sleeping time but also to determine the variance between the mean
logarithms of the sleeping time of each group of mice adjusted by co-
variance for weight. Inspection of Table I shows the advantage of the
dual analysis in that differences which appear on analysis of variance are
confirmed and become more definite with co-variance analysis. A
difference between male and female mean sleeping time arises with age
and the ageing effect is accelerated in mice that have received more than
one injection.

The Homogeneity of the Variance of the Sleeping Time Response of Groups
of Mice including Inbred, Hybrid and Random Bred Strains

In order to determine differences between sleeping time responses for
groups of mice by analyses of variance and co-variance it was necessary
to determine by Bartlett’s test whether the variance of the responses of the
groups of mice used was homogeneous. The results obtained indicated
much heteroscedasticity within some of the nine groups of mice used.
However, the control strain A2G has a large degree of within strain homo-
geneity of variance at the usual level of significance P = 0-05, while one
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whole group and portions of seven other groups were sufficiently homo-
scedastic to be analysed. Only those differences significant at a proba-
bility level of 0-001 were allowed.

The Effects on the Sleeping Time Responses of the Dose of Pentobarbitone
Sodium and the Sex and Strain of Mice as Determined for Inbred,
Hybrid and Random Bred Mice

The results of the analyses of variance showed that there was a significant
difference between the sleeping times resulting from doses of respectively

55 and 66 mg. of pentobarbitone sodium per kg. mouse for all strains of

mice used.

TABLE 1V

VALUES OF ¥, b AND A FOR THE MALES OF GROUPS 5, 6, 8 AND 9, WITH 66 AND 55 MG./KG.

OF PENTOBARBITONE SODIUM IN 10 PER CENT ETHANOL

A2G C57BL C57Br/cd
Test Group 4 y b A y b A y b »
1 M 2:354 | 0-284 | 0-278 2183 | 0185 | 0-788 2:077 | 0-281 | 0-406
2058 1-990 1-784
2 M 2246 | 0-134 | 0586 || 2175 | 0-161 | 0-679 || 2-016 | 0-147 | 0-739
2106 2007 1-863
3 M 2249 | 0124 | 0-468 || 2-081 | 0-125 | 0993 |i 2:151 | 0-159 | 0-277
2-120 1-951 1-985
4 M 2:286 | 0183 | 0-374 2:135 | 0139 | 0779 2196 | 0172 | 0-360
2095 1-990 2017
A2G C3H
Group 5 y b A y b A
1 M 2:358 | 0-199 | 0347 2:221 | 0235 | 0-544
2:151 1-976
2 M 2:396 | 0252 | 0172 || 2:202 [ 0215 | 0414
2:134 1978
3 M 2:329 | 0-176 | 0-439 || 2-331 | 0:172 | 0-540
2-141 2-152
4 M 2273 | 0-251 | 0-107 2:382 | 0-299 | 0416
2:012 2071
A2G DBA/1 A2DB/1F,
Group 7 y b A y b A y b s
1 M 2270 | 0-131 | 0-619 2:217 | 0203 | 0-508 2:275 | 0222 | 0-596
2134 2-006 2044
2 2:225 | 0128 | 1-058 2259 | 0-306 | 0-361 2:263 | 0-344 | 0-325
2:092 1-940 1-905
3 2:254 | 0104 | 1-129 2-193 | 0-262 | 0-488 2-330 [ 0-224 | 0-354
2:146 1-920 2:097
A2G DBA2F,
Group 8 y b A y b A
1 M 2-246 | 0219 | 0-533 2-323 | 0425 | 0-331
2:018 1-881
3 M 2-228 | 0-173 | 0-448 2:313 | 0-160 | 0-409
2-048 2146
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The effect of the age and re-injection of the mice is shown in Table II,
indicating that with immature mice there is no difference between the
reaction of the sexes while with re-injected older mice there is always a
difference. Adult males have a greater response to pentobarbitone
sodium dosage than adult females whatever the strain of mice. Definite
strain differences in sensitivity to pentobarbitone sodium were found in
groups 2, 4 and 6, and are also indicated in Table II.

The analyses of co-variance that were made on these groups confirmed
the sex and dose differences and elucidated the strain differences, The
strains LAC grey, BrCF;, C57BL and C57Br/cd showed less response to
pentobarbitone sodium consistently than the A2G strain, as in some tests
did strains A and DBA/1. It is therefore clear that the control strain
A2G is one of the more sensitive strains.

The Effect of the Strain of Mouse used on the Precision of the Sleeping
Response to Two Doses of Pentobarbitone Sodium

Preliminary work indicated a straight line regression between the
logarithms of the sleeping time response and the logarithms of three
pentobarbitone sodium doses covering the range from 55 to 66 mg./kg.
mouse in A2G and C3H males. It was therefore decided to use the index

. standard deviation . .l
of precision A = — to determine strain differences.
slope of regression

Table III and IV give the sleeping time responses adjusted for the
weights of the animals, the slopes of the regression lines, and the index
of precision for some of the strains used. For those strains where both
male and female mice are considered, only the LAC greys differ con-
sistently from the A2G strain and these are less precise. Where males
only are considered C57BL and C3H strains are consistently less precise,
and DBA/1 and the A2DB/1F,, strains more precise than the A2G strain.

DiscussioN

It will be necessary in discussing the responses of mice to injections of
pentobarbitone sodium in 10 per cent ethanol that the homogeneity of the
variances of the responses of those animals receiving injections should
be considered as well as the effects of weights, age, sex and strain of the
mice on the response and whether the reaction varies with the dose of
pentobarbitone sodium which they receive.

The heteroscedasticity of the groups of mice was such that to make valid
deductions from the various analyses, significant difference was defined
at a level of probability of 0-001. The possibility of reducing this variance
error by using litter mates (Mandl, 1955) or larger groups of mice was
found impracticable for inbred strains.

In primarily injected random bred P/LAC mice of similar age the
response of the mice and the logarithms of their weights was frequently
related. The effect of the weight of mice used on the slope of the dose-
response curve, was shown by Young and Stewart (1952) in an extensive
analysis of a series of insulin tests in mice. The relation between the
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weights of the animals and the response expected cannot be ignored,
therefore, even when animals of similar age are used in any one test.

The importance of age as related to sex was found for all mice tested
and has previously been noted in the tolerance of rats to barbiturates.
Holck, Karan Mills and Smith (1937) found adult female rats to be more
sensitive to barbiturates in contrast to the greater sensitivity of male mice.
This work was extended by Homberger, Etsten and Himwich (1947),
Cameron, Cooray and De (1948), also Brodie (1956) and Edgren (1957).
The difference in reaction in rats has been shown to be partially sex
hormone dependent, which explains its relation to age.

In work with hexabarbitone in mice, Jay, Jar. (1958) and Brodie (1956)
obtained results which stressed differences in strain responses but did not
appear to find marked sex differences. Jay also found that the relation
between the responses obtained in different strains can alter with dose,
or the precision of the response varied with the strain. I found from a
study of the index of precision for males and females that the LAC grey
strain was less precise than the control, and from a study of males only
that C57BL and C3H strains were less precise and DBA/1 and the hybrid
A2DB/1F, more precise.

Michie (1955), working with pentobarbitone sodium in mice, described
variance differences between strains which led him to advocate the use of
random bred F; hybrid mice in preference to inbred mice for pharmaco-
logical work. In some of his work he used one sex only, and if both were
used he considered sexes apart in statistical analysis. But he makes no
mention of a sex difference in reaction time. In this work I have con-
sidered as significant only differences at the 0-001 level of probability.
I have found that adult mice for all strains differ in their sleeping time
according to their sex. Also the precision of their response is distributed
haphazardly between inbred and F; hybrid strains, only the F, strains,
which were out of DBA/1 mice mated to A2G mice, being more precise
than the A2G strain. The random bred strain which 1 studied was less
precise. In all tests the variation between strains emphasised by Chance
(1957), and due to environment, was eliminated as far as possible by the
manner of their similar treatment.

It was shown by Chai(1960) that the response of an F, hybrid to hormone
may or may not fall between the responses of its parents. Both F, crosses
out of DBA/1 and A2G strains resembled the DBA/I strain more nearly
than the A2G strain in their responses to pentobarbitone sodium dosage.
The ability to forecast the usefulness of any F, hybrid for a particular
pharmacological assay will depend on prior knowledge of the responses
of its parents, but the confirmatory experimental results may be dis-
appointing, as I have shown with insulin assay (Brown, 1961).

The effect on the responses produced by the route of injection of the
substance (Bacharach, Clark, McCulloch and Tomich, 1959), has not
been studied in this work and the variance of the responses may well have
been more homogeneous with other injection routes.

Hypotheses may be postulated to account for the significant differences
in strain response occurring at all ages and in sex response differences
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apparent in adult animals. These hypotheses will have some bearing on
differences due to weights and ages of the animals. Species, strain and
sex differences in the metabolism of hexabarbitone have been shown by
Quinn, Axelrod and Brodie (1958). If mice that sleep a shorter time
catabolise the pentobarbitone sodium more quickly than others this may
be due to differences in liver action (Bunsfield, Child, Basil and Tomich,
1960), liver size, or to the absorption of breakdown products by large
deposits of fat in the body (Hong and Cho, 1959). These hypotheses may
be tested by experiment.
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