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Abstract: Laboratory rodents are available as either genetically defined inbred strains or genetically undefined out-
bred stocks. As outbred rodents are generally thought to display a higher level of phenotypic variation compared
to inbred strains, it has been argued that experimental studies should preferentially be performed by using inbred
rodents. However, very few studies with adequate sample sizes have in fact compared phenotypic variation between
inbred strains and outbred stocks of rodents and moreover, these studies have not reached consistent conclusions.
The aim of the present study was to compare the phenotypic variation in commonly used experimental readouts
within obesity and diabetes research, for four of the most frequently used mouse strains: inbred C57BL/6 and
BALB/c and outbred NMRI and CD-1 mice. The variation for all readouts was examined by calculating the coefficient
of variation (CV), i.e., the relative variation, including a 95% confidence interval for the CV. We observed that for the
majority of the selected readouts, inbred and outbred mice showed comparable phenotypic variation. The observed
variation appeared highly influenced by strain choice and type of readout, which suggests that these collectively
would serve as more predictive of the phenotypic variation than the more general classification of mice as inbred or

outbred based on genetic heterogeneity.
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Introduction

Experimental animals are a valuable resource
in preclinical development of new pharmaceu-
tical compounds [1, 2]. Thus, in vivo experi-
ments using in particular rodents have contri-
buted to our understanding of the pathophysio-
logy of e.g. common lifestyle-associated condi-
tions such as type 2 diabetes and obesity but
also provided the necessary experimental
model systems to test novel therapeutics [3].

Inbred strains and outbred stocks constitute
the two major classes of available laboratory
rodents [4]. Inbred strains are generally charac-
terized by genetic uniformity, which is expected
to result in less phenotypic variation in respon-
ses to toxic or pharmacologic effects compared
to outbred stocks. Arguments favoring the use
of inbred strains include increased statistical
power, improved experimental reproducibility
and thus fewer animals needed to test a spe-

cific hypothesis. Additionally, extensive genetic
information resources are available allowing
the selection of the exact genetic makeup nec-
essary for a particular experiment [5]. In con-
trast, outbred stocks are characterized by being
genetically variable. Arguments favoring the
use of outbred stocks emphasize particularly
the importance of genetic heterogeneity when
modelling the “outbred” human population,
higher fecundity, and lower cost [6].

For the last six decades, arguments for the
increased utilization of inbred strains in re-
search have been put forward, but controlled
and targeted studies comparing the within-
strain variation of commonly used inbred and
outbred animals are few and contradictory [7]
and to our knowledge, no studies have previ-
ously been conducted with particular focus on
variation in experimental endpoints relevant to
diabetes and obesity research. The use of out-
bred animals continues to be widespread within
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many areas of in vivo research and scientists
generally agree that there is a need for experi-
ments comparing variation between commonly
used inbred and outbred rodents [7, 8]. In order
to investigate if inbred rodents are less variable
than outbred in the context of preclinical diabe-
tes and obesity research, the within-strain vari-
ation of four commonly used mouse strains
(Inbred: C57BL/6 and BALB/c; Outbred: NMRI
and CD-1) was compared. In addition to their
popularity within the field of lifestyle associated
conditions, these mouse strains were recently
reported to be among the most frequently used
in biomedical research in general [8]. Here, we
report from two studies: an acute study of insu-
lin tolerance and a six week dietary interven-
tion trial on an energy-dense diet commonly
used in studies of diet-induced obesity (Western
Diet, D12079B, Research Diets). Using the
data obtained from these studies, the coeffi-
cients of variation (CV) were calculated and
compared between the four strains for para-
meters related to pharmacodynamic effects of
insulin and metabolic effects of a high-energy
diet.

Materials and methods
Animals

Outbred NMRI and inbred C57BL/6 and BALB/c
male mice were purchased from Taconic
Biosciences (Lille Skensved, Denmark). Out-
bred CD-1 male mice were purchased from
Charles River Laboratories (Sulzfeld, Germany).
Animals were acclimatized for two weeks upon
arrival and were on average seven weeks old at
the beginning of each experiment, weighing
approximately 25-30 g. They were housed in
Scantainers in groups of ten (with exception of
one group/strain of five, due to sample size),
and had access to water and standard rodent
chow (RC; Altromin 1324) ad libitum until begin-
ning of experiments. Temperature in the animal
rooms was maintained at 20-25°C with a light/
dark cycle of 12/12 h. The study was approved
by the Danish Animal Experiments Inspectorate
under the Ministry of Food, Agriculture and
Fisheries and in accordance with European
Union directive 2010/63/EU.

Experimental design

To obtain reliable estimates of the coefficient of
variation (CV) for each strain, we wanted to cal-
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culate point-estimates of the CV with associat-
ed 95% confidence intervals (Cl). As the range
of such Cls is dependent only on sample size
[9], ranges corresponding to different sample
sizes were calculated in R studio (Rstudio Inc.,
Boston, MA, USA). We used the ratio of the
upper and lower limit of a 95% Cl as an expres-
sion of the range of the Cl and calculated that
about 40-50 animals per strain would result in
estimation of a sufficiently narrow 95% CI for
CV comparison (corresponding to ratios of
1.49-1.57 of upper vs. lower limit of a 95% Cl).
To be able to detect an effect of the two treat-
ments, the sample sizes of the control/vehicle
groups were calculated based on previous data
from similar experiments conducted at Novo
Nordisk. This resulted in n=5 and n=15 for the
acute and chronic study, respectively, and a
final total sample size per strain of 55 mice.
Two standard preclinical experiments were con-
ducted to examine the variability within each
strain. First, an acute insulin tolerance test was
performed to compare within-strain variation of
selected pharmacodynamic parameters in
response to subcutaneous dosing with human
insulin (HI, Novo Nordisk A/S, Malgv, DK). The
experiment was performed on four experimen-
tal days and mice were randomly allocated to
each of the four experimental days, ensuring
that all strains were represented on each day.
On the morning of each experimental day, the
mice were acclimatized to the procedure room
for 30 min prior to blood sampling. Animals
were non-fasted and food but not water was
removed for the duration of the procedure.
Blood samples from a tail vein (t=0) were col-
lected prior to treatment with HI, after which
animals assigned to treatment groups (n=50/
strain) were dosed subcutaneously in the flank
with HI (0.76 uM formulated in vehicle contain-
ing 5 mM phosphate; 140 mM sodium chloride
and 70 ppm polysorbate 20 at pH=7.4) at a
dose of 3 nmol/kg. Subsequently, blood sam-
ples were collected from a tail vein at 20, 40,
60, 90, 120 and 180 min. Following the acute
insulin tolerance test, 40 randomly selected
mice from each strain were switched to an
energy-dense diet (Western Diet (WD), 41
kcal% fat, 43 kcal% carbohydrates, 17 kcal%
protein, D12079B, Research Diets), while the
remaining 15 mice were maintained on the
RC control diet. The mice were kept on the
respective diets for six weeks and weighed
once weekly. On day 42, an MRI scan was per-
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Figure 1. Blood glucose changes after subcutaneous flank dosing with human insulin in inbred (BALB/c, C57BL/6)
and outbred (NMRI, CD-1) male mice. Circular and triangular symbols and curves designate treatment groups
(BALB/c: n=48; C57BL/6: n=48; NMRI: n=49; CD-1: n=50), and vehicle-treated mice (n=5/strain), respectively.
Data points represent the mean value in each group, error bars represent the standard deviation. Maximal effect
was observed in all four strains 40 min after treatment. Blood glucose returned to near basal levels after ~120-180
min. A: BALB/c mice. B: C57BL/6 mice. C: NMRI mice. D: CD-1 mice.

formed on all animals to determine lean body
mass and fat mass. Subsequently, all mice
were euthanized by cervical dislocation and the
epididymal fat depots and liver were collected
and weighed.

Blood glucose measurements

Samples for blood glucose measurements (5
uL) were collected in capillary tubes and trans-
ferred to 250 pL system solution. Blood glu-
cose levels were analysed using the glucose
oxidase method at a Biosenapparatur (EKF
Diagnostics, Barleben, Germany) according to
manufacturer’s instructions.

Echo magnetic resonance imaging

To determine lean body mass and total fat
mass an EchoMRI scan was performed on all
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animals using an EchoMRI Body Composition
Analyser (EchoMRI, Houston, TX, USA). Mass
measurements of fat, lean tissue, free water
and total water were performed according to
manufacturer’s instructions and as previously
described [10].

Calculation of the coefficient of variation and
statistical analysis

The CV was chosen as the relative measure of
variability. Data were assumed to follow a nor-
mal distribution when log-transformed, which
was confirmed by visual inspection of qg-plots.
When transforming a series of data points
using the natural logarithm, the standard devia-
tion (SD) of the log-transformed data set will be
approximately equal to the CV of the original
data set [11], and this concept was utilized in
the present statistical analyses. For all pa-
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Table 1. Blood glucose at t=40 min after sub-
cutaneous flank dosing with human insulin
compared to age-matched controls (mean +
SD)

Strain/stock  Treatment Mean £+ SD (mM) n
BALB/c HI 5.7+1.07" 48

Vehicle 9.0+1.5 5
C57BL/6 HI 4.3+£0.5" 48
Vehicle 10.1+0.7 5
NMRI HI 5.1+0.9" 49
Vehicle 9.5+1.7 5
CD-1 HI 5.0+£0.8"" 50
Vehicle 8.5+0.9 5
(") indicates: P<0.0001 when HI and vehicle treated

mice were compared for each strain. HI=Human Insulin.

rameters, CVs were calculated with 95% Cls.
Statistical analysis was performed using SAS
software version 10.0.2 (SAS institute Inc.,
Cary, NC, USA) and graphs were drawn using
GraphPad Prism software version 6.05 (Graph-
Pad Software Inc., La Jolla, CA, USA). After com-
pletion of the insulin tolerance test, the area
over the Ablood glucose vs. time curve (AOC),
describing blood glucose after treatment with
insulin normalized to t=0, was calculated for
each mouse using the trapezoidal method.
After completion of the chronic experiment,
individual bodyweights over time were plotted,
as were the data for fat mass, lean mass, liver
weight and epididymal fat mass. Significant dif-
ferences in CVs between strains were analyzed
by comparing the ratios of the sampling vari-
ances with critical values of an F-distribution.
Comparisons between each inbred and each
outbred strain were performed for all para-
meters, resulting in a total of 32 direct compari-
sons of CVs. Differences in means between
strains for each parameter were analyzed using
a one-way ANOVA and Bonferroni corrections
were used as adjustment for multiple com-
parisons. P-values < 0.05 were considered
significant.

Results

Acute effects of human insulin on blood glu-
cose in inbred and outbred mice

Figure 1 shows mean changes in blood glucose
within each strain following subcutaneous dos-
ing with HI. HI lowered blood glucose signifi-
cantly in all strains compared to age-matched
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un-treated controls (Table 1). Blood glucose
returned to the same levels as controls after
~120-180 min in all strains (Figure 1). At 40
min, the inbred C57BL/6 strain revealed the
most substantial effect on blood glucose
(AOC, 050040 @N effect which was significantly
larger compared to the other mouse strains
(Table 2). These differences were also present
in AOC calculated from 0-60 and 0-90 min.
However for AOC calculated from 0-180 min,
there were no significant between-strain differ-
ences in mean AOC-values (data not shown).
Mean maximal blood glucose response to Hl
was observed in all four strains ~40 min after
treatment and was significantly greater in
C57BL/6 mice compared to BALB/c, NMRI
and CD-1. The mean maximal blood glucose
response was significantly lower in the BALB/c
strain compared to outbred NMRI and CD-1
mice (Table 2), i.e., BALB/c mice appeared to
be the least insulin-sensitive strain.

Within-strain variation in acute effects of sub-
cutaneous dosing with human insulin

Baseline blood glucose was the least variable
of the investigated parameters with CVs rang-
ing from 8.6 to 10.8%, all of which were compa-
rable between strains (Table 2). The inbred
strain C57BL/6 exhibited the lowest level of
variation within parameters “AOCqucoseMo" and
“Mean maximal blood glucose effect” and was
significantly less variable than both outbred
stocks and the inbred BALB/c mice. Within-
strain variation of inbred strain BALB/c was
comparable to that of the outbred stocks for all
parameters.

Metabolic effects of Western diet intervention
in inbred and outbred mice

To investigate whether exposure to an energy-
dense diet resulted in changes of selected met-
abolic parameters, mice were fed a WD for six
weeks and compared with age-matched con-
trols fed a standard RC. Figure 2 shows the
weight curve during the six week diet trial.
Exposure to WD significantly increased body-
weight in the C57BL/6 strain and the CD-1
strain compared to animals on RC. Surprisingly,
BALB/c mice fed WD gained significantly less
bodyweight compared to BALB/c mice fed RC
during the six weeks (Table 3).

Total fat mass and epididymal fat mass weights
were significantly increased in all four strains in
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Table 2. Phenotypic variation of selected parameters in inbred and outbred mice before and after subcutaneous dosing with human insulin

BALB/c (n=48) C57BL/6 (n=48) NMRI (n=49) CD-1 (n=50)
Mean + SD CV (%) Mean + SD CV (%) Mean + SD CV (%) Mean + SD CV (%)
Baseline blood glucose (mM) 9.0+1.011 10.8 [9.0; 13.5] 8.5+0.71 8.6 [7.2; 10.8] 8.9+0.9111 10.2 [8.5; 12.8] 8.7+0. 91 9.5[8.0; 11.9%]
AOC, oee040 (MM*min) 85.5+22.411  27.8[23.2; 34.8]° 114.0+19.3" 17.0[14.2;21.3]° 94.3+23.5'" 25.9[21.6;32.3]7 89.2+24.3"t 24.7 [20.7; 30.8]°

Maximal blood glucose effect of Hl (mM)  5.6+0.9"""  16.4 [13.7; 20.6]°  4.2+0.57 11.0[9.1; 13.7]°  4.9+1.0""  20.8[17.4;26.0] 4.8+0.8"  17.3 [14.5; 21.6]"

Numbers given in percentage are coefficients of variations. Brackets designate 95% confidence intervals for coefficients of variation. Superscripts indicate significant (P<0.05) differences in CVs (2**9) and
effect (, T, T11) between strains. CV=Coefficient of variation, AOC=Area over the Ablood glucose vs. time curve.

Table 4. Phenotypic variation of selected metabolic parameters in inbred and outbred mice after 6 weeks exposure to an energy-dense diet
(Western Diet)

BALB/c (n=40) C57BL/6 (n=39) NMRI (n=40) CD-1 (n=40)
Mean + SD CV (%) Mean + SD CV (%) Mean + SD CV (%) Mean + SD CV (%)
Bodyweight change (g) 6.0+1.41  258[21.1;33.1F 12.3+2.711  22.9[18.7; 29.4F 7744501 53.4[43.7;68.9]°  9.4+4.0'  43.7[35.6; 56.5]°
Fat mass (EchoMRI) (g) 25111 63.1[51.7;81.0]  5.1+2.5' 71.0 [58.0; 91.5] 5.0£3.71 69.0 [56.5; 88.6] 5.8+3.6"  73.0[59.8; 93.8]
Lean mass (EchoMRI) (8)  23.2¢1.9"  8.3[6.8;10.6]  24.8+2.3' 9.7 [7.9; 12.5] 30.6+2.311 7.9[6.4; 10.1] 29.7+2.211 7.4[6.0; 9.5]
Liver weight (g) 2.0£0.31  12.0[9.9; 15.5] 1.6£0.21" 15.8 [12.9; 20.4] 2.0£0.31 14.8 [12.1; 19.0] 2.0£0.3"  13.4[11.0; 17.2]
Epididymal fat weight (g) 0.6£017  25.0[20.5;32.1]°  1.2+¢0.5"  46.9[38.3; 60.4]° 1.4+0.911 58.4 [47.8; 75.0]° 1.6£0.9"  56.2[46.1; 72.2]°

Numbers given in percentage are coefficients of variations. Brackets designate 95% confidence intervals for coefficients of variation. Superscripts indicate significant (P<0.05) differences in CV's (**°9) and
effect (1, 11, 111) between strains. CV=Coefficient of variation.
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Figure 2. Development in bodyweight over time in inbred (BALB/c, C57BL/6) and outbred (NMRI, CD-1) strains of
mice on Western Diet compared to control mice fed standard rodent chow. Mice were maintained on either WD or
RC for 6 weeks, and weighed on a weekly basis. Circular and triangular symbols and curves designate treatment
groups (BALB/c: n=40; C57BL/6: n=39; NMRI: n=40; CD-1: n=40), and age-matched RC-fed control mice (n=15,
all strains except NMRI: n=14), respectively. Data points represent the mean value in each group, error bars repre-
sent the standard deviation. Significant effect of WD on bodyweight gain was only observed in the C57BL/6 strain
(P<0.0001). Conversely, significant difference was found between the BALB/c WD and RC group, with the RC group
demonstrating a larger gain in bodyweight compared to the WD group. WD=Western Diet, RC=Rodent chow. A:
BALB/c mice. B: C57BL/6 mice. C: NMRI mice. D: CD-1 mice.

mice fed WD compared to controls. Lean mass didymal fat mass were significantly higher in
was decreased in the outbred CD-1 strain, with C57BL/6, NMRI and CD-1 WD-fed mice com-
no significant effects in the remaining strains, pared to the BALB/c, while liver weights were
and liver weights were significantly increased in significantly lower in C57BL/6 mice compared
BALB/c, C57BL/6 and NMRI mice compared to to the other strains.

controls (Table 3). Compared to standard ro-

dent chow, exposure to an energy-dense diet Within-strain variation of metabolic parameters

significantly increased a minimum of three out

of five metabolic parameters in all strains. Point-estimates of within-strain variation in

bodyweight gain ranged from 22.9-53.4%

The effects of WD between strains were also (Table 4). The lowest level of variation was
assessed. The WD-fed mice of the C57BL/6 observed in the two inbred strains C57BL/6
strain displayed a significantly higher mean and BALB/c, both of which were significantly
bodyweight gain compared to WD-fed BALB/c, less variable compared to the outbred stocks.
NMRI and CD-1 mice. Total fat mass and epi- Additionally, mean epididymal fat mass was sig-
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Table 3. Selected metabolic parameters after 6 weeks exposure to an energy-dense diet (WD) com-
pared with age-matched controls fed standard rodent chow (RC)

Strain/Stock Diet Bodyweight change (g) Fat mass (g) Lean mass (g) Liver weight (g) Epididymal fat depot (g)

BALB/c WD 6.0+1.4" 2.5+1.1" 23.2+1.9 2.0+0.3" 0.6+0.1""
RC 7.4+1.0 1.740.5 23.5+1.5 1.840.2 0.4+0.1
C57BL/6 WD 12.3+2.77 5.1+2.5" 24.8+2.3 1.6+0.2" 1.2+0.5
RC 8.1+2.1 1.3+0.8 24.5+3.1 1.4+0.2 0.3+0.1
NMRI WD 7.7+4.5 5.0+3.7" 30.6+2.3 2.0+0.3™ 1.4+0.9™
RC 6.2+2.2 2.6x1.4 30.5+1.6 1.7+0.03 0.7£0.2
CD-1 WD 9.4+4.0" 5.8+3.6"" 29.7+£2.2" 2.0+0.3 1.6£0.9™
RC 74+1.5 2.311.0 31.5+£1.7 1.9+0.2 0.7£0.2
RC=Rodent Chow, WD=Western Diet. *, **, * and **" indicate p<0.05, 0.01, 0.001 or 0.0001, respectively. Comparisons are

between WD groups and RC groups within each strain. WD groups: (BALB/c: n=40; C57BL/6: n=39; NMRI: n=40; CD-1: n=40); RC
groups: (BALB/c: n=15; C57BL/6: n=15; NMRI: n=14; CD-1: n=15).

nificantly less variable in inbred BALB/c mice
compared to all other strains. No difference in
variability between strains was observed when
comparing total fat mass, lean mass and liver
weight.

Discussion

To our knowledge, this is the first study to esti-
mate and evaluate the relative within-strain
variation of preclinical parameters in response
to insulin dosing and metabolic effects of an
energy-dense diet in inbred and outbred mouse
strains commonly used in diabetes and obesity
research. Here, we show that phenotypic vari-
ability in most of the typical readouts was com-
parable between inbred and outbred strains of
mice. Thus, our findings are not in agreement
with the common notion that inbred strains will
display lower levels of phenotypic variation due
to their genetic homogeneity [12].

Overall, comparable phenotypic variation was
observed in 23/32 (~72%) of direct compari-
sons between inbred and outbred mice. How-
ever, the inbred strain C57BL/6 was signifi-
cantly less variable in response to HI in 2/3 of
parameters compared to the two outbred
stocks. When examining the variability of the
metabolic response to WD, inbred BALB/c mice
were significantly less variable than the out-
bred stocks in 2/5 parameters, while within-
strain variation in the C57BL/6 mice was sig-
nificantly lower in only 1/5 parameters.

Besides genetic background, a wide range of
factors arising from experimental, analytical
and environmental conditions have the poten-
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tial to contribute to the phenotypic variation
observed within a strain [13]. Estimating the
relative contribution of each of these variables
to the total variation within a strain was not
attempted in this study. However, sources of
experimental, analytical and environmental
variation were limited by careful planning of
the study and are expected to have been com-
parable between experiments and strains.
However, since the variability of the majority of
the readouts examined in this study was com-
parable between inbred and outbred mice, our
data suggest that the potential contribution
from genetic heterogeneity to the total pheno-
typic variation is relatively small, and that the
phenotypic variation is likely primarily influ-
enced by experimental, analytical and environ-
mental variation.

Previously, it has been suggested that pheno-
typic variation in inbred strains is relatively
more influenced by environmental factors than
outbred stocks, because the environmental
component of variability will increase relatively
as the genetic component is reduced [6, 14].
Also, inadequate ongoing quality control among
outbred stocks may introduce the possibility of
outbred stocks being more or less inbred,
depending on breeding facility. Although breed-
ers try to monitor genetic variation and drift
within their stocks by use of microsatellite
markers, the screening procedures are often
only performed on a few animals and may be
separated by years [15, 16]. Genetic drift and
bottlenecks within outbred colonies are well-
known problems capable of interfering with
population structure over a span of only a few
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generations, introducing less variability by
decreasing the level of heterozygosity [17-19].
Thus, we cannot exclude the possibility that the
outbred stocks used in this study may have
been subject to a decline in genetic variation
brought on by genetic drift or non-random
breeding, which would likely result in the phe-
notypic variation being more comparable to
inbred strains of mice.

Breeder identity has previously been identified
as a possible confounder in relation to altered
genotypic and phenotypic variability [20-22].
Sprague-Dawley rats from three different
breeders showed genetically and phenotypical-
ly distinguishable variation, both between
breeders and between individual colonies with-
in facilities [15]. The same has been shown in
outbred ICR-mice from separated colonies
within the same breeding facility; however, simi-
lar studies in other stocks demonstrated only a
negligible loss of variation [22].

As expected, the sensitivity to the experimental
treatment varied between strains in the pres-
ent study. When the mice were fed a WD, the
least sensitive strain (BALB/c) was also the
least variable for several of the chosen read-
outs, which agrees with a previous study show-
ing that in strains prone to diet-induced obesity,
high fat feeding induces highly variable pheno-
types (even in genetically uniform C57BL/6
mice) [23]. In agreement with our observations,
NMRI, CD-1 and C57BL/6 mice have previously
been shown to be prone to diet-induced obesi-
ty, whereas BALB/c mice are relatively resistant
[24-26]. However, by using the CV as measure
of variability, the difference in effect between
strains has only little impact on the variation
as the CV represents a relative measure of
variability.

In the present study, the within-strain variation
seemed more closely associated with the sen-
sitivity of the individual strain to the applied
treatment and the endpoint than to the classifi-
cation of inbred or outbred. This suggest that
choice of animal model should be based on
pilot-studies determining the relative efficacy
and variation of individual strains to the experi-
mental procedure or intervention, rather than
on the assumption that outbred stock variation
surpasses that of inbred strains.
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Previous studies comparing the within-strain
variation of inbred and outbred rodents have
yielded contradicting results, but the endpoints
and compared strains also vary between stud-
ies [7, 14, 27-36]. Some studies used low sam-
ple sizes resulting in a questionable reliability
of the estimate of phenotypic variation [7, 27,
29, 33-35]. Larger sample sizes provide better
estimates of the true phenotypic variation per
se, and the sample sizes used in this study
were calculated based on a predefined range of
a 95% confidence interval for the CV, thus pre-
dicting the reliability of the estimate of the vari-
ation. In the majority of previous studies refer-
enced in this text, it has not been reported if
formal sample size calculations were per-
formed. Only very few previous studies have
employed sample sizes as large as those used
here and they too have reached conflicting con-
clusions [30, 31, 36]. Hence, one study exam-
ined the variation in skeletal muscle fiber num-
ber in inbred and outbred mice and rats (n=97-
113/strain) and found inbred to be more phe-
notypically variable than outbred [31]. Another
study found the variability in neurobehavioral
response to acute trimethyltin neurotoxicity to
be comparable between inbred and outbred
rats (n=40/strain) [30], whereas a third study,
observing the sleeping time after administra-
tion of hexobarbital in mice, showed outbred to
be more variable than inbred (n=25-64/strain)
[36]. However, the contradicting results may at
least partly be explained by the variation not
being inbred/outbred-related but rather strain
sensitivity and endpoint-related. Thus, as the
studies are separated by decades and as
breeder effects and genetic drift is likely to
occur within such a time frame, it is question-
able if the results can be directly compared or
used to predict the variability of other pheno-
typic traits.

It is important to note, that in cases where no
significant difference in variation was observed
between inbred and outbred strains, significant
differences in within-strain variation could exist
if tested using larger sample sizes. However,
detection of such differences would potentially
require thousands of animals in each group
suggesting that the relative contribution from
difference in true phenotypic variability may be
so small, that it would have no practical impact
on the number of animals needed to perform
an experiment. When retrospectively calculat-
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Table 5. Sample size calculation in a hypothetical experiment based
on the coefficients of variation estimated in this study. Power was set
at 0.80, a=0.05 and the minimal detectable difference to a fold-
change of 1.5

Number of mice per group to be able to

highlight the impact of
choice of animal mod-
el (whether inbred or out-
bred) on the outcome of
pharmacological studies
within diabetes and obes-

Parameter detect a difference >1.5-fold between two ;

groups (e.g., treatment versus control) ity.

BALB/c C57BL/6 NMRI CD-1

(inbred) (inbred) (outbred) (outbred)  ~\cknowledgements
AOC, i o5e040 9 4 8 7 We are indebted to profes-
Maximal blood glucose effect of HI 4 3 6 5 sor Ib Skovgaard for his
Body weight change 7 8 23 19 invaluable advice with the
Fat mass 40 50 47 52 experimental design and
Lean mass 3 3 3 3 statistical approach of the
Liver weight 3 4 4 4 study. We furthermore
Epididymal fat mass 8 22 34 32 wish to thank Anne Bow-

Sample size calculations were performed in SAS JMP. HI=Human insulin. AOC=Area

over the Ablood glucose vs. time curve.

ing the sample sizes for a theoretical experi-
ment based on the CVs obtained in the present
study, in only relatively few cases did the differ-
ence in CV between inbred and outbred result
in the requirement of a considerably larger
number of animals (Table 5). In relation to this,
the use of a multi-strain assay has previously
been suggested [37]. In an attempt to model
the genetic heterogeneity of the human popula-
tion, this type of experimental design employs a
panel of 8-10 different inbred strains. This is in
contrast to the traditional approach of testing
against a genetically diverse background in a
single outbred stock. One argument for the use
of this design is that, despite the employment
of more strains of inbred mice, the lower pheno-
typic variation within these animals will ulti-
mately lead to a lower sample size compared to
if the same experiment was done in outbred
animals. However, with the comparable within-
strain variation for inbred and outbred mice
observed in this study, the multi-strain
approach would paradoxically lead to the use
of a far higher number of animals.

The main objective of this study was to provide
reliable estimates of within-strain variation for
selected pharmacological and metabolic pa-
rameters in inbred strains and outbred stocks
of mice. In conclusion, we found that the vari-
ability of the majority of tested readouts was
comparable between inbred and outbred mice.
The results suggest that within-strain variation
is highly strain- and endpoint dependent and
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