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An investigation was undertaken to study the effects of germfree (GF) status and
mild food restriction on life span in GF and specific pathogen-free (SPF) male
ICR mice either full-fed (ad libitum)or on a restricted diet of 4.5 grams per day
(equivalent to approximately 80% of full-fed intake) from five-week-old. The mean
life span of the full-fed SPF and GF mice was 75.9 and 88.9 weeks respectively,
whie the mean life span of the food-restricted SPF and GF mice was 117.5 and 109. 6
weeks, respectively. Mice in both GF and SPF food-restricted groups were charac-
terized by lower body weight and increased survival. These findings suggest that the
cessation of growth may be importantly and perhaps causally related to longevity.
The GF mice survived longer than the SPF mice, but the combination of GF status
with food restriction did not seem to extend life span more than food restriction

alone. — KEY WORDS : aging, food restriction, germfree, growth, life span

We are currently conducting a long-term
study on aging in germfree (GF) mice together
with study on the life-extending effect of rest-
ricted diet intake. Gordon et al. [6] reported
that GF mice lived longer than conventional
(CV) mice. Pollard and Wostmann [12] showed
that full-fed GF Lobund-wistar (L-W) rats
lived longer than full-fed CV L-W rats. From
these studies, it has been deduced that the life
extension in GF animals may be due to unique
characteristics of the GF state.

On the other hand, food restriction has
been of particular interest in aging research as
the most effective means known for increasing
life span in rodents. McCay et al. [8] has
reported that restriciing the food intake
of rats markedly increased life span. Since
then, many repetitions of similarly designed
experiments have confirmed this fact [1,2,5,
10, 13, 14, 16, 19, 21-23] . It therfore appears that
food restriction influences basic mechanisms
of the aging process common to these animals.

GF animals live substantially longer
than their CV counterparts. Food restriction

increases life span even further. However,
Little is known about aging processes in GF
animals subjected to food restriction from
weaning through their usual or extended life
spans [12, 17, 18]. Hence, the present investiga-
tion was designed to examine both the effects
of GF status and food restriction on the
longevity and growth of mice.

Materials and Methods

Mice : Four-week-old GF and specific
pathogen-free (SPF) male ICR mice were pur-
chased from CLEA Japan Inc., Tokyo, Japan.
GF mice, reproduced and maintained under GF
conditions in plastic isolator systems were free
of detectable microflora. The SPF mice were
maintained in clean standard animal room
quarters. Room temperature for all mice was
kept at 23C+ 2°C humidity at 60%+ 5%.
Full-fed mice (GF-F and SPF-F) were housed
three to a commercial plastic cage (approxima-
tely 22 x 15% 12 cm). Food-restricted mice (GF-
R and SPF-R) were housed individually in small
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steel cages (approximately 22X 8 X 9 cm).

Diets : All animals were provided with
laboratory diet (CL-2, CLEA Japan), tap
water, bedding, and cages sterilized by auto-
clave. Until the start of experimentation, all
mice were full-fed on the sterilized diet. At
5 weeks of age, mice were assigned randomly
to experimental groups. Intake was restricted
to 4.5 grams of food per day beginning at 5
weeks of age in the food restricted animals.
This is equivalent to approximately 80% of
full-fed intake.

General observation : The mice were observ-
ed daily to ensure that food and water were
available and to check for deaths. Starting at
5 weeks of age, each mouse was weighed every
week until death. Organ wet weights were
measured in mice from each group up sacrifices
at 25, 40, 70 and 90 weeks of age.

Statistical analysis : The Wilcoxon rank
sum test was employed to test the difference
in the mean life span and maximum life span
between experimental groups. Significance of
differences between mean values was tested
using Student’s ¢-test.

Results

Longevity : The mean life span and age of
the longest surviving 10% are presented in
Table 1. In both GF and SPF mice, the mean
life span of the food-restricted mice was signif-
icantly longer than that of their full-fed
counterparts (p<0.01). The mean age of the
longest 10% survivors was also significantly
higher for the groups of food-restricted mice
than for groups of full-fed mice (p<0.05).
Survival curves for all groups are shown in
Figure 1. The first death occurred in week 38
in group SPF-F, week 70 in SPF-R, week 54 in
GF-F, and week 80 in GF-R. Fifty-percent
mortality was recorded in week 74 in SPF-F,
week 122 in SPF-R, week 90 in GF-F, and week
109 in GF-R.

Body weights : The body weights of the
GF and SPF mice used in this study are shown
in Figure 2. The weights of mice in group SPF-
F increased up to 70 weeks of age with some
decline in weight at more advanced ages. The
weights of mice in group GF-F was similar to
those of group SPF-F through 70 weeks of age,
but in contrast to group SPF-F, their weights
showed no decline until the end of the experi-

Table 1. Summary of longevity findings

Group n  Mean life span  Maximum life span*
SPF-F 49 75.9+£3.6 113.4+1.3
SPF-R 28 117.5+5.6 156.8+4.8
GF-F 21 88.9+3.8 116.0+1.4
GF-R 22 109.6+3.1 136.0+1.4

Note. Entries are in weeks. Values are expressed as
meantS.E. * Mean survival time for longest
10% survivors of each population
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Fig. 1. Survival of GF and SPF mice fed full-fed

or restricted diets. Each symbol repesents
onemouse

ment. Both groups of food-restricted mice
showed slower weight gain for 16 weeks and
then remained at this lower weight throughout,
gaining significantly less body weight than
their full-fed counterparts (p<0.01).

Organ weights : Liver, kidneys, heart and
lung weights expressed as percentage of body
weight as well as actual weights are given in
Table 2. Actual weights of these organs were
significantly less in both food-restricted GF
and SPF mice at all ages (p<<0.05). The weight
of liver and kidneys increased with age, where-
as the weight of heart and lung were constant
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Table 2. Effect of food restriction on organ weights (in milligram)
of GF and SPF mice at various ages

Group n Liver Kidney* Heart Lung
25 weeks
SPF-F 6 2,524+ 95(5.37)** 836+31(1.78) 217+10(0.46) 243+15 (0.52)
SPF-R 6 1,568+ 82 (4.53) 588+23 (1.70) 185+ 4(0.53) 195+ 5 (0.56)
GF-F 6 1,695% 53 (4.10) 678+ 10 (1.64) 166+ 4 (0.40) 180+ 9 (0.44)
GF-R 6 1,318% 46 (3.72) 558+10 (1.57) 150+ 6(0.42) 170+ 4 (0.48)
40 weeks
SPF-F 6 2,668+102 (5.56) 878148 (1.87) 216% 6 (0.45) 233+15 (0.49)
SPF-R 6 1,894+ 45 (5.12) 619+12 (1.78) 177+ 3 (0.48) 195%12 (0.53)
GF-F 6 2,255%106 (5.28) 759+36 (1.78) 220+17 (0.51) 201+£17 (0.47)
GF-R 6 1,641% 57 (4.51) 605+20 (1.66) 195+ 6 (0.54) 183+ 8 (0.50)
70 weeks
SPF-F 3 2,866% 88 (5.72) 915+13 (1.83) 215+ 4 (0.43) 238+ 8(0.48)
SPF-R 3 1,805+ 60 (4.20) 642+24 (1.70) 182+ 5(0.48) 205+15 (0.54)
GF-F 3 2,334%116 (5.12) 819+21 (1.80) 214%+15(0.47) 218+ 5(0.48)
GF-R 3 1,705+ 84 (4.51) 632124 (1.67) 187x 6(0.49) 203£13 (0.53)
90 weeks
SPF-F 3 3,387%131(6.78) 999455 (2.03) 215+10 (0.44) 276%15 (0.56)
SPF-R 3 2,010% 62 (5.79) 662+26 (1.91) 184+ 8(0.53) 203+11 (0.59)
GF-F 2 2,653 (5.16) 963 (1.87) 222 (0.43) 214 (0.42)
GF-R 3 1,703 65 (4.40) 687122 (1.76) 186%x 2 (0.48) 191X 7 (0.49)

Note. Values are expressed as mean + SE.

* Weights of right plus left kidney

** The percentage of organ weight to body weight are in parentheses.
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Fig.2. Effect of diet on body weight. Values
represent mean * S. E. body weight in grams
for all mice alive in each group at the in-
dicated age.

up to 90 weeks of age in all animals. In both
food-restricted groups, mice had lower liver
weight compared to their full-fed counterparts
(p<0.05). By relative weight, the kidneys were
also lighter in the food-restricted groups,
although the differences were not significant.
On the contrary, the relative weights of both
the heart and lung were higher in the food-
restricted mice than the full-fed mice, but this
increase was not significant.

Disussion

In this report, we have presented data on
the effects of mild food restriction and GF
environment on the aging process. In our study,
mean and maximum life spans were shortest
for SPF-F mice, longer for GF-F mice, even
longer for GF-R mice, and longest for SPF-R
mice, indicating longer survival of the GF-F
mice in comparison to their SPF counterparts,
with both greater mean life span and maximum
life span. These results are in agreement with
the studies of Gordon et al. [6] and Pollard
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and Wostmann [12] noting longer survival for
GF than CV mice and rats. From these experi-
ments, it was believed that life extension in
these GF animals may be characterized by a
infectious disease-free status.

Data from the second aspect of our experi-
ment agrees with other studies indicating that
appropriate food restriction in rodents can
increase mean and maximum life spans [1, 2,5,
8,10, 12-14, 16, 19, 21-23].

Improved survival observed in the food-
restricted mice of both GF and SPF groups in
our experiments occurred as delayed onset of
age-dependent increases in mortality, appear-
ing as significantly longer survival. It is
noteworthy that mean and maximum life spans
of the GF-R mice were shorter than the SPF-
R mice. Analysis of the survival data indicates
that under the present experimental conditions,
the combination of GF status with food rest-
riction did not extend life span beyond that of
food restriction alone.

Brain and Benton [3] have reviewed the
effects of differential housing on rats and
concluded that the individual housing imposes
a stress on the animals which affects their
physiological parameters. The full-fed mice
(GF-F and SPF-F) in the present study were
housed three to a cage while the food-restricted
mice (GF-R and SPF-R) were individually
housed. This difference in housing may have
differing influences in life span. However, as
food-restricted animals are individually housed
it would appear that food restriction overrides
any possible detrimental effects of individual
hausing in respect of life span.

It is not difficult to imagine food intake
to have significant effects on body weight. As
expected, it was found that body weight gain
was suppressed by restricting food supply.
Body weights of both food-restricted groups
of mice were lower than those of their full-fed
counterparts. The lower body weight and longer
life span observed in relation to food restric-
tion from weaning agree with the results of
previous investigator [8, 16-18, 23]. The impor-
tance of low body weight in longevity is in-
dicated by the long mean life span of the food-
restricted mice. The results suggest that the
effects of food restriction on the aging proces-
ses may be due to delayed maturation or
slowed growth, perhaps causally related to
longevity.

Actual weights of all organs were signif-
icantly lower in both food-restricted GF and
SPF mice. These smaller organs of the food-
restricted animals are probably constructed of
smaller cells. Enesco and Samborsky [4] have
demonstrated that food restriction reduces
the rate of cell-size increase and growth. In
both GF and SPF mice, the relative weights
of liver and kidneys on the food-restricted
animals were less than those of organs from
the full-fed animals. The lower liver-and kid-
neys-weights of the food-restricted groups
observed in this study are in agreement with
the results reported by other investigators [11,
15, 20]. However, the relative weights of the
heart and lung were observed to be higher by
5-15% in both GF and SPF food-restricted
mice, indicating that the organ weights do
not develop in parallel with the body weight.

As another aspect of aging with relation
to longevity, it is known that the normal
immune functions decline with advancing age
in both men and rodents [9]. Age-associated
malignancies which contribute to early death
have been correlated with decreased immune
activity [7]. Weindruch et al. [24,25] have
suggested that immunological consequences of
food restriction may contribute to effectson
longevity and late-life spontaneous cancer.
Hence, we have examined the effects of food
restriction on immune system function and
prolongation of life span in GF and SPF mice,
yielding the following information on immu-
nological function. In both GF and SPF mice,
food-restricted mice exhibited elevated immune
function in comparison to full-fed mice. Addi-
tionally, the immunological responses were
lower in GF-R mice than in SPF-R, which
may explain why the GF status in this case
did not benefit their life spans of beyond
that of their SPF counterparts. Details on
immunological functions will follow in later
publications.

We are grateful to Ms. Y K. Nakazawa for helpful
discussions on the manuscript.
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