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The collaborative Interagency Agreement between the National Center for Toxicological Research (NCTR) and the
National Institute on Aging (NIA) was aimed at identifying and validating a panel of biomarkers of aging in rodents in
order to rapidly test the efficacy and safety of interventions designed to slow aging. Another aim was to provide a basis for
developing biomarkers of aging in humans, using the assumption that biomarkers that were useful across different geno-
types and species were sensitive to fundamental processes that would extrapolate to humans. Caloric restriciion (CR), the
only intervention that consistently extends both mean and maximal life span in a variety of species, was used to provide a
model with extended life span. C57Bl/6NNia, DBA/2]Nia, B6D2F 1, and B6C3F1 mice and Brown Norway (BN/RijNia),
Fischer (F344/NNia) and Fischer X Brown Norway hybrid (F344 X BN F1) rats were bred and maintained on study.
NCTR generated data from over 60,000 individually housed animals of the seven different genotypes and both sexes,
approximately half ad libitum (AL) fed, the remainder CR. Approximately half the animals were shipped to offsite NIA
investigators internationally, with the majority of the remainder maintained at NCTR until they died. The collaboration sup-
Dplied a choice of healthy, long-lived rodent models to investigators, while allowing for the development of some of the most
definitive information on life span, food consumption, and growth characteristics in these genotypes under diverse feeding

paradigms.

MAJOR objective of the National Institute on Aging (NIA)

Biomarkers of Aging Program (BAP), and the collabora-
tive Interagency Agreement between the National Center for
Toxicological Research (NCTR) and NIA (1), was to identify
and validate a panel of biomarkers of aging in rodents in order
to rapidly test the efficacy and safety of interventions designed
to slow aging. It was also intended that any panel of rodent-
aging biomarkers would also provide some basis for develop-
ing biomarkers of aging in humans. This was based on the as-
sumption that biomarkers useful across different genotypes and
species would be sensitive to fundamental processes that would
extrapolate readily to humans.

Because the BAP biomarkers were to test extension of life
span, any validation method that predicted shortened life span
as a result of genetic or environmental manipulation was con-
sidered inadequate. For that reason, the BAP biomarkers in ro-
dents were validated in animals fed using caloric restriction
(CR), the one intervention that is generally accepted to reliably
and robustly extend life span and slow the rate of aging as well
as delaying many of the processes associated with aging in ro-
dents (1-4). Successful BAP biomarkers should distinguish
between young and old ad libitum fed (AL) individuals, as
well as between AL and CR animals of the same chronological
age (1,5,6).

The rodents used in this program were bred and maintained
at the NCTR (7-9). Following a two-year startup and testing
phase initiated in 1984, animals either were shipped to NIA in-
vestigators with projects funded through BAP or were utilized
in studies conducted by staff at the NCTR headquarters,
Jefferson, Arkansas. The NIA/NCTR Interagency Agreement
was expanded in 1993 to provide AL and CR animals to inves-
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tigators on a cost basis, and was terminated in 1998 as the last
remaining animals were shipped to Harlan-Sprague Dawley,
Inc., Indianapolis, IN.

Selections of the work conducted by a number of the BAP-
funded and NCTR investigators are presented in this and the
December issue of the Journal of Gerontology: Biological
Sciences.

MATERIALS AND METHODS

Genotypes

Four genotypes of mice and three genotypes of rats were
available to the NIA/NCTR investigators. These included two
inbred strains of mice, C57BI/6NNia (B6) and DBA/2JNia
(D2) and two hybrid strains of mice, one of which was derived
by crossing B6 and D2 mice (B6D2F1) and the other derived
by crossing B6 and another inbred strain, C3H (B6C3F1). The
breeding pairs for these animals were obtained from the NIA
breeding colonies and were monitored periodically for genetic
drift. The three genotypes of rat included two inbred strains,
Brown Norway/RijNia (BN) and Fischer 344/NNia (F344),
and the F1 hybrid derived by crossing BN and F344 (F344 X
BN F1). The breeding pairs for the F344 rat were obtained from
the NIA colonies, and the BN rat was derived from frozen em-
bryos shipped from TNO (Rijswik, The Netherlands).

Animal Husbandry Conditions

The animals were divided into three groups. One, the
Longevity Group (LG), consisted of AL and CR cohorts of usu-
ally 56 male and 56 female mice, or 54 male and 54 female
rats. The animals in this group were simply monitored until
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they died. The Pathology Group (PG) (usually 108 rats, or
168-210 mice, both sexes, both AL and CRY), supplied approxi-
mately 15 live mice or 12 live rats at 12 months of age and at
6-month intervals thereafter for comprehensive pathological
examinations and clinical tests similar to those previously re-
ported (10-12). In addition, the animals in the LG and those in
the PG that died, or were moribund, usually were examined in
the same comprehensive manner. The Shipment Group (SG)
comprised the cohorts from which live animals were shipped to
investigators. The three groups were maintained under identical
conditions. The numbers of animals in the SG group for each
genotype are given in Table 1. Approximately 58% of the ani-
mals in this group were actually shipped to investigators, vary-
ing from 42% to 67% in each genotype.

The animals used in these studies were maintained in a
specific-pathogen-free (SPF) barrier facility as described previ-
ously (9). Caging, bedding, computers, and other equipment
entering the barrier were sterilized or sanitized by steam auto-
claving, ethylene oxide, or chemical surface sanitizing. Per-
sonnel showered before entering and wore sterilized masks,
caps, and were otherwise sheathed in autoclaved protective
clothing. The air supplied was 100% fresh HEPA-filtered air
and conditioned to 72 £ 1° F with relative humidity maintained
between 40% and 60%. The animals were checked twice daily
for clinical observations and survival. Cage changes were made
weekly. Body weights and clinical observations were recorded
at least monthly as well as weekly for some periods, such as the
first 4 months of age for every animal.

Animals were housed individually in standard caging with
modifications. Mice were kept in a standard polycarbonate cage
with wooden chip bedding with a stainless steel divider separat-
ing the cage longitudinally into two prolate compartments, ap-
proximately 11.5 X 3.75 X 5 inches. Each cage had a single
water bottle fitted with a two-holed stopper and two sipper
tubes. Pelleted food was apportioned independently to each
side of the food hopper and partitioned by the stecl divider.
These cages were placed on racks with 7 shelves, holding 12
cages per row (6 on each side), for a total of 84 cages (168
mice) per rack.

Rats were housed individually in the mouse polycarbonate
cages (without divider) to which an additional 2 1/2-inch-high
polycarbonate rim was solvent welded, providing approxi-
mately 11.5 X 7.5 X 7 inches of space per animal. Standard

Table 1. Numbers of Animals in the Shipment Group

Genotypes M-AL M-CR F-AL F-CR
B6D2F1 2836 2324 1034 1033
D2 1104 1101 586 582
B6C3F1 1783 1755 1654 1656
B6-NIH 2926 2485 1203 1186
B6-EM 1770 1886 1758 1882
BN 1574 1540 1549 1583
F344 X BNFl 2116 2043 1648 1610
F344-NIH 2792 2542 1858 1814
F344-PUR 438 438 462 462

Notes: M-AL = male ad libitum fed, M-CR = male calorie-restricted, F-AL
= female ad libitum fed, F-CR = female calorie-restricted. NIH = animals fed
NIH-31, EM = animals fed Emory Morse 91 ta, PUR = animals fed Purina
5010C. Genotypes are described in text.

cage lids and water bottles were utilized. Each rack contained
only 6 shelves (due to increased cage height) with 12 cages per
rack (6 on each side), for a total of 72 cages (rats) per rack.

In the latter phases of the study (approximately the year
1996), some mice sporadically exhibited a seropositivity in the
screening tests for mouse hepatitis virus (MHV). The MHV
strain that generated the seropositivity appeared to be non-
pathogenic (later verified by Susan Compton, Yale University,
personal communication), results of which were consistent with
the lack of any observed effects in gross and microscopic pathol-
ogy, and in both infant and “nude” mice. However, to eliminate
the virus from the colony and to allay potential concerns, all
breeding in the colony of mice was stopped and the entire mouse
colony was subjected to three sequential evaluations for MHV.
Any mouse exhibiting seropositivity or that shared a water bottle
(e.g., same cage) with a seropositive mouse was killed. The pro-
cess was successful, but resulted in some losses to the SG group.
Approximately 4% of the males and 11% of the females of the
B6C3F1 mice, 12% of male and 4% of female B6D2F1, and
5% of male and 1% of female B6-NIH were removed (B6-EM
were maintained longer when this occurred).

Food Consumption and Diets

Food consumption was monitored weekly for a cohort of an-
imals, the AL-fed LG rodents (Tables 2-5). These consump-
tions were used to determine the ration to be fed to the CR
groups in the studies, which were given a nominal 60% of the
values. Changes in the amount of food actually given to the CR
animals were made when a half-gram increase or decrease was
indicated. In mice, consumption of an entire cage (usually two
animals) was monitored. Near the end of the AL animals’ life
span, when the number of surviving animals became small (ap-
proximately 10% of the cohort), the CR groups were fed 60%
of the “static value” (this is the last value in the table for each
genotype). This value was determined by estimating an average
AL consumption with added amounts of food to prevent mal-
nutrition. Spillage in the food consumption groups was kept
below 5% of intake. Although food consumption data are often
used to determine caloric intake and “excess” calories in ani-
mals, the presence of coprophagy (13) and different energy re-
quirements arising from potential differential activity, body fat,
and response to the fixed environmental temperature (14) be-
tween the AL- and CR-fed animals, make the use of food dis-
appearance from a feeder (the basis of the food consumption
data) a method to accurately characterize caloric needs and con-
sumption problematic.

Three diets (each with two formulations) were used. In seven
studies, animals were given NIH-31 (Table 6), the autoclavable
form of a commonly used cereal, open formula feed if AL-fed,
or NIH-31 formulated with extra vitamin supplementation
(1.67 times the vitamin mix) if CR. It can be seen from Table 6
that this diet is adequate for both mice and rats even after auto-
claving. The only potential problem is a slight deficiency in
Vitamin B, in rats. There were no signs of any problems with
Vitamin B,,. The rats grew well, with no evidence of anemia in
the clinical assays of the sacrificed animals in the PG group.
Supplementation to ensure that CR cohorts received adequate
amounts of micronutrients to avoid malnutrition was achieved
by equalizing vitamin intake on a per/animal (not per/gram
body weight [BW1) basis. This approach was based on obser-
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Table 2. Male Mouse Food Consumption Data

Table 3. Female Mouse Food Consumption Data

Age Age

(months) B6D2F1 D2 B6C3F1 B6-NIH* B6-EM* (months) B6D2F1 D2 B6C3F1 B6-NIH* B6-EM*
2 4.2 4.4 43 44 36 2 37 39 38 42 35
3 42 4.8 55 4.9 4.1 3 4.1 43 4.4 4.6 4
4 49 4.9 5.8 49 42 4 43 43 4.6 4.7 4.1
5 5.1 4.8 6 5.1 42 5 4.4 4.1 5.1 5 4
6 52 4.7 58 5 43 6 4.5 39 5 49 4
7 5.1 4.7 58 5 42 7 4.5 39 5 5 4
8 53 4.7 6.1 5 42 8 4.6 4.1 52 5 43
9 54 49 6 5 4.2 9 47 4.2 53 5.1 4.2

10 53 5 58 5.1 4.1 10 4.7 4.4 54 5 4.1

11 53 4.8 58 4.8 4 11 4.8 43 54 49 39

12 52 4.8 6 4.7 39 12 4.6 44 54 49 38

13 52 4.6 59 4.7 39 13 4.6 42 5.6 4.8 39

14 54 4.6 6 49 38 14 49 4.2 5.6 5.1 38

15 54 4.7 58 49 4.1 15 4.8 43 54 5.1 38

16 54 4.5 58 4.7 44 16 47 4.2 53 5 43

17 53 4.7 54 4.8 4 17 47 4.2 5.2 5.2 44

18 54 4.8 6 5 4.3 18 4.7 44 5.5 54 3.1

19 53 4.6 6.1 4.3 39 19 4.6 4.2 56 153 4.6

20 52 4.7 6.2 5 4 20 4.6 4.3 5.7 55 4.5

21 5.1 4.6 6.1 4.8 38 21 4.5 44 56 55 45

22 5.1 44 6 49 36 22 4.5 4 5.5 54 4

23 4.9 4.6 58 4.5 39 23 44 42 56 53 43

24 4.6 4.1 6 4.7 39 24 4.2 36 58 5.6 4.2

25 4.5 4 56 4.6 36 25 43 25 56 58

26 4.8 42 57 44 3.1 26 4.6 6 55

27 5.1 59 4.7 27 4.8 6.3

28 5 5.1 44 28 4.7 5.3

29 4.7 49 4.1 29 4.6 52

30 4.7 48 4 30 4.6 54

31 5.1 5 31 5.1 56

32 52 5.1 32 5.2 57

Static 5.0 4.2 5 42 4.2 Static 5 4.2 5.8 50 4.2

Notes: Food consumption, in grams per day for male mice, at the age (in
months) listed. Last value in each column is the “static value” (60% of this
amount is fed to the restricted animals for the rest of the life span). Genotypes
listed are explained in the text.

*NIH = animals fed NIH-31, EM = animals fed Emory-Morse 911a.

vations that CR-induced changes in lean body mass (LBM; the
body composition component that would require the vitamins)
were much less than those seen in BW [(15,16); LBM at some
ages was sometimes equal in AL and CR rodents despite large
differences in BW]. In addition, B6 mice were used to compare
the effects of two different diets, the NIH-31 diet and the auto-
clavable form of a high-fat, high-protein breeding diet, Emory-
Morse 911 [EM; (8,9)]. F344 rats were similarly used to com-
pare the effects of the NIH-31 diet and Purina 5010C (PUR), a
diet used by the San Antonio group (e.g., 17). Both diets were
fed in the standard formulation to AL animals and with vitamin
fortification, similar (i.e., 1.67 times the vitamin mix) to that
used for NIH-31, to the CR animals. Because a number of ani-
mals were shipped from the studies using EM and PUR, data
from these studies were included in this report for complete-
ness. B6-NIH denotes the experiments that fed NIH-31 to the
B6 animals, and B6-EM denotes the feeding of EM. Similarly,
F344-NIH indicates the F344 animals fed NIH-31, and F344-
PUR indicates the animals fed PUR.

Notes: Food consumption, in grams per day for female mice, at the age (in
months) listed. Last value in each column is the “static value” (60% of this
amount is fed to the restricted animals for the rest of the life span). Genotypes
listed are explained in the text.

*NIH = animals fed NIH-31, EM = animals fed Emory-Morse 911a.

Pellets of food were sized accordingly by gram weight
[2.0-5.0 gram range; (8)]. Combinations of different-sized pel-
lets were used to provide a predetermined aliquot of food to
the CR animals for every species-genotype-sex cohort. Steam
autoclaving of the NIH-31, and pasteurization of EM and
PUR, were used to manage the microbiological contamination
without significantly destroying the vitamins in the diet. To
prevent spoilage, the pellets were stored in a temperature-
controlled environment at 40°F before and after sizing for no
longer than 90 days. Pelleted feed expiration dates were 6
months after manufacture.

Restriction paradigm.—Animals allocated to the CR co-
hort were introduced to the reduced caloric intake in a step-
wise fashion over a period of 3 weeks, beginning at 14 weeks
of age in all experiments except F344-PUR, in which the in-
troduction started at 6 weeks of age in order to be consistent
with previous experiments using this diet/strain combination
(e.g., 17).
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Table 4. Male Rat Food Consumption Data

Table 5. Female Rat Food Consumption Data

Age Age
(months) BN F344 x BNFI  F3M4NIH*  F344PUR*  (months) BN F344 X BNFI  F344.NH*  F344-PUR*
2 153 18 172 152 2 101 129 135 13
3 163 19.7 20 16.4 3 It 133 143 1.6
4 156 19.4 19.5 158 4 109 13.1 134 1
5 158 18:6 186 153 5 115 132 13.1 106
6 147 178 18.4 146 6 111 128 132 105
7 153 18.1 178 153 7 11.1 132 13 113
8 153 18.4 178 155 8 111 138 129 15
9 159 19.] 175 156 9 116 142 129 116
10 158 19 183 154 10 114 14.1 13.4 1.6
T 158 189 187 157 1 114 14.1 138 119
12 16 192 179 15.1 12 114 14.6 134 113
13 162 193 183 153 13 15 15 139 119
14 165 197 189 157 14 1.7 153 143 1.9
15 17 199 19.1 152 15 119 155 145 12
16 17.1 20 187 157 16 119 158 14.1 1.9
17 174 19.9 19.1 16 17 122 159 143 122
18 179 19.5 195 15.7 18 126 157 148 124
19 175 20 194 159 19 125 16.1 147 126
20 178 20.4 193 159 20 1238 16.1 15 123
21 17.7 20,1 195 163 21 126 16 158 126
2 179 202 19.8 162 2 128 16.1 15.1 126
23 176 202 17.7 158 23 126 155 14.4 125
24 169 203 18.1 152 2% 124 159 15.1 126
25 17.7 204 18.] 25 128 162 15.1
2% 179 209 178 26 129 167 15.1
27 182 21 17.1 27 13 165 146
28 179 205 23 13.1 16.4 144
29 188 208 2% 138 163 143
30 19.1 218 30 142 17 14.4
3] 185 214 31 14 164 15
2 18.6 214 32 14 173
3 205 33 155
4 201 34 154
35 18.4 35 153
36 19 36 5.1
Static 163 19.2 175 143 37
Static 135 153 142 125

Notes: Food consumption, in grams per day for male rats, at the age (in
months) listed. Last value in each column is the “static value” (60% of this
amount is fed to the restricted animals for the rest of the life span). Genotypes
listed are explained in the text.

*NIA = animals fed NIH-31, PUR = animals fed Purina 5010C.

Statistical analyses.—AL versus CR cohort comparisons
were made using the SAS procedure Proc Lifetest (18). Kaplan-
Meier survival distributions were computed, and a two-sided
log rank test was used to compare survival times.

RESULTS

The nominal 60% CR reduces BW, as shown in Figures 1-9.
These BW growth curves are for the SG cohorts, the groups
from which the animals shipped to investigators were drawn. It
can be seen that male/female differences were generally much
less in the CR groups for each genotype, especially for mice. A
large portion of the animals were shipped before 24 months of
age; therefore, the numbers of animals that provided data to the
BW curves decline with time from shipment and sacrifice, as
well as from the mortality resulting from aging.

Notes: Food consumption, in grams per day for male rats, at the age (in
months) listed. Last value in each column is the “static value” (60% of this
amount is fed to the restricted animals for the rest of the life span). Genotypes
listed are explained in the text.

*NIA = animals fed NIH-31, PUR = animals fed Purina 5010C.

Longevity

BW and longevity data for subsets of the LG cohort as well
as the PG animals have been previously reported (1,3,9-11,
19-26). Survival curves of the various genotype-diet-sex co-
horts are shown in Figures 10-18. These are the right censored
mortality data collected on all animals within a cohort of mice
or rats in each experiment. The mortality curves for all animals
are presented because there were not many animals in the SG
after 24 months of age, and presenting mortality curves. Except
after 24 months of age, the majority of these animals were usu-
ally in the SG. CR extended longevity in every study, for both
sexes (p < .001). The effect in D2 was least, with almost no ef-
fect up to 600 days of age in males. The largest percentage ef-
fect in mice was in B6-EM. This was the shortest-lived model,
probably as a result of the fast growth by this strain when fed
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Table 6. NIH-31 Diet, Nutrient Composition, and Rodent

Requirements
Rat Mouse NIH-311
Nutrient Requirement* Requirement* Nutrient Values
Vitamins
A, retinol, IU 2,300 2,400 17,000
D, cholecalciferol, TU 1,000 1,000 3,881
E, RRR-a-tocopherol, mg 18.00 22.00 53.50
K, phylloquinone, mg 1.00 1.00 ND
Thiamine, mg 4.00 5.00 40.00
Riboflavin, mg 3.00 7.00 8.54
Niacin, mg 15.00 15.00 1223
Choline, mg 750.00 2,000.00 3,380
Pantothenate, mg 10.00 16.00 33.60
Pyridoxine, mg 6.00 8.00 11.40
Folate, mg 1.00 0.50 248
Biotin, mg 0.20 0.20 0.62
By, Hg 50.00 10.00 43.00
Minerals
Calcium, g 5.00 5.00 14.30
Phosphorus, g 3.00 3.00 9.40
Potassium, g 3.60 200 6.90
Sodium, g 0.50 0.50 3.80
Chloride, g 0.50 0.50 6.00
Magnesium, g 0.50 0.50 2.50
Iron, mg 35.00 35.00 260.00
Zinc, mg 12.00 10.00 92.30
Manganese, mg 10.00 10.00 131.30
Copper, mg 5.00 6.00 11.70
Cobalt, mg ND ND 0.27
Todine, ug 150.00 150.00 2,000.00
Molybdenum, pg ND 150.00 1,600.00
Selenium, pg ND 150.00 500.00
Protein, % 15.00 18.00 20.10
Fat, % 5.00 5.00 3.60
Kcal/g ND ND 4.33

*National Research Council (27) requirements for growing rats or mice;
amount, per kg diet. ND = not determined.

‘tPost-autoclave nutrient values are analyses of 3 production lots. Keal is
gross energy measured by calorimetry.

EM (3). The extension of survival of F344 rats by CR was
larger in males fed PUR than when fed NIH. This was probably
a result of starting CR earlier in the life of the animal, when it
was more able to inhibit the onset of the mononuclear cell
leukemia that strongly contributes to mortality in the males of
this strain (23,24). The oldest male mouse, B6D2F1, lived to
1,628 days and the oldest female mouse, B6D2F1, lived to
1,529 days. The oldest male rat, F344 X BN F1, lived to 1,561
days, and the oldest female rat, BN, lived to 1,686 days (all
these animals were from the CR cohorts).

DiscussioN

The NCTR/NIA collaboration conducted the largest animal
study performed to date under the auspices of the Public Health
Service. The study collected data on more than 60,000 individ-
nally housed rodents of seven different genotypes of two
species, in both sexes, and approximately half were CR-fed.
Approximately half the animals were shipped offsite to NIA in-
vestigators internationally, with the majority of the remainder

50
AL-M
or onu
40 _ALF
CR-F
5 35}
2 30|
25}
20} N
1 5 ] | L 1 L ]
0 10 20 30 40 50

Age (Months)

Figure 1. Body weight and age in B6D2F1 mice—Shipping Group. Average
body weight (BW) for ad libitum (AL) and calorically restricted (CR) male AL
(AL-M), female AL (AL-F), male CR (CR-M), and female CR (CR-F) mice at
different ages (in months). Data early in the life span from over 2,000 (male)
and 1,000 (female) animals.
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Figure 2. Body weight and age in D2 mice—Shipping Group. Average body
weight (BW) for ad libitum (AL) and calorically restricted (CR) male AL (AL-
M), female AL (AL-F), male CR (CR-M), and female CR (CR-F) mice at dif-
ferent ages (in months). Data early in the life span from over 1,000 (male) and
500 (female) animals. Note the difference in scale (BW) from Figure 1.

maintained at NCTR until they spontaneously died. The collab-
oration supplied a choice of healthy, long-lived rodent models
to investigators, while allowing for the development of some of
the most definitive information on life span, food consumption,
and growth characteristics in these genotypes under diverse
feeding paradigms.

The utility of CR in extending life span ubiquitously lends
further weight to the use of CR as a “gold standard” for evalu-
ating and stimulating new intervention strategies in aging. In
addition, elaboration of the mechanisms by which CR has its
effects, because they are so generalized and consistent, will be
useful in the application of CR across species.
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Figure 3. Body weight and age in B6C3F1 mice—Shipping Group. Average
body weight (BW) for ad libitum (AL) and calorically restricted (CR) male AL
(AL-M), female AL (AL-F), male CR (CR-M), and female CR (CR-F) mice at
different ages (in months). Data early in the life span from over 1,500 (male)
and 1,500 (fernale) animals.
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Figure 4. Body weight and age in B6-NIH mice—Shipping Group. Average
body weight (BW) for ad libitum (AL) and calorically restricted (CR) male AL
(AL-M), female AL (AL-F), male CR (CR-M), and female CR (CR-F) mice at
different ages (in months). Data early in the life span from over 2,400 (male)
and 1,100 (female) animals.
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Figure 5. Body weight and age in B6-EM mice—Shipping Group. Average
body weight (BW) for ad libitum (AL) and calorically restricted (CR) male AL
(AL-M), female AL (AL-F), male CR (CR-M), and female CR (CR-F) mice at
different ages (in months). Data early in the life span from over 1,700 (male)
and 1,700 (female) animals. Note the difference in scale (BW) from Figure 4.
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Figure 6, Body weight and age in BN rats—Shipping Group. Average body
weight (BW) for ad libitum (AL) and calorically restricted (CR) male AL (AL-
M), female AL (AL-F), male CR (CR-M), and female CR (CR-F) rats at differ-
ent ages (in months). Data early in the life span from over 1,500 (male) and
1,500 (female) animals. Note the difference in scale (BN) from Figure 5.
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Figure 7. Body weight and age in F344 X BN F1 rats—Shipping Group.
Average body weight (BW) for ad libitum (AL) and calorically restricted (CR)
male AL (AL-M), female AL (AL-F), male CR (CR-M), and female CR (CR-
F) rats at different ages (in months). Data early in the life span from over 2,000
(male) and 1,500 (female) animals. Note the difference in scale from Figure 6.
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Figure 8. Body weight and age in F344-NIH rats—Shipping Group. Average
body weight (BW) for ad libitum (AL) and calorically restricted (CR) male AL
(AL-M), female AL (AL-F), male CR (CR-M), and female CR (CR-F) rats at
different ages (in months). Data early in the life span from over 2,500 (male)
and 1,700 (female) animals. Note the difference in scale from Figure 7.
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Figure 9. Body weight and age in F344-PUR rats—Shipping Group.
Average body weight (BW) for ad libitum (AL) and calorically restricted (CR)
male AL (AL-M), female AL (AL-F), male CR (CR-M), and female CR (CR-
F) rats at different ages (in months). Data early in the life span from over 425
(male) and 525 (female) animals. Note difference in scale from Figure 7.
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Figure 10. Survival and age in B6D2F1 mice—Total. Survival of ad libitum
(AL) and calorically restricted (CR) male AL (AL-M), female AL (AL-F),
male CR (CR-M), and female CR (CR-F) mice at different ages (in months).
Data from Shipping Group augmented by data from Pathology and Longevity
groups.
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Figure 11. Survival and age in D2 mice—Total. Survival of ad libitum (AL)
and calorically restricted (CR) male AL (AL-M), female AL (AL-F), male CR
{CR-M), and female CR {CR-F) mice at different ages (in months). Data from
Shipping Group augmented by data from Pathology and Longevity groups.
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Figure 12. Survival and age in B6C3F1 mice—Total. Survival of ad libitum
(AL) and calorically restricted (CR) male AL (AL-M), female AL (AL-F),
male CR (CR-M), and female CR (CR-F) mice at different ages (in months).
Data from Shipping Group augmented by data from Pathology and Longevity

groups.
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Figure 13. Survival and age in B6-NIH mice—Total. Survival of ad libitum
(AL) and calorically restricted (CR) male AL (AL-M), female AL (AL-F),
male CR (CR-M), and female CR (CR-F) mice at different ages (in months).
Data from Shipping Group augmented by data from Pathology and Longevity

groups.
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Figure 14. Survival and age in B6-EM mice—Total. Survival of ad libitum
(AL) and calorically restricted (CR) male AL (AL-M), female AL (AL-F),
male CR (CR-M), and female CR (CR-F) mice at different ages (in months).
Data from Shipping Group augmented by data from Pathology and Longevity

groups.
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Figure 15. Survival and age in BN rats—Total. Survival of ad libitum (AL)
and calorically restricted (CR) male AL (AL-M), female AL (AL-F), male CR
(CR-M), and female CR (CR-F) rats at different ages (in months). Data from
Shipping Group augmented by data from Pathology and Longevity groups.
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Figure 16. Survival and age in F344 X BN FI rats—Total. Survival of ad
libiturn (AL) and calorically restricted {CR) male AL (AL-M), female AL (AL-
F), male CR (CR-M), and female CR (CR-F) rats at different ages (in months).
Data from Shipping Group augmented by data from Pathology and Longevity
groups.
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Figure 17. Survival and age in F344-NIH rats—Total. Survival of ad libitum
(AL) and calorically restricted (CR) male AL (AL-M), female AL (AL-F),
male CR (CR-M), and female CR (CR-F) rats at different ages (in months).
Data from Shipping Group augmented by data from Pathology and Longevity
groups.
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Figure 18. Survival and age in F344-PUR rats—Total. Survival of ad libitum
(AL) and calorically restricted (CR) male AL (AL-M), female AL (AL-F),
male CR (CR-M), and female CR (CR-F) rats at ditferent ages (in months).
Data from Shipping Group augmented by data from Pathology and Longevity
groups.
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New Biological Sciences Editor Announced

The Gerontological Society of America is pleased to announce that John A. Faulkner,
PhD, will edit the Journal of Gerontology: Biological Sciences starting January 1, 2000.
Dr. Faulkner is associate editor of the Journal of Basic and Applied Myology and he
served on the editorial board of the Journal of Gerontology: Biological Sciences (1989-
1993). He is professor of physiology and bioengineering at The University of Michigan,
Ann Arbor, and associate director for biological research at the Institute of Gerontology.
He received the Distinguished Faculty Achievement Award in 1998. As of January 1,
2000, all new submissions to the Journal of Gerontology: Biological Sciences should be

sent to Dr. Faulkner at the address below.

John Faulkner, Ph.D.
The University of Michigan
Institute of Gerontology
300 N. Ingalls, Room 964
Ann Arbor, Michigan 48109-2007
jafaulk@umich.edu
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