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SUMMARY

This experiment was designed to study in rats the implications of the dietary type
of fat at two levels of vitamin E on the life span as well as on several biochemical and
anatomopathological age-related changes. For this purpose, six different isoenergetic
diets containing 15% coconut oil (SFD), safflower oil (UFD) or a combination of both
(CFD) with 2 or 200 mg% of dl-a-tocopherol were offered ad libitum to outbred Wistar
male rats from weaning to senescence. The results indicated that up to 9---12 months the
body weights of rats consuming the CFD or the UFD increased generally faster than those
fed the SFD, and that all rats developed moderate degrees of obesity. Age-dependent
changes in organ weights (kidneys, testes, spleen, brain, liver and heart) were unaffected
by diet. Serum levels of vitamin E generally reflected the corresponding dietary levels, but
were also influenced by the type of dietary fat. Serum cholesterol levels were not signifi-
cantly affected by the type of diet or by age. Only transient hypotriglyceridemic and
hypophospholipidemic effects of the UFD were observed and, while the levels of tri-
glycerides decreased with age up to the 18th month followed by an increase at 24 months,
the levels of serum phospholipids remained unchanged. Neither diet nor age modified the
serum albumin/globulin ratios. While no differences in maximum life span were found
between dietary groups, the 50% survival time of rats fed thé UFD at high level of vitamin
E was significantly longer than in all the other groups. This beneficial effect was related
to postponement of the onset and reduction of incidence of malignant neoplasms, but
was apparently not related to any particular influence on the incidence or severity of
chronic nephropathy which practically developed in all rats. Various neoplastic, de-
generative and inflammatory diseases encountered in rats dying during the course of the
experiment were tabulated and compared with similar findings reported by others in
different strains of rats, Pituitary and adrenocortical adenomas as well as adrenocortical
and renal carcinomas were the most frequent tumors found in this study. All the patholo-
gical changes provided useful baseline information for the evaluation of data presented in
this and subsequent communications of this series of studies.



INTRODUCTION

Although the type of dietary fat has been considered of importance in relation to
the development and to the life span of experimental animals [1-3], the results in this
area of research are still inconclusive. While in female C3H mice Harman [2] found that
increasing the degree of unsaturation of fat in diets largely supplemented with vitamin E
decreased the mean life span without affecting the maximum life span, no significant
effects were observed when the same dietary regimens were offered to male CD rats and
to male Swiss mice. Furthermore, in experiments conducted by Morin [4] to explore the
effect of dietary saturated (coconut oil) versus unsaturated fat (safflower oil) on the life
span of male C3H and LAF, mice, no significant differences were found between the
groups.

While the conflicting results may have been due in part to differences in animal
species, strains and sex, the large levels of vitamin E and synthetic antioxidants used in
these experiments may have prevented a clear differential effect. It has been shown in
this line that several antioxidants increased the mean life span of mice and rats without
affecting maximum life span [S—11]. On these bases, Kohn [7] has suggested that even
if antioxidants do not inhibit the processes which determine maximum life span, they at
least may inhibit some harmful environmental or nutritional factors. The observed
beneficial effect of antioxidants would therefore lend some support to the free radical
theory of aging originated by Harman [12], who proposed that the degradative (i.e. lipo-
peroxidative) changes with age may be due in part to the deleterious action of free
radicals on celflular macromolecules.

The possible mode of action of antioxidants and that of the type of dietary fat may
be perhaps related to an effect on the development of malignant neoplasms or other age-
related diseases which determine the mean life span.

Since aging can be defined as the progressive structural and compositional changes
and loss of functional capacity and adaptability of an organism, all of which result in a
decreased survival capacity [13, 14], any attempts to determine the effect of diet on
aging should evaluate the influence exerted not only on the mean and maximum life
span of the individuals but also on their innate morphofunctional changes of aging as
well as on the incidence of age-related diseases. While recognizing that this goal is diffi-
cult if not impossible to achieve in a single experiment, we have attempted to explore
some of these aspects in rats fed saturated and unsaturated fat diets at two extreme
levels of vitamin E.

The present report is the first of a series of four, and deals with the results obtained
on the changes in body and organ weights, on the serum levels of vitamin E, lipid frac-
tions and albumin/globulin ratios, on the anatomopathological findings of rats dying
during the course of the experiment and on the life span parameters. Subsequent reports
will deal with the lipoperoxidative phenomenon in vitro and in vivo, certain tissue bio-
chemical parameters and some stereological determinations on tissue structure as well
as ultrastructural variations of subcellular organelles and aging pigment in brain, liver
and heart.



MATERIALS AND METHODS

Animals

A total of 376 weanling male rats (46.00 * 0.60 g initial body weight) of a Wistar-
originated outbred stock (obtained from Simonsen Lab., Gilroy, CA, U.S.A.) were dis-
tributed into six different dietary groups (A—F) of 63 or 62 rats each on the basis of
uniformity in body weight. All animals were housed individually in suspended wire-
bottomed cages and were randomly assigned to positions on the racks. The animal rooms
were air-conditioned with the temperature generally maintained around 24 °C (except
when occasional failures in the system caused temperatures to rise to about 27—28 °C for
periods of 1 or 2 days) and the relative humidity around 50%. Hours of lightness and
darkness were maintained on a 12:12 hour cycle. Common cleaning practices and sanitary
precautions were routinely taken in the animal quarters to minimize significant infectious
diseases. Rats presenting signs of sickness (i.e. nasal mucous—bloody discharge, marked
snuffling, persistent diarrhea, marked reduction of food intake, major weight loss, efc.)
were isolated in other rooms destined for this purpose until death or improvement occurred.
Body weight changes of each rat were recorded at weekly intervals until the animals were
killed or died. A number of “clinically healthy” rats from each group were used for bio-
chemical and morphological determinations at the end of 3, 6, 12, 18 and 24 months after
the initiation of the experiment. The remainder of animals were used to determine life span
parameters, possible causes of death and incidence of several common diseases. Autopsies
were generally performed within 10 hours after death. In these autopsied rats, the weights
of brain, heart, lungs, kidneys, liver, spleen, pancreas and testes were recorded. Samples
from these organs and eventually from others presenting gross evidence of abnormalities
(ie. tumors, inflammatory or necrotic processes, etc.) were collected, fixed in 10%
neutral buffered formalin and embedded in paraffin. Tissue sections for histological
examinations were always stained with hematoxylin and eosin, but occasionally also with
other selective staining methods.

Diets

The composition of the six different diets (A—F) is shown in Table I. All diets were
isoenergetic providing approximately 435 kcal per 100 g. Linoleic acid was incorporated
at the expense of sucrose into the saturated fat diets (SFD) offered to groups A and B to
prevent any deficiency of essential fatty acids [15]. The extreme low and high amounts
of dl-a-tocopherol (2 mg per 100 g of diet for groups A, C, and D, and 200 mg per 100 g
of diet for groups B, D, and F) were expressly chosen to facilitate or to prevent possible
development of changes. The lowest amount is, however, sufficient to promote normal
growth and to maintain normal tissue concentrations of vitamin E in weanling rats [16],
while the highest amount is higher than that reportedly associated with certain lipid
changes in rats [17]. The contents of vitamin E in coconut and safflower oils were deter-
mined and, therefore, the total levels in the different diets (in mg per 100 g of diet)
were: A, 2.07; B, 200.07; C, 2.52; D, 200.52; E, 2.34; and F, 200.34. Vitamin E was the
only antioxidant present in all these diets. The amount of fat used in all diets was 15 g



TABLE [
COMPOSITION OF THE DIETS

The values given are expressed as g per 100 g of diet.

Ingredien ts! Dietary groups

A B C D E F
Vitamin-free casein 20.000 20.000 20.000 20.000 20.000 20.000
Coconut oil 15.000 15.000 : - 6.000 6.000
Safflower oil - - 15.000 15.000 9.000 9.000
Linoleic acid 0.200 0.200 - - -
Sucrose 34.798 34.600 34.998 34.800 34.998 34.800
Dextrine 20.000 20.000 20.000 20.000 20.000 20.000
Non-nutritive bulk? 4.000 4.000 4.000 4.000 4.000 4.000
Salt mixture> 4.000 4.000 4.000 4.000 4.000 4.000
Vitamin mixture? 2.000 2.000 2.000 2.000 2.000 2.000
dl-oz-Tocopherol5 0.002 0.200 0.002 0.200 0.002 0.200

1ALl ingredients were obtained from United States Biochemical Corp., Cleveland, OH, U.S.A.

2 Cellufil.

3Hubbel, Mendel and Wakeman, J. Nuzr., 14 (1937) 273.

*The vitamin mixture provides (in mg per 100 g of diet): ascorbic acid, 90; choline chloride, 150;
calcium pantothenate, 6;inositol, 10; menadione, 4.5; niacin, 9; p-aminobenzoic acid, 10; pyridoxine-
HCl, 2; riboflavine, 2; thiamine-HCl, 2; ergocalciferol, 4; retynil acetate, 3.6; biotin, 0.04; folic acid,
0.18; vitamin B,, 0.0027.

5500 1U/g. (See text for further details.)

per 100 g (or 31 kcal per 100 kcal) because it has been shown that at this dietary level
there was an almost 90% reduction in hepatic lipogenesis of rats, regardless of the type of
dietary fat [18], and that higher amounts may decrease the life span of rats [19]. Diets
containing unsaturated fat are abbreviated UFD, and those with a combination of
saturated and unsaturated fat, CFD. The oils used in the diets were analyzed for the
presence of conjugated dienes [20] as well as for their capability to produce malonal-
dehyde upon incubation [21]. As expected, no diene conjugates were detected in the
samples of coconut oil but they were present in the safflower oil as indicated by a typical
peak absorption (233235 nm) in the difference spectrum between these two oils. The
malonaldehyde production was 8.28 nmolés/g of coconut oil and 176.63 nmoles/g of
safflower oil. The safflower oil used in our studies contained 70-77% linoleic acid,
0—0.3% linolenic acid, 15—22% oleic acid, and 6—7% saturated fatty acids (mainly
myristic and palmitic). The coconut oil contained 44—50% lauric acid, 18--21% myristic,
8.5-11% palmitic, 3—10% stearic, 5.5—8.5% capric, 5—7 caprylic, and 3.5-7.5%
unsaturated fatty acids (mainly oleic and with no more than 1.5% of linoleic acid).

All diets were prepared fresh at least twice weekly and kept before using in tightly
stoppered containers at 4 °C in order to minimize lipoperoxidation and destruction of
vitamin E. Diets and tap water were offered ad libitum. Daily food intakes were periodi-
cally recorded in all rats but the averages of daily food-intake gross energy (kcal) and



daily food efficiency (g of body weight gained per g of food consumed X 100) per rat in
the different dietary groups were calculated from the values obtained only in “clinically
healthy” rats during the first week of the experiment when the rats were one month old
and when they were 3, 6 and 9 months old. Beyond 9 months of age the data lose signifi-
cance due to the variable occurrence of disease [19] and therefore these determinations
were discontinued.

Killing and sampling of tissues

For the biochemical determinations at the established periods a number of
randomly selected ‘healthy” rats from each group were fasted for a period of 8-10
hours and then weighed and anesthetized by peritoneal injection of sodium pentobarbital
(Nembutal; Abbot Laboratories, North Chicago, IL, U.S.A.) at the dosage of 50—60 mg/
kg of body weight. The abdominal cavity was opened and blood was drawn from the
inferior vena cava with heparinized needles and syringes and plasma was immediately
separated and frozen. After blood extraction, liver, heart and brain were removed and
weighed, immersed in ice-cold saline, cleaned and frozen. Kidneys, testes and spleen were
also removed and weighed, but were stored in 10% neutral buffered formalin.

Other “healthy” animals were also randomly selected and killed at 3, 6, 12, 18 and
24 months for light- and electron-microscopic studies on brain, liver and heart, but the
methods of vascular fixation, tissue sampling and processing, stereological analysis and
the results obtained will be reported in subsequent publications.

Biochemical analysis

Plasma albumin/globulin ratios were determined using Rodkey’s procedure [22],
serum triglycerides by the method of Van Handel and Zilversmit [23], phospholipids
by the method of Hurst [24] and cholesterol by the method of Zack et al. [25]. The
colorimetric micromethod of Quaife er al. [26] was used for the assay of serum vitamin
E (total tocopherols). Biochemical determinations of vitamin E, lipid fractions, protein,
RNA, DNA, and connective tissue as well as the ir vitro and in vivo tissue lipoperoxida-
tion were also performed in brain, liver and heart, but the procedures and results will be
published separately.

General statistical analysis

Conventional statistical methods were used for calculations of means, S.E.M. and
correlation coefficients of the data on body and organ weights, food intakes, biochemi-
cal parameters and autopsy findings. Significance of differences between mean values
was tested using Student’s r-test (two-tailed test) or by means of analysis of variance.
The differences and regression coefficients were considered statistically significant for
values of p < 0.05.

Determination and analysis of life span parameters
The mean life span, the 50% survival time and the 95% maximum life span were
estimated for each of the six different groups. The starting point from which these age



parameters were estimated was in fact the weaning period, although 22 days were added
in order to move this point to the birth of the rats, disregarding the possible postnatal
mortality, because the effect of the different dietary treatments was tested from the
weaning period.

The mean life span was simply derived from the median value of each cohort.
The 50% survival time (and the construction of the survivors curves presented in Fig. 2)
was calculated from data compiled in a survivorship table [27], which included the
rats actually dying at sequential time points, as well as those withdrawn and killed at
3, 6, 12, 18 and 24 months for biochemical and morphological studies. The testing for
differences among median survival times of the various groups was carried out by analysis
of variance using the single variable classification, model I, as described by Dixon and
Massey [28]. The 95% maximum life span for each group was estimated on the basis of
graphs of cumulative percentage of deaths (transformed into probits) vs. log (survival
days) [29], and the determination of the best fitting line by regression analysis. The
estimated variance for the analysis of the regression data was obtained by the method
described by Goldstein [30]. A 95% confidence level was used for the estimation of
differences.

RESULTS

Changes in body weights

The body weights of the rats in all groups rapidly increased from weaning to the
period of 3 months after the initiation of dietary treatment (age 3 months and 21--22
days) and they continued increasing, although at a less rapid rate, until 15 months
(“increasing phase”). No substantial changes were then observed at 18 and 21 months
(“stabilizing phase’), but thereafter (at 24 and 27 months) the body weights decreased
in all groups (“decreasing phase”) (Fig. 1).

No significant differences in body weights were found throughout the entire experi-
ment between groups fed diets with the same type of fat at different levels of vitamin E
(groups A and B, C and D, or E and F). On the other hand, the type of dietary fat did
influence in most instances the body weights during the “increasing phase” (i.e. from
weaning to 15 months). Thus, at 3 months the body weights of rats fed SFD (groups A
and B) were significantly lower than those fed the UFD (groups C and D) or CFD
(groups E and F). While at 6 months the weights of groups A and B were not sig-
nificantly different from those of groups C and D, they were still significantly lower
than those of groups E and F. Furthermore, although at this period the average weight
of group C was not significantly lower than those of groups E and F. the weight of
group D was lower than those of groups E and F. At 9 months the weights of groups A
and B were again not significantly different from those of groups C and D, but the weight
of group A was still significantly lower than those of groups E and F, and the weight of
group B was significantly lower than that of group F. In addition, the weight of group D
was at 9 months significantly lower than that of group F. At 12 months after initiation of



- 3008

€

°

-

[V

4008

3008

2004

1004

Group ABCOEFf ADCOEF ADCODEF ABCDEF ABCOEF ABCDEF ASCOEF ABCPEF ASCDEF ADCODEF
N°Rofs ©@661 6262 GGO6I S35 M% MO 8B HUBT MG NHETANT NIBMAD 4ABRNMUD RBNTN 886657
Month ] 3 [} 9 12 (1] " 21 24 27

Fig. 1. Changes in body weights + S.D. in the different groups.

treatment the weights of groups A and D were lower than that of group E, while at 15
months the weight of group B was significantly lower than those of groups C, D, E and F.
Subsequently, during the “stabilizing phase” (18—21 months) and the “decreasing phase”
(after 21 months) no significant differences were found between groups.

Organ weights

The relative weights (in g per 100 g body weight) of both kidneys, both testes and
spleen of rats killed at 3, 6, 12, 18 and 24 months after the initiation of the experiment
are presented in Table II, and those of brain, liver and heart in Table III. No significant
differences in the relative weights of kidneys, testes and spleen were found between
groups at each of these periods. In the brain the only difference was found at 24 months
when the relative weight of group C was significantly lower than those of groups A, B
and D. In the liver, at 6 months the relative weights of group E and F were significantly
lower than that of group D, and at 24 months the relative weight of group E was signifi-
cantly lower than that of group A. In the heart, at 18 months the relative weight of group
D was significantly lower than that of group A.

While the absolute weights of kidneys, spleen, brain, liver and heart (not shown)
progressively increased with age at a rate practically similar in the different groups,. the
absolute weight of testes remained almost stationary. On a global basis (irrespective of
dietary treatments) the percentages of organ weight increments from 3 to 24 months
were as follows: kidneys, 40%; spleen, 108%; brain, 43%; liver, 22%; and heart, 58%.



TABLE II

RELATIVE WEIGHTS OF KIDNEYS, SPLEEN AND TESTES

Weights are expressed in g per 100 g body weight, mean £ S.E.M. of 4 rats per group. The differences
between means at each of the periods studied were not statistically significant.

Group 3 Months 6 Months 12 Months 18 Months 24 Months
Both kidneys

A 0.70 + 0.08 0.64. + 0.02 0.53 + 0.04 0.53 £ 0.01 0.71 £ 0.05
B 0.72 + 0.04 0.54 + 0.03 0.51 +0.02 0.52 £ 0.02 0.71 £ 0.07
C 0.72 £ 0.05 0.53 £ 0.04 0.49 + 0.02 0.49 + 0.01 0.62 + 0.06
D 0.67 + 0.05 0.53 + 0.02 0.51 + 0.01 0.46 + 0.01 0.60 + 0.02
E 0.70 + 0.03 0.52+0.03 0.53 £ 0.05 0.49 + 0.01 0.62 = 0.03
F 0.63 + 0.03 0.52 + 0.01 0.62 + 0.08 0.49 £ 0.02 0.69 + 0.02
Spleen

A 0.17 £ 0.01 0.17 £ 0.02 0.16 £ 0.01 0.15 +0.01 0.23 +0.03
B 0.17 + 0.02 0.16 £+ 0.01 0.12 + 0.01 0.14 + 0.01 0.25 £ 0.03
C 0.16 + 0.01 0.14 £ 0.01 0.15 + 0.03 0.16 + 0.01 0.19 + 0.02
D 0.16 £ 0.01 0.17 + 0.01 0.15 £ 0.02 0.17 + 0.01 0.28 + 0.03
E 0.16 = 0.01 0.17 £ 0.01 0.12 + 0.01 0.15 £ 0.01 0.23 + 0.02
F 0.18 + 0.01 0.18 + 0.01 0.23 + 0.08 0.14 + 0.01 0.27 + 0.01
Both testes

A 0.73 £ 0.11 0.66 + 0.02 0.47 + 0.04 045+ 0.03 0.57 £ 0.03
B 0.91 £0.13 0.62 + 0.07 0.48 + 0.04 0.40 + 0.02 0.58 £ 0.02
C 0.73 £ 0.08 0.52 £ 0.06 0.43 + 0.03 0.44 £ 0.01 0.49 + 0.02
D 0.72 £ 0.05 0.61 +0.05 0.48 £ 0.02 0.39 + 0.02 0.53 £ 0.02
E 0.71 £ 0.02 0.47 £ 0.04 0.43 +0.02 0.42 + 0.03 0.48 + 0.03
F 0.66 + 0.01 0.61 +0.06 047 + 0.04 0.44 = 0.01 0.57 £ 0.02
TABLE 111

RELATIVE WEIGHTS OF BRAIN, LIVER AND HEART

Weights are expressed in g per 100 g body weight, mean + S.E.M. of 4 rats per group.

Group 3 Months 6 Months 12 Months 18 Months 24 Months
Brain

A 0.34 £ 0.02 0.34 + 0.01 0.26 + 0.01 0.26 + 0.01 0.37 + 0.02
B 0.36 + 0.03 0.37 £ 0.03 0.27 + 0.03 0.28 + 0.01 0.37 + 0.03
C 0.34 + 0.02 0.34 + 0.03 0.25 £ 0.01 0.26 + 0.01 0.27 £ 0.01!
D 0.38 + 0.01 0.38 + 0.02 0.27 £ 0.04 0.24 £ 0.01 0.35 £ 0.02
E 0.39 + 0.01 0.33 £ 0.03 0.28 + 0.02 0.26 + 0.01 0.34 £ 0.03
F 0.37 £ 0.02 0.33 £ 0.02 0.28 + 0.03 0.26 + 0.01 0.38 £ 0.05
Liver

A 2.90 + 0.09 2.77+0.13 2.39 + 0.08 2.16 + 0.07 2.41+0.07
B 2.84 + 0.10 2.98 + 0.28 2.30 + 0.07 2.19+0.10 2.72+0.41
C 2.89 £ 0.14 2.34 £ 0.15 2.27+0.14 2.06 + 0.06 2.30 + 0.07
D 2.94 £ 0.15 2.89 + 0.20° 2.18 £ 0.09 2.12 £ 0.06 2,68+ 0.22
E 2.68+0.12 2.33 £ 0.09 2.28 £ 0.14 1.88 £ 0.09 2.03 £ 0.07°
F 3.03 £0.07 2.40 + 0.05 2.21 +0.09 2.05+0.13 248 £ 0.35

{Continued on facing page)



TABLE IlI {continued)

Group 3 Months 6 Months 12 Months 18 Months 24 Months
Heart

A 0.27 £ 0.02 0.26 + 0.02 0.22 £0.02 0.26 + 0.01 0.34 + 0.05
B 0.31 £ 0.02 0.26 £ 0.01 0.23 £ 0.01 0.23 £ 0.01 0.35 £ 0.03
C 0.26 + 0.02 0.20 £ 0.03 0.21 £ 0.01 0.21 £ 0.02 0.25 + 0.04
D 0.27 + 0.01 0.23 £ 0.01 0.22 + 0.05 0.20 + 0.013 0.31 + 0.01
E 0.29 £ 0.02 0.22 £ 0.01 0.21 £ 0.02 0.23 + 0.01 0.27 £ 0.03
F 0.30 + 0.01 0.25 + 0.02 0.24 £ 0.03 0.22 +0.02 0.34 £ 0.02
lSignificantly different (p < 0.05) from groups A, B, and D.

2Significant.ly different from groups E and F.

3Signiﬁcantly different from group A.

TABLE IV

FOOD-INTAKE GROSS ENERGY AND FOOD EFFICIENCY

Group 1 Month 3 Months 6 Months 9 Months

Caloric intake'

A 4437+ 0.74(60)> 9048 + 1.35(60)  83.52 + 1.13(45) 85.69 + 2.04(40)
B 4350+ 0.61(63)  89.61+1.39(63)  81.34 £ 1.43(49) 83.52  1.70(33)
C 39.15 + 0.83(55)> 91352 1.57(51)  81.34 + 1.61(39) 87.00 + 1.26(39)
D 41.76 + 0.61(59)  84.82 % 1.35(51)°  76.56 + 1.09(42)° 81.34 + 1.78(32)¢
E 44.80 + 0.56(61)*  88.74 £ 1.30(64)  80.04 + 1.35(48) 86.56 + 1.48(40)
F 4263 +0.70(60)  88.74 + 1.10(58)  81.34 + 1.17(50) 83.95 + 1.61(33)
Food efﬁciency7

A 64.30 £ 1.15(60)>  16.60 £ 0.50(60) 542 + 0.36(45) 9.05 + 0.53(40)'°
B 66.10 £ 2.19(63)  15.10  0.54(63) 742+ 0.47(49)%° 5.80 + 0.48(33)
C 65.90¢0.95(55)  18.10:043(51)°  5.38 £0.28(39) 5.15 + 0.37(39)
D 66.10 + 0.84(59)  16.00 + 0.31(51) 5.54 £ 0.33(42) 4.19 1 0.34(32)
E 63.90 £ 0.70(61)  15.60 £ 0.31(64) 5.48 £ 0.28(48) 7.31 + 0.44(40)*"
F 67.80 + 0.89(60)®  15.40 + 0.31(58) 5.78 + 0.37(50) 5.22 £ 0.47(33)

1Expressed in kcal per day per rat.

2Mean + S.E.M. (number of rats in parentheses).
31 ower than in all other groups (p < 0.05).

4 Lower than F.
SLower than A and D.
L ower than C.
7Expressed in g of body weight gained per day per g of food consumed per day per rat X 100.
sHigher than E.

®Higher than B, D, E and F.

10 Higher than in all other groups.

t Higher than C, D and F.

Food-intake gross energy and food efficiency

The data are presented in Table IV. In 1-month-old rats (first week of the experi-

ment) the average daily food-intake gross energy per rat in group C was significantly
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lower than in all the other groups. At 3 and 6 months the intake of group D was signiti-
cantly lower than those of groups A, B and C, while at 9 months the intake of group D
was only significantly lower than that of group C.

The results on food efficiency were quite variable in relation to diet and time. At
1 month, for example, the average daily food efficiency of rats from group F was signifi-
cantly higher than in group E, but at 3 months the food efficiency of group C was sig-
nificantly higher than in groups B, D, E and F. At 6 months the efficiency of group B was
significantly higher than in all other groups, while at 9 months the food etficiency in
group A was significantly higher than in all other groups and the food efficiency of group
E was significantly higher than in groups C, D and F.

Life span parameters

The results obtained are presented in Table V. The statistical analysis showed no
significant differences in the mean and maximum life span between different groups.
However, the 50% survival time of group D was significantly longer than those of all the
other groups and that of group E was significantly longer than those of groups A and C.

TABLE V
LIFE SPAN PARAMETERS

Values (in days) are expressed as mean + S.E. M.

Group Mean life span 50% Survival time 95% Maximum life span
A 724.66 + 29.34 600.13 + 30.57 1013 £ 50.03

B 73947 £ 34.05 594.66 + 35.59 1037 + 63.07

C 713.45 +31.22 5§78.73 + 33.29 1027 + 65.06

D 796.00 + 18.99 719.27 + 13.29* 950 + 181.01

E 731.11 £ 22.62 646.13 + 26.082 1030 £ 41.19

F 710.55 + 29.28 602.73 £ 34.61 1050 £ 62.99

!Significantly (p < 0.05) higher than all other groups.
2Significantly higher than A and C.

The survivorship curves (Fig. 2) showed that mortality was negligible in all groups
until about 12 months after the initiation of the experiment, and that no mortality
occurred in group D before the 19th month.

Serum vitamin E

At all the periods studied the serum levels of vitamin E (total tocopherols) generally
reflected those of the diets (Table VI). Among rats fed the SFD, the levels of group A
(low vitamin E) were always significantly lower than those of group B (high vitamin E),
while among rats fed the UFD the levels of group C were significantly lower than those of
group D at 3, 6, 12 and 18 months, but not at 24 months. However, among rats fed the
CFD a significant difference between groups E and F was only observed at 3 months.
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Fig. 2. Survivorship curves of the different groups.

TABLE VI
SERUM LEVELS OF VITAMINE

Values are expressed in mg/dl of serum, mean + S.E.M., number of rats in parentheses. Means in verti-
cal columns not sharing a common superscript letter are significantly different at p < 0.05.

Group 3 Months 6 Months 12 Months 18 Months 24 Months

A 0.23+0.04(4)*  0.33:0.01(3)*  0.32£0.01(4)?  0.32£0.10(4)® 0.63+0.09(3)*

B 220:0.214)°  1.66:0.323)°  1.50:0.19@)°F  0.99:0.10(4)?% 1.75+0.34(4)2
C 1.03:0.074)°  0.50£0.05(3)C  0.56:0.06(4)°  0.56+0.06(4)*° 1.480.28(4)"9
D 2.34:0.074)°%  1.19:0.073)°? 1.16:0.104)°? 1.25:0.10(4)° 1.76:0.36(4)®

E 0.93:0.08(4)°°  0.49£0.01(3)°® 0.90:0.08(4)% 0.80:0.154)°% 1.13:0.19(4)2P4
F 1.22:001@)F  1.2420123)PT  1.23:016Y  1.04:0.134)°? 1.18+0.154)°¢

Among rats fed the diets low in vitamin E (groups A, C and E) the level of group A
(SFD) was significantly lower than those of C (UFD) and E (CFD) at 3, 6 and 12 months,
but at 18 months the level of A was only significantly lower than that of E, and at 24
months only significantly lower than that of C. In addition the level of group C was
significantly lower than that of group E at 12 and 18 months. On the other hand, among
rats fed the diets high in vitamin E (groups B, D and F), the only significant differences
were found at 3 months when the level of group F was lower than those of B and D.

The results also showed that the levels of group B progressively declined with time
up to 18 months when the level of this group was significantly lower than at 3 months.
The levels of groups C and D significantly decreased from 3 to 6 months and remained
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almost stationary up to 18 months, but the levels of groups A and F did not show any
significant changes with time throughout the experimental period. Finally, although the
level of each of the different groups was higher at 24 months than at 18 months, this late
increase was only statistically significant in the case of group C.

Serum lipids (Table VII)

Serum cholesterol. At 12 months the level of serum cholesterol in group F (CFD,
high vitamin E) was significantly lower than that in group E (CFD, low vitamin E). No
other significant difference between groups was found at any of the periods studied, and
no significant changes with age were observed in this study.

Serum triglycerides. No significant differences in serum triglyceride levels were
found between groups at 3 and 18 months, and the only difference detected at 12
months was between groups B (SFD, high vitamin E) and F (CFD, high vitamin E). At
6 months the level of group B was significantly higher than those of groups C and D,
while at 24 months the level of group A was significantly higher than those of groups
C, D and F. Although changes of serum triglycerides with time varied in each group, on
a global basis there was a decreasing trend from 3 to 18 months and a subsequent
rebound at 24 months.

Serum phospholipids. As in the case of triglycerides, no significant differences in
the levels of serum phospholipids were found between groups at 3 and 18 months. At
6 months the levels of groups C and D were significantly lower than those of B and E,
while the level of the latter was also lower than that of group F. At 12 months the levels
of groups D and F were lower than that of group E, while at 24 months the level of
group D was significantly lower than that of group E.

Serum albumin/globulin ratios. No significant differences in these ratios were found
between groups at each of the periods studied (not shown) and no significant changes
with age were observed.

Lesions encountered in dead rats

A wide variety of neoplastic, inflammatory and degenerative lesions were found
with increasing frequency in rats of the different groups during the course of the
experiment. All rats had generally more than one lesion and the combination of the
pathologic changes in individual rats also increased with age.

Neoplasms

The group distribution and percentage incidence of benign and malignant
neoplasms is presented in Table VIII. The percentage of rats with neoplasms (benign or
malignant) ranged from 40% in group F to 60% in group A. Pituitary adenomas were by
far the most frequent neoplasms encountered in rats of all groups (Table IX). The overall
incidence ranged from 20% in group C to 33.3% in group A. Although a pituitary
adenoma was found in a rat of group B dying 17 months after the initiation of the experi-
ment, in this as well as in all the other groups these tumors were encountered in animals
dying after the 18th month. In 25% of the total cases from all groups combined, the
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TABLE VIIi
DISTRIBUTION AND INCIDENCE OF NEOPLASMS

Group
A B C D E F
No. rats 30 30 30 30 29 27
Total no. rats with neoplasms 18(60)1 20(66.6) 16(53.3) 17(56.6) 12(41.4) 10(40.7)
Tot¢1 no. neoplasms 20 22 16 17 12 It
Total no. malignant neoplasms 6(20)2 9(30) 5(16.6) 2(6.6) 2(6.8) 2(7.4)

Total no. benign neoplasms 14(46.6)°  13(43.3) 11(36.6) 15(50) 10(34.4) 9(33.3)

1Percentage of rats with neoplasms in parentheses.
2Percentage of rats with malignant neoplasms in parentheses.
3Percentage of rats with benign neoplasms in parentheses.

pituitary tumors were associated with other benign or malignant neoplasms, prominently
with adrenocortical adenomas (8.5% of cases). Others were associated with carcinomas
of adrenal glands, kidneys and lungs, reticulum cell sarcoma or with benign neoplasms
such as islet cell adenoma of the pancreas, renal lipoma and subcutaneous fibroma. Fifty-
five per cent of the rats with pituitary adenomas had emaciation at the moment of death
(i.e. > 30% weight loss as compared with the average weights attained by normal rats of
the same group at similar periods). The pituitary tumors were generally spherical and
circumscribed, brownish red, soft and friable. They measured on the average 0.5 cm in
their largest diameter and ranged from a minimum of 0.1 ¢m to a maximum of 1.5 cm.
Practically all tumors protruded from the sella turcica and produced varying degrees of
brain compression. In one case, the rupture of a tumor measuring 0.7 cm across had
produced a massive cerebral hemorrhage that was the most probable cause of death.
Histologically, all these tumors were chromophobic, sparsely granulated acidophilic
adenomas with slight architectural variations conferred by the degree of capillary dilation
(Fig. 3). Most were totally or partially angiomatous and compressed the remnant normal
hypophyseal tissue. Two of the tumors had frankly malignant histologic features but
had no signs of invasion or metastasis. In one tumor examined by electron microscopy
the cells had in general consistently uniform ultrastructural features characterized by
concentric whorls of rough endoplasmic reticulum occupying relatively large portions
of the cytoplasm and surrounding spherical secretory granules (Fig. 4a). The latter
were either small and uniformly dense or were large and had a dense core and a
lighter shell (Fig. 4b and c). Other whorls only contained empty or less-opaque vacuoles.
The Golgi apparatus was generally prominent and the mitochondria were moderate in
number, spherical or rod-shaped and had regularly spaced cristae. Nuclei were large,
spherical or slightly polyhedral, rich in chromatin and with one or occasionally two nuc-
leoli.

Adrenocortical adenomas followed the pituitary adenomas in frequency. Their
rather uniform incidence between groups ranged from 6.7% in group C to 11% in group F
and were never found in rats dying before the 18th month (Table IX). These tumors were



TABLE IX

THE FOUR MOST FREQUENT NEOPLASMS

15

Group Age (months) Total Percentage Total no.
no. overall rats exa-
<12 12-18 18-24 24-30 >30 cases incidence  mined

No. rats examined 1 3 12 12 2 30
Pituitary adenoma — - 5 S — 10 33.3
Adrenocortical

adenoma - - - 1 2 3 10.0
Adrenocortical

carcinoma - — - 1 - 1 33
Renal cell carcinoma — - 1 2 - 3 10.0
No. rats examined 1 N 10 10 30
Pituitary adenoma — 1 3 3 1 8 26.6
Adrenocortical

adenoma — - - 2 1 3 10.0
Adrenocortical

carcinoma — - 1 1 - 2 6.6
Renal cell carcinoma  — - - - - - -
No. rats examined 1 5 12 10 2 30
Pituitary adenoma — — 1 4 1 6 20.0
Adrenocortical

adenoma - — 2 - - 2 6.7
Adrenocortical

carcinoma — — - - — ~ -
Renal cell carcinoma - — — - - -~ -
No. rats examined - - 10 16 30
Pituitary adenoma - - 1 6 1 8 26.6
Adrenocortical

adenoma — - — 1 2 3 10.0
Adrenocortical

carcinoma — - — 1 - 1 3.3
Renal cell carcinoma  — — - - — — —
No. rats examined - 2 13 14 - 29
Pituitary adenoma - — 4! 4 - 8 27.6
Adrenocortical

adenoma - - - 2 - 2 6.9
Adrenocortical

carcinoma - — 1 - — 1 34
Renal cell carcinoma — — — — — - -
No. rats examined - 2 15 9 1 27
Pituitary adenoma — - 6! 1 - 7 26.0
Adrenocortical

adenoma - — 1 1 1 3 11.1
Adrenocortical

carcinoma - — -~ — —~ - _
Renal cell carcinoma  — - 1 — - 1 3.7

1 One of these pituitary tumors was a carcinoma.
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Fig. 3. Angiomatous pituitary adenoma; haematoxylin--eosin, X 200.

generally spherical, greyish and moderately firm. Their varying sizes ranged from 0.3 to
1.5 ¢cm and, with one exception, were all bilateral. Histologically, they were generally
composed of cells displaying homogeneous, finely granulated or conspicuously vacuolated
cytoplasm (Fig. 5). Their usually spherical nuclei had moderate amounts of peripheral
and nucleoplasmic chromatin and one or two nucleoli. These cells tended to arrange in
fascicles or clusters in association with capillaries that occasionally adopted angiomatous
configurations.

Five primary adrenocortical carcinomas were also found, one in group A, two
in group B, one in D and one in E (Table IX). All these cancers had invaded the capsule
of the gland and in three cases there were multiple metastases to the lung. In three cases
they were bilateral. The size of these carcinomas ranged from 0.5 to 2 cm in the major
diameter and histologically they had variable patterns from poorly differentiated to more
trabecular forms.

Of the four renal cell carcinomas, three were found in group A and one in group F,
all in rats dying after the 18th month (Table 1X). The tumor of group F measured
approximately 0.8 cm in its major diameter, was histologically predominantly of papillary
type and although signs of active invasion to the capsule and perirenal fat presented, no
metastases were seen in other organs. Conversely, one of the tumors in group A measured
1.2 cm in diameter, was well circumscribed, had a glandular type and had metastasized to
regional lymph nodes (Fig. 6). The other two renal carcinomas in group A measured



17

Fig. 4. Ultrastructural features of cells from a pituitary adenoma. (a) Uranyl acetate and lead citrate
stain, X5200. (b) Concentric whorls of rough endoplasmic reticulum surrounding small dense and
larger granules with dense cores and lighter shells, X9000. (c) Concentric whorls surrounding empty
vacuoles, X9000.
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Fig. 6. Renal cell carcinoma, glandular type, and a portion of kidney with chronic nephropathy; haem
atoxylin—eosin, X 200.
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7—8 c¢m in diameter and weighed up to 34 g; they were of glandular type although both also
had areas of more solid anaplastic type. In one of these cases the tumor involved both
kidneys and had no detectable metastases, while in the other metastases were found in
regional lymph nodes, pancreas and spleen. In no case were metastases found grossly or
in sections of the lungs examined microscopically. Less-frequently encountered benign
and malignant neoplasms are presented in Table X. The earliest finding was a monocytic
leukemia occurring at 13 months in a rat of group F that presented splenomegaly (9.3 g)
with profuse infiltration of mononuclear cells in the splenic red pulp and in the portal
spaces of liver. This rat had in addition marked dilatation of the urinary bladder with
bloody urine retention, and during the 3--4 months prior to death had paralysis of the
hindlegs, probably due to radiculitis (not examined histologically).

TABLE X
LESS-FREQUENT NEOPLASMS

Group A Group B Group C Group D Group E Group F
Prostatic Liposarcoma, Colonic Hepatic Subcutaneous Monocytic
carcinoma (20)l retroperitoneal carcinoma (17) hemangioma osteoma (19)  leukemia (13)
Osteoma, (19) Gastric (23)
parietal bone Adenocarci- carcinoma (19) Islet cell
(28) noma, unknown Transitional adenoma,
Fibrosarcoma, origin (19) cell carcinoma, pancreas
hind-leg (30) Reticulum cell urinary bladder (24)

sarcoma (21) (19) Leiomyosar-

Hepatocellular Reticulum cell coma, neck

carcinoma (23) sarcoma (23) (25)

Bronchiolar Mucoepider- Splenic

carcinoma (26) moid carci- hemangioma

Myxosarcoma, noma, salivary (26)

neck (29) gland (25) Subcutaneous

Prostatic Renal lipoma  fibroma (28)

carcinoma (29) (25)

Rhabdomyo- Hepatic hem-

fibroma, hind- angioma (31)

leg (30) Islet cell

Gingival adenoma,

leiomyofibroma pancreas (32)

(32)

1Age at death in months.

The prostatic carcinomas found in groups A and B appeared to arise from the
ventral prostate and were presented as lobulated masses of approximately 2—2.5 c¢m
across emerging from the lumbopelvic area. In both instances they were associated with
bilateral hydronephrosis and with involvement of abdominal lymph nodes. Histologically,
one of these tumors was a poorly differentiated scirrhous adenocarcinoma (Fig. 7), and
the other a less-differentiated adenocarcinoma but also with abundant collagenous stroma.
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Fig. 8. Transitional cell carcinoma of urinary bladder; haematoxylin—eosin, X 170.
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The transitional cell carcinoma of the urinary bladder (Fig. 8) encountered in a rat
of group C was presented as a polypoid mass (~ 1 cm across) attached to the posterior
wall of this greatly dilated viscus and infiltrating the lumbopelvic surrounding tissues.

The gastric carcinoma of group C appeared as a fungiform and infiltrating mass in
the wall of the glandular stomach which also had a deep erosion in the anterior wall and
adhesions to epiplon and liver. This tumor was histologically a poorly differentiated
adenocarcinoma and had profusely metastasized to abdominal lymph nodes, liver, lungs
and thymus (Fig. 9).
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Fig. 9. Poorly differentiated gastric adenocarcinoma; haematoxylin—eosin, X 270.

The colon carcinoma of group C was found as a large pear-shaped mass of approxi-
mately 5 cm in its major diameter and weighing 37.5 g. This tumor was fixed to the wall
of the descending colon and histologically had the features of a poorly differentiated but
mucosecreting carcinoma. Although this tumor did not involve the regional lymph nodes
or other organs of the abdominal cavity, metastases to the lungs were profuse.

The hepatoceliular carcinoma of group B was a well-circumscribed nodule which
grossly appeared simply to be an adenoma. However, histologically, there were areas
of frank malignancy and, rather surprisingly, it had metastasized to the spleen but not to
the lungs. Of the two reticulum cell sarcomas, the one in group C involved only the spleen
and produced moderate enlargement of this organ (4.5 g), while the other in group B
produced marked splenomegaly (28 g) and involved the liver, lungs and the left cardiac
appendage.
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The mucoepidermoid carcinoma of the salivary gland appeared to arise from the
submaxillary glands and was presented as a lobulated mass (~ 3 cm across) in the left
anterior side of the neck. Although the mucoepidermoid components predominated in
this tumor, there were areas resembling the malignant form of the pleomorphic variant.
This tumor was highly invasive and metastases were found in several subcutaneous nodes
of the upper chest as well as in the lungs and thymus.

The islet cell adenomas of the pancreas found in groups C and D were both almost
spherical and measured about 0.5 cm in diameter. Histologically they had a benign aspect
and consisted of clusters and cords of cells resembling normal beta cells interspaced by a
capillary net (Fig. 10). The cytoplasm of these cells was in general moderately granulated
and showed discrete vacuolations. The tumor in group C was associated with pituitary
adenoma.
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Fig. 10. Islet cell adenoma of pancreas; haematoxylin—eosin, X 270.

The bronchiolar (alveolar) carcinoma of group B was grossly seen as a rounded
whitish mass about 0.7 c¢m across, located in the lower lobe of the left lung. Histolo-
gically it showed the typical features of these tumors and appeared to have a low
degree of malignancy (Fig. 11). This tumor was also associated with a pituitary adenoma.

The fibrosarcoma found in the left hindleg of a rat from group A measured about
7 cm across and apparently had not metastasized to other organs.

The retroperitoneal liposarcoma of group B was seen as a large mass of about 10 cm
in its major diameter displacing anteriorly the left kidney and the rest of the abdominal



Fig. 11. Bronchiolar (alveolar) carcinoma; haematoxylin—eosin, X 200.

viscera to the right. The left kidney of this animal showed moderate hydronephrosis
and had a 2 mm depressed cortical infarct, but no metastases were found in this or other
organs.

The myxosarcoma found in the subcutaneous tissue of the anterior aspect of the
neck in a rat from group B was a lobulated gelatinous mass approximately 7 cm across.
This tumor was associated with another firmer mass about 2 ¢cm across in the left axilla.
Histologically both tumoral masses had almost similar features although the one in the
axilla had more collagenous stroma.

The leiomy osarcoma found in the subcutaneous tissue of the anterior middle aspect
-of the neck of a rat from group D measured 3 cm in its major diameter and apparently
had not metastasized.

The rhabdomyofibroma in the left hindleg of a rat from group B presented as a
solid and rather well-circumscribed large mass, 8 cm in its major diameter and weighing
77 g. Histologically it showed vast areas of hyalinization and necrosis.

The gingival lefomyoma in group B was found as a round nodule adjacent to the
incisors and measuring 0.4 ¢cm across.

The renal lipoma measured 1 c¢m in its major diameter and appeared to be more a
fat ingrowth than a benign neoplasm because the contours were imprecise; it was not
surrounded by a capsule and did not compress the remaining renal tissue. However, this
formation bulged from the surface of the kidney and the adipose cells were of extremely
variable sizes. The hepatic hemangioma in group C was a very small (~ 0.1 cm) sub-
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capsular tumor but the other in group D was a large multicentric cavernous formation.
A large cavernous hemangioma was also found in the spleen of another rat from group D.

The subcutaneous fibroma in a rat from group D was a conglomerate of nodules of
various dimensions (1—5 cm across) found in the lower abdominal wall.

The subcutaneous osteoma found in the posterior aspect of the neck in a rat from
group E was a well-encapsulated spherical tumor that measured 3 c¢cm in diameter and
weighed 23.5 g. The other osteoma found in a rat from group E arose from the left
parietal bone, measured 0.8 cm in its major diameter and grew internally, markedly dis-
placing the brain to the right.

Major non-neoplastic lesions

Urogenital system

The vast majority of rats dying during the experiment had the well-defined
spectrum of renal lesions characteristic of the so-called “‘chronic nephropathy’. These
lesions involve all segments of the nephron and consist of various degrees of glomerulo-
sclerosis, degenerations and atrophy of the tubular epithelium, tubular dilatation, hyalin
casts, thickening of the arteries and arterioles as well as interstitial inflammation and
fibrosis (Fig. 12).
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Fig. 12. Cortical area of a kidney with advanced chronic nephropathy; haematoxylin-—eosin, X 200.
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The index criteria for the degree of severity of this renal disease was based on the
semiquantitative estimation of the magnitude of each of the different lesions in a given
kidney with particular emphasis on the glomerular lesions. Since there was a significant
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correlation between the increment in the relative weight of the kidneys and the increment
of severity of the lesions, the renal weights were also used for indexing criteria. The
results of these evaluations in the different groups are presented in Table XI. Correlation
coefficients based on the sample size (not shown) varied in the different groups but all
showed a significant relationship of increasing age with increasing severity of chronic
nephropathy. Despite obvious differences in the distribution of the various degrees of
severity between groups, we were unable to obtain a statistical expression denoting
significant differences that could be attributed to the influence of the diet. A significant
relationship was also found (not shown) between the weights of the affected kidneys

TABLE XI
DISTRIBUTION AND DEGREES OF CHRONIC NEPHROPATHY

Group Age (months) Total Percentage Total
no. overall no. rats
<12 12-18 18-24 24-30 >30 lesions incidence

A No. rats 1 3 12 12 2 30
Grade 1 133.3)! 5(41.6) 3(25) 1(50) 10 333
Grade 2 - 2(66.6)  3(25) 3(25) — 8 26.6
Grade 3 - - 3(25) 4(33.3) - 7 233
Grade 4 - - 1(8.3) 2500 -~ 4 133
B No. rats 1 5 10 10 4 30
Grade 1 1(100) 5(100) 2(20) 110y - 9 30.0
Grade 2 - - 1(10) 1(10) 1(25) 3 10.0
Grade 3 - - 5(50) 5(50) 3(75) 13 433
Grade 4 - - 2(20) 330) 5 16.6
C No. rats 1 5 12 10 2 30
Grade 1 - 2(40) 1(8.3) - - 3 10.0
Grade 2 - 2(40) 6(50) 440) - 12 40.0
Grade 3 - 1(20) 1(8.3) 5(50) 1(50) 8 26.6
Grade 4 - — 4(33.3) 110) 1(50) 6 20.0
D No. rats — — 10 16 4 30
Grade 1 - - - 2(12.5) - 2 6.7
Grade 2 - - 4(40) 3(18.7) - 7 233
Grade 3 - - 2(20) 2(12.5) 2(50) 6 20.0
Grade 4 - - 4(40) 9(56.2) 2(50) 15 50.0
E No. rats — 2 13 14 - 29
Grade 1 - 2(100) 5(384) 2(14.3) - 9 31.0
Grade 2 - - 4(30.7) 2(14.3) - 6 20.7
Grade 3 - - 2(15.3) 2(14.3) - 4 138
Grade4 — - 2(15.3) . 8(57.1) - 10 345
F No. rats - 2 15 9 1 27
Grade 1 - 1(50) 3200 -~ - 4 14.8
Grade 2 - - 5(33.3) 3(33.3) - 8 29.6
Grade 3 - - 1(6.6)  3(33.3) 1(100) N 18.5
Grade 4 - - 6(40) 3(33.3) - 9 33.3

lFigures. in parentheses represent the percentage incidence of rats within the age group with a given de-
gree of lesion (for index criteria see text).
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and the weight of the heart, lungs and liver. Rats with severe nephropathy almost
invariably showed hypertrophy of the heart and passive congestion of the liver, as well
as congestion and edema of the lungs. In addition, a large number of rats dying with
the most advanced degrees of chronic nephropathy also showed accumulation of sero-
sanguinous fluid in the abdominal and thoracic cavities and sometimes even in the peri-
cardial sack.

Another lesion found in kidneys was the already mentioned hydronephrosis
secondary to tumor compression.

Urinary bladder lesions consisted of one case of hemorrhagic cystitis (group A), one
case of purulent cystitis in a rat from group C with abscessed pneumonia, and three cases
of marked dilatation of this viscus, one in a rat of group B with prostatic carcinoma and
two in rats of groups E and F that had paralysis of the hindlegs and therefore probably
had neurogenic atony. The rat of group F had in addition a 0.3 ¢m periurethral abscess.

Testicular atrophy was common in all rats and its incidence increased with age,
particularly in rats dying after the 18th month. This testicular atrophy was found
equally in all groups and could not be correlated with any particular disease or cause of
death other than with aging per se. The only other testicular lesion observed was the
massive coagulative necrosis of the left testis due to venous infarction in a rat from group
A dying with an invasive prostatic carcinoma.

Cardiovascular system

Focal cardiac myocytic degenerations and interstitial fibrosis were extremely
common findings in all groups. These two lesions were frequently coincidental and their
incidence increased with age but, with few exceptions, the degree of involvement was
only moderate and was generally localized to the left ventricle and its papiilary muscles.
In practically all cases these lesions were found in rats with moderate to advanced degrees
of chronic nephropathy. Focal acute or subacute myocarditis was found in 11 cases.
This lesion was associated with acute pneumonia in two instances (groups B and C) with
purulent meningitis on one occasion (group B), with otitis—septicemia in another (group
E), and the rest in rats with chronic nephropathy as the dominant anatomical finding.
Other cardiac lesions were a small focus of acute endocarditis in the wall of the left
ventricle of a rat from group B and extensive fibrinous pericarditis in a rat from group E
with chronic nephropathy.

No significant changes were observed in the coronary arteries of our rats in any of
the groups, and only 4 cases of mild to moderate atherosclerosis of the aorta with some
focal calcifications were encountered: one in group A, two in group D and another in
group F. However,.8 cases of severe and extensive thrombosis of the mesenteric arteries
with conspicuous atherosclerotic changes were found: one in group A, three in group B,
three in group D and one in group E. In all these cases of aortic atherosclerosis and
mesenteric thrombosis the affected animals had died after the 25th month and all had
associated chronic nephropathy grade 3 or 4. No intestinal infarction was detected in
cases of mesenteric thrombosis.
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TABLE XII
DISTRIBUTION OF ACUTE PNEUMONIA AND FOCAL CHRONIC INTERSTITIAL PNEUMONIA

Group Age (months) Total Percentage Total
no. overall no. rats
<12 12-18 18 24 24-30 >30 lesions incidence

A No. ats 1 3 12 12 2 30
Acute
pneumonia — 266.6)) 4(333) - - 6 20.0
Focal ingorst.
interst. - - 7(58.3) 2(16.6) 1(50) 10 333
B No. rats 1 5 10 10 4 30
Acute
pneumonia 1(100)% 2(40)>2 - 1(10% -~ 4 13.3
Focal
interst. - 2(40) 2(20)  6(60) 2(50) 12 40.0
C No. rats 1 5 12 10 2 30
Acute
pneumonia — 2(40) 4(33.3)% 110)* - 7 23.3
Focal
interst. — — 3(25) 220) - 5 16.6
D No. rats - — 10 16 4 30
Acute
pneumonia — - 20200 4252 - 6 20.0
Focal
interst. - - 20200 1(6.2) 1(25) 4 13.3
E No. rats - 2 13 14 29
Acute
pneumonia - 1(50) 4(30.8) — — 5 17.2
Focal
interst. - 1(50) 323.1) 1(1.1) - 5 17.2
F No. rats - 2 15 9 1 27
Acute
pneumonia - 5(33.3)2 131D 1(100) 7 25.9
Focal
interst. - - 1(6.6) 3(33.3) — 4 14.8

1Figures in parentheses represent the percentage incidence of rats within the age group with a given
lesion,

20ne of these rats had abscessed pneumonia.

Respiratory system

Besides the congestion and edema of the lungs which, as mentioned above, were
almost invariably encountered in rats with advanced chronic nephropathy, the most
common lesions found in rats of the different groups were acute pneumonia and focal
chronic interstitial pneumonia (Table XII). The former lesion tended to occur in
younger rats and usually involved more than one lobe. In a relatively small number of
cases with acute pneumonia, the affected lungs had also abscessed formations and on
two occasions purulent pleuritis. The focal chronic interstitial pneumonia was generally



28

mild and consisted of moderate fibrous thickening of the alveolar septa with few mono-
nuclear leucocytes and macrophages. None of the rats in this study had the so-called
*“‘chronic murine pneumonia™ that is attributed to Mycoplasma pulmonis [31]. In several
instances, small whitish spots were grossly found in subpleural or internal regions of the
lungs. These tiny (~ 1 mm across) and usually multiple lesions did not appear to increase
with age and simply consisted of foamy macrophages accumulated in the alveolar spaces.

Digestive system

Moderate to marked dilatation of the esophagus (up to 0.7 cm) was found in a rat
from group A, in another from group D and in two rats from group E; all these cases
were associated with advanced chronic nephropathy although this association could be
simply fortuitous. In one of these cases (group D) there was in addition a bilateral adreno-
cortical carcinoma, and in another (group E) a marked dilatation of the urinary bladder
in a rat that had hindleg paralysis and probably radiculitis. A very marked gastric dila-
tation was found in a rat from group F that had obstruction of the antrum and pylorus
due to the impaction of a large bolus of hair (tricolith).

An ulceration with purulent exudate was found in the hard palate of a rat from
group B that also had abscessed pneumonia. Two gastric uicers with perforation and peri-
toneal adhesions were encountered: one already mentioned in association with the gastric
carcinoma in group C, and the other in a rat from group D having, in addition, advanced
chronic nephropathy and a pituitary adenoma. In another rat from group D, also with
nephropathy, the entire colon was markedly dilated and had fecal inspissation.

As mentioned before, the liver of rats with advanced nephropathy almost invariably
showed various degrees of hepatomegaly due to subacute and chronic passive congestion.
The congested livers had mild to moderate fatty changes midzonally and/or peripherally.
Small diaphragmatic herniations of the liver were a relatively common finding, but in two
rats from group A a large portion of the superior hepatic lobe was herniated into the
thoracic cavity and histologically showed marked diffuse fatty changes. Hepatocellular
atrophy was regularly found in animals dying with severe emaciation. Multiple hepatic
abscesses were seen in a rat from group B that had abscessed pneumonia. Focal areas of
necrosis were observed in another rat from group B that had acute pneumonia and in one
rat from group E that had nephropathy, esophageal and urinary bladder dilatations and
hindleg paralysis. A mucoid cyst of about 0.5 ¢m in diameter was encountered in a rat of
group E and a small polycystic formation in a rat from group F. Small granulomas in the
portal spaces or inside the liver lobules were relatively frequent findings. Another lesion
microscopically detected was a bile duct hyperplasia generally associated with periductal
fibrosis. This lesion was encountered in two rats from group B, in one from group D and
in another from group F. All these animals died after the 23rd month. Finally, in a rat
from group B with myxosarcoma of the neck and advanced chronic nephropathy, the
vast majority of hepatocytes contained large nuclear and/or cytoplasmic hyalin bodies
of undetermined origin.

Pancreatic congestion was a relatively frequent finding in rats with advanced
degrees of chronic nephropathy. This was generally associated with moderate pancreatic
lobular atrophy and occasionally with mild interstitial fibrosis.
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Central nervous system

In addition to the already mentioned massive cerebral hemorrhage in a rat with
ruptured pituitary adenoma, and the cerebral displacement and compression in another
rat with an internally grown osteoma, one rat from group C and another from group E
each had an abscess (3 and 6 mm across, respectively) in the left temporal lobe. Both of
these rats had chronic suppurative otitis and there was an obvious connection between
these two lesions. Purulent meningitis was found in a rat from group B with acute pneu-
monia. Two animals had marked cerebral edema: one from group B having an adeno-
carcinoma of unknown origin but without cerebral metastasis, and the other in a rat
from group C with acute pneumonia. Two rats had hindleg and posterior paralysis: one
from group E with advanced chronic nephropathy and another from group F with mono-
cytic leukemia. Regretfully, the cauda equina was not examined in these cases for
possible presence of radiculitis.

Integument and subcutis

Subcutaneous abscesses of variable dimensions (from 0.5 to 8 cm) and located in
the thorax, abdomen, neck and nostrils were encountered; one case in a rat from group
A, another in group C, one in each of two rats from group D, one in group E and one in
each of two rats from group F. All these animals died after the 22nd month. Some of the
abscesses were locally associated with alopecia and dermatitis. Extensive alopecia not
associated with abscesses was a relatively uncommon finding since it was only found
in a rat from group D and in two from group F. None of the rats had gynecomastia.

Ocular lesions

Unilateral nuclear cataracts were observed in a rat from group B and in another
from group E. Another rat from group E had severe suppurative panophthalmitis and this
severe infection was the major cause of death.

Miscellaneous findings

A purulent peritonitis found in a rat from group D dying at 17 months appeared
the major cause of death, One rat of group B that died at 28 months had bilateral adrenal
hemorrhage which was the most probable cause of death. As already mentioned, emacia-
tion was frequently found in rats that had pituitary adenomas but it was also commonly
observed in rats with other benign or malignant neoplasms as well as in those with acute
pneumonia or other severe infections. Only a minimal proportion of rats dying with
chronic nephropathy had emaciation.

DISCUSSION

Changes in body weights
The increase in body weight of all the different dietary groups during the period of
rapid increment (weaning to 3 months after initiation of dietary treatment) and during
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the rest of the increasing phase (15 months) greatly exceeded the post-weaning weight
gains of Wistar male rats fed a stock ration reported by others [32, 33]. While the K
values derived from the time—weight relation obtained by Zucker and Zucker {34] in
post-weaning male albino rats was 3.44, the values in our rats fed the different regimens
ranged from 8.43 to 9.00. Thus the body weights of our rats exceeded those projected
from the formulations of Zucker and Zucker by 15-27% at 3 months, by 17--28% at
6 months and by 24--35% at 12 months. These “‘excess” percentages are much higher
than the 10—15% coefficients of variation of body weights observed in rats from weaning
to maturity [35, 36]. As judged by this comparative overweight as well as by the size of
the epididymal, mesenteric and retroperitoneal fat depots observed in rats killed at these
and subsequent periods, the animals became moderately obese. Since it is considered
that the rat is in a continual state of growth during its lifetime [32] the decline in weight
observed in our animals from 24 months on most probably reflected a reduction in the
depot fat due to age-related diseases, although a concomitant cessation of growth cannot
be ruled out.

Although the weight gain of rats fed refined diets is generally higher than those ted
stock diets {37], the reason for the obesity in our rats is not clear. While obesity has been
induced in similar as well as in different strains of rats by feeding ad libitum diets high in
fat (> 60 g per 100 g of diet) and high in caloric density (> 5 kcal/g of diet) [38—41].
this was not the case in our experiment since all the diets contained 15% of fat and had
4.35 kcal/g of diet.

During the “increasing phase™ in body weights (from weaning to 15 months) the
rate of increase was generally higher in rats fed CFD (groups E and F) than in those fed
SFD (groups A and B) and to a lesser extent than in those fed UFD (groups C and D).
These results appear to be in line with those reported by Hopkins ef al [1] in weaning
rats fed ad libitum for 9 weeks diets with various proportions of saturated and
unsaturated fatty acids. The relative retarding effect of saturated fat observed in the
present studies was not apparently due to substantial differences in food-intake gross
energy or in food efficiency, although these latter parameters were only determined in
“healthy rats” while the average values of body weights discussed here include healthy
as well as sick animals. While there is evidence that the absorption of saturated fats is
generally lower than that of unsaturated fats [42, 43], it is unlikely that this possible
factor had played a significant role in the observed differences, because the CFD con-
tained more saturated fat that the UFD and still the rats fed the CFD gained more weight
than those fed UFD. At any rate, it appears that at long range the ratio of dietary
saturated to unsaturated fat is not a very critical determining factor in the rate of incre-
ment in body weight and that rats can utilize equally well a fairly wide range of fat
mixtures [1,2,44].

Organ weights

Although a few statistically significant differences between groups were occasionally
found in the relative weights of brain, liver and heart, these differences could not be
clearly attributed to any particular influence of the diet and were most probably due to
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simple individual variations. On the other hand, neither the relative weights of testes,
spleen and kidneys of animals killed at different periods nor the percentages of absolute
weight increment with age of kidneys, spleen, liver, brain and heart were in general sig-
nificantly influenced by diet. The relations between age and the weights or growth
patterns of different organs in the albino rat fed stock diets are well-established [35, 45].
For example, the growth or weight increment of kidneys, spleen, brain and heart is nearly
uniform after the very early phase of rapid body growth, while the most marked growth
of testes appears shortly before puberty. Although in the present experiment the deter-
minations of organ weights began at 3 months after the initiation of dietary treatment,
these age-related patterns followed a similar trend and were not significantly influenced
by diet. Although it was found that the relative weights of testes in each group signifi-
cantly decreased from 3 to 18 months and that a later increase occurred at 24 months,
these changes simply reflected the changes in body weights already mentioned rather than
variations with age.

Food-intake gross energy and food efficiency

The average amounts of calories consumed daily by our rats in all the different
groups at the various periods studied were slightly higher than the amounts proposed as
normal requirements for young and adult rats, but it is a common observation that the
voluntary intake of calories exceeds the proposed requirements [46].

Although the food-intake gross energy of the clinically “healthy” rats at the dif-
ferent periods was in general not drastically or consistently influenced by the type of
diet, it was found that at 3, 6 and 9 months the rats of group D fed the UFD at high
level of vitamin E ate significantly less amounts of calories than those consumed by
the rats of group C offered the UFD at low level of vitamin E. In addition, albeit less
consistently, the caloric intake of group D was also lower than that of other groups.
The biological significance or consequences of high levels of vitamin E in the particular
case of rats fed UFD is difficult to evaluate. Although it has been reported that large
doses of vitamin E depressed the growth of chicks [47], neither the food efficiency nor
the body weight of rats in group D were in general significantly lower than in group C.

The results on food efficiency showed several significant differences between
groups, suggesting prima facie an influence of the diet. For example, the food efficiency
in group C was significantly higher than the efficiencies in groups B, D, E and F at 3
months but not at other periods. Similarly, the food efficiency of group B was higher than
in all other groups only at 6 months, and those in group A higher than in the other groups
only at 9 months. Since these food efficiencies were calculated from the determinations
in healthy rats only during a week at each of the indicated periods and not on a
continuous basis, it appears that the noted effects of diet on food efficiency were only
transient variations without significant consequences or direct relations to differences in
body weights attained by rats of the various groups at equivalent periods of time.

Life span parameters
These data indicated that the type of diets used in this experiment did not signifi-
cantly influence the mean and maximum life spans of the rats and therefore these results
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appear to be in line with those obtained by Harman [2] for CD male rats fed various diets
with different degrees of fat unsaturation. However, our results show in addition that the
type of diet did affect the 50% survival time, since this parameter in group D fed the UFD
at high level of vitamin E was significantly longer than those in groups fed SFD (A and
B), CFD (E and F) and also longer than in group C fed the UFD at low level of vitamin E.
Thus, these results suggest that, at least in relation to survival times, the optimal dietary
type of fat is the highly unsaturated one (safflower oil), particularly when supplemented
with generous amounts of vitamin E. It also appeared that the safflower oil was
relatively more important for the prolongation of the 50% survival time than the levels of
vitamin E since no significant differences were found between groups A and B or E and F.
On the other hand, the beneficial effect of the high level of vitamin E was quite evident
in the particular case of UFD (D vs. C), but was ineffective, for unclear reasons, in rats
fed CFD which contained smaller proportions of safflower oil.

The relationship between dietary unsaturated fatty acids and vitamin E require-
ments has been, of course, well established in connection with a great variety of morpho-
functional events in several animal species as well as in man [48—53], but to our know-
ledge never before in relation to 50% survival time. The mechanisms whereby the UFD
at high levels of vitamin E beneficially affected this life parameter in rats consuming UFD
appeared in part related to the onset and incidence of malignant neoplasms. For example,
it was found in this study that rats of group D had the lowest incidence of malignant
neoplasms and that these malignancies were generally found in animals older than those
found in other groups. In relation to the onset and incidence of other common non-
neoplastic diseases that may have determined the 50% survival time of the rats, such as
severe chronic nephropathy, emaciation, acute pneumonia, ezc., no clear beneficial effect
of the UFD at high level of vitamin E was observed.

Serum vitamin £

Although the serum levels of vitamin E (total tocopherols) in the present experi-
ment reflected in a way the extreme dietary levels, it should be noted that this was not a
proportional correlation, since the levels in the regimens for groups B, D and E were 100
times higher than in those for groups A, C and E, while in the serum of these correspon-
ding groups the differences were only about 2—8-fold. These findings may bear a relation
to the demonstration that the intestinal absorption of vitamin E in rats decreases with
increasing ingested doses [54].

The serum levels of vitamin E found in our rats fed the diets low in vitamin E
(groups A, C and E) are comparable to those found in rats fed diets with almost equi-
valent amounts of this vitamin [16]. Although a direct relationship between serum toco-
pherol and serum lipid levels is well documented [55], no significant correlations were
found at any of the periods studied in the present experiment between serum levels of
vitamin E and those of cholesterol, triglycerides or phospholipids.

Since it is well known that the vitamin E status and requirements in various animal
species and man are primarily determined by the amounts of dietary polyunsaturated
fatty acids [56], it was intriguing to find in our study that, at least among rats fed diets
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low in vitamin E, the SFD rather than the UFD and CFD consistently affected the serum
levels of this vitamin. For example, the level of group A was significantly lower than
those of groups C and E in practically all periods studied. This effect could not be attri-
buted to differences in food intake between these groups and it seems unlikely that the
coconut oil might have adversely affected the absorption of vitamin E. While we do not
have a satisfactory explanation for this unexpected finding, it is recognized that the
serum levels of vitamin E may not accurately reflect the vitamin status or tissue storage
[57]. It should be noted also in this regard that, while the levels of vitamin E in certain
tissues of rats increased with age in this study as well as in previous reports of others [57,
58], the serum levels of our rats did not show this secular trend, except in group C but
only between 18 and 24 months.

Serum lipids

Serum cholesterol

The levels of serum cholesterol in the present experiment appeared almost
immutable to diet and practically unchanged with age. There were, of course, some
significant variations with time in some groups, but these variations from one period to
another did not follow any consistent trend. Other studies on Wistar, Fischer 344, CFE
and Sprague—Dawley rats showed increased serum cholesterol with advancing age {59
62}, while in rats of the Lewis BN and BA strains no changes were observed [59]. It
seems, therefore, that these conflicting results could be attributed to differences in
dietary regimens and to the strain of rats used.

While most of the studies in man indicate that serum cholesterol is substantially
affected by the type of dietary fat [63], the results obtained in diverse strains of rats
comparing the effects of various types of saturated and unsaturated fats have been also
conflicting. It should be noted, however, that previous studies in rats were generally of
short duration. The lack of hypercholesterolemic effect of UFD in our long-term study
is, therefore, in line with the results obtained by some investigators [64—66], but differ
from those of others [67-72].

It has been also reported that the dietary excess of vitamin E lowers the serum total
lipids and/or the serum cholesterol [63, 73—75]. Although in our rats killed at 12 months
the level of serum cholesterol in group F (CFED, high vitamin E) was indeed lower than in
group E (CFD, low vitamin E), this effect was only transient and was not seen in other
groups fed different types of dietary fat in any of the periods studied.

Serum triglycerides

Although a hypotriglyceridemic effect of dietary safflower oil has been observed in
short-term experiments (3—10 weeks) in young male and female rats [64, 65], the results
of the present study suggest that this effect may be transient and probably depends also
on other dietary factors. The influence of age on the serum triglyceride levels is still
unclear. In Fischer rats, for example, the serum triglyceride levels remained unchanged
with age in one experiment and increased in another conducted in the same laboratory
[62]. To complicate this situation, our results showed a decrease in these levels from 3 to
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18 months in practically all groups, followed by subsequent rebound in older rats (24
months).

Serum phospholipids

The results for serum phospholipids indicate a transient hypophospholipidemic
effect of safflower oil (groups C and D) as well as a transient lowering effect (at 6 and 12
months) of excess of dietary vitamin E, but only in rats fed CFD (groups E vs F).
Although several significant variations with time occurred in some groups, the most
conspicuous were the elevations of serum phospholipids of groups D, E and F at 24
months over the levels detected at 18 months. The significance of these variations in
relation to aging is not clear.

Serum albumin/globulin ratios

Previous studies in rats fed a commercial diet showed that the serum levels of
albumin decreased with age [76]. This age-related decrease has been attributed to urinary
loss associated with nephropathy rather than to a decrease in serum half-life or rate of
production [77]. It has been shown, in fact, that the albumin synthesis in rats increases
with age [78, 79]. The reasons for the unchanged levels of serum albumin with age
found in our rats are unknown since the incidence and severity of nephropathy was
comparable to that seen in other experiments [76] and no studies on albumin syn-
thesis and catabolisn were performed in the present experiment. It was clear, however,
that despite the high prevalance of chronic nephropathy, our animals did not develop
severe nephrotic syndrome which is characterized, among other manifestations, by
reversal of the albumin/globulin ratio and hypercholesterolemia [80]. It is also evident
that the serum albumin levels in the present study were not influenced by the type of
dietary fat or by the levels of vitamin E.

While the levels of serum total globulin were also unaffected by age and diet, the
levels of the different globulin fractions were not measured in this experiment. Other
authors have observed that the alpha-1-globulin fraction increases with age [76], but the
gamma-globulin fraction was found unchanged with age in one study [76] and increased
in others [77, 80].

Pathological changes

It is now amply recognized that for the interpretation of results on aging research
in experimental animals it is imperative to have comprehensive information on the
spontaneous age-associated lesions in specific stocks and strains [76, 81--83]. Our study
provides, therefore, this baseline information for evaluating the data presented in this and
subsequent communications of this series.

Several studies on the age-associated lesions in similar and in different strains of rats
fed commercial diets have been previously reported [76, 83--86]. Although some of the
most recent studies have been conducted in barrier-reared inbred stocks of rats, the
comparison of our results with those of other investigators still offers points of obvious
interest. It appears, for example, that the incidence of total benign and malignant neo-
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plasms in our Wistar outbred male rats housed in a conventional environment (pooled
data from all groups and with values corrected for numbers of animals at risk) is com-
parable to that reported in Wistar-derived inbred rats kept under conventional or barrier-
reared conditions [84] and almost similar to the incidence observed in barrier-reared
Fischer 344 male inbred rats and in Sprague—Dawley-derived outbred male rats [76,
83]. Our results indicate, in addition, that the type of dietary fat and levels of vitamin
E may substantially modify the incidence of malignant neoplasms. On the other hand,
the prevalence of specific types of neoplasms in our rats, such as pituitary adenomas
(30%, pooled data), was higher than that found in some studies [76, 83], but lower
than in other reports [84, 87, 88]. The structural and ultrastructural features of the
pituitary adenomas encountered in our rats are similar to those previously described by
others [87—90]. The cells of these adenomas gave variable immunocytochemical reac-
tions for prolactin [87, 90] but they probably also produced growth hormone. There-
fore, these tumors are considered to be mammosomatotropic [89]. Although in the
present study about 25% of the pituitary adenomas were associated with endocrine
tumors (i.e. adrenocortical adenomas and islet cell adenoma) as well as with other benign
and malignant neoplasms, gynecomastia was never detected. The incidence of adreno-
cortical adenoma was also higher in our study (9%, pooled data) than in other reports
[76, 83].

In relation to other types of benign and malignant neoplasms, the incidences in
our rats differed somewhat from those found in other strains of rats [76, 83, 84].
Furthermore, certain malignant tumors found in our rats were not observed in other
studies and vice versa [76, 83, 84].

It is well known that among the non-neoplastic lesions of rats, chronic nephro-
pathy is the most prevalent and serious disease, and that practically 100% of the animals
develop diverse degrees of involvement, a fact confirmed in the present study [76, 80—
84]. Several recent studies have dealt with the pathogenesis and ultrastructural features of
this disease [91-93]. Our studies suggest that the different types of diets do not sub-
stantially affect the incidence of chronic nephropathy.

The incidence of acute pneumonia was relatively high in our rats (20%, pooled
data) when compared with the almost total absence of this disease in barrier-reared
animals [76, 83]. Conversely, chronic murine pneumonia, attributed to Mycoplasma
pneumonis [31] and frequently seen in conventionally housed rats and also occasionally
found even in barrier-reared Wistar rats [84, 94], was never observed in our animals. The
incidence of focal chronic interstitial pneumonia was somewhat higher than that reported
in barrier-reared rats [76], but this difference may be ‘due perhaps to the criteria used
to diagnose this lesion.

Although focal myocytic degeneration associated with focal cardiac fibrosis was
frequently found in our rats, these lesions were generally very small and most probably
had little functional implications. Arteriosclerotic lesions were very rarely encountered,
and when present they particularly involved the mesenteric arteries.

Since in aging research it is often difficult if not impossible to delineate the innate
changes of aging from those produced by arteriosclerosis (i.e. loss of cells, fibrosis, etc.),
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the paucity of the former in rats [95] makes this animal the ideal model for this type
of study, particularly in investigations on the effect of diet on aging, since rats generally
eat practically everything that is offered, and more is known about nutrition in rats than
in any other animal species. The information on differences in biochemical and
pathological changes between various strains and stocks of rats (inbred or outbred), as
well as between conventionally and barrier-reared rats, will undoubtedly facilitate the
selection of the rat pedigree and the environmental conditions most adequate for a par-
ticular study in aging research.
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