
254   Aging Clin. Exp. Res., Vol. 8, No. 4

Aging Clin. Exp. Res. 8: 254-262, 1996

ABSTRACT. The influence of dietary components 
on the occurrence of, and mortality from sponta-
neous neoplasms in male F344 rats was investi-
gated. The dietary regimens studied included re-
striction of specific dietary components (energy, 
fat, protein and mineral), as well as different 
sources of dietary protein (casein, soy protein and 
lactalbumin). A statistical approach based on con-
tributing causes of death was used to obtain the 
mortality due to all neoplasms, and the relative 
onset rate of frequently observed neoplasms, e.g., 
leukemia, pituitary adenoma, testicular interstitial 
cell tumor, etc. Only the regimen involving energy 
restriction reduced the mortality due to all neo-
plasms.  Neither reduction of individual compo-
nents without energy restriction, nor replacement 
of casein with soy protein or lactalbumin as the 
protein source affected mortality. Analyses of the 
relative onset rate of selected neoplasms also indi-
cated that only a reduction of energy intake sup-
pressed the occurrence of most of these neo-
plasms. Other dietary regimens, at most, sup-
pressed a few types of neoplasm. It is concluded 
that a reduction in energy intake is a key dietary 
factor for the prevention of neoplastic diseases in 
rats. 
(Aging Clin. Exp. Res. 8: 254-262, 1996)
©1996, Editrice Kurtis

INTRODUCTION

It is generally accepted that dietary or nutritional 
factors modulate the development of cancer with in-
creasing age. A comprehensive review of this subject 
performed in the U.S.A. in 1982 (1) suggested that a 
high fat diet, and probably a high protein diet, could 
increase the risk of certain cancers in humans and ex-

perimental animals. Dietary restriction (or food restric-
tion) in rodents has long been known to reduce the 
incidence of neoplasms (2), but the role of the reduc-
tion of energy intake in this inhibition of neoplastic 
disease was inconclusive because of the potential 
confounding influence of reducing intake of dietary fat, 
and the other dietary constituents. However, several 
reports have indicated an independent role for the re-
duction in the dietary energy intake in the inhibition of 
neoplasia (3-6). 

At the University of Texas Health Science Center 
at San Antonio (UTHSCSA), life-span studies in male 
F344 rats have been carried out under various die-
tary regimens to evaluate the role of specific nutri-
ents under the anti-aging action of dietary restriction 
(7-12). These studies have yielded data which are 
suitable for the analysis of effects of dietary compo-
nents on neoplasia, because the semisynthetic base 
diet used enabled restriction or replacement of die-
tary components without altering energy intake. 

In the present report, the influence of reduction of 
dietary energy, fat, mineral and protein intake, and of 
dietary protein source on neoplastic disease was as-
sessed. This assessment involved the pathological 
analysis of spontaneously occurring neoplasms in 
relation to occurrence, spontaneous death and life 
span. 

Biases occur in the prevalence data of neoplasms 
found in spontaneously dying rats, when overall mor-
tality characteristics differ between experimental 
groups. For example, if one group of rats died from 
a non-neoplastic disease prematurely, the prevalence 
of a particular type of neoplasm would appear to be 
lower than in another group of rats that live longer, 
even if underlying age-specific onset rates are equal 
in the two groups. In fact, in the study of Maeda et 
al. (8) carried out at UTHSCSA, the proportion of 
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rats bearing neoplasms during life time was signifi-
cantly larger in dietary restricted (DR) rats than in 
control rats fed ad libitum (AL); 67.9% in DR rats 
and 53.5% in AL rats. In that study, it was shown 
that dietary restriction markedly suppresses nephrop-
athy and cardiomyopathy, potentially lethal disorders 
in AL male rats, and increases life span. Moreover, 
because dietary restriction did not suppress neoplas-
tic diseases as much as nephropathy and cardiomyo-
pathy, life time prevalence of neoplasms was higher 
in DR rats at the time of spontaneous death. Peto et 
al. (13) and Gart et al. (14) have addressed the biases 
inherent in long-term animal studies, and have de-
scribed a way to circumvent the problem. In the 
present report, this statistical approach was utilized. 
Specific aspects of these findings have previously 
been published (15-18).

MATERIALS AND METHODS
Source of data

The data used in this analysis were obtained from 
the studies conducted at UTHSCSA from 1979 to 
1991 which explored effects of reduction of dietary 
energy (10, 11), protein (8), fat (10) and mineral 
(10), and of replacement of casein with soy protein 
(9) and lactalbumin (12).

Rat maintenance and dietary manipulations
Rat maintenance and dietary manipulations were 

described in previous papers (7-12). Briefly, specific 
pathogen-free male F344 rats were purchased as 
weanlings (aged 26-30 days) from the Charles River 
Laboratories at Kingston, N.Y. The rats were cared 
for, and used in accordance with the guidelines of 
UTHSCSA.

Until 6 weeks of age, all rats were fed a semisyn-
thetic diet (Diet A) ad libitum containing casein as 
the protein source; this was the standard diet used at 
UTHSCSA. The control rats continued to receive the 
diet ad libitum throughout life. The control groups 
relevant to respective experimental groups are desig-
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Table 1 - Composition of diets.

Component

(gram/100 g of diets) Diet A Diet B Diet C Diet E Diet F Diet S Diet L

Casein 21 21 12.6 21 21 0 0
Soy protein 0 0 0 0 0 21 0
Lactalbumin 0 0 0 0 0 0 21
D,L Methionine 0.15 0.15 0.09 0.15 0.15 0.35 0.15
Dextrin 43.65 39.55 52.11 47.65 45.65 43.45 43.65
Sucrose 15 15 15 15 15 15 15
Corn oil 10 10 10 6 10 10 10
Ralston-Purina vitamin mix# 2 3.33 2 2 2 2 2
Choline chloride 0.2 0.33 0.2 0.2 0.2 0.2 0.2
Ralston-Purina mineral mix# 5 7.64 5 5 3 0 0
Adjusted Ralston-Purina mineral mix** 0 0 0 0 0 5 5
Fiber 3 3 3 3 3 3 3
Physiologic caloric value (kcal/g)* 4.10 4.04 4.10 3.97 4.18 4.10 4.10

Diet A: Semisynthetic diet for control groups, Group AL-I, Group AL-II, Group AL (cas)-II, Group AL (cas)-III.
Diet B: Diet for restriction of dietary (energy) intake (Group DR).
Diet C: Diet for restriction of protein intake (Group ProR).
Diet E: Diet for restriction of fat intake (Group FatR).
Diet F: Diet for restriction of mineral intake (Group MinR).
Diet S: Diet for replacement of casein with soy protein [Group AL (soy)].
Diet L: Diet for replacement of casein with lactalbumin [Group AL (lact)].

# The details of the composition of the Ralston-Purina vitamin mix and the Ralston-Purina mineral mix were reported previously (45).
**The Adjusted Ralston-Purina mineral mix refers to a preparation that was modified so that Diet S and L had the same mineral content (including phospho-
rus content) as Diet A.
* O2 consumption was measured for a group of ad libitum fed (Diet A) and dietary restricted rats (Diet B) and both groups had the same O2 consumption 
per unit of lean body mass (46).



nated as Group AL-I, AL-II, AL (cas)-II, and AL (cas)-
III in the present paper. The experimental groups 
were switched to their respective diets at 6 weeks of 
age (see Table 1 for diet compositions). Rats in 
Group DR were fed Diet B at approximately 60% of 
the mean energy intake of Group AL-II. Group ProR 
was fed ad libitum Diet C which reduced protein 
(casein) intake to 60% of that in Group AL-I. Groups 
FatR and MinR were fed ad libitum Diets E and F, 
which reduced the intake of fat or mineral respec-
tively to 60% of that in Group AL-II. Group AL (soy) 
and AL (lact) were fed ad libitum Diets G and H 
which contain soy protein and lactalbumin, respec-
tively, as the protein source instead of casein.

The mean food intake per rat (kcal per day), body 
weight and the growth pattern were monitored dur-
ing the studies (7-12). Except for Group DR, these 
parameters were very similar between each experi-
mental group and its relevant control group. Rats in 
Group DR weighed less than the control rats (Group 
AL-II) for most of the life span.

Longevity characteristics have been presented in 
previous papers (7-12). The median length of life, 
and the age of the 10th percentile survivors were 
significantly greater in Groups DR, ProR and AL 
(soy), as compared to the appropriate control groups 
(8, 9, 11), while those of Groups FatR, MinR and AL 
(lact) did not differ from those of the respective con-
trol groups (10, 12). 

Procedures for pathological examination
Procedures for pathological examination of spon-

taneously dying rats have been described in previous 
papers (8, 9). Briefly, almost all the major organs of 
spontaneously dying rats, and any other organ or 
tissue with gross lesions, were examined histologi-
cally. It should be emphasized that the diagnosis of 
mononuclear cell leukemia was revised by reviewing 
microscopic slides without referring to previous diag-
noses, according to the revised diagnostic criteria for 
this type of leukemia described previously (15). A 
diagnostic category in the present study, subcutane-
ous mesenchymal tumor, included the several types 
of mesodermal neoplasms listed in the atlas of “Pa-
thology of the Fischer 344 Rat” (19). This diagnostic 
category may also include a few cases of mammary 
fibroadenoma, in which fibrous components mark-
edly proliferated. As mentioned by Elwell et al. (19), 
routine histopathologic examination with H.E. sec-
tions did not always reveal diagnostic hallmarks of 
specific types of mesodermal tumors; therefore, this 
group of tumors was collectively referred to as sub-
cutaneous mesenchymal tumors. 

In order to calculate mortality due to all neoplasms 

and the relative onset rate, a pathologist (I.S.) reviewed 
autopsy records and histopathological specimens from 
previous studies, following the method of Peto et al. 
(13), without reference to the diet group, or age of 
rats. All the neoplasms observed in each rat at autopsy 
were scored with regard to the likelihood of cause of 
death in rats as follows: [1] incidental; [2] probably in-
cidental; [3] probably fatal; [4], fatal. A neoplasm that 
either directly or indirectly killed a rat was given a score 
of [3] or [4], and was classified as fatal. Neoplasms 
considered not to be involved in death were given a 
score of [1] or [2], and designated incidental. 

Peto’s method is based on the assumption that the 
cause of death can be determined for each rat. 
Clearly, incorrect information regarding cause of 
death can create substantial biases (20). Although it 
is difficult to verify the validity of the basic assump-
tion of Peto’s method, attempts to do so for selected 
neoplasms, leukemia, pituitary adenoma and pheo-
chromocytoma were carried out, and presented in 
previous reports. These assessments involved com-
paring the prevalence of a neoplasm in categories [1] 
and [2] in rats that died spontaneously with the 
prevalence of that neoplasm in sacrificed rats (16, 
18). These prevalences should not significantly differ 
if the basic assumption is correct, provided that spon-
taneous death from causes other than that neoplasm 
is under the same censorship as that of the ran-
domly sacrificed rats. The results of this analysis are 
consistent with the validity of the basic assumption of 
Peto’s method. 

Statistical analysis
The conditional mortality function for all neo-

plasms was generated using a nonparametric product 
limit estimator (21). In this study, Q•(t) is formally 
defined as the probability that a rat will die before 
time t of a neoplastic disease, given that it does not 
die of non-neoplastic diseases before t. Q•(t), which 
is a product limit estimator, was calculated by the 
following formula: 

  ni-diQ•(t)=1-∏    –––––
     ti≤t  ni

where ni is the number of rats alive just before ti, 
and di is the number of rats dying of neoplasms at 
time ti. The mortality distributions were compared by 
the Gehan-Wilcoxon test (22).

The relative onset rate as defined by Peto et al. (13) 
was calculated for leukemia, pituitary adenoma, thyroi-
dal C-cell tumor, adrenal pheochromocytoma, pancre-
atic islet cell tumor, testicular interstitial cell tumor, and 
subcutaneous mesenchymal tumor, all of which are 
common neoplasms in male F344 rats. The relative 
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onset rate of a neoplasm is actually a ratio of the total 
observed number of rats with the neoplasm, and the 
total expected number of rats with the neoplasm. The 
relative onset rate is a descriptive index useful in deter-
mining whether or not a dietary modulation influences 
the occurrence of a neoplasm. The expected number 
of rats with the neoplasm was calculated by analyzing 
the death rate and the prevalence rate separately. 

The death rate analysis involves the following 
equation: 

Edk = mk•(yk+xk)/(mk+nk)

where Edk is the expected number of rats in an 
experimental group with the neoplasm considered as 
fatal, i.e., scored in [3] or [4], during a day k; yk is the 
observed number of rats in an experimental group 
with the fatal neoplasm during a day k; xk is the ob-
served number of rats in a relevant control group 
with the fatal neoplasm during a day k; mk is the 
number of rats in an experimental group surviving at 
the beginning of a day k; and nk is the number of rats 
in a relevant control group surviving at the beginning 
of a day k. Rats with the neoplasm scored in an inci-
dental context, [1] or [2], were treated like all other 
rats that die of causes other than the neoplasm.  

The prevalence analysis involves the following 
equation: 

Epi=mi•(yi+xi)/(mi+ni)

where Epi is the expected number of rats in an ex-
perimental group with the neoplasm considered as 
incidental, i.e., scored in [1] or [2], during a time inter-

val i; yi is the observed number of rats in an experi-
mental group with the incidental neoplasm during time 
interval i; xi is the observed number of rats in a relevant 
control group with the incidental neoplasm during time 
interval i; mi is the number of dying rats in an experi-
mental group during time interval i; and ni is the num-
ber of dying rats in a relevant control group during 
time interval i. It should be noted that rats which died 
from the neoplasm under analysis were excluded from 
mi and ni. 

The summarized onset rate (“relative onset rate”) 
is assessed by the following equation: 

O/E = (∑ yk + ∑ yi)/(∑ Edk + ∑ Epi).

These procedures eliminate the bias due to inter-
current mortality as effectively as is possible based on 
the available data. The method for calculation, and 
the χ2 test for difference in incidence of the neo-
plasm between an experimental and a control group 
has been described in detail by Peto et al. (13). In the 
present study, many comparisons in incidence be-
tween two groups were made with statistical signifi-
cance being accepted at p<0.05; therefore, the 
probability of drawing an incorrect conclusion for the 
relative onset rate increased. 

RESULTS

The number of rats studied, the number that died 
spontaneously and the number and percent that died 
from neoplasms are presented in Table 2. The num-
ber of rats bearing common types of neoplasm is 
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Table 2 - Number of rats dying spontaneously from neoplasms.

                  Dietary Group

       AL AL AL AL
 DR FatR MinR AL-II ProR AL-I (soy) (cas)-II (lact) (cas)-III

No. of rats studied 153 92 82 155 117 120 60 60 40 40
Spontaneous deaths 89 71 69 111 69 71 60 60 40 40
Death due to neoplasm 41 30 32 32 24 16 39 14 26 19
(%)# (46.1) (42.3) (46.4) (28.8) (34.8) (22.5) (65.0) (23.3) (65.0) (47.5)
Mean Maximum Body Weight (g) 328.7 523.9 532.9 510.9 578.5 560.4 522.8 510.9 527.2 540.8
Average Food Intake/day (g) 7.9 13.7 12.8 12.8 13.7 12.8 13.2 13.3 12.8 13.1
Life span (weeks)
      Median 133 109 109 104 115 100 120 104 110 110
      Maximum 182 137 134 141 138 134 146 141 144 154

Literature Reference 11 10 10 10, 11 7, 8 7, 8 9 9 12 12

#Proportion of deaths due to neoplasm in total spontaneous deaths in parenthesis.
AL-II is the control group for Group DR, FatR and MinR.  AL-I is the control group for Group ProR. 
AL (cas)-II and AL (cas)-III are the control groups for Group AL (soy) and AL (lact) respectively.
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Table 3 - Number of rats bearing selected neoplasms. 

                  Dietary Group

       AL AL AL AL
 DR FatR MinR AL-II ProR AL-I (soy) (cas)-II (lact) (cas)-III

No. of rats examined 89 71 69 111 69 71 60 60 40 40
Leukemia (43.8) (47.9) (24.6) (34.2) (11.6) (7.0) (58.3) (46.7) (37.5) (20.0)
     fatal 30 16 11 13 3 2 16 8 9 3
     incidental 9 18 6 25 5 3 19 20 6 5
Pituitary adenoma (7.9) (19.7) (24.6) (22.5) (7.2) (11.3) (18.3) (26.7) (57.3) (50.0)
     fatal 3 2 5 3 3 3 4 1 10 7
     incidental 4 12 12 22 2 5 7 15 13 13
Thyroidal C-cell tumor (7.9) (21.1) (8.7) (15.3) (5.8) (7.0) (18.3) (11.7) (5.0) (7.5)
     fatal 1 0 0 2 0 0 0 1 0 0
     incidental 6 15 6 15 4 5 11 6 2 3
Adrenal pheochromocytoma (5.6) (5.6) (15.9) (7.2) (13.0) (8.5) (16.7) (10.0) (10.0) (10.0)
     fatal 2 0 4 0 2 0 1 13 1 0
     incidental 3 4 7 8 7 6 9 (5.0) 3 4
Pancreatic islet cell tumor (13.5) (14.1) (11.6) (10.8) (7.2) (7.0) (21.7) (10.0) (10.0) (10.0)
     fatal 0 0 0 0 0 0 0 1 0 0
     incidental 12 10 8 12 5 5 13 6 3 4
Testicular interstitial cell tumor (49.4) (74.6) (82.6) (74.8) (60.9) (83.1) (73.3) (80.0) (50.0) (77.5)
     fatal 0 0 0 0 0 0 0 0 0 0
     incidental 44 53 57 83 42 59 50 48 20 31
Subcutaneous mesenchymal tumor (10.1) (22.5) (21.7) (7.2) (20.5) (1.4) (31.7) (3.3) (10.0) (17.5)
     fatal 4 5 4 5 5 0 10 2 3 1
     incidental 5 11 11 3 3 1 9 0 1 6

Prevalence of each type of neoplasm in parenthesis. fatal: No. of rats bearing the type of neoplasm considered fatal or probably fatal; 
incidental: No. of rats bearing the type of neoplasm considered incidental or probably incidental. The categorization of a neoplasm into 
fatal or incidental context was done, following the method of Peto et al. (13). AL-II is the control group for Group DR, FatR and MinR. 
AL-I  
is the control group for Group ProR. AL (cas)-II and AL (cas)-III are the control groups for Group AL (soy) and AL (lact) respectively.

Figure 1 - Cumulative mortality of all neoplasms in rats fed a 
semisynthetic diet (Group AL-II) and rats (Group DR) fed 60% 
of the mean dietary and energy intake of the rats fed ad libitum

. Figure 2 - Cumulative mortality of all neoplasms in rats fed a 
semisynthetic diet (Group AL-II) and rats (Group FatR) fed a diet 
resulting in a reduced fat intake without a reduction in energy 
intake.



summarized in Table 3. 

Conditional mortality curves for neoplasms
Only in Group DR did the mortality curve for neo-

plasms differ from that in the control group (p<0.01). 
The age at death due to neoplasms seemed to be de-
layed by 150 to 200 days in Group DR (Fig. 1). The 
curves of the other diet groups did not differ signifi-
cantly from those in the respective control curves (Figs. 
2-6).

Relative onset rates of neoplasms
In Group DR, most of the neoplasms examined 

occurred less frequently than expected (p<0.01, Table 
4), although no significant influence was observed in 
the occurrence of islet cell tumors of the pancreas or 
subcutaneous tumors. In Group FatR, no significant 
suppressive effect was observed in the neoplasms 
examined; on the contrary, subcutaneous tumors oc-
curred more frequently than expected (p<0.05). In 
Group MinR, the occurrence of thyroidal C-cell tu-
mors was significantly reduced (p<0.05); leukemia 
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Figure 3 - Cumulative mortality of all neoplasms in rats fed a 
semisynthetic diet (Group AL-II) and rats (Group MinR) fed a 
diet resulting in a reduced mineral intake without a reduction 
in energy intake.

Figure 4 - Cumulative mortality of all neoplasms in rats fed a 
semisynthetic diet (Group AL-I) and rats (Group ProR) fed a 
diet resulting in a reduced protein intake without a reduction 
in energy intake.

Figure 5 - Cumulative mortality of all neoplasms in rats fed a 
semisynthetic diet (Group AL (cas)-II) and rats (Group (soy)) fed 
a diet replacing casein with soy protein as the protein source.

Figure 6 - Cumulative mortality of all neoplasms in rats fed a 
semisynthetic diet (Group AL (cas)-III) and rats (Group (lact)) fed 
a diet replacing casein with lactalbumin as the protein source. 



might be suppressed (0.05 < p<0.10), while subcuta-
neous tumors occurred more frequently (p<0.05), but 
other neoplasms were not affected. In Group ProR, 
only the occurrence of testicular interstitial cell tumors 
was significantly reduced (p<0.05). In Group AL 
(soy), subcutaneous tumors occurred more often than 
expected (p<0.05), and other neoplasms were not 
influenced. In Group AL (lact), the occurrence of 
testicular interstitial cell tumors was reduced (p<0.05), 
but no significant influence was observed in the occur-
rence of the other types of neoplasms. 

DISCUSSION

Adjustment for intercurrent mortality is an impor-
tant process in long-term assessment of neoplasia (13, 
14). Dietary restriction, protein restriction and soy 
protein diet significantly retarded the development of 
nephropathy, which is a common cause of intercur-
rent mortality (8, 9). This dietary effect on intercurrent 
mortality probably was in part responsible for the 
considerable differences between diets in the propor-
tion of deaths due to neoplasms, and in the lifetime 
prevalence of some neoplasms. In the present study, 
the problem of intercurrent mortality was circum-
vented by classifying neoplasms based on the likeli-
hood of cause of death in each rat. The method of 
Peto et al. (13) was the practical approach used to 
solve this issue, although this method is difficult to 
justify rigorously (14).

Monitoring the amount of dietary intake and the 
growth pattern of rats is important in this type of 
analysis, because a particular dietary regimen may 
influence the occurrence of neoplasms by altering 
dietary energy intake, which confounds assessing the 
effects of a specific dietary component. Our dietary 
manipulations were precisely controlled, and there 

was no significant difference in energy intake be-
tween dietary groups other than the dietary-restricted 
group.

The present study indicated that only the dietary 
regimen involving a reduction in energy intake re-
duces the mortality due to all neoplastic diseases. Re-
striction of fat, mineral or protein without a reduction 
of energy intake, or replacement of casein with soy 
protein or lactalbumin as the protein source, had no 
significant effect on mortality due to neoplasia. Analy-
ses of the relative onset rate of the frequently observed 
neoplasms provided further insight. Only the restric-
tion of dietary energy intake suppressed a wide range 
of neoplasms, and suppressed mortality due to neo-
plasms in general. The dietary regimens without a 
reduction of energy intake in some instances reduced 
the occurrence of a specific type of neoplasm, but also 
resulted in the more frequent occurrence of other 
types of neoplasms than expected.

A similar effect of dietary protein has been reported 
for spontaneous neoplasms in male Sprague-Dawley 
rats (23). That study indicated that an isocaloric, but 
low protein intake decreased the risk of neoplasms in 
the pituitary gland, thyroid gland and pancreas, but 
the risk of lymphoreticular and hematopoietic neo-
plasms was increased. A comprehensive study con-
ducted by Roe et al. (24) also revealed that reduction 
of energy intake caused marked suppression of spon-
taneous tumorigenesis in Wistar rats, although rela-
tively low protein diet did to some extent decrease the 
incidence of tumors in most sites. In a study by Carrol 
and Khor (25), evidence was presented that a low-fat 
diet might decrease the risk of certain, but not all 
types of neoplasms, independent of dietary energy 
intake. 

Most studies on diet and cancer have focused spe-
cific types of cancer, and have stressed the impor-
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Table 4 - Relative onset rate of selected neoplasms.

                        Dietary Group
Type of neoplasm  DR FatR MinR ProR Soy Lact

Leukemia 0.80** 1.16 0.79 1.04 1.07 0.98
Pituitary adenoma 0.41** 0.84 0.99 0.70 0.83 1.06
Thyroidal C-cell tumor 0.56** 1.07 0.62* 1.08 1.07 0.83
Adrenal pheochromocytoma 0.55** 0.70 1.31 1.39 1.03 1.16
Pancreatic islet cell tumor 0.84 1.01 1.03 0.99 1.15 1.16
Testicular interstitial cell tumor  0.72** 0.98 1.01 0.91** 0.99 0.83*
Subcutaneous mesenchymal tumor 0.97 1.57** 1.62* 1.22 1.45* 0.65

Each value represents summarized onset rate of neoplasm relative to relevant control groups.
Statistical significance: *p<0.05, ** p<0.01.



tance of a specific dietary constituent (26-28). How-
ever, a variety of neoplastic diseases occur competi-
tively in animals as well as humans, and there is little 
evidence that modulation of a specific nutrient can 
reduce the risk of a broad spectrum of neoplastic 
disease. If our research with rats can be extrapolated 
to humans, it appears that the best way to prevent 
cancer in people may be simply to reduce total die-
tary energy intake in a fashion which avoids malnutri-
tion. Indeed, Lutz and Schlatter (29) estimated by 
epidemiological and experimental data that three-
quarters of cancer cases attributed to dietary factors 
in Switzerland (60 000 cancer cases per one million 
lives) might be due to overnutrition. 

The molecular mechanisms of carcinogenesis and 
the modulation of its progression are quite complex, 
and remain to be elucidated. However, substantial evi-
dence implicates the involvement of free radicals and 
other reactive pro-oxidants in many of the stages of 
carcinogenesis. Multi-step processes comprised of a 
sequence of changes in DNA, such as mutations which 
activate proto-oncogens or inactivate tumor suppressor 
genes, as well as gross chromosomal aberrations are 
involved in carcinogenesis (30, 31). These genetic 
changes are induced by many endogenous and exog-
enous factors. Of these factors, reactions of free radi-
cals or reducing sugars and subsequent Maillard reac-
tion with macromolecules in the cell may be of particu-
lar importance (32-34). Recently, Kristal and Yu (35) 
proposed a new hypothesis of aging based on a prem-
ise that the age-related deterioration and damage of 
cellular constituents including DNA are exacerbated by 
the sum of the synergestic interactions induced by free 
radicals, glycation, and Maillard reactions. In this re-
gard, it is important to recognize that recently dietary 
restriction has been reported to exhibit potent and 
wide-ranging effects on antioxidant defenses and free 
radical metabolism (36-38), and reduce glycation prod-
ucts (39). A possible mechanism by which dietary re-
striction suppresses neoplasms may relate to its ability 
to reduce the amount of DNA damage, and the subse-
quent DNA mutations which usually occur during ag-
ing. Another potentially important factor that is modu-
lated by dietary restriction is DNA repair capacity (40), 
which if up-regulated also would be expected to reduce 
the level of DNA damage. These findings are further 
supported by the evidence of the protective action of 
dietary restriction against the oxidative damage of 
DNA (41).

In addition, we emphasize the importance of die-
tary restriction in decreasing cell number and prolif-
eration. Genetic changes tend to occur during mitosis 
(42). A decreased rate of cell division by dietary re-
striction could minimize the risk of the genetic chang-

es that are potentially associated with the occurrence 
of neoplasms. Sinha et al. (43) suggested that DR 
suppressed chemically induced tumorigenesis in the 
mammary gland by slowing the cell division in the 
mammary epithelium when the carcinogen is admin-
istered to rats. Lagopoulos et al. (44) also proposed 
the possibility that dietary restriction decreased the 
proliferation of hepatocytes by reducing serum insu-
lin level, a mitogen for hepatocytes, and inhibited 
chemically induced hepatic tumors. The smaller 
number of cells available for neoplastic transforma-
tion may account for the decrease in occurrence of 
neoplasms. How dietary energy restriction modulates 
cell proliferation should be the subject of intensive 
study. 

There are many other ways by which dietary re-
striction could suppress carcinogenesis. Further re-
search focused on molecular changes induced by the 
restriction of dietary energy intake is needed. 
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