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Table 1

Diets
Diets were prepared by United States Biochemical Corporation, Cleveland,
Ohio, and included tocopherol-stripped corn oil, Phillips and Hart salt mixture,
and a complete rodent vitamin supplement devoid of ascorbic acid and tocoph-
erol. Antioxidants were mixed in a twin-shell dry blender in our laboratory, and all
diets containing antioxidants were stored refrigerated under vacuum. Different

lots of diets were routinely analyzed for relative sterol levels.

% of components

Diet 1 Diet 2 Diet 3
Casein (vitamin-free) 27.4 27.4 27.4
Corn oil 2.15 2.15 2.15
Corn starch 60.00 60.00 60.00
Vitamin mix 2.20 2.20 2.20
Mineral mix 6.00 6.00 6.00
Cholesterol 2.00 0.01 0.00
Celufil (nonnutritive) 0.41 2.40 2.41

were then maintained on Wayne Lab Blox (Allied Mills, Chicago,
Iil.) for 1 week, weighed, and placed on the respective experi-
mental diets. After 1 week on experimental diet, the animals
were reweighed, the irradiation regimen was initiated, and the
animals were weighed thereafter every 2 weeks until the end
of the study at Week 30. At termination, 10 animals from each
group were weighed and sacrificed by cervical dislocation, and
the livers were excised and weighed.

During the period of the experiment, the animals suffered an
18% mortality rate, distributed rather evenly throughout all
dietary groups, which was greatest during the first week of
transition from commercial to semidefined diets.

irradiation. Animals received daily (5 days/week) irradiation
from a nonfiltered General Electric UA-3 mercury arc lamp with
principal emission lines at 254, 265, 280, 297, 302, 313, and
365 mm. The mice were irradiated unrestrained in their cages
in an irradiation chamber of special design in which constant
geometry was maintained for the study. The chamber allowed
the simultaneous irradiation of 2 cages. Total energy emitted
from the lamps was mapped for 5 areas representing different
sites within the 18.5- x 32.0-cm cages, and the mean was used
to calculate dose. The total energy was measured each week
with a calibrated circular thermopile attached to a Keithley
microvolt ampmeter. An initial suberythemic dose of 0.870 J/
sq cm/day was delivered. To compensate for epidermal thick-
ening, the dose was increased every 2 weeks by an average of
0.326 J/sq cm (0.290 to 0.377) until a daily dose of 2.175 J/
sq cm was attained at Week 9. This level of irradiation was
maintained through Day 1 of the 17th week, at which time
irradiation was discontinued. An accumulative dose of 145.150
J/sq cm was administered.

Animals were examined at weekly intervals to evaluate actinic
effects. Elevated lesions of 1-mm diameter were taken as the
end point for evaluation. Tumors, representative of the types
which appeared, were histologically interpreted as papillomas
or squamous cell carcinomas.

Blood Determinations. Blood was obtained from 5 animals,
taken at random, from each 12 groups at 2-week intervals.
Fifty u! of blood were collected in heparinized capillary tubes
by the orbital bleeding technique (29). It has been shown that
the venous blood in the orbital sinus is in rapid equilibrium with
the circulation (2). Thus, blood obtained by this technique
should accurately reflect circulatory sterol levels, and the tech-
nique itself produces minimal trauma. Bleeding was accom-
plished within the same 2-hr interval for each evaluation period
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in order to minimize circadian cyclic variations.

After centrifugation, the hematocrits were determined, and
the serum from the 5 animals, representing each group, was
removed and pooled. Cholesterol levels were determined in
duplicate on 20 pl of serum. A modification of the ferric chloride
method of cholesterol determination was used (14, 16).

Statistics. A cumulative distribution function curve of time to
tumor formation was estimated for all groups receiving irradia-
tion. The Weibull distribution was used as the basic mathemat-
ical model:

F{x)=1—exp[—blx —w)Y],i=1,2,...6,

where F{(x) is the cumulative proportion of animals bearing
tumors at Week x in the ith group and b, w, and k; are
coeffigients to be estimated (28). The model was simplified, in
accordance with published procedures, with the assumption
that the curves for all groups had identical values of w; and k,
and differed only with respect to b, w was defined as the
minimum lag before tumors first appear, and k; was defined as
a shape parameter. The common values for w and k and
separate values for b, were estimated using maximum proba-
bility.

Inasmuch as the curves for the various groups differ only
with respect to the ‘‘rate’’ parameter, b;, the time to TDTs, was
estimated as follows:

1
TDTso () = (In 2/b) P i=1,2,...6

TDTs, values were then evaluated for statistical significance by -
comparing the respective b; values. For these comparisons, it
was further assumed that the estimated b, values were approx-
imately normally distributed with variances equal to b?/s,,
where s, is the number of animals developing tumors in the ith
group. In support of these evaluations, similar significant dif-
ferences among the various dietary groups were obtained using
a modified probit (12) and log-rank test (26, 27).

Analysis of variance was used to compare serum cholesterol
levels, body weight, and hematocrits of the various dietary
groups. An analysis of covariance, using actual organ weights
with current body weight, was used to evaluate effects of
antioxidants on hepatomegaly (33).

RESULTS

The cumulative distribution curves for UV-induced tumor
development, as influenced by the various diets, are repre-
sented in Chart 1. Animals on the 0.01 and 2.0% cholesterol
diets, with no antioxidant additive, had significantly greater
TDTso values than those animals receiving the 0% cholesterol
diet. The TDTs, values for the respective diets are shown in
Table 2. The calculated b, £ S.D. values, from which the TDTso
values were derived, are also shown and provide an estimate
of sample variance. There were no significant differences due
to cholesterol in the groups receiving antioxidant supplements.
When comparisons of antioxidant versus antioxidant-devoid
groups were made for each cholesterol level, the antioxidant
groups at 0 and 2% cholesterol levels had significantly greater
TDTso values than those groups without antioxidant.

To avoid difficulties in interpretation of data which might
arise from nutritional imbalances among dietary groups, the
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Chart 1. Cumulative distribution curves of UV-induced tumor incidence as
affected by dietary cholesterol level and antioxidants. ——, the indicated choles-
terol diet; - - - -, the respective diet with antioxidant supplements. O and @,
actual data points.
Table 2
Effect of diet on tumor development time
Cholesterol (%) Antioxidant TDTso (Wk) b, x 107?

0 - 20.2 4.23 + 0.63°

+ 23.4 1.75 + 0.29

0.01 - 220 2.51 £ 0.40

+ 22.9 2.00 + 0.33

2.0 - 223 2.32 + 0.37

+ 24.4 1.41 £ 027

® Rate parameter + S.D.

experimental design allowed reasonable control in maintaining
an equivalent nutritional status among the various diets. There
were no statistically significant differences in mean weekly
body weights for the 3 dietary cholesterol levels or for UV
treatment versus nonirradiated groups. However, the mean
weekly body weights for antioxidant supplemented groups
were significantly greater (p < 0.05) than those of unsupple-
mented groups, 27.14 and 26.71 g, respectively. This differ-
ence in body weight may reflect the significant degree of
hepatomegaly induced by the antioxidants. Mean body and
liver weights of 10 animals, sacrificed from each dietary group
at Week 30, are presented in Table 3. Significant increases in
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liver weights were observed in all groups receiving antioxi-
dants, regardless of cholesterol level or UV treatment.

Chart 2 represents the temporal pattern of hematocrit values
for the different diets during the course of the study. The
hematocrit was chosen as a parameter to detect any anemia
that might have resulted from the reported hemorrhagic effects
of BHT, one of the constituents in the antioxidant supplement
(35). When the weekly mean hematocrit values were compared,
no statistically significant differences among diets were ob-
served. The values did refiect a slow, steady decline with time,
however, which apparently was due either to aging of the
animals or to an influence from the semidefined diet. Animals
placed on regular commercial diets for a 4-month period fol-
lowing the termination of the study demonstrated hematocrits
at the same low level, thus indicating the steady decline was
not in response to diet. In addition, it seems doubtful that the
animals experienced any injurious hemorrhagic effects due to
BHT.

Contrary to an earlier report in which cholesterol feeding
was not reflected in blood cholesterol levels (3), increased
dietary cholesterol level in the present study was indeed man-
ifested in the serum values. The temporal profiles of cholesterol
values are seen in Chart 3. Animals receiving the 2.0% sterol
diet had significantly higher weekly mean serum levels than did
those receiving either of the other 2 levels (Table 4). There was
no significant difference between the O and 0.01% diets. In
addition, animals receiving antioxidant supplements had signif-
icantly higher serum cholesterol than did those not receiving
antioxidants. UV irradiation had no effect on serum cholesterol
levels.

DISCUSSION

Although some epidemiological studies have indicated sig-
nificant correlations between dietary fat consumption and
death rates from malignant neoplasms, other studies have
failed to support such a relationship (1). Such inconsistencies
have also arisen in experimental endeavors. Lang and Rosen-
bohm (23) and Baumann et al. (4) all report that feeding of
cholesterol in diets did not alter the growth rate of transplanted

Table 3
Antioxidant-induced hepatomegaly

Mean body weights were derived from 10 animals at Week 30. The mean liver
weights were adjusted by analysis of covariance using body weights as covariate.
p values reflect significant differences in adjusted liver weights.

Cholesterol Mean body wt  Adjusted mean
(%) Antioxidant uv (@) liver wt (g)
0 - - 31.1 1.55) o
+ - 33.0 2.00
- + 30.1 1.46) o
+ + 29.6 2.04}
0.01 - - 31.5 1.46) 4
+ - 33.9 1.97
- + 32.0 1.57) »
+ + 30.9 1.89
2.0 - - 30.3 1.28) o
+ - 31.6 1.89
- + 30.5 1.37) o
+ + 30.5 1.81}
®p <0.001.
b p <0.01.
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Chart 2. Effect of diet and treatment upon temporal hematocrit profiles. Gp,
Group; CHOL, cholesterol; A/O, antioxidant.

tumors. On the other hand, Littman et al. (25) showed growth
of various transplanted tumors in rats and mice could be
retarded by feeding animals a diet free of cholesterol or one
with substances known to inhibit cholesterol synthesis. Be-
cause of the inconsistencies in both epidemiological and ex-
perimental studies, and barring generalizations made from
such studies without due regard to type of neoplasm involved
or differences in experimental design, no clear-cut pattern of
cholesterol involvement in carcinogenesis has evolved.
Nevertheless, the potential involvement of cholesterol in car-
cinogenesis, and particularly actinic carcinogenesis, remains
an interesting possibility. Roffo observed that: precancerous
and cancerous skin was almost invariably higher in cholesterol
content than noncancerous skin; cholesterol levels at those
anatomical sites most susceptible to actinically induced cancer
were several-fold greater than those areas not normally ex-
posed to light; individuals who consumed high levels of choles-
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terol in their diets and were normally exposed to the rays of the
sun in their occupations were predisposed to skin cancer; and
blood leaving the site of tumors contained lower concentrations
of cholesterol than that supplying the tumor. Baumann and
Rush (3), in an effort to experimentally substantiate Roffo's
thesis of dietary cholesterol and carcinogenesis, fed mice 2%
cholesterol diets and induced tumors with UV radiation. They
found that cholesterol had no effect on the rate of tumor
production with UV, nor did they find elevated skin or blood
cholesterol levels in the irradiated animals. The results from
these studies, however, remain equivocal because the investi-
gators used a hydrogenated 5% cottonseed oil to enhance
sterol absorption. In the same study, these investigators dem-
onstrated that a high fat diet alone enhanced UV carcinogen-
esis. Thus, interpretation of their data is difficult, inasmuch as,
contrary to the conclusions drawn, cholesterol could actually
have played a protective role nullifying the carcinogenic en-
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Chart 3. Effect of diet and treatment upon temporal serum cholesterol profiles.
dL, dlI; Gp, Group; CHOL, cholesterol; A/O, antioxidant.
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Table 4
Weekly mean serum cholesterol levels st ized by tr it
Mean serum cholesterol levels
Treatment (mg/dl)
Cholesterol
107.24

0.01% 106.67} a

2.0% 122.96
Antioxidants

No 107.42

Yes 117.16 }
uv

No 112.00

Yes 112.58

2 Numbers in braces, p < 0.001.

hancing effect of the fat. Such an interpretation would be
consistent with the current findings and raises the question of
how cholesterol might actually delay UV-induced tumor for-
mation. In fact, in a variety of pathological conditions, choles-
terol forms a large part of the lesion, and it has been suggested
by some investigators that elevated serum cholesterol levels
represent a response to physiological insult or, in essence, is
an attempted repair process (22). In this regard, it is interesting
to recall that Roffo observed that cholesterol levels in blood
supplying actinic tumors was higher than that leaving tumor
sites. With our current data, another explanation might be that
cholesterol is mobilized to those sites of insult or incipient
disease, with the consequence being lower blood cholesterol
levels occurring after deposition and utilization in attempted
repair. The elevated serum cholesterol levels, seen in animals
receiving high dietary cholesterol or antioxidants, could rep-
resent a manifestation of events related to the observed in-
creased tumor latency in those groups. It has recently been
shown that a period of increased sterol synthesis preceeds
DNA synthesis and that elevated sterol synthesis was requisite
for cell proliferation (15, 21). It would seem reasonable that
any attempt to repair UV-induced cellular damage might require
similar events.

Certainly, in at least one form of malignant transformation,
the evidence for cholesterol involvement is impressive. Inbar
(19) has demonstrated that some forms of human and mam-
malian leukemia are accompanied by a marked deficiency of
free cholesterol in the cell surface membranes, thus altering
their microviscosity. This deficiency is concomitant with a low-
ered blood cholesterol level and hypocholesterolemia exhibited
in leukemia patients (20). Hypocholesterolemia has been as-
sociated with colon cancer as well (6, 31). Inbar suggests that
cholesterol may act at both cellular and molecular levels in
controlling biological activities that represent normal and neo-
plastic states. Conflicting observations raise some doubts
about the basis of this theory, however (13).

It is of interest that in the present study, utilizing semidefined
diets, the effects of antioxidants on UV carcinogenesis are not
nearly as pronounced as in other studies utilizing commercial
diets (7, 8). The possibility exists that natural inhibitors or
inducers of hepatic metabolism are present in commercial diets
which, not being present in semipurified or purified ones,
produce an amplification or moderation of the action of the
antioxidants. This is certainly compatible with the facts that: (a)
both antioxidants and high dietary cholesterol prolonged the
development time of UV carcinogenesis but did not appear to
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act synergistically; (b) both high dietary cholesterol and antiox-
idants, independently, resulted in elevated serum cholesterol;
and (c) antioxidants produced a significant hepatomegaly, the
responsive organ being the primary site of cholesterol metab-
olism.

Cholesterol may affect tumor development by participating
directly in the carcinogenic process or, alternatively, may pro-
long tumor development by altering epidermal parameters and
reducing the effective UV dose reaching respective target sites.
Whereas the nature of the mechanism must, for the present,
remain speculative, it is evident that cholesterol is involved in
some manner in moderating the carcinogenic action of UV.
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