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A Walnut-Enriched Diet Reduces the Growth of LNCaP Human Prostate

Cancer Xenografts in Nude Mice

Russel J. Reiter," Dun-Xian Tan,' Lucien C. Manchester,” Ahmet Korkmaz,' Lorena Fuentes-Broto,’
W. Elaine Hardman,? Sergio A. Rosales-Corral," and Wenbo Qi3

Department of Cellular and Structural Biology, University of Texas Health Science Center, San Antonio, Texas, USA," Department
of Biochemistry and Microbiology, Marshall University School of Medicine, Huntington, West Virginia, USA,? Veterans

Administration Hospital, San Antonio, Texas, USA®

It was investigated whether a standard mouse diet (AIN-76A)
supplemented with walnuts reduced the establishment and
growth of LNCaP human prostate cancer cells in nude (nu/nu)
mice. The walnut-enriched diet reduced the number of tumors
and the growth of the LNCaP xenografts; 3 of 16 (18.7%) of the
walnut-fed mice developed tumors; conversely, 14 of 32 mice
(44.0%) of the control diet-fed animals developed tumors.
Similarly, the xenografts in the walnut-fed animals grew more
slowly than those in the control diet mice. The final average
tumor size in the walnut-diet animals was roughly one-fourth
the average size of the prostate tumors in the mice that ate the
control diet.

Keywords: LNCaP cells, Prostate cancer, Walnuts,
F,-isoprostanes

INTRODUCTION

Individual constituents in whole foods may be factors that
contribute to a reduction in cancer risk (1-3). While the
experimental data supporting the role of individual phyto-
chemicals in cancer prevention are convincing (4-6), epi-
demiological studies that have attempted to identify the asso-
ciation between dietary ingredients and cancer have yielded
less convincing results (7-10).

Yet, certain whole foods, consumed on a regular basis, may
be instrumental in reducing cancer risk (11-14).

The walnut (Juglans regia L) is a whole food that has
attracted considerable interest within the last decade be-
cause of its reported health benefits. Thus, studies in humans
and in animals have documented that consuming walnuts
daily reduces parameters of systemic inflammation, improves
endothelial-dependent vasodilation, and reduces serum lev-
els of omega-6 fats (15-19). While these clinical studies have
been directed toward defining the benefits of walnuts in
terms of cardiovascular health, recent experimental investi-
gations also have focused on the ability of walnut consump-

tion to alter cancer growth and development (20-24). Of spe-
cial note is the work of Hardman and coworkers (21, 23).
Hardman and Ion (21) found that feeding nude female mice a
walnut-enriched diet slowed the growth of established MDA-
MB 231 human breast cancer cells that had been injected sub-
cutaneously into these animals. Likewise, in another study by
Hardman and colleagues (23), a walnut diet reduced the in-
cidence of spontaneous mammary tumors in female trans-
genic mice expressing large T antigen in their mammary tis-
sue (25). In this report, the pregnant dams and their female
offspring at weanling were fed either a walnut-enriched diet
or a diet not including the walnut supplement. The mice eat-
ing the walnut diet had a reduced tumor incidence (fraction
of mice with at least one tumor), reduced tumor multiplic-
ity (more than one tumor per mouse), and a lower final tu-
mor size (23). There are a number of constituents in walnuts,
as summarized in the Discussion, that may account for their
ability to reduce tumor growth.

Considering the findings of Hardman and coworkers (21,
23) documenting that a walnut-enriched diet inhibited the
initiation and progression of two types of experimental mam-
mary cancer, we deemed it important to test whether the
same diet would influence the growth of prostate cancer
xenografts growing in male nude mice. Previous studies had
shown that consuming walnuts on a regular basis did not in-
fluence serum prostate-specific antigen (PSA) levels but it
did improve biomarkers of prostate health in normal men
(26, 27).

MATERIALS AND METHODS

Animals

Forty-eight male athymic immunocompromised nude mice
(nu/nu), six weeks of age, were purchased from Harlan Labs
(Houston, TX). Mice were housed four per cage and after
a two-week period of acclimation they were given either a
control diet or a walnut-enriched diet ad libitum; 32 mice
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received the control diet and 16 mice were given the walnut
diet to eat. The animals were individually ear-marked and
weighed weekly beginning when the cancer cells were inoc-
ulated. The animal room was maintained under a light:dark
cycle of 12:12 hr and the temperature was controlled at 24°C.
Fresh sterile cages, bedding, and water were provided twice
weekly. All procedures related to the animals were approved
by the Institutional Animal Care and Utilization Committee
(IACUC) of the University of Texas Health Science Center,
San Antonio, Texas.

LNCaP human prostate cells
LNCaP cells were a gift of Dr. LuZhe Sun (Department of Cel-
lular and Structural Biology, UT Health Science Center, San
Antonio, Texas). LNCaP cells are androgen-sensitive adeno-
carcinoma prostate cells derived from a metastatic site of
a 50-year-old Caucasian male. This cell type has been ex-
tensively used in experimental oncology to examine growth
characteristics of androgen-sensitive prostate cancers and to
test the efficacy of various drugs/diets in terms of their abil-
ity to inhibit prostate tumor growth. LNCaP cells maintain
their malignant properties when grown in nude mice and
they are capable of developing tumors at the injection site.
LNCaP cells express prostate-specific antigen (PSA) (28).
LNCaP cells were cultured under standard conditions.
When a sufficient number of fresh cells became available,
1.5 x 10° cells were subcutaneously inoculated into each of
the 48 unanesthetized mice. The inoculated cells were con-
tained in a 0.1 ml 1:1 mixture of incubation medium and
Matrigel. Matrigel is a gelatinous mixture that resembles the
extracellular environment and is commonly used in studies
such as described herein. Matrigel serves as a basement mem-
brane matrix which allows cells to exhibit the complex cellu-
lar behavior of the cell type being studied.

Experimental design

Of the 48 mice inoculated with the cancer cells, 32 had been
consuming the control diet and 16 had eaten the walnut-
enriched diet for several weeks. Following the LNCaP cell in-
oculations, the animals continued on the same diets.

The reason the group sizes were not the same, i.e., 32 ver-
sus 16, is that the original experimental design differed from
that of the final study because the percentage of mice on the
control diet that developed palpable tumors was less than an-
ticipated. Based on the published literature, it was expected
that roughly 75% (24 of 32) of the mice receiving the control
diet would eventually develop subcutaneous prostate tumors.
The study was originally powered based on this assumption.
Had that occurred, these 24 mice were then to be divided in
two groups of 12 mice each, one of which would have been
switched to the walnut-enriched diet with the other group
continuing on the control (nonwalnut) diet. Since only 14 of
the 32 mice on the control diet develop palpable tumors, it
was the judgment of the investigators that there were an in-
sufficient number of tumor-bearing mice to divide them into
two groups and expect to get unambiguous data. One of the
14 mice that developed a particularly large tumor had already
died (see below) and a second mouse, also with a large tu-

mor, had begun to lose body weight indicative of pending
death. Thus, at this point, all remaining animals were killed
(at 126 days after tumor cell inoculation) and the measure-
ments outlined below were performed.

Walnut and control diets

Given that Hardman and colleagues (21, 23) had previously
shown that a standard mouse diet enriched with walnuts re-
strained the growth of MDA-MB 231 human breast cancer
cells in nude mice, we opted to use the same diet in the cur-
rent study. The diets were modified AIN 76A diet as orig-
inally described in 1977 by the American Institute of Nu-
trition (29) but the soybean oil was replaced with corn oil;
corn oil contains omega-3 fats which are required by rodents.
Corn oil also contains omega-6 fats in higher concentrations
than omega-3. The composition of the diets is listed in Ta-
ble 1. In brief, the diets were formulated to be isocaloric, iso
nutrient, and to be relevant to the total amount of walnuts
that could be reasonably eaten on a daily basis by humans;
thus, the equivalent human diet would include two servings
(2 ounces) of walnuts daily which would provide 370 calo-
ries or 18.5% of a 2,000 calorie/day diet (30). Walnut ker-
nels were supplied gratis by the California Walnut Commis-
sion and 100% corn oil (Hill Country brand, preservative and
additive-free) was purchased locally. Walnuts were stored at
—20°C until ground and added to the diet.

Before being added to the diet, whole walnut kernels in-
cluding the brown husk were ground into a fine powder in
a food processor and added to the dry AIN 76A dietary in-
gredients. Pulverizing the walnuts into a powder prevented
the mice from preferentially selecting walnut pieces for con-
sumption. This diet provided an estimated 18% of the calo-
ries from walnuts. The control AIN-76A diet was modified
to contain 10% wt/dry wt corn oil. Both diets were prepared
fresh weekly and provided as a dry powder mixture served in
specially designed food containers to reduce wastage (#91007
Feeding jars; #910024 Deluxe lids; #91006 Food follower;
Dyets, Inc., Bethlehem, PA). When the mice were given fresh
diets, which occurred three times weekly, the remaining food
in the containers was removed and discarded. The animals
had free access to the diets and water was provided ad libitum
throughout the 126-day experimental period. Even though
the food was provided in specially designed food containers,
the mice managed to scatter some food onto the bottom of
the cages so the quantity of food consumed per mouse could
not be accurately calculated.

To prevent deterioration or the development of rancidity
of the diets, bulk diets were always kept refrigerated and when
fed to the animals the diets were changed frequently. We were
continuously attentive to any discoloration or smell to the
diets that would have suggested rancidity; neither was ever
noticed.

Butylhydroxytoluene (BHT) was not added to the diets as
a preservative since the intent was to duplicate the walnut diet
used in previous studies where it successfully reduced tumor
growth (21, 23). Also, since one of the potential mechanisms
by which omega-3 fats alter cancer cell growth involves free

Cancer Investigation
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Table 1. Characteristics of the Mouse Food AIN-76-A Diet Modified to 10% w/dry w Corn Oil or 2.63% Corn Oil and 18% of Calories from

Walnut
Walnut Diet (18% of Calories from Walnut)
Control Diet Additional Nutrient
Contained in 11.3 g
Ingredient % of Weight Amount /100 g Amount /100 g Walnut/100 g diet Calories /100 g
Casein (protein) 20% 20g 183¢g Protein—1.72 g 80
Sucrose 45% 45g 45¢g 180
Corn starch (carbo) 15% 15¢g 135¢g Carbo—1.55g 60
Alpha-Cel (fiber) 5% 5g 48¢g Fiber—0.2 g 0
Choline bitartrate 0.2% 02g 02g 0
DL-methionine 0.3% 03g 03g 0
Mineral mix AIN-76 3.5% 35g 35g 0
Vitamin mix AIN-76 1.0% lg 10g 0
Ground walnut 0 11.1g 0
Corn oil (fat) 10% 10g 2,63 ¢g Fat—7.37 g 90
Total 100% 100 g 1003 g (0.46 g water in walnut) 410
n3/n6 0% n3, 50% fat is n6 (1.02 gn3)/(1.3 g+ 4.3 g n6) = 0.18
Total fat 10g 100 g 90
Total protein 20g 200¢g 80
Total carbohydrate 60g 60.0 g 240

These diets are balanced terms of nutrients, protein, fat, and carbohydrate. This diet is essentially identical to that used by Hardman and Colleagues (21, 23) and also by Davis

et al. (68).

radical mechanisms, BHT was not added since it may have
interfered with these processes.

Monitoring tumor growth

After the subcutaneous inoculation of the cancer cells, the
mice were examined daily for the development of a palpa-
ble tumor. When a tumor was first identified (usually when a
tumor had a diameter of approximately 3 mm), the number
of days after LNCaP cell injection was recorded. Following
the appearance of a tumor, it was measured (maximal length
and maximal width since the tumors were not always circu-
lar) no less than twice weekly using a digital display calipers.
Tumor measurements required two individuals, one to re-
strain the mouse and one to make the measurements. The
animals were not anesthetized for this procedure. The tumor
measurements were done by the following coauthors in vari-
ous combinations: DXT, LCM, AK, and LFB. Tumor size was
calculated using the following formula: length x width? in
mm/2 = volume in mm?®.

Animal sacrifice and tissue collection
The experiment ended (after 126 days) when no tumors had
appeared in either the control or experimental groups of mice
for several weeks and some tumors in the control mice had
grown to the size that they were jeopardizing the survival
of the host animal. Indeed, one control animal had died at
118 days after tumor cell inoculation. Since this animal had
been dead for an estimated 12-18 hr before it was found, the
tumor weight of this animal was estimated based on the last
size measurement and in comparison with other tumors of
known weights.

All remaining control and experimental mice were killed
(by cervical dislocation) at 126 days (18 weeks) after tumor

Copyright © 2013 Informa Healthcare USA, Inc.

cell inoculation. Tumors were dissected and weighed to the
nearest milligram. Tumors were fixed in 10% neutral buffered
formalin. A portion of each liver was frozen on solid CO,,
individually labeled, and stored at —80°C until analyzed for
isoprostane levels. At the time of necropsy, the liver and lungs
of each mouse were grossly examined for metastases.

F,-isoprostane measurements

F,-isoprostanes, a highly sensitive indicator of lipid perox-
idation, were measured using gas chromatography/negative
chemical jon mass spectrometry (GC/MS) as described by
Morrow and Roberts (31). Briefly, thawed hepatic tissue
samples, weighing 150-200 mg each, were homogenized
in ice-cold Folch solution (chloroform/methanol; 2:1 ratio)
that contained 5 mg/100 mL butylated hydroxytoluene. The
lipids were extracted from the homogenate and hydrolyzed
with 15% potassium hydroxide. Following acidification with
HCI [*Hy4] 8-Is0-PGF,,, trimethylsilyl ether was added as
an internal standard. The F,-isoprostanes were then ex-
tracted through a C18- Sep-Pak and a silica Sep-Pak col-
umn, converted to pentafluorobenzyl esters, and purified by
thin layer chromatography. The F,-isoprostanes were subse-
quently derivatized to PGF,, derivatives and quantified by
GC/MS as previously described (32, 33). The quantities of F»-
isoprostanes are expressed as 8-Iso- PGF,, /g hepatic tissue.

Prostate-specific antigen immunohistochemistry

Portions of tumors fixed in 10% neutral buffered formalin
were embedded in paraffin and cut on a rotating microtone at
6 microns. After the sections were placed on glass slides, they
were stored at room temperature until dried. They were then
deparaffinized and treated with antibody [PSA-(clone ER-
PR-8) antibody, Dako, Carpinteria, CA] and counterstained
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(hematoxylin II, Ventana Medical, Tucson, AZ). These pro-
cedures were performed in the Department of Pathology, UT
Health Science Center, San Antonio, Texas, using a Ventana
Benchmark XT IHC stainer. The slides were evaluated by
RJR.

Statistical analyses

Statistical analyses of the same data were performed indepen-
dently by two statisticians, W. Elaine Hardman and William
W. Morgan (Professor Emeritus, UT Heath Science Center).
Since the analyses varied according to the data being eval-
uated, the statistics are described in the figure legends. The
reader should see the section on Experimental Design to
learn how the study was originally powered.

RESULTS

Body weights

Although the animals were randomly segregated into the
control and experimental groups shortly after the animals ar-
rived in the laboratory, at the time of the first body weight
measurement (when the tumor cells were inoculated), the
mean body weights of the two groups differed (Figure 1); this
difference persisted for essentially the duration of the study.
In the control animals, the body weights plateaued during the
last several weeks of the study, presumably related to the large
tumors in some of these animals which compromised their
health. Because of the difference in the mean body weights,
the rates of change of body weight increases were also cal-
culated each time the body weights were measured. These

Body weights

Weight (g)

4 -+ Control
22 -= Walnut

0 20 40 60 80 100 120 140
Days after injection

Figure 1. Body weights (=SEM) of the control-fed and walnut-fed an-
imals following the subcutaneous inoculation of tumor cells. The ani-
mals had been randomly divided before the specific diets were initiated
and the difference in the body weights was not believed to be due to
the diets per se but was coincidental. During the first 100 days of the
study, the groups gained body weight at the same rate. We took this
as evidence that the mice were consuming equivalent amounts of diet.
Near the end of the experimental period (after 100 days), the curves
begin to diverge due to the reduced body weights of the large tumor
bearing mice. The initial body weights differed with a p < 0.05 (¢-test);
at most time points thereafter this difference persisted.

values were the same for the two groups with the exception
of the last body weight measurement where, again, the body
weights of the control animals had plateaued, presumably as
a consequence of the large tumors in these mice.

The fact that both the control-fed and walnut diet-fed
mice gained weight at the same rate was taken as evidence
that there was equivalent food intake by the groups. As men-
tioned, it was not possible to measure individual food con-
sumption because the animals were group-housed. Also, de-
spite the use of specially designed food containers to limit
the dispersal of food in the cages, the mice always managed
to displace large amounts (50% or more) of the diet from the
food containers to the floor of the cages. This would presum-
ably also have been a problem if the animals were individually
housed.

Tumor onset, growth, and size

The first palpable tumors appeared three to four weeks after
LNCaP tumor cell inoculation (Figure 3). The first recogniz-
able tumor appeared in a walnut-consuming mouse. There-
after, two additional mice from this group developed palpa-
ble tumors during the subsequent 18 weeks such that at the
end of the experiment 3 of 16 mice (18.7%) had palpable tu-
mors. In the control group of mice, a palpable tumor first be-
came apparent at four weeks after tumor cell inoculation. Af-
ter that, tumors began to appear in other animals at an ac-
celerated rate (relative to walnut-diet mice) such that, by 18
weeks, 14 of 32 mice (44.0%) had obvious subcutaneous tu-
mors (Figure 2).

First detection of tumors

144 44.0% developed tumors

1 Control diet

Number of tumors
oo

18.7% developed tumors

*
12345678 91011121314151617 18
Weeks after tumor cell inoculation

Figure 2. Tumor onset and number of animals that developed tumors
in the control and walnut diet-fed mice. The first tumor appeared in
the control diet-fed animal during week 3. Thereafter, only two other
mice developed overt tumors so 3 of 16 mice (18.7%) had a tumor at
the conclusion of the study. Conversely, the first tumor in a walnut-fed
mouse was detected during the fourth week. Thereafter, there was a
steady increase in the number of mice that developed tumors until the
14th week of the study when 14 of 32 mice (44.0%) had a subcutaneous
prostate cancer. These data were independently analyzed by WEH and
William W. Morgan using the following procedures: Chi-square test
with the Yates correction and two-tailed Fisher’s exact test. Using these
procedures yielded no statistically significant differences. There was
agreement that the small number of tumors (three each) in the walnut-
fed animals negated statistical differences.

Cancer Investigation
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Figure 3. Summary of the calculated tumor sizes (:=SEM) during the
course of the study in the control-fed and walnut-fed mice. The calcu-
lated size of the three tumors in the walnut-fed mice remained small
throughout the study while those in the control-fed animals contin-
ued to grow. The tumor volumes in the control animals near the end
of the study varied widely among the animals. These data were an-
alyzed independently by statisticians WEH and William W. Morgan
using the Mann-Whitney U and the Kruskal-Wallis test, neither of
which yielded statistical significance. This again was likely due to the
small number of tumors in the walnut-fed animals and the large vari-
ation in tumor sizes.

Tumor growth rates also differed in the two experimental
groups. The tumor size in the mice eating a walnut-enriched
diet remained small and essentially stable throughout the ex-
perimental period (Figure 3). Conversely, the tumors in the
mice consuming the control diet began to grow more rapidly;
at 60 days after their appearance and thereafter, the tumors in
the control-diet mice were always larger than the tumors in
the walnut-diet mice. At the conclusion of the study, the cal-
culated volume of the tumors in the control mice was much
larger than those of tumors in animals consuming walnuts in
their diet (Figure 3). Moreover, the variation in tumor size
was much greater in the control mice than in the walnut-diet
mice.

When the tumors were weighed, these values were con-
sistent with the volume measurements as determined using
the formula mentioned in the subsection “Monitoring tumor
growth” The mean tumor weight in the animals that did not
consume the walnut-enriched diet was 38.5 mg while in those
that had eaten walnuts, the average tumor size was 4.7 mg
(Figure 4). Figure 5 shows the largest tumor in a nonwalnut
consuming diet group in comparison to the average tumor
size in a mouse that ate the walnut diet.

No tumor metastases were grossly apparent in either the
liver or lungs of the tumor bearing mice from either group.

F,-isoprostane levels

Liver samples of five walnut-fed mice without tumors and
10 liver samples (five without tumors and five with tumors)
from control-fed mice were randomly selected for the mea-
surement of F,-isoprostane levels. F,-isoprostanes are a sen-
sitive index of the total oxidative load in animals. These con-

Copyright © 2013 Informa Healthcare USA, Inc.
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Figure 4. This figure depicts the final tumor weights in the control-fed
and walnut-fed animals at the conclusion of the study. The value iden-
tified with a T was estimated and was not used to calculate the mean
tumor weight; it was found in a mouse that had been dead for a number
of hours. The histograms indicate the mean tumor weights. As with the
tumor volume, because of the small number of tumors that grew in the
walnut fed mice (three each) and due to the large variation in tumor
size, the median tumor weights did not differ between the groups when
tested using either the Mann-Whitney U or Kruskal-Wallis tests.

stituents can be measured in any cell as well as in the urine. In
the present study, we examined hepatic isoprostane levels as
an index of the level of oxidative stress each mouse was expe-
riencing. In the walnut-consuming mice that did not develop
tumors, the mean F,-isoprostane levels were about 2.0 ng/g
hepatic tissue (Figure 6). These values more than doubled in
the mice that consumed the control diet that lacked walnuts;

Figure 5. Average sized tumor (0.12% of final body weight) from a
walnut-fed mouse and the largest tumor (1.24%) from a control mouse
at the conclusion of the study. In comparison, the maximal diameter
of the small tumor in this figure is 6 mm.
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Figure 6. Levels of Fp-isoprostanes, a measure of lipid peroxidation,
in the liver of control-fed and walnut-fed mice. The presence of the
tumor in the control-fed mice did not impact the level of hepatic lipid
peroxidation products. The walnut diet reduced basal levels of lipid
peroxidation (p < 0.05; Kruskal-Wallis test) in the liver.

these higher levels of lipid peroxidation products in hepato-
cytes were independent of whether or not the mice had de-
tectable subcutaneous prostate tumors (Figure 6).

Protein-specific antigen immunocytochemistry

Immunocytochemically, PSA was apparent at highly differ-
ent intensities in tumors from both groups of mice. There was
no apparent correlation between tumor size and the intensity
of immunocytochemically detected PSA. Because there were
only three prostate tumors in the mice that consumed wal-
nuts and due to the large variations in PSA levels (which also
varied in different areas of any given tumor), it was not possi-
ble to reliably determine whether PSA measurements varied
between the tumors of different animal groups.

DISCUSSION

Whole foods and dietary ingredients have produced incon-
sistent results in terms of their impact on the frequency of
prostate cancer incidence and/or growth (34-38). Epidemi-
ological studies designed to identify whole foods or dietary
supplements that may inhibit prostate cancer also have not
always yielded uniform data (39-41). Nevertheless, because
of the success of some well-controlled studies in the labora-
tory setting (42, 43), interest in the use of optimal diets to
influence prostate cancer in humans continues (44, 45).

The rationale for the current study was prompted by
the observations that supplementing the diet of older men
(45-75 years of age) with walnuts improved biomarkers of
prostate and vascular health (26). In addition to this report,

two studies from the laboratory of Hardman (21, 23) showed
that a walnut-enriched diet markedly reduced the growth
of subcutaneously-inoculated breast cancer cells and sponta-
neous tumor development in mice. The obvious implication
of these studies is that walnuts contain a specific phytochem-
ical or a group of ingredients that act synergistically to sup-
press tumor initiation and growth.

The results of the present study document that the con-
sumption of a walnut-enriched diet influences the establish-
ment and growth of LNCaP androgen-sensitive prostate ade-
nocarcinoma xenografts after their subcutaneous inoculation
into nude immune-compromised mice. LNCaP tumor cells
are human-derived and are widely used in research to iden-
tify treatments that modify their growth (28, 46, 47). While
the walnut diet did not defer the onset of tumor initiation, it
limited the number of mice that developed overt tumors as
well as the growth rate and final size of the tumors.

Walnuts have a number of ingredients that could account
for their ability to suppress prostate tumor growth (48, 49).
Most notably, walnuts contain high levels of omega-3 fatty
acids (21); the elevated intake of long-chain [20c eicosapen-
taenoic acid (EPA) and 22¢ docosahexaenoic acid (DHA)]
fats, in particular, slows cancer growth (50, 51). The wal-
nut diet used in the current study, however, contained essen-
tially no EPA or DHA. Hardman and Ion (21) have docu-
mented, however, that the mouse liver has the capability of
elongating and desaturating alpha-linolenic acid (ALA) to
EPA and DHA, probably in small amounts. On the basis of
their most recent investigation in mice, Hardman and col-
leagues (23) concluded that omega-3 fats by themselves prob-
ably did not account for the inhibition of mammary cancer
due to a walnut-supplemented diet. The association of fat in-
take to human prostate cancer remains essentially unknown.

Other walnut ingredients that, theoretically at least, could
explain the inhibitory effect of the walnut diet on LNCaP
prostate cancer cells inoculated into nude mice include phy-
tosterols (52, 53), gamma-tocopherol (54, 55), carotenoids
(56,57), polyphenolics (58, 59), ellagic acid and its derivatives
(60, 61), and melatonin (62, 63). The bulk of these phyto-
chemicals function as antioxidants, which generally are ben-
eficial in terms of cancer suppression (64). While each of
these ingredients would likely be absorbed, at least in part,
after being consumed in a walnut-enriched diet, this has
not been specifically tested with the exception of melatonin.
Thus, when rats were fasted for 24 hr and then given ex-
clusively walnuts to eat for 4 hr, serum levels of melatonin
rose by roughly fourfold while the total antioxidant status
[estimated using the trolox equivalent antioxidant capacity
(TEAC) and the ferric-reducing antioxidant power (FRAP)]
of the blood doubled (65). In the mice of the present study,
however, the experimental design was different in that mice
consumed a walnut-enriched diet (not exclusively walnuts)
and the animals were not fasted. Thus, whether the walnut-
supplemented diet was sufficient to elevate circulating mela-
tonin levels is not known so no claims can be made that
the melatonin content of the walnut had any impact on tu-
mor growth. Because the total antioxidant capacity of the
blood (the TEAC and FRAP values) rose as a consequence of
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walnut consumption by rats in the initial study (65) does not
mean these increases were exclusively a result of the intake of
melatonin, a potent antioxidant (66, 67), but could have been
a consequence of any or all of the antioxidants mentioned
earlier.

The seemingly most likely explanation for the finding
that a walnut-enriched diet forestalled the growth of hu-
man prostate cancer cells growing in immune-compromised
mice is that the inhibitory effect was a consequence of
the combined actions of several phytochemicals in this nut
which have been shown individually to inhibit experimental
prostate cancer (51-62). Which of these functioned syner-
gistically to suppress prostate cancer cell growth could not be
determined from this study.

Cachexia in the two animals that lost weight in the final
week of the experiment could theoretically have contributed
to the outcome of the study. On the other hand, since the ma-
jority of mice were killed before they were at the stage that re-
sulted in the loss of body weight, cachexia probably was not
a major confounding factor in this study.

When the current paper was in review, another publica-
tion appeared in which a similar walnut-enriched diet, like
the one used here, also inhibited prostate cancer growth in
mice. In the study in question, Davis et al. (68) found that
compared to a control diet lacking walnut, the experimental
diet reduced the development of prostate adenocarcinoma in
the TRAMP cancer model. Like the present study, this group
also closely followed the protocol of Hardman and colleagues
(21, 23) in developing the diet that proved successful in in-
hibiting prostate cancer.

The measurement of hepatic F,-isoprostanes, a sensitive
index of oxidative damage to cell membrane lipids (31) also
provided important information relative to the antioxidant
capacity of walnuts. The lower levels of lipid peroxidation
products in the walnut-consuming mice indicated that the
basal levels of lipid peroxidation were depressed by the wal-
nut diet. Clearly, the presence of a prostate tumor did not ex-
aggerate the breakdown of hepatic lipids since the mice that
consumed the control diet (lacking walnuts) all had elevated
lipid peroxidation products in the hepatocytes whether or not
the animal had developed a prostate tumor.

The intensity of the PSA immunoreactivity in the prostate
cancers did not differ between the control and walnut diet-
fed mice. This judgment may not have been totally reli-
able, however, since only three tumors were available from
the walnut-fed mice and within any given tumor, individual
cells exhibited widely different levels of PSA immunoreac-
tive product. The failure of PSA levels to be noticeably influ-
enced by walnut consumption is consistent with two previous
studies in humans in which circulating levels of PSA were not
changed as a result of walnut consumption (26, 27).
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