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Abstract
Background and Objectives: There is limited information on the effect of pistachio nuts in cancer prevention. Since pistachios contain
several protective compounds with antioxidants properties, the aim of this study is to determine if pistachios can reduce precancerous
colon cancer lesions in rats by affecting several biomarkers of oxidative stress including induction of endogenous antioxidant enzymes.
Methodology: Thirty Fisher 344 male rats were randomly assigned to 5 groups. Rats in groups 1 and 2 were fed AIN-93G as positive
(CON+) and negative control (CON-), while rats in groups 3-5 were assigned AIN-93G with 5, 10 and 15% pistachio meal (PM). Rats (except
group 2), received AOM injections at 7 and 8 weeks of age and killed at 17 weeks of age by CO2 asphyxiation. Results: Total ACF and crypt
multiplicity, antioxidant enzymes: Glutathione-s-transferase (GST), glutathione (GSH), glutathione peroxidase (GPx), catalase (CAT),
glutathione reductase (GR) and superoxide dismutase (SOD) were determined. Total serum cholesterol (TC) and triglycerides (TG)
were also assessed. Results showed significant (p<0.05) reductions in ACF in all treatment groups compared to the rats fed CON+(158).
The ACF ranged from 72-119 in rats fed 5, 10 and 15% PM. Rats in group 2 developed no ACF. Significant (p<0.05) increase in
antioxidant enzyme activities (protein µmol mgG1) was observed compared to CON+. The GST (5.86-10.84), GR (4.91-7.21), CAT (1.66-3.38),
GPx (4.25-7.61) and SOD (protein U mgG1) (1.02-1.73). The TC and TG were significantly (p<0.05) decreased in the treatment groups
compared to CON+. Data indicated PM reduced ACF by enhancing phase II and antioxidant enzyme activities and reducing serum lipids.
Conclusion: The PM could be investigated as putative dietary chemoprevention in colon cancer therapy.
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mechanisms and through hydrolysis lead to malondialdehyde
production from deoxyribose23,24. Several human chronic
diseases including but not restricted to cardiovascular
diseases (CVD), cancer and Alzheimerʼs have been associated
with oxidative stress.
There is a large body of evidence suggesting
cardioprotective effects of nuts, however, little information
exists on the potential benefits of nuts, especially pistachio
nuts with respect to cancer. The World Cancer Research Fund
(WCRF) and the American Institute of Cancer Research (AICR)
highlighted this view in a report that even though there are
reasons that seem to suggest that diets high in nuts might
protect against some cancer, evidence is still lacking.
Moreover, according to Falasca et al.25, studies indicating the
chemopreventive properties of nuts such as pistachios are
warranted, especially since the possible in vivo role of
pistachio nuts in reducing colon cancer has not been
previously explored. Thus, given the important role of
pistachio nuts in metabolic diseases, it is worth investigating
the anti cancer properties. In this study, the aim was to
evaluate the chemopreventive potential of pistachio nuts and
to further investigate its effect on biomarkers of oxidative
stress and phase II antioxidant enzymes activities.

INTRODUCTION
Nuts have been an integral part of the diet for many
around the world and evidence of its uses in the diet dates as
far back to the ancient Romans. Nuts, which include tree nuts
such as almonds, pecans, pistachios, walnuts, macadamia
and Brazil nuts and grounds nuts which are referred to as
peanuts, contain an impressive array of health promoting
nutrients unmatched by most foods. In many ways, nuts
have the ideal macronutrient profile for chronic disease risk
reduction. Nuts are an excellent source of monounsaturated
fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) and
good sources of (n-3) fatty acids1,2.
There is substantial evidence suggesting that nuts may
have significant effects on several diseases. Recent studies,
such as the adventist health study have reported the
protective effect of nuts on metabolic syndrome and obesity3.
Others have reported an association with lower risk of type 2
diabetes and coronary hear disease with nut consumption4,5.
Furthermore, Gulati et al.6 also showed the beneficial effect
of pistachios on the cardiometabolic profile of Asian Indians
with metabolic syndrome. It is apparent from these studies
that the favorable fatty acid profile of nuts (high in
unsaturated fatty acids and low in saturated fatty acids)
contributes to cholesterol lowering and, hence, CHD risk
reduction. The favorable fatty acid composition and lipid
lowering effect of nuts has been demonstrated in
experimental studies with almonds7, peanuts8,9, pecans10 and
walnuts11,12.
Aside from being rich sources of dietary fat,
macronutrients and essential micronutrients (folate,
potassium, magnesium, vitamin E, K and selenium)2,13, nuts
contain dietary fiber and are significant sources of
phytochemicals/bioactive components including flavonoids
and stilbenes such as resveratrol, phytoestrogens and
phytosterols14-19, all of which have been implicated in disease
prevention through their anti-inflammatory, anti-proliferative,
anti-angiogenic and antioxidative actions13,20-22.
The glutathione system has been reported to play a
significant role in oxidative stress. Decline in cellular levels of
glutathione (GSH) and increased levels of glutathione-disulfide
(GSSG) are used as an indication of oxidative stress in any
organ system. The effects that Reactive Oxygen Species (ROS)
may have on organs are many. First, ROS can oxidize DNA
with subsequent wrong or hampered synthesis of proteins
leading to malfunctioning and structural changes of these
proteins23,24. Furthermore, they may also peroxidize membrane
lipids causing dysfunction of the cell membrane. By altering
the DNA bases they are able to impair the DNA repairing

MATERIALS AND METHODS
Animal housing: Fisher 344 male rats were used for the
study. Rats were assigned into groups and fed AIN-93G26,27 as
control (CON). The AIN-93G containing 5, 10 and 15%
pistachio meal (with skins) (PM) served as treatment diets
(Table 1). All diets containing PM were made isocaloric by
modifying protein, fat, dietary fiber and cornstarch contents.
The animals were procured from Harlan (IN) and maintained
and cared for in accordance with the AAMU guidelines for the
protection and care of animals. The Institute of Animal Care
and Use Committee (IACUC) committee at Alabama A and M
Table 1: Composition of experimental diets
Ingredients (g)

Control diet

PM (-5%)

PM (-10%)

Corn starch

397.5

390.5

381.5

PM (-15%)
360.5

Casein

200.0

189.0

180.0

168.0

Dextrose

132.0

132.0

132.0

132.0

Sucrose

100.0

96.0

92.0

100.0

Soybean oil

70.0

47.0

24.0

16.0

Fiber

50.0

45.0

40.0

35.0

Mineral mix

35.0

35.0

35.0

35.0

Vitamin mix

10.0

10.0

10.0

10.0

Cystine

3.0

3.0

3.0

3.0

Choline

2.5

2.5

2.5

2.5

Pistachio meal

0.0

50.0

100.0

150.0

Formulations of diets based on AIN-93G (American Institute of Nutrition,
Reeves et al.26,27), PM: Pistachio meal
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Fig. 1: Schematic representation of experimental groups, AOM: Azoxymethane, Con: Control, PM: Pistachio meal
University approved the protocol for this study. Animals

Evaluation of biomarkers of oxidative stress and

were housed following standard protocols and were allowed

antioxidant related enzymes: Liver samples were prepared

ad libidum access to food and water. After acclimatization for

for antioxidant and phase II enzyme determination as
previously described29. The homogenate was centrifuged
(10,000×g for 30 min) and the supernatant was collected
and used to determine the following assays: Glutathione
peroxidase (GPx) activity was spectrophotometrically
measured by a coupled reaction with GRx using cumene
hydroperoxide as substrate following the methods of
Jaskot et al.30. Enzyme activity was calculated by the change
in absorbance value at 340 nm for 10 min. The GPx was
expressed as protein (nmol mgG1). For GSH determination,
the method of Griffith31 was utilized. The GSH was
determined by incubating samples for 3 min at 30EC in the
presence of 0.3 mM NADPH 6 mM DTNB. After incubation,
glutathione reductase (GR) (200 IU mLG1) was added and
changes in absorbance were determined at 412 nm at 25EC.
Enzyme activity was calculated as protein (nmol minG1 mgG1).
For glutathione-s-transferase (GST) activities, the method
of Habig et al.32 was modified for the microplate reader.
1-chloro-2, 4-dinitrobenzene was used as the substrate and
GST was calculated as protein (µmol mgG1). Catalase (CAT) was
detected based on the methods developed by Johansson and
Borg33. Catalase (CAT) activity was assayed at 450 nm and
expressed as protein (µmol mgG1). Superoxide dismutase
(SOD) was determined using the method outlined by

a period of 2 weeks, the animals were divided at random into
five groups consisting of six rats each (n = 6) (Fig. 1).
ACF induction and sample collection: The ACF was induced
by injecting rats with Azoxymethane (AOM) s/c in saline
(16 mg kgG1 b.wt.) at 7 and 8 weeks of age. Rats in groups 1
and 2 were the controls. Group 1 received azoxymethane and
was designated as positive control (CON+) and group 2
received saline instead of AOM and was designated as
negative control (CON-) (Fig. 1). At the end of the 13 weeks
(17 weeks of age), rats were fasted overnight before being
anaesthetized with CO2. Blood was collected from the heart
and serum separated by centrifugation (3000×g for 15 min).
Colons were removed and prepped for ACF and crypt
multiplicity; livers were removed immediately, flash frozen in
liquid nitrogen and stored at -80EC for further analysis. Cecal
pH and liver weights were recorded.
ACF determination: Enumeration of Aberrant Crypt Foci
(ACF) was performed as described by Bird28. A 2 cm
segment of colon was examined and the total ACF was
categorized based on multiplicity; small (1-3 crypts/focus),
medium (4-5 crypts/focus) and large ($5 crypts/focus).

142

Int. J. Cancer Res., 12 (3-4): 140-151, 2016
400

CON (AOM)
CON (NON-AOM)
PM-5
PM-10
PM-15

350

Body weight (g)

300
250
200
150
100
50
0
1

2

3

4

5

6
7
8
Weeks on experimental diets

9

10

11

12

13

Fig. 2: Trend in collective body weights of Fisher 344 male rats fed PM and control diets (1-13 weeks), n = 6,
AOM: Azoxymethane, Con: Control, PM: Pistachio meal
Table 2: Food consumption, initial weight, final weight and weight gain in Fisher 344 rats fed diets containing pistachio nuts for 13 weeks
Treatments
*CON (+AOM)
*CON (-AOM)
PM-5
PM-10
PM-15

Feed intake (g dayG1)

Initial weight

Final weight

Weight gain

16.7±0.11a
9.4±0.17a
13.1±0.11a
12.7±0.14a
12.1±0.31a

80.25±2.86a
89.00±2.34b
78.25±2.04a
80.00±3.58a
86.25±2.05b

347.00±11.22a
288.50±4.32c
318.50±4.49b
300.25±8.08b
295.75±8.41b

266.75±6.33a
199.50±5.38c
240.25±7.72ab
220.25±8.71bc
209.50±6.32bc

Values are Mean±SEM (n = 6 per group), abcMeans in a column with the same superscript do not significantly differ (p<0.05) using Duncan multiple range test.
AOM: Azoxymethane, Con: Control, PM: Pistachio meal, *CON (+AOM): Positive control, *CON (-AOM): Negative control

Fernandez-Urrusuno et al.34. Xanthine oxidase was utilized to
generate a superoxide flux and samples were measured at
440-505 nm after addition of xanthine oxidase. Values were
expressed as units of SOD activity per milligram protein.
Protein in liver lysate was determined using BCA protein assay
kit from pierce (Rockford, IL).

CON-AOM groups (Fig. 2). Nuts are high-fat, energy-dense
foods with the possibility for contributing to increased body
weight. However, there are studies that indicate nuts are not
associated with high body fat3,35,36 or for that matter weight
gain6,37,38. Li et al.39 determined that pistachios, when
consumed as a portion-controlled snack, led to weight loss in
obese individuals by comparison to refined carbohydrate
snacks. In the current study, all diets containing PM were
made isocaloric, which may have also contributed to the
significant weight loss. It has been suggested that isocaloric
replacement of nuts for other food items in the diet may in
fact decrease body weight and fat mass36,38. Compared to
CON+ group, weight loss in rats fed PM ranged from 9-25%.
With feed intake, the groups fed PM consumed
significantly (p<0.05) less feed when compared to CON+
group (Table 2). In fact, feed intake did not significantly differ
among the treatment groups. The observed effect can quite
possibly be attributed to the satiety properties ascribed to
nuts. It has been suggested that nuts have salutary effect
which leads to reduced energy consumption and hence
decreased risk for weight gain36,40. The satiety properties of
nuts are mostly attributed to their macronutrient profile
(high fiber and protein) and low glycemic index41,42. However,
as pointed out by Martinez-Gonzalez and Bes-Rastrollo42, the
macronutrient profile of nuts is likely to be associated with

Biochemical analysis of serum: Blood taken from rats from
each group was allowed to clot and the serum separated and
analyzed for total triglycerides and cholesterol using standard
kits (Cayman Chemicals Ann Arbor, MI, USA).
Statistical analysis: All values are expressed as Mean±SEM
(n = 6 per group). Statistical analyses comparing the different
measures for the subgroups were performed using statistical
analysis system (SAS 9.3) means were separated using
duncan multiple range test. The measure for the use of the
term ʻSignificantʼ in the text was that the probability value (p)
for a given test was p#0.05.
RESULTS AND DISCUSSION
Effect of PM on weight gains and feed intake: The mean
weight gain (g@13 weeks) (Table 2) was higher in CON+
(266.75±6.33) group compared to rats fed PM diets and
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Table 3: Liver weight, liver index, cecal weight and cecal pH in Fisher 344 rats fed diets containing pistachio nuts for 13 weeks
Treatments

Liver weight

Liver index

Cecum weight

Cecum wall

Cecal pH

*CON (+AOM)
*CON (-AOM)
PM-5
PM-10
PM-15

11.25±0.39a
7.30±0.33b
9.12±0.72b
7.75±0.69b
7.65±1.13b

4.25±0.28a
3.76±0.48a
3.81±0.33a
3.50±0.13a
3.62±0.37a

2.81±0.31a
2.65±0.14a
2.45±0.31a
2.35±0.09a
2.92±0.30a

1.36±0.15a
1.32±0.26a
1.70±0.30a
1.15±0.02a
1.45±0.20a

7.49±0.03a
7.52±0.04a
7.46±0.02a
6.81±0.02b
6.11±0.05b

Values are Means±SEM (n = 6 per group), abcMeans in a column with the same superscript do not significantly differ (p<0.05) using Duncan multiple range test. Liver
index: Relative liver weight (g/100 g b.wt.), AOM: Azoxymethane, Con: Control, PM: Pistachio meal, *CON (+AOM): Positive control, *CON (-AOM): Negative control
Table 4: Incidence of ACF in Fisher 344 rats fed pistachio nuts meal for 13 weeks
Treatments

Proximal colon

*CON (-AOM)

0

*CON (+AOM)
PM-5

40±0.94a
42±2.58a

PM-10

26±4.97b

PM-15

b

25±1.75

Distal colon
0
118±1.70a

0
158a

77±2.32b

119b

50±7.29c

76c

c

72c

47±2.39

and PM-15 perhaps contributed to the significant reductions
in ACF, serum lipids and weight gain observed in those
groups.
Liver weight was significantly (p#0.05) higher in CON+
group compared to the treatment and CON-groups (Table 3).
High liver weight could be attributed to an adaptive response
to hepatic enzyme induction following exposure to xenobiotic
response48. This innate response, which allows the liver to
regenerate itself and maintain normal function, could be
suppressed by the rate or extent at which xenobiotics
are eliminated from the body48. Dietary constituents such as
"-tocopherol (vitamin E) and flavonoids, which are present in
PM, could accelerate the detoxification of carcinogens by
inducing phase II enzymes, leading to their elimination from
the body. Hence, prolonged accumulation of xenobiotics such
as AOM is likely to induce toxicity to the liver resulting in
glutathione depletion and generation of reactive oxygen
species. This could explain the reduced antioxidant activities
in the CON+ group (Table 5).

Total ACF

Values are Means±SEM (n = 6 per group), abcMeans in a column with the same
superscript do not significantly differ (p<0.05) using Duncan multiple range test.
AOM: Azoxymethane, Con: Control, PM: Pistachio meal, *CON (+AOM): Positive
control, *CON (-AOM): Negative control

increased release of glucagon-like protein 1 (GLP-1) and
cholecystokinin (CCK) which are gastrointestinal hormones
with satiety effects. Others have also documented that the
satiety effects from the consumption of nuts may well be the
consequence from unsaturated fatty acids, which may
influence diet-induced thermogenesis by increasing resting
energy expenditure36,40. Here, Rajaram and Sabate36 explained
that unsaturated fatty acids present in nuts are more readily
oxidized than saturated or trans-fatty acids because of higher
diet-induced thermogenesis, thus leading to reduced fat
accumulation.

Effect of PM on ACF incidence and crypt multiplicity:
Table 4 and Fig. 3 show ACF incidences and crypt
multiplicity in the colon of rats, respectively. The ACFs have
been reported to be the earliest observable histopathologic
lesion associated with malignant transformation in the
colon49,50. Although proximal ACFs in rats fed PM-10 and
PM-15 were significantly (p#0.05) lower than the CON+, no
significant differences in groups fed with PM-5 (42±2.58) and
CON+ (40±0.94) was found (Table 4). The number of ACFs
in the distal colon of rats fed PM-5 was 35% lower compared
to the rats fed CON+, indicating a significant reduction in ACF
density in the distal but not in the proximal colon. When
compared to CON+, ACFs in the distal colon were decreased
by 58 and 60%, respectively, in groups fed PM-10 and PM-15.
With regard to ACF density in the distal colon, several authors
have reported similar incidences with AOM induced ACF in
rodent models29,51,52.
This results indicate that medium and large ACF,
(that is ACF with $4 crypts), were significantly (p#0.05)
higher in CON+ compared to the treatment groups
(Fig. 3). The ACF consisting of four or more crypts have been

Effect of PM on cecal pH and liver weight: Modulation of PM
on cecal pH shows a significant decrease (p#0.05) in PM-10
and PM-15 groups (Table 3). Studies on dietary fiber propose
a beneficial effect by altering the intestinal flora43,44. Such
modifications generate Short Chain Fatty Acids (SCFA), which
play an integral role in reducing or suppressing Aberrant Crypt
Foci (ACF) formation29. Butyrate, one of the crucial SCFAs is
commended for promoting the growth of colonocytes and as
a primary protective factor against colon cancer45. Further,
SCFAs propionate and acetate are known to impact circulating
cholesterol and triglycerides46. Notably, increased SCFA
production is affiliated with lower cecal/colonic pH. Lowering
of colonic pH was found to be beneficial for colon health,
because it supports an unwelcome environment for the
proliferation of pathogenic bacteria, reduces peptide
degradation and the subsequent formation of their toxic
metabolites such as ammonia, amines and phenolic
compounds and decreases the activity of undesirable bacterial
enzymes47. The low (p#0.05) pH in cecum of rats fed PM-10
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Fig. 3: ACF distribution in Fisher 344 rats fed CON+AOM and PM. Shown are crypts containing 1, 2, 3, 4, >5 crypts/ACF, i.e.,
number of crypt/focus. Values are Mean±SEM (n = 6 per group). abcMeans on a bar with the same superscript do not
significantly differ (p<0.05) using duncan multiple range test. No. of crypts $3 is significantly higher in rats fed control diet.
ACF consisting of $4 crypts have been reported to progress into putative premalignant lesions. AOM: Azoxymethane,
Con: Control, PM: Pistachio meal
Table 5: Effect of pistachio meal on phase II metabolizing and antioxidant enzyme activities in Fisher 344 rats
Treatments

GST (protein µmol mgG1) GSH (protein µmol mgG1) GR (protein µmol mgG1) GPx (protein µmol mgG1) SOD (protein U mgG1) CAT (protein µmol mgG1)

*CON (+AOM)

3.39±0.38c

1.11±0.04c

2.20±0.14d

3.79±0.96c

0.98±0.01c

1.51±0.02c

*CON (-AOM)

5.10±0.54b

1.88±0.26b

3.40±0.21c

4.78±0.03b

1.71±0.06a

2.47±0.04b

PM-5

5.86±0.48b

2.43±0.16b

4.96±0.15b

4.25±0.02b

1.06±0.01b

1.66±0.04c

b

b

b

b

b

PM-10

7.27±1.33

2.17±0.06

4.91±0.19

4.31±0.01

1.02±0.10

2.07±0.05b

PM-15

10.84±0.29a

6.06±0.49a

7.21±0.37a

7.61±0.24a

1.73±0.06a

3.38±0.10a

Values are Mean±SEM, (n = 6 per group), abcMeans in a column with the same superscript do not significantly differ (p<0.05) using Duncan multiple range test.
AOM: Azoxymethane, Con: Control, PM: Pistachio meal, GST: Glutathione-s-transferase, GSH: Glutathione, GR: Glutathione reductase, Gpx: Glutahione peroxidase,
SOD: Superoxide dismutase, CAT: Catalase, *CON (+AOM): Positive control, *CON (-AOM): Negative control

found to have anti-inflammatory properties57,58. In their study

reported as putative premalignant lesions and as an
intermediate biomarker for colon cancer development .

Jiang et al.59 reported that γ-tocopherol and its hydrophilic

Martinez-Ferrer et al.54 reported similar findings after feeding

metabolite, γ-CEHC at physiological concentrations, reduced

lycopene and SBO at different concentrations to Fisher 344

PGE2 synthesis and hence COX-2 activity in two independent

rats. When differentiating the distribution of ACF and colonic

cell lines RAW264.7 macrophages and IL-1$-treated A549

carcinogenesis in a mouse model, Park et al. reported that

human epithelial cells which were both lipopolysaccharide

ACF are marker lesions for colonic neoplasms, but only in the

(LPS)-stimulated. This is significant, since increased levels

distal colon where tumors follow the adenoma-carcinoma

of PGE2 and COX-2 activity are linked to colorectal

sequence. It has been documented that in humans and in

carcinogenesis60. The researchers indicated that γ-tocopherol

rodents experimentally induced with a chemical carcinogen,

contributes significantly to the antioxidant defense

colon tumors were predominant in the distal portion of the

mechanisms of the colon. This of course is due to the fact

colon compared to the proximal section of the colon56. Hence,

that humans, in general, consume three times as much

the current data indicates that treatment with PM may have

γ-tocopherol

53

55

as

α-tocopherol.

Reiterating findings by

61

suppressing effect against preneoplastic lesions of colon

Stone and Papas , it was noted that the biliary excretion of

cancer.

γ-tocopherol might contribute to the elimination of fecal
mutagens and consequently a reduction in colon cancer.

Vitamin E, which is also found in pistachios at significant
levels may have also lent to the reduction of ACF observed in

Other phytonutrients in pistachios such as phytosterols

the rats fed with PM. Indeed, several authors have suggested

and flavonoids including anthocyanins62-64, may have

an anticancer property for Vitamin E. Moreover, γ-tocopherol,

contributed to the reduction of ACFs observed in the current

a predominant form of vitamin E found in pistachios has been

study. Others have showed anthocyanins rich foods to be
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GR (protein µmol mgG1) activities also showed significant
(p<0.05) increases (1.5-3 fold increase for GST activity and
2-3 fold increase for GR activity) in PM fed rats compared to
CON+ (Table 5). Rats supplemented with PM-15 showed
significant (p<0.05) increases in enzymatic and non-enzymatic
activities compared to both controls (AOM and non-AOM).
This clearly indicates the potential that PM can enhance the
activities of critical endogenous enzymes. Serum antioxidants
were reported to increase upon supplementation with
pistachios, while oxidative markers were significantly
reduced75. Studies have shown that rodents exposed to
carcinogens exhibit significant reductions in endogenous
antioxidant activities, whereas treatments with dietary
antioxidants seem to counteract these reductions76-79. Because
AOM, an ultimate carcinogen, is an electrophilic diazonium ion
these enzymes, specifically the glutathione-dependent
enzymes, play an important role in carcinogen
detoxification80. More importantly, Sander et al.81 elucidates
that antioxidant enzyme activities is crucial, since altered
levels could contribute to alterations in cancer susceptibility.
The colon, as the author stress is known to produce increased
amount of Reactive Oxygen Species (ROS) due to extended
contact with oxidized food particles, toxins, redox active
minerals as well as ROS generated by bacterial microflora. In
order to minimize these incidences, it is imperative to
consume diets that can significantly attenuate these
processes. In this instance, the consumption of pistachios
could alter the antioxidant system and possibly alleviate
incidence of colon cancer.

effective in inhibiting colon carcinogenesis in chemically
induced rodent models65-67. Some of the reported
mechanisms include the suppression of the expression of
matrix metalloproteinase (MMP-2) and MMP-9 and the
activation of NF-9B68. Note that NF-9B controls the expression
of COX-2, which is implicated in several tumors including
colon tumors. A study by Thomasset et al.69 demonstrated
the inhibitory activity of anthocyanins in a human pilot study.
The authors noticed that administration of mirtocyan, an
anthocyanin rich extract from bilberry, for 7 days reduced
proliferation and induced apoptosis in colorectal tumor
cells. Furthermore, they observed physiologically active
anthocyanins in colorectal tissue. These findings illustrate that
consumption of nuts such as pistachios, the only nut that
contains anthocyanins64, may possibly reduce the incidence of
preneoplastic lesions and hence colorectal cancer.
Effect of PM on phase II metabolizing and antioxidant
enzymes: It is apparent based on several studies that tumor
cells are deficient in complex enzyme systems, which exert
protection by scavenging free radicals such as superoxides,
hydrogen peroxides and lipid peroxides70,71. In this study, a
significant increase in enzyme activities in rats fed PM
compared to CON+ (Table 5) was observed. Furthermore, we
noted that feeding PM actually enhanced enzyme activities.
The SOD (protein UL mgG1) and CAT (protein µmol mgG1)
activities in groups fed PM compared to CON+, especially in
the group fed PM-15. Supplementation with PM also
enhanced GPx (protein µmol mgG1) activity, with rats fed
PM-15 showing a 2-fold increase when compared to CON+.
Studies have shown increases in hepatic CAT, GPx and SOD
activities upon treatment with vitamin E in rodent models72,73.
Important determinants of cellular antioxidant capacity are the
enzymes SOD, CAT and GPx, which are responsible for the
elimination of ROS. Because these enzymes act sequentially to
remove ROS, the balance of the activity of these enzymes may
be as critical in the defense against ROS as the activity of the
enzymes alone.
Perhaps one of the most important endogenous
non-enzymatic antioxidant is glutathione (GSH). It is
implicated in several biological processes including cell
proliferation, apoptosis, inflammation etc. According to
Ramos et al.74, GSH levels offer critical biological mechanisms
for protection against toxic effects of endogenous Reactive
Oxygen Species (ROS) as well as exogenous carcinogens
such as AOM and their reactive intermediates. Our data
suggests GSH (protein µmol mgG1) levels, were significantly
(p<0.05) increased by 2-5 fold in the rats fed PM diets
compared to CON+AOM. The GST (protein µmol mgG1) and

Effect of PM on total serum cholesterol and triglycerides:
The current data showed a significant (p#0.05) decrease in
total serum triglycerides and cholesterol in treatment groups
compared to the control (Table 6). In addition to facilitating
weight loss, regular intake of nuts has been shown to have
beneficial effect on lipid profile6,39,75,82-85 . This is important
since dyslipidemia is a known hallmark for metabolic
syndrome, which is implicated in the etiology and progression
of colorectal carcinogenesis86-88. For example, there appears
to be evidence suggesting that dietary fat, depending
Table 6: Effect of feeding pistachios on total serum cholesterol and triglycerides
in Fisher 344 rats
Treatments
Total cholesterol
Triacylglycerides
*CON (+AOM)
123.86±1.25a
171.21±3.09a
*CON (-AOM)
104.16±1.68b
133.33±3.09b
PM-5
100.08±1.57b
106.81±3.78c
PM-10
72.59±1.12c
93.55±1.89c
PM-15
62.21±1.41d
84.09±4.88c
Values are Means±SEM, (n = 6 per group), a-dMeans in a column with the same
superscript do not significantly differ (p<0.05) using Duncan multiple range test.
AOM: Azoxymethane, Con: Control, PM: Pistachio meal, *CON (+AOM): Positive
control, *CON (-AOM): Negative control
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on the source, (i.e., animal or vegetable), quantity and
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polyunsaturated) is likely to influence the incidence of colon
cancer29,89,90. This occurs through several signaling pathways,
including oxidative stress, inflammation, cell proliferation,
apoptosis and angiogenesis91. In previous studies, it is shown

REFERENCES

that dietary fats from vegetable sources did not significantly
promote chemically induced carcinogenesis. In those studies
1.

Mukuddem-Petersen, J., W. Oosthuizen and J.C. Jerling, 2005.
A systematic review of the effects of nuts on blood lipid
profiles in humans. J. Nutr., 135: 2082-2089.
2. Jenkins, D.J., F.B. Hu, LC. Tapsell, A.R. Josse and C.W. Kendall,
2008. Possible benefit of nuts in type 2 diabetes. J. Nutr.,
138: 1752S-1756S.
3. Jaceldo-Siegl, K., E. Haddad, K. Oda, G.E. Fraser and J. Sabate,
2014. Tree nuts are inversely associated with metabolic
syndrome and obesity: The Adventist health study-2. PloS
ONE, Vol. 9. 10.1371/journal.pone.0085133
4. Grosso, G., J. Yang, S. Marventano, A. Micek, F. Galvano
and S.N. Kales, 2015. Nut consumption on all-cause,
cardiovascular and cancer mortality risk: A systematic review
and meta-analysis of epidemiologic studies. Am. J. Clin. Nutr.,
101: 783-793.
5. Ma, L., F. Wang, W. Guo, H. Yang, Y. Liu and W. Zhang, 2014.
Nut consumption and the risk of coronary artery disease:
A dose-response meta-analysis of 13 prospective studies.
Thrombosis Res., 134: 790-794.
6. Gulati, S., A. Misra, R.M. Pandey, S.P. Bhatt and S. Saluja, 2014.
Effects of pistachio nuts on body composition, metabolic,
inflammatory and oxidative stress parameters in Asian
Indians with metabolic syndrome: A 24-wk, randomized
control trial. Nutrition, 30: 192-197.
7. Nishi, S., C.W.C. Kendall, A.M. Gascoyne, R.P. Bazinet and
B. Bashyam et al., 2014. Effect of almond consumption on the
serum fatty acid profile: A dose-response study. Br. J. Nutr.,
112: 1137-1146.
8. Barbour, J.A., P.R. Howe, J.D. Buckley, J. Bryan and A.M. Coates,
2015. Effect of 12 weeks high oleic peanut consumption on
cardio-metabolic risk factors and body composition.
Nutrients, 7: 7381-7398.
9. Mohammadifard, N., A. Salehi-Abarghouei, J. Salas-Salvado,
M. Guasch-Ferre, K. Humphries and N. Sarrafzadegan, 2015.
The effect of tree nut, peanut and soy nut consumption on
blood pressure: A systematic review and meta-analysis of
randomized controlled clinical trials. Am. J. Clin. Nutr.
10.3945/?ajcn.114.091595.
10. Del Gobbo, L.C., M.C. Falk, R. Feldman, K. Lewis and
D. Mozaffarian, 2015. Effects of tree nuts on blood lipids,
apolipoproteins and blood pressure: Systematic review,
meta-analysis and dose-response of 61 controlled
intervention trials. Am. J. Clin. Nutr., 102: 1347-1356.

we indicated that rats fed diets containing flax seed oil, red
palm oil and rice bran oil showed reduced incidences of
ACF29,92,93.

Thus, it might be safe to suggest that the

modulatory effects of PM may be partly attributed to the fatty
acid composition. When considering the positive impact of
pistachios on serum lipid one cannot discount the presence of
polyphenols, which are noted to inhibit fat and cholesterol
synthesis.
CONCLUSION
This preliminary study indicated that pistachio nut, as a
whole food supplementation, significantly reduced the
incidence of Aberrant Crypt Foci (ACF) and crypt multiplicity.
Pistachio nuts also enhanced endogenous antioxidant enzyme
activities. It is observed that pistachio nut supplementation, in
addition to enhancing enzymatic activities and reducing the
incidence of ACF, also led to significant reductions in total
serum triglycerides and cholesterol levels. When all these are
taken into consideration, it is plausible that pistachio nuts may
have the potential to reduce the incidence of colon cancer.
Future research will include long-term studies to better
discern the possible mechanisms of action for pistachio nuts
and to hopefully identify individual components responsible
for the observed inhibition of colorectal cancer growth.
Furthermore, this study can lead to a larger clinical trial that
may provide another method nutritional therapy for colon
cancer patient.
SIGNIFICANCE STATEMENT
C

Pistachio meal reduced AOM induced ACF

C

Pistachio meal supports the antioxidant capacity by
significantly enhancing endogenous antioxidant enzyme
activities

C

Pistachio meal reduced serum triglycerides and total
cholesterol levels

C

Pistachios could be investigated as functional food
product for dietary chemoprevention

147

Int. J. Cancer Res., 12 (3-4): 140-151, 2016
23. Lude, S., 2005. Hepatotoxicity of the phytomedicines kava
kava and cimicifuga racemosa. Ph.D. Thesis, University of
Basel, Switzerland.
24. Roth, E., N. Manhart and A. Punz, 1998. Antioxidative
abwehrmechanismen
wahrend
systemischer
inflammation pathophysiologie und therapeutische
interventionsmoglichkeiten. Intensivmedizin Notfallmedizin,
35: 95-105.
25. Falasca, M., I. Casari and T. Maffucci, 2014. Cancer
chemoprevention with nuts. J. Natl. Cancer Inst., Vol. 106.
10.1093/jnci/dju238.
26. Reeves, P.G., F.H. Nielsen and G.C. Fahey Jr., 1993. AIN-93
purified diets for laboratory rodents: Final report of the
American institute of nutrition ad hoc writing committee
on the reformulation of the AIN-76A rodent diet. J. Nutr.,
123: 1939-1951.
27. Reeves, P.G., K.L. Rossow and J. Lindlauf, 1993. Development
and testing of the AIN-93 purified diets for rodents: Results on
growth, kidney calcification and bone mineralization in rats
and mice. J. Nutr., 123: 1923-1931.
28. Bird, R.P., 1995. Role of aberrant crypt foci in understanding
the pathogenesis of colon cancer. Cancer Lett., 93: 55-71.
29. Boateng, J.A., M. Verghese, L.T. Walker, L.A. Shackelford
and C.B. Chawan, 2007. Inhibitory effects of selected dry
beans (Phaseolus spp L) on azoxymethane-induced
formation of aberrant crypt foci in Fisher 344 male rats. Nutr.
Res., 27: 640-646.
30. Jaskot, R.H., E.G. Charlet, E.C. Grose, M.A. Grady and
J.H. Roycroft, 1983. An automated analysis of glutathione
peroxidase, S-transferase, and reductase activity in animal
tissue. J. Anal. Toxicol., 7: 86-88.
31. Griffith, O.W., 1980. Determination of glutathione and
glutathione disulfide using glutathione reductase and
2-vinylpyridine. Anal. Biochem., 106: 207-212.
32. Habig, W.H., M.J. Pabst and W.B. Jakoby, 1974. Glutathione
S-transferases: The first enzymatic step in mercapturic acid
formation. J. Biol. Chem., 249: 7130-7139.
33. Johansson, L.H. and L.A. Borg, 1988. A spectrophotometric
method for determination of catalase activity in small tissue
samples. Anal. Biochem., 174: 331-336.
34. Fernandez-Urrusuno, R., E. Fattal, J. Feger, P. Couvreur and
P. Therond, 1997. Evaluation of hepatic antioxidant systems
after intravenous administration of polymeric nanoparticles.
Biomaterials, 18: 511-517.
35. Jackson, C.L. and F.B. Hu, 2014. Long-term associations of nut
consumption with body weight and obesity. Am. J. Clin. Nutr.,
100: 408S-411S.
36. Rajaram, S. and J. Sabate, 2006. Nuts, body weight and insulin
resistance. Br. J. Nutr., 96: S79-86.
37. Tan, S.Y., J. Dhillon and R.D. Mattes, 2014. A review of the
effects of nuts on appetite, food intake, metabolism and body
weight. Am. J. Clin. Nutr., 100: 412S-422S.

11. Berryman, C.E., J.A. Grieger, S.G. West, C.Y.O. Chen and
J.B. Blumberg et al., 2013. Acute consumption of walnuts
and walnut components differentially affect postprandial
lipemia, endothelial function, oxidative stress and cholesterol
efflux in humans with mild hypercholesterolemia. J. Nutr.,
143: 788-794.
12. Wu, L., K. Piotrowski, T. Rau, E. Waldmann and
U.C. Broedl et al., 2014. Walnut-enriched diet reduces
fasting non-HDL-cholesterol and apolipoprotein B in healthy
Caucasian subjects: A randomized controlled cross-over
clinical trial. Metabolism, 63: 382-391.
13. Kris-Etherton, P.M., F. Hu, E. Ros and J. Sabate, 2008. The role
of tree nuts and peanuts in the prevention of coronary
heart disease: Multiple potential mechanisms. J. Nutr.,
138: 1746S-1751S.
14. Mandalari, G., C. Bisignano, A. Filocamo, S. Chessa and
M. Saro et al., 2013. Bioaccessibility of pistachio polyphenols,
xanthophylls and tocopherols during simulated human
digestion. Nutrition, 29: 338-344.
15. Vinson, J.A. and Y. Cai, 2012. Nuts, especially walnuts,
have both antioxidant quantity and efficacy and
exhibit significant potential health benefits. Food Funct.,
3: 134-140.
16. Keser, S., E. Demir and O. Yilmaz, 2014. Phytochemicals and
antioxidant activity of the almond kernel (Prunus dulcis Mill.)
from Turkey. J. Chem. Soc. Pak., 36: 534-541.
17. Yang, J., F. Zhou, L. Xiong, S. Mao, Y. Hu and B. Lu, 2015.
Comparison of phenolic compounds, tocopherols,
phytosterols and antioxidant potential in Zhejiang pecan
[Carya cathayensis] at different stir-frying steps. LWT-Food
Sci. Technol., 62: 541-548.
18. Ersan, S., O.G. Ustundag, R. Carle and R.M. Schweiggert,
2016. Identification of phenolic compounds in red and
green pistachio (Pistacia vera L.) Hulls (Exo-and
Mesocarp) by HPLC-DAD-ESI-(HR)-MSn. J. Agric. Food Chem.,
64: 5334-5344.
19. Kornsteiner-Krenn, M., K.H. Wagner and I. Elmadfa, 2013.
Phytosterol content and fatty acid pattern of ten different nut
types. Int. J. Vitamin Nutr. Res., 83: 263-270.
20. Gentile, C., A. Perrone, A. Attanzio, L. Tesoriere and
M.A. Livrea, 2015. Sicilian pistachio (Pistacia vera L.) nut
inhibits expression and release of inflammatory mediators
and reverts the increase of paracellular permeability in
IL-1$-exposed human intestinal epithelial cells. Eur. J. Nutr.,
54: 811-821.
21. Colpo, E., C.D.D.A. Vilanova, L.G.B. Reetz, M.M.M.F. Duarte and
I.L.G. Farias et al., 2014. Brazilian nut consumption by healthy
volunteers improves inflammatory parameters. Nutrition,
30: 459-465.
22. King, J.C., J. Blumberg, L. Ingwersen, M. Jenab and K.L. Tucker,
2008. Tree nuts and peanuts as components of a healthy diet.
J. Nutr., 138: 1736S-1740S.

148

Int. J. Cancer Res., 12 (3-4): 140-151, 2016
38. Sabate, J., Z. Cordero-MacIntyre, G. Siapco, S. Torabian and
E. Haddad, 2005. Does regular walnut consumption lead to
weight gain? Br. J. Nutr., 94: 859-864.
39. Li, Z., R. Song, C. Nguyen, A. Zerlin and H. Karp et al., 2010.
Pistachio nuts reduce triglycerides and body weight by
comparison to refined carbohydrate snack in obese
subjects on a 12-week weight loss program. J. Am. Coll. Nutr.,
29: 198-203.
40. Alexiadou, K. and N. Katsilambros, 2011. Nuts:
Anti-atherogenic food? Eur. J. Intern. Med., 22: 141-146.
41. Mattes, R.D. and M.L. Dreher, 2010. Nuts and healthy body
weight maintenance mechanisms. Asia Pac. J. Clin. Nutr.,
19: 137-141.
42. Martinez-Gonzalez, M.A. and M. Bes-Rastrollo, 2011. Nut
consumption, weight gain and obesity: Epidemiological
evidence. Nutr. Metab. Cardiovasc. Dis., 21: S40-S45.
43. Kaczmarczyk, M.M., M.J. Miller and G.G. Freund, 2012. The
health benefits of dietary fiber: Beyond the usual suspects of
type 2 diabetes mellitus, cardiovascular disease and colon
cancer. Metabolism, 61: 1058-1066.
44. Slavin, J., 2013. Fiber and prebiotics: Mechanisms and health
benefits. Nutrients, 5: 1417-1435.
45. Brownawell, A.M., W. Caers, G.R. Gibson, C.W. Kendall,
K.D. Lewis, Y. Ringel and J.L. Slavin, 2012. Prebiotics and the
health benefits of fiber: Current regulatory status, future
research and goals. J. Nutr., 142: 962-974.
46. Caimari, A., F. Puiggros, M. Suarez, A. Crescenti and
S. Laos et al., 2015. The intake of a hazelnut skin extract
improves the plasma lipid profile and reduces the
lithocholic/deoxycholic bile acid faecal ratio, a risk factor for
colon cancer, in hamsters fed a high-fat diet. Food Chem.,
167: 138-144.
47. Hu, J.L., S.P. Nie, F.F. Min and M.Y. Xie, 2012. Polysaccharide
from seeds of Plantago asiatica L. increases short-chain
fatty acid production and fecal moisture along
with lowering pH in mouse colon. J. Agric. Food Chem.,
60: 11525-11532.
48. Maronpot, R.R., K. Yoshizawa, A. Nyska, T. Harada and
G. Flake et al., 2010. Hepatic enzyme induction
histopathology. Toxicol. Pathol., 38: 776-795.
49. Kishimoto, Y., T. Morisawa, A. Hosoda, G. Shiota, H. Kawasaki
and J. Hasegawa, 2002. Molecular changes in the early stage
of colon carcinogenesis in rats treated with azoxymethane.
J. Exp. Clin. Cancer Res., 21: 203-211.
50. Kim, J., J. Ng, A. Arozulllah, R. Ewing, X. Llor, R.E. Carroll and
R.V. Benya, 2008. Aberrant crypt focus size predicts distal
polyp histopathology. Cancer Epidemiol. Biomarkers Prev.,
17: 1155-1162.
51. Bunpo, P., K. Kataoka, H. Arimochi, H. Nakayama
and T. Kuwahara et al., 2004. Inhibitory effects of
Centella asiatica on azoxymethane-induced aberrant crypt
focus formation and carcinogenesis in the intestines of F344
rats. Food Chem. Toxicol., 42: 1987-1997.

52. Boateng, J., M. Verghese, C.B. Chawan, L. Shackelford,
L.T. Walker, J. Khatiwada and D.S. Williams, 2006. Red palm oil
suppresses the formation of azoxymethane (AOM) induced
aberrant crypt foci (ACF) in fisher 344 male rats. Food Chem.
Toxicol., 44: 1667-1673.
53. Raju, J., 2008. Azoxymethane-induced rat aberrant crypt foci:
Relevance in studying chemoprevention of colon cancer.
World J. Gastroenterol., 14: 6632-6635.
54. Martinez-Ferrer, M., M. Verghese, L.T. Walker, C.B. Chawan
and
L.
Shackelford,
2006.
Lycopene
reduces
azoxymethane-induced colon tumors in fisher 344 rats.
Nutr. Res., 26: 84-91.
55. Park, H.S., R.A. Goodlad and N.A. Wright, 1997. The incidence
of aberrant crypt foci and colonic carcinoma in
dimethylhydrazine-treated rats varies in a site-specific
manner and depends on tumor histology. Cancer Res.,
57: 4507-4510.
56. Holt, P.R., A.O. Mokuolu, P. Distler, T. Liu and B.S. Reddy, 1996.
Regional distribution of carcinogen-induced colonic
neoplasia in the rat. Nutr. Cancer, 25: 129-135.
57. Takahashi, K., T. Komaru, S. Takeda, M. Takeda and
R. Koshida et al., 2006. γ-Tocopherol, but not α-tocopherol,
potently inhibits neointimal formation induced by
vascular injury in insulin resistant rats. J. Mol. Cell. Cardiol.,
41: 544-554.
58. Reiter, E., Q. Jiang and S. Christen, 2007. Anti-inflammatory
properties of α-and γ-tocopherol. Mol. Aspects Med.,
28: 668-691.
59. Jiang, Q., I. Elson-Schwab, C. Courtemanche and B.N. Ames,
2000. Gamma-tocopherol and its major metabolite, in
contrast to "-tocopherol, inhibit cyclooxygenase activity in
macrophages and epithelial cells. Proc. Nat. Acad. Sci. USA.,
97: 11494-11499.
60. Campbell, S., W. Stone, S. Whaley and K. Krishnan, 2003.
Development of gamma (γ)-tocopherol as a colorectal
cancer chemopreventive agent. Critical Rev. Oncol.
Hematol., 47: 249-259.
61. Stone, W.L. and A.M. Papas, 1997. Tocopherols and the
etiology of colon cancer. J. Nat. Cancer Inst., 89: 1006-1014.
62. Wu, X. and R.L. Prior, 2005. Identification and characterization
of
anthocyanins
by
high-performance
liquid
chromatography-electrospray ionization-tandem mass
spectrometry in common foods in the United States:
Vegetables, Nuts and Grains. J. Agric. Food Chem.,
53: 3101-3113.
63. Seeram, N.P., Y. Zhang, S.M. Henning, R. Lee, Y. Niu, G. Lin and
D. Heber, 2006. Pistachio skin phenolics are destroyed by
bleaching resulting in reduced antioxidative capacities.
J. Agric. Food Chem., 54: 7036-7040.
64. Tomaino, A., M. Martorana, T. Arcoraci, D. Monteleone,
C. Giovinazzo and A. Saija, 2010. Antioxidant activity and
phenolic profile of pistachio (Pistacia vera L., variety Bronte)
seeds and skins. Biochimie, 92: 1115-1122.

149

Int. J. Cancer Res., 12 (3-4): 140-151, 2016
65. Kang, S.Y., N.P. Seeram, M.G. Nair and L.D. Bourquin, 2003.

76. Li, S.C., T.C. Chou and C.K. Shih, 2011. Effects of brown rice,

Tart cherry anthocyanins inhibit tumor development in ApcMin

rice bran and polished rice on colon carcinogenesis in rats.

mice and reduce proliferation of human colon cancer cells.

Food Res. Int., 44: 209-216.

Cancer Lett., 194: 13-19.

77. Aranganathan, S. and N. Nalini, 2009. Efficacy of the potential

66. Cooke, D., M. Schwarz, D. Boocock, P. Winterhalter,

chemopreventive agent, hesperetin (citrus flavanone), on

W.P. Steward, A.J. Gescher and T.H. Marczylo, 2006. Effect of

1,2-dimethylhydrazine induced colon carcinogenesis. Food

cyanidin-3-glucoside and an anthocyanin mixture from

Chem. Toxicol., 47: 2594-2600.

bilberry on adenoma development in the ApcMin mouse

78. Deeptha, K., M. Kamaleeswari, M. Sengottuvelan and N. Nalini,

model of intestinal carcinogenesis-Relationship with tissue

2006. Dose dependent inhibitory effect of dietary caraway on

anthocyanin levels. Int. J. Cancer, 119: 2213-2220.

1,2-dimethylhydrazine induced colonic aberrant crypt foci

67. Bobe, G., B. Wang, N.P. Seeram, M.G. Nair and L.D. Bourquin,

and bacterial enzyme activity in rats. Investigat. New Drugs,

2006. Dietary anthocyanin-rich tart cherry extract inhibits

24: 479-488.

intestinal tumorigenesis in APCMin mice fed suboptimal levels

79. Sreedharan, V., K.K. Venkatachalam and N. Namasivayam,

of sulindac. J. Agric. Food Chem., 54: 9322-9328.

2009. Effect of morin on tissue lipid peroxidation and

68. Yun, J.W., W.S. Lee, M.J. Kim, J.N. Lu and M.H. Kang et al.,

antioxidant status in 1, 2-dimethylhydrazine induced

2010. Characterization of a profile of the anthocyanins

experimental colon carcinogenesis. Invest. New Drugs,

isolated from Vitis coignetiae Pulliat and their anti-invasive

27: 21-30.

activity on HT-29 human colon cancer cells. Food Chem.

80. Manju,

Toxicol., 48: 903-909.
69. Thomasset,

S.,

V.

and N. Nalini, 2006. Effect of ginger on

bacterial enzymes in 1, 2-dimethylhydrazine induced

D.P.

Berry,

H. Cai, K. West and

experimental colon carcinogenesis. Eur. J. Cancer Prevent.,

T.H. Marczylo et al., 2009. Pilot study of oral anthocyanins

15: 377-383.

for colorectal cancer chemoprevention. Cancer Prevention

81. Sander, C.S., H. Chang, F. Hamm, P. Elsner and J.J. Thiele,

Res., 2: 625-633.

2004.

70. Han, D., N. Hanawa, B. Saberi and N. Kaplowitz, 2006.

Role

of

oxidative stress and the antioxidant

network in cutaneous carcinogenesis. Int. J. Dermatol.,

Hydrogen peroxide and redox modulation sensitize primary

43: 326-335.

mouse hepatocytes to TNF-induced apoptosis. Free Radic.

82. Kocyigit, A., A.A. Koylu and H. Keles, 2006. Effects of pistachio

Biol. Med., 41: 627-639.

nuts consumption on plasma lipid profile and oxidative

71. Sengottuvelan, M. and N. Namasivayam, 2006. Resveratrol,

status in healthy volunteers. Nutr. Metab. Cardiovascular

a phytoalexin enhances hepatic antioxidant defense in

Dis., 16: 202-209.

1,2-dimethylhydrazine-induced colon carcinogenesis. Int.

83. Sheridan, M.J., J.N. Cooper, M. Erario and C.E. Cheifetz, 2007.

J. Pharmacol., 2: 335-340.

Pistachio nut consumption and serum lipid levels. J. Am. Coll.

72. Shireen, K.F., R.D. Pace, M. Mahboob and A.T. Khan, 2008.

Nutr., 26: 141-148.

Effects of dietary vitamin E, C and soybean oil

84. Li, S.C., Y.H. Liu, J.F. Liu, W.H. Chang, C.M. Chen and

supplementation on antioxidant enzyme activities in liver and

C.Y.O. Chen, 2011. Almond consumption improved glycemic

muscles of rats. Food Chem. Toxicol., 46: 3290-3294.

control and lipid profiles in patients with type 2 diabetes

73. Yin, M., D. Guo, L. Yin, K. An, Y. Zhang and X. Cui,
2014.

Selenium

reduces

oxidative

and

vitamin

stress

E

mellitus. Metabolism, 60: 474-479.

supplementation

85. Berryman, C.E., S.G. West, J.A. Fleming, P.L. Bordi and

and increases antioxidant

P.M.

Kris-Etherton,

2015.

Effects

of

daily

almond

enzyme activity in a mice model of psoriasis. Trace

consumption on cardiometabolic risk and abdominal

Elements Electrolytes, 31: 21-26. Trace Elements Electrolytes,

adiposity in healthy adults with elevated LDL-cholesterol:

31: 21-26.
74. Ramos,

A randomized controlled trial. J. Am.
D.L.,

J.F.

Gaspar,

M. Pingarilho, O.M. Gil,

Heart Assoc.,

Vol. 4. 10.1161/JAHA.114.000993.

A.S. Fernandes, J. Rueff and N.G. Oliveira, 2011. Genotoxic

86. Van Duijnhoven, F.J., H.B. Bueno-De-Mesquita, M. Calligaro,

effects of doxorubicin in cultured human lymphocytes with

M. Jenab and T. Pischon et al., 2011. Blood lipid and

different glutathione S-transferase genotypes. Mutation

lipoprotein concentrations and colorectal cancer risk in the

Res./Genetic Toxicol. Environ. Mutagenesis, 724: 28-34.

European prospective investigation into cancer and nutrition.
Gut, 60: 1094-1102.

75. Kay, C.D., S.K. Gebauer, S.G. West and P.M. Kris-Etherton,
2010. Pistachios increase serum antioxidants and lower

87. Yang, M.H., S. Rampal, J. Sung, Y.H. Choi and H.J. Son et al.,

serum oxidized-LDL in hypercholesterolemic adults. J. Nutr.,

2013. The association of serum lipids with colorectal

140: 1093-1098.

adenomas. Am. J. Gastroenterol., 108: 833-841.

150

Int. J. Cancer Res., 12 (3-4): 140-151, 2016
92. Williams, D., M. Verghese, L.T. Walker, J. Boateng,
L.T. Shackelford and C.B. Chawan, 2007. Flax seed oil and flax
seed meal reduce the formation of Aberrant Crypt Foci (ACF)
in azoxymethane-induced colon cancer in Fisher 344 male
rats. Food Chem. Toxicol., 45: 153-159.
93. Panala, V., M. Verghese, J. Boateng, R. Field, L. Shackelford and
L.T. Walker, 2009. A comparison of rice bran, co0rn oil and
soybean oil against azoxymethane induced colon cancer in
a fisher 344 rat model. Int. J. Cancer Res., 5: 25-35.

88. Coppola, J.A., M.J. Shrubsole, Q. Cai, W.E. Smalley and
Q. Dai et al., 2015. Plasma lipid levels and colorectal
adenoma risk. Cancer Causes Control, 26: 635-643.
89. Dwivedi, C., K. Natarajan and D.P. Matthees, 2005.
Chemopreventive effects of dietary flaxseed oil on colon
tumor development. Nutr. Cancer, 51: 52-58.
90. Nkondjock, A. and P. Ghadirian, 2004. Dietary carotenoids
and risk of colon cancer: Case-control study. Int. J. Cancer,
110: 110-116.
91. Russo, A., M. Autelitano and L. Bisanti, 2008. Metabolic
syndrome and cancer risk. Eur. J. Cancer, 44: 293-297.

151

