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Abstract 
Walnuts and peanuts contain phytochemicals that exhibit properties that may prevent colon can-
cer development. The objective was to determine the potential of walnuts and peanuts on Azox-
ymethane (AOM) induced Aberrant Crypt Foci (ACF) and the activity of detoxification enzymes: 
Glutathione S-Transferase (GST), Catalase (CAT), and Superoxide Dismutase (SOD) in Fisher 344 
male rats. After 1 week acclimatization period, 20 rats were randomly divided into 5 groups. One 
was fed AIN93G Control (C) diet, 4 groups were fed walnuts (W) and peanuts (P) at 5% and 10%. 
At 7 - 8 weeks, rats received AOM injections at 16 mg/kg body weight (subcutaneously). Rats were 
killed by CO2 asphyxiation at 17 weeks. Enzyme activities GST, CAT and SOD were determined. ACF 
incidence in rats fed W (5% and 10%) was 131 and 95, and in those fed P (5% and 10%) was 110 
and 56. Rats fed W and P had a significant (p < 0.05) percent reduction (17.92% - 65.09%) in total 
ACF compared to C (159). Liver GST activity (μmol/mg) in rats fed W (5% and 10%) was 3.64 and 
3.98, and in those fed P (5% and 10%) was 3.84 and 3.30, compared to rats fed C (0.26). CAT activ-
ity (μmol/mg) in rats fed W (5% and 10%) was 0.57 and 0.65 and in those fed P (5% and 10%), 
was 0.76 and 1.26, compared to rats fed C (0.14). SOD activity (U/mg) in rats fed W (5% and 10%) 
was 529.38 and 576.57 and in those fed P (5% and 10%), was 293.50 and 466.95, compared to rats 
fed C (82.42). Feeding walnuts and peanuts, especially at 10%, significantly (p < 0.05) reduced the 
incidence of AOM induced ACF, likely due to the phytochemicals present in nuts. 
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1. Introduction 
Nuts are complex food matrices that have several bioactive compounds. They are very rich in unsaturated fatty 
acids and many of them contain considerable amounts of monounsaturated fatty acids [1]. They also contain 
macronutrients, such as protein and fiber; other nutrients, such as potassium, calcium, and magnesium; and 
phytochemicals, such as phytosterols and phenolic compounds [2]. Walnuts are particularly rich in polyunsatu-
rated fatty acids and total phenols [1] [3]. They come from tall deciduous trees and are in the genus Juglans. 
Walnuts are a good source of manganese and copper; both of which are essential cofactors in a number of en-
zymes, such as superoxide dismutase that is important in antioxidant defenses. The omega-3 PUFAs, found in 
walnuts, also aid in bone health by helping to prevent excessive bone turnover [4]. Peanuts (Arachis hypogaea) 
are not a true nut and are classified in the legume family (Fabaceae). Produced in several forms, peanuts contain 
many essential phytonutrients such as niacin, folate, fiber, Vitamin E, manganese and phosphorus. They also 
contain high levels of unsaturated fat and antioxidants [2]. 

Phytochemicals are chemical compounds that are naturally found in plants. The phytochemicals in nuts have 
been connected with several diverse bioactivities, including antioxidant, antiviral, antiproliferative, hypocholes-
terolemic, and anti-inflammatory actions that may affect the initiation and progression of many pathogenic 
courses of action [1]. These activities, particularly the antiproliferative and antioxidant properties, make nuts 
prime candidates as potential anticarcinogenic agents. 

The consumption of nuts is inversely associated with the incidence of cardiovascular disease, diabetes, and 
some forms of cancer. This is evidence enough for several countries to incorporate nuts into dietary guidelines 
and health claims [5]. Cancer is a multistep process that originates at the genetic level. Colon cancer starts as a 
small growth of tissue called adenomatous polyps that may or may not be cancerous. If promptly discovered, 
removing precancerous polyps may prevent colon cancer. However, if they are ignored, polyps may slowly 
grow and eventually lead to colon cancer over time [6]. Over 95% of colon cancers are adenocarcinomas; can-
cers that start in the cells lining the inside of the colon [7]. Colon cancer cells operate the same as many other 
cancer cells, in that the mechanisms governing their growth have been lost. When the cells that line the colon 
become malignant, they start growing in a specific local area. The tumor cells may then spread via vascular ca-
pillaries, travel through circulation and invade surrounding tissues and organs [8]. 

Glutathione S-Transferases (GST) are considered one of the most important enzymes in the Phase II detoxifi-
cation process. GST enzymes aid in the breakdown of several xenobiotics and can catalyze a variety of reactions 
such as the conjugation of reduced glutathione to toxic electrophilic compounds [9]. 

Superoxide Dismutase (SOD) enzymes are a class of important antioxidant enzymes that catalyze the dismu-
tation of superoxide into oxygen and hydrogen peroxide, thus protecting the cell from oxidative damage. SOD 
decreases Reactive Oxygen Species (ROS) generation and lowers oxidative stress [10]. 

Catalase (CAT) catalyzes the decomposition of hydrogen peroxide, a potent reactive oxygen species, into wa-
ter and oxygen. It is equally as important and is present in all organisms. Just a single molecule of CAT can de-
compose millions of hydrogen peroxide molecules every second [11]. 

Walnuts and peanuts have been known to have several beneficial health protectants; from their high doses of 
the “good” fat, monounsaturated fat, to many minerals and other bioactive compounds. The medicinal benefits 
of these nuts are constantly being discovered. They have been known to aid in the prevention of heart disease [2], 
reduce risk of diabetes [12], and reduce the rate of inflammation [1]. There are several beneficial health proper-
ties of walnuts and peanuts due to the phytochemicals, as well as important dietary fat and fiber. However, some 
more studies show that the important nutrients found in nuts are consumed inadequately in the average Ameri-
can diet [1]. 

The aim of this study was to determine the chemopreventive potential of walnuts and peanuts (5% and 10%) 
on AOM induced Aberrant Crypt Foci (ACF) and to determine their effect on selected detoxification and anti-
oxidant enzymes. 

2. Materials and Methods 
Chemicals and Dietary Ingredients: All chemicals except AOM were obtained from Sigma Chemical Company 
(St. Louis, MO). Dietary ingredients were obtained from MP Biomedicals (Costa Mesa, CA). All protocols in-
volving rats were approved by the Institutional Animal Care and Use Committee of Alabama A&M University, 
2010. 
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Animals and Housing: Fisher 344 male rats were obtained from Harlan, IN and were housed in stainless steel 
cages with the temperature and relative humidity maintained at 21˚C and 50% respectively. Light and dark 
cycles were maintained at 12 hours each. Rats had free access to their food and water. American Institute of Nu-
trition Growth (AIN-93G) diet (control) was initially fed to all the rats for a 1 week acclimatization period. Af-
terwards, they were divided into 5 groups which included 1 control and 4 treatment groups. Treatment diets in-
cluded walnuts and peanuts at 5% and 10% levels and were prepared as needed. Body weights of the rats were 
recorded on a biweekly basis and daily feed intakes were recorded. 

Carcinogen Injection: At 7 and 8 weeks of age, rats were given 2 subcutaneous (s/c) injections of AOM 
(Midwestern Research Institute, NCI Chemical Repository Kansas City, MO) at 16 mg/kg body weight in saline 
to induce ACF. 

Sample Collection: Rats were killed by CO2 asphyxiation at 17 weeks of age. The colon, cecum, and liver 
from each rat were removed and prepared for analysis. The colons were flushed with Phosphate buffer solution 
(0.1 M, pH 7.2). They were then split longitudinally and set upon a coded strip of filter paper in 10% buffered 
formalin. Liver samples were collected and frozen using liquid nitrogen, then stored at −80˚C for enzyme activ-
ity determination. 

Enumeration of ACF: The colons from each rat were cut into proximal and distal sections and then segmented 
into 2 cm pieces. Methylene blue (0.2%) was used to stain the segments for approximately 5 minutes. They were 
then examined under a light microscope under low magnification. ACF and the amount of crypts per focus were 
counted and recorded [13]. 

Cecal Content Analysis: The cecum of each rat was flushed with potassium phosphate buffer (0.1 M, pH 7.2) 
and blotted on filter paper to measure cecal weight. The contents of each cecum were removed and the pH was 
determined using a pH meter. Contents were then stored at −80˚C for further analysis. 

Glutathione S-Transferase (GST) Analysis: One gram of liver was homogenized in 10 ml of potassium phos-
phate buffer (0.1 M, pH 7.0) at 4˚C. Hepatic GST was measured by using commercial kit (Cayman chemical 
company, MI) by following manufacturer’s instructions. The absorbance was measured spectrometrically (Bio-
Tek Synergy HT microplate) at 340 nm [14]. 

Catalase (CAT) Activity: Catalase activity in liver was performed according to the procedure set by Aebi [15]. 
All catalase activity was determined against a formaldehyde standard at an absorbance of 540 nm using a (Bio-
Tek Synergy HT) microplate reader and was expressed as µM of H2O2 reduced per minute per ml of protein. 

Superoxide Dismutase (SOD) Activity: Using the assay method by Fridovich [16], 1 g of liver sample was di-
luted in 9 ml of distilled water. Two ml of this mixture was added to 2.5 ml of 0.05 M carbonate buffer (pH 10.2) 
to equilibrate in the spectrometer and the reaction started by the addition of 0.3 ml of freshly prepared 0.3 mM 
adrenaline to the mixture. This was mixed by in inversion. The cuvette contained 2.5 ml buffer, 0.3 ml of adre-
naline (substrate) and 0.2 ml of water. The change in absorbance at 480 nm was monitored every 30 seconds for 
150 seconds. 

Statistical Analysis: Results were presented as means ± SEM using SAS system version 9.1. ANOVA was 
used to determine significant differences among the treatment groups. Significance was determined at p ≤ 0.05. 
The means were separated using Tukey’s Studentized Range Test. 

3. Results 
Weight Gain and Feed Intake: Weight gain and feed intake are shown in Table 1. Rats fed 5% peanuts had the 
highest weight gain among all groups; however, rats fed the control had the lowest weight gain. Rats fed 10% 
peanuts had the lowest feed intake compared to the other groups, whereas the highest feed intake was seen in 
rats fed 5% walnuts. 

Cecal Weight and Cecal pH: Cecal weight and cecal pH are shown in Table 2. Rats fed control had signifi-
cantly (p < 0.05) lower cecal weight compared to the treatment groups, whereas rats fed peanuts at 10% had the 
highest cecal weight among all groups. The highest cecal pH was seen in rats fed control and the lowest was 
seen in rats fed 5% peanuts. 

Aberrant Crypt Foci: Aberrant Crypt Foci are shown in Table 2 and Table 3. ACF found in the proximal co-
lon was significantly (p < 0.05) lower compared to those found in the distal colon. The highest number of ACF 
was seen in rats fed control. Rats fed control had a significantly (p < 0.05) higher number of ACF comp to those 
fed the treatment except in rats fed 5% walnuts. Among treatment groups, rats fed walnuts at 5% had  
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Table 1. Weight gain, average feed intake and Feed Efficiency Ratio (FER) in AOM-induced Fisher 344 Male Rats.                   

Groups Weight gain (g/13wk) Feed Intake (g/day) Feed Efficiency Ratio (FER) 

Control 201.10 ± 5.20c 17.98a 11.18 

5% Walnuts 218.43 ± 5.47b 18.23a 11.98 

10% Walnuts 215.63 ± 8.09b 17.83a 12.09 

5% Peanuts 239.25 ± 8.05a 16.01b 14.95 

10% Peanuts 218.25 ± 7.62b 15.79c 13.82 

Values are expressed as means ± SEM. abcMeans with different superscripts are significantly (p < 0.05) different using Tukey’s Studentized range test. 
 
Table 2. Cecal weight and pH in AOM-induced Fisher 344 Male Rats.                                                    

Groups Cecal weight (g) Cecal pH 

Control 0.80 ± 0.01c 7.98 ± 0.02 

5% Walnuts 1.05 ± 0.09b 7.75 ± 0.11 

10% Walnuts 1.18 ± 0.18b 7.74 ± 0.12 

5% Peanuts 1.13 ± 0.17b 7.61 ± 0.09 

10% Peanuts 1.30 ± 0.07a 7.66 ± 0.04 

Values are expressed as means ± SEM. abcMeans with different superscripts are significantly (p < 0.05) different using Tukey’s Studentized range test. 
 
Table 3. Aberrant crypt foci enumeration in rats fed walnuts and peanuts.                                                

Location Control Walnuts 5% Walnuts 10% Peanuts 5% Peanuts 10% 

Proximal 31.68 ± 2.42aj 29.50 ± 3.44aj 12.75 ± 4.20cj 17.75 ± 2.37bj 10.25 ± 3.50cj 

Distal 127.52 ± 6.82ai 101.00 ± 7.17bi 82.50 ± 4.92di 92.50 ± 7.29ci 45.25 ± 7.70ei 

Total 159.00 ± 8.26ah 130.50 ± 7.65bh 95.25 ± 7.87dh 110.25 ± 8.60ch 55.5 ± 7.75eh 

Values are expressed as means ± SEM. abcdeMeans with different superscripts are significantly (p < 0.05) different using Tukey’s Studentized range 
test (columns). hij
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Figure 1. Effect of nuts on crypt multiplicity of rats induced by AOM. WN-5 = 5% Walnut, 
WN-10 = 10% Walnut, PN-5 = 5% Peanut, PN-10 = 10% Peanut.                                     

 
Table 4. Glutathione S-Transferase (GST), Catalase (CAT), and Superoxide Dismutase (SOD) activity in Fisher 344 Male 
Rats.                                                                                                                

Treatments GST activity (µmol/mg) CAT activity (µmol/mg) SOD activity (U/mg) 

Control 0.26 ± 0.10d 0.14 ± 0.02c 82.42 ± 3.01e 

5% Walnuts 3.64 ± 0.10b 0.57 ± 0.06b 529.38 ± 6.84b 

10% Walnuts 3.98 ± 0.35a 0.65 ± 0.09b 576.57 ± 10.42a 

5% Peanuts 3.84 ± 0.15a 0.76 ± 0.06b 293.50 ± 5.06d 

10% Peanuts 3.30 ± 0.44c 1.26 ± 0.16a 466.95 ± 8.50c 

Values are expressed as means ± SEM. abcdeMeans with different superscripts are significantly (p < 0.05) different using Tukey’s Studentized range 
test. 
 

Rats fed the control diet had significantly (p < 0.05) lower SOD activity (82.42 ± 3.01) compared to those fed 
diets containing nuts. In fact, SOD activity (U/mg) in rats fed the treatment diets was 3 - 6 fold higher compared 
to those fed control. The groups fed (5% and 10%) walnuts had significantly (p < 0.05) higher SOD activity 
(U/mg) (529.38 ± 6.84 and 576.57 ± 10.42) compared to the rats fed (5% and 10%) peanuts (293.5 ± 5.06 and 
466.95 ± 8.5). The groups fed walnuts and peanuts at the higher (10%) level had significantly (p < 0.05) higher 
SOD activity (U/mg) compared to their counterparts fed nuts at the lower (5%) level (Table 4). SOD activity 
ranged from a low of 293.5 in rats fed 5% peanuts to a high of 576.57 in rats fed (10%) walnuts. 

4. Discussion 
The objective of the study was to determine the effects of feeding walnuts and peanuts on AOM induced aber-
rant crypt foci in Fisher 344 rats. Research involving the chemopreventive potential of peanuts and walnuts is 
limited. Aside from a major study in Taiwan [17], as well as a few other experiments with walnuts, the research 
conducted using nuts on colon cancer is scarce. Walnuts and peanuts contain a vast amount of phytochemicals 
that are beneficial to healthy cell growth and maintaining proper immune functions. It is important to note that 
the phytochemical compounds found in these two nuts may work in synergy. 

Observations made in this study showed a decrease in the number of ACF in rats fed walnuts and peanuts 
compared to those fed the control diet. Rats fed the control diet had a significantly higher number of ACF, indi-
cating that feeding walnuts and peanuts at selected levels (5% and 10%) reduced the incidence of ACF in the rat 
model when compared to rats fed a control diet. Rats fed the 5% peanut diet showed over a 60% reduction in 
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ACF development in both the proximal and distal colons compared to rats fed the control. Much of this may be 
attributed to the phytochemical make up of these nuts and the anti-proliferative effects they impart. This effect 
was also seen in crypt multiplicity as well as total number of crypts which is a reliable indicator as it takes into 
account the number of ACF and crypt multiplicity. ACF are well known precursors to tumor incidence. Rats fed 
the control diet had a higher number of larger crypts (≥3) compared to rats fed walnuts and peanuts. However, 
smaller crypts (<3) were seen with more frequency in many of the groups fed nuts compared to those fed the 
control diet. A single aberrant crypt expands by branching or by multiplying and may exhibit a variety of dys-
plasia as they develop [18]. A higher number of smaller crypts were seen in nut-fed groups which may be due to 
the anti-proliferative effects of walnuts and peanuts ultimately reducing crypt size. Larger crypts have a greater 
likelihood of developing into tumors overtime, however small crypts (<4) may dissolve and disappear due to 
various mechanisms such as apoptosis and others [19]. These results suggest that the selected levels of nuts not 
only reduced the number of ACF but also reduced the size of the crypts. Research [20] has shown that ACF 
containing 4 or more crypts have a direct relationship with carcinogenic frequency. Therefore, these results 
suggest that ACF with 4 or more crypts have a greater propensity to progress into tumors and may be an impor-
tant factor to predict increased tumor incidence. 

The results from this research also indicated that the consumption of walnuts and peanuts had an effect on the 
activity of selected hepatic enzymes; GST, CAT, and SOD. Glutathione S-transferases (GST) are a family of 
enzymes that have many functions including catalyzing the conjugation of reduced glutathione, which contri-
butes to the phase II detoxification of xenobiotics to facilitate their dissolution in the aqueous cellular and extra-
cellular media found in the body [21]. In this study, the highest GST activity was seen in the rats fed 10% wal-
nut and 5% peanut diets. This suggests that these diets may have provided greater protection against electrophil-
ic compounds compared to rats fed the other diets and also contributed to the excretion of potential toxic com-
pounds from the body. GST often works in conjunction with glutathione in order to conjugate xenobiotic sub-
strates [14]. The results from SOD demonstrated no significance among the 5% and 10% walnut and 5% and 10% 
peanut treatment groups. 

CAT activity (μmol/mg) ranged from a low of 0.57 to a high of 1.26 in rats fed walnuts and peanuts. The re-
sults indicate that rats fed diets containing selected levels of walnuts and peanuts had higher CAT activity com-
pared to those fed the control diet. In the body, CAT is considered one the most important antioxidative en-
zymes due to its ability to produce water and oxygen through the decomposition of hydrogen peroxide (H2O2). 
Since hydrogen peroxide is a known oxidizing by-product that can cause cellular and tissue damage, CAT can 
help convert H2O2 into harmless substances providing an advantage and may result in chemoprevention [11]. 
Because of the higher CAT activity in rats fed walnuts and peanuts, we can suggest that the phytochemicals 
present in the nuts aided in the ability to stimulate CAT/antioxidative activity and; therefore, prevent H2O2 ac-
cumulation and associated cell damage. 

SOD activity (U/mg) in rats fed walnuts and peanuts ranged from a low 293.50 to a high of 576.57. The rats 
fed diets containing nuts had significantly higher SOD activity compared to those fed the control diet. Rats fed 
walnuts (5% and 10%) had higher SOD activity compared to those fed peanuts (5% and 10%). This may indi-
cate that the phytochemicals in walnuts play a larger role enhancing SOD activity to help dismutate superoxides 
compared to those found in peanuts. In the body, SOD operates with CAT synergistically to help breakdown 
superoxides into harmless substances. It initiates the first step in that breakdown by catalyzing the dismutation 
of superoxide into oxygen and H2O [22]. 

5. Conclusion 
This study showed the potential of walnuts and peanuts as chemopreventive agents in reducing aberrant crypt 
foci induced by AOM in rats. There is supported the knowledge that modified, specifically peanuts and walnuts, 
may reduce colon cancer risk. An end point tumor model study is strongly recommended and would provide fur-
ther conclusive evidence; leading the way to human clinical trials and enforcing the dogma that regular or increased 
consumption of nuts such as walnuts and peanuts may have chemopreventive abilities in the human body. 
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