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Castration has previously been shown to induce oxidative stress. Previous studies have shown tomato
to be a potent anti-oxidant which reduces oxidative stress in many disease conditions. However, the
likely role of tomato in ameliorating castration-induced oxidative stress has not been studied and was
of interest to us. The present study looked into the effect of tomato supplement on the plasma level of
antioxidant enzymes like superoxide dismutase (SOD) and catalase, level of lipid peroxidation rate by
estimating the malondialdehyde (MDA) and other parameters like weight gain and blood glucose levels
in castrated and sham-operated rats. Castration did not affect weight gain and plasma catalase level;
but increased plasma glucose and MDA levels and decreased plasma SOD level. Tomato supple-
mentation reduced weight gain but had no effect on castration-induced hyperglycemia. It also increased
plasma SOD and catalase, and decreased plasma MDA level in the castrated rats. These findings
suggested that tomato supplementation might have important therapeutic potential as an anti-oxidant

during castration and a weight regulator in castrates and non-castrates.
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INTRODUCTION

Tomatoes, commonly used in the diet, are a major source
of antioxidants and contribute to the daily intake of a
significant amount of these molecules. They are consumed
fresh or as processed products such as canned tomatoes,
sauce, juice ketchup and soup (Lenucci et al., 2006).
According to USDA, the average American consumes
approximately 18 pounds of fresh tomatoes and 69
pounds of processed tomato products annually (Agricul-
ture statistics, 2003; Lucier et al., 2000) and serve as a
convenient way to supply nutrients and various phyto-
chemicals to humans (Wang et al., 2003). Tomato
products are excellent sources of potassium; folate;
vitamins A, C, and E and fibers (USDA, 2004). It contains
a variety of phytochemicals, including lycopene, a- caro-
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tene, p-carotene, Y-carotene, neurosporene, {-carotene,
phytofluene, phytoene, lutein and zeaxanthin (Fredrick,
2002). It also contains a variety of polyphenols, such as
quercetin, kaempferol, and naringenin, which are thought
to have both antioxidant and anticarcinogenic effects (Birt
et al., 2001).

Castration has been shown to induce oxidative stress
in the acinar epithelium of the rat ventral prostrate, as
evidenced from marked increase in 8-hydroxy-2-deoxy-
guanosine and 4-hydroxynonenal protein adducts in the
regressing epithelium (Tam et al., 2003). Quantification of
steady-state mMRNA levels of 14 genes involved in the
anabolism and catabolism of reactive oxygen species
(ROS), showed that castration resulted in dramatic incre-
ases of three ROS-generating NAD(P)H oxidases (Noxs)
including Nox1, gp91°™* (Nox2) and Nox4; significant
reductions of key ROS-detoxifying enzymes (superoxide
dismutase 2, glutathione peroxidase 1, thioredoxin and
peroxiredoxin 5); and unchanged levels of catalase, gluta-
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glutathione reductase, Y-glutamyl transpeptidase and
glutathione synthetase (Tam et al., 2003). However,
testosterone replacement partially reduced oxidative
stress in ventral prostate epithelia of castrated rats, but
the level remained higher than in intact rats (Tam et al.,
2003). This study shows that testosterone may have anti-
oxidant properties. Results from animal studies collec-
tively illustrate that lycopene supplementation may inter-
fere with androgen activation and thereby potentially
have a protective role against oxidative stress (Khachik
et al., 2002). Moreover, several antioxidant genes were
modulated after castration in rat ventral prostate. Among
them, thioredoxin (Holmgren, 1985), peroxiredoxin 5
(Knoops et al., 1999), glutathione peroxidase 1
(Holmgren, 2000), superoxide dimutase 2 (Li et al., 1995)
and 15-kDa selenoprotein (Behne and Kyriakopoulos,
2001; Kohrl et al., 2000) are genes functionally related to
cellular redox regulation that were down-regulated after
castration (Pang et al., 2002). In contrast, other redox
related genes such as glutathione reductase (Holmgren,
2000), microsomal glutathione-S-transferase (Hayes and
Pulford, 1995) and epoxide hydrolase (Nam et al., 1997)
were up-regulated after castration (pang et al., 2002).

It was suggested that eating a healthy diet, especially
one rich in fruits and vegetables, can help the body in the
prevention against oxidative stress (Hanley and Daniel,
1997). Epidemiological evidences strongly suggest that
the consumption of tomato and other carotenoid-rich
fruits and vegetables is associated with a reduced risk of
prostate cancer, and thus the protective health benefits of
tomatoes is an active area of prostate cancer research
(Etminan et al., 2004; Giovannuci, 1999; 2002; Miller et
al., 2002; Van Poppel and Goldbohm, 1995; Ziegler et al.,
1996). Diets containing broccoli, tomato, lycopene and a
combination of tomato plus broccoli reduced Dunning R-
3327H prostate tumor growth rate when compared with
the control diet in rats (Canene-Adams et al., 2004).

Epidemiological studies (Etminan et al., 2004), human
intervention trials (Chen et al., 2001; Kucuk et al., 2001),
and animal cancer models (Boileau et al., 2003; Canine-
Adams et al., 2005) indicate that the consumption of
whole tomatoes or a variety of tomato components may
be more advantageous than lycopene alone. Short-term
intake of tomato carotenoids significantly alters androgen
status, which may partially be a mechanism by which
tomato intake reduces prostate cancer risk.

Short term supplementation of tomatoes in Type-Il dia-
betic patients has been shown to increase antioxidants
namely superoxide dismutase (SOD), glutathione reduc-
tase (GR), glutathione peroxidase (GSH-Px) and gluta-
thione (GSH); and reduce malondialdehyde (MDA), which
is involved in lipid peroxidation (Subhash et al., 2006).
Moreover, tomato supplemented diet in patients with
coronary heart disease has been shown to significantly
improve the levels of serum enzymes involved in antioxi-
dant activities and decreased lipid peroxidation rate
(Bose and Agrawal, 2007). Lycopene has recently been

shown to enhance docetaxel’s effect in castration-resis-
tant prostate cancer associated with insulin-like growth
factor 1 receptor (Tang et al., 2011).

Since castration increases oxidative stress due to tes-
tosterone deficiency, study on the likely effects of toma-
toes in ameliorating the castration-induced oxidative
stress was of interest. Because oxidative stress has been
implicated in the genesis of hyperglycemia and thus
diabetes (Pfaffly, 2001), the present study also investiga-
ted the likely hypoglycemic effects of tomatoes in
castration-induced oxidative stress in rats.

MATERIALS AND METHODS
Animals and experimental design

All necessary protocols were followed to ensure the humane
treatment of the animals. Male albino rat (6 weeks of age; n = 24)
were purchased from the Institute of Medical Research and
Training, University of Ibadan College Hospital, Nigeria and were
acclimated to their new environment. The rats were kept under
condition of uniform humidity and temperature on a 12-h light-dark
cycle. Rats were monitored and weighed daily. Beginning at 7
weeks of age, all rats were provided with normal feed (pelletized
growers feed from Bovajay feeds Nig. Ltd, Ogbomosho). At 8
weeks of age, rats were randomly assigned to 4 treatment groups
and the average weights of each group were approximately 100 g.
Treatment groups were assigned as follows: 1) Sham-operated,
tomato-free diet fed (n = 6); 2) Sham-operated, 10% tomato
supplement fed (n = 6); 3) Castrated, tomato-free diet fed (n = 6); 4)
Castrated, 10% tomato supplement fed (n = 6). At 8 weeks of age,
rats were either castrated or sham-operated, and rats were allowed
to recover from surgery for 1 day. Castration was performed by
scrotal incision after animals were anaesthetized with ketamin. Rats
that were switched to dietary treatment of 10% tomato supplement
consumed a pelletized diet enriched with 10% freeze-dried tomato
powder. The 10% tomato supplement was simply prepared by
adding 10 g of tomato powder to every 90 g of the diet. All
treatments lasted for six weeks. Rats were sacrificed by cervical
dislocation and blood sample was taken via cardiac puncture.

Sampling protocol

A blood sample was taken, and body weight and blood glucose
were measured on a weekly basis. Blood was collected from the
heart using 5 ml needle and syringe, and was immediately trans-
ferred to another heparinized sample bottles. The blood sample
was centrifuged, and plasma was separated and stored at -20°C.

Determination of SOD, MDA and catalase

Superoxide dismutase activity was determined as previously des-
cribed (Misra and Fridovish, 1972). MDA was determined as pre-
viously described (Ohkawa et al., 1979). Catalase activity was
determined as previously described (Dobkin and Glantz, 1958).

Measurement of blood glucose

Blood glucose was measured with One Touch Basic-plus gluco-
meter using the modified glucose oxidase method (Trinder, 1967).
Results of glucose measurement using Glucometer correlate excel-
lently with the result obtained from standard laboratory methods
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Table 1. Effects of tomato supplement on weight gain and blood glucose level in sham-operated and castrated rats. Values are expressed as

Mean + SEM, (N = 6); *P<0.05.

Sham Operated Castrated
Tomato-free diet 10% Tomato supplement diet Tomato-free diet  10% Tomato supplement diet
Weight gain (g) 74.20 + 8.4 57.1745.2* 76.55+ 0.4 55.95+4.1*
Pre-operation glucose 87.2+3.54 91.6+5.68 84 + 2.09 84.8+7.73
measurement (mg/dl)
Post-operation glucose 66.0+11.37" 61.8 + 15.90* 95.8 + 2.64* 92.6 + 2.80*

measurement (mg/dl)

Table 2. Effects of tomato supplement on biochemical parameters in sham-operated and castrated rats. Values are expressed as Mean *

SEM, (N = 6); *P<0.05.

Sham Operated

Castrated

Tomato-free diet

10% Tomato supplement diet

Tomato-free diet 10% Tomato supplement diet

SOD (IV) 0.018+0.006 0.108+0.019*
MDA (x10°®) (mMol) 4.54+1.86 1.92 + 1.03*
Catalase (IU) 0.04+ 0.02 0.14+ 0.04*

0.003+0.002*
6.58 £ 0.28*
0.03+0.01

0.036+ 0.004*
5.50 £ 0.34*
0.20 + 0.06*

(Ajala et al., 2003; Baig et al., 2007).

Statistics

Data were compared among treatments by student’s t-test, using
SPSS Statistical Software package (SPSS, Chicago) and P value
less than 0.05 was set as significance. Values are expressed as
mean (£SEM).

RESULTS

Effects of tomato diet on the weight gain in sham-
operated and castrated rats

The weight gain in the rats fed with tomato-free diet was
not significantly different (P>0.05) in both sham-operated
and castrated group. There was also no significant differ-
ence (P>0.05) in the weight gain in both castrated and
sham-operated rats fed with 10% tomato supplement
diet. The 10% tomato supplement diet significantly redu-
ced the weight gain in both sham-operated and castrated
rats (Table 1).

Effects of tomato diet on the blood glucose levels in
sham-operated and castrated male rats

There are no significant differences (P>0.05) in the pre-
operation blood glucose levels in all the groups. The
post-operation blood glucose levels in sham-operated
groups fed with tomato-free diet or 10% tomato supple-
ment diet are significantly lower (P<0.05) than the corres-
ponding pre-operation blood glucose level. However, the
post-operation blood glucose levels in the castrated
groups fed with tomato-free diet or 10% tomato supple-

ment diet are significantly higher (P<0.05) than the cor-
responding pre-operation blood glucose levels (Table 1).

Effects of tomato diet on the plasma SOD level in
sham-operated and castrated male rats

Plasma SOD levels are significantly higher (P<0.05) in
the sham-operated groups fed with 10% tomato supple-
ment or tomato-free diet than in the corresponding cas-
trated groups. In both sham-operated and castrated
group, the plasma SOD level of the rats fed with 10%
tomato supplement diet was significantly higher (P<0.05)
than those fed with tomato-free diet (Table 2).

Effects of tomato diet on the plasma MDA level in
sham-operated and castrated male rats

The plasma MDA level of the rats fed with tomato-free
diet is significantly higher (P<0.05) in the castrated group
than the sham-operated group. The plasma MDA level of
the rats fed with 10% tomato supplement diet is signifi-
cantly lower (P<0.05) in the castrated group than the
sham-operated group. The plasma MDA level of the rats
fed with 10% tomato supplement diet is not significantly
lower (P>0.05) than those fed with tomato-free diet in the
sham-operated group but significantly lower (P<0.05)
than those fed with tomato-free diet in the castrated
group (Table 2).

Effects of tomato diet on the plasma catalase level in
sham-operated and castrated male rats

There is no significant difference (P>0.05) between the
plasma catalase level of the rats fed with tomato-free diet
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in the castrated and the sham-operated group. There is
also no significant difference (P>0.05) between the plas-
ma catalase level of the rats fed with 10% tomato
supplement diet in the castrated and the sham-operated
group. In both sham-operated and castrated group, the
plasma catalase level of the rats fed with 10% tomato
supplement diet is significantly higher (P<0.05) than
those fed with tomato-free diet (Table 2).

DISCUSSION

The lack of significant difference in both sham-operated
and castrated group fed with tomato-free diet showed
that castration had no effect on the weight gain in rats.
This finding in the present study is contrary to the
previous study of lliescu et al. (2006) that reported lower
body weight in the castrated rat than in the sham-
operated rats fed with control diet. The observed lower
weight gain in the rats fed with 10% tomato supplement
diet than those fed with tomato-free diet in both sham-
operated and castrated groups showed that tomato
decelerates weight gain. Whether this observation was
due to the anti-oxidants or other constituents of tomato is
unknown.

The higher blood glucose levels in the castrated groups
than in the sham-operated groups fed with tomato-free
diet or 10% tomato supplement diet observed in this
study show that castration may cause hyperglycemia.
This may be similar to the previous findings of Subhash
et al. (2007) who reported higher level of oxidative stress
in the diabetic patients when compared with non-diabetic
patients. Moreover, oxidative stress has been shown to
be associated with the generation of diabetes mellitus.
So, the observed increase in blood glucose level in the
castrated group fed with tomato-free diet may be due to
castration-induced oxidative stress. However, tomato did
not affect the castration-induced hyperglycemia, sugges-
ting that the anti-oxidant effect of tomato may not be
effective in reversing the castration-induced hyperglyce-
mia.

The lower plasma SOD level in the castrated rats than
the sham-operated rats fed with tomato-free diet in the
present study showed the higher degree of oxidative
stress in the castrated group than in the sham-operated
group. This is in agreement with the previous study of
Tam et al. (2003) who reported a down-regulation in the
number of key anti-oxidant enzymes/ROS scavengers
like SOD2 among others in the castrated rats. The higher
plasma SOD level in the rats fed with 10% tomato
supplement than in those fed with tomato-free diet in the
sham-operated group in this study showed that tomato is
a very effective anti-oxidant. The additional findings in the
present study include the ability of tomato to augment the
plasma SOD levels of rat fed with 10% tomato supple-
ment diet in the castrated group. This showed that tomato
can reverse the castration-induced oxidative stress by

increasing the plasma level of anti-oxidant enzymes like
SOD.

The higher plasma MDA level in the castrated rats than
in the sham-operated rats fed with tomato-free diet in the
present study showed that there is higher degree of lipid
peroxidation in the castrated group than in the sham-
operated group. The insignificant reduction by 10%
tomato supplement diet in the plasma MDA level in the
sham operated group showed the lack of effect of tomato
in the plasma MDA level in rats. Close examination of our
data shows similar pattern of effect as in the previous
study in healthy human subjects, where lycopene- or
tomato-free diets resulted in loss of lycopene and
increased lipid oxidation (Rao and Agarwal, 1998),
whereas dietary supplementation with lycopene for 1
week increased serum lycopene levels and reduced
endogenous levels of oxidation of lipids (Agarwal and
Rao, 1998; Rao and Agarwal, 1998). Moreover, the signi-
ficant reduction by 10% tomato supplement diet in the
plasma MDA level in the castrated group showed that
tomato potently reduced the lipid peroxidation rate in this
group and thus is a potent anti-oxidant.

The lack of significant difference between the plasma
catalase level in the castrated and sham-operated rats
fed with tomato-free diet showed that castration had no
effect on this enzyme. This is also in agreement with the
previous study of Tam et al. (2003) who reported an
unchanged level of catalase transcripts in castrated rats
as compared to the control. Also, the higher plasma
catalase level of the rats fed with 10% tomato supple-
ment diet than those fed with tomato-free diets in both
castrated and the sham-operated group provided further
evidence for the anti-oxidant effect of tomato during
castration-induced oxidative stress in addition to its anti-
oxidant effect in the non-castrated rats.

Intake of tomato and tomato-based food products con-
tributes to the absorption of a wide range of carotenoids
in human serum and tissues. The prominent carotenoid in
tomatoes is the red pigment lycopene that is also among
the major carotenoids found in human serum (Fredrick et
al., 2002). Lycopene is one of the most potent antioxi-
dants (Miller et al., 1996). Several studies have indicated
that lycopene is an effective antioxidant and free radical
scavenger in vitro and in vivo (Rao and Agarwal, 1998).
Lycopene, because of its high number of conjugated
double bonds, exhibits higher singlet oxygen quenching
ability as compared to [-carotene or a-tocopherol
(DiMascio et al., 1989). In in vitro systems, lycopene was
found to inactivate hydrogen peroxide and nitrogen
dioxide (Bohm et al., 1995; Lu et al., 1995). Using pulse
radiolysis technigues, Mortensen et al. (1997) demon-
strated its ability to scavenge nitrogen dioxide (NOy), thiyl
(RS’ and sulphonyl (RSOy) radicals. Lycopene has been
demonstrated to be the most potent antioxidant with the
ranking: lycopene > a-tocopherol > a-carotene > -
cryptoxanthin > zeaxanthin = B-carotene > lutein (Stahl et
al., 1998). Mixtures of carotenoids like in tomatoes were



more effective than the single compounds. This syner-
gistic effect was most pronounced when lycopene or
lutein was present. The superior protection of mixtures
may be related to specific positioning of different carote-
noids in membranes.

Castrated rats had earlier been shown to have 50 to
100% greater prostate and seminal vescicle carotenoid
concentrations than the sham-operated rats provided with
the same carotenoid treatments. Carotenoids are antioxi-
dants and are effective singlet oxygen quenchers
(Boileau et al., 1999) able to protect the prostate from
testosterone-induced oxidative stress through their own
subsequent degradation. It was speculated that with
castration, testosterone-induced reactive oxygen species
were diminished, resulting in less degradation of carote-
noids, and thus yielding greater prostate carotenoid accu-
mulations (Campbell et al., 2006). The anti-oxidant ability
of tomato during castration may in part be due to the
enhanced concentrating power of the tomato carotenoids
by the castrates.

In conclusion, the present study supports the previous
findings that castration causes oxidative stress. More-
over, it provided strong evidence for the anti-oxidant pro-
perty of tomato supplement in castration. However, fur-
ther studies are needed to specify the particular caro-
tenoid(s) or other constituent(s) in tomato that is/are
involved in the anti-oxidant function in this condition.
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