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Abstract. The P53 gene inactivation leads to oncogenesis and cancer progression. Three different levels of coenzyme Q10 (CoQ10) 
were treated for p53 gene expression evaluation on 36 adult male mice. Mice were assigned to normal control group (NC) receiving 
normal chow diet, normal mice (C125) receiving 125 mg/kg/day of CoQ10, bilateral orchidectomized (BOX) group receiving 
normal chow diet, and three other orchidectomized groups, namely BOX 125, BOX 250 and BOX 500 groups receiving 125, 250 and 
500 mg/kg/day of CoQ10 mixed with normal chow diet, respectively. After 96 days, blood samples were collected and p53 mRNA 
transcripts were evaluated using qPCR. CoQ10 supplementation significantly decreased p53 gene expression in C125 group 
compared to that of NC group. Testosterone levels decreased non-significantly in BOX groups in compared to NC group while 
estrogen increased non-significantly in BOX groups compared to the NC group. Although orchidectomy and testosterone ablation 
caused a decrease in p53 mRNA transcripts in mouse peripheral blood leukocytes, relative p53 gene expression was increased in 
CoQ10 supplemented orchidectomized groups, which reached to a significant level in the BOX 500 group. Thus CoQ10 could have 
beneficial effect on decreasing the immunosenescence incidence in aging males. 
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Introduction 
 
Preservation of genomic integrity is very important for an 
organism. This genomic integrity could be in jeopardy by a 
variety of endogenous and exogenous insults causing accu-
mulation of DNA damage gradually over time. Cellular re-
sponses to DNA damage are mediated through highly con-
served cell checkpoints and are crucial for tumor suppres-
sion by inhibiting abnormal cell proliferation (Reinhardt & 
Schumacher 2012). Accumulation of DNA damages has been 
suggested to contribute to carcinogenesis. The tumor sup-
pressor p53 namely guardian of the genome is a key player 
in this case. It is clarified that upon DNA damage p53 is 
post-translationally activated via phosphorylation and tar-
gets different genes which play special roles in different cel-
lular responses (Gutierrez-Mariscal et al. 2012).   

Studies have shown that coenzyme Q10 decreased the 
stabilization and activation of p53 in response to DNA dam-
age (Gutierrez-Mariscal et al. 2012). Coenzyme Q10 (CoQ10) 
is the only endogenous synthetic natural fat-soluble redox 
lipid. It is localized into hydrophobic portions of cellular 
membranes as well as an intracellular distribution (Rötig et 
al. 2000). Approximately half of the body’s CoQ10 is ob-
tained through dietary fat ingestion, whereas the remainder 
results from endogenous synthesis (Marcoff & Thompson 
2007).  CoQ10 has several biological functions, for example, 
it serves as a cofactor of uncoupling proteins and also has an 
impact on gene expression (Schmelzer and Döring 2012). 
CoQ10 also has effects on genetic stability and can change 
the result of DNA damage gene mutation, telomere shorten-
ing and epigenetic modifications (Schmelzer & Döring 2012). 
The ability of in vitro and in vivo CoQ10 supplementation in 
inhibiting oxidative DNA damage and enhancing DNA re-
pair enzyme activity in cultured lymphocyte has been re-
cently demonstrated ((Tomasetti et al. 2001).  

There is evidence that castration can elevate oxidative 
stress (Tam et al. 2003, Mancini et al. 2011). A number of 
studies have shown that in most men there is a slow decline 

in steroid synthesis, especially testosterone levels with ag-
ing, even in the absence of disease (Balasubramanian et al. 
2012). Moreover, aging is actually associated with a decline 
in the normal functioning of the immune system. This con-
tributes to poorer vaccine responses and the increased inci-
dence of infection and malignancy seen in the elderly 
(Simpson et al. 2012). 

The decline in serum testosterone levels with aging is 
due to the  impaired testis production of testosterone and 
hypothalamic secretion  of gonadotropin-releasing hormone 
(GnRH) resulting in inadequate  stimulation of luteinizing 
hormone (LH) secretion  by the pituitary gland (Matsumoto 
2002, Zirkin & Tenover 2012). It is known that low testoster-
one in human can cause an oxidative stress condition. This 
condition could be associated with alterations in the antioxi-
dant defense mechanisms and p53 mRNA and protein con-
tent. However, the relationship between the low testosterone 
situation and p53 gene expression has not been known yet. 
Thus the aim of the present study was to investigate the ef-
fect of dietary supplementation of CoQ10, as a strong anti-
oxidant on p53 gene expression in andropause mice. 
 
 
Material and Methods 
 
Animals and experimental conditions 
The experiment was reviewed and approved by the ethical commit-
tee of Razi University, Kermanshah, Iran. Adult weight- and age-
matched healthy male NMRI mice (n=36), with an average  of 6 week 
old and 30g body weight were a gift from the Laboratory Animal Fa-
cility of the School of Veterinary Medicine, Razi University, Kerman-
shah, Iran. The animals were housed in standard plastic cages (six 
mice/cage) for 96 days and acclimatized for 3 weeks. Food (Dan-e-
pars Co., Kermanshah, Iran) and water were available ad libitum 
throughout the study, and the colony room was maintained at 22 
±1°C and humidity 55%, on a 12h, light-dark cycle beginning at 0600 
h. Eighteen mice were bilaterally gonadectomized (BOX) and the 
remaining six mice received a sham operation under a Ketamine (50 
mg/kg; 80 mg/kg; Alfasan Co., Netherland)/ diazepam (0.5 mg/kg; 
Chemi Darou Co., Iran) cocktail, as previously performed by (Cer- 
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Table 1. The steroid hormone profile of experimental groups. 
 

 NC C125 BOX BOX125 BOX250 BOX500 

Testosterone (ng/ml) 2.42±2.2 2.05±1.90 0.29±0.06 0.21±0.08 0.21±0.08 0.21±0.02 

Estrogen (ρg/ml) 1.60±1.4 0.38±0.11 4.21±3.47 0.22±0.02 0.97±0.49 0.3±0.04 
 

NC: normal control, C125: normal controls receiving 125mg/kg/day of CoQ10, BOX: gonadectomized group, 
and three other gonadectomized groups namely BOX 125, BOX250 and BOX500 groups  receiving 125, 250, and 
500 mg/kg/day  of CoQ10. Data shows mean (± SE). 

 
 

Table 2. The characteristics of p53 and β-actin primers. 
 

Template strand Sequence (5'->3') Length Tm 

p53-Forward primer CCGTGTTGGTTCATCCCTGTA 21 60 

p53-Reverse primer CCGCGAGACTCCTGGCACAA 20 64 

β-actin-Forward primer AGATTACTGCTCTGGCTCCT 20 49.5 

β-actin-Reverse primer CATCTGCTGGAAGGTGGACA 20 55.5 
 
 

netich et al. 2006). Animals were allowed for two weeks to recover 
from the operation before they were introduced to dietary supple-
mentation period. They were weighed weekly for two weeks prior to 
initiation of the CoQ10 supplementation. After recovering from the 
gonadectomy or sham operation, mice were randomly assigned into 
four experimental groups of six animals per group as follows: nor-
mal control group (NC) that fed a standard diet; positive control 
group (C125) that received CoQ10 125 mg/kg/day in its diet; bilat-
erally gonadectomized group (BOX) that fed a standard diet; and 
three other bilaterally gonadectomized groups, namely (BOX125), 
(BOX250), and (BOX500) which received CoQ10 125, 250, and 500 
mg/kg/day in their diets, respectively. Starting from the third week 
after operation and during 14 weeks the animals were received ex-
perimental diets. 
 
Preparation of diet 
Standard laboratory mouse diet was wet by adding drinking water 
in equal proportions to 10% (v/w) of the diet. CoQ10 (Nutralife Co., 
Ontario, Canada) was mixed into the wet diet, to achieve the final 
concentrations of CoQ10 (0.075% or 0.15% w/w). The mixture was 
processed into pellet type chow and dried at room temperature over 
night. The control diet was processed the same, without adding 
CoQ10. The diet was prepared weekly. Based on average body 
weight through the supplementation period (30 g), a food intake of 5 
g/d and the final concentrations of CoQ10 in the diet, the mice in 
Gdx125 and Gdx250 groups were received 125 and 250 mg/kg/d of 
CoQ10, respectively. Animals of control and BOX groups were fed 
unsupplemented standard diet during the same period. 
 
Plasma testosterone and estrogen measurement 
Blood samples were collected by heart puncture at day 96, centri-
fuged and plasma collected and frozen at −80°C within 30 minutes. 
Testosterone (ng/ml) was measured in plasma using ELISA kit 
(Diametra, Italy) according to manufacturer protocol (Table 1). 

Evaluation of P53 transcripts in white blood cells  
In order to evaluate the expression of P53 transcripts in white 

blood cells of the groups, we used the quantitative Real- time PCR 
method as follows; total RNA of experimental groups was extracted 
using a commercial kit (Thermo scientific, Code # 0731, England) as 
described by the manufacturer and were stored at -70 C until cDNA 
synthesis. Then, cDNA synthesis was done with the cDNA synthesis 
kit (BIONEER, Code # K-2046, Germany) bought from the Taka-
pouzist, Tehran company as described by the manufacturer. After-
wards, SYBR-Green master-mix solution (Ampliqon, Code# 250407; 
Denmark) was prepared for PCR reactions. Components already in-
cluded in the Master Mix: Optimized buffer system, Green DNA 
dye, dATP, dCTP, dGTP and dTTP. The MgCl2 concentration is 
7mM, which gives an MgCl2 concentration of 3.5 mM in the final re-
action. For each sample RT-PCR was done in Microtubes including 
10 µl forward primer, 10 µl reverse primer (Table 2), 20 µl SYBR 

Green master mix, 5 µl cDNA. The PCR procedure was done with 3 
repeats in each group.  

Analysis of PCR data and statistical analysis 
 Gene expression was expressed as ratios of β-actin (Csontos et 

al. 2008). The results were analyzed by one way analysis of variance 
using the SAS (SAS Institute, 1998). Means were compared using the 
Duncan’s multiple range test. Pearson’s correlation analyses were 
used to determine the correlation between p53 gene expression, tes-
tosterone and estrogen concentrations and the level of CoQ10 sup-
plementation. 
 
 
Results 
 
Table 1 represents the results of testosterone and estrogen 
levels in CoQ10-treated orchidectomized mice. Because of 
wide individual diversity due to social hierarchy in each 
group no significant differences were found among the 
groups. Testosterone levels in all the bilateral orchidec-
tomized groups, namely BOX, BOX 125, BOX 250 and BOX 
500 were lower compared to the NC group, while nearly no 
changes were seen between the C125 and NC groups 
(P>0.05). 

Estrogen levels in the BOX group had non-significantly 
increased in comparison to the NC group. In addition the 
BOX125, BOX250, BOX500  groups  had substantial declines 
of estrogen level as compared to that of BOX group, by the 
way, no significant changes were seen between C125 and 
NC groups (P>0.05).  There was a nonsignificant negative 
correlation between the plasma testosterone and estrogen 
concentration. Furthermore, the level of CoQ10 supplemen-
tation was negatively correlated to plasma testosterone and 
estrogen concentrations (Table 3). 

Gene expression was expressed as ratios of β-actin 
(Csontos et al. 2008). The C125 group had a significant de-
crease in p53 gene expression compared to the expression 
seen in the NC samples (P<0.05).  This value in BOX group 
had tended to decrease compared to NC group (P>0.05). 
Relative gene expression in the BOX group had decreased 
significantly compared to p53 gene expression in the C125 
group (P<0.05). p53 gene expression in the BOX groups re-
ceiving CoQ10 supplementation was increased  in compari-
son to the NC group which was only significant in BOX500 
(P<0.05). No significant differences were seen in p53 gene 
expression between groups, namely BOX 125 and BOX 250  
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Table 3. The correlation coefficients between p53 gene expression, 
plasma testosterone and estrogen concentrations.  

 

 P53 Testosterone Estrogen CoQ10 level 

P53  r = -0.056,  
P>0.05 

r = -0.57 
P>0.05 

r = 0.75 
P<0.05 

Testosterone   r = -0.10 
P>0.05 

r = -0.47 
P>0.05 

estrogen    r = -0.57 
P>0.05 

 

NC: normal control, C125: normal controls receiving 125mg/kg/day of 
CoQ10, BOX: gonadectomized group, and three other gonadectomized 
groups namely BOX 125, BOX250 and BOX500 groups  receiving 125, 250, 
and 500 mg/kg/day  of CoQ10. Data show mean (± SE). 

 
 

 
 

Figure 1. p53 gene expression in peripheral leukocytes of groups. 
NC: normal control, C125: normal controls receiving 125mg/kg/day of CoQ10, 

BOX: gonadectomized group, and three other gonadectomized groups 
namely BOX 125, BOX250 and BOX500 groups  receiving 125, 250, and 500 
mg/kg/day  of CoQ10. Data show mean (± SE).  

 
 
which had received CoQ10 supplementation (P>0.05) in 
comparison to the BOX group, while the BOX 500 group had 
a significant higher p53 gene expression than  that of NC, 
C125 and the BOX (P<0.05, Fig. 1). As shown in Table 3, the 
p53 gene expression was positively correlated to the level of 
CoQ10 supplementation (P<0.05). Likewise, there was a 
nonsignificant negative correlation between p53 gene ex-
pression and both testosterone and estrogen concentrations.  
 
 
Discussion 
 
CoQ10 plays a pivotal role in mitochondrial bioenergetics 
and its antioxidant capacity widely studied under oxidative 
stress and lipophilic conditions (Marcoff & Thompson 2007, 
Gutierrez-Mariscal et al. 2012). Hence, we designed this ex-
periment to evaluate its role of putative oxidative stress 
biomarkers like p53 gene expression under the bilateral go-
nadectomy condition as a simulation of andropause in men. 

P53 tumor suppressor protein, namely guardian of the 
genome, is a key player in preservation of genomic integrity. 
It is clarified that upon DNA damage p53 targets various 
genes which play special roles in different cellular responses 
(Gutierrez-Mariscal et al. 2012). The functions of the p53 tu-
mor suppressor that restrict the proliferation of abnormal 
cells are activated by stresses presuming that under normal 
conditions p53 is a napped guard. However, p53 might have 
additional non-restrictive functions addressing physiological 

stresses, which produce repairable injuries. One of the 
emerging protective functions of p53 is the enhancement of 
DNA repair (Sablina et al. 2005). In addition, p53 down-
regulates intracellular ROS levels, thus reducing the prob-
ability of genetic alterations. The antioxidant function of p53 
was not expected as p53 was known as a potent pro-oxidant 
inducing a set of ROS-generating genes, which contribute to 
apoptosis. However, the anti-oxidant function of p53 is me-
diated through a set of antioxidant genes, which are respon-
sive to lower levels of p53 in non-stressed or physiologically-
stressed cells (Sablina et al. 2005). We propose that the anti-
oxidant CoQ10 transactivates the p53 and will represent an 
important component of the p53 tumor suppressor activity, 
which decreases the probability of genetic alterations and as-
sists the survival and repair of cells exposed to minor inju-
ries like steroidal imbalance that occurred post-
gonadectomy.  

Mediterranean diets supplemented with CoQ10 de-
creased the stabilization and activation of p53 in response to 
a lower DNA damage in peripheral mononuclear cells in 
elderly subjects as recent studies have shown (Gutierrez-
Mariscal et al. 2012). The ability of in vitro and in vivo CoQ10 
supplementation in inhibiting oxidative DNA damage and 
enhancing DNA repair enzyme activity in cultured lympho-
cyte has been recently demonstrated (Tomasetti et al. 2001). 
Also, there is evidence that castration can elevate oxidative 
stress ((Mancini et al. 2011, Tam et al. 2003). So in the present 
study we made castrate mice in order to create simulated 
andropause. Because production of ROS is not limited to a 
specific tissue or organ, oxidative-based damages to the cells 
can be detected from the most superficial layer, skin, to dif-
ferent internal compartments like the nervous system, bone 
marrows and hematopoietic system, liver, and the other 
parts of the endocrine system (Abdollahi et al. 2014). In this 
continuum, we evaluated the transcription of an indicator of 
oxidative stress, p53, which is transcriptionaly altered during 
oxidative stress in blood leukocytes. 

Our present findings are in agreement with other study 
states that castration could cause oxidative stress (Tam et al. 
2003). Since TP53 is a critical regulator of cell growth, its ex-
pression must be tightly regulated to ensure normal cell di-
vision as well as its ability to function as a tumor suppressor. 
In our recent work the BOX group relative p53 gene expres-
sion was (0.52±0.03) which was decreased non-significantly 
while compared to NC (4.49±1.73). Protein kinase C δ is a 
member of the novel PKC family, which leads to apoptosis 
in several cell types. Recent studies showed that steroid de-
pletion from the culture medium causes a pronounced 
down-regulation of PKC δ protein and mRNA in prostate 
cancer cells. Other studies showed that castration in rats 
leads to a significant decrease in total PKC activity 
(Gavrielides et al. 2006). Moreover, it has been recently 
found that endogenous testosterone increases coronary PKC 
δ protein and activity in porcine males (Gavrielides et al. 
2006).  Other studies on the mouse PKC δ promoter attest to 
its complexity as a range of putative transcription factor 
binding sites involved in different processes such as devel-
opment, immune response, oxidative stress and oncogenesis 
(Suh et al. 2003). Analysis of the PKC δ promoter revealed a 
putative androgen responsive element (ARE) located 4.7 kb 
upstream from the transcription start site. AR binds in vivo 
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to the PKC δ ARE in response to androgen stimulation. 
There is a novel hormonal mechanism for the control of PKC 
δ expression via transcriptional regulation that fine-tunes the 
magnitude of PKC δ apoptotic responses (Gavrielides et al. 
2006). PKC δ up-regulates TP53 gene transcription through 
the core promoter element (CPE-TP53) in the TP53 promoter. 
PKC δ is involved in DNA damage-mediated TP53 promoter 
activation and that the -90 to +111 region of the TP53 pro-
moter contains an element required for PKC δ-dependent 
regulation. PKC δ forms complexes with Btf death promot-
ing factor a tumor suppressor like protein to co-occupy CPE-
TP53 and regulation of this kinase activity is a prerequisite 
to the affinity of these complexes for CPE-TP53 (Liu et al. 
2007). Taken together to our knowledge because of testoster-
one ablation after castration, transcription and protein activ-
ity of PKC δ has decreased and because of this decrease in 
PKC δ there has been lower content of it to occupy the CPE-
TP53 in the p53 promoter and cause transcription of the p53 
gene. 

Moreover, BOX groups which received different doses of 
antioxidant (CoQ10) supplementation namely BOX-125 
(2.79±0.21), BOX250 (3.97±0.55), BOX-500 (6.64±2.85) all had 
higher relative gene expression values compared to the BOX 
(0.52±0.03) group. Numerous studies have demonstrated 
that p53 transcription is activated before or during early S-
phase via a coordinated expression of two transcription fac-
tors, C/EBPβ-2 and RBP-Jκ, that act as an activator and a 
repressor of p53 gene expression, respectively, through their 
binding to the same site of the promoter (Reisman et al. 
2012). Other studies have shown that treatment of colorectal 
cancer cells with antioxidants can lead to apoptosis by in-
duction of p53 and p21 through a mechanism involving 
CCAAT/enhancer-binding protein β (C/EBPβ) ((Chinery et 
al. 1997). Enhanced expression of the p53 protein induces 
DNA repair, cell cycle arrest (G1 or G2), or programmed cell 
death (Ohkusu-Tsukada et al. 1999). Our finding is also in 
parallel to recent studies, which indicate that in response to 
DNA damage in cells which are in S-phase, p53 protein level 
increases, binds to the BAX promoter and causes a more 
rapid expression of this pro-apoptotic regulator (Reisman et 
al. 2012). 

In conclusion, the results of this study showed a consid-
erable effect of gonadectomy and dietary CoQ10 on p53 gene 
expression. The lowest gene expression was observed in 
BOX mice, while dietary CoQ10 supplementation had a 
beneficial effect in BOX mice by increasing p53 gene expres-
sion. This was demonstrated by the fact that the p53 gene 
expression had a high positive correlation to the CoQ10 
supplementation level. 
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