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Abstract: A mixture of antioxidants found in a commercial food supplement called Citozym (CIZ), showed a preventive 

capability on experimental prostate hyperplasia induced by testosterone propionate (TP) in C57BL6/N mice. Treatments by 

CIZ were given orally and started 10 days before the induction of prostate hyperplasia. TP significantly increased prostate 

size and weight ratio, and this induced increase was significantly inhibited in CIZ-treated mice in comparison with positive 

controls in a dose-dependent manner. We conclude that CIZ can prevent TP-induced prostate hyperplasia and therefore may 

be beneficial in the management of benign prostatic hyperplasia. 
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1. Introduction 

Benign prostatic hyperplasia (BPH) is an hormone- and 

age-related disease, characterized by histological changes 

and variable increases in prostatic size (1). Since epidemio-

logical data suggest that the incidence of BPH in Asian 

men increases after adopting a western lifestyle (2), dietary 

factors likely play a role in the development of BPH. In-

deed, a diet rich in fruit and vegetables may also reduce the 

occurrence of BPH (3). It was suggested that he beneficial 

effect of natural and dietary elements with antioxidant 

properties on the risk of prostate cancer, which has been 

observed in epidemiological studies, may occur at early 

preneoplastic stages of the natural history of the disease.(4) 

In recent years, natural antioxidants found in fruits, beve-

rages (fruit juice, wine, tea, chocolate, etc.), and to a lesser 

extent vegetables, dry vegetables, and cereals, have been 

reported to play a role in the prevention and/or the treat-

ment of various diseases associated with oxidative stress 

such as cancer, cardiovascular diseases, and inflammation 

(5). Antioxidants are reducing agents, such as vitamin C, 

vitamin E, and carotenoids , they protect the tissues of the 

body against oxidative stress (6) The considerable diversity 

of their structures affects their biological properties: bio-

availability, antioxidant activity, and specific interactions 

with cell receptors and enzymes like 5α-reductase, which 

catalyzes the conversion of testosterone to dihydrotestoste-

rone and which is implicated as a causative factor in BPH 

(7). We have recently reported that a commercial mixture 

of antioxidants (CIZ) found in a commercial food supple-

ment, protected C57BL6/N mice from melanoma carcino-

genesis, when chronically given before the initiation and 

promotion phases of melanoma cancer (8). The aim of this 

study was to investigate the preventive effects of CIZ 

against TP-induced prostate hyperplasia in male 

C57BL6/N mice. CIZ was given orally 10 days before the 

induction of prostate hyperplasia in C57BL6/N mice and 

during the 30 days of induction of this pathology. Body and 

prostate weight and serum PSA levels of mice were record-

ed during the experiment in order to determine the effects 

of the preventive treatments with CIZ in TP-induced BPH. 

2. Materials and Methods 

2.1. Chemicals 

Testosterone propionate was purchased from Sigma-

Aldrich (St. Louis, MO, USA). The commercial mixture of 

antioxidants (CIZ) was a gift from Citozeatec (Citozeatec 

S.r.l. Peschiera Borromeo, Milano, Italy). The main com-
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ponents of CIZ are as follows (units/100 g): 500 mg of vi-

tamin C, 56 mg of vitamin B5,56 µg of vitamin D, 3,3 mg 

of vitamin B9, 222 mg of pyruvic acid, 120 mg of citric 

acid, 250 mg of tartaric acid and 77.8 g of carbohydrates. 

2.2. Induction of Prostate Hyperplasia 

BPH was induced by subcutaneous injections of TP at a 

dose of 2 mg/day per mouse, once a day for 30 days from 

Day 11 to Day 40. TP was dissolved in olive oil (OO) each 

day before administration to the animals. 

2.3. Determination of Serum Testosterone Concentration 

Testosterone levels of individual animals of each group 

were measured every 5 days using a testosterone ELISA kit. 

The effect of the test samples on the serum testosterone le-

vels was measured using an ELISA reader (Bioline BPR08). 

Blood was collected from the retro-orbital plexus of mice 

and centrifuged at 2500 × g for 15 min. The UBI Magiwel 

testosterone quantitative test used is based on a competitive 

solid phase enzyme immunoassay. The test sample com-

petes with enzyme-labeled-testosterone for a fixed and li-

mited number of antibody sites on the microtiter wells. In 

the assay procedure, the testosterone standard or test serum 

is incubated with the testosterone antibody and the testoste-

rone-horseradish peroxidase conjugate in the antirabbit IgG 

coated well. In this solid-phase system, the antibody bound 

testosterone will remain on the well while unbound testos-

terone will be removed by washing. A color is developed 

when tetramethylbenzidine (TMB) substrate is mixed with 

the antibody bound testosterone-horseradish peroxidase 

enzyme conjugate. After a short incubation, the enzyme 

reaction is stopped and the intensity of the color is meas-

ured with a microreader at 450 nm. 

2.4. Determination of Serum Prostate Specific Antigen 

Levels 

Prostate specific antigen (PSA) levels were measured for 

individual mice of each group to find the severity of hyper-

plasia induced in the prostate by TP treatment. For this 

purpose a PSA ELISA kit was utilized (Cusabio Biotech 

Co. Ltd, Newark, Delaware, USA). The PSA ELISA kit is 

intended for the quantitative determination of total PSA. 

The PSA was quantified by a published method (9). The 

PSA ELISA is a solid-phase, non competitive immunoas-

say based upon the direct sandwich technique. Calibrators, 

controls and samples were incubated together with biotiny-

lated anti-PSA monoclonal antibody and horseradish pe-

roxidase (HRP) labelled anti-PSA monoclonal antibody in 

streptavidin-coated microtiter strips. After washing, buf-

fered substrate (TMB-HRP substrate) which contains hy-

drogen peroxide and chromogen reagent (3,3′,5,5′tetra me-

thyl benzidine) was added to each well and the enzyme 

reaction was allowed to proceed. The color intensity was 

determined in the microtiter plate spectrophotometer at 620 

nm. Calibration curves were constructed for each assay by 

plotting absorbance versus the concentration of each cali-

brator. The PSA concentration of samples was then read 

from the calibration curve. 

2.5. Experimental Protocol 

Male C57BL6/N mice (80) of 13 weeks of age and a 

body weight of about 25/35 g were divided in four groups 

of 20 animals each. Group A received only subcutaneous 

injections of OO for 30 days (negative control). Group B 

was treated with TP injected subcutaneously for 30 days 

(positive control). Group C was pretreated by oral adminis-

tration of 5 mL/day of CIZ , diluted 1:2 v/v with physiolog-

ical solution (PS) for 10 days and with CIZ (1:2 v/v) and 

TP for the successive 30 days. Group D was pretreated by 

oral administration of 5 mL/day of CIZ , diluted 1:4 v/v 

with PS for 10 days and with CIZ (1:4 v/v) and with TP for 

the successive 30 days. These doses were selected from 

previous dose–response studies. Briefly, treatments with 

CIZ started 10 days prior to the induction of prostate 

hyperplasia by TP and were given daily. 24 hours after the 

last treatment with CIZ and TP, C57BL6/N mice were sa-

crificed under anesthesia, the prostate, bladder, and seminal 

vesicles were removed. The prostate was carefully dis-

sected away from the bladder and seminal vesicles, and the 

wet weight of the whole prostate was determined.  Sample 

of prostate lobes were examined by histological procedures 

(data not shown). 

2.6. Statistical Analyses 

The statistical analysis was performed using the Mann-

Whitney U test for intergroup comparisons. Spearman’s 

rank correlation test and the linear regression analysis were 

performed to analyze correlations between groups B/C and 

B/D and the duration of administration of CIZ and to draw 

least squares regression lines. Values were expressed as the 

mean ± SD. P <0.05 was regarded as statistically signifi-

cant  

3. Results 

3.1. Effects of Treatments with CIZ on Prostate Weight 

and Prostate Weight/Body Weight Ratio of C57BL6/N 

Mice 

As shown in Table I, the prostate weights (PW) of 

C57BL6/N mice of the four groups of treatment taken at 

the end of the study were statistically different. The PW of 

mice of the negative control (group A) was significantly 

lower (50.6 ± 3.29 mg) than that of the positive control 

(group B) receiving subcutaneous injections of TP 

(84.9±6.0 mg). The PW of the group C (48.5 ± 7.2 mg) was 

significantly lower than that of the positive control group B 

and of the group D (74.2 ± 4.3 mg). The prostate 

weight/body weight ratio express as mg PW/100 g of BW 

(PW/BW) of C57BL6/N mice for the negative control 

(group A) was significantly lower (158.2 ± 12.8 mg 

PW/100 g of BW) than that of the positive control (group 

B) receiving subcutaneous injections of TP ( 303.2 ± 20.1 
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mg PW/100 g of BW). The PW/BW of group C receiving 

an oral pretreatment with CIZ diluted 1:2 and subcutaneous 

injections of TP were significantly lower (134.7 ± 11.0 mg 

PW/100 g of BW) than that of the positive control group B. 

No statistical differences were observed between the 

PW/BW of group D ( 296.8 ± 23.5 mg PW/100 g of BW) 

receiving an oral pretreatment with CIZ diluted 1:4 and 

subcutaneous injections of TP and the positive control 

group B. 

Table 1. Effects of TP and CIZ treatments on prostate weight (PW) and 

prostate weight/body weight (PW/BW) of C57BL6/N mice. 

Treatment PW PW/BW 

group (mg) (mg PW/100 g of BW) 

A (negative control) 50.6 ± 3.2 158.2 ± 12.8 

B (positive control)  84.9 ± 6.0 303.2 ± 20.1 

C (CIZ 1:2/TP) 48.5 ± 7.2* 134.7± 11.0* 

D (CIZ 1:4/TP) 74.2 ± 4.3 296.8± 23.5 

  Data are the mean of three determinations ± SD 

*(p < 0.05). 

3.2. Effects of Treatments with CIZ On PSA Serum Le-

vels Of C57BL6/N Mice 

The PSA serum levels are abnormally elevated in pa-

tients with prostate cancer, BPH and patients with prostate 

inflammatory conditions (9). The effect of the administra-

tion of TP on the PSA levels of C57BL6/N mice is an indi-

cation of the hypertrophy of the prostate induced by TP. 

This parameter was measured in the serum of the test ani-

mals of various groups using the PSA ELISA kit. As shown 

in Fig. 1, the normal PSA level in the vehicle (OO) treated 

mice (group A) was found to be 0.220 ± 0.094 µg/L. The 

PSA level increased to 1.690 ± 0.322 µg/L in the TP-

treated animals (group B). The CIZ- treated mice, group C 

and D, showed a decrease in the PSA level to 0.588 ± 

0.102 µg/L and to 1.103 ± 0.224 (p < 0.05) respectively, 

compared with the TP-treated group B. The untreated mice 

showed a PSA levels of 0.279 ± 0.123. These observations 

indicate the preventive effects of CIZ on TP-induced 

hyperplasia. 

 

Figure 1. Effects of TP and CIZ on serum PSA levels of C57BL6 mice. 
Data are the mean of three different determinations ± SD *(p < 0.05). 

4. Discussion 

In the ageing man BPH is the common health problem 

and involves hormonal changes (10). The enzymatic con-

version of testosterone into its more active metabolite di-

hydrotestosterone (DHT) is localized in the prostate. DHT 

binds to androgenic receptors and promotes protein synthe-

sis and cellular growth and is responsible of the androgen 

stimulation of the prostate gland leading to the develop-

ment of BPH. It is well known that free radicals and reac-

tive oxygen species (ROS) are produced more with ad-

vancement of age leading to oxidative stress (11).  

Oxidative stress, cause extensive damage to various or-

gan in the body and may be associated with pathogenesis 

of BPH. Since it reproduces adequately, the major features 

of human BPH, including functional and histological 

changes, prostate enlargement induced by testosterone, has 

been experimentally used to assess the effects of potential 

pharmacological treatments for BPH (12). This study in-

vestigated whether oral dosing with a commercial mixture 

of antioxidants (CIZ) rich in vitamins C and D, pyruvic, 

citric, and tartaric acids, would prevent BPH induced by TP 

in mice. The positive effects of CIZ found here are consis-

tent with the presence of these components. Indeed, several 

evidences support the notion that vitamin C is involved in 

the pathogenesis of BPH. For instance, case-control studies 

have demonstrated that men who consume fruits and vege-

tables rich in vitamin C have a lower incidence of BPH 

(13-14). Furthermore, vitamin C plasma concentrations 

were found to be significantly lower in BPH patients than 

in normal healthy controls (15). Accordingly, clinical stu-

dies suggest that vitamin C lowers the risk of BPH devel-

opment, and because vitamin C generally acts to reduce 

oxidative stress, it might be expected that it influences the 

development of BPH. A growing body of evidence sug-

gests that the biological effects of vitamin C are due to its 

specific targeting of cell signaling and gene regulation sys-

tems. Indeed, vitamin C is known to repress various tran-

scription factors, such as IRF and NF-κB, and to suppress 

their downstream genes (16-18). In addition, HIF-1α inhi-

bition by vitamin C has been reevaluated because vitamin 

C initiates HIF-1α degradation by activating PHDs. In par-

ticular, a tumor xenograft study demonstrated that vitamin 

C has in vivo anticancer activity by targeting HIF-1α (19) 

and other studies have also shown that vitamin C has HIF-

1α inhibitory effects in various tumor cells (20-21). Vita-

min D insufficiency has been suggested as a risk factor for 

prostate cancer (22-24). Ahonen et al (25) reported that 

prostate cancer risk, analyzed by quartiles of the 25(OH)D 

levels, was inversely related to 25(OH)D level. In addition, 

a low vitamin D level was associated with a higher likelih-

ood of having prostate cancer diagnosed at younger age 

and with more advanced stage. Recently, Tretli et al (26) 

suggested that serum vitamin D levels have a prognostic 

significance for patients with prostate cancer. Since glucose 

and insulin are of fundamental importance to all cells and 

tissues to survive, it is not surprising to note that some of 
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the intermediate products of metabolism of glucose could 

be of benefit in a variety of clinical conditions. Pyruvic ac-

id is an intermediate in the metabolism of glucose and is 

also a potent scavenger of free radicals. Several studies 

suggest that pyruvate has potent anti-oxidant and anti-

inflammatory actions (27). Furthermore, blueberry antho-

cyanins and the respective anthocyanin-pyruvic acid ad-

ducts demonstrated anticancer properties by inhibiting can-

cer cell proliferation and by acting as cell antiinvasive fac-

tors and chemoinhibitors (28). Citrate, one of the compo-

nents of the Krebs cycle, has been reported to elevate the 

solubility of heavy metals by binding to heavy metal ions, 

and upon binding with zinc it may increase the bioavaila-

bility of zinc (29). In addition, similar to zinc, citrate is ac-

cumulated in normal prostatic cells at high concentrations, 

and the concentration has been found to be markedly de-

creased in prostate cancer cells (30). Prostate secretory epi-

thelium has the capability of accumulating and secreting 

extraordinarily high levels of citrate, but citrate level is 

markedly decreased in prostate cancer (31). Thus, citrate 

shows similar characteristics to zinc in normal prostate and 

prostate cancer. Because of such characteristics, that would 

aid in the prevention and treatment of prostate cancer, in-

terests in citrate are on the rise. A method (32) is disclosed 

for treating prostate cancer by administration of tartrate 

ions from a tartrate derivative. An important feature of the 

invention is the use of the L-tartrate ion as the prostatic ac-

id phosphatase (PAP) inhibitor. The inhibitor will readily 

bind to the binding region of PAP and thus prevent other 

ions and compounds from doing so. Since in this study the 

treatments by CIZ did not significantly affect BW, effects 

on PW/BW ratios can be attributed to effects on PW. How 

promising or clinically relevant are the effects of CIZ re-

ported here remains to be answered. These results need to 

be reproduced, and higher doses and longer treatments 

need to be tested, and also in different models to determine 

whether it is worth assessing such effects in men with BPH.  
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