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	 Abstract
	 Objectives. This work aimed to study the influences 
of carbonated beverages (CBs) on the testis growth and the 
expression levels of androgen receptor (AR) of mice.
	 Methods. Two experimental groups of 30 mice 
each PEP-1 and PEP-2 drank 50% and 100% Pepsi-Cola, 
respectively for 15 days. Other 2 experimental groups of 30 
mice each COC-1 and COC-2 drank 50% and 100% Coca-
Cola, respectively for 15 days. The control group (CG) of 30 
mice drank water. Bilateral testes were harvested aseptically 
on days 0, 5, 7, 10, 13 and 15. Real-time PCR and Western 
blot were implemented to detect levels of androgen receptor 
(AR) mRNA and protein in testis tissues.
	 Results. Testes masses of PEP-2, COC-1 and COC-2 
were greater than those of PEP-1 and CG (P < 0.05). On day 
15, testis longitudinal diameter (TLD) of CBs-treated mice was 
increased as compared to CG. TLD, testes transverse diameters 
(TTD) and AR proteins levels of PEP-2 and COC-2 were 
increased in comparison with CG (P<0.05). Serum testosterone 
concentrations of PEP-2 were higher than that of COC-1 and 
CG (P < 0.05). Levels of AR mRNAs of four CBs-treated 
mice were increased by 60.18%, 67.26%, 65.93% and 78.76%.
	 Conclusions. A high concentration of Coca-Cola and 
Pepsi-Cola could raise TLD and TDD, enhance testosterone 
secretion, and increase serum EGF concentrations.

	 Keywords: Epidermal growth factor, Carbonated 
soft drinks, Androgen receptor.

INTRODUCTION

	 Coca-Cola (Coke) and Pepsi-Cola are two main 
carbonated beverages (CBs) drunk by numerous consumers 
over the world. CBs consumption may lead to obesity, 
cardiovascular diseases and type 2 diabetes mellitus (1). 
CBs increased weight body of rats after consuming over one 
year (2). Epidemiologic studies evaluated the association 
between caffeine and fertility (3), which indicated that 
health damage effects of CBs on adolescents and children 

were serious. Previous studies also suggested that CBs 
affected fertility (4). Massive consumption of coffee or 
caffeine increased testosterone production (5). Coca-Cola 
could induce incidence of malignant mammary tumors 
in Sprague–Dawley rat (6). However, many reports were 
questionnaire and prospective investigations based on the 
local populations in a region. Some reports even showed 
the opposite (7). So far there has been little documentation 
regarding correlation between CBs consumption and 
reproduction function and fertility in humans and animals 
(8). CBs have been associated with alterations in estradiol 
and other hormones which may affect ovulation, the 
length of the follicular or luteal phase (9). The exact 
mechanisms that carbonated beverages affected the fertility 
are undetermined. Comparative experimental studies are 
scanty (6, 10).
	 Our preliminary study showed that 
administration of Coca-Cola and Pepsi-Cola for 25 days 
could decrease ovaries mass, reduce the ovarian cortex 
thickness, as well as affect follicles development (11). 
Besides, cola and Pepsi-Cola could inhibit burn repair 
and physics strength of the healed tissues of the burned 
rabbits (12). Therefore, drinking carbonated beverages 
may threaten reproductive success (13).
	 Androgens play an important role in sexual 
differentiation and secondary characteristics formation 
of the male mammals. Androgen exerts its physiological 
functions by combining its specific androgen receptor 
(AR) in target tissues (14). Testosterone, a crucial 
androgen, has an important role on forming puberty 
and maintain normal male libido. Currently, it remains 
undetermined whether long-term intake of CBs 
influences the synthesis and secretion of testosterone (15).
	 The present study aimed to investigate the effects 
of carbonated beverages (CBs, including Coca-Cola and 
Pepsi-Cola) on the testis development and expression 
levels of androgen receptor (AR) of mice, and also to 
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Data in the table are the average of both left and right testis weights. * P<0.05 when compared to control group;  ** P<0.01 when compared to control 
group. The same superscript letters in the same column mean that there was no significant difference. The different superscripts mean that there was 
significant difference between groups, of which adjacent superscript (such as ab, bc) indicate the difference was significant (P<0.05), while interval 
superscript (such as ac, bd) show the difference was highly significant (P<0.01). 

provide scientific bases for the rational consumption of 
CBs, and prevent prostate dysfunction and cancer.

MATERIALS AND METHODS

	 Animals
	 150 non-copulating male mice (Mus musculus), 
body weight of 20.84 ± 2.45g, were bought from 
Lanzhou University [License No. SCXK (Gansu) 2005-
0007]. They were allocated into 5 groups: Pepsi-Cola 1 
(PEP-1), Pepsi-Cola 2 (PEP-2), Coca-Cola 1 (COC-1), 
Coca-Cola 2 (COC-2) and the control group (CG, n=30). 
Mice were raised in mice cages that were equipped with 
automatic water dispensers under the same conditions 
kept at 30% to 50% humidity and 22¯C-24¯C. Water was 
provided ad libitum. Mice were freely fed with daily 
ration feeds (Lanzhou Taihua Feed Co., China). Each 
mouse was weighed every day. The experiment was 
begun after an adaptation period of 7 days. 

	 Animal treatments and sample collection
	 Pure Pepsi-Cola and Coca-Cola were purchased 
from the monopolized store; 50% Pepsi-Cola (Coca-Cola) 
was prepared by releasing one liter (1 L) of pure Coca-
Cola (Pepsi-Cola) with 1 liter of tap water (1:1 v/v). Mice 
in PEP-1 and PEP-2 drank freely 50% and pure (100%) 
Pepsi-Cola, respectively for consecutive 15 days. Animals 
in COC-1 and COC-2 drank freely 50% and pure (100%) 
Coca-Cola, respectively for consecutive 15 days. Mice in 
the control group (CG) drank freely tap water. Bilateral 
testes were aseptically collected from each mouse on days 
0, 5, 7, 10 and 15, respectively. Blood was harvested from 
the jugular vein of each mouse killed by neck dislocation. 
Serum was isolated from blood by centrifugation at 3000 
× g for 10 min, and then stored at -20¯C until analysis. 
Animal treatment was permitted by the Experiment Animal 
Care and Use Committee of Gansu province, China. 

	 Measurements of testis mass, testis longitudinal 
and transverse diameter 
	 The mass of each testis was measured using 
an electronic balance. The average was determined on 
the basis of both left and right values. The extraneous 
tissues and fats on the testis surface were removed using 
sterile scissors. The testis longitudinal diameter (TLD) 
and testis transverse diameter (TTD) of each testis were 
accurately measured with a vernier caliper.

	 Measurements of serum testosterone and 
epidermal growth factor (EGF)
	 The contents of serum testosterone and EGF 

were measured using the mice ELISA kit (Shanghai 
Qiaodu Biological Technology Co., Ltd, Shanghai, 
China), as per instruction manual (Qiaodu biotechnology 
corporation, Shanghai, China). The detection level was 
0.40pg/mL. Each assay was done in triplicate.

	 Determination of expression levels of AR 
mRNA
	 Total RNAs were extracted from the testis 
samples (16), then reversely transcribed into cDNA with 
the superscriptTM first strand synthesis system for RT-
PCR (Invitrogen, Beijing, China).
	 Appropriate primers of the androgen receptor 
(AR, GenBank No: X59592.1) were designed and 
synthesized by Sangon Biotech Co., Ltd. (Shanghai, 
China). Only those primers showing dimmer-free 
reactions were used for further analysis. 
	 The sequences of androgen receptor primers 
(Gene ID: NM_013476.4) were forward primer: 
5′- aagagacgaggaggcaggata-3′ and reverse primer: 
5′- gccgggaggtgctatgttag-3′ (17, 18); mouse beta-
actin (NM_007393) forward primer sequence: 
5′-gtatgcctctggtcgtacca-3′ and Reverse primer 
primer sequence: 5′-ttgctgacaggatgcagaag-3′; mouse 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH, 
NM_008084.2) forward primer sequence: 5′- 
cttcaacagcgacactcactct-3′ and reverse primer sequence: 
5′- ccaccaccctgttgctgta-3′. The expression level of 
androgen receptor mRNA was determined using qRT-
PCR. The level of every group was assessed by the 2–
ΔΔCT method and normalized to beta-actin of CG on 
day 0. Each sample was executed in triplicate.

	 Western blot analysis of androgen receptor 
protein in testes
	 Western blot was performed so as to evaluate 
the expression levels of androgen receptor (AR) 
protein in testis tissues after Pepsi-Cola and Coca-Cola 
treatment. Summarily, the polyvinylidene fluoride 
membranes (PVDF) were incubated with Anti-AR 
antibody (Sigma, diluted 1:500) and β-actin (1:1000, 
ab8227, USA) polyclonal antibodies at 4 ¯C overnight, 
before being exposed to the appropriate secondary 
antibody (1:2000) for 1 h. Monoclonal antibody (1:10 k)  
of mouse anti-β-actin was used as a control. The integrated 
optical densities (OD) of image bands were determined 
using Quantity One software (Bio-Rad, Hercules, CA, 
USA). Expression of AR protein was measured as grey 
value ratio between target band and β-actin band. The 
negative control was set without primary antibody. 
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	 Statistical analyses
	 All variables of three groups complied with the 
assumptions for an one-way ANOVA using SPSS v. 
20.0. Then, Tukey’s post-hoc tests were done to compare 
pair wise differences after significant differences were 
identified. Significance level was P<0.05.

RESULTS
	
	 The testes weights of PEP-2, COC-1 and COC-
2 were significantly increased on day 15 (P<0.05) as 
compared to PEP-1 and CG (Table 1). The outcomes 
demonstrated a high dose of Pepsi-Cola or Coca-Cola 
could promote testis growth and development.
	 Data in Table 2 showed that TLD values of four 
experimental groups were elevated as compared to CG 
on days 10 and 15. TLDs of COC-2 and PEP-2 were 
significantly greater than that of CG. On day 15, TTD 
values of COC-2 and PEP-2 were also larger than that 
of CG, COC-1 and PEP-1 groups. The results indicated 
that higher doses of Pepsi-Cola and Coca-Cola could 
enhance the testis longitudinal and transverse diameter, 
and then they promoted testis growth of mice.
	 As shown in Figure 1A, the concentrations of 
serum testosterone in all mice were enhanced after the 
Pepsi-Cola and Coca-Cola treatment. Serum testosterone 

concentration of PEP-2 was higher than that of other 
four groups. On days 10 and 15, there were significant 
differences between PEP-2 and CG. Serum testosterone 
concentration of COC-2 was also higher than that of CG 
(P<0.05). The outcomes indicated that high doses of 
Pepsi-Cola and Coca-Cola could improve testosterone 
secretion of male mice.
	 Data in Figure 1B showed that the serum 
concentrations of epidermal growth factor (EGF) of 
treatment groups were slightly increased as compared to 
CG on days 10 and 15. EGF concentrations of PEP-2 
and COC-2 were significantly higher than CG (P<0.05) 
on day 15,. The results demonstrated a high dose of 
Pepsi-Cola and Coca-Cola could raise EGF activity. 
	 Expression levels of AR mRNAs in mouse 
testes were detected using qRT-PCR so as to assess 
the FRBI influences on s of AR mRNAs. As shown in 
Figure 2, expressions of AR mRNAs in four treatment 
groups were increased. On day 15, increments of 
COC-1, COC-2, PEP-1 and PEP-2 mice were 60.18%, 
67.26%, 65.93% and 78.76% (P<0.05) on the bases of 
the CG level. Pepsi-Cola and Coca-Cola could enhance 
expressions of AR mRNAs in the testes of mice.
	 Expression levels of androgen receptor (AR) 
proteins in CBs-treated mice were increased (Fig. 3) in 
comparison with CG. On day 15, AR proteins levels of 
PEP-2 and COC-2 mice were increased as compared to 
CG (P<0.05). A high concentration of Pepsi-Cola and 
Coca-Cola could accelerate expressions of AR protein 
in the testes of mice.

DISCUSSION

	 Currently, carbonated beverages (CBs), are daily 
consumed by many people worldwide (3, 19). CBs have 
been a deleterious key factor along with their consumption 
increase. The overweight, obesity, diabetes and endocrine 
disorders are associated with massive consumption of 
CBs (2, 20). CBs harmfully affect reproduction functions 
(21, 22). A survey of 2500 men indicated that the sperms 

Group 3d 5d 7d 10d 15d
COC-1 73±15 54±6 90±10*b 77±15 98±7 
COC-2 62±11 64±9 89±9*b 89±10 97±10 
PEP-1 80±14 60±12 49±8a 78±12 85±6 
PEP-2 65±12 61±10 91±5*b 79±11 99±16 

CG 71±11 60±8 66±6 76±14 86±7

Table 1. Changes of testis weights of mice (mg)

Data are the average of both left and right testis weights. * P<0.05 when 
compared to control group; ** P<0.01 when compared to control group. 
The same superscript letters in the same column mean that there was 
no significant difference. The different superscripts mean that there was 
significant difference between groups, of which adjacent superscript (such 
as ab, bc) indicate the difference was significant (P<0.05), while interval 
superscript (such as ac, bd) show the difference was highly significant 
(P<0.01). 

Group Testis longitudinal diameter Testis transverse diameter
5d 10d 15d 5d 10d 15d

COC-1 225.7±35.6 257.3±25.1 288.1±27.3 54.3±6.2 77.4±15.2 83.0±7.3a

COC-2 221.1±30.2 289.6±20.7* 297.0±26.2* 64.9±9.2 82.4±10.2 97.1±10.6*b

PEP-1 226.5±39.7 267.8±12.5 285.5±26.8 60.6±12.3 78.2±12.1 85.7±6.3a

PEP-2 224.3±33.6 279.6±31.9* 299.5±36.2* 61.6±10.5 83.0±11.3 99.6±16.8*b

CG 220.2±41.9 247.6±34.1 268.6±37.7 60.2±8.6 76.6±14.5 86.6±7.2

Table 2. Testis longitudinal diameter (TLD) and testis transverse diameter (TTD) (μm)

Data are the average of both left and right testis masses of 5 mice (sample collection from 5 mice in every time). * P<0.05 when compared to control 
group;  ** P<0.01 when compared to control group. The same superscript letters in the same column mean that there was no significant difference. The 
different superscripts mean that there was significant difference between groups, of which adjacent superscript (such as ab, bc) indicate the difference was 
significant (P<0.05), while interval superscript (such as ac, bd) show the difference was highly significant (P<0.01).
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Figure 1.  A: Before treatment; B: After treatment.

quantity was reduced by 30% after men drank 1 liter cola 
beverage every day as compared to those without drinking 
any CSD. The oxidants and additives in CBs result in 
proteins oxidation, cell damages (15) and reduce sperm 
motility (23).
	 In our study, we found that testes masses of 
PEP-2, COC-1 and COC-2 groups were increased in 
comparison with PEP-1 and CG (P<0.05) on day 15. 
The testes longitudinal and transverse diameters become 
larger as compared to CG. Our initial experiments 
demonstrated that Pepsi-Cola and Coca-Cola could 
reduce ovarian weight, inhibited the development 
of follicles and oocytes. Pepsi-Cola and Coca-Cola 
obviously reduced pregnancy rate and fetus numbers 
of female mice, such affected reproduction behaviors 

of female mice (11). Our results revealed serum EGF 
contents of COC-2 and PEP-2 were higher than that of 
CG. These findings demonstrated high doses of Coca-
Cola and Pepsi-Cola could enhance EGF activity and 
testosterone secretion. These are in agreement with our 
previous study in rabbits (12). However, the effects have 
to be deeply studied. Its mechanisms also have to be 
further explained in other mammals in the future (5).
	 Androgen and its receptor (AR) affect the 
development of normal prostate and prostate cancer 
(24). In the present study, we investigated the effects of 
Coca-Cola and Pepsi-Cola on androgen receptor (AR) 
expression levels in the mouse testes. The findings 
indicated AR mRNA and protein levels of the CBs-
treated mice were strikingly increased when compared 

Figure 1. Changes in serum testosterone and epidermal growth factor (EGF) concentrations in mice (sample collection from 5 mice in 
every time, the same for the following figures). Testosterone concentration of PEP-2 and COC-2 groups were higher than that of CG. Serum 
EGF concentrations in treatment groups were increased as compared to CG on days 10 and 15. A. Serum testosterone concentrations;         
B. Serum epidermal growth factor (EGF) concentrations. * P<0.05 as compared to CG.

Figure 2. Expression levels of AR mRNAs in testes. * P<0.05 as 
compared to CG. On day 15, the increments of AR mRNAs in COC-
1, COC-2, PEP-1 and PEP-2 mice were 60.18%, 67.26%, 65.93% and 
78.76% on the bases of the CG level. 

Figure 3. Levels of AR proteins in mouse testes. On day 15, 
AR proteins levels of PEP-2 and COC-2 mice were increased in 
comparison with CG. * P<0.05 as compared to CG; **P<0.01 as 
compared to CG. 
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to CG normal level. Nowadays, scarce document is 
reported on this subject (25). Such, these findings still 
need to be validated in the future (18). 
	 In conclusion, drinking Coca-Cola and 
Pepsi-Cola could promote testis development, 
enhance testosterone secretion, increase serum EGF 
concentrations, also accelerated expressions of AR 
protein in the mice testes. Our findings provided the 
scientific bases and for fully understanding CBs effects 
and their mechanism on development and reproduction 
functions of humans, but also benefit to prevent prostate 
dysfunction and cancer.

 	 Conflict of interest
	 The authors declare that they have no conflict of interest. 
	 Acknowledgements
	 The work received the support of the innovative 
team development project of Ministry of education of China 
(IRT-17R88), the innovation team for animal diseases in the 
plateau areas of Northwest Minzu University (2020-88-07-3), 
the innovative research team of Yak Reproductive Regulation 
Mechanism and Plateau Adaptability (31920190024). 
	 Ethical Approval
	 The research protocol was approved by the 
Experiment Animal Care and Use Committee of Gansu 
province, the People’s Republic of China. All mice were 
treated as per ethical rules.
	 Funding/Support
	 The work received the support of the Project of 
National Key research and Development Program of China in 
13th Five-year Plan (2016 YFC0502601), the Reproductive 
Biotechnology Innovation Team of Animals of Colleges 
and Universities of Gansu Province of China (Grant No. 
2017C-01), and National Natural Science Foundation of the 
People’s Republic of China (Grant No. 31460684).

References

1. Wei S, Guo H, Gong Z, Zhang F, Ma Z. Triptorelin and cetrorelix 
induce immune responses and affect uterine development and 
expressions of genes and proteins of ESR1, LHR, and FSHR of mice. 
Immunopharmacol Immunotoxicol. 2016;38(3):1-8.
2. Eweis DS, Abed F, Stiban J. Carbon dioxide in carbonated 
beverages induces ghrelin release and increased food consumption in 
male rats: Implications on the onset of obesity. Obesity Res Clin Pract. 
2017;11(3):534-543.
3. Hatch EE, Wise LA, Mikkelsen EM, Christensen T, Riis AH, 
Serensen HT, Rothman KJ. Caffeinated Beverage and Soda 
Consumption and Time to Pregnancy. Epidemiol. 2012;23(3):393-401.
4. Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. 
Caffeinated and Alcoholic Beverage Intake in Relation to Ovulatory 
Disorder Infertility. Epidemiol. 2009;20(3):374-381.
5. Svartberg J, Midtby M, Bonaa K, Sundsfjord J, Joakimsen R, 
Jorde R. The associations of age, lifestyle factors and chronic disease 
with testosterone in men: the Tromso Study. Eur J Endocrinol. 
2003;149(2):145-152.
6. Belpoggi F, Soffritti M, Tibaldi E, Falcioni L, Bua L, Trabucco 

F. Results of Long-Term Carcinogenicity Bioassays on Coca-Cola 
Administered to Sprague-Dawley Rats. Annals of the New York 
Academy of Sciences. 2006;1076(1):736-752.
7. Colbert JA, Adler JN. Clinical decisions. Sugar-sweetened 
beverages--polling results. New Eng J Med. 2013;368(3):e4.
8. Zeng H, Shu WQ, Chen JA, Liu L, Wang DH, Fu WJ, Wang LQ, 
Luo J, Zhang L, Tan Y, Qiu ZQ, Huang YJ. Experimental Comparison 
of the Reproductive Outcomes and Early Development of the 
Offspring of Rats Given Five Common Types of Drinking Water. Plos 
One. 2014;9(10):e108955.
9. Kotsopoulos J, Eliassen AH, Missmer SA, Hankinson SE, SS. 
T. Relationship between caffeine intake and plasma sex hormone 
concentrations in premenopausal and postmenopausal women. Cancer 
Treat Res. 2009;115(12):2765-2774.
10. Panda K Banerjee P. Prevention of Oxidative Damage of Liver, 
Kidney and Serum Proteins with Apoptosis of above Tissues in Guinea 
Pigs Fed on Carbonated Soft Drink by Vitamin C. Asian J Biochem. 
2014;9(3):151-169.
11. Suocheng W, Huining L, Haoqin L, Luju L, Zhuandi G. Coca-cola 
and Pepsi-cola affect ovaries and follicles development. Biomed Res. 
2016;27(3):710-717.
12. Zhuandi G, Luju L, Yingying D, Haoqin L, Suocheng W. Coca 
Cola and Pepsi Cola impact burns repair and serum levels of endothelial 
growth factor and vascular endothelial growth factor receptor in 
rabbits. Biomed Res. 2018;29(6):1073-1077.
13. Machtinger R, Gaskins AJ, Mansur A, Adir M, Racowsky 
C, Baccarelli AA, Hauser R, Chavarro JE. Association between 
preconception maternal beverage intake and in vitro fertilization 
outcomes. Fertil Steril. 2017; 108(6):1026-1033.
14. Gucalp A, Traina TA. The Androgen Receptor: Is It a Promising 
Target? Ann Surg Oncol. 2017; 24(10): 2876-2880. 
15. Gong Z, Che T, Lai L, Abdiryim A, Deng Y, Liang H. FSH 
receptor binding inhibitor restrains follicular development and possibly 
attenuates carcinogenesis of ovarian cancer through down-regulating 
expression levels of FSHR and ERβ in normal ovarian tissues. Gene. 
2018; 668:174-181.
16. Wei SC, Gong ZD, Zhao HW, Liang HQ, Lai LJ, Deng YY. Equine 
chorionic gonadotropin influence on sheep oocyte in vitro maturation, 
apoptosis, and follicle-stimulating hormone receptor and luteinizing 
hormone receptor expression. Genet Mol Res. 2016;15(4): 89-96 .
17. Zhuandi G, Luju L, Yingying D, Haoqin L, Suocheng W. Coca 
cola and pepsi cola impact burns repair and serum levels of endothelial 
growth factor and vascular endothelial growth factor receptor in 
rabbits. Biomed Res. 2018;29:1073-1077.
18. Wach S, Taubert H, Cronauer M. Role of androgen receptor splice 
variants, their clinical relevance and treatment options. World J Urol. 
2019;37(1):1-10.
19. Cuomo R, Andreozzi P, Zito FP. Alcoholic beverages and 
carbonated soft drinks: consumption and gastrointestinal cancer risks. 
Cancer Treat Res. 2014;159:97-120.
20. Gibson S. Sugar-sweetened soft drinks and obesity: A systematic 
review of the evidence from observational studies and interventions. 
Nutrit Res Rev. 2008;21(2):134-147.
21. Kumar S, Kumari A, Murarka S. Lifestyle factors in deteriorating 
male reproductive health. Indian J Exp Biol. 2009;47(8):615-624.
22. Singh S, Jindal R. Evaluating the buffering capacity of various soft 
drinks, fruit juices and tea. J Conserv Dentistry. 2010; 13(3):129-131.
23. Ricci E, Vigano P, Cipriani S, Somigliana E, Chiaffarino F, Bulfoni 
A, Chiaffarino F, Bulfoni A, Parazzini F. Coffee and caffeine intake 
and male infertility: a systematic review. Nutrition J. 2017;16(1):37-39.
24. Sivonova MK, Kaplan P, Tatarkova Z, Lichardusova L, Dusenka 
R, Jurecekova J. Androgen receptor and soy isoflavones in prostate 
cancer. Molecular and clinical oncology. 2019;10(2):191-204.
25. Caty G, Salazar Gajardo S, Butoescu V, Nonclercq O, Tombal 
B. Evaluation of a supervised six-month exercise program in patients 
with prostate cancer receiving androgen-deprivation therapy. Revue 
medicale de Liege. 2019;74(1):36-40.


