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Abstract 

Contamination with the plasticizer di(2-ethylhexyl) phthalate (DEHP) is widespread worldwide. DEHP has been found 
to have testicular toxicity in animal experiments, and is suspected to be reproductively toxic to mammals, including 
humans. Therefore, it is important to explore the effects of prophylaxis on DEHP-induced reproductive toxicity, such as 
testicular atrophy. The DEHP metabolite mono(2-ethylhexyl) phthalate (MEHP) is a potent oxidative stress factor and 
is thought to be an active toxicant involved in testicular damage. For this reason, free radical scavengers that protect 
the testis from inflammation and generation of reactive oxygen species are considered to be effective prophylactic agent. 
The authors discuss the efficacy of several free radical scavengers in preventing testicular atrophy. The efficacy of these 
free radical scavengers was revealed in a DEHP mixed diet exposure experiment. Examples include nicotinic acid, 
caffeine, ethanol, and the rare sugar D-allulose. 

Keywords: Di(2-ethylhexyl) phthalate (DEHP); Testicular atrophy; Free radical scavenger; D-allulose 

1. Introduction

Di(2-ethylhexyl) phthalate (DEHP), the most widely used polyvinyl chloride (PVC) plasticizer, is a global contaminant 
with suspected endocrine disrupting effects [1-3]. DEHP is known to be a reproductive toxicant in laboratory animals 
[4], and previous studies have shown toxicity to male reproductive organs [5-9]. Although the toxicity of DEHP in 
humans is not clear, several epidemiological studies [10-17] suggest an association between exposure to phthalates and 
reproductive toxicity. Therefore, it is important to explore the effects of prophylaxis on DEHP-induced reproductive 
toxicity, such as testicular atrophy.  

The DEHP metabolite mono(2-ethylhexyl) phthalate (MEHP) is a potent oxidative stress factor and is thought to be an 
active toxicant involved in testicular damage [18-22]. For this reason, free-radical scavenging agents which protects the 
testis against inflammation and reactive oxygen species generation are considered to be effective as prophylactic agent. 
The authors discuss the effectiveness of several free radical scavengers in preventing testicular atrophy as revealed in 
DEHP-mixed diet exposure experiments.  

2. DEHP-induced testicular atrophy in rats

It has been reported that testicular atrophy is usually induced by daily gavage of rats with 1-2 g/kg DEHP or by ingesting 
1-2% DEHP in the diet [4-9]. In recent years, at 5000 ppm (0.5%) DEHP in the diet, vacuolization of testicular Sertoli
cells and decreased testicular body weight ratio were observed [23]. This has raised concerns about the effects of low
DEHP exposure.
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Most orally administered DEHP is hydrolyzed in the gastrointestinal tract of rats [24] and distributed as MEHP in the 
body. MEHP, a potent oxidative stressor, damages Sertoli cells after reaching the testis and induces germ cell apoptosis 
[18-23]. This results in testicular atrophy. Therefore, MEHP is considered to be a substance directly involved in 
testicular toxicity [18-20]. In our studies, plasma or testicular MEHP concentrations were closely associated with the 
degree of testicular atrophy [25, 26, 45–47]. In addition, 4-week-old rats showed higher susceptibility than 5-week-old 
rats. Moreover, after oral administration of 2 g/kg DEHP, MEHP in plasma reached its maximum concentration at 24 
hours and disappeared after 48 hours, and testicular malondialdehyde (MDA) production also changed in parallel with 
plasma MEHP [46]. This indicates that MEHP is closely involved in oxidative stress generation in the testis. Based on the 
above, free radical scavengers that protect testes from inflammation and reactive oxygen species are considered to be 
effective as prophylactic agents. 

3. Protective potency of free radical scavengers taken in through food and drink 

An antioxidant vitamin, nicotinic acid, caffeine and ethanol, which are hydroxyl radical scavengers [27-34], are ingested 
in relatively large amounts through food and drink on a daily basis. Therefore, it is important to clarify the relationship 
between DEHP toxicity and these free radical scavengers.  

 

Figure 1 Testicular atrophy caused by DEHP diet  

In the experiment, 4-week-old SD rats were given drinking water containing nicotinic acid (0.5 w/w %), caffeine (0.05 
w/w %), and ethanol (2.5 or 5 v/v %) with DEHP (1 w/w %) diet [35, 36]. After one week of experimental 
administration, a significant decrease in testis weight was observed in the DEHP-only administration group (Figure 1), 
and testicular MEHP concentration in the control group and DEHP–only administered group showed a strong negative 
correlation with the relative testicular weight (as a percentage of body weight). This indicates that there is a close 
relationship between the tissue MEHP concentration and testicular atrophy in the target organ, the testis. On the other 
hand, treatment with nicotinic acid, caffeine, and ethanol significantly suppressed testicular weight loss. In addition, 
plots of relative testicular weight versus testicular MEHP for the nicotinic acid, caffeine, and ethanol groups were clearly 
above the regression line obtained from the relationship between relative testicular weight and testicular MEHP 
concentration for the control and DEHP-only groups. (Figure 2). Furthermore, it was suggested that combined use of 
ethanol and caffeine had a combined effect of reducing testicular atrophy. These findings suggest that nicotinic acid, 
caffeine and ethanol may inhibit DEHP-induced testicular atrophy. But, protective effect of these antioxidants was not 
observed in a two weeks experiment. These experimental results suggest that nicotinic acid, caffeine and ethanol have 
a weak protective effect against toxicity caused by high-concentration DEHP contamination. However, we cannot ignore 
the DEHP toxicity-preventing effect of antioxidants that we consume daily through food and drink. 
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Figure 2 Relationship between relative testicular weight (testes/body %) and testicular MEHP concentration in DEHP 
and free radical scavengers treated groups. Filled circles; Control and DEHP-only treated rats. Filled squares nicotinic 

acid, caffeine and ethanol (2.5%) treated rats. Filled triangles; ethanol (5%) treated rats 

4. Protective potency of D-allulose 

Known as an artificial sweetener, D-allulose (also known as D-psicose) is a simple sugar that is about 70% as sweet as 
sucrose but has 1/10th the calories of sucrose. It also contains small amounts of figs, raisins, molasses, maple syrup, 
etc., and is also called "rare sugar" in Japan due to its small amount. D-allulose is recognized as GRAS (Generally 
Recognized As Safe) by the U.S. Food and Drug Administration. Since mass production of rare sugars by enzymatic 
isomerization of sugars was established by Ken Izumori at Kagawa University [37-39] in Japan, evoked the rare sugar 
studies revealing their anti-oxidative and anti-apoptotic properties [40-44]. Notably, D-allulose exhibits stronger 
scavenging activity than other rare sugars [43]. The authors investigated the protective effect of rare sugars on DEHP 
(1 w/w %) diet-induced testicular atrophy and found that D-allulose water and D-allose water have potent protective 
capacity [45]. Furthermore, testicular MDA production after oral administration of 2 g/kg DEHP was almost suppressed 
by pretreatment with 4% D-allulose water or 4% D-allose water (Figure 3). Furthermore, D-allulose water with a 
concentration of 2% or more showed almost complete protection against DEHP (1 w/w %) diet -induced testicular 
atrophy for up to 2 weeks (Figure 4, 5) [25, 45-47]. As shown in Figure 6, testis sections from DEHP-only given rats 
showed degeneration of the seminiferous tubules and sloughing of germ cells into the tubular lumen. On the other hand, 
testicular sections from rats given a DEHP diet and 4% D-allulose water showed normal spermatogenesis with normal 
cell arrangement within the seminiferous tubules.  

These results suggest that D-allulose has a very high protective capacity against DEHP-induced testicular atrophy and 
may be the best prophylactic agent for DEHP–induced testicular atrophy we have explored. 
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Figure 3 Testicular MDA levels 24 hours after oral administration of 2 g/kg DEHP. Pretreatment with 4% D-allose or 
4% D-allulose almost suppressed the formation of MDA. **P < 0.01, ***P < 0.001 as compared to DEHP-only 

administered group 

 

 

Figure 4 Relationship between plasma MEHP levels and relative testicular weights of control and treatment rats 
receiving the diets for one or two weeks. Filled circles; Control and DEHP-only treated rats. Open circles; rats given the 

DEHP diet plus 2% D-allulose water 

 

 

Figure 5 Relative testicular weights of the rats treated with DEHP and D-allulose for two weeks 



World Journal of Biology Pharmacy and Health Sciences, 2023, 15(02), 114–121 

118 

 

Figure 6 Rat testes and seminiferous tubules after two weeks of treatment with DEHP and D-allulose 

5. Conclusion 

The authors discussed the effectiveness of several free-radical scavengers in preventing DEHP–induced testicular 
atrophy, which was revealed in DEHP mixed diet exposure experiments. Although the reproductive toxicity of DEHP in 
humans remains unclear, D-allulose was suggested to be most useful as a prophylactic agent against oxidant-mediated 
testicular injury in mammals, including humans. 

Compliance with ethical standards 

Acknowledgments 

The author appreciates the help of colleagues in the laboratory. 

Disclosure of conflict of interest 

There is no conflict of interest in this work. 



World Journal of Biology Pharmacy and Health Sciences, 2023, 15(02), 114–121 

119 

References 

[1] M J Bauer and R Herrmann. Estimation of the environmental contamination by phthalic acid esters leaching from 
household wastes. The Science of The Total Environment, 1997; 208: 49-57．  

[2] Harris C A, Henttu P, Parker MG, et al. The estrogenic activity of phthalate esters in vitro. Environ Health Perspect. 
1997； 105: 105-108. 

[3] Ohashi A, Kotera H, Hori H, Hibiya M, Watanabe K, Murakami K, Hasegawa M, Tomita M, Hiki Y, Sugiyama S. 
Evaluation of endocrine disrupting activity of plasticizers in polyvinyl chloride tubes by estrogen receptor alpha 
binding assay. The International Journal of Artificial Organs. 2005; 8: 252–256. 

[4] Gray T J, Butterworth K R. Testicular atrophy produced by phthalate esters. Arch Toxicol. 1980; 4: 452-455.  

[5] Oishi S, Hiraga K. Testicular atrophy induced by di-2-ethylhexyl phthalate: effect of zinc supplement. Toxicol Appl 
Pharmacol. 1983 Aug; 70(1): 43-48. 

[6] Sjoberg P, Bondesson U, Kjellen L, Lindquist NG, Montin G, Ploen L. Kinetics of di-(2-ethylhexyl) phthalate in 
immature and mature rats and effect on testis. Acta Pharmacol Toxicol . 1985; 56: 30-37. 

[7] Gray T J and Butterworth K R. Testicular atrophy produced by phthalate esters. Archives of Toxicology. 1980; 
4:452-455.  

[8] Oishi S and Hiraga K. Effect of phthalic acid esters on mouse testes. Toxicology Letters. 1980; 5: 413–416.  

[9] Sjoberg P, Lindqvist N G, Ploen L. Age-dependent response of the rat testes to di(2-ethylhexyl) phthalate. 
Environmental Health Perspectives. 1986; 65: 237–242. 

[10] Hauser R, Meeker  J D, Duty S, Silva M J, Calafat A M. Altered semen quality in relation to urinary concentrations 
of phthalate monoester and oxidative metabolites. Epidemiology. 2006; 17: 682-691. 

[11] Pant N, Shukla M, Kumar Patel D, Shukla Y, Mathur N, Kumar Gupta Y, Saxena D.K, Correlation of phthalate 
exposures with semen quality. Toxicology and Applied Pharmacology. 2008; 231: 112-116. 

[12] Zhang Y H, Zheng L X, Chen B H. Phthalate exposure and human semen quality in Shanghai: a cross-sectional 
study. Biomedical and Environmental Sciences. 2006; 19:205-209. 

[13] Hauser R. Urinary phthalate metabolites and semen quality: a review of a potential biomarker of susceptibility. 
International Journal of Andrology. 2008; 31:112-117. 

[14] S W Thurston, J Mendiola, A R Bellamy, H Levine, C Wang, A Sparks, J B Redmon, E Z Drobnis, S H Swan. Phthalate 
exposure and semen quality in fertile US men. Andrology. 2016; 4(4): 632-638. 

[15] Lidia Mínguez-Alarcón, Paige L Williams, Yu-Han Chiu, Audrey J Gaskins, Feiby L Nassan, Ramace Dadd, John 
Petrozza, Russ Hauser, Jorge E Chavarro, Earth Study Team. Secular trends in semen parameters among men 
attending a fertility center between 2000 and 2017: Identifying potential predictors. Environ Int. 2018; 
Dec;121(Pt 2):1297-1303. 

[16] Elizabeth G Radke, Joseph M Braun, John D Meeker, Glinda S Cooper. Phthalate exposure and male reproductive 
outcomes: A systematic review of the human epidemiological evidence. Environ Int. 2018 Dec; 121(Pt 1):764-
793. 

[17] Yi-Xin Wang, Yan Wu, Heng-Gui Chen, Peng Duan, Liang Wang, He-Qing Shen, Wen-Qing Lu, Bin Sun, Qi Wang, Bo 
Zhang, Jorge E Chavarro, Jie Zhang, An Pan. Seminal plasma metabolome in relation to semen quality and urinary 
phthalate metabolites among Chinese adult men. Environ Int. 2019; 129:354-363. 

[18] Kasahara E, Sato, E F, Miyoshi, M, Konaka R, Hiramoto K, Sasaki J, Tokuda, M, Nakano Y, Inoue M. Role of oxidative 
stress in germ cell apoptosis induced by di(2-ethylhexyl)phthalate. Biochem J. 2002; 365: 849–856. 

[19] Richburg JH, Boekelheide K. R. Mono-(2-ethylhexyl) phthalate rapidly alters both Sertoli cell vimentin filaments 
and germ cell apoptosis in young rat testes. Toxicol Appl Pharmacol. 1996; 37(1):42-50.  

[20] Boekelheide K, Lee J, Shipp EB, Richburg JH, Li G. Expression of Fas system-related genes in the testis during 
development and after toxicant exposure. Toxicol Lett. 1998; 102-103:503-508. 

[21] W.E.I. Yi, Tang Xiang-Liang, Zhou Yu, Liu Bin, Shen Lian-Ju,, Long Chun-lan, L.I.N. Tao,a,c H.E. Da-wei,d W.U. Sheng-
de and W.E.I. Guang-huia. DEHP exposure destroys blood-testis barrier (BTB) integrity of immature testes 
through excessive ROS-mediated autophagy. Genes Dis. 2018 Sep; 5(3): 263–274. 



World Journal of Biology Pharmacy and Health Sciences, 2023, 15(02), 114–121 

120 

[22] Yifan Hong, Yu Zhou, Lianju Shen, Yuexin Wei, Chunlan Long, Yan Fu, Huan Wu, Junke Wang, Yuhao Wu, Shengde 
Wu, Guanghui Wei. Exposure to DEHP induces testis toxicity and injury through the ROS/mTOR/NLRP3 signaling 
pathway in immature rats. Ecotoxicol Environ Saf. 2021 Dec 20; 227: 112889. 

[23] Poon R, Lecavalier, P, Mueller R, Valli V E, Procter B G, Chu I.  Subchronic oral toxicity of di-n-octyl phthalate and 
di(2-ethylhexyl) phthalate in the rat. Food and Chemical Toxicology. 1997; 35: 225–239. 

[24] Albro PW and Thomas RO. Enzymatic hydrolysis of di(2-ethylhexyl)phthalate by lipases Biochem Biophys Acta 
1973 ; 306 : 380-390. 

[25] Shigeru Suna and Masaaki Tokuda. Rare sugar prevents MEHP dependent testicular atrophy. International 
Journal of Pharma Sciences and Research. 2020; 11 (1): 1- 7. 

[26] Shigeru suna and Fumihiko Jitsunari. Blood and organ distribution of mono(2-ethylhexyl) phthalate (MEHP) in 
rats exposed to di(2-ethylhexyl) phthalate (DEHP) via diet. World Journal of Biology Pharmacy and Health 
Sciences. 2023; 13(3): 19-25. 

[27] Shin Ogata 1, Masayo Takeuchi, Shin Teradaira, Naokuni Yamamoto, Keiko Iwata, Katsuzumi Okumura, Hiroshi 
Taguchi, Radical scavenging activities of niacin-related compounds. Biosci Biotechnol Biochem. 2002 Mar; 
66(3):641-645. 

[28] Reşat Apak, Antony Calokerinos , Shela Gorinstein , Marcela Alves Segundo , David Brynn Hibbert, İlhami Gülçin 
, Sema Demirci Çekiç , Kubilay Güçlü , Mustafa Özyürek , Saliha Esin Çelik, Luís M. Magalhães and Patricia 
Arancibia-Avila. Methods to evaluate the scavenging activity of antioxidants toward reactive oxygen and nitrogen 
species (IUPAC Technical Report). ure and Applied Chemistry. Pure Appl. Chem. 2022; 94(1): 87–144. 

[29] X Shi, N S Dalal, A C Jain, Antioxidant behaviour of caffeine: efficient scavenging of hydroxyl radicals. Food Chem 
Toxicol. 1991 Jan; 29(1):1-6.  

[30] Daniela Martini, Cristian Del Bo', Michele Tassotti, Patrizia Riso, Daniele Del Rio, Furio Brighenti, Marisa Porrini. 
Coffee Consumption and Oxidative Stress: A Review of Human Intervention Studies. Molecules. 2016 Jul 28; 
21(8):979. 

[31] Abel J S C Vieira, Elvira M. Gaspar, Pedro M.P. Santos. Mechanisms of potential antioxidant activity of caffeine. 
Radiation Physics and Chemistry 2020;  174:108968. 

[32] J W Phillisa, A Y Esteveza, M H O’Regan.  Protective effects of the free radical scavengers, dimethyl sulfoxide and 
ethanol, in cerebral ischemia in gerbils. Neuroscience Letters 1998; 244: 109–111. 

[33] G Ekström, T Cronholm, M Ingelman-Sundberg. Hydroxyl-radical production and ethanol oxidation by liver 
microsomes isolated from ethanol-treated rats. Biochem J. 1986; 233(3): 755-761.  

[34] M.R.Billany Kurshid Khati Marsha Gordon J K Sugden. Alcohols and ethanolamines as hydroxyl radical 
scavengers. International Journal of Pharmaceutics. 1996; 137 (2): 143-147. 

[35] Shigeru Suna, Fumihiko Jitsnari, and Fumiyuki Asakawa. The effects of nicotinic acid on testicular atrophy caused 
by di(2-ethylhexyl) phthalate (DEHP) and metal concentrations in the atrophic testis. Biomed Res Trace 
Elements. 2003; 15 (4): 358-360. 

[36] Shigeru suna and Fumihiko Jitsunari. Effect of caffeine and ethanol intake on di (2-ethylhexyl) phthalate (DEHP)-
induced testicular atrophy. World Journal of Biology Pharmacy and Health Sciences. 2023; 13(3): 252-261. 

[37] Bhuiyan SH, Itami Y, Rokui Y., Katayama T, Izumori K. D- Allose production from d-psicose using immobilized l-
rhamnose isomerase. J Ferment Bioeng. 1998; 85: 539–541. 

[38] Takeshita K, Suga Takada G, Izumori K. Mass production of D-psicose fromd-fructose by a continuous bioreactor 
system using immobilized d-tagatose 3-epimerase. J. Biosci. Bioeng. 2000; 90: 453–455. 

[39] Izumori K. Bioproduction strategies for rare hexose sugars. Naturwissenschaften. 2002; 89: 120–124. 

[40] Hossain, M.A., Izuishi, K., Maeta, H. Protective effects of d-allose against ischemia reperfusion injury of the rat 
liver. J Hepatobiliary Pancreat Surg. 2003; 10: 218–225. 

[41] Takata, MK, Yamaguchi F, Nakanose K, Watanabe Y, Hatano N, Tsukamoto I, Nagata M, Izumori K, Tokuda M. Neu 
roprotective effect of d-psicose on 6-hydroxydopamine-induced apoptosis in rat pheochromocytoma (PC12) 
cells. J Biosci Bioeng. 2005; 100: 511–516. 



World Journal of Biology Pharmacy and Health Sciences, 2023, 15(02), 114–121 

121 

[42] Kimura S, Zhang GX, Nishiyama A, Nagai Y, Nakagawa T, Miyanaka H, Fujisawa Y, Miyatake A, Nagai T, Tokuda M, 
Abe Y. D-Allose, an all-cis aldo-hexose, suppresses development of salt-induced hypertension in Dahl rats. J 
Hypertens. 2005; 23: 1887–1894. 

[43] Murata A, Sekiya K, Watanabe Y, Yamaguchi F. Hatano N, Izu mori K, Tokuda M. 2003. A novel inhibitory effect of 
d-allose on production of reactive oxygen species from neutrophils. J Biosci Bioeng. 2003; 96: 89–91. 

[44] Sun Y, Hayakawa S, Ogawa M., Izumori K. Evaluation of the site specific protein glycation and antioxidant capacity 
of rare sugar-protein/peptide conjugates. J. Agric. Food Chem. 2005; 53: 10205–10212. 

[45] Shigeru Suna and Masaaki Tokuda. Effects of D-allose and D-allulose on DEHP toxicities in rats. International 
Journal of Pharma Sciences and Research. 2020; 11 (2): 21- 26. 

[46] Suna S, Yamaguchi F, Kimura S. Tokuda M, Jitsunari F. Preventive effect of D-psicose, one of rare ketohexoses, on 
di(2-ethylhexyl) phthalate (DEHP)-induced testicular injury in rat. Toxicol Lett. 2007; 173: 107–117. 

[47] Shigeru Suna, Masaaki Tokuda, Tomohiro Hirao, Fuminori Yamaguchi, Nobuyuki Miyataked, Takeshi Suzue, 
Fumiyuki Asakawa, Fumihiko Jitsunari and Ken Izumori. Protective effect of D-psicose against testicular atrophy 
induced by di(2-ethylhexyl) phthalate. International Journal of Environmental Studies. 2013; 70 (4): 560–565.  


