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Abstract

Background: Di(2-ethylhexyl) phthalate (DEHP) is the most widely used polyvinyl chloride (PVC) plasticizer.
Therefore, DEHP pollution is spreading all over the world. In recent years, it has attracted attention as an endocrine
disrupting chemical. In animal experiments using rodents, testicular toxicity has been confirmed by feeding diets
containing DEHP. Mono(2-ethylhexyl) phthalate (MEHP), a potent oxidative stressor, is thought to be directly involved
in testicular toxicity. On the other hand, caffeine and ethanol, which are hydroxyl radical scavengers, are taken in
relatively large amounts from food and drink on a daily basis. Although the reproductive toxicity of DEHP in humans
remains unclear, it is important to clarify the relationship between DEHP toxicity and caffeine and ethanol intake
through animal experiments.

Method: To investigate the effects of caffeine and ethanol intake on DEHP-induced testicular atrophy, rats were fed a 1
w/w % DEHP diet and caffeinated water (0.05 w/w %) or ethanol water (2.5 or 5 v / v %) or ethanol plus caffeine water
for one week.

Result: By administering 1 w/w % DEHP-containing diet for one week, significant testicular weight decrease noted in
all cases, 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.

In addition, it was found that the increase in Fe, Cu, and Ca concentrations in the testis was closely related to the decrease
in relative testicular weight. Furthermore, multiple linear regression analysis suggested that the MEHP concentration
in the testis was significantly related to the increase in the Cu concentration in the testis. This suggests that MEHP
oxidative stress may induce the SOD enzyme. Also, caffeine administration was found to slightly but significantly
improve Zn levels.

On the other hand, caffeine treatment significantly inhibited the decrease in testicular weight. Also, the testicular weight
decrease in the ethanol and caffeine administration groups was less than that in the DEHP-only administered group.
These findings suggest that ethanol and caffeine may inhibit DEHP testicular atrophy. In addition, in this administration
experiment, the relative testicular weight vs. testicular MEHP plot in the ethanol and caffeine administered groups was
clearly distributed above the regression line obtained from the relationship between the relative testicular weight and
testicular MEHP concentration in the control and DEHP-only administered groups. From this, it was suggested that
administration of DEHP in combination with ethanol or caffeine reduced DEHP testicular toxicity. Furthermore, multiple
linear regression analysis suggested that combined use of ethanol and caffeine had a combined effect of reducing
testicular atrophy.
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Conclusion: Daily use levels of caffeine and ethanol were found to reduce DEHP-induced testicular toxicity in rats
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1. Introduction

Di(2-ethylhexyl) phthalate (DEHP) is the most widely used polyvinyl chloride (PVC) plasticizer. PVC products are used
in various fields such as building materials, water pipes, daily necessities, toys, medical equipment, blood transfusion
tubes and blood transfusion bags. Among these PVC products, DEHP is contained in several percent to several tens of
percent. Therefore, it is one of the chemical substances that people from infants to the elderly have many opportunities
to come into contact with on a daily basis. In recent years, it has attracted attention as an endocrine disrupting chemical
[1, 2]. In animal experiments using rodents, testicular toxicity has been confirmed by administering diets containing
DEHP [3-5]. Furthermore, it has recently been shown that administration of low concentrations affects Sertoli cell
function [6]. A metabolite of DEHP, mono(2-ethylhexyl) phthalate (MEHP), is thought to be directly involved in testicular
toxicity. MEHP is a strong oxidative stressor. The mechanism of germ cell apoptosis induction is being elucidated [7-
10]).These facts raise concerns about the effects of low levels of DEHP contamination on the human body. Although the
toxicity of DEHP to humans remains unknown, several epidemiological studies [11-18] suggest an association between
phthalate exposure and semen quality.

On the other hand, caffeine and ethanol, which are hydroxyl radical scavengers [19-23], 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 caffeine and ethanol intake. This report shows the results of administering a DEHP diet to rats with caffeine
and ethanol at concentrations similar to those found in humans on a daily basis, such as coffee and beer [24, 25].

2. Material and methods

2.1. Chemicals and Animal Diet

DEHP, caffeine and ethanol was purchased from Wako pure chemical industries Ltd. (Osaka, Japan). The chemical
purities of DEHP, caffeine and ethanol were found to be >97%, >98% and >99.7%, respectively. CE-2 diets (Clea, Tokyo,
Japan) containing DEHP by 1 w/w% were prepared by Oriental Yeast Company (Chiba, Japan). MEHP was purchased
from Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan). All other chemicals were the highest grade from commercial sources.

2.2. Animals and Ethics

Male Sprague-Dawley rats aged three-week-old purchased from Charles River (Kanagawa, Japan) were housed at the
Laboratory Animal Center of Kagawa University. They were acclimated at 22-24 °C and 50-60% relative humidity with
a 12-h light/dark cycle. The experiment protocols had the approval by the Kagawa University Animal Committee.

2.3. Experimental Design

In the first experiment, 4-week-old rats weighing 100-130 g were divided into control and treatment groups of at least
6 animals. Treatment groups received a DEHP (1 w/w %) diet and tap water, or a DEHP diet and caffeinated water (0.05
w/w %), or a control diet and caffeinated water for one week. At the end of the experiment, rats were sacrificed by ether
anesthesia. The organs were removed and weighed. Cardiac blood Samples were collected in heparinized tubes and
plasma was separated from whole blood by centrifugation at 1500 g. Organ and plasma samples were frozen at -40 °C
until MEHP and metal analysis.

In a second experiment, rats weighing 100-130 g were divided into control and treatment groups of at least 6 animals.
The treatment group was given DEHP diet and ethanol-diluted water (ethanol; 2.5 or 5 v/v %) or caffeine-ethanol mixed
water (caffeine; 0.05 w/w % and ethanol; 2.5 or 5 v/v %) for one week.

At the end of the experiment, rats were sacrificed by ether anesthesia. The organs were removed and weighed. Cardiac
blood Samples were collected in heparinized tubes and plasma was separated from whole blood by centrifugation at

1500 g. Organ and plasma samples were frozen at =40 °C until MEHP analysis.

2.4. Plasma and Testicular MEHP Analysis
The MEHP levels in organs and plasma were determined by high performance liquid chromatography [26].
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2.5. Testicular Metal Analysis

A sample testis was weighed into a PTFE decontaminated decomposition vessel and 0.5 ml of acid mixtures of HNO3/
HClO4/ H2S04 (50:50:1, v/v/v) was added. The vessel on a heating plate was held at 140 °C for 4 h, and heated to 200 °C
until almost dry. The residue was dissolved in 2 ml of 0.1 M HCl and diluted appropriately. The concentrations of Ca, Cu,
Fe and Zn were determined by "one-drop" flame atomic absorption spectrometry [27]. The analytical instrument was a
Seiko-SAS 7500 model equipped with deuterium background correction (Seiko, Tokyo, Japan).

2.6. Statistical Analysis

Results were expressed as means * standard deviations (SD). A one-way ANOVA test followed by Tukey's multiple
comparison test and multiple linear regression analysis was performed to compare treatment groups. A value of p <0.05
was considered statistically significant.

3. Results

3.1. First experiment

The dose calculated from food and drinking water intake during the administration period was 1.1 g/kg/day in the
DEHP-administered group and 0.09 g/kg/day in the caffeine-administered group.

Table 1 compares the DEHP and caffeine-administered groups. DEHP-administered groups showed a significant
decrease in testicular weight compared to controls, but caffeine treatment significantly inhibited the decrease in
testicular weight. As shown in Table 2, there were no significant differences in plasma and testicular MEHP levels in the
DEHP-administered groups.

A significant negative correlation between relative testicular weight (as a percentage of body weight) and testicular
MEHP concentration was found among rats treated with DEHP-free diet group (Control) and DEHP diet-only group.
Most of the data plots for the DEHP + caffeine-administered group were scattered above the regression line (Figure 1).

Table 3 shows the metal concentrations in testis. Significant increases in testicular Fe, Cu, and Ca levels were noted in
the DEHP diet-only group compared to controls. As shown in Figure 2, testicular Fe, Cu and Ca were closely correlated
with relative testicular weight, but Zn was not. A stepwise multiple regression analysis using testicular metal
concentration as the objective variable and relative testicular weight, testicular MEHP concentration, and caffeine
treatment as explanatory variables showed that relative testicular weight and testicular MEHP were significant
independent variables of testicular Cu concentration (Table 4). Only relative testicular weight had a significant effect
(p<0.001) on Fe and Ca concentrations. In addition, caffeine treatment was found to significantly increase Zn levels
(p<0.05).

Table 1 Body and testicular weights of rats treated with DEHP and caffeine for one week

Initial body|Final body weight Relative testicular
. Testes (g) . o

Group weight (g) (g) weight (%)

mean | SD | mean SD mean | SD mean | SD
Control (n=12) 113.3 | 114 | 173.6 13.4 1.60 | 0.19 | ### | 0.92 | 0.09 | ###
Caffeine (n=6) 111.3 | 12.1 | 180.2 19.2 1.62 | 025 | ### | 0.89 | 0.05 | ###
DEHP (n=12) 111.6 |12.8| 167.1 16.6 1.05 | 0.16 ok 0.63 | 0.10 | ***
DEHP + Caffeine (n=12) 110.3 | 12.2| 170.0 18.9 1.28 | 032 | ¥ # | 0.75 | 0.16 | * #

* P<0.05, ** P<0.01, *** P<0.001 : Significant differences as compared with control group.; # P<0.05, ## P<0.01, ### P<0.001 : Significant
differences as compared with DEHP group.
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Table 2 Plasma and testicular MEHP concentrations of rats treated with DEHP and caffeine for one week

Plasma MEHP (ng/ml)(Testicular MEHP (ng/g)
Group
mean SD mean SD
Control (n=12) BDL BDL
Caffeine (n=6) BDL BDL
DEHP (n=12) 26.4 18.5 49 1.3
DEHP+Caffeine (n=12) 22.7 12.8 49 1.4
BDL: below the detection limit.
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Figure 1 Relationship between relative testicular weight and testicular MEHP concentration in DEHP and caffeine
treated groups. Filled circles; rats fed DEHP-free or DEHP diet and tap water. Filled squares; rats fed DEHP diet and
caffeinated water

Table 3 Testicular metal concentrations of rats treated with DEHP and caffeine for one week

Group Zn (ppm) | Fe (ppm) Cu (ppm) Ca (ppm)
mean | SD | mean | SD mean | SD mean | SD
Control (n=6) 20.2 0.8 | 13.8 1.8 1.46 0.09 12.1 1.7
Caffeine (n=6) 20.4 1.5 | 14.1 2.1 1.45 0.20 13.8 3.1
DEHP (n=6) 17.8 241|209 2.2 | | 2.24 0.23 *¥*117.3 3.7 | *
DEHP + Caffeine (n=6) | 22.0 2.7 1178 4.9 2.07 0.60 15.0 31

* P<0.05, ** P<0.01, *** P<0.001 : Significant differences as compared with control group.

3.2. Second experiment

The dose calculated from food and drinking water intake during the administration period was 0.9 g/kg/day in the

DEHP-administered group, 1.5 -3.1 g/kg/day in the ethanol-administered group, and 0.09 g/kg/day in the caffeine-
administered group.

Table 5 compares the DEHP, ethanol and ethanol plus caffeine-administered groups. The DEHP diet-only group showed
a significant reduction in testicular weight compared to controls, whereas most of the ethanol- and caffeine-
administered groups were non-significant. In addition, the 5% ethanol plus caffeine treatment group significantly
suppressed the decrease in testicular weight.
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As shown in Table 6, there were no significant differences in plasma and testicular MEHP levels in the DEHP-

administered groups.

A significant negative correlation between relative testicular weight and testicular MEHP concentration was found
among rats treated with DEHP-free diet group (Control) and DEHP diet-only group. Most of the data plots for the DEHP
+ ethanol or ethanol plus caffeine-administered group were scattered above the regression line (Figure 3, 4).
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Figure 2 Relationship between testicular metal concentration and relative testicular weight in DEHP and caffeine
treatment groups. Open circle; rats given the tap water. Open triangle; rats given the caffeinated water

Table 4 Stepwise multiple regression analysis with testicular Cu concentration as the objective variable, relative
testicular weight, testicular MEHP concentration, and caffeine treatment as explanatory variables

Independent variables |Estimated 95% confidence interval Partial p- Cumulative
regression regression value |R?
oefficient B Lower bound | Upper bound coefficient 3

Intercept 3.559 2.984 4.135 - 0.000 |-

Relative testicular weight |-2269.000 -2.894 -1.645 -0.779 0.000 |0.845

Testicular MEHP 0.035 0.000 0.069 0.215 0.050 |0.872
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Table 5 Body and testicular weights of rats treated with DEHP, ethanol and ethanol plus caffeine for one week

Group Initial body |Final body weight | Testes (g) Relative testicular
weight (g) (g) weight (%)
mean [SD |mean |SD mean |SD mean SD
Control (n=6) 116.5 |34 |181.8 [10.3 |## [1.62 |0.10 |### |0.90 0.07 | ##
5% Ethanol (n=6) 123.0 [2.6 |180.7 |45 [|## [1.68 |0.15 |### |0.93 0.07 | ###
DEHP (n=12) 1183 |29 |167.1 |48 |** 1.00 |0.20 [*** 10.60 0.12 | ***
DEHP+2.5% Ethanol (n=6) 1181 |3.7 |175.8 |85 1.25 ]0.32 0.71 0.15
DEHP+5% Ethanol (n=6) 1208 [6.1 |168.6 [11.6 1.20 |0.19 0.71 0.08
DEHP+ 2.5% Ethanol /Caffeine|117.0 |5.8 |169.7 |8.0 1.13 |0.20 |* 0.67 0.13
(n=6)
DEHP+ 5% Ethanol /Caffeine|121.5 |6.5 |162.6 |7.1 |** |1.27 ]0.31 0.79 0.21 | #
(n=12)

* P<0.05, ** P<0.01, *** P<0.001 : Significant differences as compared with control group.; # P<0.05, ## P<0.01, ### P<0.001 : Significant
differences as compared with DEHP group.

Table 6 Plasma and testicular MEHP concentrations of rats treated with DEHP, ethanol and ethanol plus caffeine for
one week

Group Plasma MEHP (pg/ml) | Testicular MEHP (ng/g)
mean SD mean SD

Control (n=6) BDL BDL

5% Ethanol (n=6) BDL BDL

DEHP (n=12) 52.4 13.5 6.8 2.1

DEHP+2.5% Ethanol (n=6) 49.9 21.7 8.3 3.8

DEHP+5% Ethanol (n=6) 53.5 10.5 6.8 1.8

DEHP+ 2.5% Ethanol/Caffeine (n=6) |41.0 7.9 8.9 2.4

DEHP+ 5% Ethanol/Caffeine (n=12) |56.7 16.8 6.5 3.3

BDL: below the detection limit

As shown in Table 7, Stepwise multiple linear regression analysis of using relative testicular weight as the objective
variable, testicular MEHP, ethanol treatment and ethanol plus caffeine treatment as explanatory variables revealed that
the ethanol and ethanol plus caffeine treatment group significantly inhibited testicular weight loss, and the inhibitory
effect was greater in the ethanol plus caffeine treatment group.
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Figure 3 Relationship between relative testicular weight and testicular MEHP concentration in DEHP and ethanol
treated groups. Filled circles; rats fed DEHP-free or DEHP diet and tap water. Filled squares; rats fed DEHP diet and
2.5% ethanol water. Filled triangles; rats fed DEHP diet and 5% ethanol water
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Figure 4 Relationship between relative testis weight and testicular MEHP concentration in DEHP and ethanol plus
caffeine treated groups. Filled circles; rats fed DEHP-free or DEHP diet and tap water. Filled squares; rats fed DEHP
diet + 2.5 % ethanol plus caffeine water. Filled triangles; rats fed a DEHP diet +5% ethanol plus caffeine water

Table 7 Stepwise multiple linear regression analysis with relative testicular weight as the objective variable and
testicular MEHP concentration, ethanol treatment, and ethanol plus caffeine treatment as explanatory variables

Independent Estimated 95% confidence interval Partial regression | P- Cumulative
variables lc'zglf'f(;i?‘i;:lrtl . Lower bound |Upper bound coefficient value |R?

Intercept 0.856 0.789 0.923 - 0.000 |-

Testicular MEHP |-0.035 -0.044 -0.027 -0.793 0.000 |0.469
Ethanol/Caffeine | 0.150 0.067 0.232 0.409 0.001 |0.532
Ethanol 0.096 0.018 0.174 0.265 0.017 |0.583
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4., Discussion

Testicular atrophy is induced in rats by administration of a diet containing 1-2 w/w % DEHP [2-5]. Orally administered
DEHP is hydrolyzed in the gastrointestinal tract of rats [28] and distributed mainly as MEHP [26]. In this study, we
conducted two administration experiments using 4-week-old rats. In both experiments, by administering 1 w/w %
DEHP-containing diet for 1 week, significant testicular weight decrease noted in all cases, and testicular MEHP
concentration in the control group and DEHP-only administered group showed a strong negative correlation with the
relative testicular weight. This indicates that there is a close relationship between the tissue MEHP concentration and
testicular atrophy in the target organ, the testis.

In addition, in first experiment, it was found that the increase in Fe, Cu, and Ca concentrations in the testis was closely
related to the decrease in relative testicular weight. Furthermore, multiple linear regression analysis suggested that the
MEHP concentration in the testis was significantly related to the increase in the Cu concentration in the testis. This
suggests that MEHP oxidative stress may induce the SOD enzyme [29, 30]. SOD contains a lot of Cu. Also, caffeine
administration was found to slightly but significantly improve zinc levels, which may indicate that caffeine blocks germ
cell apoptosis [31, 32].

On the other hand, caffeine treatment significantly inhibited the decrease in testicular weight in first experiment. Also
in second experiment, the testicular weight decrease in the ethanol and caffeine administration groups was less than
that in the DEHP-only administered group. These findings suggest that ethanol and caffeine may inhibit DEHP testicular
atrophy. In addition, in this administration experiment, the relative testicular weight vs. testicular MEHP plot in the
ethanol and caffeine administered groups was clearly distributed above the regression line obtained from the
relationship between the relative testicular weight and testicular MEHP concentration in the control and DEHP-only
administered groups. From this, it was suggested that administration of DEHP in combination with ethanol or caffeine
reduced DEHP testicular toxicity. Furthermore, multiple linear regression analysis suggested that combined use of
ethanol and caffeine had a combined effect of reducing testicular atrophy. Although the mechanism by which ethanol
and caffeine inhibit DEHP testicular damage is unknown, there are some reports thatlow-concentration caffeine inhibits
apoptosis in cultured cell systems [33, 34], suggesting that germ cell apoptosis is inhibited. In this administration
experiment, ethanol was dissolved in drinking water at a concentration of 2.5-5 v / v % and caffeine was administered
ata concentration of 0.05% (about 2.5 mM). These concentrations are almost the same as the concentrations of ethanol
and caffeine in beverages that we consume on a daily basis, and it seems that ethanol and caffeine have no particular
adverse effects on experimental animals

5. Conclusion

Daily use levels of caffeine and ethanol were found to reduce DEHP-induced testicular toxicity in rats.

Compliance with ethical standards

Acknowledgments

The author appreciates the help of colleagues in the Kagawa University.

Disclosure of conflict of interest

There is no conflict of interest in this work.

Statement of ethical approval

The experiment protocols had the approval by the Kagawa University Animal Committee.

References

[1] M. ]. 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 CA, Henttu P, Parker MG, et al. The estrogenic activity of phthalate esters in vitro. Environ Health
Perspect. 1997; 105: 105-108.

259



[12]

[13]

[14]

World Journal of Biology Pharmacy and Health Sciences, 2023, 13(03), 252-261

Oishi S, Hiraga K. Testicular atrophy induced by phthalate acid esters: Effect on testosterone and zinc
concentrations. Toxicol Appl Pharmacol. 1980; 53: 35-41.

Gray TJ, Butterworth KR. Testicular atrophy produced by phthalate esters. Arch Toxicol L. 1980; 4: 452-455.

Sjoberg P, Lindqvist NG, Ploen L. Age-dependent response of the rat testes to di(2-ethylhexyl) phthalate. Environ
Health Perspect. 1986; 65: 237-42.

E. D. Barber, D. C. Topping. Subchronic 90-day oral toxicology of di(2-ethylhexyl) terephthalate in the rat. Food
and Chemical Toxicology. 1995; 33: 971-978.

Poon R, Lecavalier P, Mueller R, Valli VE, Procter BG, Chu I. Subchronic oral toxicity of di-n-octyl phthalate and
di(2-Ethylhexyl) phthalate in the rat. Food Chem Toxicol. 1997; 35(2):225-239.

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; 137(1): 42-50.

Boekelheide K, Lee ], 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.

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

Zhou L, Beattie M C, Lin C Y, Liu ], Traore K, Papadopoulos V, Zirkin B R, Chen H. (2013). Oxidative stress and
phthalate-induced down-regulation of steroidogenesis in MA-10 Leydig cells. Reprod Toxicol 2013; 42: 95-101.

Russ Hauser, John D Meeker, Susan Duty, Manori ] Silva, Antonia M Calafat. Altered semen quality in relation to
urinary concentrations of phthalate monoester and oxidative metabolites. Epidemiology. 2006; 17(6): 682-691.

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

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.

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

Lidia Minguez-Alarcoén, Paige L Williams, Yu-Han Chiu, Audrey ] 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; 121 (Pt
2):1297-1303.

Thurston SW, Mendiola ], Bellamy AR, Levine H, Wang C, Sparks A, Redmon ]B, Drobnis EZ, Swan SH. Phthalate
exposure and semen quality in fertile US men. Andrology. 2016; 4(4): 632-638.

Chang WH, Wu MH, Pan HA, Guo PL, Lee CC. Semen quality and insulin-like factor 3: Associations with urinary
and seminal levels of phthalate metabolites in adult males. Chemosphere. 2017;173: 594-602..

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

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; 28; 21(8):
979.

] W Phillisa, AY 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.

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

M.R.BillanyKurshidKhatibMarshaGordon].K.Sugden. Alcohols and ethanolamines as hydroxyl radical scavengers.
International Journal of Pharmaceutics. 1996; 137, (2): 143-147.

Barone J], Roberts HR. Caffeine consumption.Food Chem Toxicol. 1996; 34(1): 119-129

260



World Journal of Biology Pharmacy and Health Sciences, 2023, 13(03), 252-261

Carrillo JA, Benitez ]. Clinically significant pharmacokinetic interactions between dietary caffeine and
medications. Clin Pharmacokinet. 2000; 39:127-153.

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.

Kojima I, Kato A and lida C. Microwave digestion of biological samples with acid mixture in a closed double PTFE
vessel for metal determination by "one-drop” flame atomic absorption spectrometry Analytica Chimica Acta,
1992; 264:101-106,

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

Ying Wang, Robyn Branicky, Alycia Noé, Superoxide dismutases: Dual roles in controlling ROS damage and
regulating ROS signaling. ] Cell Biol, 2018; 217 (6): 1915-1928.

Y Niwa, K Ishimoto, T Kanoh, Induction of superoxide dismutase in leukocytes by paraquat: correlation with age
and possible predictor of longevity. Blood, 1990; 76 (4): 835-841.

Sonoko Yamaguchi, Chiemi Miura, Kazuya Kikuchi and Takeshi Miura. Zinc is an essential trace element for
spermatogenesis. PANAS. 2009; 106 (26): 10859-10864

Anne Marie Downey, Barbara F Hales, Bernard Robaire, Zinc transport differs in rat spermatogenic cell types and
is affected by treatment with cyclophosphamide. Biology of Reproduction. 2016; 95 (1): 1-12,

Bryan S. Poe and Kim L. O'Neill Caffeine modulates heat shock induced apoptosis in the human promyelocytic
leukemia cell line HL-60. Cancer Letters. 1997; 121: 1-6.

Mahvash Jafari and Azra Rabbani Dose and time dependent effects of caffeine on superoxide release, cell survival
and DNA fragmentation of alveolar macrophages from rat lung. Toxicology. 2000; 149: 101-108.

261



