Environ Sci Pollut Res (2014) 21:3187-3190
DOI 10.1007/s11356-013-2332-3

SHORT RESEARCH AND DISCUSSION ARTICLE

Short-time exposure to mono-n-butyl phthalate
(MBP)-induced oxidative stress associated with DNA
damage and the atrophy of the testis in pubertal rats

Takeshi Shono - Tomoaki Taguchi

Received: 21 August 2013 / Accepted: 4 November 2013 /Published online: 6 December 2013

© Springer-Verlag Berlin Heidelberg 2013

Abstract Phthalates are widely used as plasticizer in various
consumer domestic products and are known to disturb the
male reproductive function in rodents. This study investigated
the involvement of oxidative stress and the atrophy of the
testes in pubertal rats exposed to mono-n-butyl phthalate
(MBP). Four-week-old pubertal male rats were separated into
three groups. In group I, 21 rats were fed rat chow containing
2 % MBP for 3 days. In group II, 21 rats were fed rat chow
containing 2 % MBP for 3 days and antioxidant vitamins C
(250 mg/kg/day) and E (50 mg/kg/day) were injected daily. In
group III, 21 rats were fed standard rat chow and used as
controls. After 3 days, each testis was weighed and the germ
cell development was evaluated using the Johnsen score. The
urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG) levels were
measured as a biological marker of oxidative DNA damage.
The mean testis weight was significantly lower for group I
than groups II or I (p <0.05). The mean Johnsen score was
significantly lower for group I than for groups II or III (p <
0.05). Urinary 8-OHdG concentrations were higher in group I
than in groups II or III. Short-time exposure to MBP may
therefore induce oxidative DNA damage in rat testes, while
antioxidant vitamins administered during exposure may pro-
tect against this stress.
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Introduction

Phthalate esters are known to be endocrine disruptors and are
widely used in the plastics industry. They are ubiquitous in the
environment and are known to contaminate food and water
supplies. Di-n-butyl phthalate induced impairment in both
prepubertal and fetal rodent testes by inhibiting testosterone
production (Moody et al. 2013; Borch et al. 2006). Our
previous studies have shown that mono-n-butyl phthalate
(MBP) exposure affects testicular descent and germ cell de-
velopment in both prenatal and postnatal rats (Imajima et al.
1997; Shono et al. 2000, 2005; Kondo et al. 2006). In prenatal
rats, MBP exposure prevented testicular descent by inhibiting
the gene expression of insulin-like factor 3 and testosterone
production in the fetal testes (Shono et al. 2000, 2005). In
postnatal rats, MBP exposure resulted in testicular atrophy
and increased germ cell apoptosis in immature rats (Kondo
et al. 2006), although no clear mechanism by which the
phthalate esters induced testicular damage has yet been eluci-
dated. In these studies, short-term exposure (3 to 10 days) of
both prenatal and postnatal rats to MBP induced serious
testicular damage. The present study elucidated the possible
involvement of oxidative stress in the pathogenesis of testic-
ular atrophy in pubertal rats following very short-term MBP
exposure (only 3 days), and whether administration of antiox-
idant vitamins can protect the testis from the expected harmful
effects.

Materials and methods
Chemicals and animals
MBP (purity>98 %) was purchased from Tokyo Chemical

Industry Co., Ltd. (Tokyo, Japan). Vitamin C was purchased
from the Takeda Co., Ltd. (Tokyo, Japan) and vitamin E was
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Table 1 Experimental results

Rat groups Intake of MBP Weight of testis JS Urinary
(mg/rat/day)  (mg/g rat 8-OHdG
weight) (ng/ml)

Group [ 164+22.3 2.5+0.15a 3.6+02b 25.1+£58¢
(n=21)

Group I  156+36.4 2.8+0.12 & 44403b° 192+45¢
(n=21)

Group III 0 3.4+£0.30 a” 6.6+04b” 142+25¢”
(n=21)

JS Johnsen score; a’, b’, ¢’ p<0.05; a”, b”, ¢” p<0.05

obtained from Eizai Co., Ltd. (Tokyo, Japan). Rat chow
containing 2 % MBP was produced by Kyudo Co., Ltd.
(Fukuoka, Japan). Wistar—King A rats were obtained from
a colony maintained at Seac Yoshitomi Int. (Fukuoka,
Japan). All rats were provided tap water and food ad
libitum in an air-conditioned environment (2241 °C) with
a 12-h light/dark cycle.

Experimental protocols

Pubertal male rats (4 weeks old) were separated into three
groups. In group I (n=21), rats were fed rat chow containing
2 % MBP for 3 days. In group II (n=21), rats were fed rat
chow containing 2 % MBP for 3 days. In addition, antioxidant
vitamins C (250 mg/kg/day) and E (50 mg/kg/day) were
injected daily for 3 days. The doses of the vitamins were
determined by referring to previous reports (Gupta et al.
2004). In group III (n=21), rats were fed the standard com-
mercial rat chow and were injected with the same volume of
saline as group II for 3 days. Group III rats were used as
controls. The estimated intake of MBP was calculated for each
rat from groups I and II daily. Urine from each rat was
collected daily, and levels of urinary 8-hydroxy-2'-
deoxyguanosine (8-OHdG), a specific biological marker of
oxidative DNA damage (Kasai and Nishimura 1984), were
measured by high-performance liquid chromatography (SRL
Inc, Tokyo, Japan). After 3 days, the rats were sacrificed and
the testes were removed. The testes were weighed, fixed in
10 % formalin solution, and embedded in paraftin. Embedded
specimens were sectioned at a thickness of 5-um thickness
and were stained with hematoxylin and eosin. Germ cell
maturation of each specimen was evaluated using the
Johnsen score (JS) (Johnsen 1970). Student's ¢ test was used

Fig. 1 a Histological development of the germ cells was remarkably
inhibited in group I. b The administration of antioxidant vitamins
appeared to protect the germ cell development in group II to some
degree from the phthalate-induced oxidative stress to the testes. ¢ Normal
germ cell development in group III (control) ST spermatid, SC spermato-
cyte, SG spermatogonia, SE Sertoli cell, JS Johnsen score
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for the statistical analyses. P values of less than 0.5 were
considered to be statistically significant. Our institutional
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review board approved this study. All animals have received
humane care in compliance with the “Guide for the Care and
Use of Laboratory Animals” published by the National
Institutes of Health.

Results

The results are detailed in Table 1. There was no significant
difference in the estimated intake volume of MBP between
rats in groups I and II. The mean testis weight for group I was
significantly lower than groups II or I1I (p <0.05). The mean
JS for group I was also significantly lower than groups II or I1
(p <0.05). The mean level of the urinary 8-OHdG concentra-
tion in group I was significantly higher than groups Il or I (p
<0.05). Germ cell development was inhibited in the rats
exposed to MBP; however, the testes were protected by the
simultaneous injection of antioxidant vitamins to some degree

(Fig. 1).

Discussion

Oxidative stress is induced by reactive oxygen species or free
radicals. Oxidative stress is believed to be involved in the
pathophysiology of aging and various age-related diseases,
including atherosclerosis, neoplastic diseases, diabetes, chron-
ic inflammatory diseases of the gastrointestinal tract, skin
aging, and other disorders (Stohs 1995). Oxidative damage
occurs in various levels of tissue, including the cell, nucleus,
cytoplasmic proteins, RNA, and DNA (Pryor et al. 2006). 8-
OHAG was first reported by Kasai and Nishimura (Kasai and
Nishimura 1984) as a specific biological marker of oxidative
DNA damage in 1984, and is currently one of the most
popular markers for the evaluation of oxidative DNA damage
and oxidative stress.

The testis is sensitive to various oxidative stress inducers
such as radiation (Hasegawa et al. 1997), high temperature
(Shiraishi et al. 2010), and environmental and industrial
agents (Koizumi and Li 1992; Ghosh et al. 2002). Oxidative
stress has been suggested to cause male reproductive dysfunc-
tion associated with male infertility (Kodama et al. 1997).
Turner et al. suggested that oxidative stress induced testicular
damage caused by various conditions, and that physiological
antioxidant defense systems protected the testis from oxida-
tive stress (Turner and Lysiak 2008). Non-enzymatic antiox-
idant vitamins E and C and other antioxidants also inhibited
oxidative damage in testis (Gupta et al. 2004; Agarwal et al.
2007; Uguralp et al. 2005).

Phthalate esters have been reported as testicular toxicants
(Moody et al. 2013; Borch et al. 2006; Imajima et al. 1997,
Shono et al. 2000) and MBP causes germ cell apoptosis and
the atrophy of the testis in rats dependent upon age (Kondo

etal. 2006). Exposure to MBP causes increased damage to the
testis of immature rats compared to adult rats (Kondo et al.
20006).

In the present study, a 3-day, short-time administration of
MBP induced significantly increased the levels of urinary 8-
OHJG and severe degeneration of germ cells in immature rats.
Furthermore, both the germ cell degeneration and the eleva-
tion of urinary 8-OHdG levels were inhibited by the simulta-
neous injections of antioxidant vitamins E and C. The mech-
anisms by which MBP induces testicular DNA damage have
not yet been fully elucidated. Phthalate have been known to be
able to produce free radicals by several pathways in germ cells
(Suna et al. 2007). Kim et al. suggested that MBP induced
oxidative stress in cultured rat embryonic limb bud cells (Kim
et al. 2002) Oxidative stress has been reported to induce
testicular DNA damage and germ cell apoptosis in humans
and animals (Turner and Lysiak 2008; Kasahara et al. 2002).
MBP may induce testicular DNA damage by two pathways;
one is the mitochondrial pathway and the other is the Fas
system. Oxidative stress alters the association between
proapoptotic and antiapoptotic members of the Bcl-2 family
on the mitochondrial membrane (Adams and Cory 1998),
allowing the release of cytochrome ¢ and induces the frag-
mentation of a cell's DNA by the activation of a caspase
cascade (Green 1998). Certain testicular toxicants, like MBP,
induce germ cell apoptosis through a pathway involving Fas
and Fas L binding on the cell membrane which initiates the
intracellular death domain pathway resulting in DNA frag-
mentation (Lee et al. 1999). MBP may thus induce and cause
testicular DNA damage and germ cell apoptosis in pubertal
rats.

The present results showed that short-term exposure to
MBP may induce oxidative DNA damage and the atrophy
of the testis in immature rats, with non-enzymatic antioxidant
vitamins C and E, can prevent this occurrence.
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