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ABSTRACT

Objective: To determine the length of exposure to
high doses of phthalate that might affect sperm quality in
adult male Wistar rats.

Methods: Forty-two (42) adult male Wistar rats
(weighing 150-200 g) were randomly assigned into six
groups (n=7): Group A received 0.5 mL of distilled water
- placebo - and served as controls; groups B, C, D, E and
F received Phthalate (750 mg/kgbw) for 1, 3, 5, 7 and 9
weeks, respectively. The data obtained from the study was
expressed as Mean £ SEM with a p-value <0.05 considered
significant. The data was analyzed with one-way analysis
of variance (ANOVA) followed by Tukey’s post-hoc test
using GraphPad Prism, version 8.

Results: The results showed a statistically significant
(p<0.05) decrease in testicular weight in the rats exposed
to 750 mg/kg of phthalate for 3, 5, 7 and 9 weeks when
compared with the controls. Sperm count, motility and
viability were also significantly (p<0.05) reduced, while
sperm cells with abnormal morphology had increased
counts in the groups exposed for 3, 5, 7 and 9 weeks when
compared with controls. Serum zinc and magnesium were
also significantly reduced (p<0.05) in the subjects treated
for 1, 3, 5, 7 and 9 weeks when compared with controls.

Conclusions: The dosage of phthalate adopted in this
study was deleterious to testicular function when rats were
exposed to it for as short a period as three weeks.

Keywords: phthalate, testicular toxicity, sperm count,
sperm viability, motility, morphology

INTRODUCTION

Endocrine disrupting chemicals (EDCs) have been at-
tributed with potential deleterious effects on reproduction
by interfering with the biosynthesis, activities or elimina-
tion of the reproductive and other natural hormones in the
body (Nassouri et al., 2012). The effects from EDCs are
common because of the high level of these substances in
the environment (Silins & Hogberg, 2011), and as such
humans are exposed to them from conception to old age.
A common example of such substances is di(2-ethylhex-
yl) phthalate, a compound commonly used as a plasticizer
in polyvinylchloride (PVC) plastics found in personal care
products and medical devices. It accounts for a significant
percentage of the total phthalates used worldwide (Kam-
rin, 2009).

These chemicals have been identified to cause multi-or-
gan damage in humans and animals through a number
of mechanisms. One such mechanism manifests through
increased rates of genes expression in Peroxisome Pro-
liferator-Activated Receptors, which in turn leads to ab-
normal cell growth and carcinogenesis (Yavasoglu et al.,
2014). Another path occurs through oxidative stress in

the mitochondria by way of generation of Reactive Oxy-
gen Species (ROS). The ensuing DNA damage may disrupt
cellular proteins and increase the rate of lipid peroxidation
(Erkekoglu et al., 2014).

Epidemiological (Benjamin et al., 2017) and animal
(Yavasoglu et al., 2014; Esteves, 2014; Lee et al., 2007)
studies have associated phthalates with infertility, where
they are said to interfere with normal functioning of the
gonads. Such effect in human males is normally diag-
nosed by semen analysis that provides information on the
functional status of the testes, epididymis, seminiferous
tubules and accessory sex glands (Zhang et al., 2018).
In previous studies, different dosages of various phthal-
ates have also been found to induce reproductive toxicity
(Chang et al., 2015; Wu et al., 2018; Lee et al., 2007),
although none of the previous studies was able to establish
the exact length of exposure that might be deleterious to
testicular function or the mechanism of action of phthal-
ates. It is therefore pertinent for this study to evaluate the
possible mechanisms and lengths of exposure that might
affect semen quality in male Wistar rats.

MATERIALS AND METHODS

Animals

This study included 42 adult Male Wistar rats weighing
150-250 g (aged 5.5+0.5 months) procured and main-
tained in the Animal House of the University of Medical
Sciences, Ondo. The rats were allowed to acclimatize for
two weeks before the commencement of administration.
The animals were housed in standard laboratory cages and
allowed free access to standard commercial rat pellets with
standard composition purchased from Top Feed iwu, Edo
State and water ad libitum. They were maintained on a
12:12 hour light and dark cycle at 5°C+2°C.

Experimental Design

The 42 male Wistar rats were randomly assigned into
six groups (n=7). Group A (untreated) served as control
and received 0.5 mL of distilled water placebo, while group
B received Phthalate (750 mg/kgbw) for 1 week, group C
received Phthalate (750 mg/kgbw) for 3 weeks, group D
received phthalate (750 mg/kgbw) for 5 weeks, group E
received phthalate (750 mg/kgbw) for 7 weeks, and group
F received phthalate (750 mg/kgbw) for 9 weeks.

Administration of phthalate

The phthalate used in this study was di-(2-ethylhex-
yl) phthalate purchased from Sigma Aldrich, USA (catalog
number D201154-2L). The chemical is a viscous liquid,
and was administered to the animals with the aid of an
orogastric cannula at a dosage of 750 mg/kg body weight
per day, following the method described in a preliminary
study performed to determine the L.D 50 of Phthalate and
the modifications of the established dose proposed by Lee

Received December 1, 2020
Accepted June 4, 2021

53



Original Article

et al. (2007). Using the computer software Omni dosage
calculator  (https://www.omnicalculator.com/health/dos-
age), the daily dosage of the chemical was estimated from
the weight of the animals. Treatment of the animals was
done between 7 am to 11 am daily.

Sample Collection

At the end of 1, 3, 5, 7 or 9 weeks, the animals were
fasted and euthanized. The testes and epididymis were
carefully dissected and weighed on an electronic weighing
scale, while the epididymis was used in semen analysis.

Semen analysis

For sperm count the caudal epididymis was homog-
enized in formalin saline and the sperm count was car-
ried out using the improved Neubauer counting chamber
(LABART, Germany). Sperm was examined under a light
microscope at 40x magnification; the different fields were
evaluated and sperm count was calculated based on the
formula described by Omirinde et al. (2019):

No of ted X Diluati
(Noo éﬁiﬁﬁ:g??qiares ; ga ion) in million/pL or million/mlm®

Sperm count =

Sperm motility was determined by the convention-
al method described by Khatun et al. (2018). After the
sperm was squeezed on the pre-warmed slide, two drops
of warm 2.9% sodium citrate were added to it. The slide
was then covered with a cover slip and examined under
the microscope using 4x0 objective lens with reduced light
(Khatun et al., 2018). Sperm Viability (Live/Death Raito)
was assessed by observing the percentage of spermatozoa
in a unidirectional progressive movement over a field on a
slide under the light microscope fitted with a camera using
the Eosin/Nigrosin stain (Omirinde et al., 2019). Sperm
morphology was analyzed by collecting a thin smear of
the sperm sample on a clean slide fixed with 95% ethanol
allowed to air dry. The fixed slide was then sequential-
ly immersed into different concentrations of ethanol and
stained with Harris hematoxylin, G-6 orange stain and EA-
50 green stain for one minute. The slide was then exam-
ined under a microscope at 40x magnification; 200 sperm
were assessed and sperm abnormalities were expressed in
percentages (Omirinde et al., 2019; Yu et al., 2018).

Electrolyte level determination

Zn and Mg were determined by the enzyme-based
immunoassay (EIA) system with the aid of an automated
electrolyte analyzer, as described by Tietze (2012).

Histological Study

The tissues were dehydrated in ascending grades of
ethanol, cleared in xylene and embedded in paraffin wax.
Serial 7-micron thick sections were obtained using a rota-
ry microtome. The de-paraffinized sections were stained
routinely with hematoxylin and eosin. Photomicrographs
of the desired results were obtained using an Olympus re-
search photographic microscope according to the method
described by Adjene et al. (2014).

Statistical Analysis

Data from this study were expressed as Mean + SEM
and statistical significance of the treatment effect from this
study was analyzed using one-way analysis of variance
(ANOVA); inter group comparisons were performed with
Tukey’s post-hoc tests for randomized design using Graph
Pad Prism, version 8; p<0.05 was considered statistically
significant.

Statement on Ethical Clearance

This study is part of a long-term study conducted un-
der close supervision and as per the Delta State University
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standards with the written consent of the Research, Ethics
and Grant committee of the Faculty of Basic Medical Sci-
ences of the University (REC/FBMS/DELSU/18/05).

Statement on Relevant Guidelines

We also confirm that this study and the various experi-
ments performed in it were carried out in accordance with
the guidelines provided by the Research, Ethics and Grant
committee of the Delta State University on the use of ex-
perimental animals and laboratory analysis.

RESULTS

The results are presented in Figures 1, 2, 3, 4, 5, 6 and
7; Tables 1 and 2; and Plate 1. As presented in Figure 1,
there was a statistically significant decrease in the testic-
ular weight of the rats in the groups treated with 750 mg/
kg of phthalate for three (0.67+£0.07), five (0.73£0.14),
seven (0.87£0.10), and nine weeks (0.82+0.07) when
compared with controls (1.31+£0.05) at a p<0.05. No
significant differences were found between the experi-
mental groups. Figure 2 shows that sperm count was sig-
nificantly reduced in rats exposed to Phthalate for three
(38.83+12.01), five (42.57+5.53), seven (71.86+8.83),
and nine weeks (59.57+8.10) when compared with con-
trols (110.2+3.80). No significant differences were seen
between the experimental groups. Figure 3 shows a sta-
tistically significant reduction in percent Sperm motility in
the groups exposed to 750 mg/kg of phthalate for three
(34.57+9.35), five (41.17+6.56), seven (53.57+14.17),
and nine weeks (48.57+6.70) when compared with con-
trols (97.20+£0.58). Figure 4 shows a statistically significant
decrease in percent viable sperm cells in groups exposed
to phthalate for three (37.86+10.05), five (51.67+£16.77)
and nine weeks (44.29+6.40), respectively when com-
pared with controls (94.80+1.39). A significant difference
was observed between the groups treated for three weeks
(37.86+10.05) when compared with the group treated for
one week (77.14%6.16), although no significant differenc-
es were observed between the other experimental groups.
Figure 5 shows a statistically significant increase in percent
sperm cells with abnormal morphology in groups exposed
to phthalate for three (55.57+8.33), five (50.86+5.69),
seven (46.86+11.43) and nine weeks (57.57+6.32) when
compared with controls (10.14+1.68). No significant dif-
ferences were seen between the groups treated for 3, 5,
7, and 9 weeks.

Table 1 shows the effects of phthalate on gonadotro-
pin and steroidal hormone levels of Male Wistar rats with
different lengths of exposure. Accordingly, treatment with
phthalate (750 mg/kg) led to a significant (p<0.05) de-
crease in LH (1, 3, 5 and 9 weeks), FSH (1, 3, 5, 7 and
9 weeks), and testosterone (1, 3, 5, 7 and 9 weeks) lev-
els when compared to controls. The results also showed
a significant difference in LH in the rats treated for seven
weeks when compared with rats treated for three and five
weeks; the difference in testosterone levels in rats treated
for three weeks was also significant when compared to the
levels seen in rats treated for one week.

The effects of phthalate on serum electrolytes in
Male Wistar rats following different lengths of exposure,
as demonstrated in Figure 6 and 7, showed that chronic
treatment with phthalate (750 mg/kg) produced a signifi-
cant (p<0.05) decrease in serum Zn levels (Figure 6) (rats
treated for 1, 3, 5, 7 and 9 weeks) and a corresponding
reduction (p<0.05) in Mg levels (Figure 7) when compared
with controls.

Plates 1A to 1F show the histology of the testes of
male Wistar rats following different lengths of exposure
to phthalate. The slide for rats treated for one week dis-
played several atrophic seminiferous tubules and thickened

54


https://www.omnicalculator.com/health/dosage
https://www.omnicalculator.com/health/dosage

Phthalates and fertility - Emojevwe, V. 535

Figure 1. Effects of different lengths of exposure to phthalate on testicular weight in male Wistar rats
Values are expressed as Mean = SEM (n=7) (One-way ANOVA followed by Tukey’s post hoc test).
*p<0.05 considered statistically significant when compared with controls.

Figure 2. Effects of different lengths of exposure to phthalate on sperm count in male Wistar rats.
Values are expressed as Mean + SEM (n=7) (One-way ANOVA followed by Tukey’s post hoc test).
*p<0.05 considered statistically significant when compared with controls.

propria enveloping the tubules with degenerated germ
cells and maturation arrest accompanied by mild conges-
tion (Plate 1B). Rats treated for three weeks showed very
poor testicular architecture with several bizzare shaped
tubules, some atrophic seminiferous tubules and thick-
ened propria enveloping the tubules with the presence of a
pinkish homogenous mass and vascular congestion (Plate
1C). Rats treated for five weeks had very poor testicular
architecture with several atrophic seminiferous tubules
with thickened propria enveloping. This group also fea-
tured degenerated germ cells, maturation arrest and mild
Leydig cells hyperplasia (Plate 1D). Rats treated for seven
weeks showed moderately normal testicular architecture
with normal seminiferous tubules and normal maturation
stages with presence of spermatozoa within their lumen.
However, few seminiferous tubules presented with mat-
uration arrest and mild congestion when compared with

normal controls (Plate 1E). Rats treated for nine weeks had
poor testicular architecture with some normal seminiferous
tubules and normal maturation stages with spermatozoa
within the lumen. However, congestion, some seminifer-
ous tubules with fibrosis and degenerated epithelial germ
cells and maturation arrest were also found. The interstitial
spaces had normal Leydig cells (Plate 1F).

Table 2 shows the effects of the various lengths of ex-
posure to phthalate on the seminiferous tubule count of
the testes. The results showed a decline in the number
of normal seminiferous tubules in groups treated with
phthalate. Approximately 70% of the seminiferous tubules
were normal in the group exposed for one week, 26.6% in
the group exposed for three weeks, 21.4% in the group
treated for five weeks, 60% in the group treated for sev-
en weeks, and 55% in the group treated for nine weeks,
against 100% in the control group.
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Figure 3. Effects of different lengths of exposure to phthalate on sperm motility in male Wistar rats
Values are expressed as Mean = SEM (n=7) (One-way ANOVA followed by Tukey’s post hoc test).
*p<0.05 considered statistically significant when compared with controls.

Figure 4. Effects of different lengths of exposure to phthalate on sperm viability in male Wistar rats
Values are expressed as Mean £ SEM (n=7) (One-way ANOVA followed by Tukey’s post hoc test).
*,3p<0.05 were considered statistically significant when compared with controls and rats treated for one

week, respectively.

DISCUSSION

The present study established the repro-toxic effects of
different lengths of exposure to 750 mg/kg of phthalate on
testicular weight and sperm characteristics such as sperm
count, motility, viability and sperm morphology, in addition to
the exact length of exposure that might cause such effects.
In the study, testicular weight, testicular architecture, semen
characteristics, serum zinc and magnesium levels were sig-
nificantly affected by the administration of phthalate.

Organ weights are the fundamental benchmarks for
toxicological studies (Crissman et al., 2004). Testicular
weight was significantly decreased in groups exposed to
phthalate for three, five, seven, and nine weeks relative
to controls. This is an indication that phthalate may start
affecting the weight of the testes significantly after three
weeks of exposure. Studies on the consequences of toxic
substances have demonstrated that the testes are more
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sensitive to endocrine disruptors than other important
organs in the body (Schug et al., 2011). A recent study
reported decreased testicular and epididymis weights and
histopathology changes in testes of rat pups after perianal
exposure to phthalate (Dobrzynska, 2016). The reduction
in weight observed in this study stands as a result of the
degeneration of vital structures of the testes including the
seminiferous tubules and Leydig cells, which account for
more than 90% of the testicular mass. Degeneration of the
seminiferous tubules signifies decreased numbers of Ser-
toli cells and germ cells. This degeneration may result from
the release of excess reactive oxygen species (ROS) that
lead to oxidative deterioration of proteins and lipids that
eventually lead to atrophy (Akingbemi et al., 2004; Erkek-
oglu et al., 2014). This finding is consistent with a similar
reduction in weight observed by Zhang et al. (2018) in
pubertal rats following exposure to phthalate.
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Figure 5. Effects of different lengths of exposure to phthalate on sperm morphology in male Wistar rats
Values are expressed as Mean = SEM (n=7) (One-way ANOVA followed by Tukey’s post hoc test).
*p<0.05 considered statistically significant when compared with controls.

Figure 6. Effects of phthalate on serum Zn level in male Wistar rats following different lengths of exposure
Values are expressed as Mean = SEM (n=7) (One-way ANOVA followed by Tukey’s post hoc test).

*p<0.05 when compared with controls.

Over the years, the quality and fertility potential of
sperm has decreased dramatically as assessed by sperm
count, sperm cell viability and motility, and sperm cell mor-
phology (Darbre, 2015). Alterations in sperm parameters
are indicative of poor testicular function (Durairajanayag-
am, 2018). The present study showed that phthalate sig-
nificantly reduced sperm count (Figure 2), sperm motility
(Figure 3) and viability (Figure 4) and increased abnormal
sperm morphology (Figure 5) in the group exposed to 750
mg/kg for three, five, seven, and nine weeks. This is due to
the deleterious influence of phthalate on spermatogenesis.
In the results there appears to be a slight improvement in
the consistency of semen after the third week (although
still significantly worse than controls). This suggests a

certain degree of acclimatization, especially on week 7 of
treatment, although the effects of phthalate were again
pronounced at week 9. This pattern further demonstrates
the inability of the spermatogenic cells to completely ac-
climatize to phthalate-induced toxicity for a longer period.
The present study agrees with the report of Subramanian
et al. (2018), which reported a correlation between se-
men parameters and exposure to various toxic chemicals.
Phthalate exerts this damaging effect on testicular function
through decreases in serum testosterone and follicle stim-
ulating hormone levels, degeneration of Leydig cells, or
early detachment of germ cells from Sertoli cells due to the
effects of phthalate in altering of zinc and magnesium ho-
meostasis, as demonstrated in this study. When either of
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Figure 7. Effects of phthalate on serum Mg level in male Wistar rats following different lengths of exposure
Values are expressed as Mean = SEM (n=7) (One-way ANOVA followed by Tukey’s post hoc test).
*p<0.05 considered statistically significant when compared with controls.

Table 1. Effects of phthalate exposure on sperm count, motility and viability in male Wistar rats following different lengths|
of exposure.

GROUP LH (mUI/ml) FSH (mUI/ml) Testosterone (ng/ml)

A (Control) 1.91+0.03 3.05+0.15 6.92+0.36

B (1 Week) 1.26+0.02* 2.55+0.11* 4.64+0.76*

C (3 Weeks) 1.18+0.01%* 2.48+0.46% 2.22+0.25%2

D (5 Weeks) 1.25+0.05%¢ 2.58+0.27% 2.86+0.18%*

E (7 Weeks) 1.68+0.16 2.77£0.12%* 3.90+0.60*

F (9 Weeks) 1.28+0.06* 2.63+0.07* 3.47+0.03*

Values are expressed as Mean + SEM (n=7) (One-way ANOVA followed by Tukey’s post hoc test).

*ad p<0.05 considered statistically significant when compared with controls and rats treated for one and seven weeks,

respectively.

Table 2. Effects of different lengths of exposure to 750 mg/kg of phthalate on seminiferous Tubule Count of male Wistar
rats.

GROUP nMA/field nATR/field nSL/field nN/field % of Normal

A (Control) - - - 38 100

B (1 Week) 2 4 3 21 70

C (3 Weeks) 2 29 2 12 26.6

D (5 Weeks) 1 3 3 21.4

E (7 Weeks) 2 - 15 60

F (9 Weeks) 1 8 18 55

MA: Maturation arrest, ATR: Atrophy, SL:

JBRA Assist. Reprod. | v.26 | n°1 | Jan-Feb-Mar / 2022

Sloughed germ cells, N:Normal, n: Number
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Plate 1. Effects of exposure of phthalate on histology of the testes of male Wistar rat following different
lengths of exposure (H&E stain x 100). A (control), B (1 week-PHT), C (3 weeks-PHT), D (5 weeks-PHT),

E (7 weeks-PHT), F (9 weeks-PHT)

Normal Leydig cells (slender arrow); interstitial space with sperm cells (white arrow); seminiferous tubule
(black span); vascular congestion (red arrow). Degenerated germ cells/Maturation Arrest (blue arrow).
Thickened propria enveloping the tubules (green arrow), poor architecture (***).

these happens, the development of secondary spermato-
cytes to spermatids may be hampered due to lack of nour-
ishment of the germ cells (Murphy & Richburg, 2015) due
to their interdependent nature (Saradha et al., 2009; Mur-
phy & Richburg, 2015). Several studies have linked the ef-
fects of phthalate on semen parameters to the generation
of reactive oxygen species (ROS) at a cellular level (Song
et al., 2019). Effects include increased lipid peroxidation
(da Silva et al., 2016), disrupted cell function, and altered
expression and activity of the most important antioxidant
enzymes, thus leading to testicular tissue damage, germ
cell apoptosis, and reduced spermatogenesis (Wagner et
al., 2017; Wajtowicz et al., 2019).

During spermatogenesis, although germ cell apoptosis is
said to be a normal occurrence that increases when Sertoli
cells are injured and can no longer support their normal com-
plement of germ cells, germ cell apoptosis might also be in-
duced through direct injury by a toxicant (Murphy & Richburg,
2015), as demonstrated in this study. Reduction in follicle
stimulating hormone alongside germ cell apoptosis as a result
of increased activity of reactive species have also accounted
for the poor semen parameters observed in this study.

CONCLUSION

Our study showed that phthalate decreased the weight
of the testes and sperm quality. These deleterious effects
of phthalate were observed as early as after one week of
exposure and became very prominent as of three weeks
of exposure. Failed cell acclimatization seems to have

occurred after seven weeks of exposure. This deleterious
effect of Phthalate was attributed to electrolyte (zinc and
magnesium) derangement, endocrine disruption and alter-
ation of testicular architecture.
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