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Obesity has adverse effects on male fertility and usually is diagnosed with a prevalence of vitamin D deficiency (VD−). Discussion
on the impact of obesity/VD− on sperm function has been limited.This study analyzed the effects of diet-induced obesity/VD− on
viability andplasmamembrane integrity (PMI), superoxide anion (O2

−) level, andDNA fragmentation (DNAfrag) in spermSprague-
Dawley rats.Themales were randomized into four groups and fed for a period of 12 weeks: G1: control diet with vitamin D (C/VD+),
G2: control diet without vitamin D (C/VD−), G3: high-fat diet with vitamin D (HF/VD+), and G4: high-fat diet without vitamin
D (HF/VD−). Sperm function parameters were analyzed by flow cytometry. PMI percentages and O2

− levels were not affected by
any of the diets. DNA fragmentation was increasing significantly (p<0.05) in the spermatozoa of animals with diets vitamin D
deficient (G2) and diet-induced obesity (G4). Our results allow us to point out that diet-induced obesity and VD− produce greater
damage in DNA sperm of rats.The use of nutraceuticals containing vitamin D could be reducing the risk of fragmentation of DNA
in spermatozoa.

1. Introduction

Obesity has adverse effects on male fertility and is an
acknowledged risk factor for male subfertility [1, 2], this
condition may result in hypogonadism, increased scrotal
temperatures, impaired spermatogenesis, sperm decrease in
the motility and concentration, alterations in morphology
and mitochondrial function, and increased sperm DNA
damage, affecting male reproductive health [3–7]. In animal
and humans, a diet rich in fat or carbohydrates has been
shown to contribute to the development of obesity and altered
sperm parameters [8, 9].

A significant inverse correlation exists between obesity
and vitamin D (VD) in males; however, there is uncertainty

as to what the health consequences of these lower concentra-
tions might be [10–14]. The action of VD is mediated by VD
receptor (VDR) and enzymes that metabolize VD (CYP2R1,
CYP27B1, and CYP24A1) that are highly expressed in testis,
epididymis, seminal vesicle, prostate, and spermatozoa [15–
24], suggesting a local regulation of active VD that may be
important for spermatogenesis and/or sperm function.

The effects of diet-induced obesity/deficiency vitamin D
(VD−) on sperm function have been limitedly discussed; the
knowledge of the effects of this health condition on sperm
quality would help understand the low fertility potential in
obese/VD− males. The aim of the study was to evaluate the
effects of diet-induced obesity /VD− on the PMI, O2

− and
DNAfrag in Sprague-Dawley rats.
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2. Material and Methods

2.1. Animals and Treatments. The experimental protocol
studywas approved by the Scientific Ethics Committee (CEC)
of Universidad of La Frontera, Temuco, Chile (Protocol N∘
167/15; Act N∘ 014/2016).

Twenty healthy male Sprague-Dawley rats (weight: 363±
42.21 g, 4 months old) were used in this study. The animals
were maintained in the Biotherius of Center for Excellence in
Morphological and Surgical Studies (CEMyQ) ofUniversidad
de La Frontera, Temuco, Chile; they were allowed free access
to food (AIN-93M. PragSoluções Biociências�, Brasil) and
water at all times and were maintained at a temperature of
21±2∘C and controlled light cycle (12-12 h light/dark). Light in
the room that housed the rats was provided by incandescent
lighting, and all potential sources of ultraviolet light were
eliminated to exclude the possibility of endogenous VD
production in the skin [25]. The animal health status was
periodically checked by a veterinarian.

After a period of acclimatization of four months, the
animals were randomized into four groups (n=5 per group)
according to the content high fat (HF) and vitamin D (VD)
of their diets: G1: control diet with vitamin D (C/VD+), G2:
control diet without vitamin D (C/VD−), G3: high-fat diet
with vitamin D (HF/VD+), and G4: high-fat diet without
vitamin D (HF/VD−).

The composition of nutrients in different diets was pre-
pared following the recommendations of the AIN-93M [26]
by PragSoluções Biociências� [27]. The groups received the
diets over 12 weeks, from four months until seven months
of age. The food intake was recorded daily. All body values
were performed by our group and published by Merino et al.
[27, 28].

2.2. Sperm Collection. The animals were euthanized accord-
ing to the procedures described by Underwood et al. [29]
prior to the sperm collection. Both epididymides, free of fat,
were removed and placed in a polystyrene culture dish con-
taining 5mL gamete buffer medium (COOK�; Cook Medical
Inc. Bloomington, Indiana, USA). Sperm samples were col-
lected from the distal cauda epididymis by gentle massage
and stripping expelling an approximately 3 cm stream of
epididymal fluid, with special care to avoid blood [30, 31].
Semen samples were diluted in gamete buffer medium and
adjusted to 4x106 sperm/mL for sperm function evaluations.

2.3. Sperm Function Evaluations

2.3.1. Sperm Viability and Plasma Membrane Integrity (PMI).
PMI was assessed using the LIVE/DEAD Sperm Viability
kit (SYBR-14 dye/ PI; Invitrogen Inc., Eugene, OR, USA)
according to Gravance et al. [30] with some modifica-
tions. Briefly, 250𝜇L of sperm suspension + 2.5𝜇L SYBR-14
(0.01mmol, final concentration) + 1.25𝜇L propidium iodide
(PI; 0.01mmol, final concentration) was incubated for 10min
at 37∘C in the dark and immediately analyzed by flow
cytometry. Spermatozoa positive to SYBR-14 (SYBR-14+) and
negative to PI (PI−) were considered viable with intact plasma

membrane. The analysis in each trial was replicated three
times.

2.3.2. Superoxide Anion Production (𝑂2
−). The O2

− produc-
tion was analyzed as previously described [32]. Briefly, 250𝜇L
of sperm suspension was incubated for 10min at 37∘C with
2𝜇L (2mmol) of dihydroethidium (DHE; Molecular Probes,
Life Technologies) and in order to exclude dead cells from
the analysis, 0.3𝜇L (0.5mmol) of SYTOX� Green was used
(Molecular Probes, Life Technologies,) and analyzed by flow
cytometry. The analysis in each trial was replicated three
times. Spermatozoa positive to DHE (DHE+) and negative
to SYTOX� Green (SYTOX� Green−) were considered with
high O2

− production and viable.

2.3.3. DNA Fragmentation (𝐷𝑁𝐴frag). DNA was evaluated
according to Abbasihormozi et al. [33] with some modifica-
tions. Briefly, 250𝜇L of sperm suspension was fixed in 4%
formaldehyde for 10min at 4∘C and permeabilized in 100𝜇L
of 0.5% Triton X-100 (0.1% sodium citrate) for 15min at 4∘C.
After washing in PBS, the pellet was resuspended in 50 𝜇L of
TUNEL reaction mixture (Roche,Mannheim, Germany) and
incubated for 60min at 37∘C in a humidified atmosphere in
the dark. Next, 2𝜇L of PI was added. Samples were immedi-
ately analyzed by flow cytometry. Spermatozoa stained green
(TUNEL positive) were considered with fragmented DNA.
Each sample was analyzed in triplicate.

2.3.4. Flow Cytometry. A FACS Canto II� flow cytometer
(Becton Dickinson, Biosciences, San José, California, USA)
using controlled by the software FACSDiva� v. 6.1.3 was
used to determine sperm viability and plasma membrane
integrity (PMI: SYBR-14/PI), Superoxide anion level (O2

−:
DHE/SYTOX� Green), and DNA fragmentation (DNAfrag:
TUNEL), and 10 000 events were acquired by each test.

2.4. Statistical Analysis. The data were analyzed with the
statistical program PRISM� version 6.0 (GraphPad Software,
Inc., San Diego, CA, USA): differences of the sperm parame-
ters, plasma membrane integrity, superoxide anion level, and
DNA fragmentation. Statistical analysis of two-way ANOVA
was used. Differences between groups were established using
Tukey’s multiple comparison tests. The effects of the diet-
induced obesity and the vitamin Ddeficiency, as independent
factors, and the possible interactions between both factors
were tested by two-way ANOVA and Bonferroni’s multiple
comparisons test. The level of significance of p < 0.05 was
established. Results are presented as mean ± SD.

3. Results

3.1. Glucose Concentrations. The glucose concentration
(mmol/L) did not differ among the groups (P>0.05).
Similarly, there were no differences in glucose concentrations
before and after the experimental period in each group
(G1:5.11/4.96, G2: 5.01/4.82, G3: 4.98/5.36, and G4: 4.84/5.15;
P>0.05).



BioMed Research International 3
PM

I (
%

)

G1 G2 G3 G4
0

20

40

60

80

100 A A A A

(a)
G1 G2 G3 G4

0

20

40

60

80

100

A A A A

%
 In

tr
ac

el
lu

la
r R

O
S 

(O


- )

(b)
G1 G2 G3 G4

0

20

40

60

80

100

B B

C

A

＄
．
！

＠Ｌ
；Ａ

(%
)

(c)

Figure 1: Effects of diet-induced obesity and vitamin D deficiency in sperm function in rats. (a) Sperm viability and membrane plasma
integrity (PMI), (b) superoxide anion level (O2

−), and (c) DNA fragmentation (DNAfrag). G1: control diet with vitamin D (C/VD+), G2:
control diet without vitamin D (C/VD−), G3: high-fat diet with vitamin D (HF/VD+), and G4: high-fat diet without vitamin D (HF/VD−).
Data are expressed as mean ± SD and analysed by two-way ANOVA and Tukey’s multiple comparisons test. Different superscript letters
indicate significantly different rates (p<0.05, n=11).
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Figure 2: Interaction between diet-induced obesity and vitamin D on sperm function rat. (a) Interaction between diet-induced obesity
and vitamin D on sperm viability and plasma membrane integrity (PMI), (b) interaction between diet-induced obesity and vitamin D on
superoxide anion production (O2

−), and (c) interaction between diet-induced obesity and vitamin D on DNA fragmentation (DNAfrag).
Data are expressed as mean ± SD and analysed by two-way ANOVA and Bonferroni’s multiple comparisons test. Different asterisks indicate
significantly different rates (p<0.05, n=11).

3.2. Sperm Function

3.2.1. Viability and Plasma Membrane Integrity. Sperm via-
bility and plasma membrane integrity percentages were not
affected by any of the diets (Figure 1(a)). The interaction
between the variables deficiency of vitamin D and diet-
induced obesity was not significant in sperm viability and
plasma membrane integrity (F = 3.56; P-value = 0.0666).
(Figure 2(a)).

3.2.2. Superoxide Anion Production (𝑂2
−). Sperm anion

superoxide production was not affected by any of the
diets (Figure 1(b)). The interaction between the variables
deficiency of vitamin D and diet-induced obesity was not
significant in the sperm anion superoxide production (F =
0.69; P-value = 0.4113) (Figure 2(b)).

3.2.3. DNA Fragmentation (𝐷𝑁𝐴frag). DNA fragmentation
increased significantly in the diets G2, G3 (14.6±2.5% and
13.4±3.2, resp.) and in G4 (34.21±7.8%), compared to the

control (Figure 1(c)); besides, the interaction between the
variables deficiency of vitamin D and diet-induced obesity
was significant in DNA (F = 4.71; P-value = 0.0359) (Fig-
ure 2(c)).

4. Discussion

Obesity has adverse effects on male fertility and usually
has been associated with a prevalence of VD− [3–7, 10–
14]; however, the effects of diet-induced obesity/VD− on
sperm function have been limited. The knowledge of the
effects of this health condition on sperm quality would help
understand the low fertility potential in obese/VD− males. In
this regard, in the present study, we evaluated the effects of
diet-induced obesity/VD− on the PMI, O2

− and DNAfrag in
Sprague-Dawley rats.

The high-fat diet used in the present study was effective
in promoting obesity, as demonstrated by significantly higher
BM and the increase in adipose index. This condition was
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exacerbated by ingestion of high-fat diet and VD− [27], with-
out affecting serum glycemic profile. Glucose metabolism is
an important event in spermatogenesis as well as specific
functions, such as motility and fertilization ability in mature
sperm [34].

The results revealed good quality of spermatozoa from
control group sperm (G1) with high percentages of PMI
intact, and low percentages of O2

− synthesis and DNAfrag;
nevertheless, the groups of males fed a diet-induced obe-
sity and VD− have impaired spermatozoa as evidenced by
increased sperm DNA damage.

The PMI was not affected by diet-induced obesity. These
results are in agreement with those previously reported in
rabbits sperm [35]. In addition, it should be noted that PMI
was not affected by concentrations of VD use in the diets.
VD has an important role in sperm PMI [17]; the beneficial
effect is dose-dependent at lower concentrations [17, 36, 37];
in the male gamete sperm it is necessary for its activation and
adaptation to change its environment [17, 36].

ROS are highly reactive oxidizing agents that, at phys-
iologic levels, are naturally involved in various physiologic
pathways essential for normal reproduction; they are equi-
librated by the presence of various enzymatic and nonen-
zymatic antioxidants that scavenge and neutralize excessive,
and therefore detrimental amounts of ROS [38, 39]. The
disturbance in the redox state causes oxidative stress (OS)
which elicits its detrimental effects DNA damage [38, 39].
In rat sperm, O2

− and hydrogen peroxide (H2O2) have been
used to determine intracellular (H2O2) or mitochondrial
(O2) ROS in male diet-induced obesity [28], demonstrating
that these increases cause DNAfrag sperm. Our results are in
agreement with sperm DNAfrag; however, in our study, low
O2
− intracytoplasmic production was obtained. In addition,

our results provide evidence that there exists an interaction
between the variables (diet-induced obesity and VD−) with
a significant effect on DNA status, inducing fragmentation of
DNA in epididymal sperm of rat.The interaction fat (obesity)
by VD− has been previously reported in rats and humans,
about the vitamin D is stored in body fat, and despite an
ostensibly adequate input, the obese male cannot readily
access his or her own reserves of the vitamin dissolved in
the fat of adipose tissue [10–14, 40–44] causing vitamin D
deficiency in thesemales. On the other hand, previous studies
have shown that vitamin D can prevent DNAdamage directly
or indirectly by inducing cell cycle arrest and increasing the
activity of DNA repair [45]. This explains the interaction
fat (obesity) by VD− and the effect on DNA fragmentation
in epididymal sperm of rat, observed in our study. To our
knowledge, this is the first study that analyzes the interaction
of obesity and VD- on sperm DNA. Possibly, the DNA
damage observed could explain the low fertility potential
in obese/VD− males reported in previous studies [3–7, 10–
14, 28].

The greatest influence of vitamin D on DNA could occur
during spermatogenesis stage, in spermatogenesis [18, 46–
48], because in this stage a marked expression of VDR and all
the VD metabolizing enzymes has been evidenced [18]. The
role of the VDR in sperm nucleus is unclear, suggesting that

VDR in sperm nucleus could be implicated in a protective
effect on DNA integrity [15, 23, 37, 45]. Nair-Shalliker et
al. [45] suggest that DNA integrity in lymphocytes male
VD− may be more susceptible to damage when exposed to
damaging agents.

Our results suggest a role of the VD as a protective
genomic factor of sperm DNA integrity, in the stages of
spermatogenesis; its deficiency significantly increased the
DNA damage in male rats of normal weight and obesity
[18, 21, 46, 49–53].

5. Conclusions

These findings suggest that appropriate vitamin D level in
the diet is very important for sperm DNA integrity and
consequently for rat reproduction. The use of nutraceuticals
containing vitamin D could be important in the association
of infertility and obesity in mammals.
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