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ABSTRACT
The present study attempts to chronicle the series of changes starting from the consumption of high fat diet till reproductive
activity in male mice. A marginal increase in body weight was observed in male mice fed with high fat diet with 3-fold
increase in total body fat and 1.4-fold increase in adipose tissue. A significant reduction in number and diameter of
seminiferous tubules were observed in high fat diet fed mice compared to control mice. FACS analysis of testicular germ
cells revealed very high percentage of apoptotic cells (84%) compared to control animals (2-3 %) indicative of reduced
spermatogenic activity. In addition, a significant decrease in litter size (11.6%-Control to 3.66%-HFD) indicates that
reproductive efficiency in high fat diet fed mice reduced to a great extent. The present study revealed high fat diet
alters the fertility in male mice significantly and the first in this process appears to be apoptosis of testicular cells due
to increase in ROS.
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INTRODUCTION
Although consuming balanced diet with right

proportion of carbohydrates, fat and vitamins is desirable, it
is not possible in the present day life situations. With the
advent of fast foods, there has been an alarming increase in
consumption of high fat diet mainly consisting of cheese
and oily snacks. In the present day lifestyle of young adults
whose diet is dominated by unsaturated and trans-fats,
percentage of infertility in young couples is increasing
gradually (Hussain et al. 2016; Jungheim et al. 2013). Several
studies are directed towards investigating the role and
significance of diet in alleviating the problem. In this regard,
it is pertinent to note that the well established high fat diet
consumption results in obesity with associated problems like
diabetes, high cholesterol, cardio vascular diseases etc. and
also results major biochemical changes which in turn leads
to increase in ROS (Roza et al. 2016;Spencer et al. 2004).
In the past decades, the adverse effects of obesity on female
fertility have been well recognized. Some of the key effects
are observed in terms of polycystic ovarian syndrome,
menstrual disorder, miscarriage, lower conception rate and
so on (Pasquali et al. 2003). Obesity is also known to have a
role in male infertility by the way of decreased sperm count
and sperm motility (Bakos et al. 2011, Hammoud et al.
2012). Several studies strongly attribute sperm DNA damage
and intracellular reactive oxygen species, which in turn
results in oxidative stress, with diet-induced obese male
(Bakos et al. 2011. Fernandez et al. 2011). It is known that

high body mass index and accumulation of excessive fat
further increases oxidative stress along with the above
mentioned factors.

Reactive oxygen species (ROS) are highly reactive
oxidizing agents. Cells have a defense system under aerobic
condition against ROS. There is a balance between
antioxidants and pro oxidants in normal circumstances. When
the body fails to eliminate excess ROS or an over production
of ROS develops, it damages the tissues and cells (Tafuri et
al. 2015). In addition, in terms of male reproductive system,
consequential changes in semen factors such as the
concentration, motility, viability and morphology of sperms
have also been attributed to obesity (Martini et al. 2010.
Shayeb et al. 2011). In this regard, studies on high-fat diet
fed mice, apparent pathological changes in testicular tissue
were indicated by seminiferous tubules that were small,
atrophic and distorted and by damaged basement membrane
(Bakos et al. 2011;Hammoud et al. 2012). However, even
with the growing evidence of the role of obesity in impairing
male fertility (Hammiche et al. 2012. Hammoud et al. 2008;
Hofny et al. 2010), studies have failed to establish and
document the relationship between the two (male infertility
and obesity) distinctly(Jensen et al. 2004;Rybar et al. 2011).
In support of this suggestion, clinical data from large-scale
epidemiological studies  was found to indicate a remarkable
negative correlation between several semen factors, such as
mentioned above, and body mass index (Chavarro et al.
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2010;Fejes et al. 2005;Martini et al. 2010;Paasch et al. 2010;
Shayeb et al. 2011). In other studies, data indicate that the
alteration of sex hormone levels (such as increased
testosterone and estradiol levels) in obese men is found to
affect spermatogenesis (Chavarro et al. 2010,;Liu et al. 2014)

Over the years several studies have been carried
out on the effects of high fat diet on metabolic changes and
reproduction using rodent models (Graber et al. 1965;
Harishankar et al. 2011) , however, the sequences of changes
which culminate in reproductive failure have been mostly
conducted in relation to female reproductive system. In the
present study an attempt has been made to document early
changes which, ultimately result in failure of reproduction
in male mice.
MATERIALS AND METHODS
Animals, housing and feeding: A total of 12 animals (4
weeks old male C57BL6 mice) for the study were obtained
from the Central Animal Facility, Indian Institute of Science,
Bangalore. All animals were weighed and divided into two
groups of 6 each.  Animals were housed in polycarbonate
cage with corncobb (Sagar Industries, Bangalore) as bedding
material. Animals were maintained under controlled
environmental conditions with 12:12 h light and dark cycle.
The temperature was maintained at 22±2°C and humidity
within a range of 30-70% throughout the study period.
Bedding material along with cage was changed twice a week.
The experiment was carried out for a period of 15 weeks.

Control animals were provided with standard
pelleted rodent feed (Rayan Biotechnologies Pvt. Ltd.,
Hyderabad) and experimental animals with high fat diet
(Research Diet HFD, D12492) for 15 weeks.  All the animals
were provided with purified filtered and UV irradiated water
ad libitum during the entire period of the experiment. The
experimental protocol was approved by the Institutional
Animal Ethics Committee, Central Animal Facility, Indian
Institute of Science and complied with guidelinesof
Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA). Body weights of
animals were recorded at the start of the experiment and
every week subsequently till the completion of the study.
Consumption of feed by animals which were provided 130
g of feed was calculated on weekly basis.
Estimation of serum glucose and cholesterol levels: Blood
samples from animals were collected through retro-orbital
plexus by using capillary tubes. The blood samples were
allowed to coagulate at room temperature for one hour and
subsequently centrifuged at 3500 rpm for 15 min in a
refrigerated centrifuge. The clear, non-haemolysed
supernatant serum was aspirated using pipette and stored at
-20ºC until further analysis.Serum glucose and cholesterol
levels were analysed by Liquixx glucose and Liquixx
cholesterol estimation kits (Erba Mannheim, Germany).

Estimation was carried out according to manufacturer’s
instructions.
Estimation of Reactive Oxygen Species (ROS) level in
RBCs using DCFDA: Both high fat diet fed and controls
animals were anesthetized and blood samples were collected
through cardiac puncture for this study. Blood samples were
immediately mixed with acid-citrate-dextrose (ACD)  in the
ratio of 5:1 (blood: ACD, v/v). About 100 l aliquots of
anti-coagulated blood were used to determine cell count in
an automated hemo-analyser. Further, the remaining anti-
coagulated blood was then centrifuged at 3000 rpm for 15
min to obtain RBCs. The cell count was determined in RBCs
using a Neubauer chamber and adjusted to 5×108cells/mL
in the final suspension using Tyrode’s buffer. Endogenous
ROS generation in RBCs of control and high-fat diet fed
mice blood was monitored using 2’, 7’ –dichlorofluorescin
diacetate (DCFDA) staining. After isolation, cells were
stained using DCFDA (5µM) for 30 min, washed and
analysed using FACS Calibur flow cytometer (BD
Biosciences, USA). The signals were read at Ex 485 nm,
Em 535 nm.
DNA analysis using FACS: At the end of the experiment,
the mice were euthanizedand testes were collected. Single
cell suspension of cells wasobtained for cell cycle analysis.
Determination of number apoptotic cells was carried out
using Propidium Iodide (PI) staining. Approximately 20,000
cells were acquired and was analysed using FACSDiva
Version 6.1.3 program.
Tissue sampling and histological preparation: At the end
of the study, animals were euthanized humanely and adipose
tissue, fat tissue (Mann et al. 2014) and testes were collected
and weighed immediately. The testes collected from control
and HFD animals were fixed in Neutral Buffered Formalin
(NBF) solution and processed for histological examination.
Mating studies: High fat diet fed  male animals were allowed
to mate with one control diet fed female for one week and
the mating success was assessed by plug formation in the
female.  For estimating the mating efficiency, control male
and female were also allowed to mate and compared with
the studies carried with high fat fed animals. The success
rate was assessed between these two.
Statistical analyses: All data were expressed as mean ±
SEM. Statistical analyses were done by using Graph Pad
Prism (V5.0). Unpaired t-tests were done wherever required
and values with P <0.05 were considered significant.
RESULTS AND DISCUSSION

It was interesting to note that in spite of providing
high fat diet for 15 weeks HFD, fed animals showed only a
marginal increase (0.12 %) in body weight (Table 1). In
contrast, fat weight increased by 3-fold and adipose tissue
weight by1.4-fold. As expected HFD feeding led to 3.6-fold
increase in blood glucose levels and cholesterol levels by
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Fig 1: Histopathology of testis (A) mice fed with control diet (B)
mice fed with HFD

0.58-fold. To check whether there was any excessive
production of ROS in HFD fed mice, we analysed RBCs
after separating from whole blood. ROS production showed
50% increase in HFD fed animals compared to controls. It
can be seen from the Table 1 that in control diet fed mice
nearly 52% diploid and 43% haploid cells and also between
2-3% apoptosis were seen. However, in high fat diet fed
animals 84% apoptotic cells were seen and only 7.6% diploid
and 4.8% haploid cells were seen, which suggests that
spermatogenesis is severely compromised. This in turn
suggests   that high fat diet ultimately induces cell death in
testis. However, only a minimal change in testes weight was
observed in HFD fed males compared to the controls.
Following these changes, there was decrease in the
seminiferous tubule diameter in the high fat fed mice. While
nearly 4 tubules could be seen in one microscope (10X) field
of the control diet mice only two tubules could be seen
(Fig 1) in the high fat fed diet suggesting the decrease in
tubule diameter, which is indicative of the decreased
spermatogenesis. This could be due to decreased
testosterone. However, this is not reflected in the actual serum
testosterone levels in the high fat diet fed animals. As can be
seen in the results observed (mean values: Control: 2.1 ng/
dL, HFD: 65.4 ng/dL) in the high fat diet fed animals a very
high and abnormal serum testosterone values were seen.The
elevated increase in the testosterone levels may not be the
effect of high fat diet alone. Differences in the metabolism
of gut bacteria could explain some of the oddities observed
in hormone metabolite levels as described in earlier studies
(Dloniak and Holekamp, 2004). Further, difference in
testosterone levels among individual animals should also be
correlated with composition of gut bacteria (Goymann 2012).
In addition, high testosterone levels observed could also be
due to antibody cross-reactivity with hormone metabolites
of different origins and/or metabolic association between
testosterone and other metabolites (Gesquiere et al. 2014).
Diet can alter the way hormones are metabolized, and
different diets can change the amount of faecal bulk. Both

phenomena can result in measurement artefacts that may
seriously distort the estimation of hormone metabolite
concentrations. In view of this, it is possible that the observed
high values of testosterone may be due to artefacts in the
high fat diet.

Mating characteristics of both high fat and normal
diet fed male mice were observed (between 8-9 weeks).
Animals from both groups were allowed to mate with normal
diet fed female mice. The mating success (plug formation)
was observed to be 75% less with high-fat diet fed males
when compared to controls. Litter size in controls was found
to be 10-12 whereas in HFD fed male it was only 2-3 (Table-
1).  Survival rate of HFD fed male rats pups was only for
one to two weeks.

The results of the present study, clearly indicate
that one of the earliest changes in HFD induced obesity is
increase in serum glucose and cholesterol. It is to be noted
that although   the increase in body weight is only marginal,
there is a very significant (P<0.001) increase in adipose tissue
weight within the time span of 15 weeks. It is known that
increased adipose tissue results in an increase in reactive
oxygen species, which has very damaging effect on
membranes particularly sperm membrane. A consequence
of this is increased apoptosis, which has been observed in

Parameter Normal Mice High Fat Diet  Mice P Value
No. of Mice per group 06 06
Initial weight (g) 19.60 ± 0.1581 21.04 ± 0.2599 0.0036
Final weight (g)(Week 15) 22.50 ± 0.1581 25.12 ± 0.1662 < 0.0001
Body weight gain (g) 2.860 ± 0.2337 4.086 ± 0.2907 0.0118
Serum glucose (mg/dL) 76.33 ± 4.609 354.5 ± 34.81 <0.0001
Serum cholesterol (mg/dL) 76.33 ± 4.609 120.4 ± 5.767 0.0002
Serum Testosterone (ng/dL) 2.167 ± 0.1202 65.40 ± 4.993 0.0002
ROS generation (%) 19.68 ± 1.235 71.954 ± 4.325 <0.0001
Total Fat (g) 0.3971 ± 0.05776 1.644 ± 0.2101 <0.0001
Adipose tissue (g) 0.1543 ± 0.01043 0.3743 ± 0.02852 <0.0001
Percent 2-3 % 84%
apoptosis (52% diploid and (7.6% diploid and

43% haploid cells) 4.8% haploid cells)
Testes weight (g) 0.1543 ± 0.007825 0.1686 ± 0.01184 0.3339
Percent Litter size 11.67 ± 0.3333 3.667 ± 0.3333 <0.0001

Table 1:
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the present study, which resulted in a decrease in haploid
cells and increased apoptosis as assessed by FACS analysis
(Pozarowski 2004). Compared with the control group, the
final body weight and weight gain were marginally higher in
HFD mice. However, inspite of only marginal, decrease in
testicular weight, the testis appeared small atrophic with
distorted seminiferous tubules and destroyed basement
membrane.

It is obvious from the results of present study that
obesity has hazardous effects on reproductive system and
fertility and exerts infertility via impaired mating and decline
of successful pregnancy or low pregnancy rate combined
with high mortality rate. A significant (P<0.001) decrease in
litter size was reported in the HFD fed mice by Bakos et al.
2011.Studies have suggested that increase in intracellular
reactive oxygen species and DNA damage of sperms is
associated with diet-induced obese male. A high body mass
index and fat accumulation promote the oxidative stress,
which has been observed in the present study. Although, the
reactive oxygen species are required for normal sperm
function (Gesink Law et al. 2007), such as capacitation and
acrosomal reaction, a negative impact on the sperm quality
can be observed with increased levels of reactive oxygen
species. Therefore, identifying and devising new strategies
to counter the ill effects of obesity and high fat diet on male

reproductive system is imperative. Some of the approaches
to overcome the negative effects could be to restrict the use
of high fat diet and consumption of antioxidants. Caloric
restriction without compromising on nutrition is also a viable
method to counter obesity (Mciver et al. 2012). These
measures could help prevent complications arising out of
obesity and help improve immune responses, at least in part,
and antioxidant enzyme activities.
CONCLUSION

The results of the present study show that the high
fat diet alters male fertility in mice. This study catalogues,
step by step, the effect of high fat diet right from earliest,
where the changes in terms of increased blood glucose and
cholesterol levels observed, to the end point, where in it
affects the sperm quality and male reproductive system
as a whole. Increased adipose tissue and increase in
reactive oxygen presence can be a cause leading to
reproductive inefficiency.
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