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ABSTRACT

Adequate supply of dietary protein in regular diet is an important element of a proper nutritional status

as it functions in the regulation of metabolic profiles signaling the reproductive axis. Reports have

highlighted the association of the amount of protein in the diet to the functioning of hypothalamic-

pituitary-testis axis, however its intragenerational effects are yet to be adequately explored. The study

aims to analyze the effect of protein deficient diet on parameters associated with male infertility from

one generation to another. Female rats in four (4) groups (n=10) were fed different ration of protein
in their diet (PD) as formulated: 21%PD, 10%PD, 5%PD and control diet (rat chow), through gestation
and lactation to first and second generations, while the male offspring sustained on the maternal diet

after weaning were used for analysis. Sperm morphology and motility were evaluated using a light

microscope and a computer-assisted semen analysis. The percentage of motile spermatozoa,

morphological characteristics and histology in the deficient groups (5%, 10%PD) appeared normal as

compared to control in the first generation, showing an adaptive response while second generation was

presented with significantly altered fertility parameters of the male offspring. It is suggested that in a

deficiency status especially at the critical phase of development, certain deleterious effects which may

be adaptive or phenotypic can serve to reduce the fertility efficiency in the male offspring at both Iy

and F2>- generation.
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1 Introduction

The male reproductive system is made up of
certain internal structures (the testes, epididymis,
vas deferens, prostate), and the external
structures (the scrotum and penis). These
structures are well-vascularized with many glands
and ducts for the formation, storage, and release
of sperm for fertilization, and to produce
important androgens for male development [1].
The most important male androgen is
testosterone, which is produced from Leydig cells
in the testes. Testosterone plays an important role
in stimulating the development of the Wolffian
ducts in the male fetus, which become the testes,
epididymis, vas deferens and seminal vesicles.
Testosterone is  also  responsible  for
erythropoiesis, pubertal growth spurt, bone
density, the closure of epiphyseal plates,

deepening of the voice, increase in muscle mass,
male physique development and libido. An
imbalance in the hypothalamic-pituitary-gonadal
axis can result in infertility and hypogonadism.
Primary  hypogonadism  (hypergonadotropic
hypogonadism) may be caused by gonadal failure
to  produce  sufficient testosterone  or
spermatogenesis  [1]. The existence of
spermatozoa has been previously associated with
male fertilizing ability, by recognizing that even
though a man may be aroused or keenly
interested in the opposite sex, this alone is not
enough to guarantee the birth of offspring [2,3].
Spermatozoa are the only cells destined to be
exported from the body. Thus, motility is an
essential property of fertile spermatozoa. It
enables ejaculated spermatozoa to traverse the
female reproductive tract and reach the site of
fertilization; essential for penetration of the outer
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parts of the oocyte including the zona pellucida.
So, for the act of proctreation to be fulfilled, the
spermatozoa, as well as being motile, must also
be sufficiently energetic to survive in the female
tract for a certain period, presumably to attain
their full potential [3,4].

The 2018 Global Nutrition Report reveals that
the global burden of malnutrition is unacceptably
high and now affects every country in the world
[5]. At least 30 million men wotldwide are
infertile with the highest rates in Africa and
Eastern Europe [6]. The maternal nutritional
status during pregnancy is one of the most
important environmental factors which might be
expected to influence the course of pregnancy
and other products of conception. Women,
infants, children, and adolescents are at particular
risk of malnutrition. Optimizing nutrition early in
life is quite essential. Poverty amplifies the risk of,
and risks from, malnutrition. People who are
poor are more likely to be affected by different
Also,

increases health care costs, reduces productivity,

forms of malnutrition. malnutrition

and slows economic growth, which can
perpetuate a cycle of poverty and ill-health [7].
Nutrition play a critical role in influencing
reproductive function. Most studies indicate a
positive  association  between  metabolic
perturbations and male fertility index, this in
most cases has been explained as a direct
correlation between reproductive control axis
and the nutrient sensing capacity, as nutrients are
signals that are capable of influencing phenotypic
responses in individuals. Having assess to the
right proportion or adequate supply of nutrient
as a component of diet underlines the nutritional
status of individuals [8].

the

(pregnancy), most women run unconsciously into

During critical ~ physiological  state

a state of undernutriion with unknown
consequences in subsequent generations. Studies
that

consumption reduces the gonadal and endocrine

have  shown sub-optimal  protein
function, and consequently male infertility [9],
but little is known about exposure at intrauterine-
condition, and if persistence of this malnutrition
could cause the same deleterious effects or there
is an adaptive shift in response. With focus on the

male reproductive function in adolescents of

first- and second-generation following exposure
to protein deficient status, this study aimed to
assess effects of protein deficiency on sperm

quality parameters.
2  Methodology

2.1  Experimental Design

Ten (10) Sprague Dawley rats were each assigned
into Four(groups) based on diet composition;
Group A to D. A representing the severely
deficient group received 5% protein diet, B; 10%
protein diet, C; 21% protein diet (Markup for
physiological status) and group D; control diet
(containing DRI percent for rat). The diet was
formulated using non-purified constituents and
standard formula, scored to requirements. The
diet

constituents and standard formula, scored to

was formulated using non-purified
requirements following adaptation from New
Non-purified Diet (NTP-2000) for Rodents by
Ghanto Rao, 1997 [10]. Constituents are slightly
modified from Silas e al, [11], scored to
proportion for the required protein ration in each
group diet. All rats were maintained in clean
capacious plastic cages (n=10 per cage) under
standard  laboratory  conditions  following
standard ethics guidelines of health research Act
2004, with ethical approval. The female cycles
were monitored 3 weeks before breeding to pre-
inform accurate time-mating with already
certified reproductive male. Confirmed pregnant
were separated to produce Fi-generation. Same
procedure was repeated for Fi- females to
produce Fs-generations. Weaning was done at
postnatal day 28, male and female progeny were
separated using anogenital distance (<2.5mm)
measured using calipers. The male progenies at
each generation were maintained on their group

diet for further investigation.

2.2 Hormonal Assay

At 16weeks of age, blood was collected into plain
sample bottles through retro-orbital sinus using

hematocrit capillary tubes, centrifuged at

2500rpm for 10minutes. Serum was carefully
collected and stored at 20°C for use. The

testosterone levels were measured using

commercially  available = Enzyme  linked
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immunosorbent assay kit (Monobind Inc),

following manufacturer’s instruction.

2.3 Sperm Quality Assessment

Animals were sacrificed and caudal epididymis
were harvested from each rat. The distal caudal
epididymis is usually considered most preferable
as it is the main storage site. Then the distal
caudal epididymis was dissected free of other
tissues (fatty or connective tissues) cut into
pieces(3-5mm) and picked into 1ml normal saline
contained in a petri-dish (maintained at 37°C).
Sperm flowed into the medium, evidenced in the
opacity of the surrounding medium. percentage
sperm motility and concentration were measured
while further preparations were made for
morphological study. Sperm cell concentration
was assessed by epididymal sperm count using
hemocytometer and expressed as million/ml
suspension [12]. Percentage motility was assessed
by calculating motile spermatozoa per unit area.
To assess the Sperm morphology of the cells, an
aliquot of 20ul of the suspension containing
sperm stained with 1% eosin, smeared on the
slide, dried and viewed under microscope.
Viability was based on differential count of
spermatozoa that is stained (Viable) or unstained
(Non-viable) [13].  The
appearance was observed at Mag X100 for

morphological

expected and unexpected features.

2.4 Histopathology

Histological examination of rat testis in different
group was carried out following slightly modified
method of Ashidi ef 4/, [14]. Testicular tissue
removed, fixed for about 24hours, followed by
series of dehydration with alcohol and xylene,
clarification and paraffin embedding. Sample was
sectioned by 5um diameter microtome and
placed on slides for hematoxylin and eosin
staining, then examined at X400 magnification
from different section. Sections of significant
variation was photomicrographed.

Statistical Analysis: All data were presented as
mean £SEM for all parameters, where necessary,
using GraphPad prism 7.0. for Analysis of
variance (ANOVA), followed by Turkey’s test as
post hoc, significance level is taken as P<< 0.05.

3 Results

3.1 Sperm Quality Assessment

The quality of sperm in the deficient group
remain insignificantly different from the groups
fed with adequate proportion of protein in diet;
control and 21%PD (Figs. 1&2) in the first
generation. In the second generation, some of the
key reproductive characteristics (Sperm count,
motility and viability) were correspondingly
compromised (Figs. 1&2).
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Figure 1: Mean Sperm Count and Matility score in each of the diet groups of rats of F1 and F»-generations

Data are expressed as mean + SEM, Control (standard rat chow containing 16-18% Protein), 21%PD (Upgraded daily recommended intake),

5% (Protein deficient diet), 10% (Mild protein deficient diet).

a < significantly different from 21% diet group and or control > (*P<0.05)
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Figure 2: Mean Sperm Morphology and Viability Score in each of the diet groups of rats of F1 and F2-
generations

Data are expressed as mean + SEM, Control (standard rat chow containing 16-18% Protein), 21%PD (Upgraded daily recommended intake),

5% (Protein deficient diet), 10% (Mild protein deficient diet).

a < significantly different from 21% diet group and or control > (*P<0.05)
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Figure 3: Mean Testosterone concentration (ng/ml) in each of the diet groups of rats of F; and F.-generations

Data are expressed as mean + SEM, Control (standard rat chow containing 16-18% Protein), 21%PD (Upgraded daily recommended intake),

5% (Protein deficient diet), 10% (Mild protein deficient diet).
a < significantly different from control diet group >
b<significantly different from the 21% diet group>

c<significantly different from the 10% diet group> (*P<0.05, **P<0.001, ***P<0.001>

3.2 Hormonal Assay

The serum testosterone level in both deficient
groups (5% and 10%PD) of the first generation
(F1) were significantly reduced, while the second
generation(I) presented the 5%PD group with
hormonal compromise, and 10%PD group
showing an adaptive response (Fig 3), with no
significant difference from the reference group.

3.3 Histopathological Examination

Figures 4-6 are presented with I>-generation
photomicrographs of testis in each diet group of
rats fed with different ration of protein, with no
marked histological alteration in Control (Fig 4)
and 21%PD (Fig 5), while the deficient group
showed apparent pathological changes (Figs. 6 &
7).
proper characterization of testicular morphology

Fi-generation photomicrograph  reports
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with normal cellular disposition, lumen

containing matured sperm cells, proliferating
centripetally from spermatozoa in the basement
membrane and the sustentacular cells are found
within  interstitial

spaces. No  apparent

pathological alterations, across groups.

Ly P Y A .
Figure 4: Photomicrograph of Sprague Dawley rat
Testis (Control)

Presented photomicrograph of the testes of
experimental animal showing a transverse section
of the seminiferous tubule. The figure shows the
lumen (L) of the seminiferous tubule, the
basement membrane (B) and the interstitial space
(D). The lumen contains/house matured sperm
cells  proliferated centripetally from the
spermatozoa in the basement membrane while
the sustentacular cells are found within the
interstitial spaces. The photomicrograph appears
normal with no marked changes in the histology
presentation.

Figure 5: Photomicrograph of 21% PD Sprague
Dawley rat Testis

The testis shows the lumen (L) of the
seminiferous tubule, the basement membrane (B)
and the interstitial space (I). The figure above
shows proper characterization of testicular
histomorphology with normal cellular disposition
and staining intensity with no apparent

pathological alteration.

Figure 6: Photomicrograph of 10%PD Sprague
Dawley rat Testis

Presented with photomicrograph of the testes
showing a transverse section of the seminiferous
tubule. the lumen (L) of the seminiferous tubule,
the basement membrane (B) and the interstitial
space (I). The photomicrograph present with
enlarged interstitial space and  shrunken
seminiferous tubule.

Figure 7: Photomicrograph of 5% PD Sprague
Dawley rat Testis

Showing a transverse section of the seminiferous
tubule. the lumen (L) of the seminiferous tubule,
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the basement membrane (B) and the interstitial
space (I). Photomicrograph present with enlarged
lumen, interstitial and

enlarged space

perturbation in histomorphology.
4 Discussion

The access to right proportion or adequate
supply of diet underlies the nutritional status of
individuals. Nutrition play key role in influencing
reproductive function. The maintenance of
reproductive status critically depends on proper
functioning of the testis. The sperm morphology
and testicular cytoarchitecture, ate essential
parameters that reflects the degree of normality
and maturity of sperm [15]. Defects in the
appearance of sperm parts, has been classified as
primary defect of spermatogenesis [16], which
results in testicular degeneration. Low protein
diet has been earlier reported by Ozegbe and
Omirinde [17], to induce changes in morphology
of seminiferous tubules, this is in agreement with
the findings from this study, as the severely
deficient group (5% protein diet) displayed
changes in the characterization of the sperm
especially in the second generation. The observed
insignificant difference in morphology of first
generation may be due in part to an adaptive shift
in metabolic response to cater for the deficiency,
since the serum testosterone level was markedly
reduced. Persistence to Fa-generation displayed
optimal fertility dysfunctions as stated in the
result section. Eatlier reported by Sharaf ez af,
[18], states that the pathological changes due to
protein malnourishment may be attributed to
lipid peroxidation, free radicals and hormone
changes in damaged cells, thus, altering testicular
function [19], this may provide an underlying
mechanism for the observed result. Mylchreest ez
al., and Ashidi ez al, |20, 14], have previously
reported an association between increased
epidydimal sperm number to elevated level of
testosterone in rats, also the percentage motility
count has been related to quality of protein
contents in food consumed [21] as evidenced in
the protein deficient group (5% and 10%PD).
The Pathological alterations evident in the
malnourished groups in the second generation,
characterized by enlarged interstitial space and
shrunken seminiferous tubules in the testis as

well as endocrine dysfunction in F; and Fo-

generations  suggests  deleterious  imprints
especially with the modification of cellular

architecture and structural reorganization.
5  Conclusion

The study presents a summary that in a protein
deficiency status, especially at the critical phase of
development, certain deleterious effects which
may be adaptive or phenotypic can serve to
reduce the fertility efficiency in male offspring.
Adaptive response has been fundamental to re-
organization and defects, in an attempt to cater
for inadequacy or sub-optimal nutritional
condition. As displayed in this research, Fo-
generation with enlarged interstitial space and
shrunken seminiferous tubule, compromised
hormonal function are evidence of critical defects
in the reproductive system of male offspring in
intragenerational exposure to protein deficient
diet. This research provides a deeper insight into
intragenerational effects of protein deficiency on
reproductive parameters of male Sprague Dawley
the

development. It can therefore be concluded that

rats exposed at critical period of
protein diet is important for the effective
development and functioning of the male
reproductive module, from one generation to the
other, exposure at the critical stage of
development (perinatally) may impair proper

reproductive outcome at latter age.
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