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Aim: The major aim of this study is to compare Zinc (Zn) concentration present in human
seminal plasma of asthenospermia (motility issues) and normospermia semen samples for
identification of clinical relevance. Materials and Methods: Semen samples of normospermia
(N=75), asthenospermia (N=75) were collected and semen analysis report has been done by
standard world health organization protocol. Zn concentration was evaluated by using atomic
absorption spectroscopy (AAS) for both the groups by using standard protocol.
Results: Independent sample T-test on fertile and infertile men (asthenospermia and
normospermia group) reveals that the zinc concentration is statistically insignificant
(P=0.367). Zinc concentration was found to be high in normospermia (mean 2.5 mg/ml) over
asthenospermia (mean 0.90 mg/ml) samples. Conclusion: Zn being an essential element for
normal functioning for fertilization, its absence or less concentration may lead to infertility.
We found high concentration of Zn in normospermia which reflects normal conditions for

Human Seminal Plasma
Semen Analysis

Zn Concentration
Innovative Diagnosis Method
Reproductive Medicine

fertilization and less concentration in asthenospermia reflecting infertile conditions.
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Introduction

This research is about clinical diagnosis of human male
infertility for asthenospermia (motility issues) and
normospermia conditions. This research is important as
infertility affects four out of ten couples worldwide (Vaghela
et al. 2016) in which male infertility accounts for half of all
cases. As a consequence, a proper assessment of human male
infertility is required. Several organic and inorganic elements
found in human seminal plasma play important roles in sperm
capacitation (Mirnamniha et al. 2019), metabolism, and
acrosome reaction.

* Corresponding author: vickramas.sse@saveetha.com
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12 research articles were published in IEEE explore and
859 research articles were published in science direct. In this
work the focus is on two types of Solar cells, Glass (protective
layer) and ZnO (protective layer) based solar cell. Shruti
Sharma et.al, explained that solar cells are the renewable
source devices used for converting light energy to electrical
energy based on the concept of photovoltaic effect. Mehreen
Gul et.al, explained photovoltaic effect as the generation of
a potential when radiation ionises the area or near the
built-in theoretical semiconductor firewall(Gul, Kotak, and
Muneer 2016) and are a great alternative for fossil fuels and
petroleum deposits(S. Sharma, Jain, and Sharma 2015). Xinrui
Wang et.al, has done research on implementation of
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photovoltaic power generation along with hydro power
generation systems by conservation of energy in storage
systems and proposed that encapsulation technology coupled
with silicon helps to produce solar cells with higher
stability(D. Wang et al. 2016). S.Gall et.al proposed ZnO-Al

This study results may lead to proper diagnosis of motility
issues related male infertility. This study results can be
applied in the area of andrology and in assisted reproductive
technology (ART) centers for diagnosis of human male
infertility.

Literature suggests zinc is an essential micronutrient
found in humans and is linked to a variety of physiological
functions especially in fertilization. Highly cited article
reveals the importance of zinc for sperm motility and its
evaluation is important for proper diagnosis of male infertility
and shows Zn in high concentration (2.75 mg/ml) (Erdem et
al. 2013). Zn content in human semen was 85 to 90 times
higher in seminal plasma than that of blood. Zinc acts as a
shield for sperm cells while they enter the female
reproductive tract (Mohammad-Hasani, Colagar, and Fallah
2019), protecting them from chromosomal damage (Kovacik
et al. 2018; S. Vickram et al. 2021). Zinc supplementation
improves semen parameters such as volume, forwarded
motility, and normal morphology (Zhao et al. 2016). Zinc ions
in seminal fluid for normospermia conditions (2.75 mg/ml)
correlates positively with all semen parameters was the best
study we analyzed in this area (Robertson and Sharkey 2016).
Zinc deficiency in seminal plasma causes low sperm counts
and poor sperm production (Wang et al. 2015).

Previously our team has a rich experience in working on
various research projects across multiple disciplines (Sathish
and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S.
R. Samuel, Acharya, and Rao 2020; Venu, Raju, and
Subramani 2019; M. S. Samuel et al. 2019; Venu, Subramani,
and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli
Sureshbabu et al. 2019; Krishnaswamy et al. 2020;
Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019;
Vignesh et al. 2019; Ke et al. 2019; Vijayakumar Jain et al.
2019; Jose, Ajitha, and Subbaiyan 2020). Now the growing
trend in this area motivated us to pursue this project.

There is no clinical conclusive study for Zn concentration
and its impact on human male infertility, especially with
asthenospermia (motility issues). Authors were already
expertised in this field of research on human male infertility
and semen sample handling. The aim of the current study is
to analyse and compare the Zinc microelement concentration
present in human seminal plasma of asthenospermia and
normospermia conditions using AAS. Normospermia refers to
the conditions where males show normal semen parameter
values whereas asthenospermia refers to the condition where
males show a low level of motile sperms (less than 20 %)
leading to male infertility (World Health Organization 2010).

Materials & Methods

This study was conducted at biochemistry lab in Saveetha
school of engineering. Samples were collected in accordance
with the World Health Organization (WHO) standard
procedure. Patient's consent was collected before performing
research. Semen was collected in plastic vials and was
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observed to determine several parameters. Sample size was
calculated by using previous study results (A. S. Vickram et
al. 2013), in Clincalc.com by keeping threshold 0.05, G power
80%, confidence interval 95 % and enrollment ratio as 1.

Two different groups were taken for the analysis one is
normospermia group (fertile men N=75) and the other one is
asthenospermia which is an infertile condition (N=75).
Computer assisted semen analysis (CASA) -German made, MTA
50 CSA and AAS- KRUSS optronic GmbH, and flame
photometry-labtronics flame photometer model LT-65, were
used in this study for various analysis. Semen analysis was
done by CASA (A. S. Vickram et al. 2020) and then
centrifugation is done at 5000 RPM for 10 mins and 10000 RPM
for 15 mins which separates the seminal plasma (A. S. Vickram
et al. 2013) and this was further checked for quantification of
zinc concentration (innovative approach for diagnosis of male
infertility) detected by using AAS.

Semen collected in a plastic container was analysed for
different semen parameters such as pH, volume, sperm
concentration, rapid motility. Zinc concentration analysis was
done using AAS and calibration was done which evaluates the
concentration of zinc in the samples. The data was collected
as volume (ml), pH, sperm motility (%), sperm morphology
(%), sperm concentration (millions/ml) and zinc
concentration (mg/ml).

Statistical Analysis

Statistical comparison of zinc concentration between
fertile and infertile groups was done through SPSS version 21.
There are no dependent variables and the independent
variables are volume, motility, morphology and zinc
concentration. Analysis was done for mean, standard
deviation, independent T test.

Results

Semen analysis was performed and reported in Table 1
for major parameters like volume, pH, sperm concentration,
total motility, rapid progressive motility, and normal
morphology for both normospermia and asthenospermia
conditions. Drastic reduction was found in motility in
asthenospermia condition (mean 8.0 %) when compared with
normospermia (mean motility 53.2%).

Table 1. Comparison of semen parameter values for
asthenospermia and normospermia conditions for major
semen parameters (Mean and Standard error of mean). All the
values were in accordance with WHO standard values in
normospermia and not in the case of the asthenospermia
group. Sperm motility seems to be higher in normospermia
(mean 53.2 %) and significantly low in asthenospermia (mean
8 %).

Semen Volu pH Sperm Total Rapid Normal
Category me Conc. (in Motilit Progressi Morpholo
(ml) Millions/ y ve gy
ml) (%) Motility (%)
Asthenosper 3.0£0. 7.210 22.21+3.0 8.0x1. 5.4:0.0 17.743.5
mia (N=75) 1 2 7
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Zn concentration was evaluated for both the conditions
and depicted in Table 2. The data shows drastic reduction of
Zn concentration in asthenospermia (mean 0.90 mg/ml) when
compared to normospermia (mean 2.5 mg/ml).

Table 2. Comparison of zinc concentration (Mean and
Standard error of mean) for normospermia and
asthenospermia. Zn concentration seems to be higher in
normospermia (2.5 mg/ml) over asthenospermia conditions
(0.90 mg/ml)

Category

Zn Concentration(mg/ml)

0.90+0.57

Asthenospermia (N=75)

The independent sample T test revealed that no
statistical significant difference between these groups in Zn
concentration evaluation, but there exists a drastic
difference in the mean value for Zn concentration in both
conditions (Table 3). The mean concentration of Zn in both
conditions was compared in Fig. 1 and clearly reveals the low
concentration of Zn in infertile condition (asthenospermia).

4.004
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—

2.00

Mean zn_cone

1.00

T
il

T
asthenospermia

0.00¢

T
normospermia
groups

Error Bars: +- 1 SD

Figure 1. Bar chart representing the comparison of zinc
concentration in normospermia and asthenospermia men
(independent samples t test Means =/- 1 SD). It shows that
the zinc concentration was less in asthenospermia men (0.90
mg/ml) and more in normospermia men (2.5 mg/ml). X axis:
represents normospermia and asthenospermia conditions, Y
axis: represents the mean value of Zn concentration + 1 SD.

Table 3. Independent sample T test shows statistical insignificance (p=0.367) for Zn concentration between asthenospermia and

normospermia groups.

Independent Samples Test
Levene's Test for Equality of t-test for Equality of Means
Variances
F Sig. t df Sig. (2- Mean Std. Error 95% Confidence Interval of the
tailed) Diff Diff Difference
Lower Upper
zn_conc | Equal variances .817 .367 15.54 | 148 .000 1.6417 .10562 1.4330 1.85046
assumed
Equal variances not 15.54 | 142.4 | .000 1.6417 .10562 1.4329 1.85052
assumed
. . relevance with Zn concentration which reflects in our results
Discussion

In this study, we found Zn concentration was high in
normospermia and low in case of asthenospermia. We also
observed statistically insignificant (p=0.367) for Zn
concentration between asthenospermia and normospermia
done by using SPSS version 21. Similar kinds of results were
obtained by Zhao et al (Zhao et al. 2016) in case of Zn
concentration evaluation in the control group (fertile
conditions).

Normospermia men have normal semen parameters
whereas asthenospermia have less number of motile sperms
and sperm quality and we got results in accordance with WHO,
(World Health Organization 2010). Zn concentration in
normospermia men (2.2mg/ml) is higher than the zinc
concentration in asthenospermia men (0.6g/ml), which
indicates the role of Zn trace element in sperm motility as Zn
acts as an energy resource for sperm mobility (Harchegani et
al. 2020). We could not find any opposing results for Zn
concentration evaluation in normospermia and
asthenospermia conditions.

Zinc level in seminal plasma of asthenospermia men is
lower than normospermia men (Zhao et al. 2016). Changes in
Zn concentration was related to sperm quality as they are
involved in antioxidant balance and it also correlates with our
results (Khan et al. 2011; Nenkova, Petrov, and Alexandrova
2017). Oxidative stress negatively affects quality of sperm in
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in case of asthenospermia (Harchegani et al. 2020). Zinc plays
a major role in male fertility (Khan et al. 2011). Zn helps in
protection of sperm cells from oxidative damage and helps in
maintaining sperm quality (Colagar, Marzony, and Chaichi
2009). Supplementation of Zinc was found to show increased
fertility in asthenospermia men (Hadwan, Almashhedy, and
Alsalman 2012).

Our institution is passionate about high quality evidence
based research and has excelled in various fields
((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and
Ashok Vardhan 2019; Ramesh et al. 2018; Mathew et al. 2020;
Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018;
Ramadurai et al. 2019). We hope this study adds to this rich
legacy.

AAS had high sensitivity during standard curve
preparation and relatively large samples could not be
analyzed at a time. CASA had limitations in ensuring
identification of forward motility sperms. We got better
results because of the calibration process done perfectly for
both CASA and AAS instruments. During semen collection we
collected through non-toxic plastic vials which enable us to
give better resutls in the smen parameter report. We followed
the storage of semen samples as per the procedure of world
health organizations leads to better results after freeze thaw.

The results obtained from this article may lead
andrologists to include Zn evaluation as a mandatory test for
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preparation of seminal analysis report for proper diagnosis of
male infertility. For this, Zn binding sites on sperm cells have
to be elucidated.

Conclusion

Zinc concentration in seminal plasma of normospermia
(2.5 mg/ml) men seems to be higher than asthenospermia
men. This could be also one of the reasons for male infertility
with motility issues as Zn plays a major role in motility of
sperm. Proper evaluation of zinc concentration in seminal
plasma could help andrologists to diagnose the male infertile
conditions properly.

Declarations

Conflict of Interests
No conflict of interests in this manuscript.

Authors Contributions

Author YT was involved in data collection, data analysis,
manuscript  writing.  Author VAS was involved in
conceptualization, data validation, and critical review of
manuscript.

Acknowledgments

The authors would like to express their gratitude towards
Saveetha School of engineering, Saveetha Institute of Medical
and Technical Sciences (Formerly known as Saveetha
University) for providing the necessary infrastructure to carry
out this work successfully.

Funding

We thank the following organizations for providing
financial support that enabled us to complete the study.

1. BCX Bio Organics, Bangalore, India.

2. Saveetha University

3. Saveetha Institute of Medical and Technical
Sciences.

4. Saveetha School of engineering.

References

Colagar, Abasalt Hosseinzadeh, Eisa Tahmasbpour Marzony,
and Mohammad Javad Chaichi. 2009. “Zinc Levels in
Seminal Plasma Are Associated with Sperm Quality in
Fertile and Infertile Men.” Nutrition Research.
https://doi.org/10.1016/j.nutres.2008.11.007.

Erdem, M., A. Yuceturk, T. Cetinkaya, A. Erdem, and O.
Himmetoglu. 2013. “Comparison of Serum and Seminal
Plasma Zinc Levels on Sperm Parameters in Patients
with Unexplained and Male Factor Infertility.”
Fertility and Sterility.
https://doi.org/10.1016/j.fertnstert.2013.07.565.

Ezhilarasan, Devaraj, Velluru S. Apoorva, and Nandhigam
Ashok Vardhan. 2019. “Syzygium Cumini Extract
Induced Reactive Oxygen Species-Mediated Apoptosis
in Human Oral Squamous Carcinoma Cells.” Journal of
Oral Pathology & Medicine: Official Publication of the

695

International Association of Oral Pathologists and the
American Academy of Oral Pathology 48 (2): 115-21.

Gheena, S., and D. Ezhilarasan. 2019. “Syringic Acid Triggers
Reactive Oxygen Species-Mediated Cytotoxicity in
HepG2 Cells.” Human & Experimental Toxicology 38
(6): 694-702.

Hadwan, Mahmoud Hussein, Lamia A. Almashhedy, and Abdul
Razzaq S. Alsalman. 2012. “Oral Zinc Supplementation
Restore High Molecular Weight Seminal Zinc Binding
Protein to Normal Value in Iragi Infertile Men.” BMC
Urology. https://doi.org/10.1186/1471-2490-12-32.

Harchegani, Asghar Beigi, Heydar Dahan, Eisa Tahmasbpour,
Hamid Bakhtiari Kaboutaraki, and Alireza Shahriary.
2020. “Effects of Zinc Deficiency on Impaired
Spermatogenesis and Male Infertility: The Role of
Oxidative Stress, Inflammation and Apoptosis.” Human
Fertility.
https://doi.org/10.1080/14647273.2018.1494390.

Jose, Jerry, Ajitha, and Haripriya Subbaiyan. 2020. “Different
Treatment Modalities Followed by Dental Practitioners
for Ellis Class 2 Fracture - A Questionnaire-Based
Survey.” The Open Dentistry Journal 14 (1): 59-65.

Ke, Yang, Mohammed Saleh Al Aboody, Wael Alturaiki,
Suliman A. Alsagaby, Faiz Abdulaziz Alfaiz, Vishnu
Priya Veeraraghavan, and Suresh Mickymaray. 2019.
“Photosynthesized Gold Nanoparticles from
Catharanthus Roseus Induces Caspase-Mediated
Apoptosis in Cervical Cancer Cells (Hela).” Artificial
Cells, Nanomedicine, and Biotechnology 47 (1):
1938-46.

Khan, Mohammadshoaib, Mohammad Sajjad, Ghulam Gilani,
Safeer Zaman, and Mohammad Shoaib. 2011.
“Assessment of the Level of Trace Element Zinc in
Seminal Plasma of Males and Evaluation of Its Role in
Male Infertility.” International Journal of Applied and
Basic Medical Research.
https://doi.org/10.4103/2229-516x.91152.

Kovacik, Anton, Filip Tirpak, Marian Tomka, Michal Miskeje,
Eva Tvrda, Julius Arvay, Jaroslav Andreji, et al. 2018.
“Trace Elements Content in Semen and Their
Interactions with Sperm Quality and RedOx Status in
Freshwater Fish Cyprinus Carpio: A Correlation Study.”
Journal of Trace Elements in Medicine and Biology:
Organ of the Society for Minerals and Trace Elements
50 (December): 399-407.

Krishnaswamy, Haribabu, Sivaprakash Muthukrishnan, Sathish
Thanikodi, Godwin Arockiaraj Antony, and Vijayan
Venkatraman. 2020. “Investigation of Air Conditioning
Temperature Variation by Modifying the Structure of
Passenger Car Using Computational Fluid Dynamics.”
Thermal Science 24 (1 Part B): 495-98.

Malli Sureshbabu, Nivedhitha, Kathiravan Selvarasu, Jayanth
Kumar V, Mahalakshmi Nandakumar, and Deepak
Selvam. 2019. “Concentrated Growth Factors as an
Ingenious Biomaterial in Regeneration of Bony Defects
after Periapical Surgery: A Report of Two Cases.” Case
Reports in Dentistry 2019 (January): 7046203.

Mathew, M. G., S. R. Samuel, A. J. Soni, and K. B. Roopa.
2020. “Evaluation of Adhesion of Streptococcus
Mutans, Plaque Accumulation on Zirconia and Stainless
Steel Crowns, and Surrounding Gingival Inflammation

in  Primary ...” Clinical Oral Investigations.
https://link.springer.com/article/10.1007/s00784-
020-03204-9.


http://paperpile.com/b/UvxLzQ/eqOK
http://paperpile.com/b/UvxLzQ/eqOK
http://paperpile.com/b/UvxLzQ/eqOK
http://paperpile.com/b/UvxLzQ/eqOK
http://paperpile.com/b/UvxLzQ/eqOK
http://paperpile.com/b/UvxLzQ/eqOK
http://paperpile.com/b/UvxLzQ/eqOK
http://dx.doi.org/10.1016/j.nutres.2008.11.007
http://paperpile.com/b/UvxLzQ/eqOK
http://paperpile.com/b/UvxLzQ/QMsG
http://paperpile.com/b/UvxLzQ/axtec
http://paperpile.com/b/UvxLzQ/axtec
http://paperpile.com/b/UvxLzQ/axtec
http://paperpile.com/b/UvxLzQ/axtec
http://paperpile.com/b/UvxLzQ/axtec
http://paperpile.com/b/UvxLzQ/axtec
http://paperpile.com/b/UvxLzQ/axtec
http://paperpile.com/b/UvxLzQ/axtec
http://paperpile.com/b/UvxLzQ/axtec
http://paperpile.com/b/UvxLzQ/eRGYV
http://paperpile.com/b/UvxLzQ/eRGYV
http://paperpile.com/b/UvxLzQ/eRGYV
http://paperpile.com/b/UvxLzQ/eRGYV
http://paperpile.com/b/UvxLzQ/eRGYV
http://paperpile.com/b/UvxLzQ/eRGYV
http://paperpile.com/b/UvxLzQ/murX
http://paperpile.com/b/UvxLzQ/murX
http://paperpile.com/b/UvxLzQ/murX
http://paperpile.com/b/UvxLzQ/murX
http://paperpile.com/b/UvxLzQ/murX
http://paperpile.com/b/UvxLzQ/murX
http://paperpile.com/b/UvxLzQ/murX
http://dx.doi.org/10.1186/1471-2490-12-32
http://paperpile.com/b/UvxLzQ/murX
http://paperpile.com/b/UvxLzQ/Llfm
http://paperpile.com/b/UvxLzQ/Llfm
http://paperpile.com/b/UvxLzQ/Llfm
http://paperpile.com/b/UvxLzQ/Llfm
http://paperpile.com/b/UvxLzQ/Llfm
http://paperpile.com/b/UvxLzQ/Llfm
http://paperpile.com/b/UvxLzQ/Llfm
http://paperpile.com/b/UvxLzQ/Llfm
http://paperpile.com/b/UvxLzQ/Llfm
http://dx.doi.org/10.1080/14647273.2018.1494390
http://paperpile.com/b/UvxLzQ/Llfm
http://paperpile.com/b/UvxLzQ/vpYKs
http://paperpile.com/b/UvxLzQ/vpYKs
http://paperpile.com/b/UvxLzQ/vpYKs
http://paperpile.com/b/UvxLzQ/vpYKs
http://paperpile.com/b/UvxLzQ/vpYKs
http://paperpile.com/b/UvxLzQ/vpYKs
http://paperpile.com/b/UvxLzQ/nQQS5
http://paperpile.com/b/UvxLzQ/nQQS5
http://paperpile.com/b/UvxLzQ/nQQS5
http://paperpile.com/b/UvxLzQ/nQQS5
http://paperpile.com/b/UvxLzQ/nQQS5
http://paperpile.com/b/UvxLzQ/nQQS5
http://paperpile.com/b/UvxLzQ/nQQS5
http://paperpile.com/b/UvxLzQ/nQQS5
http://paperpile.com/b/UvxLzQ/nQQS5
http://paperpile.com/b/UvxLzQ/nQQS5
http://paperpile.com/b/UvxLzQ/FE8b
http://paperpile.com/b/UvxLzQ/B0Ff
http://paperpile.com/b/UvxLzQ/B0Ff
http://paperpile.com/b/UvxLzQ/B0Ff
http://paperpile.com/b/UvxLzQ/B0Ff
http://paperpile.com/b/UvxLzQ/B0Ff
http://paperpile.com/b/UvxLzQ/B0Ff
http://paperpile.com/b/UvxLzQ/B0Ff
http://paperpile.com/b/UvxLzQ/B0Ff
http://paperpile.com/b/UvxLzQ/B0Ff
http://paperpile.com/b/UvxLzQ/B0Ff
http://paperpile.com/b/UvxLzQ/oSNSG
http://paperpile.com/b/UvxLzQ/oSNSG
http://paperpile.com/b/UvxLzQ/oSNSG
http://paperpile.com/b/UvxLzQ/oSNSG
http://paperpile.com/b/UvxLzQ/oSNSG
http://paperpile.com/b/UvxLzQ/oSNSG
http://paperpile.com/b/UvxLzQ/oSNSG
http://paperpile.com/b/UvxLzQ/oSNSG
http://paperpile.com/b/UvxLzQ/9alth
http://paperpile.com/b/UvxLzQ/9alth
http://paperpile.com/b/UvxLzQ/9alth
http://paperpile.com/b/UvxLzQ/9alth
http://paperpile.com/b/UvxLzQ/9alth
http://paperpile.com/b/UvxLzQ/9alth
http://paperpile.com/b/UvxLzQ/9alth
http://paperpile.com/b/UvxLzQ/9alth
http://paperpile.com/b/UvxLzQ/14Vr0
http://paperpile.com/b/UvxLzQ/14Vr0
http://paperpile.com/b/UvxLzQ/14Vr0
http://paperpile.com/b/UvxLzQ/14Vr0
http://paperpile.com/b/UvxLzQ/14Vr0
http://paperpile.com/b/UvxLzQ/14Vr0
http://paperpile.com/b/UvxLzQ/14Vr0
http://paperpile.com/b/UvxLzQ/14Vr0
https://link.springer.com/article/10.1007/s00784-020-03204-9
https://link.springer.com/article/10.1007/s00784-020-03204-9
http://paperpile.com/b/UvxLzQ/14Vr0

Thanusha, Y. and Vickram, A.S. (2021). Alinteri Journal of Agriculture Sciences 36(1): 692-697

Mehta, Meenu, Deeksha, Devesh Tewari, Gaurav Gupta,
Rajendra Awasthi, Harjeet Singh, Parijat Pandey, et
al. 2019. “Oligonucleotide Therapy: An Emerging
Focus Area for Drug Delivery in Chronic Inflammatory
Respiratory Diseases.” Chemico-Biological
Interactions 308 (August): 206-15.

Mirnamniha,  Mahdiyeh, Fereshteh  Faroughi,  Eisa
Tahmasbpour, Pirooz Ebrahimi, and Asghar Beigi
Harchegani. 2019. “An Overview on Role of Some
Trace Elements in Human Reproductive Health, Sperm
Function and Fertilization Process.” Reviews on
Environmental Health.
https://doi.org/10.1515/reveh-2019-0008.

Mohammad-Hasani, Azadeh, Abasalt Hosseinzadeh Colagar,
and Ali Fallah. 2019. “Association of the Human Aryl
Hydrocarbon Receptor Repressor ( AhRR )-c.565C>G
Transversion with Male Infertility: A Case-control
Study from Iran.” Journal of Cellular Biochemistry.
https://doi.org/10.1002/jcb.28171.

Muthukrishnan, Sivaprakash, Haribabu Krishnaswamy, Sathish
Thanikodi, Dinesh  Sundaresan, and Vijayan
Venkatraman. 2020. “Support Vector Machine for
Modelling and Simulation of Heat Exchangers.”
Thermal Science 24 (1 Part B): 499-503.

Nenkova, Galina, Lubomir Petrov, and Albena Alexandrova.
2017. “Role of Trace Elements for Oxidative Status and
Quality of Human Sperm.” Balkan Medical Journal 34
(4): 343-48.

Pc, J., T. Marimuthu, and P. Devadoss. 2018. “Prevalence and
Measurement of Anterior Loop of the Mandibular Canal
Using CBCT: A Cross Sectional Study.” Clinical Implant
Dentistry and Related Research.
https://europepmc.org/article/med/29624863.

Ramadurai, Neeraja, Deepa Gurunathan, A. Victor Samuel,
Emg Subramanian, and Steven J. L. Rodrigues. 2019.
“Effectiveness of 2% Articaine as an Anesthetic Agent
in Children: Randomized Controlled Trial.” Clinical
Oral Investigations 23 (9): 3543-50.

Ramesh, Asha, Sheeja Varghese, Nadathur D. Jayakumar, and
Sankari Malaiappan. 2018. “Comparative Estimation of
Sulfiredoxin Levels between Chronic Periodontitis and
Healthy Patients - A Case-Control Study.” Journal of
Periodontology 89 (10): 1241-48.

Robertson, Sarah A., and David J. Sharkey. 2016. “Seminal
Fluid and Fertility in Women.” Fertility and Sterility.
https://doi.org/10.1016/j.fertnstert.2016.07.1101.

Samuel, Melvin S., Jayanta Bhattacharya, Sankalp Raj,
Needhidasan Santhanam, Hemant Singh, and N. D.
Pradeep Singh. 2019. “Efficient Removal of
Chromium(VI) from Aqueous Solution Using Chitosan
Grafted Graphene Oxide (CS-GO) Nanocomposite.”
International Journal of Biological Macromolecules
121 (January): 285-92.

Samuel, Srinivasan Raj, Shashidhar Acharya, and Jeevika
Chandrasekar Rao. 2020. “School Interventions-Based
Prevention of Early-Childhood Caries among 3-5-Year-
Old Children from Very Low Socioeconomic Status:
Two-Year Randomized Trial.” Journal of Public Health
Dentistry 80 (1): 51-60.

Sathish, T., and S. Karthick. 2020. “Wear Behaviour Analysis
on Aluminium Alloy 7050 with Reinforced SiC through
Taguchi Approach.” Journal of Japan Research
Institute for Advanced Copper-Base Materials and
Technologies 9 (3): 3481-87.

696

Sharma, Parvarish, Meenu Mehta, Daljeet Singh Dhanjal,
Simran Kaur, Gaurav Gupta, Harjeet Singh, Lakshmi
Thangavelu, et al. 2019. “Emerging Trends in the
Novel Drug Delivery Approaches for the Treatment of
Lung Cancer.” Chemico-Biological Interactions 309
(August): 108720.

Sridharan, Gokul, Pratibha Ramani, Sangeeta Patankar, and
Rajagopalan Vijayaraghavan. 2019. “Evaluation of
Salivary Metabolomics in Oral Leukoplakia and Oral
Squamous Cell Carcinoma.” Journal of Oral Pathology
& Medicine: Official Publication of the International
Association of Oral Pathologists and the American
Academy of Oral Pathology 48 (4): 299-306.

Vaghela, Khushbu, Heena Oza, Vinit Mishra, Anil Gautam, and
Sunil Kumar. 2016. “Effect of Lifestyle Factors on
Semen Quality.” International Journal of Life-Sciences
Scientific Research.
https://doi.org/10.21276/ijlssr.2016.2.5.21.

Varghese, Sheeja Saji, Asha Ramesh, and Deepak Nallaswamy
Veeraiyan. 2019. “Blended Module-Based Teaching in
Biostatistics and Research  Methodology: A
Retrospective Study with Postgraduate Dental
Students.” Journal of Dental Education 83 (4): 445-50.

Venu, Harish, V. Dhana Raju, and Lingesan Subramani. 2019.
“Combined Effect of Influence of Nano Additives,
Combustion Chamber Geometry and Injection Timing
in a DI Diesel Engine Fuelled with Ternary (diesel-
Biodiesel-Ethanol) Blends.” Energy 174 (May):
386-406.

Venu, Harish, Lingesan Subramani, and V. Dhana Raju. 2019.
“Emission Reduction in a DI Diesel Engine Using
Exhaust Gas Recirculation (EGR) of Palm Biodiesel
Blended with TiO2 Nano Additives.” Renewable Energy
140 (September): 245-63.

Vickram, A. S., V. Devi Rajeswari, M. Srinivas, G. Jayaraman,
R. A. Kamini, M. Ramesh Pathy, S. Ventat Kumar, and
T. B. Sridharan. 2013. “Correlation Studies on Human
Seminal Plasma Proteins and Their Relation with
Semen Freezablity.” Asian Journal of Biochemistry.
https://doi.org/10.3923/ajb.2014.41.48.

Vickram, A. S., Hari Abdul Samad, Shyma K. Latheef, Sandip
Chakraborty, Kuldeep Dhama, T. B. Sridharan,
Thanigaivel Sundaram, and G. Gulothungan. 2020.
“Human Prostasomes an Extracellular Vesicle
Biomarkers for Male Infertility and Prostrate Cancer:

The Journey from Identification to Current
Knowledge.” International Journal of Biological
Macromolecules 146 (March): 946-58.

Vickram, Sundaram, Karunakaran Rohini, Subramanian

Srinivasan, David Nancy Veenakumari, Kumar Archana,
Krishnan Anbarasu, Palanivelu Jeyanthi, et al. 2021.
“Role of Zinc (Zn) in Human Reproduction: A Journey
from Initial Spermatogenesis to Childbirth.”
International Journal of Molecular Sciences.
https://doi.org/10.3390/ijms22042188.

Vignesh, R., Ditto Sharmin, C. Vishnu Rekha, Sankar
Annamalai, and Parisa Norouzi Baghkomeh. 2019.
“Management of Complicated Crown-Root Fracture by
Extra-Oral Fragment Reattachment and Intentional
Reimplantation with 2 Years Review.” Contemporary
Clinical Dentistry 10 (2): 397-401.

Vijayakumar Jain, S., M. R. Muthusekhar, M. F. Baig, P.
Senthilnathan, S. Loganathan, P. U. Abdul Wahab, M.
Madhulakshmi, and Yogaen Vohra. 2019. “Evaluation


http://paperpile.com/b/UvxLzQ/sLoNp
http://paperpile.com/b/UvxLzQ/sLoNp
http://paperpile.com/b/UvxLzQ/sLoNp
http://paperpile.com/b/UvxLzQ/sLoNp
http://paperpile.com/b/UvxLzQ/sLoNp
http://paperpile.com/b/UvxLzQ/sLoNp
http://paperpile.com/b/UvxLzQ/sLoNp
http://paperpile.com/b/UvxLzQ/sLoNp
http://paperpile.com/b/UvxLzQ/UOtW
http://paperpile.com/b/UvxLzQ/gb68
http://paperpile.com/b/UvxLzQ/gb68
http://paperpile.com/b/UvxLzQ/gb68
http://paperpile.com/b/UvxLzQ/gb68
http://paperpile.com/b/UvxLzQ/gb68
http://paperpile.com/b/UvxLzQ/gb68
http://paperpile.com/b/UvxLzQ/gb68
http://paperpile.com/b/UvxLzQ/gb68
http://dx.doi.org/10.1002/jcb.28171
http://paperpile.com/b/UvxLzQ/gb68
http://paperpile.com/b/UvxLzQ/ziZEX
http://paperpile.com/b/UvxLzQ/ziZEX
http://paperpile.com/b/UvxLzQ/ziZEX
http://paperpile.com/b/UvxLzQ/ziZEX
http://paperpile.com/b/UvxLzQ/ziZEX
http://paperpile.com/b/UvxLzQ/ziZEX
http://paperpile.com/b/UvxLzQ/ully
http://paperpile.com/b/UvxLzQ/ully
http://paperpile.com/b/UvxLzQ/ully
http://paperpile.com/b/UvxLzQ/ully
http://paperpile.com/b/UvxLzQ/ully
http://paperpile.com/b/UvxLzQ/ully
http://paperpile.com/b/UvxLzQ/V3zue
http://paperpile.com/b/UvxLzQ/mb3vv
http://paperpile.com/b/UvxLzQ/mb3vv
http://paperpile.com/b/UvxLzQ/mb3vv
http://paperpile.com/b/UvxLzQ/mb3vv
http://paperpile.com/b/UvxLzQ/mb3vv
http://paperpile.com/b/UvxLzQ/mb3vv
http://paperpile.com/b/UvxLzQ/mb3vv
http://paperpile.com/b/UvxLzQ/akfLl
http://paperpile.com/b/UvxLzQ/akfLl
http://paperpile.com/b/UvxLzQ/akfLl
http://paperpile.com/b/UvxLzQ/akfLl
http://paperpile.com/b/UvxLzQ/akfLl
http://paperpile.com/b/UvxLzQ/akfLl
http://paperpile.com/b/UvxLzQ/akfLl
http://paperpile.com/b/UvxLzQ/mQJp
http://paperpile.com/b/UvxLzQ/mQJp
http://paperpile.com/b/UvxLzQ/mQJp
http://paperpile.com/b/UvxLzQ/mQJp
http://paperpile.com/b/UvxLzQ/mQJp
http://dx.doi.org/10.1016/j.fertnstert.2016.07.1101
http://paperpile.com/b/UvxLzQ/mQJp
http://paperpile.com/b/UvxLzQ/wOs2J
http://paperpile.com/b/UvxLzQ/wOs2J
http://paperpile.com/b/UvxLzQ/wOs2J
http://paperpile.com/b/UvxLzQ/wOs2J
http://paperpile.com/b/UvxLzQ/wOs2J
http://paperpile.com/b/UvxLzQ/wOs2J
http://paperpile.com/b/UvxLzQ/wOs2J
http://paperpile.com/b/UvxLzQ/wOs2J
http://paperpile.com/b/UvxLzQ/wOs2J
http://paperpile.com/b/UvxLzQ/gyIUR
http://paperpile.com/b/UvxLzQ/gyIUR
http://paperpile.com/b/UvxLzQ/gyIUR
http://paperpile.com/b/UvxLzQ/gyIUR
http://paperpile.com/b/UvxLzQ/gyIUR
http://paperpile.com/b/UvxLzQ/gyIUR
http://paperpile.com/b/UvxLzQ/gyIUR
http://paperpile.com/b/UvxLzQ/gyIUR
http://paperpile.com/b/UvxLzQ/4JkMU
http://paperpile.com/b/UvxLzQ/4JkMU
http://paperpile.com/b/UvxLzQ/4JkMU
http://paperpile.com/b/UvxLzQ/4JkMU
http://paperpile.com/b/UvxLzQ/4JkMU
http://paperpile.com/b/UvxLzQ/4JkMU
http://paperpile.com/b/UvxLzQ/4JkMU
http://paperpile.com/b/UvxLzQ/94Fj3
http://paperpile.com/b/UvxLzQ/94Fj3
http://paperpile.com/b/UvxLzQ/94Fj3
http://paperpile.com/b/UvxLzQ/94Fj3
http://paperpile.com/b/UvxLzQ/94Fj3
http://paperpile.com/b/UvxLzQ/94Fj3
http://paperpile.com/b/UvxLzQ/94Fj3
http://paperpile.com/b/UvxLzQ/94Fj3
http://paperpile.com/b/UvxLzQ/tMXXo
http://paperpile.com/b/UvxLzQ/tMXXo
http://paperpile.com/b/UvxLzQ/tMXXo
http://paperpile.com/b/UvxLzQ/tMXXo
http://paperpile.com/b/UvxLzQ/tMXXo
http://paperpile.com/b/UvxLzQ/tMXXo
http://paperpile.com/b/UvxLzQ/tMXXo
http://paperpile.com/b/UvxLzQ/tMXXo
http://paperpile.com/b/UvxLzQ/tMXXo
http://paperpile.com/b/UvxLzQ/9NWF
http://paperpile.com/b/UvxLzQ/fs9jf
http://paperpile.com/b/UvxLzQ/fs9jf
http://paperpile.com/b/UvxLzQ/fs9jf
http://paperpile.com/b/UvxLzQ/fs9jf
http://paperpile.com/b/UvxLzQ/fs9jf
http://paperpile.com/b/UvxLzQ/fs9jf
http://paperpile.com/b/UvxLzQ/fs9jf
http://paperpile.com/b/UvxLzQ/fAftb
http://paperpile.com/b/UvxLzQ/fAftb
http://paperpile.com/b/UvxLzQ/fAftb
http://paperpile.com/b/UvxLzQ/fAftb
http://paperpile.com/b/UvxLzQ/fAftb
http://paperpile.com/b/UvxLzQ/fAftb
http://paperpile.com/b/UvxLzQ/fAftb
http://paperpile.com/b/UvxLzQ/fAftb
http://paperpile.com/b/UvxLzQ/696sI
http://paperpile.com/b/UvxLzQ/696sI
http://paperpile.com/b/UvxLzQ/696sI
http://paperpile.com/b/UvxLzQ/696sI
http://paperpile.com/b/UvxLzQ/696sI
http://paperpile.com/b/UvxLzQ/696sI
http://paperpile.com/b/UvxLzQ/696sI
http://paperpile.com/b/UvxLzQ/9dsk
http://paperpile.com/b/UvxLzQ/9dsk
http://paperpile.com/b/UvxLzQ/9dsk
http://paperpile.com/b/UvxLzQ/9dsk
http://paperpile.com/b/UvxLzQ/9dsk
http://paperpile.com/b/UvxLzQ/9dsk
http://paperpile.com/b/UvxLzQ/9dsk
http://paperpile.com/b/UvxLzQ/9dsk
http://dx.doi.org/10.3923/ajb.2014.41.48
http://paperpile.com/b/UvxLzQ/9dsk
http://paperpile.com/b/UvxLzQ/0AaX
http://paperpile.com/b/UvxLzQ/0AaX
http://paperpile.com/b/UvxLzQ/0AaX
http://paperpile.com/b/UvxLzQ/0AaX
http://paperpile.com/b/UvxLzQ/0AaX
http://paperpile.com/b/UvxLzQ/0AaX
http://paperpile.com/b/UvxLzQ/0AaX
http://paperpile.com/b/UvxLzQ/0AaX
http://paperpile.com/b/UvxLzQ/0AaX
http://paperpile.com/b/UvxLzQ/0AaX
http://paperpile.com/b/UvxLzQ/wVPT
http://paperpile.com/b/UvxLzQ/wVPT
http://paperpile.com/b/UvxLzQ/wVPT
http://paperpile.com/b/UvxLzQ/wVPT
http://paperpile.com/b/UvxLzQ/wVPT
http://paperpile.com/b/UvxLzQ/wVPT
http://paperpile.com/b/UvxLzQ/wVPT
http://paperpile.com/b/UvxLzQ/wVPT
http://paperpile.com/b/UvxLzQ/wVPT
http://dx.doi.org/10.3390/ijms22042188
http://paperpile.com/b/UvxLzQ/wVPT
http://paperpile.com/b/UvxLzQ/Iqgtf
http://paperpile.com/b/UvxLzQ/Iqgtf
http://paperpile.com/b/UvxLzQ/Iqgtf
http://paperpile.com/b/UvxLzQ/Iqgtf
http://paperpile.com/b/UvxLzQ/Iqgtf
http://paperpile.com/b/UvxLzQ/Iqgtf
http://paperpile.com/b/UvxLzQ/Iqgtf
http://paperpile.com/b/UvxLzQ/Iqgtf
http://paperpile.com/b/UvxLzQ/MESZB
http://paperpile.com/b/UvxLzQ/MESZB
http://paperpile.com/b/UvxLzQ/MESZB

Thanusha, Y. and Vickram, A.S. (2021). Alinteri Journal of Agriculture Sciences 36(1): 692-697

of Three-Dimensional Changes in Pharyngeal Airway
Following Isolated Lefort One Osteotomy for the
Correction of Vertical Maxillary Excess: A Prospective
Study.” Journal of Maxillofacial and Oral Surgery 18
(1): 139-46.

Vijayashree Priyadharsini, Jayaseelan. 2019. “In Silico
Validation of the Non-Antibiotic Drugs Acetaminophen
and Ibuprofen as Antibacterial Agents against Red
Complex Pathogens.” Journal of Periodontology 90
(12): 1441-48.

Wang, Jun-Ling, Hao-Jun Zhang, Hui-Ling Wang, Ju-Wei
Wang, Pan-Hong Gou, Zhong-Hui Ye, and Yan-Ling
Wang. 2015. “Influence of Hypothyroidism on
Oxidative Stress, c-Fos Expression, Cell Cycle, and
Apoptosis in Rats Testes.” Toxicological &
Environmental Chemistry.
https://doi.org/10.1080/02772248.2015.1101110.

World Health Organization. 2010. WHO Laboratory Manual for
the Examination and Processing of Human Semen.

Zhao, Jiang, Xingyou Dong, Xiaoyan Hu, Zhou Long, Liang
Wang, Qian Liu, Bishao Sun, Qingging Wang, Qingjian
Wu, and Longkun Li. 2016. “Zinc Levels in Seminal
Plasma and Their Correlation with Male Infertility: A
Systematic Review and Meta-Analysis.” Scientific
Reports. https://doi.org/10.1038/srep22386.

697


http://paperpile.com/b/UvxLzQ/MESZB
http://paperpile.com/b/UvxLzQ/MESZB
http://paperpile.com/b/UvxLzQ/MESZB
http://paperpile.com/b/UvxLzQ/MESZB
http://paperpile.com/b/UvxLzQ/MESZB
http://paperpile.com/b/UvxLzQ/MESZB
http://paperpile.com/b/UvxLzQ/MESZB
http://paperpile.com/b/UvxLzQ/HBfMY
http://paperpile.com/b/UvxLzQ/HBfMY
http://paperpile.com/b/UvxLzQ/HBfMY
http://paperpile.com/b/UvxLzQ/HBfMY
http://paperpile.com/b/UvxLzQ/HBfMY
http://paperpile.com/b/UvxLzQ/HBfMY
http://paperpile.com/b/UvxLzQ/HBfMY
http://paperpile.com/b/UvxLzQ/ulQC
http://paperpile.com/b/UvxLzQ/R3Vv
http://paperpile.com/b/UvxLzQ/R3Vv
http://paperpile.com/b/UvxLzQ/R3Vv
http://paperpile.com/b/UvxLzQ/R3Vv
http://paperpile.com/b/UvxLzQ/TeD9
http://paperpile.com/b/UvxLzQ/TeD9
http://paperpile.com/b/UvxLzQ/TeD9
http://paperpile.com/b/UvxLzQ/TeD9
http://paperpile.com/b/UvxLzQ/TeD9
http://paperpile.com/b/UvxLzQ/TeD9
http://paperpile.com/b/UvxLzQ/TeD9
http://paperpile.com/b/UvxLzQ/TeD9
http://dx.doi.org/10.1038/srep22386
http://paperpile.com/b/UvxLzQ/TeD9

