
Veterinary World, EISSN: 2231-0916� 1299

Veterinary World, EISSN: 2231-0916
Available at www.veterinaryworld.org/Vol.12/August-2019/18.pdf

RESEARCH ARTICLE
Open Access

Effect of the pH in the enrichment of X or Y sex chromosome-bearing 
sperm in bovine

Nidhi P. Raval1,2, Tejas M. Shah1, Linz-Buoy George2 and Chaitanya G. Joshi3

1. Department of Animal Biotechnology, College of Veterinary Science and Animal Husbandry, Anand Agricultural
University, Anand, Gujarat, India; 2. Department of Zoology, Biomedical Technology and Human Genetics, University 

School of Sciences, Gujarat University, Ahmedabad, Gujarat, India; 3. Gujarat Biotechnology Research Centre, Block B 
and D, 6th Floor, MS Building, Sector – 11, Gandhinagar, Gujarat, India.

Corresponding author: Chaitanya G. Joshi, e-mail: dir-gbrc@gujarat.gov.in
Co-authors: NPR: npraval1110@gmail.com, TMS: tejas1040@gmail.com, LBG: linzbuoy@yahoo.co.uk

Received: 27-04-2019, Accepted: 05-07-2019, Published online: 23-08-2019

doi: 10.14202/vetworld.2019.1299-1303 How to cite this article: Raval NP, Shah TM, George LB, Joshi CG (2019) Effect 
of the pH in the enrichment of X or Y sex chromosome-bearing sperm in bovine, Veterinary World, 12(8): 1299-1303.

Abstract

Background and Aim: Studies have shown that the pH of the vagina during the course of fertilization may influence the 
migration of X- and Y-bearing spermatozoa and thus leading to skewness in the sex of the offspring. Hence, this study was 
carried out to check the effect of the pH in the enrichment of X or Y sex chromosome-bearing sperm in bovine (Bos indicus).

Materials and Methods: To check the effect of pH in the enrichment of X or Y sex chromosome-bearing sperm in bovine, 
we used buffers of various pH ranging from 5.5 to 9.0 for swim-up procedure of sperm sample and collected upper and 
bottom fraction from the same buffer and checked the abundance of X-  and Y-bearing spermatozoa by droplet digital 
polymerase chain reaction using X- and Y-chromosome-specific DNA probe.

Results: The abundance of X- and Y-bearing spermatozoa was not differed significantly in either of the fraction collected.

Conclusion: Thus, it appears to be unlikely that an immediate impact of pH on sperm can be a solitary impact on the sex 
of offspring in bovine.
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Introduction

Various scientists have been researching if the 
natural framework deciding the sex of an infant is 
totally arbitrary or can be pre-selected. The idea of 
affecting the sex of one’s offspring has been of pro-
ceeding with intrigue for a long time. Researchers 
are still interested in exploring the fundamentals of 
inheritance of chromosome, maternal and paternal 
factors responsible for on sex determination of the 
offspring [1,2]. Despite the knowledge regarding dif-
ferences between X and Y spermatozoa (for example, 
head measure [3], motile speed [4,5], DNA con-
tent [6,7], and pH susceptibility [8]) is available, still 
the definite physiological reasons for skewness in the 
proportion of spermatozoa carrying X or Y chromo-
somes with respect to environmental factors are not 
clear [9]. The only commercially available and effec-
tive method is using the difference in DNA content in 
the X- and Y-bearing spermatozoa [10,11]. Other meth-
ods where studies were carried out depending on the 
slight difference in density of X- and Y-bearing sper-
matozoa [12], Percoll and albumin gradient  [13-15], 

modified swim-up method [16,17], using different 
Sephadex column [18], and presence of H-Y anti-
gen  [19,20]. Although contemporary strategies for 
physically separating X from Y-chromosome-bearing 
spermatozoa are presently very proficient, overall 
fertility rates following the use of sex-sorted sperm 
are not as noteworthy, despite numerous endeavors 
to improve them [21-24]. In the meantime, there are 
also studies from developmental science which gives 
the idea that the mammalian female could have a little 
impact on the sex of her posterity, and besides, that 
this impact could be pre-conceptual [25-27]. Provided 
above is true, this could go some way towards repre-
senting the putative inefficiencies when inseminated 
with sex-sorted sperm. Scientists believed that the X 
and Y sperm can be chosen based on different migra-
tion rates in acidic and basic media. Since the pH of 
human bodily fluid changes amid the menstrual cycle, 
scientists recommended that particular planning of 
intercourse in the female cycle could be utilized in 
choosing for either sex preceding conception  [28]. 
Various studies, in general, show impact of pH on 
sperm motility, viability, and capacitation [29,30], 
but the alteration of pH can occur at both male and 
female level i.e. in semen sample as well as in vagina 
of female also, but its effect on skewness of sex ratio 
is still debatable field.

To get the offspring of our desire, people are 
interested in separating X-  and Y-bearing sperm for 
further usage in artificial insemination and thereby 
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meeting the need of humankind. Though with the 
continuous improvement [31,32] and advancement 
like use of optimized microfluidic system, better 
results in the human motile sperms before in vitro fer-
tilization process [33] is achieved but still an alterna-
tive technique to enrich X and Y chromosome bearing 
sperm cells which would employ simpler and less 
expensive equipment is the need of the hour. Earlier 
study in mammals shows non-significant and contra-
dictory results for impact of altering the pH on the 
migration of X- and Y-bearing sperm [34]. As the con-
troversy persists regarding the effect of altering pH in 
skewness of sex ratio, this study will help by provid-
ing the evidence for whether it is possible to isolate 
X- and Y-bearing sperm by altering pH.

This study aimed to check whether pH can influ-
ence the sex proportion of posterity. To isolate the 
immediate impact of pH on the sperm from some 
other changes that may happen in the female’s con-
ceptive tract at the season of ovulation, we incubated 
sperm in buffer of known pH to check whether it has 
any role in enrichment of either of the sex chromo-
some-bearing sperm.
Materials and Methods

Ethical approval

Semen utilized in this study was acquired 
from artificial vaginal ejaculate of Gir (Bos indi-
cus) bulls as per Indian Animal Ethics Guidelines 
and with approval from the Institutional Animal 
Ethics Committee, Anand Agricultural University. 
Semen was collected from the Department of 
Veterinary Gynecology (CVASH, AAU, Anand) 
and transported to the research facility where it 
was washed with phosphate-buffered saline (PBS) 
(pH 7.4) to remove seminal fluid and other gelati-
nous materials.
Semen sample processing

The first ejaculate from the two healthy Gir bulls 
was collected and the experiment was independently 
repeated 3 times. The semen samples were analyzed 
for various parameters, namely, concentration, motil-
ity, and viability before conducting the experiment. 
After taking the observations, the semen sample was 
gently mixed with PBS and centrifuged the tubes at 
1600 rpm for 10 min. The procedure was repeated twice 
to wash the semen and finally resuspended the semen 
sample in small volume of PBS. After semen sample 
processing, 9×106 sperm was taken for experimental 
setup. Conventional swim-up procedure was used to 
study the effect of pH on sperm survival and enrich-
ment. Ringer’s lactate solution (Claris Otsuka, India) 
and Dulbecco’s Modified Eagle Medium (DMEM) – 
low glucose (Thermo Fisher Scientific, USA) medium 
were used for the pH experiment (pH 5.0-9.0). In any 
case, the addition of sperm samples slightly altered 
the pH of the original buffer solution so we prepared 
buffer such that the reference of the pH always indi-
cates the pH of the final sperm sample buffer mixture.

Fifty milliliter conical centrifuge tubes were 
incubated at a 45° angle for 30-45 min for swim-up in 
a vertical rack in a 37°C CO2 incubator. After the incu-
bation, aspirated the uppermost fraction and also the 
bottom fraction (BF) separately in 1.5 ml microcen-
trifuge tube for DNA extraction. DNA was extracted 
using phenol–chloroform method with little modifica-
tion suggested in earlier studies [35].
DNA extraction and quantification

Total DNA was quantified on Qubit 3.0 
Fluorometer (Invitrogen, USA) using a DNA high sen-
sitivity kit (Invitrogen, USA) and NanoDrop® ND-1000 
ultraviolet-visible spectrophotometer (Thermo Fisher 
Scientific, USA). The quality of the DNA was also 
checked on 0.8% agarose gel.
Droplet digital polymerase chain reaction (ddPCR)

Kept ddPCR for both i.e. uppermost and bottom 
fractions of respective pH to check the ratio of X- and 
Y-bearing sperm in each collected fraction using DNA 
probe specific to X and Y chromosome. ddPCR assay 
was performed on Q×200 Droplet Digital PCR system 
(Bio-Rad, USA) using ddPCR Supermix for probes (no 
UTP). The assay was performed at absolute quantifica-
tion mode and then abundance (copies/µl) was repre-
sented in percentage of X- and Y-chromosome-specific 
DNA probe F9 and sex-determining region Y (SRY), 
respectively. The ddPCR provides absolute quantifica-
tion of the target DNA without the need to run standards 
which help in making this technique better for measur-
ing target DNA copies. Additional advantage over a 
conventional quantitative PCR is high sensitivity and 
accuracy even with very low copy-number gene [36].
Statistical analysis

Abundance for both F9 and SRY gene targets 
was measured using X-  and Y-chromosome-specific 
DNA probe. The significant differences between the 
X-  and Y-chromosome-bearing sperm population in 
the respective fractions were evaluated using Student’s 
t-test. A significance level of 0.05 was chosen. Data 
were presented as means ± standard error of the mean.
Results

We checked the effect of pH of the media 
of various pH on the enrichment of either X-  or 
Y-chromosome. When Ringer’s lactate solution was 
used for preparing buffer of different pH from 5 to 
10, sperm was motile from pH 5.5, 6, 7, and 8 only, 
whereas when DMEM medium was used for prepar-
ing buffer of different pH from 5 to 10, sperm was 
motile from pH 5.5, 6, 7, 8, and 9 also.

Equal volumes of medium containing sperm 
were collected as upper and BF from each conical 
tube having medium of different pH after swim-up 
step. DNA was extracted from every fraction and after 
quantification and qualification check, an equal con-
centration of DNA was taken for further ddPCR.

The ddPCR results representing the abundance 
of X-  and Y-chromosome-bearing spermatozoa in 
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the fractions collected from upper and bottom after 
swim-up showed statistically non-significant (p>0.05) 
enrichment of either X-  or Y-chromosome-bearing 
spermatozoa on any of the fraction collected from 
medium, i.e.  Ringer’s lactate solution (Figure-1) 
and DMEM medium (Figure-2) having different pH. 
The percentage difference between the abundance of 
X-  and Y-bearing spermatozoa in the upper fraction 
collected was 2.76, 4.41, 3.18, and 3.05 whereas in BF 
0.32, 0.01, 0.23, and 0.41 to pH 5.5, 6.0, 7.0, and 8.0, 
respectively, when the Ringer’s lactate solution was 
used. In case of DMEM medium, the percentage dif-
ference between the abundance of X- and Y-bearing 
spermatozoa in the upper fraction collected was 2.89, 
1.76, 1.55, 0.79, 3.37, and 1.70 whereas in BF 0.09, 
2.87, 1.33, 0.49, 2.02, and 2.76 to pH 5.5, 6.0, 7.0, 8.0, 
and 9.0, respectively. This would suggest that X and Y 
sperm are not differentially influenced by just the pH 
in the female cervix at ovulation.
Discussion

It has been observed that at the time of fertil-
ization, the pH of the vagina may play a role in the 

selection of X- or Y-bearing sperm and thereby affects 
the sex of the offspring [37]. The pH of the vagina is 
moderately acidic which varies from 3.8 to 4.5 [38]. 
Thus, studies have been done and patented, wherein 
sperm cells were put in an environment having physi-
ological pH and at the same time contacting the sperm 
cells with at least one extra subenvironment with dif-
fering pH to enrich the population of specific type of 
sperm cells [39,40].

In recent transcriptome study wherein single 
female pig, using the bilateral laparoscopic insemina-
tion, the X- or Y-sperm populations were introduced 
into the two separate oviducts and they observed 
specific transcriptomic responses w.r.t X-  and 
Y-chromosome-bearing sperm cells. Hence, they sug-
gested the role of oviduct as biological sensor which 
can identify the sperm and then provide the respective 
modified environment hinting its role in gender bias-
ing mechanism or maternal influence on gender [41].

In human, researcher has observed that the 
Y-chromosome-bearing spermatozoa were more vul-
nerable to fluctuations in physiological and sperm 
storage conditions than X-chromosome-bearing 

Figure-1: Abundance of X- and Y-chromosome-bearing sperm in upper and lower fractions collected from Ringer’s lactate 
solution having a different pH (UF: Uppermost fraction, BF: Bottom fraction). The data are displayed as mean ± standard 
error of the mean for three independent experiments.

Figure-2: Abundance of X-  and Y-chromosome-bearing sperm in upper and lower fractions collected from Dulbecco’s 
Modified Eagle Medium having a different pH (UF: Uppermost fraction, BF: Bottom fraction). The data are displayed as 
mean ± standard error of the mean for three independent experiments.
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spermatozoa [42]. Hence, we have used different pH 
to check the enrichment of either X- or Y-chromosome-
bearing spermatozoa in the respective fraction. 
However, we could not find any significant skewness 
in X- and Y-chromosome-bearing sperm population.

Studies on human showed the positive results 
for enrichment of X bearing spermatozoa upon incu-
bation in acidic medium, increased temperature and 
raised reactive oxygen species (ROS) levels leading to 
suggesting the potential for semen sexing by explor-
ing the different physiological parameters [8].

Studies have shown in boar spermatozoa that 
at high external pH, internal pH also increased and 
motility of epididymal spermatozoa was initiated, 
whereas motility of ejaculated spermatozoa was less 
dependent on external pH and altered very slightly 
by the changes in the internal pH [43]. Spermatozoa 
swim in different physiochemical conditions and are 
exposed to changes in temperature, pH, and ROS lev-
els for as long as 1 week preceding fertilization [44].

Previously, studies have been done with human 
spermatozoa on checking the difference in the migra-
tion of X- and Y-bearing spermatozoa using capillary 
tubes which had a pH adjusted Tyrode’s solution. They 
used specific stains which stain the long arm of the Y 
chromosome to determine the chromosome present in 
the migrated sperm cells. In  this study also, there is 
no enrichment of either X or Y chromosome bearing 
spermatozoa regardless of difference in the pH media 
used [45]. Whereas, studies carried out on rabbits exhib-
ited a changed sex proportion in the posterity of rabbits 
in connection to the pH of the vagina at the season of 
mating. At the point, when the cervical pH was 6.5-7.3, 
there was a transcendence of females; there was no dis-
tinction in sex proportion with a pH of 7.3-7.5, and at 
pH 7.5-8.3, there was an abundance of males [37].

Another study in human and rabbit spermatozoa 
used cation and anion exchange resins of different 
ionic strength and examined for the enrichment of the 
specific sperm cells by ion-exchange column chro-
matography. Apparently, by this treatment, only dead 
spermatozoa of rabbit got filtered out [46]. 

All these methods depend on sperm arbitrarily 
interacting with the favored environment, but some of 
the environments provided may be negative to sperm 
motility and viability [47,48].
Conclusion

The percentage of X- or Y-bearing sperm migrat-
ing during swim-up procedure was not influenced 
by the pH of the media in bovine sperm samples. 
Additional studies are, therefore, necessary to exam-
ine whether external pH is involved in the enrichment 
of X- and Y-bearing sperm by altering pH along with 
various other physiochemical factors in bovine.
Authors’ Contributions

NPR: Conducted the experiment, acquisition of 
data, and drafting of the manuscript. TMS: Supervised 

the experiment, revised the manuscript, and advised on 
this study. LBG: Advised in the design of the experi-
ment, data analysis, and interpretation. CGJ: Research 
project investigator, research and ethical clearance 
preparation, designed the study, analyzed statistical 
data, proofread the manuscript. All the authors have 
read and approved the final version of the manuscript.
 Acknowledgments

We thank the Indian Council of Agricultural 
Research, India, for their financial support for this 
study with the grant number CS 11/7 2014 IA-IV.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References

1.	 Shetty, N.K. (2018) Inheritance of chromosomes, sex deter-
mination, and the human genome: A new paradigm. Gend. 
Genome, 2(1): 16-26.

2.	 Edwards, A., Cameron, E.Z., Wapstra, E. and McEvoy, J. 
(2019) Maternal effects obscure condition-dependent sex 
allocation in changing environments. R. Soc. Open Sci., 
6(4): 181885.

3.	 Carvalho, J.O., Silva, L.P., Sartori, R. and Dode, M.A. 
(2013) Nanoscale differences in the shape and size of x and 
y chromosome-bearing bovine sperm heads assessed by 
atomic force microscopy. PLoS One, 8(3): e59387.

4.	 Roberts, A. (1972) Gravitational separation of X and Y 
spermatozoa. Nature, 238(5361): 223.

5.	 Shettles, L.B. and Rorvik, D.M. (2006) How to Choose the 
Sex of Your Baby: Fully Revised and Updated. Broadway 
Books, New York.

6.	 Chandler, J.E. (1996) Process and Apparatus for Sorting 
Spermatozoa. Grant US-5514537-A.

7.	 Johnson, L.A. (1992) Method to Preselect the Sex of 
Offspring. US5135759A.

8.	 Oyeyipo, I.P., van der Linde, M. and du Plessis, S.S. (2017) 
Environmental exposure of sperm sex-chromosomes: 
A gender selection technique. Toxicol. Res., 33(4): 315.

9.	 Gledhill, B.L. (1988) Selection and separation of X-and 
Y-chromosome-bearing mammalian sperm. Gamete Res., 
20(3): 377-395.

10.	 Boro, P., Naha, B.C., Madkar, A. and Prakash, C. (2016) 
Sexing of semen in bulls: A mini-review. Int. J. Appl. Res., 
2(4): 460-462.

11.	 Pindaru, L., Balaci, I.M. and Groza, I.S. (2016) Sperm sex-
ing technology-new directions in medicine. Rev. Rom. Med. 
Lab., 24(1): 111-121.

12.	 Ollero, M., Pérez-Pé, R., Gargallo, I., Morlanes, S., 
Osada, J., Muiño-Blanco, T. and Cebrián-Pérez, J.A. (2000) 
Separation of ram spermatozoa bearing X and Y chromo-
some by centrifugal countercurrent distribution in an aque-
ous two-phase system. J. Androl., 21(6): 921-928.

13.	 Maxwell, W., Mendoza, G. and White, I. (1984) Post-
thawing survival of motile ram sperm after isolation by lay-
ering on protein columns. Theriogenology, 21(4): 601-606.

14.	 Koundouros, S. and Verma, P. (2012) Significant enrich-
ment of Y-bearing chromosome human spermatozoa using 
a modified centrifugation technique. Int. J. Androl., 35(6): 
880-886.



Veterinary World, EISSN: 2231-0916� 1303

Available at www.veterinaryworld.org/Vol.12/August-2019/18.pdf

15.	 Iwasaki, S., Shioya, Y., Masuda, H., Hanada, A. and 
Nakahara, T. (1988) Sex ratio of early embryos fertil-
ized in vitro with spermatozoa separated by percoll. 
Theriogenology, 30(6): 1191-1198.

16.	 Han, T.L., Flaherty, S.P., Ford, J.H. and Maththews, C.D. 
(1993) Detection of X-and Y-bearing human spermatozoa 
after motile sperm isolation by swim-up. Fertil. Steril., 
60(6): 1046-1051.

17.	 Sarkar, S., Jolly, D.J., Friedmann, T. and Jones, O.W. 
(1984) Swimming behavior of X and Y human sperm. 
Differentiation, 27(1-3): 120-125.

18.	 Steeno, O., Adimoelja, A. and Steeno, J. (1975) Separation 
of X-and Y-bearing human spermatozoa with the sephadex 
gel-filtration method. Andrologia, 7(2): 95-97.

19.	 Bennett, D. and Boyse, E.A. (1973) Sex ratio in progeny of 
mice inseminated with sperm treated with HY antiserum. 
Nature, 246(5431): 308.

20.	 Yadav, S.K., Gangwar, D.K., Singh, J., Tikadar, C.K., 
Khanna, V.V., Saini, S., Dholpuria, S., Palta, P., Manik, 
R.S., Singh, M.K. and Singla, S.K. (2017) An immunolog-
ical approach of sperm sexing and different methods for 
identification of X-and Y-chromosome bearing sperm. Vet. 
World, 10(5): 498.

21.	 Seidel, G.E. and Garner, D.L. (2002) Current status of 
sexing mammalian spermatozoa. Reproduction, 124(6): 
733-743.

22.	 Oikawa, K., Yamazaki, T., Yamaguchi, S., Abe, H., Bai, H., 
Takahashi, M. and Kawahara, M. (2019) Effects of use of 
conventional and sexed semen on the conception rate in 
heifers: A comparison study. Theriogenology, 135 : 33-37.

23.	 Bonilla, L., Gallego, A.M., Dominguez, R.G., 
Londono, M.T. and Garcia, F.U. (2018) Viability and preg-
nancy rate of embryos produced in vitro from sexed semen 
compared to conventional semen in Bos taurus and Bos 
indicus. Rev. Invest. Vet. Perú, 29(4): 1377-1385.

24.	 Kurykin, J., Hallap, T., Jalakas, M., Padrik, P., Kaart, T., 
Johannisson, A. and Jaakma, U. (2016) Effect of insemina-
tion-related factors on pregnancy rate using sexed semen in 
Holstein heifers. Czech J. Anim. Sci., 61(12): 568-577.

25.	 Grant, V.J. and Irwin, R. (2005) Follicular fluid steroid lev-
els and subsequent sex of bovine embryos. J. Exp. Zool. 
A Comp. Exp. Biol., 303(12): 1120-1125.

26.	 Grant, V.J., Irwin, R.J., Standley, N.T., Shelling, A.N. and 
Chamley, L.W. (2008) Sex of bovine embryos may be 
related to mothers’ preovulatory follicular testosterone. 
Biol. Reprod., 78(5): 812-815.

27.	 Kermani, M.P. and Nematy, M. (2018) Maternal nutrition 
and the child’s sex: A review. Int. J. Womens Health Reprod. 
Sci., 6(4): 394-399.

28.	 Shettles, L.B. (1970) Factors influencing sex ratios. Int. J. 
Gynecol. Obstet., 8(5P1): 643-647.

29.	 Chen, L., Ge,Y., Liang, Y. and Yao, B. (2014) AB185. 
Semen pH effects sperm motility and capacitation by influ-
encing Na/K-ATPase activity and Ca concentration in sper-
moplasm. Transl. Androl. Urol., 3(Suppl 1): AB185.

30.	 Zhou, J., Chen, L., Li, J., Li, H., Hong, Z., Xie, M., Chen, 
S. and Yao, B. (2015) The semen pH affects sperm motility 
and capacitation. PloS One, 10(7): e0132974.

31.	 Mari, G., Bucci, D., Love, C.C., Mislei, B., Rizzato, G., 
Giaretta, E., Merlo, B. and Spinaci, M. (2015) Effect of 
cushioned or single layer semen centrifugation before sex 
sorting on frozen stallion semen quality. Theriogenology, 
83(6): 953-958.

32.	 Steinhauser, C., Graham, J.K., Lenz, R.W. and Seidel, G.E Jr. 
(2016) Removing seminal plasma improves bovine sperm 
sex-sorting. Andrology, 4(6): 1131-1137.

33.	 Huang, H.Y., Fu, H.T., Tsing, H.Y., Huang, H.J., Li, C.J. 
and Yao, D.J. (2014) Motile human sperm sorting by an 
integrated microfluidic system. J. Nanomed. Nanotechnol., 
5(3): 1.

34.	 Downing, D.C. and Black, D.L. (1976) Equality in sur-
vival of X and Y chromosome-bearing human spermatozoa. 
Fertil. Steril., 27(10): 1191-1193.

35.	 Silva, E., Pelinca, M.A., Acosta, A.C., Silva, D.M., 
Filho, M.A.G. and Guerra, M.M. (2014) Comparative study 
of DNA extraction methodologies from goat sperm and its 
effects on polymerase chain reaction analysis. Genet. Mol. 
Res., 13(3): 6070.

36.	 Doi, H.,Uchii, K., Takahara, T., Matsuhashi, S., 
Yamanaka, H. and Minamoto, T. (2015) Use of droplet dig-
ital PCR for estimation of fish abundance and biomass in 
environmental DNA surveys. PloS One, 10(3): e0122763.

37.	 Wakim, P. (1972) Determining the sex of baby rabbits by 
ascertaining the pH of the vagina of the mother before mat-
ing. J. Am. Osteopath. Assoc., 72(2): 173-174.

38.	 Nakano, F.Y., de Barros F Leão, R. and Esteves, S.C. (2015) 
Insights into the role of cervical mucus and vaginal pH in 
unexplained infertility. MedicalExpress, 2(2): M150207.

39.	 Prien, S.D. and Penrose, L.L. (2016) Method and Apparatus 
for Gender Selection Based on PH. US9157063B2.

40.	 Prien, S.D. and Penrose, L.L. (2015) Method and Apparatus 
for Gender Selection Based on pH. WO2008088601A3.

41.	 Almiñana, C., Caballero, I., Heath, P.R., Maleki-Dizaji, S., 
Parrilla, I., Cuello, C., Gil, M.A., Vazquez, J.L., 
Vazquez,  J.M., Roca, J., Martinez, E.A. and Holt, W.V. 
(2014) Fazeli, A. The battle of the sexes starts in the ovi-
duct: Modulation of oviductal transcriptome by X and 
Y-bearing spermatozoa. BMC Genomics, 15(1): 293.

42.	 You, Y.A., Kwon, W.S., Rahman, M.S., Park, Y.J., Kim, Y.J. 
and Pang, M.G. (2017) Sex chromosome-dependent dif-
ferential viability of human spermatozoa during prolonged 
incubation. Hum. Reprod., 32(6): 1183-1191.

43.	 Gatti, J., Chevrier, C., Paquignon, M. and Dacheux, J.L. 
(1993) External ionic conditions, internal pH and motility 
of ram and boar spermatozoa. J. Reprod. Fertil., 98(2): 
439-449.

44.	 Suarez, S.S. and Pacey, A. (2006) Sperm transport in the 
female reproductive tract. Hum. Reprod. Update, 12(1): 
23-37.

45.	 Diasio, R.B. and Glass, R.H. (1971) Effects of pH on the 
migration of X and Y sperm. Fertil. Steril., 22(5): 303-305.

46.	 Downing, D.C., Black, D.L., Carey, W.H. and 
Delahanty,  D.L. (1976) The effect of ion-exchange col-
umn chromatography on separation of X and Y chromo-
some-bearing human spermatozoa. Fertil. Steril., 27(10): 
1187-1190.

47.	 Mesa, A.M., Roberson, R.L., Chun, R.I. and Mortensen, C.J. 
(2017) Stallion semen incubated with hydrogen peroxide 
decreased DNA fragmentation as measured by the TUNEL 
assay. J. Equine Vet. Sci., 100(49 ):81-86.

48.	 Shi, X., Wang, T., Qiu, Z.L., Li, K., Li, L., Chan, C.P., 
Chan, S.M., Li, T.C. and Quan, S. (2016) Effects of mechan-
ical stresses on sperm function and fertilization rate in mice. 
Syst. Biol. Reprod. Med., 62(2): 152-159.

********


