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Abstract 

Background: Some evidences showed that the secretion of uterine tube, vagina and 

follicular fluid (FF) affects X and Y-chromosome populations. Sperm selection with X 

or Y chromosome can added to oocyte for gender desired. The isolation of X, Y sperm 

have done and all efforts in this field are done to make culture media similar to in vivo 

condition. The objective of this study was to find if the FF can influence the ratio of X 

or Y chromosomes, therefore we added human FF to culture media to separate X and Y 

sperms.   

Materials and Methods: Normal semen sample from 36 healthy men were selected. 

Then the samples were divided into control and experimental groups: control group 

sperms have been incubated with conventional culture media (Ham's F-10) and 

experimental group with conventional culture media + 10% human FF. For sperm 

isolation, swim up technique was used. After 24 hours of incubation, slides smear were 

prepared. Then, we used the Fluorescent in Situ Hybridization (FISH) method to 

evaluate the effect of follicular fluid on the population ratio of X and Y containing 

sperms. 

Results: Although the incubation of sperm in FF and Ham's F-10 increased Y sperm 

(59.44 % in control and 61.42% in experimental groups) in comparison with X sperm 

(40.56% in control and 38.5 in experimental groups) significantly (p<0.05), but the Y 

(or X) bearing sperm did not significantly change in experimental group in comparison 

with Y (or X) bearing sperm in control group  

Conclusion: This study showed that using the swim up method for collecting sperms 

and adding FF to culture media can improve some sperm parameters, but did not has 

significant effects on population of X and Y sperm. 
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Introduction 
 

     Preselection of the gender of offspring is a 

subject that has held man's attention since the 

beginning of recorded history. Although scientific  
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studies on genes have been conducted recently, sex 

selection   and    gender    preference    have    been 

considered since ancient time. Anaxagoras, a 

Greek scientist was the first person who related the 

sex of fetus to testis (1). In ancient times the Greek 

believed that the semen from the right testis leads 

to male and the left testis will lead to female borne 

children. Sometimes people, who would like to 

have a desired gender, in particularly male gender, 

go under surgery to have their left testis removed 

(2). 
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     Most scientific hypotheses for producing the 

desired sex of offspring address separation of X- 

and Y-bearing sperm, and most have had limited, if 

any success. One of the hypotheses is based on 

physical characteristics of sperm, on supposed 

differences in size and shape. X and Y 

chromosome-bearing sperms are different 

morphologically and structurally. The X 

chromosome-bearing sperms are 2 or 3 folds 

greater in size than Y chromosome-bearing sperm 

and in mammalian placental it is similar to 

autosomal chromosome and it makes pairs with its 

homologues. The X-bearing sperm has 2.8% more 

DNA than the Y-bearing sperm. It swims more 

slowly and has a longer life span (3). X 

chromosome is protected phylogenetically and 

evolutionary and more than half of its genes are 

involved in sex determination (4). Y chromosome, 

in contrast, differs from autosomal chromosome 

and most of its nucleus content belongs to 

heterochromatin and it is not involved in protein 

coding. In spite of its genetic condones, Y 

chromosome is necessary for male development 

and fertility (5). There has been no experimental 

verification of differences based on size and shape, 

and the results from attempts to verify separation 

of X- and Y-bearing sperm based on density have 

not been completely proved (6).   

     According to the chromosomal characteristic of 

X and Y bearing sperms, they can separate by 

different methods (7, 8). Most recently, it is 

reported that the combination of FISH and 

flowcytometry can separate X and Y bearing 

sperms. The outcome of pregnancy revealed that 

92% of the offspring were females when X bearing 

sperms were used and 81.5% of the offspring were 

males when Y bearing sperms were used in ART 

(9). It is suggested that the environmental factor 

like reproductive secretions including the 

follicular, tubal and vaginal fluid can affect the sex 

ratio and X and Y chromosome population (10-12). 

Follicular fluid is a biological and inexpensive 

fluid, which its chemical component can affect the 

sperm, oocyte and embryo development (13). This 

fluid contains some compound like cytokine, 

progesterone and antioxidant material (14, 15). 

Studies have already reported that the follicular 

fluid affected the sperm motility and acrosomal 

reaction. The probable influence of the follicular 

fluid ingredients on X or Y chromosomes may 

change the ratio of those incubated in follicular 

fluid (14).  

     Due to costliness, difficult preparation and 

production and the chemical nature of ART drugs, 

the present study evaluated the effect of one of the 

natural female reproductive tracts secretion on X 

and Y sperm chromosomes. Because the previous 

data for sex selection methods confirmed that 

Fluorescent in Situ Hybridization (FISH) are 

properly evaluated reliable method and the double-

label FISH is one of the best methods for the 

chromosome selection and detection (7). Therefore 

we designed this study to evaluate the follicular 

fluid effects on X and Y sperm chromosomes ratio 

by FISH.  

 

Materials and methods 
 

Follicular fluid preparation 

    The follicular fluids were prepared from 36 egg 

donor healthy women and the ethics rule was used 

as well. The follicular fluid was clear and without 

blood mixture. Follicular fluid was centrifuged at 

1000 rpm at 20 minutes, and then the supernatant 

was removed. The fluid was   passed through 0.45 

mictorometere Millipore (Whatman, Germany) and 

inactivated in 56ºC water bath. The processed 

follicular fluid was aliquot and stored at –80°C 

until used (14, 16). 

 

Semen preparation 

     Normal sperm samples were obtained from 36 

volunteer men. The semen samples were accepted 

healthy according to WHO standard criteria. The 

ethic committee of the University approved the use 

of the volunteer’s semen for the present study. The 

semen mixed and washed two times with Ham’s 

F10 medium (Sigma, Germany) and centrifuged at 

2500 rpm for 10 minutes. The supernatant was 

removed carefully and gently and after second 

wash, the pellet was overlaid with 1 ml of Ham’s 

F10 medium taking care not to disturb it and allow 

the sperm to swim-up into medium for 30 minute. 

The supernatant contained swim up sperm was 

separated and then it divided into two groups.  In 

the control group the sperm was over lied by the 

Ham's F10 media only and was incubated in it for 

24 hours and let the sperm to swim up during this 

time through media. In the experimental groups the 

sperm were over lied by Ham’s F10 mixed with 

10% follicular fluid and was incubated in it for 24 

hours and let the sperm to swim up during 

incubation. After 24 hours, the control and 

experimental groups were washed with PBS and 

then it centrifuged at 2500 rpm for 10 minutes and 

the supernatant was removed and discarded. Then 

the Carnoy’s fixative was added (3:1, Methanol: 

acetic acid) (Merck, Germany), and the sample 

were fixed and smear was prepared and stored at -

20°C until used.  
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FISH technique 

     Before the starting FISH technique, the slides 

were removed from -20 ºС and left on the room 

temperature .The sperm nucleus decondensation 

was done either with NaOH (3M) or dithiothreitol 

(DTT) and lithium diiodosalicylate (LIS) ( Sigma, 

Aldrich, Germany). After decondensation, the 

smear was dehydrated through Ethanol series and 

then air-dried. Then the hybridization was done. 

Briefly, ten micro litter of probe fluorescent 

labeled was placed on the semen smear within a 

marked area of a slide. X centromeric probe 

labeled with a green fluorophore (FITC spectrum) 

and X centromeric probe with a red fluorophore 

(Texas Red spectrum). The probe was prepared 

from Cytocell, England Company. Then each slide 

was mounted with a clear cover slip and sealed 

with rubber cement. Denaturation was done at 73 

°C hotplate (Bibby, England) and then the slide 

was hybridized at least 6 hours or overnight at 37 

°C in a humid incubator (Napco, USA). After 

hybridization, the cover slip and rubber cement 

were removed and the slides were dipped in the 2× 

SSC container (saline-sodium citrate) at 73 °C 

water bath (Memmert, Germany) and followed by 

washing in 0.05% Tween 20 in 0.4 ×SSC (Merck, 

Germany), and air-dried in dark room  (17,18) . 

Thereafter, the slides were counter stained with 4´, 

6-diamino-2-phenylindole (DAPI) along with 

antifade (Cytocell, England) at the final stage of 

hybridization for counter staining and prevent of   

fading of fluorescent probes during studying under 

microscope. The slides were studied under the 

Epifluorescent microscope (Nikon, E800, Japan), 

the DAPI/Texas red was emitted the red color of 

the Y chromosome sperm which it observed as a 

red spot and the DAPI/FITC was emitted the green 

color which was the sign of the X chromosome 

(Figure1). One hundred sperms were counted in 

each field and the data were analyzed by ANOVA 

and differences with p< 0.05 were significant 

statistically. 
 

                     
Figure 1. Sperm head with X chromosomes (Green) and Y 
chromosomes (Red).   Scale bar = 10 µm. 

 

       
                                                       Control (Ham’s F10)                          Experimental (Follicular fluid)  

                      Groups 
 

Figure 2. The effect of follicular fluid and Ham’s F10 on the X, Y 

sperm Chromosome ratio. 
*Different significantly from X chromosomes (p<0.05). 

 

Results 
 

     The results of this study showed that the 

percentage of Y sperm chromosomes in control 

groups (60.44%) was higher than the X sperm 

chromosomes (40.56%) after 24 hours of 

incubation in Hams’F10 (p<0.05). In experimental 

groups, the percentage of Y-chromosomes 

(61.42%) increased in comparison with X 

chromosomes (38.5%) after 24 hours of incubation 

in follicular fluid (p<0.05). As these results shows 

the differences between Y and X sperm 

chromosomes were significant within groups in 

both groups (control and experimental). Although 

the percentage of Y bearing chromosomes sperm 

in the experimental groups (61.42%) were more 

than the control group (60.44%) but the differences 

between two groups were not significant (Figure2). 

Indeed the significant differences were seen in the 

Y-chromosomes population of both groups after 24 

hours in comparison with X sperm within groups. 

Although the sperms Y-chromosomes were 

increased in both groups but   the differences 

between those were not significant. The X bearing 

chromosomes were reduced in experimental group 

in comparison with control but it was not 

significant (p= 0.29). These results revealed that 

the follicular fluid could not change the percentage 

of the population of X or Y sperm chromosomes 

compare to Ham's F10 media. 
 

Discussion 

 
     X or Y chromosome sperm ratio can differ by 

environmental conditions such as temperature, 

nutrition and female reproduction tract secretion. 

Some evidences showed that the secretion of 

uterine tube, vagina and follicular fluid affects X 

and Y-chromosome populations (11, 19). FF can 

      X chromosome 

 

      Y Chromosome 
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affect the oocyte maturation and embryo 

development. The positive effects of FF on 

acrosomal reaction and capacitation were 

confirmed (20).   One of the specific protocols for 

the study of X and Y chromosome is FISH. In this 

procedure the X or Y-chromosomes is labeled with 

fluorescent probes. We used two color FISH for 

evaluation of both X and Y chromosome (21). 

These probes are designed in accordance with 

different two sperm nucleus structure (21, 22). 

     Although numerous methods have been 

developed as having influence on the gender of the 

offspring, most lack valid scientific evidence of 

effectiveness. Preconception gender selection has 

an important application in reducing the risk of 

having children with X-linked diseases or 

unwanted child (23). A preconception, flow 

cytometric sperm sorting method of gender 

selection is based upon the detection of differential 

fluorescence emitted by fluorescently stained X 

and Y chromosome-bearing sperm (24).  Current 

results indicate that the method is a safe and 

effective process and is a valuable tool for families 

wishing to balance the gender distribution of their 

children or to reduce the likelihood of having 

children with X-linked disease. The observed 

major congenital abnormality rate of 2.05% for 

babies born after the sperm sorting method was the 

same with that occurring in normal population (8).  

The previous study showed that the X: Y ratio is 

almost 50:50 but the some separation methods 

were changed this ratio in the limited range (25). 

They reported that some kind of separation likes 

percoll and albumin gradient could separate these 

kinds of sperm but there were some controversial 

in their results (26). The results of present study 

showed that although the follicular fluid changes 

the Y percentage population but it is not 

significant. Indeed the sperm incubation in 

follicular fluid was associated with imbalance of 

X: Y ratio but not between the Y-chromosomes of 

the two groups. This result was the same in both 

group after incubation  of sperm in  the media only  

or mixed with follicular fluid which it is in 

accordance with other finding (27) . Our results 

were in accordance with the Yan et al (2006), (23), 

which reported that swim up could not separate the 

X and Y bearing sperm. Although some isolation 

methods could separate the high purity of X or Y 

bearing sperm (27), but the other reported no 

positive results in separation (28). We can 

conclude that these differences that were not 

statically significant may be partially dependent on 

media condition and also belong to follicular fluid 

nature. As the Y and X sperm have different 

feature and entity, extension of time beyond the 24 

hours could give another results. Using the 

different concentration of follicular fluid or a 

modified swim up procedure may lead to better 

results. Although the follicular fluid doesn't change 

the percentage of X or Y bearing sperm 

chromosomes in comparison of the media, but it 

probably has improved the quality of sperm by 

swim up methods.  
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