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characteristics of Caprine spermatocytes 

 
Abinash Kumar, Nitin E Gade, OP Mishra, GK Dutta, SA Dhenge, SK 

Yadav, Anupam Soni and Shyamdeo Kumar 

 
Abstract 
Present study was designed to evaluate the effects of different concentrations of graphene oxide quantum 
(GQ) dots on Caprine epididymal spermatocytes. Epididymal sperms were collected and incubated with 
different concentrations of GQ dots nanoparticles (0 µg/ml, 10 µg/ml, 50 µg/ml and 100 µg/ml). At the 
time of incubation and after 4hr, 8 hr and 12 hr semen quality parameters like live sperm count, sperm 
motility, acrosomal integrity, sperm abnormality and plasma membrane integrity was observed. Results 
showed that high concentrations (100 µg/ml) of GQ dots nanoparticles have harmful effects on sperm 

viability, acrosomal integrity and plasma membrane integrity. The effects of GQ dots were dependent on 
its concentration and duration of incubation. GQ dots have no significant effects on sperm abnormality and 
sperm motility. Plasma membrane integrity of spermatocytes is severely influenced by the GQ dots 
nanoparticles even at lower concentration (≥10 µg/ml). Significant decrease in live sperm count was 
observed in treatment groups (≥50 µg/ml) as compared to control. Acrosomal integrity was significantly 
affected 4 hr post exposure in treatment groups (≥50 µg/ml) however no change was observed after 8 hr & 
12 hr exposure. Sperm abnormality was not affected in treatment groups. Plasma membrane integrity was 
significantly affected in treatment groups IV after 4 hr, 8 hr & 12 hr exposure to GQ dots. 
 

Keywords: Quantam dots, caprine, spermatocytes, exposure, concentrations 

 

1. Introduction 

Nanotechnology deals with materials and structures ranging from 1 nm to 100 nm structural 

radius with specific physio-chemical properties. It has potential applications in the biomedical 

sciences such as drug therapy, diagnostics, tissue regeneration, cell culture and biosensors, 

cancer therapy, separation and purification of biological molecules and cells (Molday et al., 

1982) [1]. Semen quality is proficiently affected with molecular defects in spermatozoa leading 

to reduced performance during artificial insemination. Organic flurophores are utilized as 

excellent tool for detection of damaged spermatozoa that target various functional parameters 

of the spermatozoa (Bussalleu et al., 2005) [2]. Spermatozoa selected by these molecular 

interactions progress into the tubal isthmus, and are trapped in its caudal portion, forming the 

oviduct sperm reservoir (Hunter, 1981) [3]. But the cost of fluorescence microscopy or flow 

cytometry limits their practicality in field (Sutovsky, 2015a) [4].  

Potential applications of nanomaterials in reproductive biology are well reported and can be 
employed for field utility. Non-invasive manipulation of gametes with nanotechnology helps in 

improving the sperm fertility by reducing cryodamage and apoptopic and acrosome membrane 

damage during storage (Barranco et al., 2013; Lee et al., 2014) [5,6]. Novel approach of 

nanotechnology helps to investigate sperm function and fertility potential through in vitro-

targeted labeling and purification as well as real-time in vivo imaging and tracking. Carbon 

nanotubes, carbon nanohorns, carbon nanofibers and graphene are mostly used in biomedical 

sciences especially in tissue engineering (Nishida, et al., 2016) [7]. Graphene oxide (GO) is 

oxygenated complement of Graphene. GO and metals, non-metals and organic nanomaterials 

were tested and used in vitro for biological applications individually in different models (Ghosh, 

et al., 2013; Kim, et.al., 2015; Figarol, et al., 2015) [8,9,10]. These nanomaterials are extensively 

investigated in a wide range of biomedical applications, in particular regenerative medicine and 
tissue engineering. Remarkable applications of these nanomaterials will attract industries for 

their production however their biological effects need to be studied (Ostrowski et al., 2009, 

Wani et al., 2011) [11, 12]. 
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2. Material and method 
Present study was conducted in the Veterinary Physiology and 
Biochemistry Department of College of Veterinary Science 
and A.H., Anjora, Durg, Chhattisgarh. The study was initiated 
in month of April with proper arrangement of all instruments 
which were required during experimental procedures and 
proper hygienic environment was maintained in the laboratory.  
 
2.1. Media and Chemicals 
Different media are used including Tissue culture medium 
(TCM 199), Dulbecco’s phosphate buffer solution (DPBS), 
fetal bovine serum (FBS), antimycotic and antibiotic agent, 
mineral oil, Brilliant cresyl blue staining (BCB). Chemical 
which used it includes sodium chloride (NaCl), potassium 
chloride (KCl), calcium chloride dihydrate (CaCl2.2H2O), 
sodium citrate, sodium bicarbonate, HEPES, Pyruvic acid, 
Eosin and Nigrosine stain. 
Experimental Design: Total three groups with different 
concentrations of GQ dots (10 µg/ml, 50µg/ml and 100µg/ml) 
were prepared to evaluate their cytotoxic effects on Caparine 
spermatocytes and compared with control (0 µg/ml). Sperms 
were incubated in vitro for 4 hr, 8 hr and 12 hr at 37o C in 
Tyrode’s albumin lactate pyruvate (TALP) medium (Kharche 
et al., 2011) [13] with different concentrations GQ dots. Effects 
of GQ dots on sperm viability, motility, abnormality, 
acrosomal integrity and plasma membrane integrity were 
evaluated. 
 
2.2. Parameters studied 
▪ Live dead count: Live and dead count of sperm cells 

count take a drop of sperm sample was mixed with a drop 
of nigrosine-eosin stain on a clean slide, and the mixture 
was allowed to stand for 3 min. Then, the smear was air 
dried and examined under the microscope (100X 
magnifications). Dead spermatozoa were stained either 
partially or completely pink and live spermatozoa 
appeared colourless. 200 spermatozoa were randomly 
examined, and the percentages of live sperm cells were 
determined. The mean results were expressed as percent 
viable spermatozoa.  

▪ Sperm motility: For sperm motility we were take a drop 
(100 μl) of sperm sample and placed on a prewarmed, 
grease-free slide. A cover slip was put over the 27 drop 
and examined under the microscope (40X magnification), 
and the percentage of sperm motility will be determined. 

▪ Acrosomal integrity: For acrosomal integrity, a small 
drop of each sample will be placed on a clean slide and a 
smear was made. The air-dried smears were fixed in 
Hancock’s solution for 15-20 min, washed and rinsed with 
distilled water. The slides were stained with Giemsa 
working solution overnight, then rinsed with tap water, air-
dried and observed under the microscope (100X 
magnification). 200 spermatozoa were examined, and the 
percentage of intact acrosome will be determined (Watson 
et al., 1973) [14].  

▪ Sperm abnormality: For sperm abnormality, mix one 
drop of semen with eight drops of the nigrosine-eosin stain 
and incubate the mixture at 37℃. Prepare the smear and 
examine the morphology of sperm microscopically at 40X 
and 100X magnification.  

▪ Plasma membrane integrity by Hypo-osmotic swelling 
test (HOST): For this test 100 μl semen and 1ml HOST 
solution was mixed gently with the pipette and kept at 
37℃ for 30 minutes. 200 spermatozoa were observed at 
40X magnification for Hypo-osmotic swelling. Live sperm 
cells were distinguished by swelling and curling of the 
sperm tail; sperms with curled tails were live spermatozoa.  

 
2.3. Stastical analysis 
Experimental data in this study were expressed as Mean ± SE 
and analyzed by one way and two-way analysis of variance 
(ANOVA) by using SPSS software described by Snedecor and 
Cochran (1989) [15]. 
 
3. Result and discussion  
Effects of different concentrations of GQ dots on Caprine 
sperm: Epididymal sperms harvested from testes and incubated 
for 12 hr at 37 oC in different concentrations of GQ dots in 
TALP. The effects on various sperm quality parameters were 
recorded at 0 hr, 4 hr, 8 hr and 12 hr intervals.  
 
3.1. Live dead count  
Effects on sperm viability at different concentrations of GQ 
dots nanoparticle were assessed by determining and comparing 
live sperm count (%) at different interval (0 hr, 4 hr, 8 hr and 
12 hr). Results showed that mean (± S.E) percentages of live 
sperm count at 0 hr were 74.00 ± 1.15 (Group I), 70.67 ± 1.96 
(Group II), 69.67 ± 1.45 (Group III), 71.50 ± 0.76 (Group IV). 
There was no significant difference in percentages of live 
sperm count in all treatment groups and control. After 4 hr of 
incubation mean (± S.E) percentages of live sperm count were 
49.00 ± 0.58 (Group I), 47.67 ± 2.19 (Group II), 44.17 ± 1.42 
(Group III) and 37.83 ± 0.73 (Group 31 IV). Group IV showed 
lowest percentage of live sperms and Group IV and III differed 
significantly from control group however group II and control 
group have comparable live sperm counts. After 8 hr of 
incubation mean (± S.E) percentages of live sperm count were 
36.00 ± 1.73 (Group I), 25.67 ± 1.20 (Group II), 27.67 ± 2.20 
(Group III), 26.67 ± 4.18 (Group IV). Group II and IV showed 
lower percentage of live sperms and it differed significantly 
from control after 8 hr exposure. Group III has comparable 
viable sperm cells count with group II, IV and control. After 12 
hr of incubation mean (± S.E) percentages of live sperm count 
were 12.67 ± 1.09 (Group I), 10.33 ± 1.20 (Group II), 10.83 ± 
0.93(Group III) and 9.17 ± 1.64 (Group IV), (Table. 1). There 
was no significant difference among all treatment and control 
groups after 12 hr exposure. Significant variations in 
percentages of live sperm cells were observed within all 
treatment groups and control at 0 hr, 4 hr, 8 hr and 12 hr 
exposure.  

 
Table 1: Effects of GQ dots NPs on live dead count of sperm of different groups at different intervals (Mean ± S.E) 

 

Interval/ Group 
Live sperms (%) 

I II III IV 

0 hr. 74.00 ± 1.15a 70.67 ± 1.96a 69.67± 1.45a 71.50 ± 0.76a 

4 hrs. 49.00 ± 0.58bx 47.67± 2.19bxy 44.17± 1.42by 37.83 ± 0.73bz 

8 hrs. 36.00 ± 1.73cx 25.67± 1.20cy 27.67± 2.20cxy 26.67 ± 4.18cy 

12 hrs. 12.67 ± 1.09d 10.33 ± 1.20d 10.83 ± 0.93d 9.17 ± 1.64d 

abcd value bearing superscripts in column and xyz bearing superscripts in row differ significantly from each other (p<0.05) 
 

Sperm viability is pre-requisite because only live progressively 

motile sperms can contribute to fertilization in female 

reproductive tract. Therefore, the live sperm count is an 

important quality parameter of sperm function test. Results 
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show significant decline in viable sperm count after incubation 

with higher concentration of GQ dots (100μg/ml) (Fig.1 & 2). 

Some of previous reports are similar to our observation, 

Barkhordari et al., (2013) [16] observed that the survivability of 

human sperm was decreased with increasing time interval and 

exposure of high concentration of ZnO NPs (upon 1000 μg/ml). 

Percentage of sperm mortality was 20.8%, 21.2% and 33.2% at 

45 min, 90 min and 180 minutes respectively.  
 

 
 

Fig 1: Effects of different concentrations GQ dots on Caprine live sperm count (%) 
 

  
A: Live sperm   B: Dead sperm 

 

 Fig 2: Nigrosine-Eosin staining for live dead count 

 

Wang et al., (2013) [17] reported that after intra-articular 

injection of CoCr NPs in male rats and high dose of CoCr NPs 

could significantly decrease the percentage of live sperm count. 

Wisniewski et al., (2015) [18] reported that percentage of live 

sperm cell significantly decrease in BPA- treated rat. Asghar et 

al., (2016) [19] reported that up to 25 μg/ml concentration of 

reduced graphene oxide have no effects on human sperm after 

30 min and 3 hr incubation. Similar results were reported in 

mouse sperms after repeated exposure to carbon nanotubes 

(Bai et al., 2010) [20]. Our results are in accordance with 

previous studies where low concentration exposure for short 
duration has no effects on sperm viability. However increasing 

concentration and duration of exposure have detrimental 

effects on live sperms. Chandra et al., (2007) [21] reported that 

sperm viability is lower in Cr treated animal in comparison to 

untreated animal. Pothuraju et al., (2014) [22] reported that after 

treatment with different concentration of Ag- NPs buffalo 

spermatozoa, the viability of buffalo spermatozoa was 

decreased with increased concentrations of Ag NPs. Gold 

nanoparticles have no significant effect on sperm viability in 

bovine spermatocytes (Taylor et al., 2014) [23]. In contrast, 

Aporvari et al., (2018) [24] reported that percentage of sperm 

viability of Arabic ram sperm increases in treated group with 

dietary ZnO nanoparticles as compared to control.  
 

3.2. Sperm Motility  

Effects of different concentration of GQ dots nanoparticle on 

sperm motility was assessed by determining and comparing 

sperm motility percentage at different interval (0 hr, 4 hr, 8 hr 

and 12 hr). Results showed that mean (± S.E) percentages of 

sperm motility at 0 hr were 74.33 ± 1.20 (Group I), 75.33 ± 

1.20 (Group II), 74.67 ± 1.45 (Group III) and 75.34 ± 0.88 

(Group IV). There was no significant difference in sperm 

motility in all treatment groups and control at 0 hr. After 4 hr 

of incubation mean (± S.E) percentages of sperm motility were 
54.67 ± 1.76 (Group I), 53.67 ± 1.45 (Group II), 55.67 ± 1.86 

(Group III) and 52.33 ± 1.20 (Group IV). Group IV have lowest 

motility however there was no significant difference in sperm 

motility in all treatment groups and control at 4 hr. After 8 hr 

of incubation mean (± S.E) percentages of sperm motility were 

23 ± 2.08 (Group I), 23 ± 1.15 (Group II), 24.33 ± 0.88 (Group 

III) and 22.67 ± 1.20 (Group IV). Group IV have lowest 

motility however there was no significant difference in sperm 

motility in all treatment groups and control at 8 hr. After 12 

hours of incubation mean (± S.E) percentages of sperm motility 

were 8.33 ± 1.20 (Group I), 6.67 ± 0.88 (Group II), 6.67 ± 1.45 

(Group III) and 6.33 ± 0.88 (Group IV) (Table 2) Group IV 
have lowest motility however there was no significant 

difference in sperm motility in all treatment groups and control 

at 12 hr.  

 
Table 2: Effects of GQ dots NPs on sperm motility of different groups at different intervals (Mean ± S.E) 

 

Interval/ Group 
Sperms motility (%) 

I II III IV 

0 hr. 74.33 ± 1.20a 75.33 ± 1.20a 74.67 ± 1.45a 75.34 ± 0.88a 

4 hrs. 54.67 ± 1.76b 53.67 ± 1.45b 55.67 ± 1.86b 52.33 ± 1.20b 

8 hrs. 23.00 ± 2.08c 23.00 ± 1.15c 24.33 ± 0.88c 22.67 ± 1.20c 

12 hrs. 8.33 ± 1.20d 6.67 ± 0.88d 6.67 ± 1.45d 6.33 ± 0.88d 

abcd value bearing superscripts in column (p< 0.05) 

 

Significant variation in percentages of sperm motility was 

observed within all treatment groups and control at 0 hr, 4 hr, 

8 hr and 12 hr incubation. Sperm motility is an indicator of 

male fertility and progressive movement sperm is directly 

affecting their headway in female reproductive tract. Any 

change in sperm motility is having direct impact on fertility 
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(Fig.3). Present study reports non-significant decline in sperm 

motility after incubation with higher concentration of GQ dots. 

Previous reports have variable results with different 

concentrations and types of nonmaterial’s. Ram semen 
supplemented with CeO2 nanoparticles incubated for 24 hrs at 

40 C showed unaffected sperm motility (Falchi et al., 2016) [25]. 

In bovine semen also sperm motility remains unchanged when 

it was exposed to iron oxide (Fe3O4-NPs) and europium 

hydroxide conjugated with polyvinyl alcohol or 

polyvinylpyrrolidone (Makhluf et al., 2008, Makhluf et al., 
2006) [26, 27]. 

 

 
 

Fig 3: Effects of different concentrations GQ dots on Caprine Sperm Motility (%) 

 

Skovmand et al., (2018) [28] reported that after pulmonary 

exposure of carbonaceous nanomaterials, there was no 
significant difference in sperm motility between the groups. 

Some previous reports are contrast to our observation, Torabi 

et al., (2017) [29] observed that cyclophosphamide (CP) in male 

rat caused a significant decrease in sperm motility. Similarly, 

in bovine semen exposed to gold nanoparticles showed 

significant reduction in sperm motility (Taylor et al., 2012) [30]. 

Apovari et al., (2018) [24] reported that after oral administration 

of different quantity (40 ppm and 80 ppm) Zinc oxide NPs in 

Arabic ram’s sperm motility was increased compared with the 

control group (p<0.05). It can be concluded that different 

nanoparticles have variable effects on sperm motility and 

increasing concentrations of GQ dots reduces sperm motility 
non-significantly after post exposure. 

 

3.3. Acrosomal integrity  

Effect of different concentration of GQ dots nanoparticle on 

percentages of sperm with intact acrosome were assessed by 

determining and comparing percentage of sperm with intact 

acrosome at different interval (0 hr, 4 hr,8 hr and 12 hr). Results 

showed that mean (± S.E) percentages of sperm with intact 

acrosome at 0 hr were 94 ± 0.58 (Group I), 91.33 ± 0.88 (Group 

II), 90.67 ± 1.20 (Group III) and 90.34 ± 1.86 (Group IV). 
There was no significant difference in acrosomal integrity in all 

treatment groups and control at 0 hr. After 4 hr of incubation 

mean (± S.E) percentages of sperm with intact acrosome were 

92 ± 0.58 (Group I), 90.33 ± 0.33 (Group II), 87.67 ± 0.88 

(Group III) and 84.67 ± 1.45 (Group IV). Group IV showed 

least acrosomal integrity and Group IV and Group III 

significantly differed from control group. When Group II and 

control group were compared no significant change in 

acrosomal integrity was observed at 4 hr. After 8 hr of exposure 

mean (± S.E) percentages of sperm with intact acrosome were 

89 ± 0.58 (Group I), 89 ± 1.15 (Group II), 85.33 ± 0.88 (Group 

III) and 85.33 ± 1.86 (Group IV). There was no significant 
difference in acrosomal integrity in all treatment groups and 

control at 8 hr. After 12 hr of incubation mean (± S.E) 

percentages of sperm with intact acrosome were 85.33 ± 0.67 

(Group I), 85 ± 1.15 (Group II), 84.67 ± 0.67 (Group III), 85.33 

± 0.88 (Group IV) (Table 3). There was no significant 

difference in acrosomal integrity in all treatment groups and 

control at 12 hr.  

 
Table 3: Effects of GQ dots nanoparticle on percentage of sperm with intact acrosome of different groups at different intervals (Mean ± S.E) 

 

Interval/Group 
Sperms with intact acrosome (%) 

I II III IV 

0 hr. 94.00 ± 0.58a 91.33 ± 0.88a 90.67 ± 1.20a 90.34 ± 1.86a 

4 hrs. 92.00 ± 0.58bx 90.33 ± 0.33axy 87.67 ± 0.88aby 84.67 ± 1.45z 

8 hrs. 89.00 ± 0.58c 89.00 ± 1.15a 85.33 ± 0.88b 85.33 ± 1.86 

12 hrs. 85.33 ± 0.67d 85.00 ± 1.15b 84.67 ± 0.67b 85.33 ± 0.88 

abcd value bearing superscripts in row and xyz bearing superscripts in column differ significantly from each other. p < 0.01 (highly 
significant). 

 

Within group I significant variation in percentage of sperm 

with intact acrosome was observed at 0 hr, 4 hr, 8 hr and 12 hr 

incubation. In group II, percentage of acrosomal integrity after 

incubation for 0 hr, 4 hr and 8 hr differed significantly from 12 

hr of incubation. In group II, percentage of acrosomal integrity 

after incubation for 0 hr and 4 hr differed significantly from 8 

hr and 12 hr of incubation. In group IV there was no significant 

difference in acrosomal integrity in all incubation intervals (0 

hr, 4 hr, 8 hr and 12 hr) (Fig.4 & 5).  
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Fig 4: Effects of different concentrations GQ dots on acrosomal integrity of Caprine spermatocytes 

 

 
Intact acrosome    Partially damaged acrosome   Degraded acrosome 

 

Fig 5: Giemsa staining for acrosomal integrity 

 
Acrosomal integrity is critical parameter in semen quality 
evaluation because structural changes in acrosome may affect 
the process of capacitation and ultimately fertilization. Intact 
acrosome is pre-requisite for capacitation and it precisely 
regulates fusion of oocyte and sperm. Results showed that co-
incubation of sperms with high concentration of GQ dots for 
short duration (4 hr) significantly affected the acrosomal 
integrity but in long duration (8hr and 12hr) the effects 
subsided. Previous report showed that AuNPs have significant 
detrimental effects on the acrosomal integrity (Taylor et al., 
2014) [23]. However some reports indicate that there is no 
significant effect of co-incubation with gold and silver 
(Barklina et al., 2014) [31], mesoporus silica (Tiedemann et al., 
2014) [23], cadmium selenium and zinc sulphide quantum dots 
(Feugang et al., 2012) [33] on acrosomal integrity. Similarly, in 
ram semen CeO2 have no significant effect on acrosomal 
integrity after 24 hr exposure (Falchi et al., 2016) [25]. In 
Caprine and canines incubation intervals have significant effect 
on acrosomal integrity and it decreases probable outcome of 
fertilization (Swain et al., 2012, Tarai et al., 2010) [34, 35]. It 
concludes that GQ dots have short term effects on acrosomal 
integrity at higher doses which may affect the fertilizing ability 
of sperms. 

3.4. Sperm abnormality 

Effect of different concentration of GQ dots nanoparticle on 
sperm abnormality was assessed by determining and 

comparing sperm abnormal sperm percentage at different 

interval (0 hr, 4 hr, 8 hr and 12 hr). Results showed that mean 

(± S.E) percentages of sperm abnormality at 0 hr were 16.33 ± 

1.33 (Group I), 17.67 ± 0.33 (Group II), 12.67 ± 2.33(Group 

III), 14.67 ± 2.73(Group IV). After 4 hr of incubation mean (± 

S.E) percentages of sperm abnormality were 15 ± 2.52 (Group 

I), 13.33 ± 0.88 (Group II), 17.33 ± 1.67 (Group III), 16.00 ± 

1.53 (Group IV). After 8 hr of incubation mean (± S.E) 

percentages of sperm abnormality were 16 ± 2.31 (Group I), 

13.67 ± 2.73 (Group II), 13.33 ± 0.88 (Group III), 17.67 ± 0.88 
(Group IV). After 12 hr of incubation mean (± S.E) percentages 

of sperm abnormality were 15 ± 2.08 (Group I), 15.67 ± 1.76 

(Group II), 17.33 ± 1.45 (Group III), 14.33 ± 1.86 (Group IV) 

(Table 4). There was no significant difference between and 

within all treatment groups and control in percentage of sperm 

abnormality at 0 hr, 4 hr, 8 hr and 12 hr incubation.  

 

 
Table 4: Effects of GQ dots nanoparticle on percentage of sperm abnormality of different groups at different intervals (Mean ± S.E) 

 

Interval/ Group 
Sperm abnormality (%) 

I II III IV 

0 hr. 16.33 ± 1.33 17.67 ± 0.33 12.67± 2.33 14.67 ± 2.73 

4 hrs. 15.00 ± 2.52 13.33 ± 0.88 17.33 ± 1.67 16.00 ± 1.53 

8 hrs. 16.00 ± 2.31 13.67 ± 2.73 13.33± 0.88 17.67 ± 0.88 

12 hrs. 15.00 ± 2.08 15.67 ± 1.76 17.33 ± 1.45 14.33 ± 1.86 

abcd value bearing superscripts in column and xyz bearing superscripts in row differ significantly from each other (p< 0.05) 
 

Morphological abnormality of spermatocytes compromises its 

motility and fertility therefore it’s an important sperm function 

test. Results show no significant difference in sperm 

abnormality after incubation with different concentration of 

GQ dots (Fig. 6 & 7). Some of previous reports are in 

accordance to our results, Taylor et al., (2010) [36] reported that 

in bovine sperm Au nanoparticle has no significant effect on 

sperm abnormality. Majority of morphological abnormalities 
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arises during spermatogenesis and spermiogenesis therefore 

post spermiation in vitro incubation has limited effects on 

sperm morphology.  

 

 
 

Fig 6: Effects of different concentrations GQ dots on Caprine Sperm abnormality 

 

 
Head     Mid-piece     Tail 

 

Fig 7: Nigrosine-Eosin staining for sperm abnormality  

 

In vivo studies reported that after intra-articular injection of 

high dose of CoCr NPs in male rats significantly increase the 
abnormality of sperm (Wang et al., 2013) [17] and similar result 

were observed by Wisniewski et al., (2015) [18] in BPA treated 

rat. Nazar et al., (2016) [37] observed that in treatment of male 

bulb-c mice with gold nanoparticles causes a significant 

increase in sperm abnormality. Wang et al., (2013) [17] reported 

that after intra-articular injection of CoCr NPs in male rats and 
high dose of CoCr NPs could significantly increase the sperm 

abnormality. Abbasalipourkabir et al., (2015) [38] observed that 

the sperm abnormality of male Wistar rat was decreased with 

increasing the concentration of ZnO nanoparticles.  

 

3.5. Plasma membrane integrity by Hypo-osmotic swelling test (HOST)  

 
Table 5: Effects of GQ dots nanoparticle on percentage of plasma membrane integrity of sperm of different groups at different intervals (Mean ± 

S.E) 
 

Interval/Group 
Reacted sperm (%) (HOST) 

I II III IV 

0 hr. 68.33 ± 1.45a 68.67 ± 2.33a 65.33 ± 0.88a 67.67 ± 1.45a 

4 hrs. 45.33 ± 0.88bx 44.33 ± 1.86bx 41.33 ± 1.86bx 34.67 ± 0.88by 

8 hrs. 32.67 ± 2.03cx 22.33 ± 0.88cy 24.00 ± 2.08cy 22.33 ± 3.84cy 

12 hrs. 9.33 ± 1.20dx 6.33 ± 0.88xy 9.33 ± 1.76dx 4.00 ± 0.58dy 

abcd value bearing superscripts in column and xyz bearing superscripts in row differ significantly from each other (p< 0.05) 

 

Effects of different concentrations of GQ dots nanoparticle on 

plasma membrane integrity were assessed by determining and 

comparing percentage of reacted sperm in HOST at different 

interval (0 hr, 4 hr, 8 hr and 12 hr). Results showed that mean 

(± S.E) percentages of strong reacted sperms at 0 hr were 68.33 

± 1.45 (Group I), 68.67 ± 2.33 (Group II), 65.33 ± 0.88 (Group 

III) and 67.67 ± 1.45 (Group IV). There was no significant 

difference in plasma membrane integrity in all treatment 

groups and control at 0 hr. After 4 hr of incubation mean (± 

S.E) percentages of strong reacted sperms were 45.33 ± 0.88 
(Group I), 44.33 ± 1.86 (Group II), 41.33 ± 1.86 (Group III) 

and 34.67 ± 0.88 (Group IV). Group IV showed lowest percent 

of strong reacted sperms and plasma membrane integrity 

differed significantly from Group II, III and control group at 4 

hr. After 8 hr of incubation mean (± S.E) percentages of strong 

reacted sperms were 32.67 ± 2.03 (Group I), 22.33 ± 0.88 

(Group II), 24.00 ± 2.08 (Group III), 22.33 ± 3.84 (Group IV). 

Group II, III and IV differed significantly from control group 

at 8 hr. After 12 hr of incubation mean (± S.E) percentages of 

strong reacted sperms were 9.33 ± 1.20 (Group I), 6.33 ± 0.88 

(Group II), 9.33 ± 1.76 (Group III), 4 ± 0.58 (Group IV). Group 

IV showed lowest percent of strong reacted sperms and it 

differed significantly from group III and control group at 12 hr. 

Significant variations in plasma membrane integrity were 
observed within all treatment groups and control at 0 hr, 4 hr, 

8 hr and 12 hr incubation (Fig. 8 & 9).  

HOST test is simple, cost effective technique to evaluate the 

integrity of plasma membrane (Vasquez et al., 2013) [39]. In all 
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intervals (4 hr, 8 hr and 12 hr) higher concentrations of GQ dots 

have significant effect on plasma membrane integrity. 

Wisniewski et al., (2015) [18] reported that the integrity of the 

plasma membrane was decreased by 2% in both BPA-treated 
groups. Mathias et al., (2015) [40] reported that after male 

Wistar rats were treated with 15-30 μg Ag NPs then there is 

significantly decrease in plasma membrane integrity. Pothuraju 

et al., (2014) [41] reported that after treatment with different 

concentration of Ag- NPs buffalo bull spermatozoa, the plasma 

membrane integrity of spermatozoa was decreased with 

increased concentrations of Ag NPs. However, in contrast 

CeO2 nanoparticles have no significant effect on plasma 

membrane structures of ram semen after 24 hr exposure (Falchi 

et al., 2016), Aporvari et al., (2018) [25,24] reported that 
percentage of reacted sperms of Arabic ram sperm increases 

with the higher concentration of dietary ZnO nanoparticles. 

Omu et al., (1998) [42] observed that after treatment of 

asthenozoosperia with supplementation of Zn nanoparticle 

have beneficial effects on plasma membrane integrity. 

 

 
 

Fig 8: Effects of different concentrations GQ dots on Plasma Membrane 

 

Integrity of caprine spermatocytes 

 

   
 

 
 

Fig 9: Hypo-osmotic swelling test for plasma membrane integrity 

 

4. Conclusion 

It can be concluded that high concentrations of GQ dots 

nanoparticles have harmful effects on sperm viability, 
acrosomal integrity and plasma membrane integrity. Plasma 

membrane integrity of spermatocytes is severely influenced by 

the GQ dots nanoparticles even at lower concentration 

(≥10μg/ml). 
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