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ABSTRACT 
 

Telomeres are vital for cellular function. Oxidative stress is detrimental to telomere function as it 
causes telomere attrition. Increase in oxidative stress has a negative impact on sperm telomere and 
chromatin integrity and therefore, on sperm function and male fertility. TERRA, a long non-coding 
RNA is a fundamental component required for telomere length homeostasis. 
Aim: The present work aimed to study the effect of H2O2 induced oxidative stress on sperm TERRA 
expression and chromatin function.  
Methodology: 5 infertile and 5 fertile males were selected for the study. Baseline semen analysis 
was done as per WHO manual 2021. Sperm TERRA expression was assessed by real time qPCR. 
To assess chromatin function nuclear chromatin decondensation test was done. 
Results: Study showed that 500µM H2O2 increased TERRA expression as compared to untreated 
groups and the difference was found to be statistically significant. As compared to controls, cases 
showed more fold increase in TERRA expression. When treated samples of control and cases were 
compared, cases had more TERRA expression than controls however, the baseline TERRA 
expressions in untreated samples were less in cases as compared to controls. Both comparisons 
yielded statistically nonsignificant results. When nuclear chromatin decondensation was compared 
before and after H2O2 treatment, the percentage of sperm head decondensation decreased in both 
cases and controls. When treated and untreated samples of cases and controls were compared, 
the difference was statistically nonsignificant.  
Conclusion: Oxidative stress led to an increase in the expression of sperm TERRA and had a 
negative impact on nuclear chromatin decondensation. Similar studies with greater sample size can 
provide much more insight into TERRA mediated regulation of telomere function and chromatin 
integrity and how it is affected by oxidative stress. 
 

 

Keywords: Oxidative stress; TERRA; chromatin integrity. 
 

1. INTRODUCTION 
 

Telomeres are 5’ TTAGGG 3’ tandem repeats 
located at the end of the chromosomes. They are 
a complex of DNA and proteins associated with 
RNA where protein and RNA contribute to the 
homeostasis and protection of telomeres. 
Telomeres provide the cells with a limited life 
span as telomeric repeats are lost with every cell 
replication due to end replication problem. 
Hence, telomeres act as biological clocks and 
regulate cell ageing. As the cell divides the 
telomere length keeps shortening [1]. 
 

Reactive oxygen species (ROS) are subproducts 
of cellular respiration. These are unstable oxygen 
containing molecules and primarily include O2−, 
H2O2, and OH•. Mitochondria is one of the major 
sources of ROS production [2]. When production 
of ROS exceeds the cell’s ability to neutralize 
them with antioxidants it leads to oxidative stress 
which can be detrimental to DNA, RNA as well 
as protein. When DNA gets oxidized there is an 
addition of oxygen to the nitrogenous bases 
which causes alteration in their structure making 
the DNA unstable and more susceptible to 
double and single stranded breaks. Out of the 
four nitrogenous bases, Guanine is most 
susceptible to oxidation. Telomeres are guanine 
rich structures which make them more prone to 

oxidative damage. Oxidative stress is known to 
be elevated in semen samples of infertile males 
and is a major contributor to DNA damage and 
telomere attrition [3]. Increased ROS 
concentrations and lower antioxidant levels in 
seminal plasma of infertile males were common 
findings as also reported in recent study [4]. 
Sperm and seminal plasma quality gets altered 
even in surgical conditions [5]. Spermatozoa with 
damaged or degraded DNA are linked to various 
conditions like poor embryonic development, 
poor fertilization rates and birth defects [6]. 
Sperm has highly compact nucleus still it is prone 
for oxidative damage [2]. Sperm mid piece 
contains mitochondria that generates ROS and is 
relatively deficient in antioxidative defense 
system [7]. Oxidative stress is also the cause of 
decreased fertilization potential of cryopreserved 
sperms [8-10]. 
 

Telomeres are heterochromatin structures hence 
they were thought to be transcriptionally silent, 
but it was recently discovered that they are 
transcribed by enzyme RNA polymerase II into 
telomeric repeat containing RNA also known as 
TERRA. TERRA is not translated into protein; it 
is a single stranded long noncoding RNA 
(lncRNA). TERRA originates from the 
transcription of C rich DNA strand hence it is G 
rich containing 5′- UUAGGG-3′ repeats. Recent 
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work suggests that TERRA sustains several 
important functions. Long noncoding RNA 
TERRA plays a crucial role in maintenance of 
telomere homeostasis [11]. Almost 7% of TERRA 
is polyadenylated at 3’ and most of it is 
methylated at 5’ end. TERRA is localized at the 
chromosome cap and forms DNA RNA hybrid 
structures called R loops by base pairing with 
one of the DNA strands and displacing the other 
to form a loop which are involved in telomere 
length shortening by inhibiting complete telomere 
replication. In cells where telomerase activity is 
absent TERRA increases in telomere length by 
homologous recombination [12]. Excessive 
TERRA expression can also lead to stalled 
replication fork and disruption of replication 
leading to telomere degradation. Long telomeres 
have high TERRA expression localized near the 
3' overhang blocking the telomerase while short 
telomeres show low TERRA expression hence 3' 
end remains accessible for telomerase activity 
[13]. The availability of the 3’ end of the 
chromosome for telomerase enzyme is essential 
for telomere lengthening as it acts as a substrate 
for telomerase enzyme. Excessive telomerase 
activity at the telomeric ends can lead to 
elongation of the chromosomes, stabilizing the 
telomere length hence cells avoiding aging and 
senescence. The oxidative stress caused by 
increased ROS production causes telomere 
attrition and DNA damage. ROS levels are 
elevated in sperms of infertile patients and 
contributes to male infertility.  
 

TERRA regulates sperm telomere integrity and 
telomeres are considered regulators of sperm 
chromatin. Sperm chromatin decondensation is a 
prerequisite for male pronuclear formation. By 
evaluating the effect of oxidative stress on 
TERRA expression and nuclear decondensation, 
a functional association can be established 
between TERRA and chromatin function. 
 

2. MATERIALS AND METHODS 
 

As it was a preliminary study, total of 5 infertile 
and 5 fertile males were enrolled. The cases 
were selected from Obstetrics and Gynecology 
department of All India Institute of Medical 
Science, New Delhi. Both cases and controls 
were 25-40 years of age. Cases were apparent 
idiopathic infertile male showing at least one 
subnormal semen parameter. Controls were 
normozoospermic male showing at least one live 
birth. Cases with any known cause of infertility 
such as genital infection, endocrinological 
disorders, genital tract obstruction, varicocele, 
anti-sperm antibody, and chromosomal 

aneuploidy were excluded from the study. The 
protocol for this study was approved by the 
Institute’s ethical committee (IECPG-
209/24.03.2022, OT-07/22.12.2022) and written 
informed consent was taken from all the infertile 
cases and fertile controls. 
 

Semen sample was collected after 2-7 days of 
abstinence period and baseline semen analysis 
was performed as per WHO manual 2021 [14]. 
After semen analysis, the samples from cases as 
well as controls were treated with 500µM H2O2 to 
induce oxidative stress. The concentration was 
chosen after preliminary experiments which 
showed 500µM H2O2 to produce maximum ROS 
levels. ROS levels were measured in relative 
light units/second (RLU/Sec) with 
chemiluminescence assay after adding luminol to 
the sample.  
 

Sperm Preparation (By Swim Up): After 
complete liquefaction,1ml of semen was placed 
in a conical tube and centrifuged at 400g for 10 
minutes. Post centrifugation, the supernatant 
was carefully discarded and the pellet layered 
with 1.5 ml fresh sperm rinse medium (Vitrolife). 
The tube was the incubated at an angle of 45° at 
37°C for 1 hour time. The upper layer rich in 
motile sperm cells was collected carefully without 
disturbing the pellet. After extracting the upper 
layer containing motile cells, the media was 
divided into two aliquots and a treatment of 
500µM H2O2 was given for 1 hour in one aliquot 
while one aliquot was left untreated. 
 

Chemiluminescent assay: The 
chemiluminescence method is most frequently 
used as a direct approach for determining the 
production of ROS by spermatozoa. This assay 
was conducted to determine basal semen ROS 
levels and ROS levels of semen on exposure to 
500µM concentration of H2O2 as this 
concentration giving maximum ROS was taken 
as a standard for further experiments. 
 

The semen sample upon liquefaction was 
processed for ROS measurement. Aliquots of 
liquefied semen were prepared in centrifuge 
tubes of 1.5 ml. The first tube with no H2O2 

treatment (0μM) was used to assess basal 
semen ROS levels. The remaining tubes with 
liquified semen were subjected to H2O2 500μM. 
The tubes were incubated at 37℃ for 1 hour. A 
5mM stock of luminol (5-amino-2,3,-dihydro-1,4-
phthalazinedione) in DMSO was prepared as a 
working solution and ten microliters were added 
to each tube and served as the probe. The 
luminometer measured chemiluminescence per 
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second for 10 min after addition of luminol and 
values of ROS were recorded for each sample. 
 

Nuclear chromatin decondensation test: The 
nuclear chromatin decondensation test (NCDT) 
was used to assess the spermatozoa's capacity 
to decondense during fertilization. The test was 
carried out using the nuclear chromatin 
decondensation test kit (Hi-Tech Solutions). All 
the reagents were kept at 37°C for at least 30 
minutes before the start of the experiment. 100μl 
of liquefied semen was taken in each of the two 
centrifuge tubes. The second tube was subjected 
to H2O2 treatment of 500μM concentration and 
both aliquots were incubated at 37℃ for 1 hour. 1 
ml of wash buffer (provided in the kit) was added 
to the tubes, mixed well, and centrifuged for 5 
min at 1500 rpm. After centrifugation, the 
supernatant was carefully discarded without 
disturbing the pellet. 200μl of NCD solution 
(provided in the kit) was added to the pellet and 
mixed well. The tubes were incubated at 37°C for 
30 min. 50μl of stop solution (provided in the kit) 
was added to the tubes and incubated again at 
37°C for 5 min. A drop of mixture solution was 
transferred onto the glass slide and examined 
under the microscope at 40x magnification. A 
minimum number of 200 condensed and 
decondensed heads were counted. Normal 
percentage for decondensed spermatozoa was > 
70%. 
 

TERRA expression: After sperm preparation 
using swim up method, sperm RNA was isolated 
using Qiagen RNeasy kit following the 
manufacturer’s protocol. Total RNA was 
converted into cDNA. qPCR was done to check 
the relative fold change in TERRA expression. 
Cycles for RT qPCR was 95°C for 15 s, 60°C for 
1 min for 40 cycles. Relative quantities of TERRA 
were calculated as the ratio of TERRA to 
GADPH (control) as (ΔCt = Ct TERRA − Ct 
GADPH) and -2ΔΔct assay was done to assess 
the fold change. TERRA and GAPDH specific 
primers were used for cDNA synthesis as well as 
qPCR (Tables 1-4). 
 

RNA isolation: RNA extraction was done after 
sperm preparation using Qiagen RNeasy kit 

following the manufacturer’s protocol. 
Approximately 10 million cells were pelleted 
down, the media was carefully removed and 
600µl of RLT lysis buffer was added to the pellet. 
The solution was vortexed for 1 minute and 
600µl of 70% ethanol was added in the tube. The 
solution was mixed well by pipetting. Up to 700µl 
of the sample, including any precipitate was 
transferred, to a RNeasy spin column placed in a 
collection tube. The column along with the 
collection tube was centrifuged for 15s at 
≥8000g. The flow through was discarded. 700µl 
Buffer RW1 was added to the spin column and 
centrifuged for 15 s at ≥8000g to wash the spin 
column membrane. The flow through was 
discarded. 500 µl Buffer RPE was added to the 
spin column and centrifuged for 15s at ≥8000g to 
wash the spin column membrane. The flow 
through was discarded. 500µl Buffer RPE was 
again added to the spin column and the column 
along with the collection tube was centrifuged for 
2 min at ≥8000g. The spin column was placed in 
a new collection tube and centrifuged at 
maximum speed for 1 minute. The Spin column 
was placed in a new 1.5 ml collection tube. 30µl 
of RNAse free water was directly added to the 
spin column membrane and centrifuged for 1min 
at ≥8000g. The concentration and purity of the 
eluted RNA was checked with the help of a 
nanodrop spectrophotometer. The RNA was 
stored at -80°C. 
 
cDNA Synthesis: Total RNA was reverse 
transcribed into gene specific complementary-
DNA (cDNA). Reverse transcription (RT) reaction 
was performed by using the Super Script™ III 
First-Strand Synthesis System kit (Invitrogen) 
according to the manufacturer's protocol. 280ng 
of total RNA was converted into cDNA. A 
reaction mixture of 12µl was prepared and 
incubated for 5 minutes at 65°C (Table 1). 
 
An extension mixture was prepared and 8µl per 
tube was added to make the volume up to 20µl 
(Table 2). The 20 µl solution was then incubated 
at 55°C for 60 minutes followed by enzyme 
inactivation at 70°C for 15 minutes. The cDNA 
was stored at -20°C. 

 

Table 1. Showing components for reaction mixture 
 

Component Amount Finalconcentration 

Upto280ngtotal RNA As calculated  
dNTP mix 1μl 10mM 
TERRA specific Primer 1μl 2µM 
GAPDH specific Primers 1μl 2µM 
Nuclease free water As calculated  
Total 12μl  
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Table 2. Showing components of extension mixture 
 

Component volume 

Buffer 4μl 
DTT 1μl 
RNase OUT 2μl 
SuperScript reverse transcriptase 1μl 
Total 8μl 

 

Table 3. Showing components for qpcr 
 

Components volume concentration 

cDNA 2μl  
Primers (forward + Reverse) 1μl 500nm 
Sybr select Master mix 5μl  
Nuclease free water 2μl  
Total 10μl  

 

Table 4. Primer sequence of TERRA and GAPDH 
 

Primer Sequence Company 

TERRA primers Forward- 5'GAGATTCTCCCAAGGC AAGG 3’ 
Reverse- 5'ACATGAGGAATGTGGG TGTTAT 3’ 

IDT 

GAPDH primers Forward- 5'AGCCACATCGCTCAGA CAC 3’ 
Reverse- 5'GCCCAATACGACCAAA TCC 3’ 

IDT 

 

Qpcr: The above prepared cDNA was used for 
qPCR (Table 3). Cycles for RT qPCR: 95°C for 
15s, 60°C for 1 min for 40 cycles. Relative 
quantities of TERRA were calculated as the ratio 
of TERRA to GADPH (control) as (ΔCt = Ct 
TERRA − Ct GADPH). -2ΔΔct assay was done to 
assess the fold change (Table 4). 
 

Statistical Analysis: Data was analyzed using 
MS Excel and GraphPad Prism 9.5.1 with 
student t test and p value of < 0.05 was 
considered statistically significant. 
 

3. RESULTS  
 
5 infertile cases and 5 fertile controls were 
recruited, and routine semen analysis was 
performed. Results of semen analysis are shown 
in Tables 5 and 6. Mean motility, vitality and 
morphology were higher and statistically 
significant in controls as compared to cases 
(Table 7). After semen analysis, the samples 
from cases as well as controls were treated with 
500µM H2O2 to induce oxidative stress. ROS was 
measured with chemiluminescence assay after 
adding luminol to the sample. ROS levels were 
measured in relative light units/second 
(RLU/Sec). There was no significant difference 
observed in ROS levels between cases and 
controls in both treated and untreated 
experiments (Figs. 1 and 2). 

To study TERRA expression, real time 
polymerase chain reaction was done after cDNA 
synthesis. Relative expression of TERRA 
between patient and control was assessed by -
2ΔΔct method using a reference gene. It was 
observed that TERRA expression was               
increased after treatment in both cases and 
control after 1 hour incubation with 500µM H2O2 
(Fig. 3). 
 
In treated samples of cases and controls, 
TERRA expression was seen to be higher in 
cases as compared to controls. The difference 
was statistically non-significant. In untreated 
samples of cases and controls, cases had less 
TERRA expression as compared to controls. The 
difference was statistically non-significant (Figs. 
4 and 5). 
 
After treatment with 500µM H2O2, it was seen 
that sperm head decondensation was reduced in 
both cases and controls. The reduction in both 
cases and controls after treatment was 
statistically significant. When the sperm head 
decondensation was compared between 
untreated samples of cases and controls and 
between treated samples of cases and controls, 
the difference was seen to be minimal,                    
and both the comparisons were statistically non-
significant (photomicrograph 1; Tables 8-10; 
Figs. 6-8). 

 



 
 
 
 

Ankur et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 947-959, 2024; Article no.JSRR.120352 
 
 

 
952 

 

 
 

Fig. 1. Baseline ROS levels (Untreated) 
Data analysis was done using student’s t-test. Statistical graph was generated using graph pad prism software. p 

= 0.73; ns = nonsignificant. 

 
Table 5. Semen parameters of cases 

 

 P1 P2 P3 P4 P5 

Age 38 32 27 33 28 
pH 8.0 8.0 8.0 8.0 8.0 
Volume(ml) 1.2 3 2.6 2.7 3.2 
Motility 42% 43% 54% 58% 49% 
Concentration 
(million/ml) 

140 82 43 39 34 

Vitality 49% 52% 63% 60% 57% 
Morphology 1% 1% 1% 1% 2% 

 
Table 6. Semen parameters of controls 

 

 C1 C2 C3 C4 C5 

Age 33 37 35 35 38 
pH 8.0 8.0 8.0 8.0 8.0 
Volume(ml) 2 2.5 3.5 2.5 3 
Motility 70% 68% 62% 65% 59% 
Concentration 
(millionperml) 

132 70 23 70 30% 

Vitality 84% 81% 68% 72% 65% 
Morphology 9% 7% 6% 8% 8% 

 
Table 7. Comparison of Semen parameters (Mean ± SD) between Cases and Controls 

 

 Concentration 
(million/ml) 

Motility Vitality Morphology 

Cases (n=5) 67.6±44.72 49%±0.069 56%±0.057 1%±0.004 
Controls (n=5) 65±44.38 74%±0.082 74%±0.082 8%±0.011 
Pvalue 0.92 <0.001 0.004 <0.001 
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Fig. 2. Mean ROS levels after 500µM H2O2 treatment 
Data analysis was done using student’s t-test. Statistical graph was generated using graph pad prism software p 

= 0.52 
 

 
 

Fig. 3. Relative fold change in TERRA mRNA levels before and after H2O2 treatment within the 
Controls and Cases. Normalized to GAPDH. 

Data analysis was done using student’s t-test. Statistical graph was generated using graph pad prism software.  
P (control) < 0.001, P (cases) = 0.04 

 
Table 8. Sperm nuclear decondensation of controls before and after H2O2treatment 

 

Nuclear decondensation (%) C1 C2 C3 C4 C5 

Untreated group 78 82 85 86 81 
Treated group 68 76 80 75 78 
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Fig. 4. Relative fold change in TERRA mRNA levels in Controls and Cases (Without treatment). 
Normalized to GAPDH. Data analysis was done using student’s t-test. Statistical graph was generated using 

graph pad prism software. P = 0.5; ns = non-significant 
 

 
 
Fig. 5. Relative fold change in TERRA mRNA levels in controls and cases after H2O2 treatment 

Normalized to GAPDH. Data analysis was done using student’s t-test. Statistical graph was generated using 
graph pad prism software. P = 0.3; ns = non-significant 

 
Table 9. Sperm nuclear decondensation in cases before and after H2O2treatment 

 

Nuclear decondensation (%) P1 P2 P3 P4 P5 

Untreated group 84 79 80 84 85 
Treated group 74 66 75 65 78 

 



 
 
 
 

Ankur et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 947-959, 2024; Article no.JSRR.120352 
 
 

 
955 

 

 
 

Picture 1.  sperm heads marked with white arrows, moderately decondensed heads marked 
with blue arrows and grossly decondensed sperm heads marked with black arrows 

 

 
 

Fig. 6. Nuclear decondensation before and after H2O2 treatment in Controls 
Data analysis was done using student’s t-test. Statistical graph was generated using graph pad prism software. 

 p = 0.02 
 

 
Table 10. Comparison of sperm nuclear decondensation (mean ± SD) between cases vs 

controls (treated and untreated samples) 
 

 Untreated Treated p value 

Cases 82% ± 0.02 72% ± 0.05 0.005 
Control 82% ± 0.03 75% ± 0.04 0.02 
p value 0.99 0.22  
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Fig. 7. Nuclear decondensation before and after H2O2 treatment in Cases 
Data analysis was done using student’s t-test. Statistical graph was generated using graph pad prism software. 

 p = 0.005 

 

 
 

Fig. 8. Nuclear decondensation before and after H2O2 treatment in Controls and Cases (treated 
and untreated samples) 

Data analysis was done using student’s t-test. Statistical graph was generated using graph pad prism software. 
Untreated p value = 0.99, Treated p value = 0.22 

 

4. DISCUSSION 
 
Oxidative stress is a major etiologic factor in 
numerous human diseases, including 
cardiovascular disorders, cancers, aging and 
infertility. There have been studies on oxidative 
stress upregulating expression of genes 
regulating antioxidative defense.  One example is 
SKN-1 gene which is best known as a regulator 

of antioxidant defense [15]. Other studies report 
cross-talk between non-coding RNAs and 
oxidative stress in various disorders such as 
Parkinson’s diseases [16]. In present study, 
oxidative stress was induced by treating semen 
samples with 500µM concentration of H2O2 after 
few preliminary experiments that showed 
maximum ROS produced by 500µM H2O2. The 
baseline ROS levels were higher in cases as 



 
 
 
 

Ankur et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 947-959, 2024; Article no.JSRR.120352 
 
 

 
957 

 

compared to controls though the difference was 
not significant. This finding indicates that the 
effect of H2O2 treatment produced a similar 
extent of oxidative stress in cases and controls. 
Studies have shown the effect of 500µM H2O2 

treatment on sperm and the embryo quality that it 
yields [17]. The effect of 500µM H2O2 is also 
seen on sperm capacitation and acrosomal 
reaction [18]. After treatment with 500µM H2O2, 
sperm RNA was isolated to assess the effect of 
treatment on TERRA expression. It was seen 
that after the treatment, TERRA expression 
increased in both cases and controls. Controls 
showed a 0.3 folds increase when compared to 
untreated samples while cases showed a 0.9 
folds increase when compared to baseline 
untreated samples. 500µM H2O2 treatment is 
also seen to be increasing the TERRA 
expression in somatic cells as a protective 
response towards the telomeres [19]. The 
antioxidant defense in semen sample of infertile 
males is also seen to be poor as compared to 
fertile males [20]. The reason for more TERRA 
expression in cases as compared to controls 
could be that the antioxidant capacity in fertile 
males is higher that protected the telomeres from 
being affected by the oxidative stress. In infertile 
cases this antioxidant capacity was compromised 
leading to telomeres getting affected by oxidative 
stress hence, an elevated TERRA expression. 
Transcription is known to be repressed in sperm 
due to chromatin condensation, but these cells 
still have transcription potential as the telomeric 
ends are not fully condensed [21]. Chromatin in 
mature sperms is seen to be associated with 
various transcription factors and promotor 
sequences [22]. Effect of oxidative stress has 
also been studied in another regulator of 
telomere which is TRF1 (telomeric repeat-binding 
factor 1). Shelterin complex, a specialized 
complex of six proteins consists of TRF1, TRF2 
(telomeric repeat-binding factor 2), POT1 
(Protection of telomere 1), TIN2 (TRF1-
interacting nuclear factor 2), TPP1 (TIN2 and 
POT1-interacting nuclear protein 1), and RAP1 
(repressor and activator protein 1). Treatment 
with H2O2 altered the expression of TRF1 in both 
fertile and infertile males [23]. Despite of sperms 
being transcriptionally inert, studies have shown 
that factors like cryopreservation and treatment 
with fluoride, which is a pollutant can induce 
effect on their gene expression.  
 
After treatment with fluoride, both repression and 
induction of several genes was seen at 
transcription level in mice sperms [24]. Both 
cryopreservation and fluoride are known to 

induce oxidative stress in cells [25]. Exposure to 
H2O2 and induction of oxidative stress can act as 
a stimulus and induce the cell to increase 
TERRA expression to protect the telomeres in 
sperm. When comparison was made between 
the untreated samples of cases and controls, 
TERRA expression was seen to be slightly more 
in controls as compared to cases, but the 
difference was not statistically significant. When 
treated control and cases samples were 
compared, cases showed more TERRA 
expression than controls, but the difference was 
not statistically significant.  
 
Nuclear decondensation was decreased in both 
cases and controls after treatment. A drop of 
about 10% in head decondensation percentage 
was seen in cases where the average 
decondensation percentage before treatment 
was 82% and after treatment it was 72%. In 
controls nuclear decondensation was reduced by 
7% where the average decondensation 
percentage before treatment was 82% and after 
treatment it was 75%. Both the comparisons 
showed a statistically significant difference 
between treated and untreated samples of cases 
and controls. 
 
When untreated samples of cases and controls 
were compared, the difference was minimal 
showing both cases and controls had almost 
same nuclear decondensation ability. Case 
group had a lower mean motility, vitality and 
morphology despite of that, the group showed 
equivalent decondensation as fertile control 
groups. It can be inferred that whatever the 
cause of their infertility was, it was not affecting 
the chromatin packaging and head 
decondensation ability of the sperms. A 
comparison between treated samples of cases 
and controls was also done which showed that 
cases had slightly less head decondensation 
percentage as compared to controls, but the 
difference was non-significant. After treatment it 
was seen in both cases as well as controls that 
the TERRA expression went up whereas the 
nuclear chromatin decondensation percentage 
went down. Compensatory rise in TERRA 
expression and lower nuclear chromatin 
decondensation were the result of oxidative 
stress. 
 

5. CONCLUSION 
 
Telomeres are prone to damage by oxidative 
stress leading to telomere attrition. Increase in 
oxidative stress has a negative effect on male 
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fertility and sperm health. This study was focused 
on the effect of oxidative stress on TERRA which 
is a fundamental component required for 
telomere homeostasis. Induced oxidative stress 
increased a compensatory rise in TERRA 
expression whereas it decreased extent of sperm 
nuclear decondensation. Therefore, it can be 
suggested that oxidative stress commonly seen 
in infertile males affects chromatin integrity that 
may be associated with failed fertilization 
outcome seen in these patients. But whether rise 
in TERRA is beneficial or detrimental to sperm 
telomeres needs further studies to be conducted 
in larger cohorts. 
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