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Abstract
Background: Ketamine, an injectable anesthetic in human and animal medicine, is
also a recreational drug used by young adults. The aim of this study is to evaluate
the effects of ketamine on membrane integrity, DNA fragmentation and sperm pa-
rameters in humans.

Materials and Methods: This prospective study was conducted on 40 males with
normal semen samples over one month (August 2012). Subjects were randomly
allocated to four groups (Control and case I, II and III) whose semen samples
were adjusted to different concentrations of ketamine (1, 3, 5 uL) for one hour.
Sperm analysis was performed for routine parameters, motility and morphology.
Evaluation of membrane integrity and DNA fragmentation was done by eosin-Y
staining and the sperm chromatin dispersion (SCD) test, respectively. The results
were analyzed by ANOVA and Tukey’s tests. P<0.05 was considered statistically
significant.

Results: Total sperm motility in all case groups were significantly lower compared
with the control group. In case group I1I, progressive motility showed significant
difference with case group II. After addition of ketamine, sperm had evidence of
coiled tails in all case groups compared to the control group however this obser-
vation was not significant. Evaluation of membrane integrity showed the rate of
necrospermia increased in all case groups. However, ketamine only significantly
affected membrane integrity in case group III. SCD staining showed that in the
control group nucleoids with medium halos (63.44 + 1.2) were significantly differ-
ent compared to the case groups I (15.44 + 0.45), II (9.05+1.16) and IIT (10.55 £
1.14), respectively. Between case groups, nucleoids with large and medium halos
showed significant differences in case groups II and III compared with case group
I. Nucleoids with medium halos were significantly different between case groups
IT and III.

Conclusion: Ketamine, through its effect on membrane integrity and DNA fragmen-
tation, decreased sperm viability and caused abnormal sperm parameters in progres-
sive motility.
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Introduction

Ketamine, a non-competitive antagonist at the
glutamatergic N-methyl-D-aspartate (NMDA) recep-
tor is currently used in human and animal medicine
as an injectable anesthetic. Ketamine is also a con-
trolled substance, illegally used as a recreational
drug (1). In the last five years the percentage of
ketamine users has rapidly grown. The reason for
prevalent use of ketamine is that people believe it
will not lead to physical dependence (2). Ketamine
is absorbable via intravenous, intramuscular, oral,
and topical routes due to both its water and lipid
solubility. It is very short-acting, with hallucina-
tory effects that last 60 minutes when insufflated
or injected and up to two hours when ingested
orally, the total experience lasting no more than a
couple of hours (3). At subanesthetic doses, keta-
mine produces a dissociative state, characterized
by a sense of detachment from one’s physical body
and the external world which is known as deper-
sonalization and derealization (4). At sufficiently
high doses, users may experience what is called
the "K-hole", a state of dissociation whose effects
are thought to mimic the phenomenology of schiz-
ophrenia (5). It has been shown that recreational
ketamine ingestion has been associated with meas-
urable concentrations of the drug in the blood,
urine, brain tissue, spleen, liver and kidneys, and it
is excreted in urine and bile (6). Acute dysfunction
of visual convergence, poor body coordination and
balance, and an increased pulse rate have been ob-
served immediately after ketamine use (7).

Some of the effects of ketamine on the nervous
system have been identified. Earlier studies have re-
ported ketamine use to have a significant detrimen-
tal effect on memory function (8). As an acute effect,
ketamine mainly activates the prefrontal cortex and
the limbic structures (9). It can inhibit reuptake of
serotonin, dopamine and norepinephrine, however
the mechanism underlying this action is not entirely
clear (10). Besides the toxicity to the nervous system,
ketamine can affect the lower urinary tract, causing
nocturia, dysuria, increased urinary frequency and
sometimes hematuria (11, 12).

Based on ketamine effects on the urinary system,
we hypothesize that the genital system may also be
affected; therefore we have investigated the effects
of different doses of ketamine on quality of normal
human ejaculated sperm DNA and membrane in-
tegrity. Recently, failure of the conventional semen
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parameters to predict fertilization show that hidden
anomalies lie at the sperm membrane level or at the
chromatin level. Plasma membrane function activity
is one of the most important aspects of sperm biology
that involves metabolic exchanges with the surround-
ing medium which play an important role in several
events during fertilization, capacitation, acrosomal
reaction and sperm-oocyte fusion (13).

Investigation of membrane integrity seems
to offer more information about sperm fertility
potential than sperm parameters and probably
there is relationship between sperm membrane
integrity and sperm parameters (14, 15). We
have used a rapid, simple test for this evalua-
tion, the eosin-Y staining test (16, 17). In addi-
tion, the integrity of sperm DNA is being recog-
nized as a new parameter of semen quality and a
potential fertility predictor. In the present study
we have analyzed DNA integrity of sperm by the
sperm chromatin dispersion (SCD) test based on
the principle that sperm with fragmented DNA
fail to produce the characteristic halo of dis-
persed DNA loop observed in sperm with non-
fragmented DNA following acid denaturation
and removal of nuclear proteins (18).

Materials and Methods
Patient selection

In this prospective study, 40 males were enrolled
at Shiraz-Human Assisted Reproductive Center
during one month (August 2012). The semen sam-
ples were collected by masturbation after 2-5 days
of sexual abstinence. After complete liquefaction,
the semen were mixed with 2 or 3 Equal of Hams
F-10 medium supplemented with 10% human se-
rum albumin and then washed twice by centrifuga-
tion at 2000 rpm for 10 minutes until sperm sepa-
rated from the semen. After obtaining the normal
spermogram, normal samples were selected ac-
cording to World Health Organization guidelines
for the next survey. In the next step, 20 million
motile sperm in 1 mL of medium were adjusted to
different concentrations of ketamine (1, 3, 5 pL)
for one hour. These doses were selected after keta-
mine was added to the medium and the viability
rate of sperm was observed. Sperm analysis was
performed for routine parameters, motility and
morphology. Evaluation of DNA and membrane
integrity was done by the SCD test and eosin-Y
staining, respectively.



Sperm chromatin dispersion (SCD) test

Aliquots of 0.2 mL of fresh semen samples
were diluted in medium to obtain sperm concen-
trations that ranged from 5 to 10 million/mL. The
suspensions were mixed with 1% low-melting-
point aqueous agarose to obtain a 0.7% final aga-
rose concentration at 37°C. Aliquots of 50 pL of
the mixture were pipetted onto slides which were
carefully covered with coverslips. The slides were
immediately immersed horizontally in a tray with
freshly prepared acid denaturation solution (0.08
N HCI) for 7 minutes. A glass slide precoated
with 0.65% standard agarose dried at 80°C, cov-
ered with a coverslip (24 x 60 mm), and left to
solidify at 4°C for 4 minutes. The agarose matrix
allows keeping the sample at 22°C is resulted into
generation of restricted single- stranded DNA (ss
DNA) from DNA breaks. The denaturation was
then stopped and proteins were removed by trans-
ferring the slides to a tray with neutralizing and
lysing solution (0.4 M Tris, 0.8 M DTT, 1% SDS,
2 M NaCl, and 0.05 M Triplex) for 25 minutes at
room temperature. Removal of nuclear proteins
results in nucleoids with a central core and a pe-
ripheral halo of dispersed DNA loop. Slides were
thoroughly washed twice in water for 5 minutes,
dehydrated in sequential 70%, 90% and 100%
ethanol baths (2 minutes each), and air dried. Cells
were finally stained with Wright and PBS (1:1) for
10 minutes. After they were air dried, the degree
of DNA dispersion was assessed by bright field
microscopy. A minimum of 200 spermatozoa were
evaluated by two different observers (19).

Eosin-Y staining

This staining was performed by mixing 10 ml of
sperm sample with 10 ml of dye (0.5% w/v; Merck
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Chemical CO., Germany) on a microscope slide
which was then covered with a coverslip. A total
of 200 sperm cells were counted within a few min-
utes after the addition of the dye (16-18). Evalu-
ation of live (unstained) and dead (red stained)
spermatozoa was undertaken by light microscopy
observation at X400 magnification.

In this study, all human research was approved by
Shiraz-Human Assisted Reproductive Center (Shiraz,
Iran) with the help of Ahvaz Jundishapur Medical
University.

Statistical analysis

The results were analyzed by ANOVA and re-
peated analysis for repeated measurement with
p<0.05 considered statistically significant. The
mean and standard deviation (SD) was also calcu-
lated for each value.

Results

There were control and three case groups of 10
patients per group. The results of sperm param-
eters at different doses of ketamine are reported
in table 1. Total sperm progressive motility (fast
and slow) in all case groups decreased significant-
ly compared with the control group (p<0.05). In
case group III, there was a significant difference in
progressive compared with case group II (p<0.05).
The mean percentage of sperm morphology de-
creased slightly in all case groups compared with
the control group, but it was not significant.

We evaluated membrane integrity using Eosin-Y
staining and observed an increased rate of necros-
permia in the case groups compared to the control
group. However, this result was significant only in
case group III (p<0.05; Fig 1).

Table 1: The difference in human sperm parameters between control and case groups (mean + SD)

Sperm parameters Control group

Case group I

Case group II Case group III

Progressive motility (a+ b%) 70.17 £1.12

Morphologic alteration (%) 71.38 £1.26

4748 +1.33 *

68.55+1.33

3935+ 1.4 % 29.95 + 1.2 */**

5444+14 48.06 = 1.27

*; Significant difference between case group I and control group and **; Significant difference between case group Il and

control group.
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Fig 1: Comparison of sperm membrane integrity, evaluated
by eosin-Y staining between control and case groups (mean
+SD).

a; Difference between case group I1I and control group.

Determination of sperm DNA fragmentation
by the SCD test using conventional bright-field
microscopy showed the presence of four SCD
patterns as seen in figure 2: 1. sperm cells with

large halos whose halo width was similar or
higher than the minor diameter of the core; 2.
sperm cells with medium size halos whose halo
size is between those with large and small ha-
los; 3. sperm cells with small size halo where
the halo width is similar or smaller than one
third of the minor diameter of the core; and 4.
sperm cells without halos.

Table 2 showed a substantial difference in the
percentage of positive SCD stained spermato-
zoa. In the control group nucleoids with me-
dium halo (63.44 £ 1.2) showed a significant
difference with all case groups [ (15.44 £+ 0.45),
I1 (9.05 £ 1.16) and III (10.55 £ 1.14), respec-
tively. Between case groups, nucleoids with
large and medium halos showed significant dif-
ferences in case group II and Il compared with
case group I. Nucleoids with medium halo had
a significant difference between case groups II
and III (p=<0.05).

Fig 2: Nucleoides from human sperm cells obtained with the sperm chromatin dispersion (SCD) test. Nucleoides with large
halos of DNA dispersion A. medium halos, B. small halos, C. no halos and D. degenerated.
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Table 2: Sperm chromatin dispersion (SCD) data (mean + standard error of mean) from semen samples between case
groups and control group

Sperm sample Large halo (%) Medium halo (%) Small halo (%) No halo (%)
Control group (n=10) 28.11+1.22 63.44+1.2 7.88+1.33 1033+ 1.1

Case group I (n=10) 21.88+1.32 1544 £0.45¢ 8.11+1.33 10.55+0.73
Case group II (n=10) 7.8+ 1.330 95+1.16% 11.11+£1.25 10.66 + 1.33
Case group III (n=10) 1033 £1.33 b 10.55 £ 1.14 &> 10.66 +1.2 12.66 +1.33

a; Significant difference between case group I and control group, b; Significant difference between case group Il and control
group and c; Significant difference between case group I1I and control group.

Discussion

Ketamine is a dissociative anesthetic de-
veloped in 1963 to replace PCP and present-
ly used in human anesthesia and veterinary
medicine. Most ketamine sold on the street
has been obtained from veterinarians’ offices.
Ketamine is a slightly acidic solution adminis-
tered through injection whose chemical name
is (£)-2-(o-chlorophenyl)-2-(methylamino) cy-
clohexanone hydrochloride (20). Although it
is manufactured as an injectable liquid, in il-
licit use ketamine is generally evaporated to
form a powder and is either snorted or swal-
lowed. Ketamine is odorless and tasteless, so
it can be mixed with beverages without be-
ing noticed and it induces amnesia. Because
of these properties, the drug is sometimes
given to unsuspecting victims and used in the
commission of sexual assaults referred to as
"drug rape" (21, 22). Ketamine goes by vari-
ous names on the street. It has been known to
be called K, Special K, Cat valium, or vitamin
K. Ketamine is abused in both the liquid and
solid form. The liquid form is usually injected
intravenously and is the most dangerous way

to consume. The solid form is smoked, snort-
ed or swallowed as a pill and it is known to be
added to drinks (23, 24).

In the 1990s ketamine abuse, as a new type of
drug abuse, appeared in areas of Southeastern
China and in high-populated cities and spread
quickly into mainland China (25). Accord-
ing to the 2010 drug abuse monitoring report
by the State Food and Drug Administration
(SFDA), the proportion of new type drug users
has reached 28%. Most new type drug users
are reported to be young, unemployed individ-
uals in their fertility years (under 35 years of
age). Over 80% have used Amphetamine-type
stimulants (ATS) and the remainder used other
drugs mostly for recreational purposes (26). It
is likely that new type drugs will become the
most extensive toxic abuse drugs in use in the
21st century instead of the traditional illegal
psychoactive drug substances such as heroin
and cocaine (26).

Until now researchers have mainly studied
the neurological and urinary tract effects of
ketamine. For the first time, Tan et al. (27)
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in 2011, have evaluated the effects of injection
ketamine on sperm motility in mice. They found
decreased sperm motility after ketamine treat-
ment and suggested that long term ketamine
treatment might affect the sperm environment
leading to a decline in sperm motility that can
affect fertility. In this manner our investigation
about the effects of ketamine on quality of nor-
mal ejaculated sperms, DNA fragmentation and
membrane integrity is not done. For the pur-
poses of this research, we have added ketamine
drug to semen samples.

It has been suggested that sperm concentra-
tion, motility and normality are three important
parameters to evaluate infertility (28). We have
found noticeable impact on parameters of hu-
man sperm following ketamine adjustment,
which included decreased total motility, pro-
gressive motility and increased non-progressive
motility, but it probably produced slight chang-
es in sperm morphology (coiled tail). Though
the mechanism of ketamine effects on sperm
parameters is unknown, numerous clinical
models support the relationship between semen
parameters and increase in reactive oxygen spe-
cies (ROS).

Oxidative stress (OS) represents an imbalance
between the productions of ROS or free radi-
cals and the available antioxidant system (29).
Pasqualotto et al. (28) has shown that increase
in ROS in semen affected semen parameters.
Researchers have shown that antioxidant levels
in the blood correlated with sperm counts and
motility (30, 31).

On the other hand, ROS has been shown to
correlate with reduced male fertility by caus-
ing peroxidative damage to the sperm plasma
membrane (32). OS leads to lipid peroxidation
of sperm membranes rich in unsaturated fatty
acids and it has been shown that sperm motil-
ity is very closely correlated with sperm mem-
brane integrity (33, 34). The inverse correlation
between lipid peroxidation and sperm motility
has also been shown by Giwercman et al. (35).
Our findings agreed with the above mentioned
research and showed a dose-dependent effect of
ketamine on membrane integrity. The current
studies on membrane integrity subsidiary shows
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decrease of it by ketamine may result into ROS
function.

It has been shown that OS is a major case
of infertility and is intimately related to DNA
fragmentation (35, 36). Both testicular and ex-
tratesticular factors contribute to the final load
of sperm DNA damage in ejaculated sperm. It
has been reported that ROS might cause several
forms of sperm DNA damage such as single and
double strand DNA breaks (37). Superoxide and
hydrogen radicals are mutagenic species and
can cause chromosomal damage (38). In addi-
tion, a relationship between sperm motility and
DNA damage was shown as a result of the ad-
verse effects of OS (39).

Our findings of the chromatin dispersion pattern
according to the SCD test after ketamine dosing
have shown that abnormalities in sperm param-
eters reflected DNA structure.

Conclusion

Our results demonstrate that ketamine admin-
istration significantly decreases sperm motil-
ity, viability and normal chromatin dispersion.
These results may disturb male reproductive
function.

Acknowledgements

This work was supported by a research grant
from Ahvaz Jundishapur University of Medical
Science. We express our appreciation to Fate-
meh Jamalzadeh and Sahar Amiri for their tech-
nical assistant and the staff of Shiraz Assisted
Reproductive Center. There is no conflict of in-
terest in this article.

References

1. Britt GC, McCance-Katz EF. A brief overview of the
clinical pharmacology of "club drugs". Subst Use
Misuse. 2005; 40(9-10): 1189-1201.

2. Joe-Laidler K, Hunt G. Sit Down to Float: The Cul-
tural Meaning of Ketamine Use in Hong Kong. Ad-
dict Res Theory. 2008; 16(3): 259-271.

3. Giannini AJ, Loiselle RH, Giannini MC, Price WA.
Phencyclidine and the dissociatives. Psychiatr Med.
1985; 3(3): 197-217.

4. Giannini AJ, Underwood NA, Condon M. Acute keta-
mine intoxication treated by haloperidol: a prelimi-
nary study. Am J Ther. 2000; 7(6): 389-391.

5. Giannini AJ. Drug abuse. Los Angeles: Health Infor-



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

mation Press; 1999; 5-12.

Wong SW, Lee KF, Wong J, Ng WW, Cheung YS,
Lai PB. Dilated common bile ducts mimicking chole-
dochal cysts in ketamine abusers. Hong Kong Med
J. 2009; 15(1): 53-56.

Cheng WC, Ng KM, Chan KK, Mok VK, Cheung BK.
Roadside detection of impairment under the influ-
ence of ketamine- elevation of ketamine impairment
ketamine symptoms with reference to its concentra-
tion in oral fluid and urine. Forensic Sci Int. 2007;
170(1): 51-58.

Curran HV, Monaghan L. In and out of the K-hole:
a comparison of the acute and residual effects of
ketamine in frequent and infrequent ketamine us-
ers. Addiction. 2001; 96(5): 749-760.

Yu H, Li Q, Wang D, ShiL, Lu G, Sun L, et al. Map-
ping the central effects of chronic ketamine ad-
ministration in adolescent primate using functional
magnetic resonance imaging (fMRI). Neurotoxicol-
ogy. 2012; 33(1): 70-77.

Strayer RJ, Nelson LS. Adverse events associated
with ketamine for procedural sedation in adults. AM
J Emerg Med. 2008; 26(9): 985-1028.

Chu PS, Mu WK, Wong SC, Chu RW, Cheng CH,
Wong S, et al. The destruction of the lower urinary
tract by ketamine abuse: A new syndrome?. BJU
Int. 2008; 102(11): 1616-1622.

Shamsi MB, Venkatesh S, Tanwar M, Talwar P,
Sharma RK, Dhawan A, et al. DNA integrity and se-
men quality in men with low seminal antioxidant lev-
els. Mutat Res. 2009; 665(1-2): 29-36.

Jevendran RS, Van der Ven HH, Perez-Pelaez M,
Carbo BG, Zaneveld LJ. Development of an as-
say to assess the functional integrity of the human
sperm membrane and its relationship to other se-
men characteristics. J Reprod Fertil. 1984; 70(1):
219-228.

Comhaire FH, Vermeleun L, Schoonjans F. Reas-
sessment of the accuracy of traditional sperm char-
acteristics and ATP in estimating the fertilizing po-
tential of human semen in vivo. Int J Androl. 1987;
10(5): 653-662.

Nie GJ, Wenzel JG. Adaptation of the hypoosmotic
swelling test to assess functional integrity of stallion
spermatozoa plasma membranes. Theriogenology.
2001; 55(4): 1005-1018.

World Health Organization. WHO laboratory manual
for the examination of human semen and sperm-
cervical mucus interaction, 4" ed., New York: Cam-
bridge University Press; 1999: 1-20.

Khalili MA, Mir-Rokni F, Kalantar SM. Application of
vitality tests on asthenozoospermic semen from in-
fertile men. Iran Biomed J. 1999; 3: 77-81.

Talebi AR, Khalili MA, Nahangi H, Abbasi A, Anvari
M. Evaluation of epididimal necrospermia following
experimental chronic spinal cord injury in rat. Iran J
Reprod Med. 2007; 5(4): 171-176.

Fernandes JL, Muriel L, Rivero MT, Goyanes V,
Vasquez R, Alvarez JG. The sperm chromatin dis-
persion test: a simple method for the determination
of sperm DNA fragmentation. J Androl. 2003; 24(1):
59-66.

Diazgranados N, Ibrahim L, Brutsche NE, Newberg
A, Kronstein P, Khalife S, et al. A randomized add-

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

The Effects of Ketamine on Sperm Parameters

on Trial of an N-methyl-D-aspartate antagonist in
treatment resistant bipolar depression. Arch Gen
Psychiatry. 2010; 67(8): 793-802.

Aroni F, lacovidou N, Dontas |, Pourzitaki C, Xan-
thos T. Pharmacological aspects and potential new
clinical applications of ketamine: reevaluation of an
old drug. J Clin Pharmacol. 2009; 49(8): 957-964.
Haas DA, Harper DG. Ketamine: a review of its
pharmacologic properties and use in ambulatory
anesthesia. Anesth Prog. 1992; 39(3): 61-68.
Quibell R, Prommer EE, Mihalyo M, Twycross R,
Wilcock A. Ketamine. J Pain Symptom Manage.
2011; 41(3): 640-649.

Sinner B, Graf BM. Ketamine. Handb Exp Pharma-
col. 2008; 182(182): 313-333.

Qian HZ, Schumacher JE, Chen HT, Ruan YH. In-
jection drug use and HIV/AIDS in china: Review
of current situation, prevention and policy implica-
tions. Harm Reduct J. 2006; 3: 4.

Momen K, Kanato M. Risk factors associated with
club drugs users among adolescents in Nong Khai
and Udon Thani Provinces, Thailand. PJSS. 2011;
8(1): 47-51.

Tan S, Chan WM, Wai MS, Hui LK, Hui VW, James
AE, et al. Ketamine effects on the urogenital system
changes in the urinary bladder and sperm motility.
Microsc Res Tech. 2011; 74(12): 1192-1198.
Pasqualotto FF, Sharma RK, Nelson DR, Thomas
AJ, Agarwal A. Relationship between oxidative
stress, semen characteristics, and clinical diagno-
sis in men undergoing infertility investigation. Fertil
Steril. 2000; 73(3): 459-464.

Agrawal A, Prabakaran SA. Mechanism, measure-
ment and prevention of oxidative stress in male
reproductive physiology. Indian J Exp Biol. 2005;
43(11): 963-974.

Shamsi MB, Venkatesh S, Tanwar M, Talwar P,
Sharma RK, Dhawan A, et al. DNA integrity and se-
men quality in men with low seminal antioxidant lev-
els. Mutat Res. 2009; 665(1-2): 29-36.

Shamsi MB, Venkatesh S, Kumar R, Gupta NP, Mal-
hotra N, Singh N, et al. Antioxidant levels in blood
and seminal plasma and their impact on sperm pa-
rameters in infertile men. Ind J Biochem Biophys.
2010; 47(1): 38-43.

Kodama H, Yamaguchi R, Fukuda J, Kasai H, Tan-
aka T. Increased oxidative deoxyribonucleic acid
damage in the spermatozoa of infertile male pa-
tients. Fertil Steril. 1997; 68(3): 519-542.

Aitken RJ. Molecular mechanisms regulating sperm
function. Mol Hum Reprod. 1997; 3(3): 169-173.

de Lamirande E, Gagnon C. Human sperm hyperac-
tivation in whole semen and its association with low
superoxide scavenging capacity in seminal plasma.
Fertil Steril. 1993; 59(6): 1291-1295.

Giwercman A, Richthoff J, Hjgllund H, Bonde JP,
Jepson K, Frohm B. Correlation between sperm
motility and sperm chromatine structure assay pa-
rameters. Fertil Steril 2003; 80(6): 1404-1412.
Moustafa MH, Sharma RK, Thornton J, Mascha E,
Abdel-Hafez MA, Thomas AJ Jr, et al. Relationship
between ROS production, apoptosis and DNA de-
naturation in spermatozoa from patient examined
for infertility. Hum Reprod. 2004; 19(1): 129-138.

213



Absalan et al.

37. Sakkas D, Moffatt O, Manicardi GC, Marienthoz normalities and DNA damage in infertility. Hum Re-
E, Tarozzi N, Bizzaro D. Nature of DNA damage in prod Update. 2003; 9(4): 331-345.
ejaculated human spermatozoa and the possible in- 39. Aitkan RJ, Kruasz C. Oxidative stress, DNA dam-
volvement of apoptosis. Biol Reprod. 2002; 66(4): age and the Y chromosome. Reproduction. 2001;
1061-1067. 122(4): 497-506.

38. Agrawal A, Said TM. Role of sperm chromatin ab-

Int J Fertil Steril, Vol 8, No 2, Jul-Sep 2014 214



