Use of Fluorescent Dyes for Readily Recognizing Sperm Damage
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Abstract

Sperm is produced by the testis and mature in the epididymis. For having a success-
ful conception, the fertilizing sperm should have functional competent membranes,
intact acrosome, functional mitochondria and an intact haploid genome. The effects
of genetic and environmental factors result in sperm vulnerability to damage in the
process of spermatogenesis and maturation. In recent years, the feasibility of detect-
ing sperm damage is enhanced through the advances in technologies like fluoscerent
staining techniques assisted with fluorescence microscope, flow cytometry and com-
puter analysis systems. Fluoscerent staining techniques involve the use of fluorescent
dyes, either directly or indirectly for binding them with some ingredients of sperm
and evaluating the damage of the structure or function of the sperm, i.e. membrane,

Received: Jan. 8, 2013
Accepted: Apr. 22,2013

acrosome, mitochondria, chromosome or DNA.

Keywords: Acrosome, Chromatin/DNA, Fluorescent staining, Motichondrial, Motility,

Sperm damage.

To cite this article: Farah OI, Cuiling L, Jiaojiao W, Huiping Zh. Use of Fluorescent Dyes
for Readily Recognizing Sperm Damage. J Reprod Infertil. 2013;14(3):120-125.

Introduction

large number of spermatogenic cells under-
A go degeneration and apoptosis during the

stages of spermatogenesis in mammals with
normal fertility (1, 2). It is a physiological way for
the renewal of spermatogenic cells and the organ-
isms to clear the redundant or abnormal cells (1,
2). Under pathological conditions, genetic factors,
environmental factors or the combination of both
genetic and environmental factors would result in
sperm vulnerability to damage during the process
of spermatogenesis and maturation. The common
causes that lead to sperm damage are orchitis, ep-
ididymitis, varicocele, cryptorchidism, high tem-
perature, hormone level variation, medication,
radiotherapy and chemotherapy, and environmen-
tal pollution.

In addition, the application of assisted reproduc-
tive techniques (ART) such as artificial insemina-
tion (Al), in vitro fertilization (IVF) and intra-
cytoplasmic sperm injection (ICSI) may damage
the sperm. When using ART, the sperm is not di-
rectly injected inside the female genital tract at

ejaculation. Instead, the sperm is first collected in
a bottle or tube and it undergoes some pretreat-
ment, screening or cryopreserved, which might re-
sult in some damage to the sperm (3).

Research on sperm damage has always been one
of the hotspots in the field of reproductive medi-
cine. In the past, only the ordinary optical micro-
scope could be used to observe semen and assess
the conventional parameters of semen, e.g. sperm
density, vitality, motility and morphology. How-
ever, with the development of technology, fluo-
rescent staining techniques are more widely ap-
plied to evaluate sperm characteristics including
the sperm membrane integrity, acrosome status,
mitochondria activity, chromatin and DNA integ-
rity. Nowadays, we can analyze the type and ex-
tent of sperm damage more accurately through the
application of fluorescent microscope, flow cyto-
metry and computer analysis system. In this
acticle, we discuss about the application of fluo-
rescent staining technique in detecting sperm
damage.
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Detection of Sperm Motility: Sperm motility refers
to the percentage of the progessive sperm (fast
progressive and slow progressive sperm) in semen
(4). The progressive sperm are able to swim up
towards the egg and fertilize it. According to the
World Health Organisation (WHQO) manual crite-
ria (2010), spermatozoa are categorized as pro-
gressively motile, non-progressively motile and
immotile by computer-assisted sperm assay
(CASA) in the semen routine examination (5).
Although it is very convenient to detect the sperm
motility by CASA, few reports detecting sperm
motility by fluorescent staining techniques are
available.

However, Maria E. Cabrillana et al. used a fluo-
rescent thiol-selective labeling agent, mono-
bromobimane (mBBr) which is specifically at-
tached to outer dense fibers 1 (ODF1) to label the
sperm for studying the effect of N-terminal do-
main of ODF1 on sperm motility. They found out
that ODF1 was highly responsible for mBBr fluo-
rescence detection in the sperm tail and ODF1 N
terminal domain were related to sperm motility
(6). Vazquez JM et al. reported that staining using
fluorescence dye, Hoechst 33342, didn't affect the
motility of spermatozoa (7).

Detection of Sperm Viability: The plasma mem-
brane surrounds the entire sperm cell holding to-
gether its organelles and intracellular components
and by its semi-permeable features maintains the
chemical gradient of ions and other soluble com-
ponents (3). If the sperm plasma membrane is not
functionally intact, the sperm is considered deteri-
orated (dead) and in vivo cannot fertilize the
sperm (3).

Using one fluorescent dye can detect the sperm
viability. These fluorescent dyes can be grouped
into two categories. One group is the membrane-
impermeable dyes which are able to pass through
the damaged plasma membrane of dead sperm and
be observed directly under a fluorescence micro-
scope, e.g. EB, EH, PI, YoPro-1, ToPro-3, TOTO
and Hoechst 3358. Another group is acylated
membrane dyes that have no fluorescence, but can
turn into fluorescent substances when passing the
intact plasma membrane and enter the living
sperm, e.g. CFDA, CAM, SYTO-1 and SYBR-14.
However, researchers prefer to use double stain-
ing with two fluorescent dyes to achieve more
accurate results, e.g. SYBR-14/P1, YO-PRO-1/PI,
AnnexinV-FITC/PI and AnnexinV-PE/7-ADD.
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Hence, they group the sperm into living sperm,
apoptotic sperm and dead sperm.

Detecting the lipid peroxidation can also reflect
the membrane’s function. The conventional tech-
niques usually detect the end-product of lipid pe-
roxidation, while the fluorescent staining tech-
niques can directly detect endogenous phospholip-
id and cholesterol with fluorescent probe (8). For
example, using a fluorescent lipid peroxidation
reporter molecule C;;BODIPY (581/591), which
shifts its fluorescence from red to green when
challenged with oxidizing agents, can tract, quan-
tify and locate the lipid peroxidation (8, 9).

Detection of Plasma Membrane Fluidity: The
plasma membrane fluidity is the basic requirement
for the sperm’s motor ability and structure integri-
ty. Changes in membrane fluidity could theoreti-
cally impede the assembly and activation of signal
transduction pathways that are critical to the ferti-
lization process (10).

Aboagla E.M. and Terada T. used merocyanine
540/Yo-Pro-1 staining to study the influence of
trehalose on membrane fluidity and to group the
sperm into three subpopulations (11). Cells that
were stained with Yo-Pro-1 were classified as
dead sperm; cells unstained with Yo-Pro-1 show-
ing a low merocyanine 540 fluorescence signal
were the sperm with low membrane fluidity; and
cells with more than the minimal merocyanine
540 signal were the sperm with high membrane
fluidity (11). Julie Baumber and Stuart A. Meyers
used lipophilic fluorescent dye, merocyanine 540,
to stain the sperm cell membrane, and found out
that the lipid order in membrane decreased during
the process of sperm capacitation (12).

Detection of Acrosome Status: The acrosome in-
tegrity of sperm is a key for successful fertiliza-
tion. The non-fluorescent staining methods have
long been used to detect the sperm acrosome sta-
tus, e.g. eosin/nigrosin staining, Giemsa staining,
Papanicolaou staining and brilliant blue staining.
Currently, the fluorescent staining technique is
more widely used to detect acrosome status. The
most commonly used fluorescein isothiocyanate
(FITC)-labeled lectins are FITC-PSA (13, 14),
FITC-PNA (15), FITC-ConA and FITC-RCA-IIL.

Alvarez M. et al. used FITC-PNA/PI staining to
evaluate the effect of sperm concentration at
freezing on post-thaw semen quality (16). FITC-
PNA negative/PI positive were nonviable sperm
with intact acrosome; FITC-PNA positive/PI neg-
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ative were viable sperm with damaged acrosome;
and FITC-PNA negative/Pl negative were viable
sperm with intact acrosome (16). Besides, chlor-
tetracycline (CTC) (14), fluorescein-labeled man-
nosylated Bovine Serum Albumin (BSA), fluores-
cein-labeled acrosome-specific monoclonal anti-
body and eosinophilic probe Lysotracker Green
TM can also be used to detect the acrosome status.

Detection of Mitochondria Activity: The mitochon-
dria activity is a key indicator of sperm function.
Mitochondria, localized in the mid-piece area of
sperm flagellum, produce ATP to support sperm
motility. The commonly used fluorescent dyes to
detect mitochondria activity include Rhodamine
123 (R123), Mitotracker Green TM (17), Mito-
tracker Red CMXROs, Mitotracker Deep Red 633
(M-22426) (18), Mitotracker Orange TM (19),
DiODg(3) and JC-1 (20).

Kimberly A. Terrell et al. used the MitoTracker
Red CMXROs labeling the mitochondria to study
the cryopreservation-induced damage to sperma-
tozoa. The spermatozoa were classified as five
morpho-types:  structurally-normal,  midpiece
droplet, flagellar droplet, spermatid and others
(including head deformities, malformation of the
midpiece or flagellum) (21). Leyland Fraser et al.
used R123/PI double staining to evaluate the func-
tion of mitochondria. Sperm cells displaying only
green fluorescence at the mid-piece region were
the viable sperm with functional mitochondria
(22). Branko Zom et al. used DiODg(3)/PI double
staining to measure the mitochondria membrane
potential (MMP) of sperm. The cells with high
fluorescence signal were the sperm with normal
mitochondria membrane potential, while the cells
with low fluorescence signal were apoptotic cells
(23).

Detection of Chromatin and DNA Damage: The
common methods to detect sperm chromatin and
DNA damage aresperm chromatin structure assay
(SCSA), sperm chromatin dispersion (SCD) test,
Comet Assay, terminal deoxynucleotidyl transfer-
ase mediated dUTP nick end labeling (TUNEL)
and fluorescence in situ hybridization (FISH).

SCSA test (also known as sperm DNA fragmen-
tation test or sperm chromatin fragmentation test)
is original and gold standard for sperm DNA
fragmentation screening which delivers a highly
accurate measure of male reproductive health
(24). Acridine orange (AO) binding with the dou-
ble-stranded DNA as monomeric form can show
green fluorescence, while binding with single-

stranded DNA as polymer can show red or yellow
fluoscence. SCSA use the AO and flow cytometry
to get the parameters including DFI and HDS, and
to evaluate the sperm chromatin integrity and fer-
tilizing capacity. Helena Oliveira et al. detected
the effect of lead chloride on sperm chromatin
integrity by SCSA (25) and if the exposure time
of lead chloride to mice weretoo short, they could
not reach the same positive results (25).

SCD is a test that spreads the sperm suspension
mixed with agarose flat out on slides, dissolves
cell and digests nucleoprotein with acid treatment.
Later it is stained with DAPI or Diff-Quik rea-
gent, and finally observed by fluorescence or light
microscope (26, 27). Diffusion halo can be ob-
served in the normal sperm, while no halo or a
very small halo can be observed in the damaged
sperm.

Comet assay, also known as single cell gel elec-
trophoresis (SCGE), is based on a principle that
when the sperm DNA breaks, DNA supercoils
become loose and the negative charges are ex-
posed. Under the electric field force, DNA frag-
ments move out from the nucleus and migrate to
the positive electrode in sperm with fragmented
DNA. Then, they are stained with EB, DAPI or
other dyes, and are observed under fluorescence
microscope. The damaged sperm shows a comet-
like tail. According to the fluorescence intensity
and tail length, we can evaluate the extent of
sperm DNA fragmentation. J. Ribas-Maynou et al.
used alkaline and neutral Comet assay to detect
the sperm damage of different groups of patients
including athenoteratozoospermic (AT) with or
without varicocele, oligoasthenoteratozoospermic
(OAT) or balanced chromosome rearrangements.
They found out that OAT, AT and AT with vari-
cocele presented high percentages of ssDNA and
dsDNA fragmentation (28).

TUNEL is based on a principle that endogenous
nucleic acid enzymes of apoptotic sperm are acti-
vated so that the DNA is cut into a notch or frag-
ments of 180-200 bp having 3’-OH ends. TDT is
used to transfer the dUTP labeled with fluorescent
marker (e.g. Texas Red (29) and FITC (25)) to
terminal 3’-OH, and then they can be observed by
flow cytometry or fluorescence microscopy.

FISH uses fluorescent labeled probe to hybridize
them to metaphase chromosome or interphase
chromosome for detecting the abnormalities of
sperm chromatin and at the same time analyzing
the aneuploidy rate of chromosomes. Different
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probes have different colors, and several probes
can be applied to the same sample. With the tech-
niques of FISH and specific probe to some chro-
mosomes, we gained the rates of becoming am-
phiploid of chromosomes 1, 2, 4, 6, 9, 12, 13, 15,
16, 18, 20, 21, 22, X and Y. Katerina Chatzimele-
tiou et al. uesd FISH to detect chromosomal ab-
normalities of the sperm from a man whose wife
had a partial mole, including chromosomes 13, 15,
16, 18, 21, 22, X, and Y, and found out that the
semen sample analyzed had a high incidence of
abnormal morphology and increased diploidy
(29).

Also, we can use chromomycin A3 (CMA3), to-
luidine blue (TB) or aniline blue (AB) to detect
the sperm chromatin integrity/maturity (30, 31). If
sperm chromatin is well differentiated, it is in the
form of protamine-DNA complex and will not be
stained by CMA3, TB or AB; if the protamine of
chromatin is defective, the sperm nucleus would
be stained. Mohammad Bozlur Rahman (2011)
used CMA3 staining and found out that heat stress
leading to sperm damage mainly causes protamine
defects (32). Furthermore, CMA3 is the most sen-
sitive and specific test for sperm nuclear maturity
(33). Besides, the fluorescent staining techniques
are also applied for real-time fluorescence quanti-
tative PCR (34) and gene chip (35) technology by
using the probe with fluorescent marker to detect
the target gene.

Conclusion

With the development of various technologies,
more and more sperm minor structural damages
are found; the mechanisms of damage to sperm by
various external factors such as heavy metals,
cryopreservation, drugs and drinks are better rec-
ognized than before. Sperm chromatin, DNA,
multiple gene or single gene abnormalities are
among the research hotspots of reproductive med-
icine. Detection of sperm damage not only assess-
es the male fertility, infertility and subclinical in-
fertility, but also detects the integrity of sperm
that are used in assisted reproductive technology.
Fluorescent staining technique can detect the tar-
get substances qualitatively, quantitatively and
positionally, so it is considered as an important
means for detection of sperm damage. However,
there are still some problems for the application of
fluorescent staining in clinical settings. The typi-
cal problems are laborious staining technique,
high cost of reagents, standardization, and verifi-
cation of the fluorescent dyes security for assisted
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reproduction In spite of the aforementioned prob-
lems, fluorescent staining technique, as a new
technology, will become more important in the
future and will be widely used in the study of the
mechanisms of various sperm damage.

Conflict of Interest
The authors declare no conflict of interest.

References
1. University of Wisconsin. The testes and spermato-
genesis. Animal Science. Wisconsin: 1998. 434 p.

2. Blanco-Rodriguez J. A matter of death and life: the
significance of germ cell death during spermato-
genesis. Int J Androl. 1998;21(5):236-48.

3. Silva PF, Gadella BM. Detection of damage in
mammalian sperm cells. Theriogenology. 2006;65
(5):958-78.

4. Ford WC. Comments on the release of the 5th
edition of the WHO Laboratory Manual for the
Examination and Processing of Human Semen.
Asian J Androl. 2010;12(1):59-63.

5. World Health Organization, Department of Re-
productive Health and Research. WHO laboratory
manual for the examination and processing of
human semen. 5 th ed. Geneva: World Health Or-
ganization; 2010. p. 21-22.

6. Cabrillana ME, Monclus MA, Saez Lancellotti TE,
Boarelli PV, Clementi MA, Vincenti AE, et al.
Characterization of flagellar cysteine-rich sperm
proteins involved in motility, by the combination of
cellular fractionation, fluorescence detection, and
mass spectrometry analysis. Cytoskeleton (Hobo-
ken). 2011;68(9):491-500.

7. Vazquez JM, Martinez EA, Parrilla I, Gil MA,
Lucas X, Roca J. Motility characteristics and fertil-
izing capacity of boar spermatozoa stained with
Hoechst 33342. Reprod Domest Anim. 2002;37
(6):369-74.

8. Brouwers JF, Silva PF, Gadella BM. New assays for
detection and localization of endogenous lipid
peroxidation products in living boar sperm after
BTS dilution or after freeze-thawing. Theriogen-
ology. 2005;63(2):458-69.

9. Drummen GP, Gadella BM, Post JA, Brouwers JF.
Mass spectrometric characterization of the oxidation
of the fluorescent lipid peroxidation reporter
molecule C11-BODIPY(581/591). Free Radic Biol
Med. 2004;36(12):1635-44.

10. Wathes DC, Abayasekara DR, Aitken RJ. Poly-
unsaturated fatty acids in male and female
reproduction. Biol Reprod. 2007;77(2):190-201.

J Reprod Infertil, Vol 14, No 3, Jul-Sept 2013 - 123

Arul-mmmy/:dny wouy papeojumod


http://www.jri.ir

JRIF Iuorescent Staining to Detect Sperm Damage

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

124

Aboagla EM, Terada T. Trehalose-enhanced fluid-
ity of the goat sperm membrane and its protection
during freezing. Biol Reprod. 2003;69(4):1245-50.

Baumber J, Meyers SA. Changes in membrane
lipid order with capacitation in rhesus macaque
(Macaca mulatta) spermatozoa. J Androl. 2006;
27(4):578-87.

De Blas GA, Darszon A, Ocampo AY, Serrano CJ,
Castellano LE, Hernandez-Gonzalez EO, et al.
TRPMS, a versatile channel in human sperm. PLoS
One. 2009;4(6):¢6095.

Collodel G, Cardinali R, Moretti E, Mattioli S,
Ruggeri S, Castellini C. Role of rabbit prostate
granules on sperm viability and acrosome reaction
evaluated with different methods. Theriogenology.
2012;77(5):1021-6.

Lee TH, Liu CH, Shih YT, Tsao HM, Huang CC,
Chen HH, et al. Magnetic-activated cell sorting for
sperm preparation reduces spermatozoa with
apoptotic markers and improves the acrosome
reaction in couples with unexplained infertility.
Hum Reprod. 2010;25(4):839-46.

Alvarez M, Tamayo-Canul J, Anel E, Boixo JC,
Mata-Campuzano M, Martinez-Pastor F, et al.
Sperm concentration at freezing affects post-thaw
quality and fertility of ram semen. Theriogenology.
2012;77(6):1111-8.

Forero-Gonzalez RA, Celeghini EC, Raphael CF,
Andrade AF, Bressan FF, Arruda RP. Effects of
bovine sperm cryopreservation using different
freezing techniques and cryoprotective agents on
plasma, acrosomal and mitochondrial membranes.
Andrologia. 2012;44 Suppl 1:154-9.

Hallap T, Nagy S, Jaakma U, Johannisson A,
Rodriguez-Martinez H. Mitochondrial activity of
frozen-thawed spermatozoa assessed by Mito
Tracker Deep Red 633. Theriogenology. 2005;63
(8):2311-22.

Scorrano L, Petronilli V, Colonna R, Di Lisa F,
Bernardi P. Interactions of chloromethyltetra-
methylrosamine (Mitotracker Orange) with isolated
mitochondria and intact cells. Ann N Y Acad Sci.
1999;893:391-5.

Fraczek M, Piasecka M, Gaczarzewicz D, Szu-
mala-Kakol A, Kazienko A, Lenart S, et al. Mem-
brane stability and mitochondrial activity of
human-ejaculated spermatozoa during in vitro
experimental infection with Escherichia coli, Sta-
phylococcus haemolyticus and Bacteroides ureo-
lyticus. Andrologia. 2012;44(5):315-29.

Terrell KA, Wildt DE, Anthony NM, Bavister BD,
Leibo SP, Penfold LM, et al. Different patterns of
metabolic cryo-damage in domestic cat (Felis

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

catus) and cheetah (Acinonyx jubatus) spermato-
zoa. Cryobiology. 2012;64(2):110-7.

Fraser L, Zasiadczyk L, Strzezek J. Interactions of
egg yolk lipoprotein fraction with boar spermato-
zoa assessed with a fluorescent membrane probe.
Folia Histochem Cytobiol. 2010;48(2):292-8.

Zorn B, Golob B, Than A, Kopitar A, Kolbezen M.
Apoptotic sperm biomarkers and their correlation
with conventional sperm parameters and male
fertility potential. J Assist Reprod Genet. 2012;29
(4):357-64.

Technology & Services Section. Sperm DNA
Fragmentation-The role of the Urologist/male
Infertility Physician [Internet]. 2005. Available
from: https://www.scsadiagnostics.com/home

Oliveira H, Spano M, Santos C, Pereira Mde L.
Lead chloride affects sperm motility and acrosome
reaction in mice: lead affects mice sperm motility
and acrosome reaction. Cell Biol Toxicol. 2009;
25(4):341-53.

Fernandez JL, Muriel L, Rivero MT, Goyanes V,
Vazquez R, Alvarez JG. The sperm chromatin
dispersion test: a simple method for the determin-
ation of sperm DNA fragmentation. J Androl.
2003;24(1):59-66.

Fernandez JL, Muriel L, Goyanes V, Segrelles E,
Gosalvez J, Enciso M, et al. Simple determination
of human sperm DNA fragmentation with an
improved sperm chromatin dispersion test. Fertil
Steril. 2005;84(4):833-42.

Ribas-Maynou J, Garcia-Peirdé A, Abad C, Amen-
gual MJ, Navarro J, Benet J. Alkaline and neutral
Comet assay profiles of sperm DNA damage in
clinical groups. Hum Reprod. 2012;27(3):652-8.

Chatzimeletiou K, Sioga A, Oikonomou L, Chara-
lampidou S, Kantartzi P, Zournatzi V, et al. Semen
analysis by electron and fluorescence microscopy
in a case of partial hydatidiform mole reveals a
high incidence of abnormal morphology, diploidy,
and tetraploidy. Fertil Steril. 2011;95(7):2430.e1-5.

Talebi AR, Sarcheshmeh AA, Khalili MA, Tabib-
nejad N. Effects of ethanol consumption on chro-
matin condensation and DNA integrity of epi-
didymal spermatozoa in rat. Alcohol. 2011;45(4):
403-9.

Talebi AR, Khalili MA, Hossaini A. Assessment of
nuclear DNA integrity of epididymal spermatozoa
following experimental chronic spinal cord injury
in the rat. Int J Androl. 2007;30(3):163-9.

Rahman MB, Vandaele L, Rijsselaere T, Maes D,
Hoogewijs M, Frijters A, et al. Scrotal insulation
and its relationship to abnormal morphology,
chromatin protamination and nuclear shape of

S J Reprod Infertil, Vol 14, No 3, Jul-Sept 2013

Arul-mmmy/:dny wouy papeojumod


http://www.jri.ir

spermatozoa in Holstein-Friesian and Belgian Blue
bulls. Theriogenology. 2011;76(7):1246-57.

33. Nasr-Esfahani MH, Razavi S, Mardani M. Relation
between different human sperm nuclear maturity
tests and in vitro fertilization. J Assist Reprod
Genet. 2001;18(4):219-25.

34. Yeung CH, Cooper TG. Potassium channels in-

35.

Farah OI, et al. PURA

volved in human sperm volume regulation--
quantitative studies at the protein and mRNA
levels. Mol Reprod Dev. 2008;75(4):659-68.

Hammoud SS, Cairns BR, Carrell DT. Analysis of
gene-specific and genome-wide sperm DNA meth-
ylation. Methods Mol Biol. 2013;927:451-8.

J Reprod Infertil, Vol 14, No 3, Jul-Sept 2013 || 125

21Ul mawy/:dny wouy papeojumoq


http://www.jri.ir

