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Abstract

Objective: The recent advent of flow cytometry (FCM), coupled with fluorescent dyes, has been success-
fully applied to assess mitochondrial function. The aim of this study was to investigate the feasibility and clinical
significance of detecting sperm mitochondrial function and to evaluate sperm mitochondrial function by using
Rhodamine 123/propidium (Rh123/PI) dual fluorescent staining and FCM in asthenospermia and oligoastheno-
zoospermia. Methods: Twenty-five fertile men (with normal sperm parameters) and 230 infertile patients were
examined. Fifty-five patients of the above 230 patients were selected for idiopathic infertility samples and were
divided into two groups: asthenospermia (n = 30) and oligoasthenozoospermia (n = 25). Rh123/PI dual fluorescent
staining and FCM were carried out to examine sperm mitochondrial function. Results: Significant differences
were found between the normal and abnormal semen samples (P < 0.05) when Rh123"/PI', Rh1237/PI" and Rh1237/
PI' sperm were examined by FCM, but there was no significant difference between the asthenospermia (P = 0.469)
and oligoasthenozoospermia group (P = 0.950) when Rh123"/PI" and Rh1237/PI" sperm were then examined; how-
ever, a significant difference was found between the 2 groups (P = 0.003) when Rh123/PI" sperm were examined.
There was no correlation between Rh123/PI' sperm and semen parameters in the normal group, but there was a
significant negative correlation between the sperm concentration and Rh123/PI" sperm in asthenospermia and
oligoasthenozoospermia patients (r = -0.509, -0.660; P = 0.018, 0.038). Conclusion: Rh123/PI dual fluorescent
staining and FCM can provide reliable information to assess the quality of sperm and reveal differences in mito-
chondrial membrane potential in asthenospermia and oligoasthenozoospermia.
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INTRODUCTION

The structural and functional integrity of the plasma
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membrane and mitochondria, as well as motility are
critical to fertilization by sperm'’. The percentage
of motile sperms is the most common factor used
to evaluate sperm quality. Generally speaking, mi-
croscopic and physicochemical examinations of se-
men specimens are routinely used for the diagnosis
of male infertility. These analyses of semen included
the measurement of spermatozoon concentration,
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morphology and motility. Although this conventional
analysis of semen provides considerable information,
it is limited in predicting male fertility. In recent years,
flow cytometry (FCM) has been employed extensively
to study various attributes of sperm, because this tech-
nique can automatically analyze defined parameters
of several thousand cells at the single-cell level within
a few min", as well as provide statistically reliable
data”™

Mitochondria in dead cells are readily distinguish-
able from those in live cells as they are not able to
retain Rh123 (Rhodamine 123) after washing. Cell
membrane integrity can be evaluated by staining
sperm with propidium iodide (PI), a fluorescent dye
that binds with DNA. The intact membrane of viable
sperm will prevent PI from entering the sperm to bind
with cellular DNA. In contrast, damaged membrane of
dead/moribund sperm allows PI to enter and bind with
DNA to produce red fluorescence. Dual fluorescent
staining (Rh123/PI) combined with FCM has been
developed for simultaneous determination of mito-
chondrial membrane potential (MMP) and membrane
integrity of sperm™”"". In other assays mainly based
upon the use of DNA intercalating fluorescent com-
pounds, acridine orange and ethidium bromide have
been used to evaluate the presence and the number of
such cells by FCM"*"*,

The movement of spermatozoa depends on the en-
ergy supplied by mitochondria at the middle piece of
the tail. Thus, the examination of mitochondrial func-
tion may be helpful in the diagnosis and evaluation of
male infertility. Previously, sperm examination usu-
ally only concentrated on the changes of sperm mor-
phology and movements. Our aim of this study was
to investigate the feasibility and clinical significance
of assessing sperm mitochondrial function in astheno-
spermia and oligoasthenozoospermia using Rh123/PI
dual fluorescent staining and FCM.

MATERIALS AND METHODS

Collection and classification of clinical mate-
rials

All the semen specimens were collected at the First
Affiliated Hospital of Xian Jiaotong University School
of Medicine from Aug, 2009 to Mar, 2010. Twenty-
five fertile men (with normal sperm parameters) and
230 infertile patients were examined. One hundred and
seventy five subjects were excluded because of case
questionnaire and/or physical examination. Fifty-five
patients of the above 230 patients were selected for
idiopathic infertility samples based on semen exami-
nation and infertility factors, such as immune factors

(anti-spermatozoal antibody IgG and IgA), infection
(mycoplasma, chlamydia) and biochemical abnor-
malities (seminal o-1, 4-glucosidase, acid phosphatase
and fructose assays). Relating to the above infertility
factors, mycoplasma was detected by improved culti-
vation of semen samples; immune factors were exam-
ined in sera by enzyme-linked immunosorbent assay
(ELISA) kits from Xindi Company (Nanjing, China),
and a-1, 4-glucosidase, acid phosphatase, and fructose
were determined by routine biochemical assays. The
protocol was approved by the Clinical Research Ethi-
cal Committee of Xian Jiaotong University, China.
Idiopathic infertility patients were divided into two
groups: the asthenospermia group (n = 30) and the
oligoasthenozoospermia group (n = 25). According to
the WHO criterion""”, all 80 semen samples including
25 samples in the control group were collected into
clean container by masturbation after 3-7 d of sexual
abstinence. The asthenospermia group: The age of
the 30 patients ranged from 25-39 (31.6+4.8) y, less
than 50% of the spermatozoa moved straight [(a+b)%]
or less than 25% of the spermatozoa moved rapidly
straight, sperm concentration was more than 20X 10°/
mL, and other parameters were similar to those ob-
served in normal semen. The oligoasthenozoospermia
group: The age of the 25 patients ranged from 23-37
(28.31+4.1) y, and asthenospermia was combined with
a sperm concentration of less than 20X 10° sperma-
tozoa/mL, or less than 40 X 10° spermatozoa were
ejaculated at one time''". The control group: The age
of the 25 healthy males ranged from 23-36 (28.2%£3.7)
y. Their physical examinations were normal and the
semen met the WHO criterion"”. There was no dif-
ference in age of the 80 patients by g-test and variance
analysis (P > 0.05).

Conventional semen analysis

Ejaculates were allowed to liquefy at 37°C for 30
min. When liquefaction occurred, each specimen was
divided equally into 2 parts: One part was assessed by
light microscopy and computer assisted sperm analy-
sis (CASA, WLJY2 9000, Weili Company, China)
according to the procedure proposed by the WHO"",
which included the measurement of spermatozoon
concentration, morphology, and motility. Four types
of motility were assessed and classified as follows: a)
rapid progressive or linear motility; b) slow progres-
sive or curvilinear motility; c¢) not progressive or in
loco motility; d) lack of motility. The second part of
the sample was used for Rh123/PI double fluorescent
staining followed by FCM.

Rh123/PI double fluorescent staining and
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FCM examination

Semen samples were first washed with phosphate-
buffered saline (PBS: 0.01 mol/L, pH 7.4) and then
centrifuged (4000 g, 30 s) twice. PBS was added to
wash the sperm and the concentration of spermatozoa
was adjusted to 5X 10°/mL. Rh123 (Sigma, USA) was
then added to a final concentration of 5 pg/mL, and
the sample incubated for 5 min at 37°C in the dark.
The spermatozoa were next washed with dye-free PBS
to eliminate non-specific binding of dye to the mito-
chondria, and centrifuged again. PI (Sigma) was add-
ed to a final concentration of 5 pg/mL and the sample
was incubated for 5 min at 37°C in the dark. Finally,
the sample was resuspended in PBS and immediately
examined by FCM (FACSCalibur, BD, USA)"". The
excitation wavelength was set to 480 nm, and appli-
cation of side scatter (SSC) and forward scatter (FSC)
was linearly amplified, and logarithmic amplification
was performed for fluorescence channel FLL1 (green)
and FL2 (red). The fluorescence densities of Rh123
and PI of 10,000 spermatozoa in each semen sample
were examined and recorded. The results obtained by
Rh123 staining was expressed in terms of changes in
fluorescence intensity, so that MMP variations were
identified as shifts of the mean fluorescence peak in
FL1. For the simultaneous evaluation of cell viability
and MMP, sperm cells were counterstained with PI,
the emission of which was analyzed in FL2.

Statistical analysis

All the data were expressed as mean=*SD. The
Kruskal-Wallis one-way analysis-of-variance-by ranks
test and one-way ANOV A were used to determine the

results of conventional semen parameters and FCM,
and their correlations were analyzed with the Spear-
man correlation test and Pearson rank correlation
analysis, where appropriate. All statistical analysis
was performed with SPSS13.0 software (SPSS Inc.,
USA), and P < 0.05 was considered statistically sig-
nificant.

RESULTS

Sperm double fluorescent staining by Rh123/
PI

As shown in Fig. 1, under the fluorescence micro-
scope (BX51, Olympus, Japan), sperms with normal
mitochondrial function stained by RH123 exhibited
green tail (Fig. 1A). Sperm stained by double fluores-
cent dyes Rh123/PI were marked by a green body or a
green body and a red head (Fig. 1B). Sperm exhibiting
a green body and a red head indicated that, although
mitochondrial function was normal, there was an in-
crease in cell membrane permeability. Spermatozoa
exhibiting only a red head indicated dead sperms.

By FCM, sperms stained by Rh123/PI were easily
divided into four parts (Fig. 2): the lower right quad-
rant of each graph, Rh123"/PI’, shows sperms with
normal mitochondrial function; the lower left quadrant
contains Rh123/PI" sperms that have lost their mito-
chondrial function; the upper left quadrant, Rh1237/
PI*, shows necrotic sperms. Thus, sperm double fluo-
rescent staining by Rh123/PI can readily distinguish
mitochondria in dead and live cells. It is by FCM that
several thousand sperms can be automatically ana-
lyzed at the single-cell level within a few minutes.

Fig. 1 Sperm fluorescent staining. A: After staining with Rh123, green fluorescence was centralized on the sperm body under
fluorescence microscope, suggesting that the mitochondria functioned well (X400); B: After double fluorescent staining with Rh123/

PI, dead sperms from asthenospermia patients were marked by red heads (X 400).
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As shown Fig. 2, sperms in normal group were
centered in the lower right quadrant of each graph.
It means that sperms with good mitochondrial func-
tion make up the greater part of all sperms in normal
group. However, sperms chiefly focus on the left
quadrant of each graph in the asthenospermia group
and oligoasthenozoospermia group. It indicates that
the proportion of sperms losing mitochondrial func-
tion and necrotic sperms was increased in both groups,
especially in the oligoasthenozoospermia group.

Sperm staining differences among the three
groups

As shown in Table 1, there were significant dif-
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ferences in the percentage of Rh123"/PI', Rh1237/ PI
and Rh1237 PI" sperm between any two of the three
groups (all P < 0.05). There was a significant differ-
ence in the percentage of Rh1237/PI" sperm (P = 0.003),
but not the Rh123"/PI" or Rh1237/PI" sperm (P = 0.469,
0.950, respectively) between the asthenospermia and
oligoasthenozoospermia group. As shown in Table
2, no correlation was found between FCM results
and CASA parameter data of Rh123/PI" sperm in the
control group, while a negative correlation was found
between FCM results of Rh1237/PI sperm and sperm
concentration in the asthenospermia and oligoasthe-
nozoospermia group (r = -0.509, -0.660; P = 0.018,
0.038).
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Fig. 2 Results of sperm FCM. The lower right quadrant of each graph, Rh123"/PI’, shows the sperm with normal mitochondrial
function; the lower left quadrant shows Rh1237/PT, which means the sperm losing mitochondrial function; the upper left quad-rant,
Rh1237/PI", shows necrotic sperm. A: normal seminal sample. B: the asthenospermia group. C: the oligoasthenozoospermia group.

Table 1 Comparison of FCM results among control, asthenospermia and oligoasthenozoospermia patients

(mean=£SD, %)

Group Rh123*/PI Rh1237 PT' Rh1237 PI"
Normal semen subjects (n = 25) 57.341+10.54 10.76+5.83 29.71+7.77
Idiopathic asthenospermia semen subjects (n = 30) 38.20+16.83" 15.15£10.12° 44.67£17.81°

Idiopathic oligoasthenozoospermia semen subjects (n = 25)

33.514+21.45

33.36+24.46"° 29.274+13.52

"The data was NOT considered to obey normal distribution and analyzed with the Kruskal-Wallis one-way analysis-of-variance-by-ranks test. Among

the control, asthenospermia and oligoasthenozoospermia group, significant difference can be found between any 2 of the 3 groups (P < 0.05). a: as-

thenospermia vs control group (P < 0.05). b: oligoasthenozoospermia vs control group (P < 0.05). c: asthenospermia vs oligoasthenozoospermia group

(P <0.05).

Statistical differences in the distribution of Rh123%/
PI, Rh123/PI" and Rh1237/PI" sperm were found
between the asthenospermia and control group, and
also between the oligoasthenozoospermia and con-
trol group (P < 0.05). The percentage of Rh123"/PI
sperm (normal sperm) in the control group (57.34%
+10.54%) was much higher than that in the astheno-
spermia (38.29% +16.83%) and oligoasthenozoosper-

mia group (33.51% +21.45%), while the percentage
of Rh1237/PT" sperm (10.76% *+5.83%) and Rh1237/
PI" sperm (29.71% *+7.77%) in the control group
were much lower than that in the asthenospermia
(15.15% £ 10.12%, 44.67% +17.81%) and in the
oligoasthenozoospermia group (33.36% *24.46%,
29.27% *13.52%). There was no significant differ-
ence in the percentage of Rh123"/PT or Rh1237/PI"
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sperm between the asthenospermia and oligoastheno-
zoospermia group (P = 0.469, 0.950), indicating that
the number of normal and dead sperms was simi-
lar in the asthenospermia and oligoasthenozoosper-
mia group. There was a significant difference in the
number of Rh1237/PT sperm between the asthenosper-
mia and oligoasthenozoospermia group (P = 0.003,
Table 1), showing that more sperm in the oligoas-
thenozoospermia group exhibited dynamic-deficient
movement than the asthenospermia group.

No correlation was found between Rh1237/PI" sperm
and their CASA parameter (P > 0.05), but correlations
were observed between Rh123"/PI sperm and their
CASA parameters except for the semen volume (P =
0.925) and liquefaction time (P = 0.450). For exam-
ple, Rh123"/PI" was negatively correlated with sperm
concentration (r = -0.352, P = 0.026) and lack of mo-
tility (%) (r = -0.587, P = 0.000), but positively cor-
related with other parameters, and Rh123/PT" sperm
were negatively correlated with sperm concentration

(r=-0.673, P = 0.000), activity (a %) (r =-0.470, P =
0.002), but positively correlated with activity, d (%) (r
=0.361, P =0.02, Table 3).

DISCUSSION

Male infertility is a common clinical disease and
the cause for many cases is unknown. According to
a study by Curi er al"”, about 19% of male infertil-
ity is due to asthenospermia. In the past, it was recog-
nized that there were limitations in the conventional
methods for predicting male fertility. Therefore, many
newer techniques have been developed to increase
the accuracy, speed and discriminating power of se-
men analysis. FCM seems to be a reliable tool for
improving the diagnosis of male infertility"”. Reduced
sperm activity is characteristic of asthenospermia and
oligoasthenozoospermia. The energy supply of sperm
mainly depends on the tri-carboxylic acid (TCA or
citric acid or Krebs) cycle in the mitochondria. When
the energy generated by the TCA cycle is conducted

Table 2 Comparison of correlation between FCM results of 80 specimens and their parameters.

Parameters N Rh123" /PT Rh1237PT Rh1237 PI"
r P r P - P
a(%) 80 0.514" 0.001° -0.470 0.002 -0.070 0.667
b(%) 80 0.569° 0.000" 0.200 0.215 -0.294 0.065
c(%) 80 0426 0.006 -0.180 0.266 -0.166 0.305
d(%) 80 -0.587 0.000 0.361 0.022 0.274 0.087
a+b(%) 80 0.671" 0.000" -0.385 0.014 -0.251 0.118
Motility 30 0.587 0.000 -0.361 0.022 -0.274 0.087
Volume 30 -0.015 0.925 0.042 0.796 -0.096 0.556
Concentration 380 -0.352 0.026 -0.673 0.000 0.191 0.237
Time 80 -0.123 0.450 0.043 0.794 0.001 0.995

" The data match normal distribution, the Pearson rank correlation analysis was performed, and Spearman correlation test was per-

formed for the others. a: rapid progressive or linear motility. b:slow progressive or curvilinear motility. c: not progressive or in loco

motility. d: lack of motility.

Table 3 Comparison of correlation between FCM results of 30 asthenospermia specimens and their parameters.

Parameters n Rh123" /PT Rh1237PT Rh1237/ PI"
r P r P - P
a(%) 30 0.598" 0.001" -0.290 0.203 -0.487" 0.025"
b(%) 30 0.472" 0.031" 0.070 0.763 -0.631" 0.002"
(%) 30 0.501° 0.021° 0.039 0.867 -0.581" 0.006"
d(%) 30 -0.607 0.004” 0.013 0.955 0.668" 0.001"
a+b(%) 30 0.617" 0.003° -0.064 0.784 -0.664" 0.001°
Motility 30 0.607 0.004" -0.013 0.955 -0.668" 0.001"
Volume 30 0.084 0.719 0.167 0.469 -0.119 0.607"
Concentration 30 0.332 0.141 -0.509 0.018 -0.130 0.575
Time 30 -0.289 0.204 0.117 0.613 0.015 0.948

" The data match normal distribution, the Pearson rank correlation analysis was performed, and Spearman correlation test was per-
formed for the others. a: rapid progressive or linear motility. b: slow progressive or curvilinear motility. c: not progressive or in loco

motility. d: lack of motility.
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along the respiratory chain, protons are pumped out
from the matrix inside the mitochondrial inner mem-
brane, forming MMP. Thus, the MMP reflects the
TCA cycle activity and the function of mitochondria.
Mitochondria provide energy for sperm to swim to-
ward the oocyte and penetrate its zona pellucida"”.
Hence, any damage to mitochondrial function could
impair sperm motility and fertilization.

As fluorescent dyes, Rh123 and PI can be used to
evaluate the function of mitochondria and nucleus,
respectively™. Rh123 crosses the mitochondrial
membrane and resides in the mitochondria, and green
fluorescence is detected from the inside of mitochon-
dria. When MMP disappears under pathologic condi-
tions, Rh123 does not move into the mitochondria. In
dead cells, PI crosses the plasma membrane and com-
bines with nuclear DNA, producing red fluorescence.
Rh123/PI double fluorescent staining can distinguish
dead sperm (Rh1237/PI" sperm), live sperm with an
impaired MMP (Rh1237/PI" sperm) and normal sperm
(Rh123*/PT sperm)™".

Using the WHO guidelines, Wu et al.”” classified
sixty-three semen samples only as normal and abnor-
mal groups and drew similar conclusions. In our study,
the FCM results showed that the functional levels of
mitochondria in the asthenospermia and oligoasthe-
nozoospermia groups were different. The d (%) value
was negatively correlated with Rh123"/PI" sperm, but
positively correlated with Rh1237/PI" sperm, while
a (%), b (%), ¢c (%) and a+b (%) values were totally
different from d (%) values. The d (%) can be di-
vided into dead Rh123/PI" sperm and MMP deficient
Rh1237/PI" sperm when examined by FCM. The sta-
tistical difference in Rh1237/PI" sperm in the astheno-
spermia and oligoasthenozoospermia suggests that the
energy supply may be the main difference between the
two groups.

It is difficult to clarify the causes of damage to
the mitochondria in asthenospermia and oligoasthe-
nozoospermia. Varicocele has been implicated as a
major cause of male infertility™. Studies have shown
that varicocele caused an increase in sperm intracel-
lular superoxide levels and a decreased MMP and
other parameters in both testicles in a rat model. This
study proposed that one of the main sources of ROS
production in varicocele is intracellular, which in turn
suggested that the elevation of intracellular ROS could
be one of the important mechanisms responsible for
mitochondrial and tissue damage”**”". In addition, en-
vironmental factors may also be very important. The
membrane integrity of sea urchin sperm was impaired
by environmentally relevant levels of UVB but not
UVA, suggesting that UV-induced ROS could dam-

age sperm motility and fertility by attacking the mito-
chondria (for UVA and UVB) and plasma membrane
(for UVB, but not UVA)™°.

Presently, sperm quality is evaluated by conven-
tional semen analysis, determining concentration,
motility and morphology using light microscopy.
However, the introduction of clinical assisted repro-
duction a quarter of a century ago required the isola-
tion of motile spermatozoa. As the indication of as-
sisted reproduction shifted from mere gynaecological
indications to andrological indications over the years,
this prompted andrological researchers to understand
the physiology of male germ cells better and develop
more sophisticated techniques to separate functional
spermatozoa from those that are immotile, have poor
morphology or are not capable of fertilizing oocytes.
Rh123 /PI dual fluorescent staining and FCM revealed
a difference in MMP in asthenospermia and oligoas-
thenozoospermia, and the MMP data represented an
important method of determining the quality of sperm
in asthenospermia and oasthenozoospermia and sperm
preparations of infertile men, aiding in predicting suc-
cessful in vitro fertilization"*,

In conclusion, Rh123/PI dual fluorescent staining
and FCM analysis can provide reliable information
to assess the quality of sperm and reveal difference in
MMP in asthenospermia and oligoasthenozoospermia.
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