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QUERCETIN AND RUTIN: EFFECTS OF TWO FLAVONOIDS ON INDUCED OXIDATIVE STRESS
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Abstract. Quercetin (Q) and rutin (R) are two natural flavonoids with antioxidant properties. We evaluated the toxicity of
Q and R at 20pM, 30pM, 50pM, 100pM, 200pM, 400pM in swim up selected human sperm. The antioxidant activity (Q and
R 20pM and 30pM) was tested on lipid peroxidation (LPO) induced by tert-butylhydroperoxide in human sperm. LPO was
evaluated using the C11-BODIPY581/591 probe and sperm structural damages were assessed by transmission electron mi-
croscopy in samples incubated with and without Q and R. A significant dose dependent toxic effect was observed for both
compounds on sperm viability (Q and R: r=-0.98 P<0.001), on sperm progressive motility (Q: r=-0.98, R: r=-0.97; P<0.001),
and on non progressive motility (Q; r=-0.58, P<0.01; R: r=-0.50, P<0.05). Both flavonoids, used at 20pM and 30pM, showed
antioxidant properties on LPO induced in human sperm and a general protective effect against ultrastructural damages of
LPO. In conclusion, we observed that Q exhibited a little higher toxicity than R; on the other hand R is little low protective
on induced LPO. Our preliminary results demonstrated the scavenger properties of these flavonoids in vitro on human sperm.
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INTRODUCTION

Oxidative stress is a condition that is associated with
an imbalance between the production and the removal
of reactive species and free radicals by antioxidants.
Reactive oxygen species (ROS) are normal products of
cellular metabolism and they play a functional role in
many cell types. When ROS are produced at a very low
concentration, they trigger cell signaling events and
regulate physiological function [1, 2].

Sperm were the first type of cell reported to generate
free radicals [3]; low level production of ROS by sperm
supports some main functions, such as capacitation,
acrosome reaction, zona pellucida binding and oocyte
fusion [4]. Nevertheless, uncontrolled ROS production
can play an important role in causing sperm aberration,
leading to infertility. Oxidative stress has been sug-
gested to be an important factor in the aetiology of poor
sperm function through peroxidative damage to the cell
membrane, to DNA (inducing single- and double-
strand DNA breaks) and to proteins [5-7] and an excess
of ROS and free radical generation has frequently been
detected in the seminal plasma and the sperm of infer-
tile men [8-10].

Seminal plasma and sperm are endowed with an array
of protective antioxidants, such as the glutathione per-
oxidase/reductase system, superoxide dismutase, cata-
lase and low-molecular weight antioxidants, vitamin

E, vitamin C, urate, and albumin, which scavenge ROS
in order to prevent possible cellular damage [11]. One
of the rational strategies for counteracting oxidative
stress is to increase the scavenging capacity of seminal
plasma.

The use of antioxidant supplementation to reverse the
effect of ROS is still being debated [2, 12]. Exogenous
antioxidants are substances introduced through the
diet; the most important are vitamin E, vitamin C, beta
carotene, coenzyme Q10, flavonoids.

Flavonoids are secondary plant metabolites and, dur-
ing the last decades, have been under extensive inves-
tigation because of their claimed antioxidant,
anti-inflammatory, antiallergic, antidiabetic, cardio, he-
patio- and gastroprotective, antiviral and antineoplastic
properties [13].

Among flavonoids we focused on quercetin (Q) and
rutin (R). Q, a reddish pigment, is found in many dif-
ferent foods, including in the pigments of the apple
skins, in red wine and in red onions. Q has been
largely investigated for its free radical scavenging and
metal chelating abilities [14-16]. Particularly, the pres-
ence of three hydroxyl groups makes the compound a
potential free radical scavenger and/or antioxidant. R
is the glycoside of Q with 3-hydroxyl group blocked
by a rutinoside group [17-18]; it is a bioflavonoid,
abundantly present in onions, apples, tea and red wine
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[19]. A wide variety of biological activities of R, in-
cluding antioxidant, has been reported [20].

The aim of this study was to investigate the antioxidant
properties of Q and R against lipid peroxidation (LPO)
induced in human ejaculated sperm by tert-butylhy-
droperoxide (TBHP). Furthermore, the possible cito-
toxicity of these compounds on sperm motility and
viability was explored.

MATERIALS AND METHODS

Semen analysis

Semen samples were obtained from men recruited at
the Interdepartmental Centre for Research and Therapy
of Male Infertility, University of Siena. Semen samples
were collected by masturbation after 3-5 days of sexual
abstinence and examined after liquefaction for 30 min
at 37 °C. Volume, pH, concentration and motility were
evaluated according to World Health Organization [21]
guidelines. Patients were informed of and gave written
consent for the procedures related to the study.

Sperm selection: swim-up

Motile sperm fraction was selected by the swim-up
technique. A direct swim-up of sperm from semen was
performed: 1ml of each semen sample was placed in a
sterile conical centrifuge tube and gently layered with
1.2 ml of Quinn’s® Sperm Washing Medium (Sage, In
vitro fertilization, Inc., Trumbull, CT, USA). The tubes,
inclined at an angle of 45°, were incubated for 45 min
at 37°C with 5% CO,. The upper most 1ml of medium
was then recovered, which contained highly motile
sperm cells.

Q and R preparation

Q and R were purchased from Sigma-Aldrich Chemie
GmbH (Buchs, Switzerland) and used without further
purification. Stock solutions of Q and R at 400 pM
were prepared by dissolving these compounds in Big-
gers Whitten Whittingham (BWW; WHO, 2010). Little
amount of 0.1 M NaOH solution were added to help
dissolve each solution. The stock solutions were stored
at -20 °C.

Determination of sperm viability and motility after Q
and R treatment

The swim-up selected sperm were added to 20uM,
30pM, 50pM, 100pM, 200pM, 400pM of Q and R stock
solutions diluted in BWW medium. Mixtures were in-
cubated at 37 °C and 5% CO, for 1 h. The sperm were
stained with 0.5% Eosin Y (CI45380) in 0.9% aqueous
sodium chloride solution and observed by light micro-
scope (Leica, Wetzlar, Germany). Stained (dead) cells
and unstained (viable) cells were scored. Sperm motil-
ity was evaluated in swim-up selected sperm incu-
bated with Q and R, using a Burker counting chamber
and categorizing them by the different grades of motil-
ity (progressive motility, non progressive motility, and
immotile sperm, [21]).

Aliquots of sperm devoid of Q and R and treated in the
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same conditions were used as the controls.

All experiments were carried out in triplicate and the
results are reported as mean values and standard devi-
ations.

LPO induction and Q/ R treatment

Selected human sperm were incubated with 5uM of a
fluorescent fatty acid probe, 4,4-difluoro-5-(4-phenyl-
1,3-butadienyl)-4-bora-3a,4-adiaza-s-indacene-3-un-
decanoic acid (Cl11-BODIPY581/591, Molecular
Probes, Eugene, USA) at 37 °C for 30 min.

Excess probe was removed by washing the cells twice
with BWW medium for 10 min. C11-BODIPY581/591
is able to intercalate in the phospholipid bilayer. The
intact probe fluoresces red when it is intercalated into
the membrane (A excitation = 590 and A emission = 635
nm) and shifts to green (A excitation = 485 and A emis-
sion = 535 nm) after oxidative radicals attack.

After incubation with this probe, each sample was then
divided into aliquots as follows: sperm treated with
TBHP (45pM) and Q (20pM and 30pM) or R (20pM
and 30pM) and sperm treated with TBHP without Q/R.
Aliquots were incubated at 37°C and 5% CO, for 1 h.
The staining was examined by Leitz Aristoplan Micro-
scope fluorescence (Leica, Wetzlar, Germany). Images
were acquired using Leica Q Fluoro Standard, Leica
Chantal software. The presence of the green signal, a
marker of LPO, was estimated in two degrees: high
and low fluorescence. For each sperm sample 300 cells
were examined. All experiments were carried out in
triplicate and the results are reported as mean values
and standard deviations.

Transmission electron microscopy (TEM)

Human sperm treated with TBHP and Q (20pM and
30pM) or R (20pM and 30pM) and with TBHP without
Q or R were processed for TEM. Sperm samples were
fixed in cold Karnovsky fixative and maintained at 4
°C for 2 h and then washed in 0.1 mol/l cacodylate
buffer (pH 7.2) for 12 h, postfixed in 1% buffered os-
mium tetroxide for 1 h at 4 °C, dehydrated and embed-
ded in Epon Araldite. Ultra-thin sections were cut with
a Supernova ultramicrotome (Reickert Jung, Vienna,
Austria), mounted on copper grids, stained with uranyl
acetate and lead citrate and observed and pho-
tographed with a Philips EM208 transmission electron
microscope (TEM; Philips Scientifics, Eindhoven, The
Netherlands). A minimum of 300 sperm sections were
analysed for each sample and the anomalies related to
the acrosome (reacted, swollen), the chromatin (dis-
rupted), the axoneme (disorganized) and the plasma
membrane (broken) were quantified. These experi-
ment were performed in triplicate.

Statistical analysis

The correlations between Q and R concentrations and
the sperm viability and motility percentages were eval-
uated by Spearman correlation coefficient (r). A P<0.05
(two-tailed) was considered statistically significant. All
analyses were performed using the SPSS statistical
software ver.16 (SPSS Inc., Chicago, Illinois, USA).
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RESULTS

Determination of sperm viability and motility after Q
and R treatment

The percentages of viable sperm incubated with differ-
ent concentrations of Q and R are reported in Figure 1.
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Figure 1. Mean of the percentages of viable human sperm
treated with Q and R at different concentrations.
CTR = controls, same conditions without flavonoid

A significant dose dependent effect on sperm viability
was observed for all the assayed compounds: the via-
bility decreased significantly at the increase of Q (r=-
0.98, P<0.001) and R (r=-0.98, P<0.001) concentrations.
In general, Q showed a toxic effect on sperm viability
higher than that exerted by R.

In addition to viability, the effects of the different con-
centrations of Q and R on the progressive and non pro-
gressive motility of swim-up selected sperm were
explored. Both flavonoids showed a dose dependent
effect on sperm motility (Figure 2a, b). In particular,
the percentage of sperm with progressive motility sig-
nificantly decreased with the increase of Q (r=-0.98,
P<0.001) and R (r=-0.97, P<0.001) concentrations (Fig-
ure 2a). At the same concentrations (> 50 pM) of used
compounds, samples treated with Q showed decreased
progressive motility than those incubated with R.

A dose dependent effect between the percentage of
sperm with non progressive motility and the consid-
ered compounds was also observed (Figure 2b): the
percentage of sperm with non progressive motility sig-
nificantly decreased with the increase of Q (r=-0.58,
P<0.01) and R (r=-0.50, P<0.05) concentrations.

Effect of Q and R on induced LPO

In human sperm LPO was induced by 45uM TBPH in-
cubation; the effects of this treatment and of the scav-
enging power of Q and R were highlighted with the
C11-BODIPY581/591 probe and TEM. For these exper-
iments we used the concentrations that did not com-
promise sperm motility and viability: 20pM and 30pM
of Q and R.

Detection with C11-BODIPY581/591 probe

In human sperm, the localization of LPO was not
equally distributed over the sperm membrane, but oc-
curred mainly in the mid-piece region. The percentages
of sperm with high intensity fluorescence (Figure 3),
the marker of LPO, were significantly lower in samples
treated with Q and R (Figures 4 B, C, E, F) compared
to that observed in samples without Q and R (Figures
4 A, D).

Detection of ultrastructural characteristics by TEM
Ultrastructural characteristics of sperm samples treated
with TBHP, both with and without Q and R, were
analysed by TEM. The percentages of the most frequent
alterations of the acrosome, chromatin, axoneme and
plasma membrane observed in these specimens are re-
ported in Figure 5.

The vast majority of sperm treated with TBHP showed
broken plasma membranes, reacted or swollen acro-
somes, disrupted chromatin and tails with disorgan-
ized axoneme (Figure 6 A).

Both Q and R showed a general protective effect
against ultrastructural damages induced by LPO (Fig-
ures 6 B - E). However, Q exhibited a greater protective
action than R particularly evident at acrosomal and
plasma membrane level (Figures 6 B, C).

Figure 2 (a-b). Mean of the percentages of progressive (a) and non progressive (b) motility (WHO, 2010) of human sperm treated
with Q and R at different concentrations. CTR = controls, same conditions without flavonoid
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Figure 3. Means and standard deviation in the percentages
of human sperm with a high level fluorescence (C11-BOD-
IPY581/591 probe) indicating LPO induced by TBHP.
Human sperm were treated with TBHP and Q20 or Q30 or
R20 or R30 and with TBHP only.

.

Figure 4. (A-F) Ultraviolet micrographs of human sperm

treated with TBHP without Q/R (A/D) and TBHP with Q/R.

C11-BODIPY581/591 probe was used to highlight LPO.
Sperm incubated with TBHP (A, D). Sperm treated with
TBHP+Q20 (B), TBHP+Q30 (C), TBHP+R20 (E) e
TBHP+R30 (F). Bar=5um.
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DiscussION

It is known that oxidative stress is a pathology de-
tected in approximately half of all infertile men [2]
which occurs when the complex of natural antioxi-
dant defenses is jeopardized due to excessive ROS
production. In the past decade, the interest in the
bioactivities of flavonoids, mainly the antioxidant
activity, on human health has been increased. As re-
gards the reproductive field, whereas Q has been
demonstrated to play a beneficial effect in male sys-
tem of animal models exposed to oxidative stress
[22-25], the possible antioxidant properties of R are
still unexplored as well as the study performed in
human semen samples.

In this paper we focused our attention on antioxi-
dant effect of Q and R on LPO induced in vitro in a
selected motile human sperm population. First of
all, the potential cytotoxic effects of Q and R were
investigated in order to choose appropriated Q and
R concentrations (20pM and 30pM) to be used as
antioxidant and able to preserve sperm motility and
viability. We demonstrated that both compounds
showed a protective and ROS scavenging actions in
sperm cells incubated with TBHP, inductor of LPO.
In particular, Q showed a double faced action; on
one hand it showed increased toxicity on sperm
motility and viability than its glycoside R, on the
other hand the antioxidant activity is little stronger
than that exhibited by R and it was evident by both
fluorescence analysis and TEM examination. A sim-
ilar behavior of Q on sperm viability and motility
was observed also by Khanduja et al. [26] which
hypothesized an interaction between Q and a Ca2+-
ATPase, a key enzyme involved in the regulation of
sperm motility. The little different activities of the
two flavonoids on sperm motility, viability and an-
tioxidant properties, could be explained by the dif-
ferent chemical structure of the two considered
molecules. R shows the 3-hydroxyl group replaced
with rutinose, a disaccharide consisting of glucose
and rhamnose, which would decrease the capacity
of R to penetrate through the plasma membrane; for
this reason R appeared to be less harmful for sperm

Figure 5. Mean and standard deviation of the percentages of the most frequent alterations of acrosome, chromatin, axoneme,
plasma membrane observed by TEM in human sperm treated with TBHP with and without Q/R (20uM - 30uM).
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Figure 4 (A-E). TEM micrographs of human sperm treated
with TBHP without Q/R and TBHP with Q/R. (A) Sperm in-
cubated with TBHP; (B) Sperm incubated with TBHP+Q20;
(C) Sperm incubated with TBHP+Q30; (D) Sperm incubated
with TBHP+R20; (E) Sperm incubated with TBHP+R30. A:
normal acrosome; aA: absent acrosome; alA: altered acrosome;
sA: swollen acrosome; N: nucleus; CR: cytoplasmic residue;
arrow: broken membrane. Bars: A,D=1um; B,C,E=3um.

viability and motility. The results of various in vitro
and in vivo investigations strongly suggest a structure-
activity relationship in the ability of flavonoids to act
as antioxidants [27].

CONCLUSION

In conclusion, our results, although preliminary, sup-
port the evidence of the protective and antioxidant ac-
tion of Q and R on human sperm cells incubated with
TBHP. The development of new sperm culture media
that can better protect sperm from ROS damage is re-
quired [2, 28, 29] and Q and R might be used as a ROS
scavenger in such media, particularly in those used for
mechanical techniques, such as IVF-ICSI or for cryop-
reservation of semen, in which oxidative stress is ex-
acerbated. These studies obviously cannot be
extrapolated to in vivo outcome, since the effect of Q
and R supplementation on male infertility has not yet
been explored. To translate such findings into clinical
reality, studies on the potential toxicity, pharmacoki-
netics and bioavailability of Q/R in humans, followed
by interventional clinical trials, are clearly needed.
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