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Abstract: Quercetin is widely known as potent natural antioxidant and scavenger of reactive oxygen species (ROS) and 
nitric oxide both in vitro and in vivo. Quercetin has a wide range of biological functions and health-promoting effects. 
There are more and more interests in the addition of this flavonol to various traditional food products. However, the in 
vitro toxicity of quercetin to mature human sperm remains unknown. In this study, we investigated the in vitro effects of 
quercetin on human sperm functions. The results showed that the total sperm motility were significantly inhibited 
compared to the controls following exposure to 100, 200 and 400µM quercetin for 6 and 12h; quercetin did not affect 
human sperm viability. The acrosome reaction and capacitation induced by progesterone were dose-dependently 
inhibited by quercetin. Furthermore, quercetin induced a significantly decrease of human sperm [Ca2+]i after 2 min above 
50 µM, and dose-dependently decreased the protein-tyrosine phosphorylation of human sperm. Our results indicated that 
quercetin may decrease sperm [Ca2+]i, suppresse tyrosine phosphorylation, and subsequently inhibit sperm functions. 
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INTRODUCTION 
 
An estimated 15% of couples globally are affected by 
infertility, up to 48.5 million couples, and infertility 
affects at least 30 million men worldwide (Agarwal et al., 
2015). In China and some Asian countries, the seeds 
of Cuscuta chinensis (Tu-Si-Zi, TSZ) have been used for 
the treatment of male infertility for thousand years (Yang 
et al., 2011). Quercetin, a major component of TSZ, is 
widely distributed in plants and a prominent constituent of 
dietary supplements (Jain et al., 2016). Thus, quercetin 
has been widely used in clinical application. 
 
Quercetin is widely known as potent natural antioxidant 
and scavenger of reactive oxygen species (ROS) and 
nitric oxide both in vitro and in vivo (Nabavi et al., 2012). 
Quercetin has a wide range of biological functions and 
health-promoting effects, such as anticancer, anti-
inflammatory (Karuppagounder et al., 2016), antibacterial 
activities (Nabavi et al., 2015), antidiabetic (Eid et al., 
2015) and hepatoprotective (Ali et al., 2016). It was found 
that 248mM quercetin down regulated expression of 
mutant p53 protein to nearly undetectable levels in human 
breast cancer cell lines (Davis et al., 2000). The 
anticancer activity of quercetin has been widely studied, 
but in recent years, anti-obesity activity of quercetin has 
been more and more attention.  
 
Calcium (Ca2+) signal transduction and tyrosine 
phosphorylation are very important in sperm motility 
(Chung et al., 2014). Intracellular Ca2+ and tyrosine 
phosphorylation residues are absolutely required for 
maintenance of acrosome reaction, capacitation (Alvau et 

al., 2016; Ickowicz et al., 2012). The calcium from 
intracellular calcium storage may play an important role 
in anti-proliferative activities of quercetin (Cui et al., 
2015). Quercetin also limits lipopolysaccharide (LPS)-
induced inflammation via inhibition of tyrosine 
phosphorylation that inhibits the activation of downstream 
signaling pathways (Endale et al., 2013). However, the in 
vitro toxicity of quercetin to mature human sperm remains 
unknown. 
 
In this study, human sperm were treated with different 
concentrations of quercetin in vitro. We focused on 
evaluating the toxic effects of quercetinon motility, 
viability, acrosome reaction and capacitation of human 
sperm. And we wanted to investigate the possible 
mechanism of its affect sperm function. 
 
METHODS AND MATERIALS  
 
Reagents 
Progesterone, quercetin (>95%), Fluo-4 AM and pluronic 
F-127 were purchased from Sigma Chemical Company 
(St. Louis, MO). G-IVF, HAS-Solution, Sperm Grad were 
purchased from Vitrolife. 
 
Sperm sample collection and treatments 
Spermatozoa samples used for semen evaluation were 
obtained from 115 normozoospermic patients that adopted 
sexual abstinence for 3-5 days. All the donors signed 
informed consent of using their semen for our 
experiments. The semen samples submitted to semen 
examination have been approved by the internal ethical 
committee. All the samples were liquefied, loaded on a 
Sperm Grad gradient (Sperm Grad 80% and 40%) and 
centrifuged at 690g for 30min. The lower layer containing *Corresponding author: e-mail: 279549786@qq.com 
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the spermatozoa was collected and washed in G-IVF 
twice. Then they were incubated in G-IVF (Vitrolife) plus 
HAS-Solution (10%) at 37oC, 5% CO2 atmosphere. 
 
Determination of sperm motility and viability 
All samples of spermatozoa suspension in 200 ml of G-
IVF (Vitrolife) plus HAS-Solution (10%) contained 
20×106 cells and were incubated at 37oC and 5% CO2 
atmosphere. Spermatozoa motility parameters were 
evaluated by CASA (Hamilton Thorne IVOS II, Hamilton 
Thorne Ltd., Beverly, MA, USA) after 1h, 6h, 12h of 
incubation. Then the kinetic parameters of spermatozoa 
percentage were assessed. And human sperm were treated 
with different concentrations of quercetin for 1h, 6h, 12h, 
37oC, 5% CO2 incubator. Eosin-nigrosin staining was 
used to examine the sperm viability. The staining solution 
containing 0.67% Eosin-Y and 10% nigrosin was 
dissolved in 0.9% sodium chloride. If the sperm head 
stained red, it was defined as dead, while viable sperm 
were not stained. For each sample, a minimum of 200 
spermatozoa were examined at least and categorized. 
 
Evaluation of capacitation and the acrosome reaction 
Pisumsativum agglutinin labeled by fluorescein 
isothiocyanate (FITC-PSA; Sigma) is used widely to 
assess acrosome reaction (Venkatesh et al., 2011). 
Chlortetracycline (CTC) staining was used to evaluate the 
capacitation as previously described(Perry et al., 1995). A 
fluorescence microscope (Nikon, Japan) was used to view 
the spermatozoa smears at 450–490nm excitation. 200 
spermatozoa were examined and categorized at least for 
each sample.  
 
Measurement of sperm [Ca2+]i 
The fluorescent Ca2+ indicator, Fluo-4 AM, was used to 
measure the change of human sperm [Ca2+]i in 96-well 
plates with the Tecan Infinite 200 PRO (TECAN, 
Switzerland) as previously described (He et al., 2016). 
Briefly, human sperm were loaded with 5mM Fluo-4 AM 
and 0.05% Pluronic F-127 for 30 min at 37oC in the dark. 
After incubation, excess dye was removed by centrifuged 
at 300g for 5 min and the pellet was resuspended with G-
IVF. Each well was filled with 50mL of the sperm 
suspension, and the fluorescence was excited at 503nm 
and the emission was recorded at 525nm. The 
fluorescence intensity was recorded before and after 
manual injection of 50 ml (1:1 dilution) G-IVF containing 
different concentrations of quercetin. The sperm [Ca2+]i 
was calculated by the formula, ∆F/F0 (F0, the mean 
fluorescent intensity before adding the chemicals; F, the 
fluorescent intensity recorded at every time point; ∆F =F-
F0). 
 
Western blotting 
The human sperms were treated with different 
concentrations of quercetin at 37oC in a 5% CO2 incubator 
for 3 h. According to previously published methods, the 
sperm proteins were isolated (He et al., 2016). 50µg of 

protein was fractionated by SDS-PAGE and transferred to 
polyvinylidenedifluoride (PVDF) membranes. The PVDF 
membranes were blocked in 5% milk–Tris-buffered 
saline-Tween 20 (TBST) buffer for 1 h and incubated with 
the anti-phosphotyrosine monoclonal antibody 4G10 
(Merck Millipore, Germany) and anti-actin (Sigma, USA) 
at a 1:1000 dilution overnight. After that, the PVDF 
membranes washed with TBST and incubation with HRP-
conjugated goat anti-mouse IgG (Thermo Scientific, 
USA). Then, membranes were exposed by the ECL 
detection kit (Thermo Scientific, USA). 
 
STATISTICAL ANALYSIS 
 
Data are expressed as mean ±SEM. Differences between 
the controls and the treated samples were assessed with 
One-way ANOVA analysis. Statistically significant 
differences were determined at P<0.05 by the statistical 
software SPSS 11.0 (SPSS Inc., Chicago, IL, USA). 
 
RESULTS 
 
To evaluate the effect of quercetin on sperm motility, we 
incubated the sperm with different concentrations of 
quercetin in G-IVF plus HAS-Solution (10%), for 1h, 6h 
and 12h. The computer-assisted sperm analysis system 
(CASA) was used to test the sperm motility. The results 
revealed that the total sperm motility were significantly 
inhibited compared to the controls following exposure to 
100, 200 and 400µM quercetin for 6 and 12 h; the 1h 
exposure did not affect human sperm mobility (fig. 1A). 
In this study, eosin-nigrosin staining was used to examine 
the sperm viability after incubation. The result showed 
that exposure to quercetin did not affect human sperm 
viability (fig. 1B), indicating quercetin has no in vitro 
spermicidal effect. These results suggest that human 
sperm motility inhibited by quercetin was not a result of 
decreased sperm viability. 
 
It is well known that capacitation and the acrosome 
reaction (AR) of sperm are very important for fertilization 
under natural conditions. They are essential for sperm to 
penetrate the oocyte. Thus, we evaluate the effects of 
quercetin on capacitation and AR in human sperm. The 
results showed that human sperm the spontaneous 
acrosome reaction and capacitation were not affected by 
the concentrations of quercetin used in this study (fig. 2A 
and C). On the contrary, the acrosome reaction and 
capacitation induced by progesterone, a very important 
physiological process for fertilization, were dose-
dependently inhibited by 100µM quercetin (fig. 2B and 
D). These results indicated that quercetin above 100 µM 
may disturb the progesterone regulated signal pathways in 
sperm fertility. 
 
Our results showed that quercetin inhibited human sperm 
motility and progesterone induced acrosome reaction and 
capacitation.   It    was    known    that   intracellular   Ca2+  
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Fig. 1: The effect of quercetin on sperm motility and viability in vitro. (A) Human sperm were incubated G-IVF 
(Vitrolife) plus HAS-Solution (10%) with different doses of quercetin at 37oC and 5% CO2 incubator for 1, 6 and 12 h, 
respectively. The total motility was analyzed by Computer-Assisted Sperm Analysis (CASA). (B) The incubated 
sperms were examined by eosin-nigrosin stain. A minimum of 200 sperms were counted for each assay. Bar: mean 
±SEM. *p<0.05, **p<0.001 and ***p<0.0001, t-test, n=10. 

 
Fig. 2: The effect of different concentrations of quercetin on acrosome reaction and capacitation of human sperm in 
vitro. To assess the effect of quercetin on sperm acrosome reaction (A and B), human sperm were treated with 
quercetin (0-400µM) at 37oC, 5% CO2 incubator for 3h (A). For examining the effect of quercetinon progesterone (P4)-
induced acrosome reaction, vehicle (0.1% DMSO, a negative control) and 10mM P4 plus 0-400µMquercetinwere 
added and incubated for 3h (B). A total of 200 sperm were counted in each assay to evaluate PSA-FITC staining. To 
assess the effect of quercetin on sperm capacitation (C and D), human sperm were treated as described above. A total 
of 200 sperm were counted in each assay by CTC stain. Bar: mean ±SEM. *P<0.05, **P<0.01 and ***P<0.001, One-
way ANOVA analysis, n=10. 
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concentration ([Ca2+]i)-dependent processes played an 
important role in these functions of human sperm. Thus, 
We examined the effects of quercetin on the [Ca2+]i in 
human sperm. The results indicated that quercetin induced 
a significantly decrease of human sperm [Ca2+]i after 2 
min above 50µM (fig. 3A and B). Meanwhile, the sperm 
[Ca2+]i were not affected by the 25 µM quercetin (fig. 3). 
These results imply that quercetin inhibits the sperm 
functions may be due to decreasing the sperm [Ca2+]i in 
vitro. In human sperm, it is also regarded protein tyrosine-
phosphorylation as an essential process for sperm 
functions (motility, the acrosome reaction and 
capacitation). So we examined the tyrosine-tyrosine 
phosphorylation of the human sperms exposed to different 

concentrations of quercetin G-IVF plus HAS-Solution 
(10%) at 37oC in a 5% CO2 incubatorfor 3h. The results 
showed that quercetin (100-400µM) dose-dependently 
decreased the protein-tyrosine phosphorylation of human 
sperm. These results indicated that the inhibited effects of 
quercetinon AR and capacitation may relate the 
inactivating tyrosine kinase in human sperm. 
 
DISCUSSION 
 
Quercetin is the major bioflavonoid in the human diet and 
in many dietary supplements. A lot of studies were 
focused on the benefit for health of quercetin (Jain et al., 
2016), but few studies were involved in reproductive 

 
Fig. 3: The effect of different concentrations of quercetin on human sperm [Ca2+]i and tyrosine phosphorylation. The 
human sperm [Ca2+]i was monitored by 5 mMFluo4-AM described in Materials and Methods. A time-course curve 
showed the real-time changes of sperm [Ca2+]i (A). Arrows indicated the time of quercetin (0-400µM) added into 
sperm samples. The inhibition effects of quercetin on human sperm [Ca2+]i was calculated as the amplitude ∆F/F0 from 
time-course curve by statistical analysis (B). Bar: mean ±SEM. *P<0.05, **P<0.01 and ***P<0.001, One-way 
ANOVA analysis, n=10. (C) Sperm proteins isolated from the human sperm capacitated G-IVF plus HAS-Solution 
(10%) containing different concentrations of quercetin (0-400µM) or incubated inG-IVF (Uncap) without HAS-
Solution (10%), respectively. The tyrosine phosphorylation was measured by western blot using anti-phosphotyrosine 
monoclonal antibody 4G10 (Merck Millipore, Germany) and the preimmune IgG (negative control, N). 
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toxicity of quercetin. In this study, we first evaluated the 
in vitro toxic effects of quercetin on human sperm 
functions including viability, motility, acrosome reaction 
and capacitation. 
 
The anti-oxidant, cardioprotective properties, anti-
carcinogenic, and anti-inflammatory are several key 
biological functions ascribed to quercetin (Ajibade et al., 
2016; Shanely et al., 2010). Because the beneficial effects 
of quercetin are well known by people, there are more and 
more interests in the addition of this flavonol to various 
traditional food products (Harwood et al., 2007). But 
quercetin exposure caused DNA single strand breaks, 
chromosomal aberrations and micronucleus formation 
was found in many kind cells in vitro (Cantero et al., 
2006; Leal et al., 2003; Rahman et al., 1989). It has been 
proved that it have mutagenicity/genotoxicity in vitro, but 
has not been confirmed by in vivo experiments (Aguirre 
et al., 2011; Utesch et al., 2008). In our study, 200µM 
quercetin suppressed the motility of sperm in vitro in 6h 
incubation (fig. 1). The progesterone-induced acrosome 
reaction and capacitation of human sperm in vitro were 
also inhibited by 100µM quercetin (fig. 2). These results 
indicated that quercetin inhibits some of human sperm 
functions. Rats could reach a serum concentration of 133 
mM quercetin, mainly in sulfated and glucuronidated 
forms, after eating a diet supplemented with 0.2-percent 
quercetin for three weeks (Davis et al., 2000). The diet by 
consumers with a high fruit and vegetable intake (i.e., 
200-500mg/day) did not induce toxicologically significant 
adverse effects, proved by long-term, dose level, animal 
studies (Harwood et al., 2007).Thus, although regular 
daily quercetin intake may not induce reproductive 
toxicity, utilizing high doses of quercetin in clinical 
applications would be paid more attention. The 
reproductive toxicity of quercetin should be further 
studied in future. 
 
The intracellular Ca2+concentration plays essential roles 
in the modulation of sperm functions, such as motility, 
acrosome reaction and capacitation (Jaldety and Breitbart, 
2015; Luo et al., 2015a; Luo et al., 2015b; Publicover et 
al., 2008). Additionally, the reduction of protein-tyrosine 
phosphorylation is absolutely required for the decrement 
of sperm motility, capacitation and acrosome reaction 
(Alvau et al., 2016; Stival et al., 2016). A lot of studies 
proved that tyrosine phosphorylation is a highly Ca2+-
dependent process (Chung et al., 2014; Tamburrino et al., 
2014). Our results are consistent with the idea that 
quercetin decreases sperm [Ca2+]I (fig. 3), suppresses 
tyrosine phosphorylation (fig.3) and subsequently inhibits 
sperm functions. 
 
In conclusion, quercetin may inhibit human sperm 
motility, acrosome reaction and capacitation via 
decreasing sperm [Ca2+]i and suppressing tyrosine 
phosphorylation. It would be paid more attention in 
utilizing high doses of quercetin in clinical applications. 

 
ACKNOWLEDGEMENTS 
 
We thank all the scientists in the Andrology Laboratory 
for collecting spermatozoa samples and all the individuals 
who volunteered to participate in this study. This study 
was supported by the National Natural Science 
Foundation of China Nos. 81601351 and the Science 
Foundation of the Gansu Province, China Nos. 
1606RJZA133. 
 
REFERENCES 
 
Agarwal A, Mulgund A, Hamada A and Chyatte MR 

(2015). A unique view on male infertility around the 
globe. Reproductive Biology and Endocrinology, 13: 
37. 

Aguirre L, Arias N, Macarulla MT, Gracia A and Portillo 
MP (2011). Beneficial effects of quercetin on obesity 
and diabetes. Open Nutraceuticals J., 4: 189-198. 

Ajibade TO, Oyagbemi AA, Omobowale TO, Asenuga, 
ER and Adigun KO (2016). Quercetin and Vitamin C 
Mitigate Cobalt Chloride-Induced Hypertension 
through Reduction in Oxidative Stress and Nuclear 
Factor Kappa Beta (NF-Kb) Expression in 
Experimental Rat Model. Biological Trace Element 
Research, pp.1-13. 

Ali FT, Hassan NS and Abdrabou RR (2016). 
Hepatoprotective and antiproliferative activity of 
moringinine, chlorogenic acid and quercetin. 
International Journal of Research in Medical Sciences, 
4: 1147-1153. 

Alvau A, Battistone MA, Gervasi MG, Navarrete FA, Xu 
X, Sánchez-Cárdenas C, De la Vega-Beltran JL, Da 
Ros VG, Greer P and Darszon A (2016). The tyrosine 
kinase FER is responsible for the capacitation-
associated increase in tyrosine phosphorylation in 
murine sperm. Development dev., 136499. 

Cantero G, Campanella C, Mateos S and Cortés F (2006). 
Topoisomerase II inhibition and high yield of 
endoreduplication induced by the flavonoids luteolin 
and quercetin. Mutagenesis, 21: 321-325. 

Chung JJ, Shim SH, Everley RA, Gygi, SP, Zhuang X, 
and Clapham DE (2014). Structurally distinct Ca2+ 

signaling domains of sperm flagella orchestrate 
tyrosine phosphorylation and motility. Cell, 157: 808-
822. 

Cui X, Luo Y, Li, C, Li Y and Wang Z (2015). Changes of 
intracellular Ca2+ in quercetin-induced autophagy 
progression. Acta biochimica et biophysica Sinica 47, 
908-914. 

Davis, W., Lamson, M., Matthew, S., and Brignall, N. 
(2000). Antioxidants and cancer III: Quercetin. Altern. 
Med. Rev., 5, 196-208. 

Eid HM, Nachar A, Thong F, Sweeney G and Haddad PS 
(2015). The molecular basis of the antidiabetic action 
of quercetin in cultured skeletal muscle cells and 



Quercetin inhibits human sperm functions by reducing sperm [Ca2+]i and tyrosine phosphorylation 

Pak. J. Pharm. Sci., Vol.29, No.6(Suppl), November 2016, pp.2391-2396 2396

hepatocytes. Pharmacognosy magazine, 11: 74. 
Endale M, Park SC, Kim S, Kim SH, Yang Y, Cho JY, and 

Rhee MH (2013). Quercetin disrupts tyrosine-
phosphorylated phosphatidylinositol 3-kinase and 
myeloid differentiation factor-88 association and 
inhibits MAPK/AP-1 and IKK/NF-κB-induced 
inflammatory mediators production in RAW 264.7 
cells. Immunobiology, 218: 1452-1467. 

Harwood M, Danielewska-Nikiel B, Borzelleca J, Flamm, 
G, Williams G and Lines T (2007). A critical review of 
the data related to the safety of quercetin and lack of 
evidence of in vivo toxicity, including lack of 
genotoxic/carcinogenic properties. Food and Chemical 
Toxicology, 45: 2179-2205. 

He Y, Zou Q, Li B, Chen H, Du X, Weng S, Luo T and 
Zeng X (2016). Ketamine inhibits human sperm 
function by Ca2+-related mechanism. Biochemical and 
biophysical research communications. 478:501–506. 

Ickowicz D, Finkelstein M and Breitbart H (2012). 
Mechanism of sperm capacitation and the acrosome 
reaction: Role of protein kinases. Asian J. Androl., 14: 
816-821. 

Jain J, Chaurasiya N, Nanayakkara N, McChesney J, 
Walker L and Tekwani B (2016). Quercetin potentiates 
toxicity of hemolytic drugs in G6PD deficient human 
erythrocytes. Planta Medica, 82: PB17. 

Jaldety Y and Breitbart H (2015). ERK1/2 mediates sperm 
acrosome reaction through elevation of intracellular 
calcium concentration. Zygote, 23: 652-661. 

Karuppagounder V, Arumugam S, Thandavarayan RA, 
Sreedhar R, Giridharan VV and Watanabe K (2016). 
Molecular targets of quercetin with anti-inflammatory 
properties in atopic dermatitis. Drug Discovery Today, 
21: 632-639. 

Leal A, Ferraz O, Carvalho C, Freitas A, Beniston R, 
Beçak W, Campo M and Stocco dos Santos R (2003). 
Quercetin induces structural chromosomal aberrations 
and uncommon rearrangements in bovine cells 
transformed by the E7 protein of bovine papillomavirus 
type 4. Veterinary and comparative oncology, 1: 15-21. 

Luo T, Li N, He YQ, Weng SQ, Wang T, Zou QX and 
Zeng Xh (2015a). Emodin inhibits human sperm 
functions by reducing sperm [Ca2+]i and tyrosine 
phosphorylation. Reproductive Toxicology, 51: 14-21. 

Luo T, Zou Qx, He YQ, Wang HF, Li N and Zeng Xh 
(2015b). Matrine Inhibits Mouse Sperm Function by 
Reducing Sperm [Ca2+]i and Phospho-ERK1/2. 
Cellular Physiology and Biochemistry, 35: 374-385. 

Nabavi SF, Russo GL, Daglia M and Nabavi SM (2015). 
Role of quercetin as an alternative for obesity 

treatment: You are what you eat! Food Chemistry, 179: 
305-310. 

Nabavi SM, Nabavi SF, Eslami S and Moghaddam AH 
(2012). In vivo protective effects of quercetin against 
sodium fluoride-induced oxidative stress in the hepatic 
tissue. Food Chemistry, 132: 931-935. 

Perry RL, Naeeni M, Barrati CL, Warren MA and Cooke 
ID (1995). A time course study of capacitation and the 
acrosome reaction in human spermatozoa using a 
revised chlortetracycline pattern classification. Fertility 
and sterility, 64: 150-159. 

Publicover SJ, Giojalas LC, Teves ME, De Oliveira G, 
Garcia A, Barratt C and Harper CV (2008). Ca2+ 
signalling in the control of motility and guidance in 
mammalian sperm. Front Biosci., 13: 5623-5637. 

Rahman A, Hadi S, Parish J and Ainley K (1989). Strand 
scission in DNA induced by quercetin and Cu (II): Role 
of Cu (I) and oxygen free radicals. Carcinogenesis 10: 
1833-1839. 

Shanely RA, Knab AM, Nieman DC, Jin F, McAnulty SR 
and Landram MJ (2010). Quercetin supplementation 
does not alter antioxidant status in humans. Free 
Radical Research, 44: 224-231. 

Stival C, Molina LDCP, Paudel B, Buffone MG, Visconti, 
PE and Krapf D (2016). Sperm Capacitation and 
Acrosome Reaction in Mammalian Sperm. In Sperm 
Acrosome Biogenesis and Function During 
Fertilization (Springer), pp.93-106. 

Tamburrino L, Marchiani S, Minetti F, Forti G, Muratori 
M and Baldi E (2014). The CatSper calcium channel in 
human sperm: relation with motility and involvement 
in progesterone-induced acrosome reaction. Human 
Reproduction, 29: 418-428. 

Utesch D, Feige K, Dasenbrock J, Broschard T, Harwood 
M, Danielewska-Nikiel B and Lines T (2008). 
Evaluation of the potential in vivo genotoxicity of 
quercetin. Mutation Research/Genetic Toxicology and 
Environmental Mutagenesis, 654: 38-44. 

Venkatesh S, Singh A, Shamsi MB, Thilagavathi J, Kumar 
R, Mitra DK and Dada R (2011). Clinical significance 
of sperm DNA damage threshold value in the 
assessment of male infertility. Reproductive Sciences, 
18: 1005-1013. 

Yang L, Chen Q, Wang F and Zhang G (2011). 
Antiosteoporotic compounds from seeds of Cuscuta 
chinensis. Journal of Ethnopharmacology, 135: 553-
560. 

 
 

 


