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RESUMEN

La mayor parte de las condiciones que conducen a la disminución 
de la fertilidad en los machos están asociadas con estrés oxidativo, 
donde los niveles supra-fisiológicos de especies reactivas del 
oxígeno ejercen efectos perjudiciales sobre la espermatogénesis y 
la función de los espermatozoides. El objetivo del presente trabajo 
fue evaluar el efecto de la suplementación oral con vitaminas 
C y E sobre el estado antioxidante y parámetros seminales en 
carneros. Dieciséis carneros  se suplementaron diariamente con 
600 mg de vitamina C y 450 UI de vitamina E, durante 30 días (d). 
Otros dieciséis carneros no se suplementaron, actuando como 
controles. Se obtuvieron muestras de sangre y se analizaron 
para medir las concentraciones de vitaminas C y E. Se extrajeron 
eyaculados que fueron analizados para volumen, concentración 
de espermatozoides, motilidad total y progresiva, y viabilidad 
espermática. En el plasma seminal se evaluó la actividad de la 
superóxido dismutasa (SOD) y de la glutatión peroxidasa (GPx), 
y la capacidad antioxidante total (TAC). Las concentraciones 
plasmáticas de vitamina C y E fueron significativamente 
mayores en los carneros  suplementados. SOD, GPx y la TAC 
también fueron mayores en plasma seminal de los carneros 
suplementados con vitaminas. El volumen del eyaculado no 
mostró diferencias entre suplementados y no suplementados, 
mientras que la concentración espermática, la motilidad total y 
progresiva, y la viabilidad espermática fueron significativamente 
mayores en los carneros suplementados. Se concluye que la 
suplementación oral diaria de vitaminas C y E durante un periodo 
de 30 d, permite mejorar, tanto los parámetros antioxidantes en 
el fluido seminal, como la calidad del semen de carneros. Esto 
constituye una técnica simple y de bajo costo para aumentar 
la eficiencia del carnero durante la temporada reproductiva, 
especialmente cuando se utiliza inseminación artificial, pudiendo 
además ser beneficioso para mejorar la calidad del semen 
refrigerado o congelado/descongelado.

Palabras clave: Semen de carnero; fertilidad; antioxidantes; 
vitaminas

ABSTRACT

In males, most of the conditions leading to decreased fertility 
are associated with oxidative stress, where supra-physiological 
levels of reactive oxygen species exert detrimental effects on 
spermatogenesis and sperm function. The goal of the present 
work was to evaluate the effect of oral supplementation with 
vitamin C and E on antioxidant status and semen parameters 
in rams. Sixteen rams were daily supplemented with 600 mg of 
vitamin C and 450 IU of vitamin E, during 30 days (d). Other sixteen 
rams were not supplemented, acting as controls. Blood samples 
were obtained and analyzed for vitamin C and E concentrations. 
Ejaculates were recovered and analyzed for volume, sperm 
concentration, overall and progressive motility, and sperm 
viability. In addition, superoxide dismutase (SOD) and glutathione 
peroxidase (GPx) activities, and total antioxidant capacity (TAC) 
were evaluated in the seminal plasma. Plasma concentrations of 
vitamin C and E were significantly higher in the supplemented 
rams. Seminal plasma SOD, GPx and TAC were also higher 
in vitamin supplemented rams. Ejaculate volume showed no 
difference between supplemented and non-supplemented rams, 
while sperm concentration, overall and progressive motility, and 
sperm viability were significantly higher in the supplemented 
rams. It is concluded that daily oral supplementation of vitamins C 
and E during a period of 30 d, allows to improve both antioxidant 
parameters in seminal fluid and semen quality. This constitutes a 
simple and cheaper technique for increase ram efficiency during 
breeding season, especially when artificial insemination is used, 
and may be beneficial to improving the quality of refrigerated or 
frozen/thawed semen.
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INTRODUCTION

In most of the male infertility/sub-fertility cases, oxidative 
stress, an imbalanced redox equilibrium where production of 
reactive oxygen species (ROS) exceeds the antioxidant defenses, 
has been identified as one of the main mediators causing sperm 
dysfunction [2, 5]. The ROS, under physiological conditions, play 
important roles in different processes necessaries for sperm 
maturation and function, such as capacitation, hyperactivation, 
acrosome reaction and sperm-oocyte fusion, allowing proper 
fertilization process [19, 21, 40]. However, excessive ROS 
amounts may lead to pathological conditions, exerting detrimental 
effects on spermatogenesis and/or sperm function [19]. 
Specifically, negative effects on sperm concentration [3], motility 
[7] and morphology [3, 9] as well as increases in sperm DNA 
damage [18] and apoptosis [1] has been reported.

Seminal fluid has endogenous antioxidants in order to protect 
sperm cells from ROS excesses. This antioxidant system is 
composed by enzymatic antioxidants as superoxide dismutase 
(SOD), glutathione peroxidase/glutathione reductase (GPx) and 
catalase (CAT), and non-enzymatic antioxidants as ascorbate, 
tocopherol, urate, pyruvate, glutathione, taurine and hypotaurine. 
Total Antioxidant Capacity (TAC) is the sum of enzymatic and 
non-enzymatic antioxidants and it is noteworthy that low TAC 
in seminal plasma has a key role in infertility/sub-fertility [12]. 
Moreover, SOD is recognized as responsible to maintain a 
balance between ROS generation and degradation [17].

Vitamins C (ascorbic acid or ascorbate) and E (alpha-
tocopherol) are largely known to be required for male reproductive 
function and spermatogenesis. Vitamin C, in addition to be 
required as enzymatic cofactor, also acts as an important 
antioxidant agent by scavenging free radicals (e.g. O2

-, OH-) [23]. 
Vitamin E is the primary lipid-soluble molecule antioxidant in 
biological systems [37, 54], acting by inhibiting lipid peroxidation 
reaction in the membranes [53]. In addition, it has been described 
that deficiencies of vitamin E causes degeneration of the germinal 
epithelium [33]. Besides their individual antioxidant properties, 
ascorbate recycles alpha-tocopherol by repairing its tocopheryl 
radical, thereby permitting it to function again as a ROS scavenger 
[13]. 

The addition of antioxidants to diluents or cyroprotectans 
media is a well-known method to improve viability and motility 
of both fresh-stored and cryopreserved ram sperm cells [8, 12, 
35]. In vitro treatment of sperms with ascorbic acid and alpha-
tocopherol has showed to reduce detrimental effects of ROS in 
human sperm [27]. 

In vivo supplementation with these vitamins is also useful for 
increasing reproductive traits. Yue et al. [60] showed that rams 
(Ovis aries) fed with a diet supplemented with vitamin E in a final 
dose of 200 IU per ram for 12 months, improve semen traits and 
endogenous antioxidant capacity of testicular tissue. On the other 
hand, early reports indicated that adult ruminants were incapable 

of using orally administered ascorbic acid to increase serum 
concentrations due to ruminal degradation [31]. However, more 
recent studies showed that multiple oral administration of finely 
powdered vitamin C increased plasma ascorbic acid concentration 
in sheep (Ovis aries) [24, 42] and cattle (Bos taurus) [25]. Thus, 
vitamin C supplementation in rams, through a diet containing 300 
mg kg-1 of this vitamin, showed beneficial effects on semen quality 
after 4-6 weeks of treatment [28]. 

Although there are few studies analyzing the effect of individual 
vitamin C or vitamin E on ram semen traits, there are no reports 
on the effect of oral supplementation of both vitamin C and E on 
ram semen parameters. In previous studies in sheep, combined 
treatments showed to prevent oxidative stress [42] and to improve 
reproductive parameters [41]. Data in men indicate that increased 
basal levels of endogenous antioxidant enzymes, mainly SOD, 
in seminal plasma [57] and other tissues [30] were positively 
associated with sperm concentration and overall motility. Hence, 
the aim of the present study was to evaluate the effect of oral 
vitamin C and E supplementation on antioxidant status and 
semen and sperm parameters in rams.

MATERIALS AND METHODS

Study design and animals

This is an experimental study designed to test the effect of 
oral supplementation with antioxidant vitamins on ram semen 
antioxidant status and quality. For this, thirty two one year-old 
crossbreed rams were randomized into two groups, a group with 
supplementation of vitamins C and E and other non-supplemented 
that constituted the control group.

Ethics statement

This study was performed in agreement with the International 
Guiding Principles for Biomedical Research Involving Animals [15], 
and the study was approved by the Bioethics Review Committee 
of the Faculty of Veterinary and Animal Sciences, University of 
Chile, as well as by the Bioethics Advisory Committee of the 
Chilean National Commission for Scientific and Technological 
Research (CONICYT, Chile).

Animal management and sampling

Experiments were done during the middle of reproductive 
season, at the Faculty of Veterinary Sciences, University of Chile, 
Santiago, Chile (33º 34´31” S 70º 37´ 52” W).  Rams (48.4 ± 3.8 
kg body weight; 2.8 ± 0.3 body condition, 1-5 scale) were fed 
with alfalfa (Medicago sativa) hay and balanced feed to satisfy 
requirements [38]; tap water was supplied ad libitum. The treated 
group was composed of 16 rams that were daily supplemented 
with 600 mg of vitamin C (ascorbic acid) and 450 IU of vitamin 
E (alpha-tocopherol), during 30 days, supplied directly into the 
mouth. The remaining 16 rams were the not supplemented 
control group.
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Vitamins C and E assessment in blood

For evaluating the effectiveness of the treatment for increasing 
plasma vitamins concentrations, blood samples (10 mL) were 
taken at d 30 from the left jugular vein, using heparinized syringes. 
Blood was centrifuged (Hettich, Mikro 200R, Andreas Hettich 
GmbH & Co.KG, Germany) at 1200 g x 5 min; the obtained plasma 
was aliquoted and stored at -80°C (Ilshin, DF8514, Ilshin Lab Co. 
Ltd, Korea) until assayed for vitamins C and E measurement by 
high-performance liquid chromatography as previously described 
[42]. Briefly, vitamin C was measured in plasma samples diluted 
ten-fold in ultra-pure water, by means amperometric detection, 
using a glassy carbon electrode operated at 800 mV and an 
Ag/AgCl reference electrode. Vitamin E was measured in 
ethanol/dichloromethane extracted plasma samples by means 
spectrofluorimetric detection at 290- and 330-nm wavelengths for 
excitation and emission, respectively.

Evaluation of semen characteristics 

Ejaculates were obtained 30 d after vitamins supplementation 
starts, using an electro-ejaculator standardized for small ruminants 
(Minitube e320, Tiefenbach, Germany). This technique was 
preferred because of the large number of experimental animals, 
and the temporal and spatial limitations to train rams for the 
use of the artificial vagina. Furthermore, although some authors 
indicate that electroejaculation could decrease the volume of 
ejaculate and sperm concentration [14, 47, 48], others indicate 
that these changes are of lesser relevance when considering 
the ease and speed of obtaining semen without the need for 
prior training of rams, and can be used for breeding soundness 
examination [32, 34] and for semen conservation techniques 
[29]. Before starting the electroejaculation procedure, rams were 
sedated using xylazine (0.2 mg kg-1 body weight, Xylazine 2%®, 
Centrovet, Santiago, Chile), then the rectum was emptied and 
the periprepuceal area was washed with saline solution and 
carefully dried with paper towel. The probe (diameter: 2.5 cm, 
length: 16 cm) was lubricated with contact gel, introduced into the 
rectum with the three ventrally oriented longitudinal electrodes 
and electric ramps were applied. The electric ramps consisted of 
consecutive increases of 0.5 V, starting from 0 up to a maximum 
of 8 V. Each voltage was applied for 3 seconds followed by a rest 
period of 3 seconds. All animals ejaculate between 4 and 8 V. The 
ejaculates were received in clean graduated glass cups, isolated 
and protected from sunlight.

Immediately after obtaining the ejaculates, these were 
evaluated for volume, sperm concentration and overall and 
progressive motility in a CASA system (ISAS-V®, Proiser, 
Valencia, Spain). For this, semen samples were diluted in 
Tris/citric acid/fructose medium to obtain a final concentration 
of about 50 x 106 sperms/mL [20]. Sperm viability was also 
assessed by CASA, using the Duovital® florescent kit (Proiser, 
Valencia, Spain). Measurement were done in 4 µL sperm 
suspension loaded in a 20 µM depth cell counting chamber 
(Spermtrack®, Proiser, Valencia, Spain) maintained at 37.5ºC in 
a thermal plate, as recommended by the manufacturer.

Afterwards, semen samples were centrifuged at 1500 g x 10 
min at 4ºC and seminal plasma was stored at -80°C until assayed 
for superoxide dismutase (SOD) and glutathione peroxidase 
(GPx) activities and total antioxidant capacity (TAC). SOD was 
measured in 10 µL seminal plasma diluted 1:5 in sample buffer 
(50 mM Tris-HCl, pH 8.0), using the Superoxide Dismutase Assay 
Kit® (Cayman Chemical Company, Ann Arbor, USA), following 
the supplier instructions. GPx was measured in 20 µL seminal 
plasma, using the Glutathione Peroxidase Assay Kit® (Cayman 
Chemical Company, Ann Arbor, USA), following the directions of 
the supplier. Meanwhile, TAC was measured in 10 µL seminal 
plasma diluted 1:26 in assay buffer (5 mM potassium phosphate, 
pH 7.4, containing 0.9% sodium chloride and 0.1% glucose), 
using the Antioxidant Assay Kit ® (ELISA commercial kit, Cayman 
Chemical Company, Ann Arbor, USA), following the supplier 
instructions. In each assay, the absorbance was measured in a 
microplate reader (DNM-9602, Perlong Medical Equipment Co. 
Ltd., Nanjing, China).

Statistical analysis

Data obtained from vitamin supplemented and control groups 
were compared by means of a Mann-Whitney U-test [43], using the 
StatGraphics Centurion XV software, Version 2.15.06 (StatPoint 
Technologies, Inc., Warrenton, VA, USA). Data are presented as 
mean ± SEM and differences were considered significant when 
P≤ 0.05.

RESULTS AND DISCUSSION

Overall results in the current study show that oral 
supplementation with vitamins C and E for 30 d allow to increase 
the seminal plasma antioxidant status, sperm concentration in the 
ejaculates and the most important sperm characteristics related 
to fertility. 

Effects of the treatment on plasma vitamin concentrations

After 30 d, the supplementation results in significant increases 
of plasma concentration of vitamin C (9.9 ± 1.1 µg mL-1 in the 
treated group and 5.4 ± 0.9 µg mL-1  in control rams, P=0.05; FIG. 
1) and vitamin E (3.6 ± 0.8 µg mL-1  vs 1.1 ± 0.2 µg mL-1 in treated 
and control groups, respectively, P=0.01; FIG. 1). Previous 
studies have addressed the need for high doses of vitamin for 
increasing plasma concentrations of vitamin C in sheep [24]; 
however, the present study indicates that rams supplemented 
with 600 mg/d increased to almost twice vitamin C plasma 
concentration. This result is in agreement with a more recent 
study in sheep daily supplemented with equivalent dose/kg body 
weight [42]. Treated rams also increased vitamin E plasma levels, 
indicating that gastrointestinal uptake after oral administration 
was followed by plasma accumulation. This is also consistent with 
our previous studies [42] and those of others who have reported 
similar plasma levels of vitamin E after comparable periods of oral 
supplementation in sheep and rams [36, 39, 46]. Overall this data 
indicate that increased plasma levels of vitamin C and E may be 
obtained after several d of oral supplementation.
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Effects of the treatment on antioxidant status of 
seminal plasma 

Seminal plasma antioxidant biomarkers are shown in FIG. 2. 
Supplemented rams showed a significant increase in SOD (25.4 
± 1.6 vs 20.5 ± 1.2 U mL-1  in the control group, P=0.02; top panel) 
and in GPx activities (275.3 ± 15.8 vs 225.2 ± 31.6 nmol min-1 
mL-1, for supplemented and control groups, respectively, P= 0.03; 
middle panel). TAC was also increased in seminal plasma by 
effect of vitamins supplementation (3.0 ± 0.5 vs 2.3 ± 0.3 mM uric 
acid equivalents in treated and control rams, respectively, P=0.05; 
bottom panel). These results show a concomitant significant 
increase in SOD, GPx and TAC levels in seminal plasma, 
indicating that antioxidant status was improved as a consequence 
of higher vitamin C and E concentrations in blood plasma. As 
indicated above, there is no previous information on simultaneous 
supplementation of vitamins C and E in rams. However, reports 
on the effect of oral supplementation with vitamin E show an 
improvement of antioxidant capacity in testis, involving at least 
an increase of SOD and GPx [26, 60]. Data obtained in men 
supplemented with  vitamin C and E at least three times a week, 
show high SOD activity in seminal plasma, in addition of higher 
sperm concentration and motility [57]. The finding in ram semen 
reported here is extremely important because SOD is considered 
to be the most important antioxidant in seminal fluid [57] and 
represents the main part of the enzymatic ROS scavengers in 
seminal plasma [1, 51, 52]. Previous studies have reported 
that seminal plasma represents the main antioxidant source for 
protection against ROS due to reduced endogenous antioxidant 
activity in the sperm [10, 16]. Spermatozoa are susceptible 
to oxidation of their plasma membranes due to the presence 
of polyunsaturated fatty acids [4]. The toxic lipid peroxides are 
known to cause membrane damage and reduce motility [45]. The 
reported beneficial effect of antioxidant in vitro supplementation 
to sperm motility [44] may be the consequence of the negative 
effect of ROS with sperm motility [50]. In addition to membrane 
impairment, ROS damage to sperm may be associated to effect on 
DNA including modifications of bases, generation of a basic site, 

DNA cross linkage and DNA-protein cross-links [6], which may 
allow to sperm death. Thus,  findings in the present work of higher 
sperm concentration, motility and viability in ejaculates collected 
from rams supplemented with vitamins, might be supported by the 
inhibition of pathological ROS-depending mechanisms described 
before, due to increased seminal plasma antioxidant status.
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FIGURE 2. EFFECT OF ORAL SUPPLEMENTATION 
WITH VITAMINS C AND E ON ANTIOXIDANT STATUS OF 
RAM SEMINAL PLASMA. TOP PANEL: SUPEROXYDE 
DISMUTHASE (SOD) ACTIVITY. MIDDLE PANEL: 
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STATISTICAL COMPARISON WAS DONE BETWEEN 
VITAMINS TREATED AND CONTROL RAMS (MANN-
WHITNEY TEST). 
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Effects of the treatment on ejaculates and sperms 
characteristics

No effects of the supplementation were observed on ejaculate 
volume (FIG. 3, top left panel); however, vitamin-treated rams 
increased sperm concentration compared to untreated controls 
(3.35 ± 0.35 vs 2.25 ± 0.29 sperms 109 mL-1, respectively; P=0.027; 
FIG. 3, top right panel). Analyses of sperm motility detected higher 
percentages of overall (77.0 ± 2.2 vs 64.6 ± 4.1 %, treated and 
control groups, respectively, P<0.01; FIG. 3, middle left panel) 
and progressive motility (49.8 ± 4.8 vs 38.8 ± 4.9 %, treated 
and control groups, respectively, P=0.05; FIG. 3, middle right 
panel) as a result of the vitamin supplementation. Comparison of 

sperm viability in both treated and control groups also showed a 
beneficial effect of vitamins supplementation (77.9 ± 2.2 vs 71.3 
± 0.9 %, treated and control groups, respectively, P=0.05; FIG. 
3, bottom panel). There are no previous data in the literature on 
a similar antioxidant vitamins supplementation; moreover, few 
studies have evaluated the effect of oral supplementation of 
each individual vitamin on sperm parameters in the ram. Among 
them, previous experiments on addition of vitamin C to ram diets 
in a dose equivalent to the present study resulted in significant 
increases in semen volume and sperm concentration, motility 
and viability after six weeks of treatment, although a tendency 
to these increases was present from week four [28]. Meanwhile, 
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ram diets supplemented with different concentrations of vitamin E 
have shown to increase ejaculate volume, sperm concentration 
and sperm motility with daily supplementation of at least 200 
IU of vitamin E per animal per day during 12 months [60]. 
Moreover, supplementation of vitamin E to rams has also showed 
to increase sperm acrosomal proteases, which may improve 
fertilization capacity [46]. In other species like bulls (Bos taurus) 
[55], rabbits (Oryctolagus cuniculus) [59] and boars (Sus scrofa 
domesticus) [11], vitamin E supplementation has also improved 
seminal traits, like ejaculate volume, sperm concentration and 
total motile sperms. In humans, it has been recently reported that 
administration of multivitamin formula including vitamin C and 
E to infertile men with varicocele, improved sperm parameters 
including reduction in sperm DNA fragmentation and increase in 
total number of sperm cells, although exerted no effect on sperm 
motility and viability [22]. Importantly, vitamin supplementation to 
men undergoing in vitro fertilization (IVF) resulted in improvement 
in sperm parameters including sperm count and motility [56]. 

An interesting point in the present study is that significant 
changes were observed in semen quality, despite the relatively 
short-treatment period. It might be perhaps difficult to explain, 
since the overall process of spermatogenesis in the ram lasts 
about 47 d [49]. However, it is known that small increases in 
the amount of ROS in the testis can lead to exacerbation of 
apoptosis process not only during spermatocytogenesis, but also 
during spermiogenesis [6], which constitutes the later stages of 
spermatogenesis. In addition, Yeni et al. [58] reported a significant 
increase in sheep biomarkers of oxidative stress and decreased 
endogenous antioxidant enzymes during the breeding season 
compared to other seasons, in ram seminal plasma. Thus, the 
improvement of antioxidant status may control these adverse 
effects of ROS, avoiding sperm losses and increasing the passage 
of these cells to the epididymis for maturation. Likewise, sperm 
maturation during passage through the epididymis also requires 
an adequate level of antioxidants to ensure adequate motility 
and fertilizing capacity of sperm [47], which helps to explain the 
increase in semen quality observed in the present study.

CONCLUSION AND IMPLICATIONS

Daily oral supplementation of vitamins C and E during a 
period of 30 d, allows the improvement of antioxidant parameters 
in seminal fluid and semen quality in rams. This constitutes 
a simple and cheaper technique for increasing ram efficiency 
during breeding season, especially when artificial insemination is 
used. Furthermore, the obtained increase in seminal antioxidant 
capacity may be of benefit for improving the quality of refrigerated 
or frozen/thawed semen.
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