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Abstract 
Protection of the fatty acid and lipid components of oocytes that render them susceptible to free radical or other 
oxidative injury may prevent the damage currently associated with culture. The goal of this study was to establish the 
influence of several α-tocopherol, lutein and ascorbic acid concentrations on swine oocyte maturation, viability and 
the function of cumulus cells in order to improve culture media. Pig oocytes were cultured for 45 hours at 37°C in 
5% CO2 atmosphere; in M199 containing several α-tocopherol (5, 10, 20, 40, 80 µM), lutein (2.5, 4, 5, 8, 10 M) or 
ascorbic acid (50, 150, 250, 500, 750 µM) concentrations and cumulus expansion was assessed. Afterwards oocytes 
were coloured using FDA, PI and Hoechst 33258. The differences between treatments were analyzed by the analysis 
of variance and interpreted using the Newman-Keuls method. When cultured in α-tocopherol supplemented medium 
the number of expanded COCs to be scored as 3 was significantly greater (p<0.05) for the 5 and 40 µM 
concentrations. The addition of 8 M lutein to the maturation medium lead to a significant (p<0.05) increase in the 
number of COCs that were scored at 4. For both α-tocopherol and lutein additions the numbers of oocytes stained by 
FDA, as well as those stained by Hoechst were greater than the control without being statistically significant. When 
cultured in 150 and 500 µM ascorbic acid the percentages of COCs scored at 4 were significantly lower (p<0.05) 
than the control. Also, significantly (p<0.05) fewer oocytes were stained with FDA when matured in 500 µM. 
Differences between the control and the several concentrations were significant (p<0.05) for 150 and 750 µM and 
distinctly significant (p<0.01) for 250 µM. 
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1. Introduction 
 
Very high levels of lipids have been reported in 
the oocytes of the domestic pig, 161 g [1]. 
Triacylglycerol was the major lipid component 
followed by cholesterol and phosphatidylcholine. 
1Analysis of fatty acids esterified to the individual 
phospholipids and neutral lipids has shown that 
there are high levels of palmitic acid (16:0) and 
the monounsaturated fatty acid oleic acid (18:1). 
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Triacylglycerol, free fatty acids and most of the 
phospholipids, particularly phosphatidylethanol- 
amine, are considerably enriched in n-6 
polyunsaturated fatty acids, specifically linoleic 
(18:2), arachidonic (20:4) and adrenic (22:4) acids 
[2]. 
Oocyte maturation consists of two aspects, i.e. 
nuclear and cytoplasmic maturation. Nuclear 
maturation refers to the resumption of meiosis and 
progression to the metaphase II (MII) stage while 
cytoplasmic maturation encompasses other, less 
understood events. As they are believed to 
progress in parallel to one another synchronization 
of nuclear and cytoplasmic maturation is essential 
for establishing optimal oocyte developmental 
potential. Hormonal supplements, such as FSH, 
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eCG or hCG, are added to the in vitro maturation 
medium in order to mimic the in vivo situation and 
stimulate nuclear maturation. Whereas it can be 
evaluated by nuclear staining methods such as 
Hoechst dyes that reveal the first polar body, 
cytoplasmic maturation can only be determined by 
indirect means: cumulus oophorus expansion and 
measuring the reduced glutathione content (GSH). 
Fluorescent staining has been used to assess 
enzyme activity and membrane integrity as a 
viability indicator for several somatic cells types 
such as Langerhans islets [3] and following 
vitrification of pig oocytes [4, 5]. 
 Cytoplasmic maturation of pig oocytes can be 
improved by reducing oxidative stress caused by 
reactive oxygen species [6]. Improved 
cytoplasmic and nuclear maturation leads to an 
increase in the number of oocytes that are able to 
undergo fertilization and hence to more embryos 
that can be used for embryo transfer. 
Tocopherols (vitamin E), the most important lipid 
soluble antioxidant in the cell can be found in 
significant amounts in the ovary and the follicular 
fluid [7]. Alpha-tocopherol protects poly- 
unsaturated fatty acids in membranes against free 
radicals [8] and improves the development of 
bovine embryos [9]. 
Lutein, part of the xanthophylls class of 
carotenoids is one of the most potent lipid soluble 
antioxidant [10] that is readily incorporated in 
membrane bilayers of mitochondria and 
microsomes [11]. 
Ascorbic acid is the most important antioxidant 
outside the cell [12]. It functions as a reducing 
agent of oxygen and cytocromes c and a, but can 
also protect membranes against peroxidation. It 
can prevent apoptosis in cultured mouse follicles 
and improve swine oocyte maturation [8] and 
embryo development of swine embryos [13]. 
Protection of the fatty acid and lipid components 
of oocytes and embryos that render them 
susceptible to free radical or other oxidative injury 
may prevent the damage currently associated with 
in vitro culture. Hence, the need for further study 
in this field. 
The objective of this research was to establish 
whether supplementation with α-tocopherol, lutein 
or ascorbic acid could improve viability and 
maturation of porcine oocytes and the function of 
cumulus cells. 
 
 

2. Materials and methods 
 
Collection and maturation media: 
The medium used for harvest was M 199 
supplemented with L-glutamine (3.4 g/l), NaHCO3 
(2.2 g/l), Hepes (25 mM), penicillin (100 g /ml) 
and streptomycin (100 IU/ml).  
For oocyte maturation M 199 was supplemented 
with L-glutamine (3.4 g/l), Chorulon (10 IU/ml), 
Folligon (10 IU/ml), foetal bovine serum 10%, 
penicillin (100 g /ml) and streptomycin (100 
IU/ml). For the first experiment α-tocopherol 
dissolved in 95% ethanol solution was added to 
the maturation medium in order to arrive at 
concentrations of 5, 10, 20, 40 and 80 µM. Lutein 
dissolved in foetal bovine serum was added to the 
maturation medium in order to arrive at 
concentrations of 2.5, 4, 5, 8, and 10 M 
carotenoid and 10% foetal bovine serum. In the 
last experiment ascorbic acid dissolved in 
ultrapure water was added to the maturation 
medium in order to arrive at concentrations of 50, 
150, 250, 500 and 750 µM. 
Oocyte collection and maturation: 
Porcine ovaries were collected from pre-pubertal 
gilts and transported to the laboratory in a thermal 
container containing sterile saline solution (NaCl 
0.9%) at 37°C supplemented with penicillin (100 
g /ml) and streptomycin (100 IU/ml). The 
contents of follicles of 2–6 mm in diameter on the 
ovarian surface were aspired with a 10 ml syringe 
equipped with an 21-gauge needle and collected a 
Petri dishes containing harvest medium. Oocytes 
with a uniform ooplasm and compact cumulus cell 
mass were washed 2 times with harvest medium 
and then placed in 30 l droplets of maturation 
medium containing the various lutein 
concentrations. All the droplets were covered in 
paraffin oil and incubated for 45 hours at 37°C in 
an atmosphere with 5% CO2. Cumulus oocyte 
complexes (COCs) were evaluated using an 
Olympus inverted phase contrast microscope, in 
order to assess cumulus oophorus expansion 
and/or the presence of the first polar body. 
Cumulus expansion was assessed by a subjective 
scoring method [14]. Briefly, no response was 
scored as 0, minimum observable response as 1, 
expansion of outer cumulus-enclosed oocyte 
layers as 2, expansion of all cumulus-enclosed 
oocyte layers except the corona radiata as 3, and 
expansion of all cumulus-enclosed oocyte layers 
as 4. According to previous research in the field 
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the oocytes that were scored as 3 and 4 were 
considered to be mature [8]. Each group was 
compared to the control in order to establish 
whether any differences existed between the 
degrees of cumulus expansion and if they were 
significant.  
After cumulus expansion assessment the COCs 
were transferred to PBS with 5 mg/ml bovine 
serum albumin (BSA) and mechanically denuded 
using a micropipette. Then they were transferred 
to PBS containing 1 µg/ml 3’, 6’ fluorescein 
diacetate (FDA), 50 µg/ml propidium iodide (PI), 
and 20 µg/ml Hoechst 33258, incubated for 15 
minutes and viewed under ultraviolet illumination 
with an Olympus inverted microscope. Live 
oocytes appeared green (FDA positive), and their 
chromosomes were labelled with the Hoechst 
33342 being blue under UV light. The cytoplasm 
of dead oocytes was FDA negative and they were 
stained with PI, thus appearing red.  
For both experiments the differences between 
treatments were analyzed by the analysis of 
variance and interpreted using the Newman-Keuls 
method. For all comparisons, the values were 
considered statistically significant when p < 0.05. 
 
3. Results and discussion 
 
The goal of this study was to establish the 
influence of several α-tocopherol, lutein and 
ascorbic acid concentrations on swine oocyte 
maturation. Maturation was assessed by indirect 
means such as cumulus oophorus expansion 
(Figure 1) and direct means, namely fluorescent 
staining. 
 
Cumulus oophorus expansion: 

When cultured in α-tocopherol supplemented 
medium the number of expanded COCs to be 
scored as 3 was significantly greater (p<0.05) for 
the 5 (35.70%) and 40 (36.00%) µM 
concentrations (table 1). The differences became 
distinctly significant (p<0.01) for the 80 µM 
(38.56%) concentration. The percentages of COCs 
cultured in supplemented medium and given lower 
scores such as 0, 1 and 2 were in almost every 
case lower than the controls. 
 

 
 
Following statistical analysis it was also 
ascertained that these values were significantly 
lower (p<0.05) than the control when the cells 
were matured in medium containing 10 (14.29%) 
and 40 (14.49%) µM α-tocopherol. The 
differences were distinctly significant (p<0.01) 
when investigating 20 (12.72%) and 80 (11.77%) 
µM. 
The number and percentages of complexes 
matured in lutein supplemented medium to have  
 

 
Table 1. Number (%) of COCs at each stage of cumulus expansion after culture in α-tocopherol supplemented 

medium 

α-tocopherol 
concentration 

Number of 
assessed 
COCs 

Number (%) of COCs at each stage of cumulus expansion 

0 1 2 3 4 

Control 1087 29 (2.67) 185 (17.02) 195 (17.94) 325 (29.90) 353 (32.47) 
5 µM 1070 17 (1.59) 179 (16.73) 165 (15.42) 382 (35.70) (*) 327 (30.56) 

10 µM 1134 23 (2.03) 162 (14.29) (°) 190 (16.75) 363 (32.01) 396 (34.92) 
20 µM 1085 19 (1.75) 138 (12.72) (°°) 196 (18.06) 339 (31.24) 393 (36.22) 
40 µM 1111 19 (1.71) 161 (14.49) (°) 183 (16.47) 400 (36.00) (*) 348 (31.32) 
80 µM 1045 11 (1.05) (°) 123 (11.77) (°°) 152 (14.55) 403 (38.56) (**) 356 (34.07) 

* - significant and positive differences (p<0.05); ** - distinctly significant and positive (p<0.01); ° - significant and 
negative differences (p<0.05); °° - distinctly significant and negative differences (p<0.01) 
 

Figure 1. Several stages of cumulus 
oophorus expansion; magnified 40x 
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been scored at 0, 1, 2, 3 or 4 are shown in table 2. 
If compared to the control the values are higher 
for the more expanded COCs which were scored 
at 3 and 4. Out of the five concentrations, the 
addition of 8 M (55.27%) lutein to the 
maturation medium lead to an increase in the 
number of COCs that were scored at 4 and were 
considered mature and ready for fertilization. The 

differences were statistically significant (p<0.05) 
and positive. 
The percentages increase progressively ranging 
from 45.21% for the control to 55.27% for the 
aforementioned concentration. Afterwards it 
decreases to 46.35% for the 10 µM lutein addition. 
This result was accompanied by a decrease in the 
number of complexes that reached a stage 2 
expansion. It was also statistically significant  
 

Table 2. Number (%) of COCs at each stage of cumulus expansion after culture in lutein supplemented medium 

Lutein 
concentration 

Number of 
assessed 
COCs 

Number (%) of COCs at each stage of cumulus expansion 

0 1 2 3 4 

Control 564 1 (0.17) 35 (6.20) 82 (14.53) 191 (33.86) 255 (45.21) 
2.5 µM 567 2 (0.35) 32 (5.64) 72 (12.70) 203 (35.80) 258 (45.50) 
4 µM 572 1 (0.17) 42 (7.34) 62 (10.84) 188 (32.87) 279 (48.77) 
5 µM 570 1 (0.17) 46 (8.07) 64 (11.23) 178 (31.23) 281 (49.30) 
8 µM 588 0 (0) 25 (4.25) 53 (9.013) (°) 185 (31.46) 325 (55.27) (*) 

10 µM 604 1 (0.17) 50 (8.27) 63 (10.43) 210 (34.77) 280 (46.35) 
* - significant and positive differences (p<0.05); ° - significant and negative differences (p<0.05). Values were 
compared with the control. 

 
Table 3. Number (%) of COCs at each stage of cumulus expansion after culture in ascorbic acid supplemented 

medium 

Ascorbic acid 
concentration 

Number of 
assessed COCs 

Number (%) of COCs at each stage of cumulus expansion 

0 1 2 3 4 

Control 1081 6 (2.59) 122 (11.84) 195 (18.22) 344 (32.65) 366 (34.69) 
50 µM 1128 3 (0.89) 188 (17.38) 218 (20.39) 345 (31.38) 324 (29.96) 

150 µM 1045 6 (1.34) 185 (17.80) 225 (22.78) 338 (33.11) 246 (24.98) (°) 
250 µM 986 6 (1.83) 172 (19.17) 187 (20.08) 285 (29.51) 265 (29.41) 
500 µM 1037 3 (0.77) 175 (17.65) 236 (24.88) 321 (32.02) 239 (24.69) (°) 
750 µM 1087 3 (1.01) 172(16.01) 211 (20.06) 367 (35.42) 265 (27.51) 

° - significant and negative differences (p<0.05). Values were compared with the control. 

 
(p<0.05) but the percentage was lower than the 
control.  
The final experiment was undertaken to establish 
whether a water soluble antioxidant would be as 
efficient as the lipid soluble ones had been. When 
analyzing the results it becomes obvious that the 
percentages of COCs scored at 0 were lower for 
the antioxidant concentration than the control. 
When 1 and 2 are considered as criteria the 
situation is reversed. None of these differences are 
statistically significant. For the higher expansion 
stages, 3 and 4 values for the control are generally 
greater than the ascorbic acid concentrations, with 
two exceptions, which are 150 and 750 µM. The 
percentages of COCs that were scored at 4 were 
significantly lower (p<0.05) than the control for 
two concentrations, namely 150 and 500 µM. 

 
Fluorescent staining: 
Oocyte viability after culture and nuclear 
maturation detected by the formation of the first 
polar body were evaluated by fluorescent 
coloration used FDA, PI and Hoechst 33258. 
In the cell FDA is cleaved by esterase enzymes to 
form fluorescein that appears green under 
ultraviolet light. Thus, oocytes with normal 
enzyme activity appear bright green while those 
with reduced activity are dim or not stained 
(figure 2, A and C). 
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They can be viewed with PI which penetrates into 
cells that have damaged membranes (figure 3, B 
and C), thus providing an effective alternative tool 
for viability assessment. 
Thus the first polar body became visible and 
sometimes the metaphase plate could also be seen 
(figure 3, B). Their morphology was that of high 
quality, mature oocytes having a well marked 
membrane that encloses a uniformly coloured 
cytoplasm. They had increased periviteline space 
and the first polar body was visible in phase 
contrast (figure 4, C). These cells were also 
stained with FDA and had good enzyme activity 
(figure 3, A). 

 
When compared to the control, normal esterase 
activity could be seen in more oocytes if they were 
matured in medium supplemented with 5, 10 or 20 
µM α-tocopherol (table 4). Conversely, the 
percentage of oocytes stained with PI was lower 
than the control for the same three concentrations. 
The number of oocytes that had a visible polar 
body was higher than the control only for the 20 
µM concentration. 
When COCs were cultured in lutein supplemented 
medium the number of FDA stained oocytes was 
higher than the control for all assayed 

 
Table 4. Viability and nuclear maturation of oocytes after culture in α-tocopherol supplemented medium 

α-tocopherol 
concentration 

Number of 
assessed oocytes 

Number (%) of oocytes with: 

Normal esterase 
activity 

Damaged 
membranes 

Visible first polar 
body 

Control 118 110 (93.22) 8 (6.78) 70 (59.32) 
5 µM 125 120 (96.00) 5 (4.00) 71 (56.80) 

10 µM 129 125 (96.90) 4 (3.10) 75 (58.14) 
20 µM 129 124 (96.12) 5 (3.88) 81 (62.79) 
40 µM 146 135 (92.47) 11 (7.53) 83 (56.85) 
80 µM 129 119 (92.25) 10 (7.75) 65 (50.39) 

 Values were compared with the control. 
 

Table 5. Viability and nuclear maturation of oocytes after culture in lutein supplemented medium 
 

Lutein 
concentration 

Number of 
assessed 
oocytes 

Number (%) of oocytes with: 

Normal esterase 
activity 

Damaged membranes 
Visible first polar 

body 
Control 134 127 (94.77) 7 (5.22) 89 (66.41) 
2.5 µM 117 115 (98.29) 2 (1.71) 85 (72.65) 
4 µM 128 124 (96.87) 4 (3.12) 91 (71.09) 
5 µM 128 125 (97.65) 3 (2.34) 82 (64.06) 
8 µM 148 140 (94.59) 8 (5.40) 98 (66.21) 

10 µM 153 149 (97.38) 4 (2.61) 101 (66.01) 
 Values were compared with the control. 
 
concentrations except for the fourth (table 5). 
However the differences were not significant. This 
fact is correlated with the small number of oocytes 

that fluoresced red, lower than the control in most 
cases except for 8 µM.  

A C B 
A 

1PB 

C B 

1 PB MP 

Figure 3. Oocyte with a blue fluorescent first polar 
body (1 PB) and metaphase plate (MP) stained with 
Hoechst 33258 (B). It was also FDA positive, 
confirming the morphological assessment that can be 
done in phase contrast (C); magnified 100x. 

Figure 2. FDA stained viable oocytes with normal esterase 
activity fluoresce green (A) and oocytes with damaged 
membranes which are coloured red by PI (B) can also be 
seen in phase contrast microscopy (C); magnified 100x. 
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Generally speaking the number of oocytes that had 
increased or normal esterase activity and appeared 
green, as well as those which had completed the 
first meiosis stage were greater than the control 
without being statistically significant. Conversely, 
fewer oocytes had damaged membranes and were 
stained red. 
The percentages of oocytes that had a blue stained 
first polar body was greater than the control for 2 
out of 5 lutein concentrations (2.5 and 4 µM) and 
lower for the other 3. None of the differences were 
statistically significant. 
The results for ascorbic acid supplementation can 
be seen in table 6. They point to the fact that 

significantly (p<0.05) fewer oocytes were stained 
with FDA when matured in 500 µM. Their 
number was greater in the second category, that of 
PI coloration and for the same concentration. 
When polar body presence was analyzed it 
became obvious that culture in ascorbic acid 
supplemented media resulted in a greater number 
of oocytes to have reached this stage. Although 
higher than the control for all the concentrations 
the differences were significant (p<0.05) for 150 
and 750 µM and distinctly significant (p<0.01) for 
250 µM. 
Because cumulus cells act as a ‘go-between’ 
between the oocyte and the follicular or culture  

 
Table 6. Viability and nuclear maturation of oocytes after culture in ascorbic acid supplemented medium 

Ascorbic acid 
concentration 

Number of 
assessed oocytes 

Number (%) of oocytes with: 

Normal esterase 
activity 

Damaged membranes 
Visible first polar 

body 
Control 164 140 (85.37) 24 (14.63) 72 (43.90) 
50 µM 160 143 (89.38) 17 (10.63) 79 (49.38) 
150 µM 139 123 (88.49) 16 (11.51) 72 (51.80) (*) 
250 µM 152 131 (86.18) 21 (13.82) 85 (55.92) (**) 
500 µM 166 136 (81.93) (°) 30 (18.07) (*) 76 (45.78) 
750 µM 160 141 (88.13) 19 (11.88) 91 (56.88) (*) 

* - significant and positive differences (p<0.05); ** - distinctly semnificativ and positive (p<0.01); ° - significant and 
negative differences (p<0.05). Values were compared with the control 
 
environment, their expansion is considered to be 
reliable sign that maturation has taken place.  
Intercellular communication between the oocyte 
and the cumulus cells takes place via gap 
junctions establishing a route by which direct 
transfer of substances important for oocyte growth 
and maintenance of meiotic arrest can take place. 
During in vitro maturation, α-tocopherol content 
naturally present in the membranes of cumulus-
oocyte complexes diminished by 50%, indicating 
the partial loss of antioxidant activity during the 
period of in vitro culture [15].  
According to Tao et al. (2004) α-tocopherol 
prevents the DNA fragmentation of cumulus cells 
from cumulus enclosed oocytes. Therefore, even if 
-tocopherol and lutein had no direct influence on 
oocytes enveloped in cumulus cells but on the 
cumulus itself, its activity is still noteworthy. On 
the other hand the lipid soluble -tocopherol 
could be better distributed throughout the lipid 
rich environment of the oocyte. This concurs with 
the results by Tao et al. (2004) who also 
discovered that α-tocopherol facilitates the meiotic 
maturation of denuded oocytes. 

In respect to the ascorbic acid addition seem to be 
similar to those of Tao et al. (2004) who found 
that 250 µM ascorbic acid inhibited the DNA 
fragmentation of cumulus cells but the same 
concentration increased the percentage of oocyte 
having an atypical germinal vesicle. 
Carotenoids such as lutein can also influence 
cumulus cell function through their ability to 
regulate membrane fluidity, and gap junctional 
communication [11]. Both these features are of 
paramount importance for the correct functioning 
of cumulus cells and their optimal communication 
with the oocyte [16]. 
Therefore, even if α-tocopherol, lutein and 
ascorbic acid had no direct influence on oocytes 
enveloped in cumulus oophorus but on the 
cumulus itself, its activity is still noteworthy. 
 
4. Conclusions 
 
In short our research proved that the addition of α-
tocopherol and lutein to the maturation media of 
pig oocytes has a beneficial effect on cumulus 
expansion and oocyte viability while the presence 
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of ascorbic acid is associated with a larger number 
of oocytes having a visible polar body. 
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