
Introduction
In vitro fertilization (IVF) is one of the most common as-
sisted reproductive technologies (ARTs). There are many 
factors that can affect IVF success (1,2). Sperm and oocyte 
quality before fertilization and embryo quality before the 
transfer to the uterus are important factors for successful 
IVF treatment (1-3). Follicular fluid (FF) is an important 
environment for the development of oocytes. Composi-
tion of FF is of great importance for oocyte maturity and 
embryo quality (4,5). Oxidative stress and reactive oxygen 
species (ROS) in the in vitro and body can reduce the suc-
cess rate of IVF (6,7). Vitamins which are known as anti-
oxidants can reduce the excessive production of free rad-
icals. They play important roles in spermatogenesis and 
oocyte development. It has been shown that the women 
with unexplained infertility had a lower total antioxidant 
status in their peritoneal fluid (8). The role of ascorbic 
acid in the neutralization of free radical species has been 
studied previously (9-11). Vitamin C the essential factor 
for follicle growth, ovulation, and corpus luteum devel-
opment (12-14). Ascorbic acid can affect steroids, cate-
cholamins, and neuroendocrine peptides synthesis and 
secretion (15,16). 

Previous animal studies mentioned inconsistent results. 
Some of them showed that ascorbic acid could inhibit fol-
licular apoptosis and protect ovarian cells from oxidative 
damage (17-19) and some others mentioned negative and 
neutral effects of ascorbic acid on oocyte maturation and 
embryo quality (7,11,20,21). 

They reported that different levels of vitamin C could 
have different effects on oocytes maturity and embryo 
quality (11,18,19,22). According to the lack of human 
investigations, we aimed to determine the relationship 
between FF and serum vitamin C level with morphology 
of oocyte, and embryo quality in women undergoing IVF 
treatment.

Materials and Methods
This is a cross-sectional study which was conducted on 
50 women undergoing IVF in Al-Zahra hospital in Rasht, 
Iran during 2014. Inclusion criterion was age between 
20 and 45 years and women who actively smoked were 
excluded. Male and female age, female body mass index 
(BMI), duration of infertility, causes of infertility, and his-
tory of taking supplements containing vitamin C in the 
past two months were collected.
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Introduction 
Throughout the history of the world, the ones who had 
confronted the bitterest face of poverty and war had al-
ways been the women. As known poverty and war affects 
human health either directly or indirectly, the effects of 
this condition on health and status of women in the so-
ciety should not be ignored. This study intends to cast 
light on the effects of war and poverty on the reproductive 
health of women. For this purpose, the face of war affect-
ing the women, the problem of immigration, inequalities 
in distribution of income based on gender and the effects 
of all these on the reproductive health of women will be 
addressed.

War and Women’s Health
Famine, synonymous with war and poverty, is clearer for 
women; war means deep disadvantages such as full de-
struction, loss of future and uncertainty for women. Wars 
are conflicts that destroy families, societies and cultures 
that negatively affect the health of community and cause 
violation of human rights. According to the data of World 
Health Organization (WHO) and World Bank, in 2002 
wars had been among the first ten reasons which killed 
the most and caused disabilities. Civil losses are at the rate 
of 90% within all losses (1).
War has many negative effects on human health. One of 
these is its effect of shortening the average human life. 
According to the data of WHO, the average human life is 
68.1 years for males and 72.7 years for females. It is being 

thought that severe military conflicts in Africa shorten 
the expected lifetime for more than 2 years. In general, 
WHO had calculated that 269 thousand people had died 
in 1999 due to the effect of wars and that loss of 8.44 mil-
lion healthy years of life had occurred (2,3).
Wars negatively affect the provision of health services. 
Health institutions such as hospitals, laboratories and 
health centers are direct targets of war. Moreover, the wars 
cause the migration of qualified health employees, and 
thus the health services hitches. Assessments made indi-
cate that the effect of destruction in the infrastructure of 
health continues for 5-10 years even after the finalization 
of conflicts (3). Due to resource requirements in the re-
structuring investments after war, the share allocated to 
health has decreased (1).

Mortalities and Morbidities
The ones who are most affected from wars are women and 
children. While deaths depending on direct violence af-
fect the male population, the indirect deaths kill children, 
women and elders more. In Iraq between 1990-1994, in-
fant deaths had shown this reality in its more bare form 
with an increase of 600% (4). The war taking five years 
increases the child deaths under age of 5 by 13%. Also 47% 
of all the refugees in the world and 50% of asylum seekers 
and displaced people are women and girls and 44% ref-
ugees and asylum seekers are children under the age of 
18 (5).
As the result of wars and armed conflicts, women are 
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Ovulation Induction
Similar ovulation induction protocol (gonadotropin-re-
leasing hormone agonist or antagonist) was performed in 
all patients. The growth of the follicles was assessed every 
other day using transvaginal sonography, and if necessary, 
serum level of estradiol was measured as well. All patients 
received 10 000 units of human chorionic gonadotropin 
(HCG), 36 hours before the oocyte retrieval.

Extraction of Follicles and Follicular Fluid
Transvaginal oocyte retrieval was performed on days 10 to 
14 of the menstrual cycle based on the follicles’ size. Oo-
cytes were collected 32 to 36 hours after the HCG injec-
tion. During puncture, procedure for removing the oocyte 
from the ovary, the follicles of at least 18 mm in diameter 
together with FF were aspirated by catheter. The oocytes 
were washed in G-MOPS™ PLUS (Vitrolife, Sweden), and 
then they were held for 2 to 4 hours in incubator at tem-
perature of 37°C and CO2 (as much as 6%). Naked oocytes 
were kept in dishes containing the G-1™ PLUS (Vitrolife, 
Sweden) for IVF inside the incubator.

 
Assessing Oocyte Morphology, Fertilization and Embryo 
Quality
Oocytes assessments were done using an inverted micro-
scope. Oocytes were categorized in three groups of meta-
phase II (MII), metaphase I (MI), germinal vesicle (GV), 
and degenerated. Fertilization assessment was done 15 to 
20 hours after adding sperm. Male and female pronucleus 
formation was a mean for verification of fertilization. For 
embryo transfer, only 2-pronuclei (2PN) were used. The 
zygotes were scored using the Z-score scoring system. In 
this system, Z1 zygotes had equal numbers of arranged nu-
cleoli in contrast to the adjacent pronuclei. Z2 zygotes had 
equal numbers of nucleoli with the similar size arranged 
in a nucleus on the side section but scattered in the other 
nucleus. Z3 zygotes had equal sizes and numbers of nucle-
oli in two nuclei, with one nucleus having aligned nucleoli 
at the pronuclear junction and the other having scattered 
nucleoli in itself. Zygotes with unequal numbers and/or 
sizes of nucleoli were also considered as Z3. Z4 zygotes 
that are unarranged pronuclei with slightly different sizes 
had not been located at the center of the zygote (23,24).

Measurement of Vitamin C
Before oocyte retrieval, 5 mL blood sample was collected 
from each participant and 1 mL FF was taken. FFs were 
maintained by falcon tubes at 20°C after the suction and 
transferred to the laboratory. In order to avoid exposure to 
the light, the tubes were shielded in aluminum foil. Level 
of vitamin C was measured using High-performance liq-
uid chromatography (HPLC) (IBL, Germany). All mea-
surements were done in a predetermined laboratory.

Statistical Analysis
The obtained oocytes were divided to two groups of MII 
oocytes (mature oocytes) and other types (GV + MI + de-
generation). The resulting embryos in the first day were 

divided to two groups (Z1 or Z2 and Z3 or Z4 quality 
groups). To investigate the effect of infertility on oocyte 
morphology and embryo quality, infertile women (female 
and combined infertility) were compared with healthy 
women (male infertility, unexplained, and donator) and 
infertile men (male infertility or combination infertility) 
were compared with healthy men (causes of female infer-
tility and unexplained).

For data analysis, SPSS version 21.0 (SPSS Inc., Chicago, 
IL, USA) was used. Continuous data and categorized data 
were shown as mean ± standard deviation (SD) and num-
ber (percentage), respectively. Chi-square test and Fisher 
exact test were used to compare the frequency between the 
groups. For comparing the mean between the two groups, 
the independent t test was used. Pearson correlation coef-
ficient test was used to assess the correlation between the 
level of vitamin C with the number of oocytes and embry-
os and the levels of vitamin C in FF and serum. To evalu-
ate the effect of studied variables on the oocyte maturity 
and embryo quality, logistic regression (Forward: LR) was 
used. A P value less than 0.05 was considered statistically 
significant.

Results
Feature of Obtained Oocytes
A total of 434 oocytes were obtained. The mean number 
of oocytes was 8.66 ± 5.23 (range: 1 to 24). Most of the oo-
cytes (349 cases, 80.4%) were MII, 49 cases (11.3%) were 
MI, 23 cases (5.3%) were GV, and 13 cases (3%) were de-
generated.

Comparing Studied Variables Between the 2 Groups of 
Oocytes Morphology
There was significant difference among different age 
groups (P = 0.006) and infertility (P = 0.0001) in terms of 
frequency of MII oocytes (Table 1).

The Level of Vitamin C in Follicular Fluid and its Rela-
tionship With Oocyte Morphology
There was no significant correlation between the num-
ber of oocytes and level of vitamin C in FF (r = -0.054, 
P = 0.710). 

Mean level of vitamin C in FF between two groups 
of MII oocytes (0.64 ± 0.38 mg/dL) and other oocytes 
(0.74 ± 0.45 mg/dL) was statistically significant (P = 0.025). 
The minimum level of vitamin C in our study samples was 
0.1 mg/dL, which was considered as the lower limit of first 
class. The highest observed level of vitamin C was 2.3 mg/
dL and considered as the upper limit of the last class. The 
highest frequency of MII oocytes (90.2%) was observed in 
the 1-1.5 mg/dL level of vitamin C. The lowest frequency 
of MII oocyte (60%) was observed in the 1.5-2.3 mg/dL 
level of vitamin C (Table 2).

Vitamin C Serum Level and its Relationship With Oocyte 
Morphology
There was no significant correlation between the number 
of oocytes and vitamin C serum level (r = -0.027, P = 0.850). 
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There was no significant difference between groups of MII 
oocytes (0.47 ± 0.29 mg/dL) and other oocytes (0.52 ± 0.35 
mg/dL) regarding mean vitamin C serum level (P = 0.187).

 The minimum level of vitamin C was 0.1 mg/dL, which 
was considered as the lower limit of first class. The high-
est level of observed vitamin C was 1.7 mg/dL, which was 
considered as the upper limit of the last class. The highest 
percentage of MII oocyte (83.2%) was observed in 0.5-1 
mg/dL level. The lowest frequency of MII oocyte was ob-
served in the level of vitamin C 1-1.7 mg/dL. Frequency 
distribution of oocytes maturity among different groups 
of serum vitamin C level was not significant (P = 0.113) 
(Table 2).

Feature of Developed Embryos 
From 45 cases, 199 embryos were obtained and from 5 
cases, no embryo was obtained. The mean number of em-
bryos was 3.98 ± 2.98 (range: 1 to 13). Most of them (102 
cases, 51.3%) had Z2 quality. Ten cases (5%) had Z1 quali-
ty, 75 cases (37.7%) had Z3 quality, and 12 cases (6%) had 
Z4 quality.

Comparing Studied Variables Between the Two Groups of 
Embryo Quality
Frequency of embryo quality was significantly high-
er in women with less than 5 years infertility duration 
(P = 0.020). Also, this frequency in infertile men was sig-
nificantly higher than fertile men (P = 0.001). The differ-

Table 1. Comparing Frequency of MII Oocytes and Other Oocytes at Different Groups of Studied Variables

Variables MII  
No. (%)

MI, GV, Degenerated 
No. (%) P Value

Women age
23-29 46 (26.4) 128 (73.6)

0.00630-34 25 (17.7) 116 (82.3)
35-44 14 (11.8) 105 (88.2)

Women BMI
18-24.9 103 (82.4) 22 (17.6)

0.77125-29.9 157 (80.1) 39 (19.9)
≤30 89 (78.8) 24 (21.2)

Women infertility duration (y)
˃5 108 (85.7) 18 (14.3)

0.084
≤5 241 (78.2) 67 (21.8)

Female factor infertility
Yes 152 (90.5)  16 (9.5) 

0.0001
No 197 (74.1) 69 (25.9)

Use of supplement containing vitamin C in women
Yes 77 (85.6) 13 (14.4%)

0.182
No 272 (79.1) 72 (20.9%)

Table 2. Comparing the Frequency Distribution of MII Oocytes and 
Other Oocytes Between Different Levels of Vitamin C in FF and 
Serum

Vitamin C Level MII 
 No. (%)

MI, GV, 
Degenerated  
No. (%)

P

Follicular fluid

0.1-0.5 184 (86.4) 29 (13.6) 0.0001 
0.5-1 122 (71.8) 48 (28.2) 0.0001 

1-1.5 37 (90.2) 4 (9.8) 0.0001 

1.5-2.3 6 (60) 4 (40) 0.0001 

Women serum
0.1-05 220 (79.7) 56 (20.3) 0.113

0.5-1 124 (83.2) 25 (16.8) 0.113
1-1.7 5 (55.6) 4 (44.4) 0.113

ences of frequency distribution of embryos quality among 
the different female age, male age, female BMI, female 
infertility, and taking supplement containing vitamin C 
were not statistically significant (Table 3).

Vitamin C Level in Follicular Fluid and its Relationship 
With Embryo Quality
There was no significant correlation between vitamin C 
level in FF with the number of 2PN embryos (r = -0.008, 
P = 0.954). The difference of mean level of vitamin C be-
tween Z1 or Z2 quality (0.58 ± 0.29 mg/dL) and Z3 or Z4 
quality (0.78 ± 0.43 mg/dL) was statistically significant 
(P = 0.0001). At 1.5-2.3 level of vitamin C, no embryo with 
Z1 and Z2 was observed. The most frequency of embryo 
with Z1 and Z2 quality (69.3%) was observed in the 0.1-
0.5 mg/dL level of vitamin C. There was significant differ-
ence among different levels of vitamin C in FF regarding 
frequency of embryo quality (P = 0.001).

Serum Vitamin C Level and its Relationship With Embryo 
Quality
The correlation between serum vitamin C level and the 
number of 2PN embryos (r= 0.042, P = 0.773) was not sig-
nificant. Mean level of vitamin C between groups of em-
bryos with Z1 or Z2 quality (0.45 ± 0.26 mg/dL) and Z3 or 
Z4 quality (0.57 ± 0.33 mg/dL) was significant (P = 0.004). 
The most frequency of embryo with Z1 and Z2 quality 
(63.7%) was observed in the 0.5-1 mg/dL level of vitamin 
C. Frequency distribution of embryo quality among dif-
ferent levels of vitamin C serum was statistically signifi-
cant (P = 0.015; Table 4).

The Effect of Vitamin C on the Oocyte Morphology
Regression analysis showed that the odds of having MII 
oocytes in women aged 23-29 years compared with 35-
44 years old women was significantly lower (P = 0.0001). 
But this reduction of chance for women aged 30-34 years 
compared with age group 35-44 years was not significant 
(P = 0.203). Also, the odds of having MII oocytes in fer-
tile women was significantly lower than infertile women 
(P = 0.0001). The odds of having MII oocytes at the level 
of 1-1.5 mg/dL of vitamin C in FF compared to level of 
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1.5-2.3 mg/dL was significantly higher (OR = 15.02, 95% 
CI = 2.77-81.54) (Table 5).

The Net Effect of Vitamin C on Embryo Quality
The odds of having an embryo with Z1 or Z2 quality in 
subjects with infertility duration less than 5 years was sig-
nificantly higher than subjects with infertility duration 
higher than 5 years (P = 0.006). Odds of having an embryo 
with Z1 or Z2 quality in infertile male was significantly 
higher than fertile male (P = 0.0001). Odds of having em-
bryo with Z1 or Z2 quality at the 0.1-0.5 mg/dL FF level of 
vitamin C (OR = 3.08, 95% CI = 1.21-7.83) compared with 
the 1-2.3 mg/dL level was significantly higher (Table 5).

The correlation Between Vitamin C level in the Follicular 
Fluid and Serum
Significant direct correlation was found between level of 
vitamin C in the FF and serum (r = 0.404, P = 0.004).

Discussion
Based on our study, the highest frequency of MII oocyte 
was observed at 1-1.5 mg/dL level of vitamin C in FF. The 
odds of having MII oocyte in this level in FF was 15 times 
greater than 1.5-2.3 mg/dL level. But effect of different 
levels of vitamin C serum on oocyte maturity was not sig-

Table 3. Comparing the frequency of embryo with Z1 or Z2 quality and 
Z3 or Z4 quality between different groups of studied variables

Variables Z1 , Z2 
No. (%)

Z3 , Z4 
No. (%) P Value

Women age 
23-29 46 (56.1) 36 (43.9)

0.55530-34 39 (60.9) 25 (39.1)
35-44 27 (50.9) 26 (49.1)

Men age
≥35 57 (57) 43 (43)

0.887
˂35 55 (55.6) 44 (44.4)

Women BMI
18-24.9 37 (53.6) 32 (46.4)

0.82125-29.9 51 (58.6) 36 (41.4)
30≤ 24 (55.8) 19 (44.2)

Women infertility 
duration 

˃5 52 (66.7) 26 (33.3)
0.020

≤5 60 (49.6) 61 (50.4)

Female infertility  
Yes 47 (58.8) 33 (41.3)

0.662
No 65 (54.6) 54 (45.4)

Male infertility
Yes 58 (70.7) 24 (29.3)

0.001
No 54 (46.2) 63 (53.8)

Use of supplement 
containing vitamin C 
in women

No 94 (59.1) 65 (40.9)
0.113

Yes 18 (45.0) 22 (55.0)

Table 4. Comparing Embryo Frequency With Z1 or Z2 Quality and Z3 
or Z4 Quality in Different Groups of Vitamin C Level in the Follicular 
Fluid and Serum

Vitamin C Level Z1, Z2
 No. (%)

 Z3, Z4
 No. (%) P value

Follicular fluid
0.1-0.5 70 (69.3) 31 (30.7) 0.001 
0.5-1 31 (43.1) 41 (56.9) 0.001 
1-2.3 11 (42.3) 15 (57.7) 0.001 

Female serum
0.1-0.5 65 (63.7) 37 (36.3) 0.015
0.5-1 45 (51.7) 42 (48.3) 0.015
1-1.7 2 (20.0) 8 (80) 0.015

nificant. The highest frequency of embryos with Z1 or Z2 
quality was observed at 0.1-0.5 mg/dL level of vitamin C 
in FF. The odds of having embryos with Z1 or Z2 quality 
in this level in FF was 3 times greater than 1-2.3 mg/dL 
level. But effect of different levels of vitamin C serum on 
oocyte maturity was not significant. 

Ascorbic acid could play significant role on steroidogen-
esis in the ovary. High concentrations of ascorbic acid re-
duced biosynthesis of steroid through prevention of hy-
droxylation systems (11). It was reported that high level of 
ascorbic acid might act as a pro-oxidant and had adverse 
effects on oocyte maturation (10,25). 

Tao et al showed that among 0, 50, 250 and 750 M/ml 
concentrations of ascorbic acid, only 250 M/mL level had 
positive effect on porcine denuded oocytes development 
from MI to MII and prevented cumulus cell DNA frag-
mentation (26). Michel et al demonstrated that none of 0, 
25, 50 and 100 μg/mL of vitamin C supplementation in in 
vitro maturation (IVM) and in vitro culture (IVC) media 
affected nuclear maturation of oocytes. But supplementa-
tion of 50 μg/mL led to significantly increased intracel-
lular glutathione levels and reduced ROS and improved 
cleavage rates, blastocyst rates and total cell numbers per 
blastocyst. Also supplementation with 50 μg/mL vitamin 
C decreased the apoptosis index as compared with the 
groups supplemented with 100 μg/mL (19). Barzegari Fir-
ouzabadi’s study which investigated the effects of ascorbic 
acid on the IVM of mouse’s follicles and enclosed oocytes 
mentioned that ascorbic acid could increase survival rate 
but did not affect diameter, GV breakdown, and oocyte 
maturation rates (22). In the study of Nadri et al, cumulus–
oocyte complexes (COCs) were incubated for 24 hours in 
the different concentrations of ascorbic acid. It was shown 
that increase in MII formation was statistically significant 
at the 80 and 250 M/mL ascorbic acid concentrations. But 
the reduction in MII formation was significant at the 750 
M/mL concentration of ascorbic acid compared with the 
250 M/mL and the COCs of the 80 M/mL groups. Also the 
COCs achieved significantly higher maturation rate at the 
250 M/mL concentration of ascorbic acid compared with 
the other groups. Their findings suggested that oocytes 
exposed to a high concentration of ascorbic acid might 
not mature adequately in vitro (11).

In the study of Wang et al which was conducted on the 
effect of antioxidant supplementation (vitamin C and vi-
tamin E) on mouse embryo development, it was shown 
that co-incubating the embryos with vitamin C (50 μM) 
and the 12-phorbol 13-myristate acetate-activated super-
natant significantly increased the blastocyst development 
(27). In the study of Miclea et al, sheep oocytes were cul-
tured for 24 hours at 37°C in 5.4% CO2 atmosphere in 
M199 containing 20 μM α-tocopherol +750 μM ascorbic 
acid or 5 μM α-tocopherol +250 μM ascorbic acid. They 
showed that the mixture of 20 μM α- tocopherol and 750 
μM ascorbic had a beneficial effect on cytoplasmic matu-
ration and a slightly detrimental one on nuclear matura-
tion (28). In the study conducted by Kere et al on porcine 
oocytes, results showed that cytoplasmic maturation and 
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subsequent development of oocytes could be improved by 
adding a low concentration of vitamin C during IVM but 
high concentrations of vitamin C could have some nega-
tive effects on oocytes development (29). In the study of 
Kazemi et al, results showed that vitamin C intake could 
increase the total antioxidant capacity level in FF and im-
proving the oocyte competence (30). In other study by 
Griesinger et al, effect of receiving ascorbic acid (1, 5, or 
10 g/d) for 14 days after follicle aspiration for IVF-ET pro-
cedure on clinical pregnancy rate and implantation rate 
was not significant (21).

Fertility – the ability to produce offspring – is consid-
ered as a prerequisite for the development and perpetu-
ation of species. Several factors might positively or nega-
tively affect one’s reproductive capabilities, such as regular 
exercises and maintaining a healthy bodyweight, versus 
aging, obesity, and stress. FF is a liquid composed primar-
ily of hormones, enzymes, anticoagulants, electrolytes, 
ROS and antioxidants, which fills the follicular antrum 
and acts as an important mediator in the communication 
between cells in the antral follicle while bathing and car-
rying nutrients to the oocyte. The study of Basuino et al 
in 2016 is similar to our study because it approved effect 
antioxidant of FF. The oocytes and embryos are key ele-
ments for success of natural fertilization in every stage of 
the conception process, from the communication between 
gametes to the development of fully viable embryos, and 
a vital component in the occurrence of spontaneous preg-
nancies (31).

Paramio and Izquierdo in 2016 mentioned different 
results with our study in type of sample but was similar 

Table 5. Regression Analysis of the Factors Affecting Oocyte 
Morphology and Embryo Quality

Variables OR  95% CI P
Oocyte Morphology

Women age
 35-44 Reference
 30-34 0.62 0.29-1.30 0.203
 23-29 0.27 0.13-0.54 0.0001

Female infertility 
Yes Reference
No 0.24 0.13-0.45 0.0001

Follicular fluid vitamin C levels
1.5-2.3 Reference
1-1.5 15.02 2.77-81.54 0.002
0.5-1 1.92 0.50-7.34 0.340
0.1-0.5 3.57 0.91-13.92 0.067

Embryo Quality
Infertility duration

≤5 Reference
˃5 2.60 1.32-5.11 0.006

Male infertility
Yes Reference
No 0.21 0.10-0.44 0.0001

Follicular fluid vitamin C levels
1-2.3 Reference
0.5-1 0.73 0.28-1.93 0.523
0.1-0.5 3.08 1.21-7.83 0.019

to the success of in vitro embryo production programs. 
Different criteria were used to select the best oocytes for 
fertilization, such as follicle size, oocyte diameter and 
morphological appearance. New research lines aimed at 
improve oocyte competence. 1) arresting nuclear matura-
tion in vitro allowing optimal capacitation of cytoplasm, 
2) growing oocytes inside the follicle, and 3) identification 
of biomarkers of oocyte competence in granulosa and cu-
mulus cells and metabolites in the FF (32).

The study of Basini et al in 2016 was different with our 
study in type of sample but was similar to in rreactive ox-
ygen and anti-oxidant defenses in FFs (33).

Conclusion
Based on our study, only at the certain level of vitamin 
C in FF oocyte, higher maturity and embryo with high-
er quality could be achieved. Lower and higher vitamin C 
levels in FF had no effect on oocyte maturity and embryo 
quality. Also vitamin C serum level had no effect on oo-
cyte maturity and embryo quality. Further studies to in-
vestigate effect of certain levels of vitamin C in FF on IVF 
success rate can be recommended.
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