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Abstract: Objective: To determine follicular fluid concentrations of zinc (Zn) and copper (Cu) and to assess whether 
they are associated with in vitro fertilization (IVF) outcomes. Methods: A retrospective study was conducted based 
on 53 patients recruited from June 2013 to February 2014 in Fujian Provincial Maternity and Children’s Hospital. 
These women with normal ovulatory cycles but with tubal infertility underwent IVF using the GnRH-agonist long 
protocol. Out of these 53 patients, 23 had successfully conceived (pregnant group) and the other 30 failed (non-
pregnant group). Follicular fluid samples were collected from these women on the oocyte retrieval day. Concen-
trations of Zn and Cu in these follicular fluid samples were measured. The correlations between follicular fluid 
concentrations of Zn and Cu and the number (No.) of MII oocyte retrieved, fertilization rate, and cleavage rate were 
determined. Results: In all subjects studied, the mean follicular fluid concentrations of Zn and Cu were 1.16 ± 0.19 
mg/L and 0.96 ± 0.23 mg/L, respectively. However, no difference was observed in follicular fluid concentrations 
of Zn and Cu on the oocyte retrieval day between pregnant and non-pregnant groups. However, for both pregnant 
and non-pregnant groups combined, follicular fluid concentrations of Zn were positively correlated with fertilization 
rate (r = 0.2904, P = 0.0349) and cleavage rate (r = 0.2942, P = 0.0325). Follicular fluid concentrations of Cu were 
positively correlated with the No. of MII oocyte retrieved (r = 0.5010, P = 0.0001) and fertilization rate (r = 0.2894, 
P = 0.0356). Conclusions: These data suggest that in infertile patients who undergo IVF using the GnRH-agonist 
long protocol, optimal follicular fluid concentrations of Zn and/or Cu may be beneficial to oocyte growth, fertilization, 
and early embryonic development. 
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Introduction

The trace elements in human tissues are 
essential for cell growth, maturity, and physio-
logical functions, the latter of which include 
regulation of hormone production and secre-
tion of hypothalamus, pituitary, and gonad, 
thereby critically affecting the oocyte matura-
tion and embryo quality and ultimately signifi-
cantly impacting pregnant outcomes [1-3]. 
Excessive trace elements may also be harmful 
to cells [4]. Trace elements such as zinc (Zn) 
and copper (Cu) are present in oocytes and fol-
licular fluid. Indeed, Popescu et al. found that 
Zn and Cu were asymmetrically distributed in 
the cytoplasm of Xenopus oocytes with high Zn 
and Cu present in the animal pole, while Cu was 
more abundant in the nucleus [5]. Both Zn and 
Cu have also been reported to be present in 
human follicular fluid [3, 6, 7].

It is well known that in vitro fertilization (IVF) is 
one of critical treatments for infertility, but the 
clinical pregnancy rate of IVF is affected by mul-
tiple factors including Zn and Cu [3]. To date, 
however, there are only a few reports determin-
ing the trace element levels in serum and fol-
licular fluid of patients who undergo IVF, and the 
data are not consistent. For example, it was 
reported that the levels of Zn in serum and fol-
licular fluid as well as the levels of Cu in serum 
were lower in women who underwent IVF than 
in the healthy control subjects, suggesting 
important roles of both Zn and Cu in the normal 
development of oocytes [3]. In contrast, Ng et 
al. investigated human follicular fluid levels of 
Zn and Cu in 33 patients stimulated with clomi-
phene citrate and human menopausal gonado-
tropin in the IVF program and showed no signifi-
cant difference in Zn and Cu in those collected 
follicles of different sizes and no association 
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between the follicular fluid concentrations of Zn 
and Cu with the status and maturity of oocytes 
[7]. Thus, a clear association between the fol-
licular fluid concentrations of Zn and Cu with 
IVF outcomes is not yet defined. 

Follicular fluid is a type of blood plasma ultra-
filtrate, which selectively excludes high weight 
molecular proteins [8]. Any change in the follic-
ular fluid may reflect the alternations in micro-
environment of oocyte, potentially affecting 
oocyte development and quality, fertilization, 
and early embryonic development [9]. It is 
believed that trace elements in follicular fluid 
may have more direct effects on oocyte than 
those in serum [8]. Therefore, to further explore 
the potential role of Zn and Cu in human 
oocytes, in the current study, we determined 
follicular fluid concentrations of Zn and Cu and 
also assessed if the concentrations of Zn and 
Cu were correlated to IVF outcomes in women 
who underwent the GnRH-agonist long pro- 
tocol.

Materials and methods

Patients

This study was conducted in the Assisted 
Reproductive Technology Laboratory of Fujian 
Provincial Maternity and Children’s Hospital of 
Fujian Medical University, Fujian, China. The 
protocol was approved by the Research Ethics 
Committee of Fujian Provincial Maternity and 
Children’s Hospital of Fujian Medical University. 
Fifty-three women (23-35 years, 18 kg/m2 ≤ 
body mass index ≤ 25 kg/m2) who had normal 
ovulatory cycles were recruited from June 2013 
to February 2014. These women were diag-
nosed with tubal infertility and underwent IVF 
treatment. Informed consent was obtained dur-
ing pre-cycle preparation period from all 
patients recruited. As part of routine treatment, 
women who were recruited for IVF received an 
initial infertility evaluation which includes medi-
cal and reproductive histories.

Tubal infertility in this study was referred to 
women who had fallopian tube(s) removed for 
tubal pregnancy or tubal obstruction (identified 
by the uterus, fallopian tube iodine oil radiogra-
phy, or by hysteroscope and laparoscope). All 
subjects were interested in becoming preg-
nant. Women with complications including but 
not limiting to history of ovarian surgery or 
radiotherapy and chemotherapy, basal follicle-

stimulating hormone (FSH) > 10 mIU/mL, prema-
ture ovarian failure, poor ovarian response, 
adenomyosis, hyperprolactemia, thyroid disor-
ders, pelvic tuberculosis, submucous myoma, 
intrauterine adhesions, diabetes mellitus or 
cardiovascular diseases were excluded. Women 
included had not received any medication other 
than the standard IVF protocol since the last 3 
months and had not orally received a multivita-
min/mineral tablet for 45 days before serum 
and follicular fluid collection.

Ovarian stimulation protocols

Ovarian stimulation was performed using the 
standard down-regulation protocol with a 
GnRH-agonist (Decapeptyl; Ferring Pharmaceu- 
ticals, Switzerland). Briefly, the patients were 
injected with the GnRH-agonist (0.1 mg/day), 
starting from the mid-luteal phase and onwards, 
which was reduced to 0.05 mg/day on Day 2 or 
3 of the cycle. If the serum estradiol (E2) levels 
were < 50 pg/mL and if there was no functional 
ovarian cyst, the patients were stimulated with 
150-450 IU/day of recombinant FSH (Gonal-F; 
Merck Serono SA, Geneva, Switzerland). Folli- 
cular maturation and endometrial development 
were monitored by serum E2 levels and trans-
vaginal ultrasound. Subcutaneous human cho-
rionic gonadotropin (hCG; Livzon Pharmaceu- 
tical Group Co., Ltd., Zhuhai, China), 5000-
10000 IU, was administered when at least two 
follicles reached the average diameter of ≥ 18 
mm. The oocytes were retrieved 36 h later 
under transvaginal ultrasound guidance and 
subsequently fertilized by conventional insemi-
nation. Embryo quality was assessed before 
embryo transfer (ET), and 1 to 2 embryos were 
transferred to patients approximately 48 h (6-8 
cell stage) after fertilization. Luteal phase sup-
port with 90 mg of vaginal progesterone daily 
(Crinone 8% vaginal gel; Merck Serono SA, 
Geneva, Switzerland) was initiated on the 
oocyte retrieval day and continued for up to 9 
weeks of pregnancy when available. Clinical 
pregnancy was defined as the presence of one 
or more gestational sac with cardiac activity as 
detected by transvaginal ultrasound at 7 weeks 
of gestation.

Determination of trace element concentrations

Follicular fluid samples (10 ml) were carefully 
collected from follicles ≥ 18 mm in diameter 
during oocyte retrieval using the sterile oocyte 
collection tubes (Vitrolife; Göteborg, Sweden). 
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Follicular fluid contaminated with blood and/or 
washing media was excluded. Each sample was 
mixed with 1 ml of concentrated nitric acid (Ρ = 
1.42 g/mL, Electronic purity) in Falcon tube (BD 
Biosciences; Bedford, USA), and was centri-
fuged at 500×g for 10 min to remove cellular 
components. The supernatant was obtained 
and frozen at -20°C until further use. 

The follicular fluid concentrations of Zn and Cu 
were determined using atomic absorption spec-
troscopy (PerkinElmer PE800; USA). Standard 
Zn (1000 mg/L) and Cu (500 mg/L) solutions 
containing 1% nitric acid were provided by the 
Chinese National Research Center for Certified 
Reference Materials. The standard curves were 
established using five concentrations for each 
trace element (0.00, 0.100, 0.500, 1.00, and 
2.50 mg/L for Zn and 0.00, 0.100, 0.500, 1.00, 
and 1.50 mg/L for Cu) with parameters of 
PE800 atomic absorption spectrophotometer 
(Table 1). 

The follicular fluid samples were sonicated by 
an ultrasonic processor (AS7240B; Tianjin, 
China) for 2 h at the room temperature and 
mixed until crystal formation. Each sample (2.0 
g) was transferred into a polytetrafluoroethyl-
ene digestion tank. Twenty ml of concentrated 
nitric acid and 5 ml of 30% hydrogen peroxide 
were added. After mixing overnight, the solu-
tion was dried in Pretreatment Heater (XT-
9800; Shanghai, China). The dried sample was 
rehydrated in 10 ml of deionized water. The 
rehydrated sample (2 ml) was subjected to 
atomic absorption spectroscopy using deion-
ized water as a reagent blank control. The con-
centrations of Zn and Cu were calculated based 
on the standard curve as described above. 

Measurements of serum hormone levels

Serum FSH, luteinizing hormone (LH), and E2 
levels were determined in 3-4 ml morning blood 
samples on Day 2 or 3 of the stimulation cycle 
with gonadotropin after pituitary suppression. 

Table 1. Parameters of PE800 atomic absorption spectrophotometer
Trace element Lamp current (mA) Wave lengths (nm) Slit-width (nm) Gas/airflow volume (L/min) Detection limit (mg/L)
Zn 15 213.9 0.7 2.0/17.0 0.04
Cu 5 324.8 0.7 2.0/17.0 0.01

Table 2. Comparisons between the pregnant and non-pregnant groups
Variables Pregnant (n = 23) Non-pregnant (n = 30) p Value 95% CI
Age (years) 30.13 ± 2.82 31.07 ± 3.30 0.2811 -0.7892 to 2.662
Duration of infertility (years) 5.26 ± 3.24 4.78 ± 3.27 0.5992 -2.290 to 1.335
Total dose of gonadotropins (IU) 2008.70 ± 409.52 2132.5 ± 502.03 0.3406 -134.57 to 382.18
Duration of stimulation (days) 10.26 ± 1.42 9.93 ± 1.31 0.3889 -1.084 to 0.4290
On Day 2-3
    FSH (mIU/mL) 3.75 ± 0.83 3.54 ± 0.67 0.3196 -0.6229 to 0.2073
    LH (mIU/mL) 2.27 ± 1.36 2.89 ± 1.31 0.0973 -0.1176 to 1.365
    E2 (pg/mL) 39.17 ± 12.61 34.6 ± 11.16 0.1681 -11.141 to 1.993
On the day of hCG administration
    LH (mIU/mL) 2.29 ± 1.85 3.38 ± 2.46 0.0812 -0.1405 to 2.327
    E2 (pg/mL) 6598.17 ± 3829.50 5272.77 ± 2482.60 0.1334 -3069.90 to 419.08
    P4 (ng/mL) 1.51 ± 0.66 1.72 ± 0.69 0.2815 -0.1713 to 0.5773
No. of MII oocyte retrieved (n) 12.87 ± 5.80 11.27 ± 5.82 0.3243 -4.836 to 1.631
Fertilization rate (%) 0.81 ± 0.11 0.77 ± 0.19 0.3416 -0.1352 to 0.04773
Cleavage rate (%) 0.78 ± 0.20 0.80 ± 0.16 0.7038 -0.08094 to 0.1190
No. of embryos transferred on Day 3 (n) 1.91 ± 0.29 1.90 ± 0.31 0.8751 -0.1788 to 0.1527
Endometrial thickness on the day of ET (mm) 11.34 ± 1.96 11.37 ± 2.93 0.9617 -1.387 to 1.456
Follicular fluid concentrations of Zn and Cuon the day of oocyte retrieved 
    Zn (mg/L) 1.15 ± 0.20 1.18 ± 0.18 0.5629 -0.07541 to 0.1370
    Cu (mg/L) 0.93 ± 0.20 0.99 ± 0.25 0.3802 -0.0720 to 0.1856
Data are expressed as means ± SD.
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Serum LH, E2, and progesterone (P4) were also 
measured in blood samples collected on the 
day of hCG administration. All the hormones 
were measured using electrochemilumines-
cent method for the quantitative determination 
(Beckman Access analyzer; USA).

Statistical analysis

All data were presented as means ± standard 
deviation (SD), wherever appropriate. Com- 
parisons between groups were carried out 
using Student’s t-test, Manne-Whitney U test, 
and Spearman correlation coefficient as appli-
cable. Statistical significance was defined as P 
≤ 0.05 [10-12].

Results

Demographic values

Out of 53 patients studies, 23 had successfully 
conceived (pregnant group) and the other 30 

failed (non-pregnant group), representing a clin-
ical pregnancy rate of 43.40% in the GnRH-
agonist long protocol. The demographic values 
and IVF outcome parameters are shown in 
Table 2. No significant difference was observed 
in mean ages, duration of infertility, total doses 
of gonadotropins, duration of stimulation, 
serum levels of FSH, LH, and E2 on Day 2 or 3 of 
the cycle, serum levels of LH, E2 and P4 on the 
day of hCG administration, No. of MII oocyte 
retrieved, fertilization rate, cleavage rate, and 
endometrial thickness on the day of ET between 
pregnant and non-pregnant groups (P > 0.05) 
(Table 2). 

Follicular fluid concentrations of Zn and Cu

The mean follicular fluid concentrations of Zn 
and Cu in 53 patients examined were 1.16 ± 
0.19 mg/L, 0.96 ± 0.23 mg/L, respectively. 
Between pregnant and non-pregnant groups, 

Figure 1. Scatter plots with regression lines showing correlations between follicular fluid concentrations of Zn and 
Cu with the No. of MII oocyte retrieved, fertilization rate, and cleavage rate (A. Zn and No. of MII oocyte retrieved; B. 
Cu and No. of MII oocyte retrieved; C. Zn and fertilization rate; D. Cu and fertilization rate; E. Zn and cleavage rate; 
F. Cu and cleavage rate).
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no significant difference was detected in the 
follicular fluid concentrations of Zn and Cu on 
the day of oocyte retrieved (P > 0.05) (Table 2). 

Correlations between follicular fluid concentra-
tions of Zn and Cu and IVF outcomes 

Follicular fluid concentrations of Zn had a trend, 
though not reaching a statistical difference (P = 
0.0604), to positively correlate with the No. of 
MII oocyte retrieved and were positively corre-
lated with fertilization rate and cleavage rate 
(Figure 1). In addition, positive correlations 
were also observed between follicular fluid con-
centrations of Cu and the No. of MII oocyte 
retrieved, and fertilization rate (Figure 1).

Discussion

In the current study, we determined the follicu-
lar fluid of Zn and Cu of patients who under-
went IVF. We found that though follicular fluid 
concentrations of Zn and Cu were similar 
between pregnant and non-pregnant women, 
for both pregnant and non-pregnant groups 
combined, Zn and Cu levels were statistically 
positively correlated with the cleavage rate and 
No. of MII oocyte retrieved, respectively, while 
both Zn and Cu were positively associated with 
the fertilization rate. These data suggest that 
Zn and Cu may differentially promote oocyte 
development and early embryonic develop- 
ment. 

In the current study, the follicular fluid concen-
trations of Zn and Cu determined in women 
studied were comparable to the median follicu-
lar fluid levels of Zn 0.77 mg/L and Cu 0.73 
mg/L reported in women with unexplained 
infertility using GnRH-antagonist protocol [6]. 

Zn, as a cofactor is involved in DNA transcrip-
tion and protein synthesis which are essential 
for germ cell development [13, 14]. For exam-
ple, Zn deficiency impairs oocyte maturation 
and cumulus expansion in mice during the peri-
ovulatory period [15]. Acute dietary Zn deficien-
cy in mice before ovulation also dramatically 
decreases oocyte quality and developmental 
potential [16]. Popescu et al. found that Zn in 
the Xenopus whole oocyte was asymmetrically 
distributed in the cytoplasm, suggesting the 
location of metal deposition may be important 
for normal development [5]. Zn is also involved 
in the synthesis of Vitamin A reductase as the 

deficiency of Zn can decrease serum Vitamin A 
levels, possibly leading to ovulation failure [3]. 
On the other hand, high concentrations of Zn 
can inhibit production of cAMP and P4 induced 
by FSH in chicken granulosa cell of dominant 
follicle, slowing down maturity of oocyte [16]. 
Thus, maintaining Zn at an optimal level is criti-
cal to oocyte development and ovulation. In the 
current study, beside statistically positive cor-
relations observed between follicular fluid con-
centrations of Zn and the fertilization rate and 
cleavage rate in IVF patients, a positive correla-
tion trend was found between follicular fluid 
concentrations of Zn and the No. of MII oocytes 
as reported by Tolunay et al. [6]. Collectively, 
these data imply that Zn may play important 
roles in fertilization and early embryonic growth. 

Cu is another widely distributed essential trace 
element in human body involved in regulating 
normal reproduction of mammals as well as dif-
ferent metabolic processes and enzymatic 
reactions [2]. The metabolic disorder, deficien-
cy, and excessive intake of Cu also result in 
various diseases [17]. For instance, the lower 
levels of serum Cu are associated with decreas-
es in fecundity of buffalo [18]. These decreases 
could be partially contributed to the effects of 
Cu on secretions of hormone produced by pitu-
itary gland, e.g., growth hormone (GH), thyroid-
stimulating hormone (TSH), LH and adrenocor-
ticotrophin (ACTH), all of which are critical to 
oocyte development and ovulation [19]. 
Recently, Babaei et al. found that antral follicles 
were the most susceptible to the Cu overexpo-
sure, leading to a significant decrease in the 
number of follicular cells, increased atresia, 
and decreased the number of corpora lutea 
[20]. Possible mechanisms for Cu-overexposure 
induced follicular damage include Cu-increased 
cell apoptosis, vacuolization of the cytoplasm 
organelles, and detachment of cell membrane 
from its basement membrane [20]. However, 
supplement of Cu (0.46 and 0.68 mg/L) in cul-
ture media accelerates successful formation of 
8-cell embryos, morulae, and blastocysts in 
bovine, while a long-term lack of Cu increased 
the number of apoptotic blastomeres [21]. In 
this study, we confirmed that the follicular fluid 
concentration of Cu is positively correlated with 
the No. of MII oocyte retrieved (P = 0.0001), 
and fertilization rate. Together, these data sug-
gest that an optimal concentration of Cu in fol-
licular fluid may promote oocyte growth and 
improve the fertilization.
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In conclusion, as optimal follicular concentra-
tions of Zn and Cu in the infertile patients stim-
ulated using the GnRH-agonist long protocol in 
IVF may be beneficial to oocyte and embryo 
growth as shown in the current study, we would 
also recommend supplement of Zn and Cu at 
the certain level, depending on the individual, 
for patients before IVF protocol, as suggested 
by the other investigators [3].   
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