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INTRODUCTION 

Adenosine deaminase (ADA) is an enzyme and has a role 

in the deamination of 2' deoxyadenosine and adenosine to 

2' deoxyinosine and inosine.1 There are three molecular 

forms, including ADA1, ADA1+cp and ADA2. The 

enzyme is distributed in all human cells including 

lymphocytes and monocytes and monocyte-macrophage 

system is the major source.2,3 Beside immune system 

development, ADA acts an important role in 

differentiation, proliferation, maturation and function of 

lymphocytes. Aditionally, it is essential for the 

maturation of blood monocytes to macrophages. Elevated 

serum enzyme activities have been reported with diseases 

those related to malignancies and immune system.4-7 

ADA activity changes in diseases characterized by the 

alteration of cell-mediated immunity.1,4-7 Accordingly, 

ADA might be a marker of cell-mediated immunity. 

In the human reproductive tract, the function of the 

enzymes that affect adenosine metabolism, especially 

ADA, have been investigated. The activity of ADA was 

evaluated in the male reproductive system. They signified 

that inhibition of ADA activity increases adenosine levels 

and it resulted an improvement of sperm fertilization.8,9 

In addition, it is suggested that ADA receptors might 

have a role in capacitation and acrosome reaction.10 Due 

to the significance of ADA in the male reproductive 

system, it seemed logical that alteration in ADA activity 

to be associated with male infertility.11 For the female 
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reproductive system, that women with elevated ADA 

activity have the highest risk for recurrent spontaneous 

abortion.12,13 It is also revealed that ADA activity shows 

fluctuations in the normal menstrual physiology.14 In 

addition, ADA activity was investigated during 

pregnancy.15-17 To the best of our knowledge, ADA 

activity has not yet been systematically addressed in the 

female infertility. 

Oocyte capability to support embryonic development is 

recovered in the ovarian follicle. During follicular 

evaluation, the follicle has an antrum filled with a fluid 

called follicular fluid (FF) from the tertiary stage. FF is a 

key element influences mainly oocyte growth, maturation 

and nutrition. This fluid is a source of noninvasive 

biochemical markers, is easily available. Since FF 

constitutes a vital microenvironment for the development 

of oocytes, it seems logical to assume that some 

biochemical characteristics of FF surrounding the oocyte 

may imply ovarian reserve and may play a critical role in 

oocyte quality, fertilization potential, embryo 

development, and pregnancy rate.18-22 Accordingly, we 

assessed whether FF activity of ADAT is different 

between infertile women with different infertility 

etiologies.  

So, we sought to investigate the activity of ADAT in the 

plasma and FF, and to analyze the relation with ovarian 

reserve and clinical parameters linked to IVF outcomes of 

women undergoing IVF/ICSI.  

METHODS 

This study was a retrospective cohort study. The data of 

all individuals, who underwent their IVF/ICSI at IVF 

Unit of Istanbul Research and Education Hospital from 

May 1st 2019 to July 31st 2019 were retrospectively 

reviewed. The study was approved by the ethics 

committee of the hospital. Patient characteristics and 

cycle parameters were collected from hospital database. 

Only one IVF cycle of each patient was evaluated within 

the study time frame.  

Inclusion criteria 

The women were between 23-45 years old, unable to 

conceive naturally for at least 1 year, had an infertility 

etiology of diminished ovarian reserve (DOR), tubal 

factor (TF), male factor (MF) or unexplained infertility. 

They had no infectious disease or inflammation. 

Individuals who met the inclusion criteria were included. 

Exclusion criteria 

Patients were excluded if they had two or more type of 

infertility etiologies, diseases of the immune system, 

hematologic malignancies, ovarian tumors, endocrine 

disorders (hyperprolactinemia, diabetes mellitus, thyroid 

dysfunction, Cushing syndrome, and congenital adrenal 

hyperplasia), uterine abnormality or smoking. Patients 

with chronic use of any medication were also excluded.   

A total of 106 women were eligible and enrolled in this 

study. Blood specimens were drawn before oocyte 

retrieval. FF samples from the first aspirated follicle was 

used for ADAT measurement from infertile women who 

underwent oocyte retrieval for IVF–ICSI. Venous blood 

samples were collected in the presence of EDTA, and 

plasma was stored at -20°C. ADAT activity was 

evaluated according to the method of Giusti and 

Galanti.23  

Complete blood counts, day 3 follicle-stimulating 

hormone (FSH), anti-Müllerian hormone (AMH) were 

evaluated in all subjects. Age, body mass index (BMI), 

infertility etiology, duration of infertility, treatment 

protocol, cycle parameters including estradiol (E2) and 

progesterone (P4) on hCG day, number of oocyte 

retrieved, MII oocyte, 2PN (pronucleus), and embryos 

transferred and pregnancy rate were assessed. For 

controlled ovarian stimulation, we used GnRH-antagonist 

protocol. The GnRH-antagonist protocol was started on 

day 3 of the menstrual cycle with either hMG or rFSH 

(Menogon, Ferring, Istanbul, Turkey or GonalF 75IU 

ampules; Serono, Istanbul, Turkey). Cetrotide GnRH-

antagonist (Cetrorelix acetate, Merck Serono, Istanbul, 

Turkey) was administered on stimulation day 6. 

Transvaginal ultrasonography, together with measuring 

of blood estradiol (E2), were used to assess the ovarian 

response, and adjust the gonadotropin dose. When at least 

two follicle were ≥18 mm, Ovitrelle 250 micrograms 

(choriogonadotropin-alfa, Merck Serono, Istanbul, 

Turkey) was ordered to trigger ovulation. Oocyte 

retrieval was done at hour 35-36 after hCG injection. An 

oocyte retrieval was performed using a 17-gauge needle 

under transvaginal ultrasound guidance. The oocyte-

corona complexes were removed, ICSI was done after 

two hours of incubation. Embryos were transferred on 

day 3 or day 5. A maximum of two embryos were 

transferred each time when the patient was older than 35 

years old. 

DOR is defined by the presence of two of the following 

three features: (1) maternal age ≥40 years or any other 

risk factor for poor response, (2) previous poorly 

responsive cycles (≤3 oocytes retrieved), (3) an abnormal 

ovarian reserve test (AMH<0.5-1.1 ng/mL or antral 

follicle count <5-7 follicles).24 Tubal factor infertiliy (TF) 

was defined as the blockage of tuba uterina bilaterally on 

hysterosalpingography that was confirmed by 

laparoscopy. Unexplained infertility was defined as the 

inability to concieve despite 1 year of unprotected 

intercourse that is not explained by anovulation, tubal 

pathology, impaired sperm quality, or any other etiology 

of infertility. Male factor (MF) infertility was defined as 

infertility caused primarily by male factors including 

abnormal semen parameters or function, endocrine, 

anatomical, genetic, immunological or functional 
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abnormalities of the reproductive tract; chronic illness, 

and sexual dysfunctions. 

Statistical analysis 

IBM SPSS Statistics 22.0 program was used for statistical 

analysis. When evaluating the study data, the suitability 

of the parameters to normal distribution was evaluated by 

Kolmogorov-Smirnov test. Descriptive statistical 

methods (mean, standard deviation) were used to evaluate 

the study data. In the comparison of quantitative data; 

Oneway ANOVA test was used to compare the normal 

distribution parameters. Tukey HSD test was used to 

isolate statistically significance among the groups. 

Kruskal Wallis test was used for comparison of non-

normally distributed parameters. Mann Whitney U test 

was used to isolate statistically significance among the 

groups. In addition, Mann Whitney-U-test was used to 

compare the non-normal distribution parameters among 

the two groups. Chi-square test was used to compare 

qualitative data. Spearman’s rho correlation analysis was 

used to investigate the relationships between the 

parameters. Significance was evaluated at p<0.05.  

RESULTS 

A total of 106 infertile women were enrolled in the study. 

Thirty-three of the women had diminished ovarian 

reserve, 22 had tubal factor, 21 had unexplained 

infertility and 30 had male factor infertility. Distribution 

of demographic features and cycle parameters were given 

in Table 1.  
 

Table 1: Distribution of demographic features and cycle parameters. 

Variables  

MF DOR TF Unexplained 

P value Mean±SD; 

median 

Mean±SD; 

median 

Mean±SD; 

median 

Mean±SD; 

median 

Age (years) 30.83±5.27 33.67±4.85 31.27±4.93 31.48±4.57 0.1121 

BMI (kg/m2) 22.40±2.19 22.58±2.51 22.41±2.36 23.05±2.78 0.7941 

Duration of infertility (days) 4.33±2.63; 4 4.36±2.65; 4 4.09±2.67; 3.5 4.19±2.25; 4 0.9662 

Duration of COH (days) 9.20±0.71; 9 9.09±0.76; 9 9.14±0.64; 9 9.14±0.48; 9 0.7662 

AMH (ng/ml) 4.07±2.29; 3.24 0.82±0.71; 0.63 4.38±3.78; 3.68 6.21±5.34; 4.22 0.001**2 

FSH (mIU/ml) 7.76±2.92; 8.08 10.86±5.15; 9.96 8.78±3.36; 7.98 8.11±3.52; 7.54 0.028*2 

E2 levels on the day of hCG 

(pg/ml) 

1425.74±1121.71; 

1019.28 

705.91±495.78; 

545.49 

1638.01±1135.62; 

1437.31 

1433.35±914.41; 

1259.27 
0.001**2 

P4 levels on the day of hCG 

(ng/ml) 
1.77±1.18; 1.43 1.41±0.56; 1.29 2.10±1.47; 1.71 1.62±1.03; 1.31 0.4512 

Oocytes retrieved (n) 7.87±3.73; 7.5 3.30±1.89; 3 8.73±3.89; 8 9.57±5.88; 8 0.001**2 

MII oocyte (n) 6.53±3.34; 6 2.76±1.66; 2 7.18±3.62; 7 7.43±4.13; 6 0.001**2 

 n; % n; % n; % n; %  

Embryos transferred 

(n) 

0 7; 23.3 6; 18.2 1; 4.5 2; 9.5 

0.3093 1 14; 46.7 12; 36.4 12; 54.5 13; 61.9 

2 9; 30 15; 45.5 9; 40.9 6; 28.6 
1Oneway ANOVA test; 2Kruskall Wallis test; 3Ki-Kare test; *p<0.05; **p<0.01; AMH: Anti-mullerian Hormone; BMI: Body mass 

index; DOR: Diminished ovarian reserve; E2: Estradiol; FSH: Follicle-stimulating hormone; MF: Male factor; MII: Metaphase II; 

n: number; P4: Progesteron; TF: Tubal Factor 

Table 2: Plasma and follicular fluid ADAT activities of infertile women according to infertility etiology and 

comparision of complete blood count parameters of the groups. 

Variables 
MF DOR TF Unexplained 

P value 
Mean±SD; median Mean±SD; median Mean±SD; median Mean±SD; median 

Lymphocyte (109/l) 2.53±0.76 2.38±0.65 2.17±0.71 2.44±0.49 10.273 

Monocyte (109/l) 0.57±0.19; 0.54 0.51±0.16; 0.49 0.48±0.13; 0.47 0.53±0.14; 0.52 20.428 

Eosinophil (109/l) 0.15±0.11; 0.12 0.15±0.11; 0.13 0.16±0.13; 0.14 0.19±0.21; 0.10 20.973 

ADAT (U/L) 
MF DOR TF Unexplained 

P value 
Mean±SD; median Mean±SD; median Mean±SD; median Mean±SD; median 

Plasma 7.93±1.65 7.80±1.05 7.18±1.93 7.16±1.58 10.163 

Follicular fluid 4.58±0.85; 4.55 6.68±1.14; 6.6 4.23±1.07; 4.3 4.45±1.03; 4.4 20.001** 
1Oneway ANOVA test; 2Kruskall Wallis test; **p<0.01; DOR: Diminished ovarian reserve; MF: Male factor; TF: Tubal Factor 
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AMH level of DOR group was significantly lower than 

that of the other groups (p<0.01). There was no 

statistically significant difference among the other groups 

(p>0.05). 

FSH level of DOR group was significantly higher than 

that of the other groups (p<0.05). There was no 

statistically significant difference among the other groups 

(p>0.05). 

Mean level of serum estradiol on the day of hCG 

administration (p<0.01), total number of oocytes 

retrieved (p<0.01) and MII oocyte count (p<0.01) of 

DOR group were significantly lower than that of the 

other groups. There was no statistically significant 

difference among the other groups (p>0.05). 

The complete blood count of the infertility groups is 

given in Table 2. Plasma lymphocyte, monocyte and 

eosinophil counts were not statistically different between 

groups (p>0.05). 

Plasma and FF ADAT activities of infertile women 

according to infertility etiology are shown in Table 2. 

Activity of plasma ADAT was significantly higher than 

activity of FF ADAT in all of the infertile groups 

(p<0.01). Activity of FF ADAT was higher in DOR 

group than the others (p<0.01).There was no statistically 

significant difference among the other groups (p>0.05). 

Tablo 3. Relation of ADAT activity with ovarian 

reserve markers and cycle parameters in DOR group. 

DOR group 
FF ADAT(U/l) 

R 

Age (years) -0.001 

BMI (kg/m2) -0.507** 

Day 3 FSH (mIU/ml) 0.352* 

AMH (ng/mL) 0.081 

Monocyte count (109/l)                              0.147 

E2 levels on the day of hCG 

(pg/ml) 
0.007 

P4  levels on the day of hCG 

(ng/ml) 
0.156 

Duration of COH (days) -0.143 

Oocytes retrieved (n) 0.057 

MII Oocyte (n) -0.020 

Embryos transferred (n) 0.318 

2PN (n) 0.318 
4Pregnancy Mean±SD 

Negative 6.79±1.15 

Positive 6.53±1.14 

r: Spearman’s rho correlation cofficient 4Mann-Whitney U 

test; *p<0.05; **p<0.01; AMH: Anti-mullerian Hormone; 

BMI: Body mass index; DOR: Diminished ovarian 

reserve; E2: Estradiol; FF: Follicular fluid; FSH: Follicle-

stimulating hormone; MF: Male factor; MII: Metaphase II; 

n: number; P4: Progesteron; TF: Tubal Factor; 2PN: 

pronucleus. 

The relation of ADAT activity with BMI showed a 

negative correlation in DOR group (r=-0.507). 

Additionally, ADAT activity of DOR group and FSH 

levels, showed a positive correlation (r=0.352) (Table 3). 

DISCUSSION 

In the present study; a significant difference in the ADAT 

activities between plasma and FF of infertile women was 

found. The activity of plasma ADAT was higher than FF 

in infertile individuals. Aditionally, the activity of FF 

ADAT in DOR group was higher than that of the others. 

FF enzyme activity of DOR group had a correlation with 

one of ovarian reserve markers (FSH). However, any 

relationship did not observed with IVF outcomes. 

According to our results, it can be concluded that the 

ADAT activity in the FF of infertile women with DOR 

may act as a predictor of ovarian reserve. 

Infertility is defined as the inability to concieve within 12 

months of unprotected sexual intercourse.25 Though, IVF 

is a good treatment option for infertility has become 

widely accepted, DOR is one of the most bothersome 

causes of the failure of IVF attempts.25 DOR is 

demonstrated by markers such as the decrease in the 

antral follicle count, the increase in the Day3 FSH, and 

the decrease in the AMH.26,27 In our study; activity of FF 

ADAT was higher in DOR group than the others (p<0.01) 

and it is showed that ADAT activity in FF of DOR group 

has a positive correlation with FSH and a negative 

correlation with BMI. There was a statistically significant 

correlation between follicle ADAT level and FSH level at 

35.2% (p<0.05). Follicle ADAT levels increased by 

0.352 units while FSH increased. There was a statistically 

significant correlation between follicle ADAT level and 

BMI at 50.7% (p<0.01). Follicle ADAT level decreases 

by 0.507 units while BMI increases. 

The activity of ADA shows changes in diseases 

characterized by the alteration of cell-mediated 

immunity.4-7 However, the etiology of elevated ADAT 

activity in infertile women with DOR are not clear. 

Increased ADAT activity in infertile women with DOR 

can result in reduction of adenosine availability. Since 

our findings suggest that ADAT activity in FF can 

indicate diminished ovarian reserve, increased enzymatic 

activity and decreased adenosine level might have a role 

in ovarian reserve in infertile women. Although 

granulosa-luteal cells predominate in FF, it was found 

that monocytes-macrophages comprise 5-15% of human 

follicular tissue cells.28 As the main source of ADA in 

plasma is the monocyte-macrophage system, it is rational 

that higher numbers of plasma monocytes might be a 

reason for increased intrafollicular ADA activity in 

infertile individuals with DOR. Nevertheless, there were 

no significant differences in the number of lymphocytes, 

monocytes and eosinophils between different infertility 

etiologies. Moreover, any significant correlation was not 

found between ADAT activity and serum monocyte 

count in infertile women with DOR in our study 
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(p>0.05). Increased intrafollicular monocyte-macrophage 

content in infertile women with DOR might be speculated 

as a cause of increased intrafollicular enzymatic activity 

but further studies are needed. 

In the literature there are few studies evaluating 

intrafollicular ADAT activity. A study of Celik et al 

concluded that the mean follicular ADA was higher in 

GnRH-antagonist group than GnRH-agonist group. In our 

study; GnRhH-antagonist protocol was applied to all 

infertile patients.29 Most of the ADA studies about 

infertility assess enzymatic activity of serum ADA. In the 

literature; increased levels of ADA was found to be 

responsible in abortions via decreasing adenosine levels. 

Adenosine is an important local hormone regulating 

blood flow, platelet aggregation, smooth muscle 

physiology and neurotransmission.12 Decreased ADA 

stated to have a role in sustaining normal pregnancy via 

increasing adenosine level. An increase in serum ADAT, 

and ADA2 activities in women with recurrent spontan 

abortion was demonstrated.12 In one another study; it was 

stated that infertile women who get pregnant after IVF-

ET had significantly lower serum concentrations of 

ADA1, significantly increased levels of serum ADA, 

monocyte and lymphocyte counts as indicators of 

activated cellular immunity.30 

Our study has some limitations. Study population was 

small and ADA enzyme activity could be calculated as 

ADA1 and ADA2 rather than ADAT. Unfortunately, this 

is a result of our laboratory conditions.   

CONCLUSION 

Given the results, ADAT activity in FF of DOR group on 

the day of oocyte retrieval has a positive relation with 

ovarian reserve marker (FSH). To further evaluate the 

function of ADAT in the FF on the day of oocyte 

retrieval in predicting IVF outcomes, the correlation of 

the ADAT levels in FF and IVF outcomes were 

identified. We demonstrated that ADAT activity in FF on 

the day of oocyte retrieval could not predict IVF 

outcomes. Best of our knowledge, this is the first study 

assessing intrafollicular ADA activity and the relation 

with ovarian reserve markers and IVF outcomes. Further 

researches are needed to clarify the mechanisms by which 

the activity of ADAT may affect and regulate the fertility 

and the reproductive process of humans. 
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