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ABSTRACT 
 
Background: In vitro fertilization (IVF) is an assisted reproductive technology (ART) that is widely 
used globally in the treatment of infertility. Infertility can occur due to male factors, female factors or 
both. 
Aim: This is the first Nigerian study that sets out to observe the levels and relationship between 
circulating pro-inflammatory cytokines (IFN-γ, TNF-α) and progesterone (PG) in Nigerian women 
undergoing in vitro fertilization pre and post treatment and their possible effect on pregnancy 
outcome. 
Materials and Methods: This observational study randomly selected sixty-two (62) infertile females 
below 45 year of age who enrolled in the IVF treatment at Lily Hospitals, Warri and Shepherd 
Specialist Hospital, Warri, Southern Nigeria. Only data of the thirteen (13) infertile females who 
became pregnant after the IVF treatment where followed up and presented in this study. Five (5) ml 
of whole blood were collected into plain tubes on day 3 of the menstrual cycle of all the participants 
from the ante-cubital vein before and after IVF procedure using standard laboratory collection 
technique. Ovarian stimulation was done using the long gonadotropin-releasing hormone agonist 
protocol. Oocyte retrieval transfer was done using ultrasound-guided fine-needle aspiration and 
embryo transfer was done using ultrasound-guided embryo transfer. IFN-γ, TNF-α and PG were 
estimated using enzyme-linked immunosorbent assay method. 
Results and Conclusion: Significant increase in the levels of TNF-α and PG at the second 
trimester and third trimester of pregnancy when compared with the first trimester of pregnancy (p = 
0.000). While the level of IFN-γ was significantly increased in the second trimester of pregnancy 
when compared with the first trimester of pregnancy (p = 0.000). It is evident from the study that 
both pro-inflammatory cytokines (IFN-γ and TNF-α) act in synergy to maintain the level of 
progesterone which act as an anti-inflammatory agent to regulate the activities of the pro-
inflammatory cytokines for successful oocytes implantation and maturation. 
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1. INTRODUCTION 
 
In vitro fertilization (IVF) is an assisted 
reproductive technology (ART) that is widely 
used globally in the treatment of infertility. 
Infertility can occur due to male factor (such as 
poor sperm quality or total absence of sperm), 
female factors (including tubal blockage, 
hormonal imbalance, fibroids, ovarian factors, 
structural damage to the uterus) or both [1].

 

Hormones and other regulatory substances such 
as cytokines involved in these mechanisms are 
either locally secreted within the ovary or are 
produced at other sites from where they are 
secreted to act on the ovaries. Furthermore, the 
concentration of these regulatory substance at 
specific times of antral follicle development is 
likely to be related to the success or failure          
of various developmental processes during IVF 
[2]. 

 

 

It had been reported that pro-inflammatory 
cytokines such as interferon gamma and tumor 
necrotic factor- alpha are involved in implantation 
success or failure in assisted reproduction [3]. 
The Concentrations of IL-1 and TNF-α in human 
follicular fluid, in relation to IVF results, were 

analyzed previously by two independent studies 
[4,5]. In which a positive correlation between IL-1 
and TNF-α concentrations, but correlation 
between the concentration of either cytokine and 
oocyte fertilization was not considered as part of 
that study. It also had been reported that tumor 
necrotic factor (TNF-α) is a potent multifunctional 
cytokine involved in autocrine and paracrine 
process such as gamete, follicle and luteal 
development, steroidogenesis, placental 
differentiation, development of the embryo and 
parturition and plays a regulatory role in cell 
proliferation [6,7]. 
 

Studies had shown that successful implantation 
indicated by increased serum progesterone 
stimulates the synthesis of progesterone induced 
binding factor (PIBF) which is secreted by 
lymphocytes, promotes differentiation of CD4+ T 
cells into helper T cells 2 (Th2) that secrete high 
concentrations of anti-inflammatory cytokines, 
which prevent possible immunological 
complication associated with pregnancy [8].  
 
Normal pregnancy is considered to be a state of 
controlled mild maternal systemic inflammation 
which results in increased circulating levels of 
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cytokines such as IFN-γ and TNF-α. [9] 
Raghupathy [10] reported that pro-inflammatory 
cytokines IFN-γ and TNF-α can damage the 
placenta and developing fetus either directly or 
by activating cytotoxic cells, including natural 
killer cells or T cells. Jenkins et al. [11] and Reid 
et al. [12] also reported from their studies that 
circulating IFN-γ and TNF-α levels are higher in 
subjects with subsequent miscarriages compared 
with those with successful pregnancies. Ehiaghe 
et al. [13] reported that the elevation of human 
chorionic gonadotropin hormone, fibrinogen 
concentration and erythrocyte sedimentation rate 
during pregnancy are immune adaptive 
mechanism of blastocyst to get implanted onto 
the walls of the endometrium where it can obtain 
nourishment and prevent any possible rejection 
by the maternal immune system. 

 
A number of non-Nigerian studies have 
attempted to find a relationship between the 
concentration of steroids [14-17], pituitary 
hormones [18] and cytokines [5,17] in the 
follicular fluid of infertile women on In vitro 
fertilization. This is the first Nigerian study that 
sets out to observe the levels and relationship 
between circulating pro-inflammatory cytokines 
(IFN-γ, TNF-α) and progesterone in Nigerian 
women undergoing in vitro fertilization pre and 
post treatment and their possible effect on 
pregnancy outcome. Findings from this study will 
add to the existing level of information/knowledge 
on pro-inflammatory cytokines and their 
association with IVF treatment, which will 
beneficialin improving the success rate in 
Nigeria. Hence, this study was done to               
evaluate the levels and relationship between 
circulating pro-inflammatory cytokines (IFN-γ, 
TN-α) and progesterone in Nigerian Women 
undergoing in vitro fertilization pre and post 
treatment and their possible effect of pregnancy 
outcome. 

 
2. MATERIALS AND METHODS 
 
2.1 Patients 
 
This observational study randomly selected  
sixty-two (62) infertile females below 45 year of 
age who enrolled in the IVF treatment at                    
Lily Hospitals, Warri and Shepherd           
Specialist Hospital, Warri, Southern Nigeria.  
Only data of the thirteen (13) infertile females 
who became pregnant after the IVF          
treatment where followed up and presented in 
this study. 

 2.2 Pre-Blood Samples Collection 
 
Five (5) ml of whole blood were collected into 
plain tubes on day 3 of the menstrual cycle of all 
the participants from the ante-cubital vein before 
IVF procedure using standard laboratory 
collection technique into an anticoagulant free 
vacutainers, subsequently centrifuged at 5000 
rpm for 5 minutes to obtain serum and stored at -
20°C until the day of analysis. 

 
2.3 Post- Blood samples Collection 
 

Five (5 ml) of whole blood were collected from 
the thirteen participants at 2 weeks of gestation 
using standard laboratory collection technique 
into an anticoagulant free vacutainers, 
subsequently centrifuged at 5000 rpm for 5 
minutes to obtain serum and stored at -20°C until 
the day of analysis. Within the period of the 
study, 62 of such women were recruited for the 
study. However 13 of them became pregnant 
and were followed up although the number 
dropped to 10 and 6 by second and third 
trimesters respectively. Two factors were 
responsible for the drop, the first being the cost 
of antenatal care at the IVF centres and the 
financial capability of the pregnant women. 
Secondly, stability of the pregnancy encourages 
such women to continue antenatal care within 
their locality where they preferred to have their 
baby. 
 

2.4 Exclusion Criteria 
 

Exclusion was based on infertile women who met 
the criteria of recruitment such as age but had 
additional health challenges such as 
hypertension, metabolic syndromes and other 
chronic infections as retrieved from their case 
file. Women who are surrogates (carrying 
pregnancy for other women without using their 
own oocytes) were also excluded from this study.  
 

2.5 Stimulation Protocol 
 

Ovarian stimulation protocol using the long 
Gonadotropin-Releasing Hormone (GnRH) 
agonist protocol as described by Tan et al. [19]. 
 

2.6 Oocyte Retrieval/Embryo Transfer 
 

Oocyte retrieval transfer was done by the 
reproductive physician, using ultrasound-guided 
fine-needle aspiration and embryo transfer was 
done using ultrasound-guided embryo transfer as 
described by Iyoke et al. [20]. 
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2.7 Research Grant 
 

The study was funded by TETFUND research 
grant (TETFUND/DESS/NAU/AWKA/RP/Vol. 
VIII) awarded to Prof. Chinedum Onyenekwe. 
 

2.8 Determination of Hormone and 
Cytokine Concentrations 

 

The levels of progesterone were determined 
using enzyme-linked immunosorbent assay 
(ELISA) method as described by Fabien et al. 
[21] Serum Interferon Gamma were determined 
using competitive binding immunoassay using 
ELISA method as described by Thum et al. [22]  
While serum Tumor Necrosis Factor Alpha were 
determined by Sandwich-ELISA method as 
described by Farney et al. [23]. 
 

2.9 Statistical Analysis 
 

The statistical analysis was done using statistical 
package for the social sciences (SPSS) version 
20.0. One-way analysis of variance with least 
significant difference post hoc was used to 
compare mean values of the assayed 
parameters between the four groups (pre-
procedure, first, second and third trimesters of 
gestation).The probability values less than 0.05 
were considered significant.  
 

3. RESULTS 
 
This prospective observational longitudinal study 
of 13 randomly selected women within the age 
range of 30-41 years who underwent IVF 
treatment (Table 1). The mean serum 
progesterone levels for pre-procedure, first, 
second and third trimesters were 2.09 ± 0.81, 
40.80 ± 7.40, 59.82 ± 7.95 and 179.92 ± 29.07 
respectively. There was significant difference in 
the mean values of serum progesterone before 
and after procedure (p = 0.000) (Table 2). The 
mean serum tumor necrotic factor alpha levels 
for pre-procedure, first, second and third 
trimesters were 5.57 ± 2.19, 7.73 ± 1.29, 15.59 ± 
3.28 and 21.37 ± 2.47 respectively. There was 
significant difference in the mean values of 
serum tumor necrosis factor alpha before 
procedure and first trimester of gestation (p = 

0.000) (Table 2). The mean serum interferon 
gamma levels for pre-procedure, first, second 
and third trimesters were 27.59 ± 57.91, 56.57 ± 
6.13, 28.11 ± 7.14 and 27.53 ± 6.40 respectively. 
There was significant difference between mean 
values of interferon gamma pre-procedure and 
first trimester (p = 0.031) (Table 2). 

 
4. DISCUSSION 
 
Several non-Nigerian studies tried to relate 
hormone and cytokine concentrations in follicular 
fluid to oocyte maturity and fertilization results 
(see Introduction). This first Nigerian study 
randomly selected13 infertile women within the 
age range of 30-41 years who underwent IVF 
treatment and became pregnant. The study sets 
out to observe the levels and relationship 
between circulating pro-inflammatory cytokines 
(IFN-γ, TNF-α) and progesterone in Nigerian 
women undergoing in vitro fertilization before and 
after treatment and their possible effect of 
pregnancy outcome. The elevated levels of  IFN-
γ, TNF-α and progesterone concentrations in 
pregnant women with successful oocyte 
fertilization and post fertilization development, as 
demonstrated in this study, suggests that these, 
and probably other, locally acting factors play an 
important role in determining oocyte implantation  
and developmental competence. 
 

Concentrations of IL-1 and TNF-α in human 
follicular fluid, in relation to IVF results, were 
analyzed previously by two independent studies. 
[3-4] in which a positive correlation between IL-1 
and TNF-α concentrations, but no correlation 
between the concentration of either cytokine and 
oocyte fertilization or embryo quality, was found. 
Our data support only the former observation 
because the elevated TNF-α and IFN-γ 
concentrations were associated with elevated 
progesterone in the patients. The fact that the 
pregnant women with elevated progesterone also 
had the high concentrations of circulating pro-
inflammatory cytokines (IFN-γ, TNF-α) supports 
the hypothesis that both cytokines are involved in 
the regulation of processes influencing 
successful pregnancy outcome. It also strongly 
suggests that both cytokines may

 
Table 1. Demographic data of women undergoing in vitro fertilization treatment 

 
Total number of clients followed up 13 
Age Range  30 – 41years 
Patients (mean± SD age (year) 37±5.0 
Clients with Previous IVF 04 
Clients for First Attempt  09 
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Table 2. Comparison of (means ± SD) of serum progesterone (ng/ml) pre-procedure, first 
trimester, second trimester and third trimester of women undergoing in vitro fertilization pre 

and post treatment 
 

Groups N PROG TNF-α IFN- γ 
Group A (Pre-Procedure) 13 2.09 ± 0.81 5.57 ± 2.19 27.59 ± 57.91 
Group B (First Trimester) 13 40.80 ± 7.40 7.73 ± 1.29 56.57 ± 6.13 
Group C (Second Trimester) 10 59.82 ± 7.95 15.59 ± 3.28 28.11 ± 7.14 
Group D (Third Trimester) 06 179.92 ± 29.07 21.37 ± 2.47 27.53 ± 6.40 
F value  307.690 84.98 2.282 
p value  0.000* 0.000* 0.095 
A vs B  0.000* 0.023* 0.031* 
A vs C  0.000* 0.000* 0.970 
A vs D  0.000* 0.000* 0.997 
B vs C  0.001* 0.000* 0.047* 
B vs D  0.000* 0.000* 0.083 
C vs D  0.000* 0.000* 0.973 

* significant 
PROG = Progesterone 

TNF-α = Tumor Necrosis Factor alpha 
IFN-γ = Interferon Gamma 

 
act in synergy to ensure the possible release of 
progesterone which is needed to achieving 
successful pregnancy outcome. Also, the levels 
of IFN-γ return to baseline during the 2nd and 
3

rd
 trimester of pregnancy as demonstrated in 

this study, suggesting that the stimulatory effect 
of IFN-γ  are only needed in the 1st trimester of 
pregnancy. It remains unclear whether elevated 
IFN-γ and TNF-α can directly influence oocyte 
quality or whether they merely reflect the activity 
of an independent mechanism that influences 
successful oocyte implantation, maturation and 
cytokine production. The demonstration of the 
type 1 receptor for pro-inflammatory cytokine in 
mouse oocytes [24], the stimulatory effect of 
TNF-α on oocyte maturation using animal model 
[25]

 
and the demonstration that TNF-α can 

protect isolated mouse oocytes against 
spontaneous fragmentation [26] suggest a 
possible role that both pro-inflammatory cytokine 
plays an important role in successful pregnancy 
outcome.  

 
The results of several studies indicate that the 
immune system plays an important role in the 
etiology of unexplained infertility and in 
successful implantation. Increased Th1 and Th17 
responses have been observed previously in 
women with reproductive failure, and Th2 
responses have been associated with successful 
pregnancy. It had also been reported that pro-
inflammatory cytokine such as IL-1, IFN-γ and 
TNF-α may be instrumental in operating the 
periovulatory switch of the follicular steroid 
production from estradiol to progesterone 

predominance during pregnancy [27,28] through 
their inhibitory effect on FSH-induced estradiol 
production by granulosa cells [29-32]. It had also 
been reported that TNF-α can stimulate 
angiogenesis [33]

 
, and IL-1, in addition to 

stimulating TNF-α secretion, is known to 
enhance directly vascular permeability [34,35]. 
 

5. CONCLUSION 
 

It is evident from the study that both pro-
inflammatory cytokines (IFN-γ and TNF-α) act in 
synergy to maintain the level of progesterone 
which act as an anti-inflammatory agent to 
regulate the activities of the pro-inflammatory 
cytokines for successful oocytes implantation 
and maturation. 
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