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Introduction
One of the free radicals that affect the cell metabolism is super-
oxide, which eradicates by superoxide dismutase enzyme 
(SOD).1 SOD enzyme acts as a defense mechanism by changing 
of superoxide radicals to hydrogen peroxide (H2O2).2

The superoxide ion, as a free radical can damage the cell 
membranes and destroy the oocyte, sperm, and embryo.3 SOD 
may play a role in many events like folliculogenesis,3 implanta-
tion, and pregnancy.4

Estrogens as estradiol had an important function, which 
act as antioxidant.5,6 In high concentration, E2 may play a 
defense mechanism to cell lipids against free radicals.7 In con-
trolled ovarian hyperstimulation, E2 will be increased due to 
increase number of maturating oocytes. The role of E2 level on 
outcome of ICSI remain site of discussion.8

Materials and Methods
Seventy women presenting with subfertility were taken from 
the fertility center, in Al Sadder teaching hospital, between 
March and December 2013. With abnormalities of male, 
female, tubal, and unexplained types. All patients undergo his-
tory and physical examination.

Blood samples were collected at oocyte retrieval. Blood 
was analyzed for E2 by using ELISA. SOD was measured in 
serum by using a calorimetric method by adding serum to tris 
base and pyrogallol, immediately after addition of pyrogallol 
at 420 nm.

Tris buffer mM, PH 8.2, which contain tris base (dissolved 
0.285 g of tris base in small amount of distilled water (DW)) 
and EDTA (dissolved 0.111 g of EDTA in small amount of 
DW)

•	 Pyrogallol	 which	 should	 prepared	 freshly	 by	 adding	
0.0252 g of pyrogallol to 100 ml of DW and 60 ml of HCl.

• Add 50 Mm of serum and 1 ml of tris base, after the addi-
tion of pyrogallol, and immediately read the absorbance 
spectrophotometrically at 420 nm against blank.

Statistical analysis was made by SPSS. Results at P < 0.05 
was considered significant.

Results
Concerning estradiol hormone and superoxide dismutase 
enzyme levels in the different etiologies of infertility, there was 
an insignificant difference in their levels in the different 
 subgroups (P > 0.05), as shown in Table 1.

Correlation between estradiol hormone and 
superoxide dismutase
There was an insignificant direct correlation between serum E2 
and SOD (P > 0.05), as shown in Fig. 1.

Correlation between estradiol hormone, 
superoxide dismutase, and intracytoplasmic 
sperm injection outcome
Table 2 shows that there was a significant direct relation 
between serum E2 and total oocyte, grade I embryos and total 
embryos (P < 0.05), and highly significant direct relation 
between serum SOD and grade I embryos (P < 0.01).

Estradiol hormone and superoxide dismutase 
levels and pregnancy
Table 3 demonstrates estradiol hormone and superoxide 
 dismutase enzyme levels regarding pregnancy. Which were 
higher in a pregnant woman than normal. The increase of 
SOD in subfertile patients is associated with the increase odds 
ratio for pregnancy (Odds = 1.926, P = 0.011). 

The area under the corresponding ROC curve for SOD 
and E2 were compared between pregnant women and normal, 
for the confirmation of pregnancy (Fig. 2). SOD had the largest 
area under the curve (AUC) 0.820, representing that a level of 
4 (µ IU/ML) gave sensitivity of 80% and specificity 67%, 
whereas E2 level had (AUC: 0.633), indicating that a threshold 
of 1300 ng/dl gave sensitivity of 100% and specificity 47%.  
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Table 1. Estradiol hormone and superoxide dismutase enzyme 
in the different etiologies of infertility

Cause Estradiol (ng/dl) SOD (µ IU/ML)

Male 1901.14 ± 964.26 3.85 ± 1.92

Tubal 1761.20 ± 774.13 4.59 ± 1.12

PCOS 2397.29 ± 673.05 4.48 ± 2.16

Unexplained 1387.15 ± 1106.15 1.85 ± 1.11

P value 0.213 0.554

Fig. 1 Association of estradiol hormone and superoxide dismutase.

AUC Cutoff 
point Sensitivity Specificity

95% CI

Lower 
bound

Upper 
bound

E2 0.633 1300 100% 47% 0.411 0.856

SOD 0.820 4.00 80% 67% 0.655 0.985

Fig. 2 Receiver operating characteristics curve analysis for 
 stradiol hormone and superoxide dismutase enzyme levels in 
pregnant and non-pregnant woman.

Table 2. Correlation between estradiol hormone, superoxide 
dismutase, and intracytoplasmic sperm injection outcome

ICSI characteristics Estradiol 
hormone

Superoxide 
dismutase

oocyte retrieval
r 0.267* 0.274

P 0.036 0.167

MII
r 0.214 0.132

P 0.095 0.512

Pronucleus (PN)
r 0.237 0.082

P 0.063 0.683

Fertilization rate (FR)
r 0.007 0.052

P 0.958 0.795

Cleavage rate (CR)
r 0.083 0.054

P 0.524 0.788

Embryo grading

Grade I
r 0.306* 0.488**

P 0.016 0.010

Grade II
r 0.172 0.109

P 0.182 0.587

Grade III
r −0.038 −0.240

P 0.772 0.228

Grade IV
r 0.122 −0.365

P 0.344 0.061

No. of total embryos
r 0.309* 0.137

P 0.015 0.494

MII metaphase II; *Correlation is significant at the P < 0.05; r correlation 
coefficient.

Table 3. Estradiol hormone and superoxide dismutase enzyme 
and pregnancy

Odd’s 
ratioP-valueNon-pregnantPregnantTest

1.0030.3431837.89 ± 964.932092.03 ± 623.16
Estradiol  
hormone  
(ng/dl)

1.9260.011*3.62 ± 1.725.43 ± 1.53
Superoxide 
dismutase  
(µ IU/ML)

The increase of SOD levels is associated with more positive 
pregnancy success. 

Discussion
Table 1 shows the estradiol hormone and SOD enzyme levels in 
the different etiologies of infertility. There was an insignificant 
difference in their levels in the different subgroups (P > 0.05). 

Many researches were found an insignificant association 
between antioxidant and the cause of subfertility in ART,9 
while others like Pekel and his co-workers conflict with their 
findings. They reveal that SOD levels were higher in some 
types like PCOS than control group.10

Increased SOD level associated with increased success 
rate especially in male.11 Also, SOD plays a role in quality of 
oocyte and ultimately play a role in achievement of ART.12

Correlation between superoxide dismutase and 
estradiol hormone
There was an insignificant direct relation between E2 and SOD 
(r = 0.151, P >.0.05), Fig. 1. This result was agreed with Younis  
et al. (2012). SOD may had a role on E2 hormone production.13
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Correlation between superoxide dismutase, 
estradiol hormone, and ICSI outcome
As mentioned in Table 2, there was a significant direct relation 
between serum E2 and total oocyte, grade I embryos and total 
embryos (P < 0.05), and the highly significant direct relation 
between serum SOD and grade I embryos (P <.0.01).

High levels of free radicals are seen in follicular fluid of 
woman with controlled ovarian stimulation than those who is 
not14,15. Bedaiwy.et al. found that free radicals affect on dif-
ferent conception aspect like fertilization rates.16 Bedaiwy  
et al. found that high level of SOD associated with higher fer-
tilization rate and decrease destruction of embryo.16

Some researcher found a direct relation between free rad-
icals level and level of destruction of embryo17,18.

As for the association between serum E2 level and ICSI 
outcome, some researcher not found a connection between E2 
and achievement of pregnancy.19–21

Other studies found the higher E2 associated with higher 
pregnancy rates achieved22–24 Estrogen is associated with the 
increase of retrieved oocyte, grade I embryos, and endome-
trial quality.25

Superoxide dismutase and estradiol and 
pregnancy
Table 3 shows estradiol hormone and SOD enzyme levels 
regarding pregnancy, which were higher in pregnant woman 

than normal. The increased level of SOD in subfertile patients 
is associated with the increased odds ratio for pregnancy 
(Odds =1.926, P = 0.011). This agrees with other investiga-
tors who evaluated a variety of oxidative stress biomarkers in 
serum and found direct relationship between antioxidants 
activity and pregnancy.9,26,27 This result also agreed with 
Younis et al. (2012), who found that SOD was higher in preg-
nant group, whereas peak E2 was not different in the two 
groups.12

Some studies even suggested that E2 by itself has antiox-
idant property and that adverse oxidative stress is associated 
with lower E2 levels.8 SOD is connected with good quality 
oocyte and improved ART outcome. The area under the 
 corresponding ROC curve for SOD and E2 were compared 
to confirm the pregnancy (Fig. 2). Some researchers estab-
lished that fertilization was confirmed by antioxidant 
concentration.12

Younis et al. revealed that SOD associated with success 
ART13 and free radicals associated with gametes damage.15 

Some studies have suggested that high E2 negatively affect 
the ART results.28 Others show E2 had no effect on endome-
trium29 or pregnancy30.

Conflict of Interest
None. 

References
 1. Antonyuk SV, Strange RW, Marklund SL, Hasnain SS. The structure 

of human extracellular copper-zinc superoxide dismutase at 1.7 A 
resolution: insights into heparin and collagen binding. J Mol Biol. 
2009;388:310–326.

 2. Wallace DC, Melov S. Radicals r’aging. Nat Genet. 1998;19:105–106.
 3. Krajcir N, Chowdary H, Gupta S, Agarwal A. Female infertility and assisted 

reproduction: impact of oxidative stress. Curr Women’s Health Rev. 
2008;4:9–15.

 4. Agarwal A, Gupta S, Sharma R. Oxidative stress and its implications in 
female infertility—a clinician’s perspective. Reprod Biomed Online. 
2005;11:641–650.

 5. Bedaiwy M, Agarwal A, Said TM, Goldberg JM, Sharma RK, Worley S,  
et al. Role of total antioxidant capacity in the differential growth of human 
embryos in vitro. Fertil Steril. 2006;86:304–309. 

 6. Subbiah MT, Kessel B, Agrawal M, Rajan R, Abplanalp W, Rymaszewski Z. 
Antioxidant potential of specific estrogens on lipid peroxidation. J Clin 
Endocrinol Metab. 1993;77:1095–1097.

 7. Ruiz-Larrea MB, Leal AM, Liza M, Lacort M, de Groot H. Antioxidant effects 
of estradiol and 2-hydroxyestradiol on iron-induced lipid peroxidation of rat 
liver microsomes. Steroids. 1994;59:383–388. 

 8. Nègre-Salvayre A, Pieraggi MT, Mabile L, Salvayre R. Protective effect of 
17 beta-estradiol against the cytotoxicity of minimally oxidized LDL to 
cultured bovine aortic endothelial cells. Atherosclerosis. 1993;99: 
207–217.

 9. Appasamy M, Jauniaux E, Serhal P, Al-Qahtani A, Groome NP, Muttukrishn S. 
2008. Evaluation of the relationship between follicular fluid oxidative stress, 
ovarian hormones, and response to gonadotropin stimulation. Fertil Steril. 
2008;89:912–921.

10. Pekel A, Gönenç A, Turhan NÖ, Kafalı H. Changes of sFas and sFasL, oxidative 
stress markers in serum and follicular fluid of patients undergoing IVF.  
J Assist Reprod Genet. 2015;32:233–241.

11. Matos L, Stevenson D, Gomes F, Silva-Carvalho JL, Almeida H. Superoxide 
dismutase expression in human cumulus oophorus cells. Mol Hum Reprod. 
2009;15:411–419.

12. Gowda S, Upadhya S, Kumar N, Adiga S, Nagaiah B, Ambati S. Evaluation 
of oxidative stress and antioxidants in serum and follicular fluid of women 
undergoing in vitro fertilization. Int J Basic and Life Sci. 2014;2.

13. Younis A, Clower C, Nelsen D, Butler W, Carvalho A, Hok E, Garelnabi M.  
The relationship between pregnancy and oxidative stress markers 
on patients undergoing ovarian stimulations. J Assist Reprod Genet. 
2012;29:1083–1089.

14. Pasqualotto EB, Agarwal A, Sharma RK. Effect of oxidative stress in follicular 
fluid on the outcome of assisted reproductive procedures. Fertil Steril. 
2014;81:973–976.

15. Bedaiwy MA, Falcone T, Mohamed MS, Aleem AA, Sharma RK, Worley SE,  
et al. Differential growth of human embryos in vitro: role of reactive oxygen 
species. Fertil Steril. 2004;82:593–600. 

16. Bedaiwy MA, Falcone T, Goldberg JM, Attaran M, Miller K, Agarwal A. 
Assessment of the predictive value of follicular fluid IL-6 in IVF cycles. Fertil 
Steril. 2003;80:S96.

17. Yang HW, Hwang KJ, Kwon HC, Kim HS, Choi KW, Oh KS. Detection of 
reactive oxygen species (ROS) and apoptosis in human fragmented 
embryos. Hum Reprod. 1998;13:998–1002.

18. Nasr-Esfahani MM, Johnson MH. The origin of reactive oxygen species in 
mouse embryos cultured in vitro. Development. 1991;113:551–560.

19. Papageorgiou T, Guibert J, Goffinet F, Patrat C, Fulla Y, Janssens Y. 
Percentile curves of serum estradiol levels during controlled ovarian 
stimulation in 905 cycles stimulated with recombinant FSH show 
that high estradiol is not detrimental to IVF outcome. Hum Reprod. 
2002;17:2846–2850.

20. Özçakir HT, Göker EN, Terek MC, Adakan S, Ulukus M, Levi R, et al. 
Relationship of follicle number, serum estradiol level, and other factors  
to clinical pregnancy rate in gonadotropin-induced intrauterine 
insemination cycles. Arch Gynecol Obstet. 2002;266:18–20.

21. Chen CH, Zhang X, Barnes R, Confino E, Milad M, Puscheck E, Kazer RR. 
Relationship between peak serum E2 levels and treatment outcome in  
in-vitro fertilization cycles after embryo transfer on day 3 or day 5. Fertil 
Steril. 2003;80:75–79.

22. Blazar AS. Serum estradiol positively predicts outcomes in patients 
undergoing in vitro fertilization. Fertil Steril. 2004;81:1707–1709.

23. Friedler S, Zimerman A, Schachter M, Raziel A, Strassburger D, Ron ElR.  
The midluteal decline in serum estradiol levels is drastic but not deleterious 
for implantation after in vitro fertilization and embryo transfer in patients 
with normal or high responses. Fertil Steril. 2005;83:54–60.

24. Joo BS, Park SH, Min AnB, Kim KS, Moon SE, Moon HS. Serum estradiol 
levels during controlled ovarian hyperstimulation influence the pregnancy 
outcome of in vitro fertilization in a concentration dependent manner.  
Fertil Steril. 2010;93:442–446.

25. Hendriks DJ, Klinkert ER, Bancsi LF, Looman CW, Habbema JD, te Velde ER. 
Use of stimulated serum estradiol measurements for the prediction  
of hyperresponse to ovarian stimulation in in vitro fertilization (IVF). 
J Assist Reprod Genet. 2004;21:65–72.



60 Iraq Med J | Vol. 2, No. 2, Spring 2018: 57–60

Evaluation of the relationship between superoxide dismutase, estradiol hormone
Original

Hind Abdulkadim Abdulzahra

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License which allows users to read, copy, distribute and make derivative 
works for non-commercial purposes from the material, as long as the author of the original work is cited properly.

26. Oral O, Kutlu K, Aksoy E, Fıçıcıoğlu C, Uslu H, Tuğrul S. The effects of oxidative 
stress on outcomes of assisted reproductive techniques. J Assist Reprod 
Genet.2006;23:81–85.

27. Bedaiwy MA, Elnashar SA, Goldberg JM, Sharma R, Mascha EJ, Arrigain S,  
et al. Effect of follicular fluid oxidative stress parameters on intracytoplastnic 
spertninjection outcotne. Gynecol Endocrinol. 2012;28:51–55.

28. Yu Ng EH, Yeung WS, Yee Lan Lau E, So WW, Ho PC. High serum oestradiol 
concentrations in fresh IVF cycles do not impair implantation and 

pregnancy rates in subsequent frozen-thawed embryo transfer cycles. Hum 
Reprod. 2000;15:250–255.

29. Levi AJ, Drews MR, Bergh PA, Miller BT, Scott RT Jr. Controlled ovarian 
hyperstimulation does not adversely affect endometrial receptivity in in 
vitro fertilization cycles. Fertil Steril. 2001;76:670–674.

30. Sharara FI, McClamrock HD. High estradiol levels and high oocyte yield 
are not detrimental to in vitro fertilization outcome. Fertil Steril.1999;72: 
401–405.




