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Abstract

Background: IVF techniques are developing as an effective treatment for the treatment of infertile couples. Accordingly, the present 
study designed to examine the effect of autologous serum and bovine serum albumin in the presence of zinc supplementation on the 
number of embryos produced.

Methods: 3 male and 1 female NMRI were used for the extraction of oocyte and sperm. Capacitate sperms were added to drops 
containing oocytes. The resulting compound was incubated for 4 - 6 hours in order to fertilization. Group design was performed in 
six groups: 1-control group, 2-control group + Zn (Zinc), 3-control group + AS (Autologous Serum), 4- AS + Zn, 5- AS (BSA free) and 
6- free serum group with three replications in each group. After 24 and 48 hours, the 2 and 4 cells embryos were counted. Data were 
analyzed by ANOVA1. The difference between results in diverse groups was considered at P ≤ 0.05 level.

Results: The data from the experimental groups showed the percentage of embryos in the group containing AS was lower than the 
control group and the Zn group. The Zn group moreover had more embryos than the control group, but this increase was not signifi-
cant. And according to the results, the presence of BSA is essential in the culture medium.

Conclusion: According to the results, it seems necessary to use of BSA in cultures, but its combination with AS is unrecommended. It 
is also advisable to use zinc supplements to increase the number of embryos in the culture medium.
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Introduction
According to the World Health Organization, about eighty mil-

lion couples worldwide are now infertile [1]. Infertility is defined 
as the failure to reach a clinical pregnancy after regular intercourse 
for 12 months [2]. In the past few decades, assisted reproductive 
technology (ART) has been used to compensate for infertility of 
couples and commercially valuable animals. There have been im-
provements in many ART techniques, resulting in a significant in-
crease in the proportion of viable oocytes and transferable embryos 
[3]. Assisted reproductive technology (ART) consists of procedures 
that involve the in vitro handling of both human oocytes and sperm, 
or of embryos, to establish a pregnancy [4]. A variety of assisted re-
productive techniques include in vitro fertilization or IVF. With the 
beginning of this technology in 1978, it became possible to treat 
infertility in some couples who, for whatever reason, had gametes 
but were deprived of children [5]. The advances in the world of 
IVF during the last decades have been rapid and impressive, and 
culture media play a major role in this success. Until the 1980s 
fertility centers made their media in house. Nowadays, numerous 
commercially available culture media contain various components 
including nutrients, vitamins and growth factors. Since the birth of 
Louise Brown, the first child born as a result of IVF, the advances in 
the world of assisted reproduction have been rapid and impressive 
and the future holds even more. The number of children conceived 
by assisted reproduction technologies (ART) has reached 5 million. 
Evidence suggests that culture medium conditions are important 
as a result of IVF and affect pre-and post-implantation develop-
ment and possibly children health [6]. There are important rea-
sons to put a serum in the culture medium. In addition to the basal 
culture medium, the protein material in the serums is required to 
facilitate the fetus' interactions with the culture medium, and the 
serums provide conditions similar to the mother's fallopian tubes 
for the fetus [7]. There are a variety of growth factors in the serum, 
including beta-modifying growth factor, epidermal growth factor, 
and insulin-like growth factor. Bovine serum albumin is also one 
of the most important serum proteins and promotes cell growth 
and survival. This protein acts as a carrier of salts and lipids [8]. 
The autologous serum is a sort of serum reserved from a person's 
blood sample [9]. It seems that the use of the individual's serum is 
most compatible with in vivo and cellular phenomena that can have 
favorable effects. It is expected that this type of serum will not have 
the side effects caused by the use of non-autological serum.

Zinc is a very critical element in the reproductive cycle of spe-
cies. In humans, it is necessary for the formation and maturation of 
spermatozoa, for ovulation, and fertilization. Zinc supplementation 
has already proven beneficial in male sterility and in reducing com-
plications during pregnancy [10].

Culture media conditions in mammals lead to a reduction in 
developmental potential, in other words, embryonic survival is 
affected by environmental conditions. Therefore, culture media 
should be in optimal conditions in terms of concentration of nutri-
ents, minerals and vitamins required by the fetus, pH, temperature, 
etc. In the present study, we tried to improve the efficiency of the 
culture system used for in vitro development of mouse embryos by 
adding zinc supplement and autologous mouse serum to the cul-
ture medium.

Material and Methods
Animals: This study was performed using 3 female mice and 

1 male NMRI mice in each experimental group. The studied mice 
aged were 7 - 10 weeks that kept under controlled conditions (12 
hours light/dark) and free access to water and food. All rules and 
ethical principles regarding the use of laboratory animals were ob-
served. This study has been approved by the ethics committee of 
Kharazmi University.

Oocyte and sperm extraction

Intraperitoneal injection of PMSG (Foligon, Netherlands) at 12 
noon and 48 hours after that, HCG (Pergnil, Germany) was per-
formed, respectively. 20 hours after HCG injection (8 am the next 
day), the mice were killed for oocytes collection. The isolated 
oviducts were transferred to a petri dish containing EmbryoCul-
MHRM medium (Tawfiq Daroo, Iran) and by two insulin syringes, 
the oocytes with the Cumulus Oocyte Complex were gently re-
moved from the fallopian tube (Figure 1). The oocytes and their 
surrounding cell mass were then transferred to EmbryoCul-MHRM 
drip culture medium containing 15 mg/ml BSA and coated with 
mineral oil (Sigma, USA) and incubated for 12 hours.

Adult and motile sperm isolated from the epididymal tail were 
incubated for one hour in EmbryoCul-MHRM culture medium con-
taining 15 mg/ml BSA (Sigma, USA) for one hour. Then sperms 
were added to the mature oocytes in the droplets for fertilization 
and incubated for 6 hours.
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Preparation of autologous mouse serum

To prepare the autologous serum after collecting blood from 
the animal's heart inside the Falcon tube, we allowed the blood to 
clot at laboratory temperature for half an hour. The tube was then 
centrifuged to separate blood cells and serum. The yellow liquid at 
the top of the tube was the same autologous mouse serum used for 
the eggs of the same mouse. The serum was placed in Ben Mari for 
deactivation for 10 minutes at 56°C.

Experimental groups

In this investigation, six experimental groups contain different 
embryonic culture media, were studied. Also, 3 replicates in each 
group with 20 - 25 embryos in each replicate were considered. 
These groups were: a control group with EmbryoCul-MHRM cul-
ture medium containing 4 mg/ml bovine serum albumin (BSA), 
and five treatment groups including: 1 - base culture medium or 
control+ autologous serum (control + AS), 2 - Basic culture medium 
or control + zinc supplement (control + Zn), 3 - Basic culture me-
dium + AS + Zn (control+ AS+ Zn), 4 - Culture medium containing 
autologous serum and without BSA, 5 - Culture medium without 
any type of serum and zinc supplement. For this purpose, the zinc 
supplement (Sigma Albridge, USA) was added to the culture me-
dium of Zn + control group in the amount of 1 mg/ml. Also, 10% of 
autologous serum was used for drip in groups containing AS.

Two cells embryos were counted 24 hours and four cells embry-
os 48 hours after fertilization by inverted microscopy. Degenerated 
embryos were also studied.

Statistical analysis

Data were analyzed by one-way ANOVA and also Tukey test us-
ing SPSS software (V.24). Data scatter was normal and was consid-
ered significant at the P-value level of less than 0.05.

Results
100 adult oocytes from female mice oviducts were randomly as-

signed to each of the experimental groups. According to the graphs 
presented below (Chart 1-3), the results of embryo culture up to 
the two-cell stage (Figure 2) showed that the percentage of devel-
opment of two-cell embryos in the BSA + AS group compared to 
the control group had a significant decrease. On the other hand, 
although there was no significant difference between the Zn group 
compared to the control group, however, the Zn group embryos 

showed a higher percentage of development compared to the con-
trol group. The group containing AS + Zn showed a significant de-
crease in the number of embryos compared with the control group 
(Figure 2). Also, the data obtained from embryo culture in the 4-cell 
stage (Figure 3) had similar results compared to the results of em-
bryo culture up to the 2-cell stage. Thus, the percentage of 4-cell 
embryo development in the AS group was significantly reduced 
compared to the control group. However, there was no significant 
difference in the percentage of four-cell embryo development be-
tween the Zn group compared to the control group.

The results show the presence of BSA is essential for embryonic 
development and if replaced with autologous serum in the culture 
medium, the number of embryos will be greatly reduced. However, 
the percentage of 4-cell embryo development in the Zn group was 
higher than the control group (Figure 3).

Also, the results show that the absence of BSA due to its nu-
tritional role prevents the fertilization of oocytes, causes fragmen-
tation (Figure 4) and loss of sperm stimulation and loss of sperm 
motility. Also, adding the zinc supplement to the culture medium 
containing bovine serum albumin improves the forward develop-
ment of embryos.

Chart 1: Mean percentage of embryo formation in the 2-pn 
stage. Mean ± SE, P ≤ 0.05.

Significance relative to the control group is indicated by the 
* sign at the top of the columns. According to the graph, the 

group containing AS and serum-free group show a significant 
decrease compared to the control group. The group that had 

zinc supplement in their culture medium increased compared 
to the control group, but this increase was not significant.

(P < 0.05 **, P < 0.01*, *** P < 0.001).
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Chart 2: Mean percentage of embryo formation in the two-cell 
stage. Mean ± SE, P ≤ 0.05.

Significance relative to the control group is indicated by the 
* sign at the top of the columns. According to the graph, the 

group containing AS and serum-free group show a significant 
decrease compared to the control group. The group that had 

zinc supplement in their culture medium increased compared 
to the control group, but this increase was not significant.

(P < 0.05 **, P < 0.01*, *** P < 0.001).

Chart 3: Mean percentage of embryo formation in the four-cell 
stage. Mean ± SE, P ≤ 0.05.

Significance relative to the control group is indicated by the 
* sign at the top of the columns. According to the graph, the 

group containing AS and serum-free group show a significant 
decrease compared to the control group. The group that had 

zinc supplement in their culture medium increased compared 
to the control group, but this increase was not significant.

(P < 0.05 **, P < 0.01*, *** P < 0.001).

Figure 1: Swelling in the fallopian tube due to the  
accumulation of oocyte mass.

Figure 2: 2-cell embryos (×200 magnification).

Figure 3: 4-cell embryos (×200 magnification).
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Figure 4: Fragmented embryo next to a four-cell embryo  
(×200 magnification).

Discussion
The researchers found the presence of 1 - 5% bovine serum al-

bumin in the culture medium was necessary to prevent the harden-
ing of zona plusida and consequently the failure of sperm to enter 
the oocyte [11]. In a study for the effect of bovine serum albumin 
on motility and survival of equine sperm in cold conditions. The 
results showed the mobility at 48h was significantly higher in 5 and 
10 mg/ml BSA diluents compared to diluents without BSA and 15 
mg/ml BSA. Also, 10 mg/ml BSA diluents resulted in higher pro-
gressive motility compared to non-BSA and 15 mg/ml BSA dilu-
ents. Membrane and viability activity in 15 mg/ml BSA diluent per 
hour 48 decreased significantly compared to other diluents [12]. 
Bovine serum albumin has been shown to improve embryonic de-
velopment in rabbits [13]. Bovine serum albumin (BSA) acts as a 
source of protein in the culture medium. Studies show the favor-
able effects of BSA on embryonic development and the survival of 
cow blastocysts [14]. In 2017, a study on goat oocyte showed that 
due to the influence of various level of BSA on in vitro maturation 
(IVM), fertilization and subsequent embryonic development of 
goat oocytes. It can be advantageous as a supplement of matura-
tion, fertilization and embryo culture media to increase the devel-
opmental rate of goat oocyte [15]. Another study was performed at 
the University of Bangladesh on maturation and in vitro fertiliza-
tion rate of buffalo oocytes in the culture medium containing BSA. 

This study data show that the addition of 5% BSA in culture media 
enhances the chances of maturation and oocyte fertilization [16]. 
Study on the influences of zinc supplementation during the IVM 
of porcine oocytes showed a positive effect of this supplement on 
increasing the blastocyst formation rates. Intracellular glutathione 
(GSH) levels increase with increasing dose of zinc and the level 
of reactive oxygen species (ROS) decreases with increasing dose. 
This result can be explained by the antioxidant role of zinc [17]. 
Experiments have shown that adding 10 μg/ml zinc to the IVM me-
dium inhibits fertilization in bovine oocytes [18]. Many substances 
influence ART results by affecting follicular development, oocyte 
maturation, fertilization and embryo development subsequently 
[20]. Fragmentation happens in both in vitro and in vivo embryo, 
where anucleate cells of varying size and number are found along 
with nucleate cells in the embryo. Studies have shown that fetuses 
with a lower percentage of fragmentation have a better chance of 
reaching the blastocyst stage [21]. In the present study, the addi-
tion of 1 mg/ml zinc improved the development of mouse embryos. 
Also, the control group containing BSA in the culture medium had 
a significant increase compared to the group containing AS with-
out BSA, which is consistent with many previous studies. Also, in 
this study, autologous serum and bovine serum albumin were used 
simultaneously in the culture medium, which in this group was sig-
nificantly reduced compared to the control group. A culture without 
BSA does not produce any embryos. This confirms previous stud-
ies that serums provide growth factors and proteins for embryonic 
development. The presence of zinc supplement, autologous serum 
and bovine serum albumin (BSA) simultaneously in the culture 
medium did not show any increase in embryonic development rate 
compared to the control group. It can be due to the interaction of 
substances and compounds in serums and thus reduce the effect of 
each of them through the negative feedback mechanism. Accord-
ing to the results, group AS + BSA had a significant decrease (P ≤ 
0.001) in the number of embryos compared to the control group. 
The results indicate zinc supplementation has a positive effect on 
IVF embryos, which leads to an increase in the number of embryos. 
The results also show that the rate of fragmentation in the culture 
medium contains the autologous serum was higher than the con-
trol group and the group containing zinc supplementation. Autolo-
gous serum may have been unable to meet all the nutritional needs 
of fetuses, including growth factors. 
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Conclusion
According to the results, the use of bovine serum albumin in re-

search is necessary because of its nutritional role, in its absence, 
embryos will be unable to continue to develop even up to the 2-cell 
stage. If the positive effect of zinc is proven, this study can be a ba-
sis for further studies to use this supplement to increase the rate 
of embryonic development because reducing costs and saving 
time are the basic principles in research work. Since the maximum 
amount of blood that can be taken from the heart of a mouse is 
about 2 cc, which after centrifugation, filtration and Ben Marie is 
finally given the amount of 200 landa, and due to the possibility 
of trial and error during in case of total specimen loss, it is recom-
mended to use rats or larger specimens. In this way, the accuracy of 
the work will be higher. On the other hand, like human laboratories, 
it is better to examine the animal for blood or infectious diseases 
before taking autologous serum sample to access to a healthier cul-
ture medium and, of course, greater success.

Conflict of Interest
Authors declare no conflict of interest.

Acknowledgements
This study is the result of a master's thesis approved by Kharaz-

mi University of Tehran in 2018.

Bibliography
1. WHO I. A tabulation of available data on prevalence of primary 

and secondary infertility. Programme on Maternal and Child 
Health and Family Planning, Division of Family Health. World 
Health Organization, Geneva (1991).

2. Steptoe PC. “Birth after the reimplantation of a human embryo”. 
Lancet 11 (1979): 366.

3. Moussa M., et al. “Cryopreservation of mammalian oocytes and 
embryos: current problems and future perspectives”. Science 
China Life Sciences 57.9 (2014): 903-914.

4. Farquhar C and Marjoribanks J. “Assisted reproductive technol-
ogy: an overview of Cochrane Reviews”. Cochrane Database of 
Systematic Reviews 8 (2018).

5. Akhondi M., et al. “Ashnaei Ba Leghahe Tabiei, Leghah Khareje 
Rahemi Va Zarorat Estefade Az Gamet Jaygozin Dar Darmane 
Nabarvari”. SID Journal 6.4 (2007): 307-321.

6. Chronopoulou E and Harper JC. “IVF culture media: past, pres-
ent and future”. Human Reproduction Update 21.1 (2014): 39-
55.

7. Rizos D., et al. “Bovine embryo culture in the presence or ab-
sence of serum: implications for blastocyst development, cryo-
tolerance, and messenger RNA expression”. Biology of Repro-
duction 68.1 (2003): 236-243.

8. Hashemi Bani B and Razavi Sh. “Osol Va Mabaniye Keshte Selol 
Va Mohandesiye Baft”. First Edition. Esfahan: Isfahan Univer-
sity of Medical Sciences (2011): 55-56. 

9. Choi J., et al. “Effectiveness of autologous serum as an alterna-
tive to fetal bovine serum in adipose-derived stem cell engi-
neering”. Cell and Tissue Banking 14.3 (2013): 413-422.

10. Favier AE. “The role of zinc in reproduction”. Biological Trace 
Element Research 32.1-3 (1992): 363-382.

11. Wani NA., et al. “Effect of different factors on the recovery rate 
of oocytes for in vitro maturation and in vitro fertilisation pro-
cedures in sheep”. Small Ruminant Research 34.1 (1999): 71-76.

12. Hafez ES and Hafez B. “Reproduction in farm animals”. 7th ed. 
south Carolina: John Wiley and Sons. (2013): 490-497.

13. Ghadimi V and Zhandi M. “Asare albumine serume gavi bar kei-
fiat sperm asbche khazar teye sardsai”. Iranian Journal of Ani-
mal Science 46.2 (2015): 133-139.

14. Gordon I. “Laboratory production of cattle embryos”. CABI 27.1 
(2003): 303-311.

15. Varga S., et al. “Culture system and long-term storage of culture 
media in the in vitro production of bovine embryos”. Acta Vet-
erinaria Hungarica 59.1 (2011): 129-139.

16. Asad L., et al. “Effect of Bovine Serum Albumin on In vitro Mat-
uration, In vitro Fertilization and Subsequent Development of 
Goat Embryos”. International Journal of Agriculture Innovations 
and Research 5.6 (2017).

17. Rahman A., et al. “In vitro maturation and fertilization of buffa-
lo oocytes cultured in media supplemented with bovine serum 
albumin”. IJAS 5.3 (2015): 545-551.

08

Comparing the Effect of Bovine Albumin and Autologous Sera in Culture Medium (EmbryoCul-MHRM) in the Presence of Zn Supplementation 
on the Number of Embryos Produced by IVF in Mice

Citation: Mahdi Hadi., et al. “Comparing the Effect of Bovine Albumin and Autologous Sera in Culture Medium (EmbryoCul-MHRM) in the Presence of Zn 
Supplementation on the Number of Embryos Produced by IVF in Mice". Acta Scientific Pharmaceutical Sciences 5.8 (2021): 03-09.

https://pubmed.ncbi.nlm.nih.gov/79723/
https://pubmed.ncbi.nlm.nih.gov/79723/
https://pubmed.ncbi.nlm.nih.gov/25104318/
https://pubmed.ncbi.nlm.nih.gov/25104318/
https://pubmed.ncbi.nlm.nih.gov/25104318/
https://pubmed.ncbi.nlm.nih.gov/30117155/
https://pubmed.ncbi.nlm.nih.gov/30117155/
https://pubmed.ncbi.nlm.nih.gov/30117155/
https://pubmed.ncbi.nlm.nih.gov/25035437/
https://pubmed.ncbi.nlm.nih.gov/25035437/
https://pubmed.ncbi.nlm.nih.gov/25035437/
https://pubmed.ncbi.nlm.nih.gov/12493719/
https://pubmed.ncbi.nlm.nih.gov/12493719/
https://pubmed.ncbi.nlm.nih.gov/12493719/
https://pubmed.ncbi.nlm.nih.gov/12493719/
https://link.springer.com/article/10.1007/s10561-012-9341-1
https://link.springer.com/article/10.1007/s10561-012-9341-1
https://link.springer.com/article/10.1007/s10561-012-9341-1
https://link.springer.com/article/10.1007/BF02784623
https://link.springer.com/article/10.1007/BF02784623
https://www.sciencedirect.com/science/article/abs/pii/S0921448899000462
https://www.sciencedirect.com/science/article/abs/pii/S0921448899000462
https://www.sciencedirect.com/science/article/abs/pii/S0921448899000462
https://pubmed.ncbi.nlm.nih.gov/21354948/
https://pubmed.ncbi.nlm.nih.gov/21354948/
https://pubmed.ncbi.nlm.nih.gov/21354948/
https://ijair.org/administrator/components/com_jresearch/files/publications/IJAIR_2414_FINAL.pdf
https://ijair.org/administrator/components/com_jresearch/files/publications/IJAIR_2414_FINAL.pdf
https://ijair.org/administrator/components/com_jresearch/files/publications/IJAIR_2414_FINAL.pdf
https://ijair.org/administrator/components/com_jresearch/files/publications/IJAIR_2414_FINAL.pdf
https://www.researchgate.net/publication/281776473_In_vitro_Maturation_and_Fertilization_of_Buffalo_Oocytes_cultured_in_medium_supplemented_with_Bovine_Serum_Albumin
https://www.researchgate.net/publication/281776473_In_vitro_Maturation_and_Fertilization_of_Buffalo_Oocytes_cultured_in_medium_supplemented_with_Bovine_Serum_Albumin
https://www.researchgate.net/publication/281776473_In_vitro_Maturation_and_Fertilization_of_Buffalo_Oocytes_cultured_in_medium_supplemented_with_Bovine_Serum_Albumin


18. Hostetler CE., et al. “The role of essential trace elements in 
embryonic and fetal development in livestock”. The Veterinary 
Journal 166.2 (2003): 125-139.

19. Özkaya MO., et al. “Effects of multivitamin/mineral supplemen-
tation on trace element levels in serum and follicular fluid of 
women undergoing in vitro fertilization (IVF)”. Biological Trace 
Element Research 139.1 (2011): 1-9.

20. Bedwal RS and Bahuguna A. “Zinc, copper and selenium in re-
production”. Experientia 50.7 (1994): 626-640.

21. Jeon Y., et al. “Supplementation of zinc on oocyte in vitro matu-
ration improves preimplatation embryonic development in 
pigs”. Theriogenology 82.6 (2014): 866-874.

22. Stephenson JL and Brackett BG. “Influences of zinc on fertili-
sation and development of bovine oocytes in vitro”. Zygote 7.3 
(1999): 195-201.

23. Kincaid RL. “Assessment of trace mineral status of ruminants: A 
review”. Journal of Animal Science 77.1 (1999): 1-10.

24. Özkaya M., et al. “Effects of multivitamin/mineral supplemen-
tation on trace element levels in serum and follicular fluid of 
women undergoing in vitro fertilization (IVF)”. Biological Trace 
Element Research 139.1 (2011): 1-9.

25. Ghasemian F., et al. “The impact of different time intervals be-
tween hCG priming and oocyte retrieval on ART outcomes”. Ira-
nian Journal of Reproductive Medicine 11.7 (2013): 559.

26. Tan JH., et al. “The impact of in vitro human embryo fragmenta-
tion on blastocyst development and ploidy using Next-Genera-
tion Sequencing (NGS)”. Reproductive BioMedicine Online 38.1 
(2019): e23.

Volume 5 Issue 8 August 2021
©  All rights are reserved by Mahdi Hadi., et al.

09

Comparing the Effect of Bovine Albumin and Autologous Sera in Culture Medium (EmbryoCul-MHRM) in the Presence of Zn Supplementation 
on the Number of Embryos Produced by IVF in Mice

Citation: Mahdi Hadi., et al. “Comparing the Effect of Bovine Albumin and Autologous Sera in Culture Medium (EmbryoCul-MHRM) in the Presence of Zn 
Supplementation on the Number of Embryos Produced by IVF in Mice". Acta Scientific Pharmaceutical Sciences 5.8 (2021): 03-09.

https://pubmed.ncbi.nlm.nih.gov/12902178/
https://pubmed.ncbi.nlm.nih.gov/12902178/
https://pubmed.ncbi.nlm.nih.gov/12902178/
https://pubmed.ncbi.nlm.nih.gov/20180042/
https://pubmed.ncbi.nlm.nih.gov/20180042/
https://pubmed.ncbi.nlm.nih.gov/20180042/
https://pubmed.ncbi.nlm.nih.gov/20180042/
https://pubmed.ncbi.nlm.nih.gov/8033970/
https://pubmed.ncbi.nlm.nih.gov/8033970/
https://pubmed.ncbi.nlm.nih.gov/25091527/
https://pubmed.ncbi.nlm.nih.gov/25091527/
https://pubmed.ncbi.nlm.nih.gov/25091527/
https://pubmed.ncbi.nlm.nih.gov/10533702/
https://pubmed.ncbi.nlm.nih.gov/10533702/
https://pubmed.ncbi.nlm.nih.gov/10533702/
https://academic.oup.com/jas/article-abstract/77/suppl_E/1/4625646?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/77/suppl_E/1/4625646?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/20180042/
https://pubmed.ncbi.nlm.nih.gov/20180042/
https://pubmed.ncbi.nlm.nih.gov/20180042/
https://pubmed.ncbi.nlm.nih.gov/20180042/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3941349/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3941349/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3941349/
https://www.rbmojournal.com/article/S1472-6483(19)30168-3/fulltext
https://www.rbmojournal.com/article/S1472-6483(19)30168-3/fulltext
https://www.rbmojournal.com/article/S1472-6483(19)30168-3/fulltext
https://www.rbmojournal.com/article/S1472-6483(19)30168-3/fulltext

	_GoBack

