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Abstract 
Inflammatory cytokines induce cellular degenerative and apoptotic changes. Studies have shown increase in cytokine levels in 

patients with premature ovarian aging or failure (POF) where excessive oocyte atresia is the major pathogenic feature. Enhanced 
expression of tumour necrosis factor-alpha (TNF-α), a pro-inflammatory cytokine, and its receptors have been found in the oocytes of 
immunized mice with experimental immune ovarian failure. The aim of the present work was to study the direct effects of TNF-α on 
naked oocytes. Oocytes were isolated from superovulated Swiss Albino female mice and treated with different concentrations of TNF-α 
(0.1, 1, 10 and 100ng/ml). Morphological scoring was assessed based on shape, cytoplasmic and extra-cytoplasmic features of the 
oocytes. It was found that TNF-α could induce morphological degenerative changes in mice oocytes at all the concentrations, maximum 
being at 10 ng/ml, suggesting a direct effect of this inflammatory cytokine on mammalian oocytes. Present study was a small piece of 

work that could highlight the possible direct effects of TNF-α on mice oocytes. Similar larger studies need to be planned in near future 
for validation. Further studies should also be planned in animal models of immune POF or autoimmune ovarian disorders to see the effect 
of anti-TNF-α treatment on ovarian physiology. Our lab is planning to continue the study further to confirm the morphological features as 
apoptotic by TUNEL or caspase staining and to find out the possible preventive or therapeutic options.  
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Introduction 
The pool of primordial follicles that a woman born with 

undergoes continuous atresia during reproductive years. It is a 
well-known fact that the underlying mechanism of ovarian 
atresia is apoptosis but the mode of death of atretic/degenerated 

oocytes is yet to be confirmed (1). Apoptosis or programmed cell 
death is an energy dependent biochemical event that is involved 
in regulating the immune reactions happening in response to a 
foreign agent. Apoptosis is a controlled process and is necessary 
for the survival of an organism but when it becomes 
uncontrollable, it can lead to various pathologies (2). Role of 
cytokines have been very well studied in mediating apoptosis; 
one such cytokine is TNF-α. 

TNF-α is a 17.3kDa protein product that induces pleotropic 
cellular responses and is chiefly produced by activated 
macrophages. Numerous cell types such as osteoblasts, 
hepatocytes, spleen cells contain TNF-α and have also been 
identified in the ovaries of humans and mice. TNF-α can exist as 
an insoluble trans-membrane protein and in a soluble form which 
requires a proteolytic cleavage by a matrix metalloproteinase 
known as TACE (TNF-α converting enzyme) (3). To exert its 
biological activities, TNF-α has two distinct Type1 trans-

membrane receptors, TNFR1 and TNFR2 (4). Both receptors have 
a similar cysteine rich extracellular domain and a unique 
intracellular domain indicating different intracellular signalling 
pathway. TNFR1 receptor has primarily pro-inflammatory 
function such as apoptosis (5). It has been reported that TNFR1 is 
necessary for cytotoxicity as it consists of an intracellular site, 
Death Domain which is absent in TNFR2 but can stimulate NF-

B signalling and activation of various kinases (6-8). Enhanced 

expression of TNF-α and its receptors are found in the oocytes of 
immunized mice model of immune ovarian failure (9).  Since it 
has been proved that oocytes have membrane receptors for TNF- 
α, we hypothesised that TNF-α can directly induce degenerative  
 

 
changes in the oocytes. Therefore, the aim of the present work 

was to study the timeline of morphological changes induced by 
TNF-α on mice oocytes in vitro.  

 

Methods 
All animal experiments were approved by Central Animal 

Ethics Committee of All India Institute of Medical Sciences, 
New Delhi (53/IAEC-1/April 2018) and methods were carried 

out in accordance with approved guidelines. 10 Swiss Albino 
female mice, aged 6 to 8 weeks were issued from Central Animal 
Facility, All India Institute of Medical Sciences, New Delhi. 
Animals were housed in 12-hour light dark cycle provided ad 
libitum food and water throughout the study.  Chemicals were 
obtained from Merck, India unless otherwise indicated. On Day 
1, mice were given an intra-peritoneal injection of 10IU PMSG 
(Prospec, India). After 48 hours, 10 IU of hCG was injected 

intra-peritoneally. After 12-14 hours of hCG injection, the 
oviducts were dissected out. Oviducts were collected in a dish 
containing 2 ml of M2 Media. Using a needle, the cumulus was 
flushed out of the oviduct. To remove cumulus cells from the 
oocyte, 5µL of hyaluronidase was added to 500µL of M2 media 
in mineral oil and incubated at 37˚C for 5 minutes. After the 
cumulus cells got separated, oocytes were then transferred to the 
third dish with 100µL drop of M2 media in mineral oil. 

For further experiments different concentrations of TNF-α 
were used (0.1, 1, 10, 100 ng/ml) along with M2 media. The 
experiments were conducted initially for standardization and 
later the experiments were replicated for morphological 
observations. The morphological changes were observed at 
different hrs (1, 2, 4, 8, 12, 24, 48) and scoring was done based 
on the degenerative features described earlier (10).  

An arbitrary morphological score of the degenerative  

 

*Corresponding author: Mona Sharma, Department of Reproductive Biology, 2 Floor, Teaching Block, AIIMS, New Delhi, India. E-

mail: dr.mona18sharma@gmail.com  
 

http://www.jirb.dormaj.com/
https://doi.org/10.1109/5.771073
https://doi.org/10.1109/5.771073


J Infertil Reprod Biol, 2018, Volume 6, Issue 4, Pages: 16-18. https://doi.org/10.47277/JIRB/6(4)/16 

 

17 

 

changes was assessed in 5 oocytes in each concentration under 
inverted microscope (light cytoplasmic granulations: 1; shrinkage 
of cytoplasm/ distorted shape/cytoplasmic oozing: 1; increased 
perivitelline space: 1; dark/densely granulated cytoplasm: 2).  

 

Results 
The morphological changes (cytoplasmic granulations, 

increased perivitelline space, cytoplasmic shrinkage, cytoplasmic 

oozing, distorted shape etc.) were observed with all the 
concentrations of TNF-α. By 8 hrs majority of oocytes in TNF-α 
showed degenerative changes. At 8 hrs, the morphological scores 
of 5 oocytes each at 0.1, 1, 10, 100 ng/ml concentrations of TNF-
α were 13, 19, 20, 16 respectively (Table 1). The score was 
maximum at 10 ng/ml concentration of TNF-α and lesser at 
extreme lower and higher concentrations. Due to technical issues, 
the morphological observations were further continued with two 

concentrations only (1 and 100 ng/ml). Majority of oocytes in 
M2 media were normal till 8 hrs. Under TNF-α supplementation 
to media, majority of the oocytes showed all the degenerative 
changes by 8 hrs. Within 1st hour, mild granulations were visible 
and by 12 hrs, all oocytes were completely atretic (Figure 1 and 
2). 

 

Discussion 
TNF-α induced morphological features have been studied on 

ovarian granulosa and theca cells thereby affecting follicle 
number and oocyte status (11). Oocyte needs surrounding 
cumulus cells for its development. The oocyte atresia in the 

previous study has been interpreted indirectly via granulosa cells 
or follicular cell death. Results of our study showed the 
degenerative effects of TNF-α on mice oocyte morphology, 
maximum at 10 ng/ml as compared to lower and higher 
concentrations. This suggests that effects are produced only at 
optimum concentration. Similar result was shown in the previous 
study as well. The concentrations used in our study were based 
on that work with minor variations (11). Few studies have shown 

that apoptosis is the process of cell death in degenerative changes 
of unfertilized oocytes (12). This study showed that majority of 
unfertilized ova did not show the classical features of apoptosis 
(cytoplasmic shrinkage and fragmentation) until 24 hrs. of 

incubation. The apoptotic features appeared in the cells incubated 
beyond 40 hrs. One study showed that all the apoptotic cells as 
proved by TUNEL assay did not show cytoplasmic 
fragmentation (13). Another controversial result was given by a 
study that suggested a doubt on apoptosis occurring in atretic 

oocytes (14). Cells undergo continuous turnover by the process 
of apoptosis or programmed cell death (15). An apoptotic cell 
shows nuclear and cytoplasmic condensation and fragmentation 
along with formation of membrane bound apoptotic bodies. 
TNF-α is the mediator of extrinsic apoptotic pathway (15,16). 
Cytoplasmic fragmentation is the end point of apoptosis and the 
features observed in our study might be the initial changes 
produced by TNF-α. There have been various markers of 

apoptotic changes such as TUNEL, M30 immunostaining, 
annexin v staining etc. but the gold standard method remains the 
morphological criteria (17, 18). The clinical implications of 
excessive rate of cellular apoptosis and proliferation have been 
discussed in many studies (2, 19). The effect of excessive rate of 
oocyte apoptosis has been linked with ovarian disorders such as 
POF. The effect of cytokines has also been studied in recurrent 
pregnancy loss apart from POF and other autoimmune ovarian 

disorders (20).  

 

Conclusion 
To the best of our knowledge TNF-α induced timeline 

morphological changes on mice oocytes have not been studied so 
far. Present study was done in smaller number of oocytes but 
could highlight the possible direct effect of TNF-α on mice 

oocytes. Results showed the degenerative effects of TNF-α on 
mice oocytes. Presence of cytoplasmic shrinkage and oozing of 
cytoplasm are the initial features of oocyte apoptosis. Still our 
study needs further confirmation of whether these changes are 
attributed to apoptosis or not.  Similar larger studies should be 
planned for validation. Animal models of immune POF should be 
designed to see the effect of anti-TNF-α on oocyte growth. Our 
lab is planning to continue the study to confirm TNF-α induced 

morphological features as apoptotic by TUNEL or caspase 
staining and to find out the possible preventive or therapeutic 
options.  

 
 

 

Table 1: Morphological score of oocytes with different concentrations of TNF-α at 8 hrs
Concentration 

of TNF-α (ng/ml) 

Morphological features at each concentration in 5 oocytes 

 
Total apoptotic score 

 

 

0.1 

 Dark granulated cytoplasm (2) 

 Dark granulated cytoplasm (2) 

 Dark Granulated Cytoplasm + Increased Perivitelline space (2+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space (2+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space (2+1) 

13 

 

 

1 

 Dark Granulated Cytoplasm + Increased Perivitelline space + Shrinkage of cytoplasm (2+1+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space + Shrinkage of cytoplasm (2+1+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space + Shrinkage of cytoplasm (2+1+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space (2+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space + Shrinkage of cytoplasm (2+1+1) 

19 

 

 

10 

 Dark Granulated Cytoplasm + Increase Perivitelline space + Shrinkage of cytoplasm (2+1+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space + Shrinkage of cytoplasm (2+1+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space + Shrinkage of cytoplasm (2+1+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space + Shrinkage of cytoplasm (2+1+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space + Shrinkage of cytoplasm (2+1+1) 

20 

 

 

100 

 Dark Granulated Cytoplasm + Increase Perivitelline space (2+1) 

 Dark Granulated Cytoplasm + Increase Perivitelline space (2+1) 

 Dark Granulated Cytoplasm + Increase Perivitelline space (2+1) 

 Dark Granulated Cytoplasm + Increase Perivitelline space (2+1) 

 Dark Granulated Cytoplasm + Increased Perivitelline space + Shrinkage of cytoplasm (2+1+1) 

16 
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Figure 1. Oocyte in media at 1 hr: Normal; 2 hrs: Normal; 4 hrs: 

Only 1 oocyte showed slight increase in perivitelline space, rest 

was normal. Oocyte in media+ TNF-α 1 ng/ml at 1 hr: light 

granulations; 2 hrs: light granulations, slight increase in 

perivitelline space; 4 hrs: dark granulations, perivitelline space 

larger. Oocyte in media+ TNF-α 100 ng/ml at 1 hr: light 

granulations, distorted shape; 2 hrs: dark granulations, distorted 

shape; 4 hrs: dark granulations, perivitelline space larger 

 

 

Figure 2. Oocyte in media at 8 hrs: Only 1 oocyte showed slight 

increase in perivitelline space, rest were normal; 12 hrs: diffuse 

granulations; 24 hrs: light granulations, distorted shape; 48 hrs: 

dark granulations, distorted shape, cytoplasmic shrinkage, 

cytoplasmic oozing; Oocyte in media+ TNF-α 1 ng/ml at 8 hrs: 

dark granulations, perivitelline space larger; 12 hrs: dark 

granulations, cytoplasmic shrinkage and oozing; 24 hrs: dark 

granulations, distorted shape, cytoplasmic shrinkage; 48 hrs: dark 

granulations, distorted shape, cytoplasmic shrinkage and oozing; 

Oocyte in media+ TNF-α 100 ng/ml at 8 hrs: dark granulations, 

perivitelline space larger; 12 hrs: dark granulations, perivitelline 

space larger, distorted shape; 24 hrs: dark granulations, distorted 

shape, cytoplasmic shrinkage and oozing; 48 hrs: dark 

granulations, distorted shape, cytoplasmic shrinkage and oozing 
 

Ethical issue 
Authors are aware of, and comply with, best practice in 

publication ethics specifically with regard to authorship 
(avoidance of guest authorship), dual submission, 
manipulation of figures, competing interests and compliance 

with policies on research ethics. Authors adhere to publication 
requirements that submitted work is original and has not been 
published elsewhere in any language. 

 

Competing interests 
The authors declare that there is no conflict of interest that 

would prejudice the impartiality of this scientific work. 
 

Authors’ contribution 
All authors of this study have a complete contribution for 

data collection, data analyses and manuscript writing. 

 

References 
1. Devine PJ, Payne CM, McCuskey MK,et al. Ultrastructural 

evaluation of oocytes during atresia in rat ovarian follicles. 

Biol.Reprod.2000; 63, 1245–1252. 

2. Sharma M, Kumar R, Dhingra R. Apoptosis: Researching the 

clinical implications. JIMSA. 2014 July-Sept;27(3):161-162. 

3. Kalliolias GD, Ivashkiv LB. TNF biology, pathogenic 

mechanisms and emerging therapeutic strategies. Nat Rev 

Rheumatol. 2016 Jan;12(1):49–62.  

4. Locksley RM, Killeen N, Lenardo MJ. The TNF and TNF 

receptor superfamilies: Integrating mammalian biology. Cell 

Press. 2001;104:487–501.  

5. Parameswaran N and Patial S. Tumor Necrosis Factor-α 

Signaling in Macrophages.Crit Rev Eukaryot Gene Expr. 2010; 

20(2): 87–103. 

6. Brenner D, Blaser H, Mak TW. Regulation of tumour necrosis 

factor signalling: Live or let die. Nature Reviews Immunology. 

2015; 15: 362–74.  

7. Wajant H, Scheurich P. TNFR1-induced activation of the 

classical NF-κB pathway. FEBS J. 2011; 278 (6): 862–76.  

8. Wajant H, Pfizenmaier K, Scheurich P. Tumor necrosis factor 

signaling. Cell Death and Differentiation. 2003;10: 45–65.  

9. Shepel E, Dosenko V, Voznesenskaya T, et al. Changes in 

expression of TNF alpha and its receptors mRNAs in oocytes and 

granulosa cells in mice with experimental immune ovarian 

failure. Journal of Health Science. 2014;4(8):81-90. 

10. Balaban B, Urman B, Sertac A, et al. Oocyte morphology does 

not affect fertilization rate, embryo quality, implantation rate after 

intracytoplasmic sperm injection. Human Reproduction. 1998; 

(13)12:3431-3433. 

11. Morrison LJ and Marcinkiewicz JL. Tumor Necrosis Factor a 

Enhances Oocyte/Follicle Apoptosis in the Neonatal Rat Ovary. 

Biology of Reproduction. 2002;66: 450–457. 

12. Takase K, Hikawa MO, Hoshiai H. Apoptosis in unfertilized the 

degeneration process of mouse ova. R Tohoku J. Exp. Med. 1995; 

175: 69-76. 

13. Fujino Y, Ozaki K, Yamamasu S, et al. DNA fragmentation of 

oocytes in aged mice. Human Reproduction. 1996; (11)7: 1480-

1483. 

14. Van Blerkom J and Davis PW. DNA strand breaks and 

phosphatidylserine redistribution in newly ovulated and cultured 

mouse and human oocytes: occurrence and relationship to 

apoptosis. Human Reproduction. 1998; (13)5:1317–1324. 

15. Sharma M, Kumar R, Dhingra R. Apoptosis: Understanding of 

the signaling pathways. Int J Biol Med Res. 2012; 3(3): 2306-

2308. 

16. Sharma M, Kumar R, Dhingra R. An immunohistochemical study 

of the syncytial knots in the preeclamptic placentas. IJPRBS. 

2012: 1(4) 228-239. 

17. Sharma M, Kumar R, Bhatla N, Dhingra R. A Comparative study 

of apoptosis in placentas of normal and preeclamptic Indian 

pregnant women by TUNEL assay and M30 immunostaining.  

JCLA. 2012: 26: 459-466. 

18. Sharma M, Kumar R, Dhingra R. Apoptosis: Searching for the 

detection techniques. Int J Biol Med Res. 2012; 3(3):2172-2175.  

19. Sharma M, Dhingra R, Kumar R. Relevance of placental 

pathological changes of maternal inflammatory syndrome along 

with the obstetric and clinical parameters in preeclampsia. 

International journal of scientific and research publications, 2012; 

2(8): 313-320. 

20. Simsek M, Ozkan ZS, Deveci D, Ilhan F3, et al. Investigation of 

plasma cytokine levels and endometrial tissue leukocytes in 

recurrent pregnancy loss. Journal of Infertility and Reproductive 

Biology. 2015;3(3):192. 

http://www.jirb.dormaj.com/
https://doi.org/10.1109/5.771073
https://doi.org/10.1109/5.771073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parameswaran%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21133840
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patial%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21133840
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patial%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21133840
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=21133840
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=21133840

