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Background: The ovarian follicular development of 

rodents begins at neonatal period, the stage at which 

primordial follicles are formed. During estrous cycle, 

most of the follicles undergoes atresia and some of 

them continue their development process. The 

mammalian’s ovary is regulated by some factors 

including hormonal factors and direct neuron effects. 

Previous studies have shown that the fate of follicles 

in this cycle are affected by hormones such as follicle-

stimulating hormone and luteinizing hormone. In 

addition, there are two different populations of 

neurons in ovary, the internal and external neurons. 

External nervous system of mouse ovary has many 

roles. Several studies have shown its role in 

developmental process, cyclic stages, pregnancy, and 

aging process. These nerves and also ganglia are 

responsible for ovarian estradiol secretion. Some 

studies implied that the ganglia in ovary takes part in 

some functions such as hormone secretion but to best 

of our knowledge, their relationship with follicular   

and ovarian development have not fully          

understood. 

Objective: The present study was set out to investigate 

two-dimensional (2D) and three-dimensional (3D) 

evaluations of ovarian nervous network development 

and the structural relationship between 

folliculogenesis and gangliogenesis in mouse ovary. 

Materials and Methods: Adult mice ovarian tissue 

samples were collected from diestrus and estrus stages. 

In details, firstly, the cardiac perfusion was performed. 

The collected ovarian samples were stained by a 

Golgi-Cox protocol. Following staining, tissues were 

serially sectioned with thickness of 30 μm for each 

section for imaging and further analysis. Ovarian 

tissue serial images were evaluated with Image J 

software for 2D analysis and with Imaris software for 

3D analysis. The images of estrus and diestrus ovaries 

were separately compared. In addition, the 2D and 3D 

data of estrus ovary were comparably analyzed. IBM 

SPSS Statistics 26 software was used for statistical 

analysis. The mean differences between follicular 

groups were analyzed by one-way ANOVA and post 

hoc Tukey test. 

Results: Neural filaments and ganglia were detected 

in the ovaries by Golgi-Cox staining. In both 2D and 

3D studies, an increase in the number and area of 

ganglia was seen during the follicular growth          (p 

< 0.05). The same pattern was also seen in corpora 

lutea development. However, in some cases such as 

ratio of ganglia number to follicle area, the ratio of 

ganglia area to follicular area, 2D findings were 

different compared with the 3D results. 3D analysis of 

ovarian gangliogenesis showed the possible direct 

effect of them on folliculogenesis. Golgi-Cox             

staining was used in this study for 3D evaluation in 

non-brain tissue. The results of 3D analysis of the 

present study showed that, in some cases, the 

information provided by 2D analysis does not match 

the reality of ovarian neuronal function. This 

confirmed the importance of 3D analysis for 

evaluation of ovarian function. 

Conclusion: It was demonstrated that there was 

positive relationship between gangliogenesis and 

folliculogenesis in mouse ovary. Ovarian ganglia, as 
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an independent part of ovarian nervous system, is 

likely to have an important role in folliculogenesis and 

luteogenesis. Additionally, Golgi-Cox staining and 3D 

tissue imaging, instead of 2D imaging, are promising 

protocols for study of ganglia in ovarian tissue. 
Key words: 3D Imaging, Ganglia, Ovarian follicle, Golgi-

Cox staining, Mice. 
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