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Abstract. In the context of a growing global trend
toward delayed motherhood, which is often
accompanied by age-related decline in ovarian
reserve and impaired reproductive function,
research aimed at developing novel strategies for
the assisted reproductive technologies is gaining
particular significance. One of the promising
approaches is the use of cell-based products in
particular biologically active compositions that
have a neurotrophin-like effect on the female
reproductive system.

This study investigates the effects of biologically
active compositions—including cryoextracts and
conditioned media of cells isolated from the spinal
ganglia of neonatal piglets—on the functional state
of the reproductive system in female rats at a late
reproductive age. Specifically, the study focuses on
changes in the parameters of the estrous cycle
following administration of these compositions.

The results revealed a statistically significant
prolongation of the estrus phase in treated animals
compared to intact controls, indicating potential
activation of ovarian function and a favorable
modification of reproductive status. These findings
suggest that neurotrophic factors contained in the
tested biological products may influence the
regulation of primordial follicle development and
maintenance of the ovarian reserve. This opens
new prospects for the development of therapeutic
agents aimed at fertility restoration, particularly in
women with diminished ovarian reserve or poor
response to conventional gonadotropin stimulation
protocols in assisted reproductive technology
programs.

Keywords: conditioned medium, cell culture, glial
cells, spinal ganglia, cryoextract, reproduction,
neurotrophins.

Introduction. Declining population growth is a common problem in developed countries. In
this regard, strategies for preserving women's reproductive health and assisted reproductive
technologies are being developed. In the context of modern social transformations, there is a tendency
to postpone motherhood, particularly an increase in the proportion of births over the age of 30. Mature
reproductive age is accompanied by a decrease in ovarian reserve and a decrease in the quality of
oocytes, which increases the risk of chromosomal abnormalities, miscarriage, and premature birth [1-
3].

Given the relevance of the problems of decreasing ovarian reserve and female infertility,
research aimed at finding effective preventive and therapeutic approaches, including those based on
the use of cell technologies, is of particular importance [4, 5].
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Among the newest preventive or therapeutic agents in reproductive medicine, stem cells from
amniotic fluid, umbilical cord, menstrual blood, adipose tissue, and bone marrow are used [6].

Experimental data indicate the ability of such cells to influence the ovarian niche and activate
follicle development. The therapeutic effect of cell therapy is largely associated with paracrine action
- the release of biologically active substances that affect follicular structures [7, 8].

In view of this, there is growing interest in the use of cell secretomes (conditioned media) as
an alternative to stem cell transplantation. This approach avoids the risks of immune reactions, as
well as uncontrolled cell proliferation or differentiation. Secretomes from cultured stem cells
demonstrate potential in tissue repair, stimulation of angiogenesis, neurogenesis, immunomodulation,
and wound healing [9, 10].

Modern studies indicate an important role in the regulation of female reproductive function of
neurotrophic factors: nerve growth factor (NGF), neurotrophins NT-3 and NT-4/5, brain-derived
neurotrophic factor (BDNF), glial cell line-derived neurotrophic factor (GDNF). They are key
regulators of gonadal development, ovarian and uterine function, as well as placenta and embryo
formation [11-13].

Previous studies have shown that conditioned medium from the culture of gliocytes obtained
from spinal ganglia is a source of neurotrophic factors [14, 15].

Therefore, biological products obtained from spinal ganglia can exhibit neurotrophic effects
on the female reproductive system. This can be used in the future to obtain pharmacological drugs
based on them.

In view of this, the following series of biologically active compositions from spinal ganglia
were used in the work. The total cryoextract was used as a total preparation of all water-soluble
substances of the organ. Since the molecular weight of neurotrophic factor dimers is about 30 kDa
[16,17]. A cryoextract fraction in this molecular weight range was obtained.

It was previously established that the primary culture from spinal ganglia consists mainly of
satellite gliocytes [18]. Therefore, conditioned media from intact and cryopreserved cell cultures from
spinal ganglia were used as a product of direct neurotrophic secretion of gliocytes.

The purpose of the study was to study the effect of different biological compositions
obtained from spinal ganglia on the estrous cycle of rats of late reproductive age.

Materials and methods. The study was conducted on white outbred female rats aged 14
months, which corresponds to the period of late reproductive age in this species of animals [19].

Total cryoextract (TC) was obtained using saline from the spinal ganglia of neonatal piglets
according to the method [20].

Cryoextract fraction (CF) <30 kDa was obtained by ultrafiltration through a polyethersulfone
membrane ("Millipore", Germany). To obtain conditioned media, gliocytes were isolated from spinal
ganglia and cultured for 22 days according to the method [18]. Cryopreservation of cell culture in the
presence of 7.5% cryoprotectant dimethyl sulfoxide was used according to the method [18].

Conditioned medium from the intact cell culture (CMICC) and conditioned media from the
cryopreserved cell culture (CMCCC) of gliocyte cultures were collected in the stationary growth
phase, after which they were fractionated to obtain a <30 kDa fraction.

Estrous cycle assessment was performed daily at 10:00 by vaginal cytology [21].

Estrous cycle duration was determined as the arithmetic mean for each group. The relative
duration of the estrus and diestrus phases was calculated as the ratio of the total duration of the desired
phase to the total duration of observation, expressed as a percentage.

Animals were divided into groups: 1 — TC administration (n = 10); 2 — CF administration (n
=10); 3 — CMICC administration (n = 14); 4 — CMCCC administration (n = 15). As controls, groups
of intact animals (n = 14) and animals with the administration of carrier solutions (n = 12) were used.

Biologically active compositions and carrier solutions were administered to animals
intraperitoneally in 0.2 ml. The experiment was started in the estrus phase to synchronize the start of
the administration and continued daily for 9 days. Observation of the estrous cycle was carried out in
the next 30 days.

Statistical analysis was performed using the Statistica 10 software (StatSoft, USA).
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The results are presented in the format of Median Me (Q1; Q3). To assess intergroup
differences, the Mann-Whitney test was used; differences were considered statistically significant at
p<0.05.

Results and discussion. It is well known that the estrous cycle in rats lasts mostly four, rarely
five days and is characterized by cyclic fluctuations in the secretion of the main ovarian hormones -
estrogen and progesterone [22].

Changes in the concentration of sex hormones are reflected in vaginal cytology. In cytological
vaginal smears of rats, three main cell types are distinguished — lymphocytes, keratinocytes, and
leukocytes. The ratio of cell types varies depending on the stage of the cycle [23, 21].

Four stages of the estrous cycle are distinguished: P — proestrus, E — estrus, M — metestrus, D
— diestrus.

Proestrus (P), which lasts approximately 14 hours, is easily identified by the presence of
nucleated epithelial cells (Fig. 1, P).

In the Estrus (E) stage, which lasts 24-48 hours, vaginal smears are predominantly composed
of large, anucleated, keratinized cells (Fig. 1, E).

Metestrus (M) (Fig. 1, M), which lasts 6-8 hours, is characterized by a combination of
keratinized epithelial cells and leukocytes.

The longest stage is Diestrus (D) — 48-72 hours.

In Diestrus (D) (Fig. 1, D), leukocytes are the main cell type, but the number, appearance and
presence of other cell types and mucus in the smears may vary.
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Fig. 1. Typical cytology of vaginal smears of rats: P — Proestrus (P); E — Estrus (E); M — Metestrus
(M); D — Diestrus (D).

Regarding our experiments, in intact animals, individuals with both a 4-day and a 5-day
estrous cycle were observed. The percentage of animals with a 4-day estrous cycle was 29.8%, while
with a 5-day cycle — 70.2%. In animals, the prevalence of the percentage of the Diestrus phase in the
structure of the estrous cycle was established in both the 4-day and 5-day cycles (Fig. 2).
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Fig. 2. Distribution of estrous cycle phases in intact
rats (average values by group): left — 4-day estrous cycle, right — 5-day estrous cycle. P — Proestrus,
E — Estrus, M — Metestrus, D — Diestrus.

Analysis of the estrous cycle of animals of the experimental groups showed that the main
effects of the introduction of biologically active compositions from spinal ganglia were manifested
in changing the number of Diestrus and Estrus phases.

In animals under the conditions of TC, CMICC and CMCCC administration, there was a
statistically significant increase in the percentage of the Estrus phase in the structure of the estrous
cycle compared to the intact control (Table 1). At the same time, no statistically significant changes
in the number of Diestrus phases were observed.

Table 1. Percentage of Estrus and Diestrus phases in the structure of the 5-day estrous cycle of rats
after administration of biologically active compositions from spinal ganglia.

Phases of the Group of animals
estrous cycle TC CF CMICC CMCCC
Estrus 24,2 20,1 31,3 30,2
(22,2;28,2) * (18,0; 20,6) (29,1;32,6) * (29,2;31,3) *
Diestrus 38,5 454 49.9 45,8
(33,2;47.5) (33,4, 47.,4) (32,5; 66,5) (44,7, 47,4)

Note: * — the indicator is significantly different compared to the intact control, p <0.05.

It is well known that age-related involutive restructuring of the reproductive system of female
rats includes changes in the follicular profile of the ovaries and, as a result, a disorder of the estrous
cycle. During reproductive aging, changes progress from a regular estrous cycle to irregular cycles,
followed by a persistent Diestrus (anestrus) [24]. At this time, follicle development can occur in the
ovaries of rats, but in most cases, it ends with their atresia without ovulation.

In our experiments, characteristic patterns of reproductive aging of rats were also observed,
which were expressed in an increase in the average duration of the estrous cycle from 4 to 5 days,
mainly due to an increase in the number of days with the Diestrus phase.

However, the introduction of biologically active compositions from spinal ganglia (TC,
CMICC, CMCCC) led to an increase in estrus periods and a delay in persistent Diestrus.

This may be explained by the fact that neurotrophic factors present in biologically active
compositions from spinal ganglia are participants in many signaling pathways at the level of
regulation of the female reproductive system. It is known that neurotrophic factors are involved in

41



SSP Modern Pharmacy and Medicine (ISSN 2733-368X), Volume 5 Issue 3, Jul-Sep 2025

the primary assembly of ovarian follicles and subsequent folliculogenesis, affect oocyte maturation
and proliferation of theca and granulosa cells [25, 26].

Previous observations of the authors indicate that the introduction of cryoextract and
secretomes from intact and cryopreserved cultures of cells from spinal ganglia activates the
development of primordial follicles [27].

Thus, exogenous neurotrophic factors, which are administered to rats as part of biologically
active compositions from spinal ganglia, can stimulate the release of follicles of hormone-
independent stages of development from the dormant state. After this, their further development and
the onset of the Estrus phase are observed.

The established fact is valuable from the point of view of the development of approaches in
the field of assisted reproductive technologies. It is generally accepted that ovarian stimulation for in
vitro fertilization includes the use of gonadotropins that stimulate the development of follicles of
hormone-dependent stages. However, there is a large group of patients who do not respond to such a
protocol ("poor responders") [28].

From this point of view, the use of biologically active compositions of neurotrophic factors -
a similar effect may be useful in the future for use in protocols of assisted reproductive technologies
to activate dormant (hormone-independent) ovarian follicles, to which it is then possible to apply
gonadotropin stimulation.

Conclusions. A positive effect of the introduction of biologically active compositions
obtained from spinal ganglia on the estrous cycle of rats of late reproductive age has been established.
The use of such compositions led to an increase in the number of days with the Estrus phase compared
to intact rats of this age group. This can be explained by the regulatory and stimulating effect of
neurotrophic factors that are part of the used biologically active compositions (cryoextract and
conditioned medium from cultures of gliocytes from spinal ganglia).

Conflicts of interest. The funders had no role in the design of the study; in the collection,
analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the
results. The authors also state that they don’t have any conflict or potential conflict of interest.

Ethical approval. The Bioethics Committee of the Institute of Cryobiology and
Cryomedicine of the National Academy of Sciences of Ukraine approved the experimental design.
All procedures complied with the requirements of the Law of Ukraine “On the Protection of Animals
from Cruelty” (No. 3447-1V of February 21, 2006, as amended), as well as the provisions of the
“European Convention for the Protection of Vertebrate Animals Used for Experimental and Other
Scientific Purposes” (Strasbourg, 1986).

Funding. The study was carried out within the framework of the state research work of the
Institute of Problems of Cryobiology and Cryomedicine of the NAS of Ukraine “Morphofunctional
characteristics, cryopreservation and therapeutic potential of 2D and 3D cell cultures obtained from
neural crest derivatives” (state registration number 0121U109133, years of implementation: 2021-
2025).

Data Availability Statement. The data presented in this study is available from
corresponding author upon reasonable request.

References.
1. Zhu Z., Xu W., Liu L. Ovarian aging: mechanisms and intervention strategies. Medical
Review. 2022. Vol.2. No.6. P. 590-610. DOI: 10.1515/mr-2022-0031.;
2. Secomandi L., Borghesan M., Velarde M. et al. The role of cellular senescence in female

reproductive aging and the potential for senotherapeutic interventions. Human Reproduction Update.
2022. Vol.28. No.2. P.172-189. URL: https://doi.org/10.1093/humupd/dmab038

3. Zhang X., Lu Y., Wu S. et al. Estimates of global research productivity in primary ovarian
insufficiency from 2000 to 2021: Bibliometric analysis. Frontiers in Endocrinology.2022. Vol.13
DOI: 10.3389/fendo.2022.959905.

4. Prokopyuk V.Yu., Karpenko V.G., Shevchenko M.V. et al. Experience in clinical application
of cryopreserved placental derivatives: cells, tissue, membranes, extract, and cord blood serum.

42


https://pubmed.ncbi.nlm.nih.gov/?term=Secomandi+L&cauthor_id=34918084
https://pubmed.ncbi.nlm.nih.gov/?term=Borghesan+M&cauthor_id=34918084
https://pubmed.ncbi.nlm.nih.gov/?term=Velarde+M&cauthor_id=34918084
https://doi.org/10.1093/humupd/dmab038

SSP Modern Pharmacy and Medicine (ISSN 2733-368X), Volume 5 Issue 3, Jul-Sep 2025

Innovative  Biosystems and Bioengineering. 2020. Vol4. No.3. P. 168-176. DOI:
10.20535/ibb.2020.4.3.215215.

5. Eiro N., Sendon-Lago J., Seoane S. et al. Potential therapeutic effect of the secretome from
human uterine cervical stem cells against both cancer and stromal cells compared with adipose tissue
stem cells. Oncotarget. 2014. Vol.5. No. 21. DOI: 10.18632/oncotarget.2530.

6. Polonio A.M., Garcia-Velasco J.A., Herraiz S. Stem Cell Paracrine Signaling for Treatment
of Premature Ovarian Insufficiency. Frontiers in Endocrinology. 2021. Vol.11. DOI:
10.3389/fendo.2020.626322.

7. Liu M., Li W., Zhou X. et al. Cell-Free Fat Extract Improves Ovarian Function and Fertility
in Mice With Advanced Age. Frontiers in Endocrinology. 2022. Vol.13. DOL
10.3389/fendo.2022.912648.

8. Valtetsiotis K., Valsamakis G., Charmandari E. et al. Metabolic Mechanisms and Potential
Therapeutic Targets for Prevention of Ovarian Aging: Data from Up-to-Date Experimental Studies.
International Journal of Molecular Sciences. 2023. Vol.24. No.12. DOI: 10.3390/ijms24129828.

0. Li X., Zhang D., Yu Y. et al. Umbilical cord-derived mesenchymal stem cell secretome
promotes skin regeneration and rejuvenation: From mechanism to therapeutics. Cell proliferation.
2024. Vol.57. No.4. DOI: 10.1111/cpr.13586.

10. L. PK.,, Kandoi S., Misra R. et al. The mesenchymal stem cell secretome: A new paradigm
towards cell-free therapeutic mode in regenerative medicine. Cytokine & Growth Factor Reviews.
2019. Vol.46. P.1-9. DOI: 10.1016/j.cytogfr.2019.04.002.

11.  Chow R., Wessels J.M., Foster W.G. Brain-derived neurotrophic factor (BDNF) expression
and function in the mammalian reproductive Tract. Human Reproduction Update. 2020. Vol.26. No.4.
P. 545-564. DOI: 10.1093/humupd/dmaa00S8.

12.  Seifer D.B., Feng B., Shelden R.M. Immunocytochemical evidence for the presence and
location of the neurotrophin-Trk receptor family in adult human preovulatory ovarian follicles.
American Journal of Obstetrics and Gynecology. 2006. Vol.194. No.4. P.1129-1134. DOLI:
10.1016/.aj0g.2005.12.022.

13.  Harel S., Jin S., Fisch B. et al. Tyrosine kinase B receptor and its activated neurotrophins in
ovaries from human fetuses and adults. Molecular Human Reproduction. 2006. Vol.12. No.6. P.357-
365. DOI: 10.1093/molehr/gal033.

14.  Walker M.J., Xu X.M. History of Glial Cell Line-Derived Neurotrophic Factor (GDNF) and
Its Use for Spinal Cord Injury Repair. Brain Sciences. 2018. Vol.8. No.6. P.109. DOI:
10.3390/brainsci8060109.

15.  Hwang K., Jung K., Kim LS. et al. Glial Cell Line-derived Neurotrophic Factor-
overexpressing Human Neural Stem/Progenitor Cells Enhance Therapeutic Efficiency in Rat with
Traumatic Spinal Cord Injury. Experimental Neurobiology. 2019. Vol.28. No.6. P. 679-696. DOI:
10.5607/en.2019.28.6.679.

16.  Bradshaw R.A. Nerve growth factor. Annual Review of Biochemistry. 1978. Vol.47. P. 191-
216. DOI: 10.1146/annurev.bi.47.070178.001203.

17.  Lin L.F., Doherty D.H., Lile J.D. et al. GDNF: a glial cell line-derived neurotrophic factor for
midbrain dopaminergic neurons. Science. 1993.Vol.260. No.5111. P. 1130-1132. DOI:
10.1126/science.8493557.

18. Al S., Moiseieva N., Bozhok G. Cryopreservation of cell culture derived from dorsal root
ganglia of neonatal pigs. Problems of Cryobiology and Cryomedicine. 2020. Vol.30. No.2. P.158—
168. DOI: 10.15407/cry030.02.158.

19. Sengupta P. The laboratory Rat: Relating its age with human's. International Journal of
Preventive Medicine. 2013. Vol.4. No.6. P. 624-630. URL:
https://pubmed.ncbi.nlm.nih.gov/23930179/

20. Globa V.Y., Bondarenko T.P., Ali S.G. et al. Contractile activity of detrusor of rats with
infravesical obstruction after introduced cryoextract of spinal ganglia and biologically active products
of mantle gliocyte culture. Problems of Cryobiology and Cryomedicine. 2019. Vol.29. No.2. P. 164.
URL: https://doi.org/10.15407/cry029.02.164

43


https://ibb.kpi.ua/
https://www.mdpi.com/journal/ijms
https://www.sciencedirect.com/journal/american-journal-of-obstetrics-and-gynecology
https://pubmed.ncbi.nlm.nih.gov/23930179/
https://doi.org/10.15407/cryo29.02.164

SSP Modern Pharmacy and Medicine (ISSN 2733-368X), Volume 5 Issue 3, Jul-Sep 2025

21.  Cora M.C., Kooistra L., Travlos G. Vaginal Cytology of the Laboratory Rat and Mouse:
Review and Criteria for the Staging of the Estrous Cycle Using Stained Vaginal Smears. Toxicologic
Pathology. 2015. Vol.43. No. 6. P.776-793. DOI: 10.1177/0192623315570339.

22.  SatoJ., Nasu M., Tsuchitani M. Comparative histopathology of the estrous or menstrual cycle
in laboratory animals. Journal of Toxicologic Pathology. 2016. Vo0l.29. No.3. P.155-162. DOI:
10.1293/t0x.2016-0021.

23.  McLean A.C., Valenzuela N., Fai S. et al. Performing vaginal lavage, crystal violet staining,
and vaginal cytological evaluation for mouse estrous cycle staging identification. Journal of
Visualized Experiments. 2012. Vol. 67. DOI: 10.3791/4389.

24.  Westwood F.R. The female rat reproductive cycle: a practical histological guide to staging.
Toxicologic Pathology. 2008. Vol.36. No.3. P.375-384. DOI: 10.1177/0192623308315665.

25. Dissen G.A., Romero C., Paredes A., Ojeda S.R. Neurotrophic control of ovarian
development. Microscopy Research and Technique. 2002. Vol.59. No. 6. P.509-515. DOI:
10.1002/jemt.10227.

26. Kerr B., Garcia-Rudaz C., Dorfman M. et al. NTRK1 and NTRK2 receptors facilitate follicle
assembly and early follicular development in the mouse ovary. Reproduction. 2009. Vol.138. No.1.
P.131-40. DOI: 10.1530/REP-08-0474.

27.  Nesteruk H.V., Kolot N.V., Protsenko O.S. et al. The effect of spinal ganglia cryoextract on
the structural and functional characteristics of rat ovaries of different ages. Visnyk problem biologii
i medytsyny, Vol.4. No.158. P. 173-177. URL: https://doi.org/10.29254/2077-4214-2020-4-158-
173-177

28.  Oechninger S. Poor responders in in vitro fertilization (IVF) therapy: the challenge continues.
Facts, Views and Vision in ObGyn. 2011. Vol3. No.2. P. 101-108. URL:
https://pme.ncbi.nlm.nih.gov/articles/PMC3987493/

44


https://doi.org/10.29254/2077-4214-2020-4-158-173-177
https://doi.org/10.29254/2077-4214-2020-4-158-173-177
https://pmc.ncbi.nlm.nih.gov/articles/PMC3987493/

