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Objective

The purpose of this study was to explore the effect of removal of different volumes of ovarian tissue on fertility and offspring development of SD rats.





Methods

SD rats were randomly divided into 6 groups according to different volumes of ovariectomy: Sham group (n=6), non-ovariectomized; 25%-OVX group (n=6), with half of the left ovary excised; 50%-OVX group (n=5), with the left ovary excised; 75%-OVX group (n=5), with the left ovary and half of the right ovary excised; 87.5%-OVX group (n=6), with the left ovary and three quarters of the right ovary excised; 100%-OVX group (n=6), with bilateral ovaries excised. These female rats (F0) were mated with healthy male rats one and four months after the surgery, and the offspring of F0 rats were named F11mon and F14mon, respectively. The number of days from mating to delivery and number of live cubs were recorded. At postnatal day 21 (P21), the body weight, length and anogenital distance (AGD) of the cubs were measured.





Results

There were no differences in the number of live cubs between 25%-OVX, 50%-OVX and sham groups. Rats in the 87.5%-OVX group did not give birth at 1 month and 4 months after the operation. When compared with the sham group, the body weight and length of F11mon at P21 were increased in 25%-OVX group and 50%-OVX group. However, after the second delivery, we controlled each mother’s lactation to no more than eight pups. As a result, there were no differences in the body weight, length and AGD of F14mon compared with sham group.





Conclusion

Removal of less than 50% of the ovaries did not affect the fertility of rats and offspring development of rats.





Keywords: ovariectomy, fertility, premature ovarian insufficient, offspring, ovarian function




1 Introduction

Premature ovarian insufficient (POI) refers to the loss of ovarian activity before the age of 40 (1). POI has adverse effects on women’s fertility, psychological and sexual health, as well as bone, cardiovascular and cognitive health (2–4). Conditions such as endometriosis, ovarian cyst, teratoma, corpus luteum rupture, etc. often require excision of the lesion and may even necessitate ovariectomy, resulting in diminished ovarian reserve and even iatrogenic POI (5). The most ideal situation is one in which sufficient ovarian tissue can be preserved while also completely removing the lesions. Therefore, we aim to determine the extent of ovarian tissue that can be removed without damaging the women’s endocrine function and fertility.

In addition to gonadal surgery, POI can also be caused by gonadotoxic therapies such as radiotherapy and chemotherapy. It is no longer an experimental technique to preserve ovarian function by cryopreservation of ovarian tissue before gonadal toxicity treatment (6). While some patients may not need gonadotoxic treatment at present, but the condition is changing, in the process of disease development, it may be necessary to initiate gonadotoxic treatment at any time. For these patients, having a portion of ovarian tissue frozen provides the advantage of maintaining normal endocrine and reproductive functions with the remaining ovaries in the body when the disease is stable. Once it is determined that gonadotoxic treatment needs to be initiated, it can be started immediately without delaying treatment due to fertility protection. Therefore, our aim is to collect and preserve as much ovarian tissue as possible through cryopreservation, ensuring an adequate fertility potential for patients. At the same time, we also hope that the ovaries remained in the body can function normally before the initiation of gonadotoxic treatment.

Previous research by our team discovered that the removal of up to 75% of ovarian tissue did not impact the secretion of estradiol and progesterone in rats (7). The purpose of this study is to further explore the maximum volume of ovarian tissue that can be removed without adversely affecting the fertility of rats.




2 Study design



2.1 Feeding of animals

Healthy female specific-pathogen-free grade Sprague-Dawley (SD) rats, aged 7 to 8 weeks, were obtained from Beijing Vital River Laboratory Animal Technology Company Limited (Beijing, China). The animal license is SCXK (Beijing, China) 2016-0011. In the Laboratory Animal Centre at Capital Medical University, China, 2 to 3 rats were housed in each cage. The animals had free access to both water and food. All rats were maintained under controlled conditions, including 12-h light/dark cycle, a temperature ranging from 19 ~ 24 °C and a relative humidity of 40 ~ 70%. The study was approved from the Animal Experiments and Experimental Animal Welfare Committee of Capital Medical University, China (AEEI-2021-146).




2.2 Grouping of experimental animals

Vaginal smears were performed daily from 8 am to 10 am for a period of 10 days following a 10-day acclimatization period. Rats with a normal estrous cycle were included in the study. In total, 36 rats (F0) were randomly divided into six groups according to the volume of ovariectomy (OVX): ① Sham group (n=6). ② 25%-OVX group (n=6), with half of the left ovary excised. ③ 50%-OVX group, with the left ovary excised (an animal died of anesthesia, and leaving five rats for subsequent experiments). ④ 75%-OVX group, with the left ovary and half of the right ovary excised (an animal died of anesthesia, and leaving five rats for subsequent experiments). ⑤ 87.5%-OVX group, with the left ovary and three quarters of the right ovary excised (n=6). ⑥ 100%-OVX group, with bilateral ovariectomy (n=6). The sham operation group was the control group, and the other 5 groups were experimental group. The specific surgical procedure was identical to that described in our previous study (7). The surgery was performed at when the F0 rats reached 3 months of age. The body weight of F0 rats was weighed weekly until 1 month after the surgery. The experimental flow chart is shown in Figure 1.




Figure 1 | Flow chart of the study. AGD, anogenital distance. P21, 21 days postpartum.






2.3 Fertility and offspring development evaluation

One month after the surgery, female F0 rats from the six groups were caged with healthy male rats. Two female F0 rats were placed in the same cage as one healthy male rat(cohabitation). After that, vaginal smears were performed each morning from 8:00 to 10:00 am. Finding vaginal plugs or sperm was considered to be successful mating. If no mating occurred for 10 consecutive days, the female rat was placed into the cage of another male rat. If the female rat remained unmated for another 10 days following the cage change, it is considered to be incapable of mating. Once the female rats were found mating, they were isolated in a separate cage until delivery. The interval between cohabitation and delivery as well as the number of live cubs (F1), were recorded for each F0 female. This process was repeated four months after the surgery. The offspring of F0 female rats that mated one month and four months after surgery were named F11mon and F14mon, respectively. The body length, body weight and anogenital distance (AGD) of F1 rats were measured at 21 days postpartum (P21). The experimental flow chart is shown in Figure 1.




2.4 Statistical analysis

The results are presented as mean ± s.e.m. IBM SPSS Statistics 26.0 was used for statistical analysis and GraphPad Prism 8.0. 2 was used for creating graphs. The Shapiro-Wilk test was used to assess whether the data followed a normal distribution. For data that exhibited both with normal distribution and homogeneous variance, one-way ANOVA was used for analysis, followed by the Dunnett test for post-comparison. Kruskal- Wallis test was used for non-normal distribution or heterogeneity of variance. A significance level of P < 0.05 was considered statistically significant.





3 Results



3.1 The changes of body weight in F0 rats after operation

There were no difference in the body weight of F0 rats among the 6 groups from baseline (before surgery) to 2 weeks postoperatively. However, at 3 weeks (377.78 ± 11.56 g) and 4 weeks (388.98 ± 11.71 g) postoperatively, the 100%-OVX group exhibited higher body weight compared to the sham group (3 weeks postoperatively 325.57 ± 6.91 g, 4 weeks postoperatively 338.55 ± 10.59 g) (P=0. 014 at 3 weeks postoperatively, P=0. 041 at 4 weeks postoperatively). The body weight in the 25%-OVX, 50%-OVX, 75%-OVX and 87.5%-OVX groups did not show statistically significant differences compared to the sham group. The body weight of F0 rats in each group is shown in Figure 2.




Figure 2 | Body weight of F0 rats before surgery, 1 week, 2 weeks, 3 weeks and 4 weeks after surgery. *, p < 0.05.






3.2 Mating rate and live birth rate of F0 rats after operation

In 100%-OVX group, none of the F0 female rats successfully mated, while no significant difference in mating rates was observed among the other five groups. Within the 87.5%-OVX group of F0 female rats, there were no instances of live births at 1 month and 4 months after the surgery. Only one female rat in the 75%-OVX group had live birth 1 month after the surgery, but there was no live birth in this group four months after operation. There were no statistically significant differences in live birth rates among the Sham Group, the 25%-OVX Group and the 50%-OVX Group at 1 month and 4 months after the surgery. The mating rate and live birth rate of F0 rats at 1 month and 4 months after the surgery are shown in Table 1.


Table 1 | Mating rate and live birth rate of F0 rats 1 month and 4 months after operation.






3.3 Time from cohabitation to delivery

One month after the surgery, the time from cohabitation to delivery in the sham, the 25%-OVX, the 50%-OVX groups was 24.40 ± 0.51, 25.40 ± 0.40, 24.67 ± 0.33 days, respectively. There were no significant differences among the three groups (P=0. 265). In the 75%-OVX group, only one female rat had a live birth, taking 25 days from cohabitation to live birth. Four months after operation, the time from cohabitation to delivery in the sham, the 25%-OVX, the 50%-OVX groups was 24.67 ± 0.67, 23.50 ± 0.50, 24.67 ± 1.20, respectively. Again, there were no significant differences among these three groups (P=0. 528). (Figure 3).




Figure 3 | Days from cohabitation to delivery of F0 female rats 1 and 4 months postoperatively.






3.4 Litter size of F0 rats

One month after the surgery, the number of live litters in the 25%-OVX group (8.20 ± 2.18) and the 50%-OVX group(12.00 ± 0.58) did not show statistically significant differences compared to the sham group(14.60 ± 1.57) (P=0. 166). In the 75%-OVX group, the only female rat with live birth delivered 11 cubs. Four months after the surgery, the number of live litters in the sham group, the 25%-OVX group and the 50%-OVX group was 6.67 ± 3.18, 8.50 ± 4.50 and 8.00 ± 1.16, respectively, with no differences among the three groups (p=0. 900). The data are shown in Table 1.




3.5 Body weight, body length, AGD of F1 rats at P21

The body weight, and body length of F11mon in 25%-OVX(74.92 ± 1.15g, 13.95 ± 0.07cm) and 50%-OVX group (65.50 ± 1.75g, 13.87 ± 0.08cm) were higher than those of the sham group (59.20 ± 0.96g, 13.05 ± 0.10cm) at P21. AGD of male F11mon in 25%-OVX group(21.30 ± 0.31mm) was higher the sham group(19.56 ± 0.25mm) at P21. But there was no difference in AGD of female F11mon among the three groups(p=0. 123). Considering that different litter sizes may impact the development of cubs during the lactation period, each female rat retained no more than 8 cubs for lactation and the surplus litters were sacrificed on the day of second delivery. After the above procedure, the differences in the body weight, length and AGD disappeared in F14mon. The Data are shown in Table 2.


Table 2 | The body weight, length and AGD of F1 offspring after 21 days of lactation.







4 Discussion



4.1 Effect of partial ovariectomy on fertility in rats

Our previous studies discovered that even up to 75% of the total ovarian tissue can be removed without impacting E2 and P production in rats, and 50% ovarian tissue resection did not affect the levels of anti-mullerian hormone, inhibin B and follicle stimulating hormone (7). In this study, we have shown that female rats lose their mating ability after bilateral ovariectomy, and even with the retention of only 12.5% of ovarian tissue, they are still able to mate. When the resection volume reached 75% of the total ovarian tissue, the rats could maintain fertility for up to 1 month postoperatively, but their fertility would be lost 4 months after the surgery. When no more than 50% of total ovarian tissue was removed, the mating behavior, gestation days and the number of live cubs in SD rats were not affected at both 1 and 4 months postoperatively. Rahima et al. found that the number of implantation sites and live fetuses in unilateral ovariectomy (ULO) group was not statistically different from the control group (with intact ovaries) on days 13, 16 and 22 of gestation in Wistar rats (8). Our study further observed live births and did not find any effect of unilateral ovariectomy on the number of live cubs.

Clinical studies have been conducted on the effect of unilateral oophorectomy on fertility in human women. The age of menopause in women with unilateral ovariectomy is about 1 to 2 years earlier than that in women with both ovaries intact (9, 10). The study of Bellati et al. showed that there was no statistical difference in the fertility outcomes of women after unilateral ovariectomy compared with those after appendectomy or cholecystectomy (11). However, the maximum amount of ovarian tissue that can be removed without affecting a woman’s fertility has not been studied.




4.2 Effect of partial ovariectomy on body weight and length of F1 offsprings

In Rahima’s study, fetal weights in ULO group were similar to the control group on Days 13,16 and 22 of gestation, implying that unilateral ovariectomy does not affect the development of embryos in the uterine cavity (12). In our study, although the weight and length of F11mon in the 25%-OVX and 50%-OVX groups were larger than those in the sham group, when the number of lactating pups were adjusted for in F14mon, the differences were disappeared, suggesting that partial ovariectomy does not have adverse effects on fetal development.




4.3 Effect of partial ovariectomy on offspring’s AGD

AGD can be used as a sensitive index to evaluate the degree of masculinization and predict the abnormal development of reproductive system (13, 14). Male AGD is obviously longer than the female AGD, making AGD a marker for gender identification (15). Exposure to antiandrogens and estrogens during pregnancy can shorten AGD in offspring (14). Studies have shown that shortened AGD is related to cryptorchidism, hypospadias and decline in sperm quality during adulthood (16–18). However, androgen exposure during pregnancy will cause prolonged AGD in offspring, resulting in polycystic ovary syndrome-like phenotype in female offspring (19). The AGD of male F11mon in the 25%-OVX group was slightly higher than that in Sham group at P21, but there was no difference in the AGD of F14mon among the sham, 25%-OVX and 50%-OVX groups, for both female or male offspring. This suggestes that partial ovariectomy did not affect the level of androgen in pregnant rats, and did not cause adverse effects on the developmental processes of the offspring’s reproductive system.




4.4 Effect of partial ovariectomy on body weight of F0 rats

The ovary is not only related to normal reproductive endocrine function, but it is also very important for metabolic health (20–22). The body weight of rats after bilateral ovariectomy was significantly higher than that of the sham operation group 3 weeks later, which showed that the metabolic effect of bilateral ovariectomy could occur quickly after sudden drop in estrogen levels. However, the removal of 87.5% of ovarian tissue did not affect the weight of rats, so the attention should be paid to the protection of normal ovary during the surgery. Even if only 12.5% of normal ovarian tissue can be retained, it will help to maintain women’s metabolic health and reduce the occurrence of obesity.




4.5 Compensatory changes of residual ovary after partial ovariectomy

After unilateral ovariectomy, compensatory hypertrophy of the contralateral ovary occurs, and the number of ovulations of the remaining contralateral ovary increase to a similar level to that of animals with intact bilateral ovaries. This phenomenon has been reported in mice, hamsters, rabbits, cats and pigs (23). However, when we increased the volume of the removed ovary to 75%, only one rat had live birth one month after the surgery, and no rats had live birth four months after the surgery. When the volume was further increased to 87.5%, no rats could achieve live birth one month after the surgery, indicating that retaining only 25% of the ovary is not enough to achieve compensation.

Kagabu et al. discovered that one week after unilateral ovariectomy, the number of large follicles in the contralateral ovary was similar to the sum of the number of large follicles in bilateral ovaries of sham-operated Wistar rats (23). But the count of small and medium-sized follicles (diameter 250~549um) was lower than that in the control group from 1 to 4 weeks postoperatively. 5 weeks later, the number of small and medium-sized follicles in the unilateral ovariectomy group was similar to that in the control group. These indicates that after unilateral ovariectomy, the compensatory increase in large follicles in the contralateral ovary precedes that of small follicles. Kagabu’s research also found that in unilateral ovariectomized rats, the proportion of early atresia follicles with diameters of 400-499μm (31.1%) was significantly lower compared to control rats (73.9%). This suggests that after unilateral ovariectomy, follicles immediately evade the fate of atresia and transverse the critical point of follicular development to become large ovulatory follicles.




4.6 Effects of maternal sex hormones on offspring health

To date, there have been no studies on the effects of removal of different volumes of ovarian tissue on the health of rat offspring. However, maternal hormone levels can affect the health of offspring. In recent years, studies have found that offspring born through assisted reproductive technology may have an increased risk of thyroid dysfunction, dyslipidemia and diminished verbal ability with exposure to supraphysiological estradiol in utero (24–26). Ovarian hyperstimulation syndrome(OHSS) offspring displayed reduced intellectual ability and more cardiovascular dysfunctions compared with non-OHSS offspring (27, 28). Intrauterine androgen exposure can also have adverse effects on offspring, such as lipid disorder, increased fasting glucose and impaired glucose tolerance, polycystic phenotype, lower muscle strength, delayed puberty and impaired ovarian reserve (29–33). Polycystic phenotypes due to androgen exposure can even be observed in F3 offspring (19). So, further research is needed on whether gonadal surgery can affect the health of future generation by altered maternal estrogen, androgens during pregnancy.

There is no standard for the amount of ovarian biopsy for ovarian tissue cryopreservation. Usually at least 1/2 of a unilateral ovary is taken. The results of this study suggest that when the amount of ovarian tissue removal does not exceed half of the total ovarian volume, the fertility of rats remain unaffected. If more clinical studies in the future confirm that this conclusion is also applicable to human women, half of the total ovarian tissue can be removed for ovarian biopsy, which can preserve fertility potential for patients as much as possible, without affecting the normal function of the ovary remaining in the body.





5 Limitation

Because there are many groups, the sample size of each group is limited. In 75%-OVX group, only one female rat has live birth one month after operation, which could not be compared with other groups. Although our study found that unilateral ovariectomy did not affect fertility in SD rats, previous studies have also found that the removal of 75% of the ovarian tissue did not affect the production of estrogen in rats, and unilateral ovariectomy did not affect the levels of anti-mullerian hormone, inhibin B and follicle stimulating hormone. It is important to note that this only applies to surgical premature ovarian insufficiency. The minimum amount of estrogen and other hormones to prevent the onset of menopause is still unknown.




6 Conclusion

When the amount of ovarian tissue removal does not exceed half of the total ovarian volume, the fertility and offspring development of rats remain unaffected. Therefore, in gonadal surgery, it is advisable to retain one side of the ovary as extensively as possible to preserve the normal fertility of women.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The animal study was approved by Ethics Committee on Animal Research of the Capital Medical University (ethics NO: AEEI-2021-146). The study was conducted in accordance with the local legislation and institutional requirements.





Author contributions

YY: Writing – review & editing, Data curation, Formal Analysis, Investigation, Software, Writing – original draft. XR: Writing – review & editing. JC: Investigation, Writing – review & editing. XX: Investigation, Writing – review & editing. AM: Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by Natural Science Foundation of Beijing (7202047), Beijing Municipal Administration of Hospitals' Ascent Plan (DFL20181401), the First Batch of Beijing Maternal and Child Health Specialist Demonstration Units “Menopausal Health Specialist”[ (2017) 35]. Beijing Municipal Health Commission, demonstration construction project of Clinical Research ward (No: BCRW202109).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Panay, N, Anderson, RA, Nappi, RE, Vincent, AJ, Vujovic, S, Webber, L, et al. Premature ovarian insufficiency: an International Menopause Society White Paper. Climacteric (2020) 23:426–46. doi: 10.1080/13697137.2020.1804547

2. McDonald, IR, Welt, CK, and Dwyer, AA. Health-related quality of life in women with primary ovarian insufficiency: a scoping review of the literature and implications for targeted interventions. Hum Reprod (2022) 37:2817–30. doi: 10.1093/humrep/deac200

3. Meczekalski, B, Niwczyk, O, Bala, G, and Szeliga, A. Managing early onset osteoporosis: the impact of premature ovarian insufficiency on bone health. J Clin Med (2023) 12:4042. doi: 10.3390/jcm12124042

4. Sochocka, M, Karska, J, Pszczołowska, M, Ochnik, M, Fułek, M, Fułek, K, et al. Cognitive decline in early and premature menopause. Int J Mol Sci (2023) 24:6566. doi: 10.3390/ijms24076566

5. Li, H, Yan, B, Wang, Y, Shu, Z, Li, P, Liu, Y, et al. The optimal time of ovarian reserve recovery after laparoscopic unilateral ovarian non-endometriotic cystectomy. Front Endocrinol (Lausanne) (2021) 12:671225. doi: 10.3389/fendo.2021.671225

6. Practice Committee of the American Society for Reproductive Medicine. Fertility preservation in patients undergoing gonadotoxic therapy or gonadectomy: a committee opinion. Fertil Steril (2019) 112:1022–33. doi: 10.1016/j.fertnstert.2019.09.013

7. Cheng, J, Ruan, X, Zhou, Q, Li, Y, Du, J, Jin, F, et al. How much total ovarian tissue can be removed without compromising ovarian function? An animal study. Gynecol Endocrinol (2021) 37:240–5. doi: 10.1080/09513590.2020.1760242

8. Rahima, A, and Bruce, NW. Effects of unilateral ovariectomy before and after mating on growth of corpora lutea and peripheral progestagen concentrations in pregnant rats. Biol Reprod (1987) 37:277–81. doi: 10.1095/biolreprod37.2.277

9. Bjelland, EK, Wilkosz, P, Tanbo, TG, and Eskild, A. Is unilateral oophorectomy associated with age at menopause? A population study (the HUNT2 Survey). Hum Reprod (2014) 29:835–41. doi: 10.1093/humrep/deu026

10. Yasui, T, Hayashi, K, Mizunuma, H, Kubota, T, Aso, T, Matsumura, Y, et al. Factors associated with premature ovarian failure, early menopause and earlier onset of menopause in Japanese women. Maturitas (2012) 72:249–55. doi: 10.1016/j.maturitas.2012.04.002

11. Bellati, F, Ruscito, I, Gasparri, ML, Antonilli, M, Pernice, M, Vallone, C, et al. Effects of unilateral ovariectomy on female fertility outcome. Arch Gynecol Obstet (2014) 290:349–53. doi: 10.1007/s00404-014-3194-8

12. Rahima, A, and Bruce, NW. Effects of unilateral ovariectomy before and after mating on fetal and placental growth in rats. Anat Rec (1988) 220:208–11. doi: 10.1002/ar.1092200212

13. Thankamony, A, Pasterski, V, Ong, KK, Acerini, CL, and Hughes, IA. Anogenital distance as a marker of androgen exposure in humans. Andrology-US (2016) 4:616–25. doi: 10.1111/andr.12156

14. Glintborg, D, Jensen, RC, Schmedes, AV, Brandslund, I, Kyhl, HB, Jensen, TK, et al. Anogenital distance in children born of mothers with polycystic ovary syndrome: the Odense Child Cohort. Hum Reprod (2019) 34:2061–70. doi: 10.1093/humrep/dez122

15. Freire, C, Ocón-Hernández, O, Dávila-Arias, C, Pérez-Lobato, R, Calvente, I, Ramos, R, et al. Anogenital distance and reproductive outcomes in 9- to 11-year-old boys: the INMA-Granada cohort study. Andrology-US (2018) 6:874–81. doi: 10.1111/andr.12544

16. Singal, AK, Jain, VG, Gazali, Z, and Shekhawat, P. Shorter anogenital distance correlates with the severity of hypospadias in pre-pubertal boys. Hum Reprod (2016) 31:1406–10. doi: 10.1093/humrep/dew115

17. Hua, XG, Hu, R, Hu, CY, Li, FL, Jiang, W, and Zhang, XJ. Associations between hypospadias, cryptorchidism and anogenital distance: Systematic review and meta-analysis. Andrologia (2018) 50:e13152. doi: 10.1111/and.13152

18. Foresta, C, Valente, U, Di Nisio, A, Cacco, N, Magagna, S, Cosci, I, et al. Anogenital distance is associated with genital measures and seminal parameters but not anthropometrics in a large cohort of young adult men. Hum Reprod (2018) 33:1628–35. doi: 10.1093/humrep/dey249

19. Risal, S, Pei, Y, Lu, H, Manti, M, Fornes, R, Pui, HP, et al. Prenatal androgen exposure and transgenerational susceptibility to polycystic ovary syndrome. Nat Med (2019) 25:1894–904. doi: 10.1038/s41591-019-0666-1

20. Mahboobifard, F, Pourgholami, MH, Jorjani, M, Dargahi, L, Amiri, M, Sadeghi, S, et al. Estrogen as a key regulator of energy homeostasis and metabolic health. BioMed Pharmacother (2022) 156:113808. doi: 10.1016/j.biopha.2022.113808

21. Chou, TJ, Lu, CW, Liao, CC, Chiang, CH, Huang, CC, and Huang, KC. Ovariectomy interferes with proteomes of brown adipose tissue in rats. Int J Med Sci (2022) 19:499–510. doi: 10.7150/ijms.66996

22. Ahmed, F, Kamble, PG, Hetty, S, Fanni, G, Vranic, M, Sarsenbayeva, A, et al. Role of estrogen and its receptors in adipose tissue glucose metabolism in pre- and postmenopausal women. J Clin Endocr Metab (2022) 107:e1879–89. doi: 10.1210/clinem/dgac042

23. Kagabu, S, and Umezu, M. Ovarian follicular development in the unilateral ovariectomized rat. Reprod Med Biol (2005) 4:89–92. doi: 10.1007/BF03016142

24. Lv, PP, Meng, Y, Lv, M, Feng, C, Liu, Y, Li, JY, et al. Altered thyroid hormone profile in offspring after exposure to high estradiol environment during the first trimester of pregnancy: a cross-sectional study. BMC Med (2014) 12:240. doi: 10.1186/s12916-014-0240-0

25. Zhou, CL, Xu, GF, Yang, Q, Wang, HH, Guo, MX, Xiong, YM, et al. Diminished verbal ability among children conceived through ART with exposure to high serum estradiol in utero. J Assist Reprod Gen (2020) 37:1931–8. doi: 10.1007/s10815-020-01835-1

26. Meng, Y, Lv, PP, Ding, GL, Yu, TT, Liu, Y, Shen, Y, et al. High maternal serum estradiol levels induce dyslipidemia in human newborns via a hepatic HMGCR estrogen response element. Sci Rep-UK (2015) 5:10086. doi: 10.1038/srep10086

27. Xu, GF, Zhou, CL, Xiong, YM, Li, JY, Yu, TT, Tian, S, et al. Reduced intellectual ability in offspring of ovarian hyperstimulation syndrome: A cohort study. Ebiomedicine (2017) 20:263–7. doi: 10.1016/j.ebiom.2017.05.020

28. Xu, GF, Zhang, JY, Pan, HT, Tian, S, Liu, ME, Yu, TT, et al. Cardiovascular dysfunction in offspring of ovarian-hyperstimulated women and effects of estradiol and progesterone: a retrospective cohort study and proteomics analysis. J Clin Endocr Metab (2014) 99:E2494–503. doi: 10.1210/jc.2014-2349

29. Sun, M, Sun, B, Qiao, S, Feng, X, Li, Y, Zhang, S, et al. Elevated maternal androgen is associated with dysfunctional placenta and lipid disorder in newborns of mothers with polycystic ovary syndrome. Fertil Steril (2020) 113:1275–85. doi: 10.1016/j.fertnstert.2020.02.005

30. Tata, B, Mimouni, N, Barbotin, AL, Malone, SA, Loyens, A, Pigny, P, et al. Elevated prenatal anti-Mullerian hormone reprograms the fetus and induces polycystic ovary syndrome in adulthood. Nat Med (2018) 24:834–46. doi: 10.1038/s41591-018-0035-5

31. Wang, Z, Shen, M, Xue, P, DiVall, SA, Segars, J, and Wu, S. Female offspring from chronic hyperandrogenemic dams exhibit delayed puberty and impaired ovarian reserve. Endocrinology (2018) 159:1242–52. doi: 10.1210/en.2017-03078

32. Dybdahl, M, Dalgard, C, Glintborg, D, Andersen, MS, and Christesen, HT. Maternal testosterone concentrations in third trimester and offspring handgrip strength at 5 years: odense child cohort. J Clin Endocr Metab (2022) 107:e3029–38. doi: 10.1210/clinem/dgac143

33. Roland, AV, Nunemaker, CS, Keller, SR, and Moenter, SM. Prenatal androgen exposure programs metabolic dysfunction in female mice. J Endocrinol (2010) 207:213–23. doi: 10.1677/JOE-10-0217




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Yang, Ruan, Cheng, Xu and Mueck. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-14-1279610-g002.jpg
grams

400

300

250

body weight of FO

1 2
time (weeks)

*

3

¢t rr W e

sham

25%-0OVX group
50%-0OVX group
75%-0OVX group
87.5%-0OVX group
100%-0OVX group





OEBPS/Images/fendo.2023.1279610_cover.jpg
& frontiers | Frontiers in Endocrinology

Effects of different volumes of ovariectomy
on fertility and offspring development of rats





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Effects of different volumes of ovariectomy on fertility and offspring development of rats

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Study design

        

          		

            2.1 Feeding of animals

          



          		

            2.2 Grouping of experimental animals

          



          		

            2.3 Fertility and offspring development evaluation

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 The changes of body weight in F0 rats after operation

          



          		

            3.2 Mating rate and live birth rate of F0 rats after operation

          



          		

            3.3 Time from cohabitation to delivery

          



          		

            3.4 Litter size of F0 rats

          



          		

            3.5 Body weight, body length, AGD of F1 rats at P21

          



        



        



        		

          4 Discussion

        

          		

            4.1 Effect of partial ovariectomy on fertility in rats

          



          		

            4.2 Effect of partial ovariectomy on body weight and length of F1 offsprings

          



          		

            4.3 Effect of partial ovariectomy on offspring’s AGD

          



          		

            4.4 Effect of partial ovariectomy on body weight of F0 rats

          



          		

            4.5 Compensatory changes of residual ovary after partial ovariectomy

          



          		

            4.6 Effects of maternal sex hormones on offspring health

          



        



        



        		

          5 Limitation

        



        		

          6 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-14-1279610-g001.jpg
..................................

..................................

..................................

Sham
25%-0VX

(female) (male)
mating rate

live birth rate

(female) (male)
mating rate
live birth rate

50%-0VX

75%-0VX the number of days

87.5%-0VX from cage to delivery
100%-0VX

the number of days
from cage to delivery

/N -
) )
s .
o, X
- e
& L P ¥ |
@ { ]

(Fl 41;1(;n)

Number of live cubs

(Fllmon)

Number of live cubs

Body Weight at P21

Body Weight at P21

Body length at P21
AGD at P21

Body length at P21

AGD at P21





OEBPS/Images/table2.jpg
Fllmon F14mon

Length Female AGD Male AGD Female AGD Male AGD
(cm) (mm) (mm) (mm) (mm)
120 + L15:%

Sham 29920 1305£0.10 1251 £0.16 19.56 £ 025 209;5 1408 £0.19  14.00 £ 032 2214 £055
25%- 7492 + 13.95 + 8274 +
e e ol 13.18 £ 031 2130 + 031 e 1398 £0.03 | 14.69 £ 021 2313 +0.72
0% 6550:¢ 13872 12.59 + 0.27 20.69 + 0.40 Sr42¢ 14.54 £ 0.08 14.17 £ 048 22.00 £0.27
ovx 1.75%¢ 0.08*** 1.07

F1'™", the offsprings which delivered by FO female rats 1 month postoperatively.
F1%%, the offsprings which delivered by FO female rats 4 month postoperatively. AGD, anogenital distance. **, compared with sham group, P< 0.01; ***, compared with sham group P< 0.001.
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nl means the number of FO females that mated successfully, n2 means the number of FO females that had live births, and N means the sample size of each group.





