Effect of Renal Extracorporeal Shock Wave Lithotripsy on Ovarian Insulin-Like Growth Factor-1 Expression in a Rat Model
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ABSTRACT
Background:
Extracorporeal shock wave lithotripsy (ESWL) is a well-established non-invasive treatment modality for urinary stone disease. Although its direct effects on renal tissues have been extensively investigated, the possible indirect effects of ESWL on distant reproductive organs remain unclear. Insulin-like growth factor-1 (IGF-1) is a key regulator of cellular proliferation, tissue regeneration, and ovarian follicular development. This experimental study aimed to investigate whether renal ESWL exposure induces alterations in ovarian IGF-1 expression.
Methods:
Fifteen female rats were randomly allocated into three groups: a control group (n=6), an ESWL day 14 group (n=5), and an ESWL day 28 group (n=4). A total of 2000 shock waves were applied to the renal region of the experimental groups. Ovarian tissues were collected at predetermined time points and evaluated immunohistochemically for IGF-1 expression. The staining patterns in epithelial, stromal, and adipose tissues were classified as positive or negative due to the weak staining intensity. Statistical analyses were performed using Chi-square and likelihood ratio tests, and P≤0.05 was considered statistically significant.
Results:
A significant difference in stromal IGF-1 expression was observed among the groups (P=0.021). The control group demonstrated a higher rate of positive stromal staining compared with the ESWL-treated groups. No statistically significant difference was detected in epithelial IGF-1 expression (P=0.973). Overall, IGF-1 immunoreactivity was weak in ovarian tissues.
Conclusions:
Renal ESWL may induce limited indirect alterations in ovarian stromal IGF-1 expression. However, the biological significance of these findings remains uncertain because of the small sample size and low staining intensity. Further studies including larger experimental populations, different ESWL protocols, and simultaneous serum IGF-1 measurements are required to clarify the underlying mechanisms.
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Introduction
Extracorporeal shock wave lithotripsy (ESWL) is a widely used non-invasive treatment method for urinary stone disease and remains one of the first-line therapeutic options, particularly in selected pediatric and adult patients (Alić et al., 2022).  The mechanism of ESWL is based on the generation of high-energy acoustic waves that fragment urinary calculi ( Akin & Yucel, 2014). Although ESWL primarily targets renal stones, the propagation of shock waves may also influence adjacent and distant tissues through mechanical stress, oxidative injury, inflammatory responses, and alterations in cellular signaling pathways (Alić et al., 2022; Akin & Yucel, 2014).
Previous experimental studies have demonstrated that ESWL may increase oxidative stress and apoptosis in renal and surrounding tissues (Baba et al., 2020; Gecit et al., 2014). Although clinically significant damage to neighboring organs is uncommon, experimental evidence has shown that structures such as the adrenal gland and diaphragm may exhibit histopathological changes following ESWL exposure. Conversely, extracorporeal shock wave therapy has also been utilized in regenerative medicine because of its ability to modulate angiogenesis, cellular proliferation, and tissue repair processes (Lv et al., 2023; Piau et al., 2023; Salcedo-Jiménez et al., 2020).
Insulin-like growth factor (IGF) signaling is an important regulator of cell growth, differentiation, and survival. The IGF system consists of two ligands (IGF-1 and IGF-2), their receptors, and several IGF-binding proteins that regulate their biological activity. In the ovary, IGF-1 contributes to follicular growth by enhancing the actions of gonadotropins and regulating communication among granulosa, theca, and stromal cells ( Piau et al., 2023; Salcedo-Jiménez et al., 2020). Furthermore, IGF-mediated signaling pathways play essential roles in oocyte maturation, cellular metabolism, and the maintenance of normal ovarian physiology (Lv et al., 2023; Piau et al., 2023; Salcedo-Jiménez et al., 2020).
The regenerative effects of shock wave therapy in various tissues suggest that ESWL may influence the expression of growth factors involved in tissue remodeling (Lv et al., 2023; Piau et al., 2023; Salcedo-Jiménez et al., 2020). However, data regarding the indirect effects of renal ESWL on ovarian tissue and IGF-1 expression remain limited.
Therefore, the present experimental study aimed to evaluate the indirect effects of renal ESWL on ovarian tissue by assessing immunohistochemical IGF-1 expression in epithelial, stromal, and adipose compartments of rat ovaries.
Materials and Methods
Animals and experimental design
This experimental study was conducted following approval from the institutional experimental animal ethics committee. Fifteen female rats were randomly assigned into three groups: a control group (n=6), an ESWL day 14 group (n=5), and an ESWL day 28 group (n=4).
The experimental groups underwent renal extracorporeal shock wave lithotripsy. A total of 2000 shock waves were delivered to the renal region. The animals in the ESWL day 14 and day 28 groups were sacrificed 14 and 28 days after treatment, respectively. Ovarian tissues were excised and processed for histopathological and immunohistochemical examinations.
Immunohistochemical evaluation of IGF-1 expression
Ovarian tissue sections were stained immunohistochemically using an anti-IGF-1 antibody and examined under a light microscope. IGF-1 immunoreactivity was assessed separately in ovarian epithelial, stromal, and adipose tissue compartments.
Because the staining intensity was generally weak, the immunohistochemical findings were classified qualitatively as positive or negative. The percentages of positive and negative staining among the experimental groups were compared statistically.
Statistical analysis
Categorical variables were expressed as frequency and percentage. Group comparisons were performed using the Pearson Chi-square test. When the assumptions required for Pearson Chi-square analysis were not fulfilled, the likelihood ratio test was applied. Statistical analyses were conducted using SPSS version 28.0 (IBM Corp., Armonk, NY, USA), and a P value ≤0.05 was considered statistically significant.

Results
The immunohistochemical evaluation demonstrated differences in IGF-1 expression among the experimental groups. Stromal IGF-1 positivity showed a statistically significant variation between groups (P=0.021). The control group exhibited a higher rate of positive stromal staining compared with the ESWL day 14 and ESWL day 28 groups. No positive stromal staining was observed in the ESWL day 28 group.
In contrast, epithelial IGF-1 expression did not differ significantly among groups (P=0.973). Although mild positive staining was observed in some epithelial samples, the overall level of IGF-1 immunoreactivity was low.
The findings indicate that renal ESWL was associated with a reduction in stromal IGF-1 expression, particularly during the early post-treatment period; however, the biological significance of this observation requires further investigation.
Discussion
The present study investigated whether renal ESWL induces indirect changes in ovarian tissue by evaluating IGF-1 expression. The principal finding was a significant reduction in stromal IGF-1 immunoreactivity after renal ESWL, whereas epithelial IGF-1 expression remained unaffected.
The biological effects of ESWL are complex and may involve mechanical stress, oxidative injury, inflammatory responses, and alterations in cellular signaling pathways (Lv et al., 2023; Piau et al., 2023; Salcedo-Jiménez et al., 2020; Suh et al.,2013).  Previous studies have reported that ESWL may induce oxidative damage and apoptotic changes not only in renal tissue but also in adjacent organs. These findings support the hypothesis that shock waves may influence distant tissues through indirect biological mechanisms (Lv et al., 2023; Piau et al., 2023; Salcedo-Jiménez et al., 2020; Suh et al.,2013). 
The IGF system has an essential role in ovarian physiology. IGF-1 enhances the effects of gonadotropins and contributes to follicular growth, granulosa cell function, and oocyte maturation. Therefore, alterations in ovarian IGF-1 expression may potentially affect local tissue remodeling and follicular homeostasis (Gecit et al.,2014; Hogg et al.,2004; Barnes et al.,2014; Zulu et al.,2002).
Although extracorporeal shock wave therapy has demonstrated regenerative and angiogenic effects in several experimental models, the response appears to be highly dependent on the target tissue, energy level, treatment duration, and biological environment. In contrast to the regenerative effects observed in musculoskeletal tissues, our findings suggest that renal ESWL may be associated with a decrease in stromal IGF-1 expression in ovarian tissue (Hogg et al., 2004; Barnes et al., 2014; Zulu et al., 2002).
The current study has several limitations. The small number of experimental animals reduces statistical power. In addition, serum IGF-1 concentrations were not measured, follicular stages were not analyzed separately, and complementary molecular markers related to apoptosis, oxidative stress, or fibrosis were not evaluated.
Despite these limitations, the present study provides preliminary evidence that renal ESWL may induce indirect changes in ovarian stromal IGF-1 expression. Further experimental studies with larger sample sizes, different ESWL energy protocols, and comprehensive molecular analyses are required to determine the clinical relevance of these findings.
Conclusions
The present experimental study demonstrated that renal extracorporeal shock wave lithotripsy may induce limited indirect alterations in ovarian IGF-1 expression, particularly within stromal tissues. However, the biological importance of this alteration remains uncertain because of the low intensity of immunohistochemical staining and the limited sample size.
The absence of significant changes in epithelial IGF-1 expression suggests that the effects of renal ESWL on ovarian tissue may be compartment-specific. Future studies involving larger experimental populations, different ESWL energy protocols, serum IGF-1 measurements, and additional molecular markers associated with oxidative stress, apoptosis, and tissue remodeling are required to clarify the underlying mechanisms and possible reproductive implications.
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Figure legends
Figure 1. Control group
(A) Absence of IGF-1 immunostaining in the ovarian epithelial component (×400).
(B) Mild IGF-1 immunoreactivity in the stromal component (×100).
(C) Mild stromal IGF-1 staining (×200).
(D) Mild epithelial IGF-1 staining (×100).
Figure 2. ESWL Day 14 group
(A) Mild stromal IGF-1 staining (×400).
(B) Mild epithelial IGF-1 immunoreactivity (×100).
(C) Absence of stromal IGF-1 staining (×40).
(D) Mild epithelial IGF-1 staining (×200).
Figure 3. ESWL Day 28 group
(A) Mild epithelial IGF-1 staining (×400).
(B) Mild stromal IGF-1 immunoreactivity (×10).
(C) Mild stromal IGF-1 staining (×200).
(D) Mild IGF-1 staining in stromal and adipose tissues (×200).
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