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			Abstract | This study investigates the multifaceted metabolic and histopathological alterations associated with cystic ovarian disease (COD) in cows. Thirty animals were evaluated, comprising 15 cows diagnosed with COD and 15 cyclic controls. Comprehensive metabolic profiling was conducted by assessing energy metabolism (serum glucose and insulin), lipid status (triglycerides and total cholesterol), liver function (AST and ALT), renal function (urea and creatinine), oxidative stress (total antioxidant capacity), inflammatory response (C-reactive protein), and mineral homeostasis (calcium and phosphorus). In parallel, detailed histopathological examinations of ovarian and uterine tissues were performed. Cystic cows had drastically lower levels of serum glucose, urea, phosphorus, and total antioxidant capacity compared to cyclic cows, but significantly higher levels of serum total cholesterol, AST, and C-reactive protein (CRP) concentrations. Ovarian tissue from COD cows exhibited multiple cystic structures with attenuated granulosa cell linings, theca interna hyperplasia, areas of follicular atresia, and chronic inflammatory infiltrates. Uterine sections demonstrated focal endometrial hyperplasia, glandular atrophy, and inflammatory cell infiltration, reflecting a disrupted hormonal environment. Collectively, these findings indicate that COD is characterized by significant metabolic dysregulation, structural tissue (ovarian and uterine) remodeling, and a chronic inflammatory state that likely contribute to impaired reproductive function. This integrated analysis not only enhances our understanding of the pathogenesis of COD but also highlights potential targets for metabolic, nutritional, and hormonal interventions to improve reproductive outcomes in affected cows.
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			Introduction

			Cystic ovarian disease (COD) represents a significant reproductive disorder in dairy cattle that substantially impacts both animal welfare and agricultural economics. This condition is characterized by the persistence of large follicular structures that fail to ovulate, affects approximately 10–15% of dairy cows during their lactation period, leading to considerable economic losses in the dairy industry through reduced reproductive efficiency and increased culling rates (BorŞ and BorŞ, 2020). The financial burden of COD extends beyond direct treatment costs, encompassing decreased milk production, extended calving intervals, and increased labor requirements for reproductive management, collectively resulting in estimated losses of $150–200 per cow per year in affected herds (BorŞ and BorŞ, 2020; Pascottini, 2020).

			The pathogenesis of COD is complex and multifaceted, involving intricate interactions between metabolic, endocrine, and inflammatory pathways (Fernández-Novo et al., 2020; Pascottini, 2020). While previous research has established various risk factors associated with COD, including genetic predisposition, environmental stressors, and nutritional imbalances, the precise mechanisms underlying the development and progression of ovarian cysts remain incompletely understood (BorŞ and BorŞ, 2020). The condition appears to be particularly prevalent during periods of metabolic stress, such as the transition period and early lactation, suggesting a strong connection between metabolic homeostasis and reproductive function (Hailay et al., 2019).

			The endocrine basis of COD involves disruptions in the hypothalamic-pituitary-ovarian axis, particularly in the regulation of gonadotropin-releasing hormone (GnRH) pulses and subsequent luteinizing hormone (LH) secretion patterns (BorŞ and BorŞ, 2020; Pascottini et al., 2020). These hormonal imbalances can lead to failed ovulation and the formation of persistent follicular structures. However, emerging evidence suggests that metabolic factors play a crucial role in modulating these endocrine pathways, potentially serving as initiating or exacerbating factors in the development of ovarian cysts (Hailay et al., 2019; Pascottini et al., 2020).

			Recent studies have highlighted the significance of metabolic dysfunction in the etiology of COD through various pathways, including altered steroidogenesis, disrupted follicular development, and compromised endocrine signalling (Abedal-Majed et al., 2019; Tu et al., 2019). The modern dairy cow, bred for high milk production, faces substantial metabolic challenges during early lactation, including negative energy balance, oxidative stress, and inflammatory conditions (Fernández-Novo et al., 2020; Pascottini, 2020). These metabolic perturbations may create an environment conducive to the development of ovarian cysts through direct effects on follicular cells and indirect effects on hormonal signalling pathways (Hailay et al., 2019).

			Oxidative stress and inflammation have emerged as potentially critical factors in the pathophysiology of COD. The intense metabolic demands of lactation can lead to increased production of reactive oxygen species and inflammatory mediators, which may damage ovarian tissue and disrupt normal follicular development (Lu et al., 2018; Pascottini et al., 2020). Furthermore, alterations in lipid metabolism and energy homeostasis may affect the availability of substrates for steroid hormone synthesis, potentially contributing to the hormonal imbalances characteristic of COD (Abedal-Majed et al., 2019; Tu et al., 2019).

			The relationship between metabolic status and reproductive function extends beyond direct effects on the ovary. Systemic metabolic alterations can affect multiple organ systems, including the liver and adipose tissue, which play crucial roles in hormone metabolism and energy homeostasis (Hailay et al., 2019; Silva and Mohebbi, 2022). Understanding these complex interactions requires a comprehensive approach that integrates both metabolic profiling and detailed histopathological analyses, yet such studies remain limited in the current literature (BorŞ and BorŞ, 2020).

			The present study aims to bridge this knowledge gap by conducting a thorough investigation of the metabolic and histopathological alterations associated with COD in cattle. By employing a multi-parametric approach, we examine various aspects of metabolism, including energy homeostasis, lipid profiles, liver and kidney function, oxidative stress markers, and mineral balance, alongside detailed histopathological evaluations of ovarian and uterine tissues (Hailay et al., 2019; BorŞ and BorŞ, 2020). This integrated analysis provides valuable insights into the complex pathophysiology of COD and its systemic effects on bovine reproductive health.

			Our research particularly emphasizes the importance of understanding the bidirectional relationship between metabolic dysregulation and structural tissue alterations in the context of reproductive dysfunction. The comprehensive evaluation of both metabolic parameters and tissue pathology allows for a more nuanced understanding of how systemic metabolic perturbations may manifest in specific cellular and tissue-level changes within the reproductive tract (Abedal-Majed et al., 2019; Domp et al., 2021). This approach may reveal novel therapeutic targets and biomarkers for early detection and intervention in cases of COD.

			Furthermore, this investigation has broader implications for comparative reproductive medicine. The pathophysiological features of bovine COD share several similarities with polycystic ovarian syndrome (PCOS) in humans and other reproductive disorders in domestic animals (Hailay et al., 2019; Ryu et al., 2019). Understanding the metabolic and structural alterations associated with COD in cattle may provide valuable insights into the mechanisms underlying similar reproductive disorders across species, potentially contributing to the development of more effective therapeutic strategies in both veterinary and human medicine.

			Materials and Methods

			Ethical approval and sample collection

			All procedures involving animals were conducted in accordance with the institutional guidelines for animal care and use, and the study protocol was approved by the Institutional Animal Ethics Committee (Approval No. BUFVTM 08-04-25), faculty of Veterinary Medicine, Benha University. Samples were collected from cows at various slaughterhouses from Cairo and Giza governorates, such as the El-Basateen slaughterhouse and the El-Warraq slaughterhouse. Immediately post-mortem, blood was drawn via jugular venipuncture into sterile tubes, allowed to coagulate at room temperature, and centrifuged at 3,000 rpm for 20 minutes to separate the serum, which was then allocated and stored at -20°C until further analysis (Abu-El-Hamd et al., 2023). Concurrently, ovarian and uterine tissue specimens were harvested and promptly fixed in 10% neutral buffered formalin for histopathological evaluation.

			Biochemical analysis

			Serum biochemical parameters including glucose, total protein, triglycerides, cholesterol, urea, creatinine, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) were quantified using spectrophotometric assays on an automated clinical chemistry analyzer following standardized protocols (Ali et al., 2020). Serum total antioxidant capacity (TAC) was determined calorimetrically using commercially available kits (Biodiagnostic, Egypt) in accordance with the method described by Koracevic et al. (2001). The concentration of C-reactive protein (CRP) was evaluated using a rapid latex slide test kit (Spectrum, Egypt). Additionally, the serum concentrations of calcium and phosphorus were measured using established colorimetric methods as described by Tietz (2006).

			Histopathological examination and special stains

			Ovarian and uterine tissue specimens were concurrently harvested and fixed in 10% neutral buffered formalin for histopathological evaluation. After fixation, tissues were processed through graded ethanol, cleared in xylene, and embedded in paraffin. Serial sections (4–5 µm thick) were then cut and mounted on glass slides. For histological assessment, sections were stained with hematoxylin and eosin (H&E) to evaluate general tissue architecture. In a continuous staining protocol, additional special stains were applied to further characterize specific tissue components: Masson’s Trichrome was used to assess collagen deposition and fibrosis; Sirius Red facilitated detailed visualization of collagen fiber organization; periodic acid-Schiff (PAS) staining highlighted basement membranes, glycogen, and mucopolysaccharides; and methyl violet was employed to delineate nuclear structures and components of the extracellular matrix (Bancroft and Layton, 2019). Microscopic evaluation of the stained sections was performed by an experienced pathologist to elucidate the structural and cellular alterations associated with cystic ovarian disease.

			Statistical analysis

			Data were analyzed using statistical software (SPSS). Descriptive statistics were calculated as mean ± standard deviation (SD). Comparisons between cows with cystic ovarian disease and cyclic controls were performed using Student’s t-test. Statistical significance was set at p < 0.05 (*), and p < 0.001 (**) was considered highly significant.

			Results

			In this study, thirty cows (15 with cystic ovarian disease and 15 cyclic controls) were evaluated to compare their metabolic profiles, which are presented as mean ± standard deviation (SD) in Table 1. Statistical analyses were conducted using Student’s t-test, with significance defined at p < 0.05 (*) and p < 0.001 (**).

			Cyclic cows demonstrated significantly higher serum glucose levels (4.8 ± 1.3 mmol/L) compared with their cystic counterparts (3.5 ± 0.4 mmol/L, **p < 0.001), suggesting a potential disruption in carbohydrate metabolism associated with cystic ovarian disease. Although cyclic cows exhibited a tendency toward higher insulin concentrations (2.5 ± 1.6 µU/mL) than cystic cows (2.1 ± 1.4 µU/mL), this difference did not reach statistical significance (p > 0.05).

			In terms of lipid metabolism, triglyceride levels were comparable between groups (0.21 ± 0.09 mmol/L in cystic cows versus 0.18 ± 0.11 mmol/L in cyclic cows, p > 0.05). However, total cholesterol was significantly elevated in cystic cows (3.7 ± 0.9 mmol/L) relative to cyclic cows (2.5 ± 0.6 mmol/L, p < 0.05), indicating an alteration in lipid metabolism linked to the disease state.

			Evaluations of liver function revealed that serum aspartate aminotransferase (AST) levels were significantly higher in cystic cows (105 ± 25 U/L) than in cyclic animals (85 ± 30 U/L, p < 0.05), possibly reflecting hepatic stress. Conversely, alanine aminotransferase (ALT) activity remained similar between the two groups (23 ± 5 U/L in cystic versus 22 ± 6 U/L in cyclic cows, p > 0.05).

			Renal function assessments showed that serum urea concentrations were significantly lower in cystic cows (1.5 ± 0.3 mmol/L) compared to cyclic cows (4.1 ± 3.0 mmol/L, **p < 0.001), which may indicate alterations in protein catabolism or renal filtration. In contrast, serum creatinine levels were similar between groups (110 ± 30 µmol/L in cystic cows versus 115 ± 28 µmol/L in cyclic cows, p > 0.05), suggesting comparable glomerular filtration rates.

			The investigation of oxidative stress and inflammation revealed that cystic cows had a significantly reduced total antioxidant capacity (0.48 ± 0.03 mM/L) relative to cyclic cows (0.75 ± 0.04 mM/L, **p < 0.001). Furthermore, C-reactive protein (CRP) concentrations were markedly higher in cystic cows (5.5 ± 0.5 mg/L) compared to cyclic cows (2.2 ± 0.3 mg/L, **p < 0.001), reflecting an enhanced inflammatory state.

			While serum calcium levels were consistent between cystic (10.5 ± 1.5 mg/dL) and cyclic cows (10.8 ± 1.4 mg/dL, p > 0.05), serum phosphorus levels were significantly lower in cystic cows (6.2 ± 0.9 mg/dL) than in cyclic cows (7.8 ± 0.7 mg/dL, p < 0.05). These results suggest that cystic ovarian disease is accompanied by a range of metabolic disturbances, including impairments in carbohydrate and lipid metabolism, hepatic and renal function, and antioxidant defenses, as well as an elevated inflammatory response.

			Table 1: Metabolic profile of cystic vs. cyclic cows.

			
				
					
					
					
					
				
				
					
							
							Parameter

						
							
							Cystic cows (n=15)

						
							
							Cyclic cows (n=15)

						
							
							Significance

						
					

					
							
							Energy metabolism

						
							
							
							
					

					
							
							Glucose (mmol/L)

						
							
							3.5 ± 0.4

						
							
							4.8 ± 1.3

						
							
							***

						
					

					
							
							Insulin (µU/mL)

						
							
							2.1 ± 1.4

						
							
							2.5 ± 1.6

						
							
							ns

						
					

					
							
							Lipid profile

						
							
							
							
					

					
							
							TG (mmol/L)

						
							
							0.21 ± 0.09

						
							
							0.18 ± 0.11

						
							
							ns

						
					

					
							
							Chol (mmol/L)

						
							
							3.7 ± 0.9

						
							
							2.5 ± 0.6

						
							
							*

						
					

					
							
							Liver function

						
							
							
							
					

					
							
							AST (U/L)

						
							
							105 ± 25

						
							
							85 ± 30

						
							
							*

						
					

					
							
							ALT (U/L)

						
							
							23 ± 5

						
							
							22 ± 6

						
							
							ns

						
					

					
							
							Kidney function

						
							
							
							
					

					
							
							Urea (mmol/L)

						
							
							1.5 ± 0.3

						
							
							4.1 ± 3.0

						
							
							***

						
					

					
							
							Creatinine (µmol/L)

						
							
							110 ± 30

						
							
							115 ± 28

						
							
							ns

						
					

					
							
							Oxidative stress/inflammation

						
					

					
							
							Total antioxidant capacity (mM/L)

						
							
							0.48 ± 0.03

						
							
							0.75 ± 0.04

						
							
							***

						
					

					
							
							C-Reactive protein (mg/L)

						
							
							5.5 ± 0.5

						
							
							2.2 ± 0.3

						
							
							***

						
					

					
							
							Minerals

						
							
							
							
					

					
							
							Ca (mg/dl)

						
							
							10.5 ± 1.5

						
							
							10.8 ± 1.4

						
							
							ns

						
					

					
							
							P (mg/dl)

						
							
							6.2 ± 0.9

						
							
							7.8 ± 0.7

						
							
							*

						
					

				
			

			Histopathological findings

			Examination of cystic ovarian tissue revealed a complex array of pathological changes. The ovarian parenchyma was largely replaced by multiple, variably sized cystic structures. These cysts were characterized by thin, delicate walls lined predominantly by a single layer of cuboidal to low columnar granulosa cells. In several sections, the granulosa cell lining appeared attenuated or focally disrupted, with evidence of cellular degeneration and apoptosis. The adjacent theca interna was notably thickened and exhibited hyperplasia, with clusters of steroidogenic cells displaying abundant eosinophilic cytoplasm and hyperchromatic nuclei. In addition, areas of follicular atresia were apparent, intermingled with fibrous connective tissue deposition and accumulations of hemosiderin-laden macrophages, indicative of previous hemorrhagic events. Focal inflammatory infiltrates primarily lymphocytes with occasional neutrophils were observed around the cystic lesions, suggesting a chronic inflammatory response. Concomitant vascular congestion and limited zones of necrosis further underscored the compromised microenvironment within the ovarian stroma, collectively supporting a diagnosis of cystic ovarian degeneration likely related to hormonal imbalance and impaired follicular maturation (Figure 1).
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			Figure 1: A photomicrograph of H&E-stained (x200) ovarian tissue sections displaying a follicular ovarian cyst (asterisk) of varying sizes. These cysts show thin walls lined by a single layer of dissociated cuboidal to low columnar granulosa cells resting on thin basement membrane, hyperplastic theca interna and externa, with pale acidophilic fluid filling their lumina. Excessive fibrous connective tissues proliferation (arrowhead) with evidence of cellular degeneration and apoptosis.

			The uterine histopathology provided further insights into the reproductive pathology associated with ovarian dysfunction. The endometrium exhibited heterogeneity in glandular architecture; focal regions demonstrated marked endometrial hyperplasia, with elongated, crowded glands lined by tall, columnar epithelium. However, these hyperplastic areas were interspersed with regions where glandular atrophy and focal epithelial degeneration were evident. The underlying stroma was infiltrated by a mixed inflammatory cell population predominantly lymphocytes with sporadic plasma cells and neutrophils alongside areas of mild edema and early fibrotic changes. These inflammatory changes were most pronounced in regions adjacent to the hyperplastic glands, potentially reflecting a reactive process to abnormal hormonal stimulation or secondary insult. The myometrium retained a largely normal architecture, with well-organized bundles of smooth muscle fibers; nevertheless, focal areas of mild inflammatory cell infiltration and occasional microhemorrhages were noted, suggesting that the uterine changes might represent a secondary response to the altered ovarian hormonal milieu (Figure 2).
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			Figure 2: A photomicrograph of H&E-stained (x200) uterine tissue sections showing (A-C) endometrial hyperplasia (arrowhead), with elongated, crowded glands lined by tall, columnar epithelium. (D) Also noted glandular atrophy and focal epithelial degeneration (arrowhead) with extensive vascular congestion (arrow). (E, F) The underlying stroma showing inflammatory cell infiltration (asterisk) predominantly lymphocytes pronounced in regions adjacent to the hyperplastic glands along with mild edema and fibrous connective tissue proliferation (asterisk). (G-I) The myometrium displaying focal areas of mild inflammatory cell infiltration (thick arrow) and occasional thickening in vascular wall (thin arrow) with mild edema (arrowhead).

			Special stain results

			The application of a series of special stains provided an in-depth characterization of the extracellular matrix alterations and cellular changes in ovarian and uterine tissues affected by cystic ovarian disease (COD). Masson’s Trichrome staining revealed a marked increase in collagen deposition within the stromal compartments of cystic ovaries. Specifically, extensive blue-stained collagen fibers were observed surrounding cystic follicles and within fibrotic areas, suggesting a chronic reparative response secondary to repeated follicular degeneration (Figure 3).
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			Figure 3: A photomicrograph of Masson’s Trichrome -stained (x200) ovarian tissue sections showing extensive, blue-stained collagen fibers (asterisk) surrounding cystic follicles and within fibrotic areas.

			Sirius red staining, examined under polarized light, further corroborated these findings by highlighting densely packed collagen fibers with intense red birefringence. This observation indicates not only an increased collagen content but also a reorganization of type I collagen within the cystic ovarian stroma, which is consistent with a fibrotic remodeling process (Figure 4).
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			Figure 4: A photomicrograph of Sirius Red -stained (x200) ovarian tissue sections illustrating the collagen fibers type I (asterisk) distributed within the ovarian stroma.

			In addition, PAS staining demonstrated an abnormal accumulation of glycoproteins and mucopolysaccharides. In ovarian sections, PAS-positive material was notably present along the basement membranes of follicles and within the granulosa cell cytoplasm, reflecting altered metabolic activity and extracellular matrix composition. Uterine sections similarly showed well-defined PAS-positive basement membranes in the endometrial glands, though regions of glandular atrophy exhibited diminished staining intensity, indicative of degenerative changes.

			Methyl Violet staining provided enhanced visualization of nuclear morphology and extracellular matrix components. In the ovaries, this stain accentuated hyperchromatic nuclei and an increased nuclear-to-cytoplasmic ratio in granulosa cells lining the cysts, suggesting cellular stress and degeneration. In uterine tissue, methyl violet highlighted focal inflammatory infiltrates, particularly in proximity to hyperplastic endometrial glands, thus confirming a reactive inflammatory process (Figure 5).
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			Figure 5: A photomicrograph of Methyl Violet (A, B, C) and PAS (D, E, F) -stained (x200) uterine tissue sections showing Methyl Violet (arrowhead) and PAS (arrow) -positive basement membranes in the endometrial glands.

			Discussion

			The present study elucidates the intricate metabolic alterations associated with cystic ovarian disease (COD) in cows. Our findings indicate that cows with COD exhibit significant disturbances in several metabolic domains compared to their cyclic counterparts, which may have profound implications for reproductive efficiency and overall health (BorŞ and BorŞ, 2020).

			A notable finding is the diminished serum glucose concentration in cystic cows, suggesting an impairment in carbohydrate metabolism. Lower glucose levels may reflect a reduced availability of energy substrates necessary for optimal ovarian function and follicular development (Abedal-Majed, 2019; Xue, 2019). Although insulin levels were not significantly different between groups, the observed trend toward lower insulin in the COD group raises the possibility of altered insulin sensitivity or secretion dynamics an important consideration given insulin’s role in both glucose homeostasis and reproductive function (Abedal-Majed, 2019; Ryu, 2019).

			The lipid profile further underscores metabolic disturbances in cystic cows. Elevated total cholesterol in the COD group, in the absence of significant changes in triglyceride levels, implies selective alterations in lipid metabolism. Such dyslipidemia could be a consequence of disrupted steroidogenesis, since cholesterol serves as the precursor for steroid hormones (Xue, 2019; Pavithran et al., 2020). Thus, elevated cholesterol levels might not only be a marker of metabolic imbalance but could also directly impact the endocrine milieu, further exacerbating reproductive dysfunction (Tu et al., 2019).

			Hepatic function, as assessed by the activity of aspartate aminotransferase (AST), was compromised in cystic cows, whereas alanine aminotransferase (ALT) remained unchanged. The selective increase in AST could indicate hepatic stress or subclinical liver dysfunction, potentially linked to the heightened metabolic demands imposed by COD (Chastant and Saint-Dizier, 2019; Silva and Mohebbi, 2022). These observations suggest that the liver a central organ in metabolic regulation may be adversely affected in cows with ovarian cysts, contributing to the overall metabolic profile observed.

			Renal function parameters provided additional insight into the metabolic alterations in COD. The significantly lower urea levels in cystic cows may reflect changes in protein catabolism or altered renal processing of nitrogenous waste, while the absence of significant differences in creatinine levels indicates that glomerular filtration remains largely intact (Marczuk et al., 2018; Abedal-Majed et al., 2019). These findings highlight a possible shift in nitrogen metabolism that may be secondary to or even contribute to the metabolic disturbances associated with ovarian dysfunction.

			Oxidative stress and inflammation emerged as critical factors in the pathophysiology of COD. The marked reduction in total antioxidant capacity, coupled with elevated C-reactive protein levels in cystic cows, underscores an environment of heightened oxidative stress and systemic inflammation (Lu, 2018; Liang, 2021). Oxidative stress can impair cellular function and may exacerbate reproductive abnormalities by disrupting follicular development and steroid hormone synthesis, while chronic inflammation may further impair ovarian function, creating a vicious cycle of metabolic and endocrine disruptions (Abedal-Majed, 2019).

			Mineral homeostasis was also affected, as evidenced by the significantly lower phosphorus levels despite comparable calcium concentrations between groups were normal. Given phosphorus’s vital role in energy metabolism, its reduction could further compromise cellular energy balance and overall metabolic function (Marczuk et al., 2018; Xue et al., 2019). This selective mineral imbalance may reflect the broader metabolic derangements present in COD and warrants further investigation.

			In addition to the metabolic disturbances described above, histopathological evaluation of the ovary and uterus offers critical insights into the structural and cellular alterations underlying COD. Ovarian tissue in cystic cows exhibited multiple, variably sized cystic structures that largely replaced normal parenchyma, with cyst walls lined by attenuated granulosa cells and a thickened, hyperplastic theca interna findings that are indicative of aberrant folliculogenesis likely resulting from persistent gonadotropin stimulation and disrupted steroidogenesis (Tu, 2019; Domp, 2021). Similarly, uterine histopathology revealed heterogeneous changes, including focal endometrial hyperplasia with elongated, crowded glands interspersed with areas of glandular atrophy and epithelial degeneration, as well as inflammatory infiltrates composed primarily of lymphocytes, occasional plasma cells, and neutrophils (Sheldon, 2018). These alterations likely reflect abnormal hormonal stimulation and a reactive process secondary to systemic metabolic stress.

			The interplay between these histopathological findings and the metabolic data is striking. Ovarian cystic lesions and uterine inflammatory responses likely represent morphological manifestations of metabolic imbalances such as impaired carbohydrate and lipid metabolism, hepatic stress, and oxidative stress that contribute to ovarian dysfunction (Lu et al., 2018; Pavithran et al., 2020). Collectively, these findings suggest that COD in cows is characterized by a complex interplay of metabolic dysregulation, chronic inflammation, and tissue remodelling. This integrated perspective is critical for elucidating the pathogenesis of COD and for identifying potential targets for metabolic, nutritional, and hormonal interventions (Abedal-Majed, 2019; Xue et al., 2019). Future research should focus on unraveling the mechanistic links between these metabolic disturbances and ovarian dysfunction through longitudinal studies and comprehensive molecular and histopathological analyses.

			Collectively, these findings suggest that cystic ovarian disease in cows is characterized by a complex interplay of metabolic dysregulation, which spans disturbances in energy metabolism, lipid and protein processing, liver function, and oxidative stress, and is compounded by chronic inflammation and tissue remodeling. The convergence of these metabolic and histopathological alterations provides a comprehensive framework for understanding the multifactorial physiological challenges imposed by COD. Specifically, the observed reductions in serum glucose and antioxidant capacity, along with elevated cholesterol and markers of inflammation, underscore a systemic endocrine disruption that likely contributes to impaired ovarian and uterine function.

			This integrated perspective is critical not only for elucidating the underlying pathogenesis of COD but also for identifying potential targets for metabolic, nutritional, and hormonal interventions. Future research should endeavor to unravel the mechanistic links between these metabolic disturbances and ovarian dysfunction through longitudinal studies and larger sample cohorts. Incorporating molecular and hormonal analyses alongside detailed histopathological assessments will be essential to confirm these associations, identify early biomarkers of disease onset, and ultimately guide the development of more effective diagnostic and therapeutic strategies.
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Abstract | This study investigates the multifaceted metabolic and histopathological alterations associated
with cystic ovarian disease (COD) in cows. Thirty animals were evaluated, comprising 15 cows diagnosed
with COD and 15 cyclic controls. Comprehensive metabolic profiling was conducted by assessing energy
metabolism (serum glucose and insulin), lipid status (triglycerides and total cholesterol), liver function (AST
and ALT), renal function (urea and creatinine), oxidative stress (total antioxidant capacity), inflammatory
response (C-reactive protein), and mineral homeostasis (calcium and phosphorus). In parallel, detailed
histopathological examinations of ovarian and uterine tissues were performed. Cystic cows had drastically
lower levels of serum glucose, urea, phosphorus, and total antioxidant capacity compared to cyclic cows, but
significantly higher levels of serum total cholesterol, AST, and C-reactive protein (CRP) concentrations.
Ovarian tissue from COD cows exhibited multiple cystic structures with attenuated granulosa cell linings,
theca interna hyperplasia, areas of follicular atresia, and chronic inflammatory infiltrates. Uterine sections
demonstrated focal endometrial hyperplasia, glandular atrophy, and inflammatory cell infiltration, reflecting a
disrupted hormonal environment. Collectively, these findings indicate that COD is characterized by significant
metabolic dysregulation, structural tissue (ovarian and uterine) remodeling, and a chronic inflammatory
state that likely contribute to impaired reproductive function. This integrated analysis not only enhances our
understanding of the pathogenesis of COD but also highlights potential targets for metabolic, nutritional,
and hormonal interventions to improve reproductive outcomes in affected cows.
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