
 

 

Corresponding Author: Sanaria H. Al Katy 

E-mail: Sanariaalkaty@uomosul.edu.iq  

Received: 24-06-2026, Accepted: 07-10-2026, Published online: 04-11-2026 

Co-authors: MAA: mohammed.aadnan@uomosul.edu.iq; AMA: al2011saidya@uomosul.edu.iq; HKI: hanakhaleel@uomosul.edu.iq  

How to cite: Al-Salih MA, Al Katy SH, Al-Saidya AM, Ismail HK. Sodium caseinate-induced progressive testicular amyloidosis in adult male rats: 
Histopathological, histochemical, and immunohistochemical characterization. Vet World, 2026, 19(11): 4970–4980. 

Copyright: Al-Salih et al. This article is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License 
(https://creativecommons.org/licenses/by/4.0/). 

 

4970  

EISSN: 2231-0916 doi: 10.14202/vetworld.2026.4970-4980 OPEN ACCESS 

Veterinary World 

 
 

RESEARCH ARTICLE 

Sodium caseinate-induced progressive testicular amyloidosis in adult male rats: 
Histopathological, histochemical, and immunohistochemical characterization 

Mohammed A. Al-Salih  , Sanaria H. Al Katy , A. M. Al-Saidya  and Hana Kh. Ismail   

Department of Pathology and Poultry Diseases, College of Veterinary Medicine, University of Mosul, Mosul, Iraq. 
 

A B S T R A C T  

Background and Aim: Amyloidosis is characterized by extracellular deposition of misfolded fibrillar proteins that can disrupt 

tissue architecture and function. Although amyloid deposition has been extensively investigated in several organs, testicular 

involvement remains poorly characterized. This study investigated whether sodium caseinate (CasNa) administration induces 

progressive amyloid deposition in the testes of adult male rats and characterized the associated histopathological, 

histochemical, and β-amyloid (Aβ) immunohistochemical changes. 

Materials and Methods: Twenty healthy adult male Albino Wistar rats (Rattus norvegicus) were randomly allocated to control 

and treatment groups (n = 10/group). Controls received 3.0 mL/kg intraperitoneal distilled water, whereas treated rats 

received 3.0 mL/kg body weight of 8% (w/v) CasNa. Five rats from each group were euthanized on days 25 and 60. Testicular 

tissues were evaluated using hematoxylin and eosin staining, histomorphometric measurement of seminiferous tubule 

diameter, and Congo red staining for amyloid-associated deposits. Immunohistochemistry was performed to assess Aβ 

immunoreactivity. 

Results: CasNa administration induced progressive testicular lesions. On day 25, treated rats showed seminiferous tubule 

alterations, vascular congestion and vasculitis, germinal epithelial detachment, impaired spermatogenesis, and 

proteinaceous deposition in the interstitium. By day 60, severe necrosis, loss of normal testicular architecture, and 

mononuclear inflammatory cell infiltration were evident. Seminiferous tubule diameter decreased significantly in treated 

rats, with a greater reduction on day 60 (241.4 ± 9.664) than on day 25 (301.7 ± 4.597) (p < 0.0001). Congo red staining 

demonstrated extracellular amyloid-associated deposits predominantly in the interstitial tissue and along seminiferous 

tubule basement membranes. Aβ immunoreactivity was absent in controls but was moderate on day 25 (30.42 ± 6.870) and 

intense on day 60 (61.34 ± 6.870) in treated rats. Immunoreactivity increased significantly in both treated groups compared 

with controls and was significantly greater on day 60 than on day 25 (p < 0.0001). 

Conclusion: Chronic CasNa administration induces progressive testicular amyloid-associated deposition, substantial 

structural damage, and increasing Aβ immunoreactivity in adult male rats. These findings support this experimental model 

for investigating testicular amyloidosis; however, Congo red staining and Aβ immunoreactivity alone don’t conclusively 

establish the biochemical identity of the deposited protein. Therefore, complementary molecular and biochemical 

approaches are required to confirm the identity of the deposited amyloid protein and determine its effects on male 

reproductive function. 

Keywords: amyloid deposition, β-amyloid, Congo red, histopathology, immunohistochemistry, sodium caseinate, testicular 

amyloidosis, Rattus norvegicus. 

INTRODUCTION 

Amyloidosis is characterized by the extracellular deposition of insoluble fibrillar proteins, termed amyloid, in 

tissues and organs, disrupting tissue architecture and impairing organ function [1, 2]. Amyloid fibrils originate 

from normally soluble precursor proteins that misfold, aggregate, and deposit in the extracellular space and 

typically have a β-sheet-rich structure [3]. Although the effects of amyloid deposition in organs such as the heart 

and kidneys [4], liver [5], and peripheral nerves [6] are well recognized, experimental studies of amyloidosis have 

predominantly focused on systemic models. Traditionally, researchers have induced amyloid A (AA) amyloidosis 

in mice by repeatedly administering casein, which produces sustained inflammation and increases serum amyloid 
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A (SAA), ultimately promoting amyloid fibril deposition in various organs [7]. 

Sodium caseinate (CasNa), a bovine milk-derived protein salt, represents an experimental stimulus of 
interest in this context. Although primarily used as a nutritional milk protein derivative, CasNa has also been 
reported to modulate immunological and inflammatory responses and mobilize hematopoietic stem cells in mice 
[8, 9]. However, its potential to promote amyloid accumulation in the testis following prolonged inflammatory 
stimulation remains insufficiently investigated. Persistent inflammation and increased production of 
inflammatory mediators can promote abnormal processing and misfolding of soluble precursor proteins, 
facilitating their conversion into β-sheet-rich structures. Progressive aggregation and accumulation of these 
proteins can then lead to extracellular deposition of insoluble amyloid fibrils, with potential structural and 
functional consequences for affected tissues [10, 11]. 

Amyloid deposition may also be localized to specific tissues. Localized amyloid deposits are important 
pathological components of several diseases, including Parkinson’s disease, Alzheimer’s disease, and type 2 
diabetes mellitus, although these disorders are not generally classified as amyloidoses because amyloid 
deposition represents only one component of their overall pathological processes [12]. Despite increasing 
knowledge of amyloid-associated disorders, relatively little is known about the consequences of amyloid 
deposition within the male reproductive system, particularly the testis. 

Testicular amyloidosis is uncommon; nevertheless, available clinical evidence indicates that substantial 
amyloid deposition may be associated with hypogonadism, impaired spermatogenesis, macroorchidism, and 
compromised reproductive function. Testicular involvement has been reported in approximately two-thirds of 
male patients with hereditary amyloidosis associated with the apolipoprotein A-I Leu75Pro mutation, in some 
cases representing the first or only affected organ. Histological examination demonstrated extensive amyloid 
deposition associated with azoospermia or severe oligospermia [13]. Testicular amyloidosis has also been 
associated with impaired testicular function and reduced fertility [14]. Collectively, these observations indicate 
that amyloid deposition can directly affect the testis and highlight the importance of characterizing the 
corresponding histopathological alterations in experimental models. 

Evidence also suggests a potential relationship between β-amyloid (Aβ) and male reproductive tissues. 
Exposure of human spermatozoa to Aβ in vitro adversely affected sperm motility and function [15]. Amyloid 
precursor protein (APP), the precursor from which Aβ peptides are generated, has also been identified in testicular 
tissue [16, 17]. These observations indicate that components of the amyloidogenic pathway are present within 
the male reproductive system and provide a biological basis for investigating Aβ-associated changes in testicular 
tissue. However, Aβ immunoreactivity should be distinguished from definitive biochemical identification of the 
deposited amyloid protein. 

Although CasNa is an established experimental stimulus associated with chronic inflammatory responses and 
AA amyloid formation, previous experimental work has predominantly focused on systemic AA amyloidosis and 
increased SAA production [18]. Consequently, the pathological effects of prolonged CasNa administration on the 
testis remain poorly characterized. Specifically, whether CasNa-associated testicular lesions are accompanied by 
progressive amyloid deposition and increased Aβ immunoreactivity remains poorly investigated. This gap is 
particularly relevant because APP has been demonstrated in human and rat testes [19], while chronic 
inflammation and inflammatory mediators have been associated with altered APP expression and processing and 
increased Aβ accumulation in other tissues [20, 21]. Thus, integrated histopathological, histochemical, and 
immunohistochemical characterization is required to determine the temporal progression of testicular lesions and 
amyloid-associated changes following CasNa administration. 

Therefore, this study aimed to investigate the development and progression of testicular amyloidosis in adult 
male rats following intraperitoneal (IP) administration of CasNa at different experimental time points. Specifically, 
the study evaluated CasNa-associated changes in testicular histoarchitecture and seminiferous tubule 
morphology, characterized amyloid deposition using Congo red staining, and assessed Aβ immunoreactivity using 
immunohistochemistry (IHC). By integrating histopathological, histochemical, histomorphometric, and 
immunohistochemical assessments, the study sought to characterize the temporal progression of CasNa-
associated testicular lesions and provide an experimental basis for further investigation of amyloid pathobiology 
in the male reproductive system. 

MATERIALS AND METHODS 

Ethical approval 

The study protocol was reviewed and approved by the Institutional Animal Care and Use Committee of the 
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College of Veterinary Medicine, University of Mosul, Mosul, Iraq, on October 15, 2024 (approval no. 

UM.VET.2024.161). All procedures involving adult male Albino Wistar rats (Rattus norvegicus), including animal 

housing, acclimatization, IP administration of the experimental treatments, monitoring, euthanasia, and tissue 

collection, were conducted in accordance with the approved institutional protocol and the ARRIVE 2.0 guidelines. 

Animals were maintained under controlled laboratory conditions with free access to food and water, and 

appropriate measures were taken throughout the experimental period to minimize unnecessary discomfort and 

distress. Animal welfare was monitored throughout the experiment by assessing general health and behavior, and 

appropriate measures were taken to minimize pain, distress, and discomfort. Humane endpoints were to be 

applied in accordance with the approved institutional protocol when necessary. 

Study period and location 

The experiment was conducted for 60 days, from 20/10/2024 to 8/1/2025, at the Animal Unit, College of 

Veterinary Medicine, University of Mosul, Mosul, Iraq. 

Animals 

Twenty healthy adult male Albino Wistar rats (R. norvegicus), aged 2 months and weighing 250–300 g, were 

obtained from the Animal Unit, University of Mosul. Before the experiment, all animals were acclimatized for 2 

weeks. The rats were housed in clean plastic cages under standard laboratory conditions at 22 ± 2°C with a 12-h 

light/12-h dark cycle. Food and water were provided ad libitum throughout the experimental period. 

Study design 

Twenty rats were randomly allocated to two groups of 10 animals each using a simple lottery method. The 

control group received IP injections of 3.0 mL/kg distilled water, whereas the treatment group received IP 

injections of 8% (w/v) CasNa (Sigma-Aldrich, USA, Catalog no. C8654) at 3.0 mL/kg body weight, based on a 

previously described protocol [22]. CasNa solution was prepared by dissolving the powder in distilled water and 

continuously stirring for 4 h at room temperature [23]. Before administration, the pH was adjusted to 7.0–7.4, 

and each freshly prepared batch was filtered through a 0.22-µm syringe filter (Sigma-Aldrich). 

The injection schedule of control and treatment groups consisted of four consecutive days of administration 

followed by 1 day without injection, with this schedule applied throughout the experimental period. All rats 

remained clinically normal, and no infections or mortality were observed during the study. 

Animals were evaluated at two experimental time points. On day 25, five animals from each group were 

euthanized, with the selection of this time point based on a previous study [7]. On day 60, the remaining five 

animals from each group were euthanized. Before euthanasia, animals were anesthetized by injection of ketamine 

and xylazine, followed by cervical dislocation. Testes were subsequently collected and fixed in 10% neutral-

buffered formalin at room temperature for histopathological and histochemical examinations [24]. 

Histopathological examination 

Testicular tissues were fixed in 10% neutral-buffered formalin for at least 48 h and subsequently rinsed under 

running water. The samples were dehydrated through graded ethanol concentrations, beginning with 70% 

ethanol overnight, followed by 80% ethanol for 1 h, two changes of 90% ethanol for 1 h each, and two changes of 

absolute ethanol for 1 h each. The tissues were then cleared in two changes of xylene for 30 min each and 

infiltrated with molten paraffin wax at 55–58°C using three consecutive changes of 1 h each. 

The tissues were oriented in paraffin molds and allowed to solidify at room temperature (22–25°C). Paraffin 

blocks were sectioned at a thickness of 5 µm using a rotary microtome. Sections were stained with hematoxylin 

and eosin (H&E) and examined using light microscopy [25]. Amyloid-associated deposits were assessed using 

Congo red staining according to the method described previously [26]. Histopathological examinations were 

performed independently and blindly by two experienced pathologists. Slides were assigned coded identification 

numbers to conceal treatment group allocation and experimental time points. 

Histomorphometric analysis 

Histomorphometric analysis was performed to evaluate differences in seminiferous tubule diameter among 

the experimental groups. One testicular slide from each animal was evaluated. Five microscopic fields were 

randomly selected from each slide, and five seminiferous tubules were measured within each field, yielding 25 

tubule measurements per animal. Tubule-level measurements were averaged to obtain a single mean value for 

each animal, and the individual animal was considered the experimental unit (n = 5/group at each time point). 
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Images were acquired at 40× magnification using an OMAX A35180U3 camera (China) connected to an 

Olympus microscope (Japan). Seminiferous tubule diameters were measured using ToupView software (OMAX, 

China) [27]. 

Immunohistochemical examination and validation 

IHC was performed to assess Aβ immunoreactivity in testicular tissue. Paraffin-embedded tissues were 

sectioned at 5 µm using a rotary microtome and mounted on positively charged slides. Sections were 

deparaffinized in xylene and rehydrated through descending concentrations of ethanol. Heat-induced epitope 

retrieval was performed by immersing the slides in citrate buffer (pH 6.0) and heating them in a microwave at 

95°C for 10 min. The slides were subsequently cooled at room temperature for 20 min and washed three times 

with phosphate-buffered saline (PBS; pH 7.4). 

Endogenous peroxidase activity was blocked using hydrogen peroxide (H₂O₂), followed by blocking of 

nonspecific protein binding with goat serum. Sections were incubated with a rabbit polyclonal anti-Aβ primary 

antibody (1:100; Elabscience, catalog no. E-AB-15509), followed by a goat anti-rabbit IgG secondary antibody 

(1:400; Wuhan Fine Biotech, China) for 30 min. Immunoreactivity was visualized using diaminobenzidine (DAB), 

and sections were counterstained with hematoxylin [28]. For the negative control, sections were incubated with 

normal rabbit IgG isotype instead of the primary antibody. 

All slides were examined using an OMAX A35180U3 digital camera (China) connected to an Olympus 

microscope (Japan). Five fields at 40× magnification were assessed from each of five slides per experimental time 

point by two pathologists, and the mean Aβ immunoreactivity score was calculated from the evaluated fields for 

each group; images were analyzed using ImageJ Fiji version 2.14.0 (USA) to evaluate Aβ immunoreactivity based 

on staining intensity [29]. 

Statistical analysis 

Histomorphometric and immunohistochemical data were expressed as mean ± standard error of the mean 

(SEM). Data normality was assessed using the Shapiro–Wilk test. Differences among groups were evaluated using 

one-way analysis of variance, followed by Tukey’s post hoc test for multiple comparisons. Statistical analyses were 

performed using GraphPad Prism version 10.2.0 (GraphPad Software, USA). Statistical significance was set at p ≤ 

0.05 [30]. 

RESULTS 

Histopathological changes in the testes using H&E 

After 25 days of treatment with 8% CasNa, testicular tissue showed alterations in the size and shape of some 

seminiferous tubules, vascular congestion and vasculitis, detachment of the germinal epithelium from the 

basement membrane, cessation of spermatogenesis, thickening of the basement membrane in some seminiferous 

tubules, and deposition of homogeneous eosinophilic proteinaceous material in the interstitial tissue (Figures 1C 

and D). In contrast, the control group showed normal testicular architecture, with seminiferous tubules exhibiting 

different stages of spermatogenesis (Figures 1A and B). 

By day 60, the treatment group showed more extensive histopathological alterations, including severe 

necrosis of the seminiferous tubules, loss of normal testicular architecture and histological features, deposition 

of proteinaceous material, and mononuclear inflammatory cell infiltration (Figures 2A and B). 

Histomorphometric measurement 

Histomorphometric analysis revealed significant differences in seminiferous tubule diameter among the 

experimental groups (p < 0.0001). Seminiferous tubule diameter was significantly lower in the treatment group 

on day 25 (301.7 ± 4.597) than in the control group. A further significant decrease was observed in the treatment 

group on day 60 (241.4 ± 9.664) compared with both the day-25 treatment group and the control group (Figure 3). 

Histopathological changes in the testes using Congo red staining 

Congo red-stained testicular sections from the treatment groups on days 25 and 60 showed amyloid-

associated deposits in testicular tissue. The deposits appeared as amorphous, homogeneous, extracellular orange-

red material and were predominantly distributed in the interstitial tissue between the seminiferous tubules and 

along their basement membranes. The deposits were associated with distortion and narrowing of adjacent 

seminiferous tubules (Figure 4). 
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Figure 1: Histopathological findings in the testes stained with hematoxylin and eosin. (A and B) Control group showing normal 

histological architecture with numerous seminiferous tubules at different stages of spermatogenesis (black arrows). (C and 

D) Treatment group on day 25 showing vascular congestion (blue arrow), edema (black star), proteinaceous deposits (red 

arrows), germinal epithelial detachment (black arrows), inflammatory cell infiltration (white arrow), and spermatocyte 

degeneration (yellow arrow). Scale bar = 50 µm. 

 

Figure 2: Histopathological findings in the testes stained with hematoxylin and eosin. (A and B) Treatment group on day 60 

showing necrosis of the seminiferous tubules (black stars), deposition of homogeneous proteinaceous material, and 

mononuclear inflammatory cell infiltration (white arrows). Scale bar = 50 µm. 

 

Figure 3: Seminiferous tubule diameter in the experimental groups. Error bars represent the standard error of the mean. 

Asterisks indicate significant differences between groups. SEM = standard error of the mean (Asterisks of *** indicate 

statistical differences at 0.001 and **** indicate statistical differences at 0.0001). 
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Figure 4: Histopathological findings in the testes of the treatment groups stained with Congo red. (A and B) Testicular tissue 

on day 25. (C and D) Testicular tissue on day 60. Amyloid-associated deposits are present between the seminiferous tubules 

(black arrows), with germinal epithelial detachment (blue arrows). Scale bar = 100 µm. 

Aβ immunoreactivity in the testes 

IHC was performed to assess Aβ immunoreactivity in testicular tissue. No Aβ immunoreactivity was observed 

in the control group (Figure 5A). In contrast, the treatment groups showed positive Aβ immunoreactivity, 

predominantly within the interstitial tissue between the seminiferous tubules. Staining intensity increased with 

treatment duration, progressing from moderate immunoreactivity on day 25 (30.42 ± 6.870) (Figures 5B and 6A) 

to intense immunoreactivity on day 60 (61.34 ± 6.870) (Figures 5C and 6B). 

 

Figure 5: Immunohistochemical examination of β-amyloid immunoreactivity in the testes at high magnification. (A) Control 

group showing no interstitial immunoreactivity. (B) Treatment group showing moderate interstitial immunoreactivity on day 

25. (C) Treatment group showing intense interstitial immunoreactivity on day 60. Black arrows indicate positive β-amyloid 

immunoreactivity. Magnification = 400×. 

 

Figure 6: Immunohistochemical examination of β-amyloid immunoreactivity in the testes at low magnification. (A) Treatment 

group showing moderate interstitial immunoreactivity on day 25. (B) Treatment group showing intense interstitial 

immunoreactivity on day 60 (black arrows). Magnification = 100×. 

The intensity of Aβ immunoreactivity differed significantly among the experimental groups (p < 0.0001). Both 

treatment groups showed significantly greater immunoreactivity than the control group, and intensity on day 60 
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was significantly higher than on day 25 (Figure 7). These findings showed a progressive increase in Aβ 

immunoreactivity as treatment duration increased. 

 

Figure 7: β-amyloid immunoreactivity in the testes assessed using IHC. Error bars represent the standard error of the mean. 

Asterisks indicate significant differences between groups. IHC = immunohistochemistry; SEM = standard error of the mean 

(Asterisks of ** indicate statistical differences at 0.01 and *** indicate statistical differences at 0.001). 

DISCUSSION 

Testicular histopathological changes and amyloid deposition 

This study demonstrated progressive histopathological alterations in the testes of male rats treated with 
CasNa, accompanied by amyloid-associated deposition predominantly in the interstitial tissue. Amyloid formation 

generally involves abnormal folding of normally soluble precursor proteins, converting them into insoluble fibrillar 
aggregates characterized by a β-pleated sheet configuration [31, 32]. These fibrils accumulate predominantly in 

extracellular and interstitial compartments, where progressive deposition can disrupt tissue architecture and 
exert pressure on adjacent cells. Continued accumulation may consequently compromise the structural integrity 

and physiological function of affected organs [33, 34]. 
These findings align with previous evidence linking amyloid deposition to tissue damage in several organs, 

including the heart [35], lungs [36], and kidneys [37]. Importantly, experimental evidence also supports the 

susceptibility of male reproductive tissues to amyloid-associated injury. Ukwenya et al. [38] demonstrated 

amyloid deposition accompanied by histological and functional alterations in the testes and epididymides of a 

fructose-streptozotocin-induced model of type 2 diabetes. Similarly, Gonzalez et al. [39] reported interstitial 

testicular amyloid deposition, associated testicular atrophy, and pathological alterations in hamsters 

experimentally infected with Leishmania donovani. Other studies have further documented an association 

between amyloidosis and impaired testicular function [13, 40]. 

In the present study, CasNa treatment was associated with progressive structural alterations, including 
changes in seminiferous tubule morphology, germinal epithelial detachment, inflammatory changes, 

proteinaceous deposition, and severe testicular damage at the later experimental time point. The concomitant 
reduction in seminiferous tubule diameter further supports the progressive nature of these structural alterations. 
Although cessation of spermatogenesis was observed histologically, sperm characteristics, reproductive hormone 

concentrations, and fertility were not directly evaluated. Therefore, the present findings cannot establish the 
functional reproductive consequences of these histopathological alterations. 

Aβ immunoreactivity in testicular tissue 

IHC examination showed Aβ immunoreactivity in testicular tissue from CasNa-treated rats, with staining 

intensity increasing from day 25 to day 60. Studies investigating Aβ in the male reproductive system remain limited 
because most previous research has focused on its involvement in the central nervous system and its association 

with Alzheimer’s disease [41–43]. Accumulation of Aβ in brain tissue is a prominent pathological feature of 
Alzheimer’s disease and contributes to amyloid plaque formation associated with neurodegenerative changes [44, 

45]. Nevertheless, Aβ-related proteins are not restricted to neural tissues. Roher et al. [46] demonstrated Aβ 
peptides in several peripheral tissues, including skeletal muscle, the aorta, and the liver. 

The observed testicular Aβ immunoreactivity is also relevant to APP in the male reproductive system. Silva 

et al. [16] characterized an APP interaction network in human testicular tissue, while previous evidence has also 

demonstrated APP in the testis [19]. Because APP is the precursor to Aβ peptides, its presence provides a 
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biological basis for investigating amyloidogenic processes in testicular tissue. However, the current IHC findings 

demonstrate Aβ immunoreactivity rather than definitive biochemical identification of the deposited amyloid 

protein. 

Potential relationship between inflammation and Aβ immunoreactivity 

The mechanisms underlying the increased Aβ immunoreactivity observed following CasNa administration 

were not directly investigated in this study. Nevertheless, chronic inflammation has been associated with 

alterations in APP expression and processing and may promote Aβ accumulation in other tissues [21]. Because 

CasNa administration was accompanied by inflammatory histopathological changes in the present study, 

sustained inflammatory stimulation may be associated with the increased Aβ immunoreactivity observed in the 

testicular tissue. However, inflammatory mediators, APP expression, APP processing pathways, and Aβ 

concentrations were not directly measured. Therefore, a causal relationship between CasNa-induced 

inflammation and altered APP processing or Aβ production cannot be established from the present findings. 

Interpretation of amyloid and Aβ findings 

The combined histopathological, Congo red, and IHC findings provide complementary evidence of amyloid-

associated pathological alterations in the testes following CasNa administration. Congo red staining demonstrated 

extracellular amyloid-associated deposits, whereas IHC demonstrated increased Aβ immunoreactivity in the 

treated groups. Importantly, these observations do not definitively show that the Congo red-positive material 

consists specifically of Aβ. Aβ immunoreactivity alone does not establish the biochemical identity of the deposited 

amyloid protein. Additional analytical approaches are therefore required to characterize the deposits and 

establish their molecular composition. 

Strengths and limitations 

A strength of the present study was the combined use of conventional histopathology, histomorphometric 

assessment, Congo red staining, and IHC to characterize testicular alterations at two experimental time points. 

This approach enabled evaluation of the temporal progression of structural changes, amyloid-associated 

deposition, and Aβ immunoreactivity following CasNa administration. 

Several limitations should be considered when interpreting these findings. The relatively small sample size 

may limit the generalizability and statistical precision of the results. In addition, Congo red-stained sections were 

not examined using polarized light microscopy; therefore, characteristic apple-green birefringence was not 

demonstrated. The study also lacked biochemical or molecular confirmation of the identity of the deposited 

amyloid protein. Furthermore, testosterone concentrations, quantitative spermatogenic parameters, sperm 

quality, and fertility outcomes were not evaluated. Consequently, although the study demonstrated substantial 

histopathological alterations, it cannot determine their direct effects on reproductive function. 

Future research 

Further studies should incorporate complementary molecular and biochemical approaches to characterize 

the deposited amyloid protein and investigate the mechanisms underlying its accumulation in testicular tissue. 

Quantitative assessment of APP and Aβ, together with evaluation of relevant inflammatory and amyloidogenic 

pathways, could help clarify the relationship between CasNa-induced inflammatory responses and testicular 

amyloid-associated alterations. SDS-PAGE and other protein-characterization approaches may provide additional 

information; however, more specific amyloid typing methods, including mass spectrometry, would be valuable 

for determining the molecular identity of the deposits. Future studies should also assess reproductive hormones, 

quantitative spermatogenesis, sperm characteristics, and fertility outcomes to determine the functional 

consequences of testicular amyloid deposition. 

CONCLUSION 

Repeated CasNa administration was associated with progressive testicular amyloid-associated pathology in 

adult male rats. Histopathological examination demonstrated time-dependent alterations in testicular 

architecture, including seminiferous tubule damage, germinal epithelial detachment, inflammatory changes, 

interstitial proteinaceous deposition, and more extensive tissue injury by day 60. These alterations were 

accompanied by a progressive reduction in seminiferous tubule diameter. Congo red staining showed extracellular 

amyloid-associated deposits predominantly in the interstitial tissue and along the seminiferous tubule basement 

membranes. In addition, IHC showed greater Aβ immunoreactivity on day 60 than on day 25. However, Aβ 
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immunoreactivity alone does not establish that the Congo red-positive deposits consist specifically of Aβ. 

The findings indicate that repeated CasNa administration makes the testis susceptible to amyloid-associated 

structural alterations. This experimental approach may therefore provide a useful basis for investigating the 

development and progression of testicular amyloid-associated pathology and its potential relationship with male 

reproductive tissue damage. However, these findings should not be interpreted as evidence of impaired fertility 

because we did not directly assess reproductive function. 

In conclusion, repeated CasNa administration was associated with progressive testicular structural damage, 

Congo red-positive amyloid-associated deposition, and increased Aβ immunoreactivity in adult male rats. The 

findings provide an experimental basis for further investigation of amyloid-associated pathology in the male 

reproductive system. Nevertheless, definitively identifying the deposited amyloid protein and determining its 

effects on reproductive function require additional molecular, biochemical, and functional studies. 
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