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Abstract
Background: Cisplatin (CIS) is a powerful anti-neoplastic medication, it has adverse effects including peripheral neuropathy. Taurine (Tau) protects the cells by stabilizing membranes, regulating calcium levels, antioxidant and modulating apoptosis and inflammation. Objective: evaluate the protective impact of Tau on peripheral neuropathy caused by CIS. Materials and Methods: 45 healthy adult male albino rats spanning 150 to 250 grams were indiscriminately assigned to four groups. Group I: control group. Group II (CIS group): animals were administered intraperitoneal (IP) injection of CIS at a dosage of 2.5 mg/kg/day, with treatments biweekly throughout four-weeks duration Group III (CIS+Tau): Four days prior to the CIS injection, Tau was administered orally by gavage (250 mg/kg/day), Tau then continued for four weeks. Group IV (Tau group): Tau given orally (250 mg/ kg/ day) daily for four weeks. Sciatic nerve samples were obtained and prepared for light and electron microscopy evaluation. Results: Group II showed disorganized nerve bundle architecture and wide separation of nerve fibers. Nuclei of Schwann cells (SC) were small and darkly stained (pyknotic). Inflammatory cell infiltrate was observed. A statically significant difference in collagen fiber deposition (P <0.01) was observed relative to group I. Sciatic nerve by electron microscopy exhibited degenerative changes affecting myelin sheaths and axons. Group III exhibited partial improvement in certain histological features and a decrease in collagen fibres content that was statistically significant (P < 0.01) in comparison to Group II. Conclusion: This work concluded that Tau can mitigate CIS- induced peripheral neuropathy. 
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Introduction
  Cisplatin is used for treatment of a broad spectrum of solid pediatric and adult malignancies tumors, like bladder, lung, testis, ovarian, head and neck cancers, cervical carcinoma and osteosarcoma and lymphomas [1].
 The major toxicities that arise from CIS therapy is nephrotoxicity which is the biggest challenge associated with CIS treatment. Neurotoxicity, hematological toxicity, ototoxicity and gastrointestinal toxicity are also common. retinal toxicity, hepatotoxicity, cardiotoxicity, allergy and reproductive side effects have been reported. In addition, secondary malignancies may occur [2].
 Sciatic nerve is the largest and thickest nerve in humans, emerging from the greater sciatic foramen of pelvis typically inferior to the piriformis muscle and descending along the posterior aspect of the thigh toward the knee [3].
Peripheral neuropathy is a prevalent neurological problem in the general population. It has common etiologies as diabetes mellitus, alcoholism, renal insufficiency and neurotoxic substances (e.g., chemotherapies, medications). The rare causes of peripheral neuropathy include neoplastic, viral, immune-mediated and hereditary causes [4].
 When peripheral neuropathy arises as a consequence of chemotherapy, it is termed chemotherapy-induced peripheral neuropathy (CIPN). It is a prevalent iatrogenic complication associated with numerous antineoplastic medications, most frequently manifesting with sensory symptoms more so than motor deficits in a symmetrical distribution affecting hands and feet 'glove and stocking'. Sensory manifestations include thermal sensitivity tingling and numbness, while motor manifestations may involve muscle weakness leading to impaired balance or reduced dexterity. Symptoms of CIPN are frequently typically mild at onset but may progressively worsen with continued chemotherapy, potentially leading to significant impairments in long-term function, increased fall risk, and diminished quality of life [5].
  Taurine, a sulfur-containing β-amino acid (2-aminoethanesulfonic acid), is mainly present in skeletal muscles, heart and brain. Also, it is found in various dietary sources, including dairy products, fish and meat [6].
  Taurine is predominantly located in the intracellular compartment of various tissues, one of its key functions is maintaining osmotic balance and ensuring cell integrity. Tau conjugates with bile acids in liver yielding bile salts, that promote the emulsification, breakdown, and absorption of dietary fats in the intestines. This process is essential for efficient metabolism of lipid and absorption of fat-soluble vitamins (A, D, E, and K) [7]. Tau modulates calcium signaling and neurotransmission. It exerts antioxidant effects that likely contribute to its observed physiological benefits [8].
Material and Methods
Type of study: An experimental study. 
Drugs and Chemicals
Cisplatin:
 Cisplatin was made by Mylan, France, and was purchased from Pfizer chemical company (USA) in the form of vials at a concentration of 50 mg/ 50 mL. CIS (2.5 mg/kg/day) was injected IP, twice per week for a duration of four weeks [9].
Taurine:
 Taurine, manufactured by Alpha Chemika (Mumbai, India) and obtained from Sigma (St. Louis, MO, USA), was supplied in powder form and dissolved in distilled water(DW). It is used in doses (250 mg /kg/day) orally daily given four days before the injection of CIS and then continued administration daily for four weeks [10].
Animals and Diet:
 Forty-five healthy adult male albino rats whose weights ranged from 150 to 250 grams of weight range, were acquired and maintained at animal facility of the Faculty of Veterinary Medicine, Moshtohor, Benha University. Rats were kept in standard cages under strict hygienic conditions and regular care and received water and balanced diet regularly. Animal handling procedures were conducted in compliance with established ethical guidelines. The experimental design was validated by the Ethical Committee of Benha University, Benha, Egypt (Approval code: MS.10.5.2023).
Experimental Study Design:
 An experimental study was performed in January 2024 for four weeks. After a week of acclimatization, rats were assigned to four groups in a randomized fashion:
· Group I (Control group; n=15): It was further partitioned into three equal subgroups. Subgroup IA: underwent no experimental manipulation. Subgroup IB: I.P administration of 0.5 mL normal saline (CIS vehicle), was performed twice weekly over a four-week period. Subgroup IC: Rats were gavaged daily with 1 mL DW (the vehicle for Tau).
· Group II (CIS group; n=10): CIS (2.5 mg/kg/d) administered IP twice weekly over a period of four weeks [9]. The infusion concentrate, provided in 50 mL vials containing 1 mg/mL CIS, was dosed at 0.5 mL per rat, 
· Group III (CIS + Tau group; n=10): Rats were treated with Tau at a dose of 250 mg/kg/day, administered orally by gavage [10]. Tau treatment commenced four days prior to the first CIS injection and continued daily for the entire four-week experimental period. In this study, each rat weighed approximately 200 gm and was administered 50 mg of Tau dissolved in 1ml DW. In addition, CIS was administered as described in Group II
· Group IV (Tau group; n=10): Rats received Tau (250 mg/kg /day) dissolved in DW via mouth gavage, each rat received 1ml of Tau hydrate daily for four weeks. 
Sampling: 
 Four weeks after the initiation of the study, the rats underwent anesthesia via diethyl ether vapor inhalation and euthanized by cervical dislocation. The sciatic nerve was then excised, fixed in 10% NBF (neutral-buffered formaldehyde solution) and prepared for further histological analysis under light microscopy. For electron microscopic preparation, samples were initially fixed in 2.5% glutaraldehyde, then post-fixed in 1% osmium tetroxide to preserve ultrastructural integrity.
Histological Studies
 Sections of paraffin-embedded tissue (5–7 µm) were stained with hematoxylin and eosin (H&E) to examine histopathological alterations across the experimental groups. Moreover, Sections were subjected to Masson’s trichrome stain to analyze collagen fiber deposition [11].
Transmission Electron Microscopic (TEM) study [12] 
   Semi-thin sections were treated with Toluidine blue. Later, ultrathin sections (80 nm thick) were obtained from certain areas using glass knife. All steps were carried according to standard protocol [12]. Grids were scanned and images were captured by JEOL JEM-1400 Plus transmission electron microscope (JEOL Ltd., Akishima, Tokyo, Japan) at the Electron Microscopy Unit, Faculty of Science, Alexandria University, El Shatby.
Morphometric Study and Statistical Analysis
  Collagen deposition was quantified as the mean percentage area utilizing Image-Pro Plus software version 6.0 (Media Cybernetics Inc., Bethesda, Maryland, USA), based on the analysis of ten images from seven distinct, non-overlapping fields per group. All collected measurements were aggregated and subjected to statistical evaluation by IBM SPSS Statistics (Version 22; IBM Corp., Armonk, NY, USA). Intergroup differences were analyzed via one‐way analysis of variance (ANOVA), with subsequent pairwise comparisons using the Least Significant Difference (LSD) post hoc test. Data are presented as mean (M) ± standard deviation (SD), a p-value < 0.01 indicated statistical significance.

Results
H & E Stain results (Fig. 1A- H):
· Group I (Control group):
 All subgroups of this group showed normal histological structure of the sciatic nerve. Nerve bundles were enclosed by a perineurial sheath, while individual nerve fibers were embedded within a loose connective tissue of the endoneurium. Nerve fibers appeared densely packed and parallel, with thick myelin sheaths that appeared dissolved or washed out due to their lipid content. The nuclei of SCs were observed to be regular in shape (Fig. 1A& B).
· Group II (CIS group):
  This group showed disorganized nerve bundle architecture. Nerve fibers were widely separated from each other due to the loss of some nerve fibers which showed multiple vacuolations, and degenerated and fragmented axons. SCs nuclei appeared reduced in number, with some exhibiting small, darkly stained pyknotic nuclei. Additionally, blood vessels appeared congested, accompanied by noticeable infiltration of inflammatory cells. (Fig.1C& D).
· Group III (CIS + Tau group):
 Sciatic nerve sections from group III exhibited nerve fibers that were largely similar to their normal histological appearance. The nerve bundles were well-encapsulated by perineurial sheath. Well organized nerve fibers, with most showing normal axons, thick dissolved myelin sheath while others showed some vacuolations. Some separation and a few inflammatory cells were still present (Fig. 1E& F). 
· Group IV (Tau group):
  Sciatic nerve sections of group IV displayed normal histological structure, individual nerve fibers were embedded in the loose connective tissue of the endoneurium. Nerve fibers seemed acidophilic, parallel, and well packed with SCs nuclei between them. Nodes of Ranvier appeared as a constriction of the neurilemmal sheath. The nerve bundles were encapsulated by the perineurium (Fig.1G& H).
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Fig. 1A-H: (A) Group I; a longitudinal section (L.S) of the sciatic nerve demonstrates a portion of nerve bundle surrounded by perineurium (thick arrow) with closely arranged, packed, and parallel nerve fibers revealing axons (thin black arrows) with thick dissolved myelin sheath (thin yellow arrows). Schwann cells nuclei is observed between the nerve fibers (arrowheads). Nodes of Raniever (stars), (B) Group I; a transverse section (T.S) of sciatic nerve showing nerve bundles enclosed by perineurium (thick arrow) with closely arranged myelinated nerve fibers revealing acidophilic axons (thin black arrows), enclosed by clear areas representing washed out myelin sheaths (yellow arrows). Schwann cells nuclei are apparent (arrowheads). Endoneurium (stars) surrounds each nerve fiber, (C) Group II (CIS group); a L.S of the sciatic nerve displaying poorly organized nerve bundle architecture. Separation of nerve fibers (stars). Nerve fibers appear degenerated and corrugated (thick arrows). Thin yellow arrows refer to nuclei of Schwann cells which are apparently decreased, small darkly stained pyknotic nucleus (arrowheads) and inflammatory cell infiltrate (curved arrows). (D) Group II (CIS group); a T.S of the sciatic nerve showing disorganized nerve bundles architecture which are widely separated from each other. Degenerated nerve fibers reveal multiple vacuolations (thin yellow arrows) and wide separation between nerve fibers (stars). Schwann cells nuclei appear shrunken and darkly stained (arrowheads). A blood vessel appears dilated and congested (thin black arrow), (E) Group III (CIS+Tau); a L.S of sciatic nerve shows nerve fibers that are largely similar to their normal histological structure. The nerve bundle is enclosed by perineurium (thick arrow). Nerve fibers appear well arranged revealing axons (thin black arrows) and dissolved myelin sheath (thin yellow arrows) Schwann cell nuclei (arrowheads). The separation between nerve fibers (stars) and some mononuclear inflammatory cell infiltration is still present (curved yellow arrow), (F) Group III (CIS+Tau); a T.S of sciatic nerve exhibiting nerve fibers are closely arranged and largely similar to their normal histological structure. The nerve bundle is surrounded by perineurium (thick arrow). The majority of the nerve fibers reveal normal axons (thin black arrows) while others show some vacuolations (thin yellow arrows), (G) Group IV (Tau group); a L.S of sciatic nerve revealing well organized nerve fibers similar to normal histological structure. Part of the nerve bundle is surrounded by perineurium (thick arrow) with closely arranged, packed, and parallel nerve fibers revealing axons (thin black arrows) with thick dissolved myelin sheath (thin yellow arrows). Schwann cells nuclei(arrowheads) are well observed among the nerve fibers. Nodes of Ranvier (stars) can be seen, (H) Group IV (Tau group); a T.S of sciatic nerve displaying well-organized nerve fibers greatly similar to normal histological structure. The nerve bundle is enclosed by perineurium (thick arrow) and closely arranged myelinated nerve fibers revealing acidophilic axons (thin black arrows), enclosed by a clear area representing dissolved myelin (thin yellow arrows). Schwann Cells nuclei are apparent (arrowheads). (H&E X400)
  
Masson trichrome staining results (Fig. 2A-D):
· Group I (control group): exhibited limited accumulation of collagen among the nerve fibers (Fig.2A).
· Group II (CIS group): demonstrated substantial collagen fiber deposition among the nerve fibers (Fig. 2B).
· Group III (CIS + Tau group): revealed less pronounced collagen fibers accumulation among the nerve fibers (Fig. 2C).
· Group IV (Tau group): demonstrated slight collagen accumulation among the nerve fibers (Fig. 2D).
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Fig. 2A-D: (A) A transverse section (T.S) of sciatic nerve from group I reveals limited collagen fibers among the nerve fibers ( curved arrows), (B) Group II (CIS group); displays pronounced collagen deposition among the nerve fibers (curved arrows), (C) Group III (CIS+Tau group); exhibits mild collagen deposition among the nerve fibers (curved arrows), (D) Group IV (Tau group); reveals minimal collagen deposition among the nerve fibers (curved arrows), (E) A histogram; displaying the mean percentage area of collagen accumulation in experimental groups. (Masson trichrome staining X400).

Morphometric and Statistical Results
 The histogram in Figure 2E illustrates the mean percentage area ± SD of collagen fiber content for all groups. Collagen fibers deposition significantly reduced (𝑃 < 0.01) in group III relative to group II. While, it increased significantly (𝑃 < 0.01) in group III relative to group I. There was an insignificant difference (𝑃 > 0.01) of collagen content in group IV in comparison with group I.







Table (1):  Showing the mean area % and SD of collagen fibers deposition for all groups with comparison between groups by Post Hoc LSD test.
	
	Group I
	Group II
	Group III
	Group IV

	Mean area %
	5.78 %
	24.98 %
	8.08 %
	5.63 %

	SD
	0.3366
	0.2825
	0.2602
	0.3255

	Significance (sig.) at P < 0.01
	2,3
	1,3,4
	1,2,4
	2,3


1=sig. with group I         2=sig. with group II        3=sig. with group III       4=sig. with group IV



Toluidine blue staining results (Fig. 3A-D):
  Group I (control group): sciatic nerve showed normal histological structure. The nerve bundle appeared with closely arranged and variable- sized nerve fibers. Perineurium surrounded the nerve bundles. Minimal endoneurial connective tissue was observed between the nerve fibers. Dark blue rings representing myelin sheaths were seen surrounding lightly stained blue axons, scattered groups of thinly myelinated nerve fibers were also present, and SCs appeared around some nerve fibers (Fig. 3A).
  Group II (CIS group): The sciatic nerve section of group II exhibited variable histological changes in the myelin sheath as vacuolations and thinning of myelin sheath. Some nerve fibers showed splitting and degenerated myelin and separation of axons from myelin sheaths. Some axons showed shrinkage and atrophy and a few fibers showed degenerated axons (Fig. 3B).
  Group III (CIS+Tau group): The myelin sheaths within the sciatic nerve bundles appeared dense and well-organized, nearly similar to that of group I. Nevertheless, a few fibers exhibited vacuolations and splitting of the myelin (Fig.3C).
  Group IV (Tau group): The sciatic nerve bundle showed normal histological structure of nerve fibers. The nerve bundle was enclosed by the perineurium and contained cross sections of myelinated nerve fibers of variable sizes. Dark blue rings of intact myelin surrounded clear axons and scanty endoneurial connective tissue around each nerve fiber. SCs appeared around some nerve fibers (Fig. 3D).
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Fig.3A-D: (A) A semithin section of sciatic nerve from group I exhibiting part of the nerve bundle with multiple closely arranged myelinated nerve fibers. Intact myelin sheath is visible as deeply stained blue circles (thin arrow) encircling lightly stained axons. (A) Endoneurium (stars) surrounds each nerve fiber and perineurium (thick arrow) surrounds the nerve bundle. The majority of the myelinated nerve fibers are ensheathed by schwann cells (s). Thin myelinated nerve fibers (arrowhead) are noticed. Axon fluting (curved arrows) which appears as infolding of myelin sheath in proximity to nodes of Ranvier, (B) Group II (CIS group); showing degenerated nerve fibers. Myelinated nerve fibers show multiple vacuolations (yellow arrows), thinning of myelin (arrowheads), degenerated and fragmented myelin (bifid arrows), Some axons show shrinkage (black arrows) and splitting from myelin sheath (curved arrows). Blood vessel is present (BV). Few fibers show degenerated axon (star), (C) Group III (CIS+Tau group); restored structural integrity of the sciatic nerve is noticed. Most fibers are normal (thin black arrows), apart from some fibers with vacuolated myelin sheaths (thin arrows). Few fibers show degenerated and fragmented myelin sheath (curved red arrows), (D) Group IV (Tau group); shows normal histological structure. Normal axons with normal myelin sheath. Endoneurium surrounding each nerve fiber (star) and perineurium surrounding each nerve bundle (thick arrow). Regular myelin sheaths (thin black arrows) surrounding lightly stained axons (A) Schwann cell surrounds most myelinated nerve fibers (S). Thin myelinated nerve fibers (arrowhead) are noticeable. Axon fluting (curved arrow) is also seen. (Toluidine blue X1000)


Electron Microscopy results (Fig. 4A-H):
 Group I (control group): demonstrated normal myelinated and some unmyelinated nerve fibers. Myelin sheaths were observed as dense compact lamellae enclosing the axoplasm. SCs wrapped around the axons forming a multilayer of myelin sheaths. The axoplasm exhibited normal ultrastructure, containing neurofilaments, microtubules, and morphologically intact mitochondria. Collagen fibers were observed within the endoneurium. The unmyelinated nerve fibers were observed in clusters (Fig. 4 A, B).
 Group II (CIS group): exhibited degenerative changes affecting myelin sheaths and axons. There was splitting of the myelin sheath (the well packed lamellar structure of myelin sheath was lost) Also, SCs surrounding myelinated nerve fibers showed a small nucleus with an irregular outline, increased perinuclear space, and slightly dilated rough endoplasmic reticulum. Bundles of collagen fibers were observed in the endoneurium (Fig.4 C, D).
 Group III (CIS+Tau group): most myelinated nerve fibers revealed well-compacted myelin sheath with stippled appearance of the axoplasm due to neurofilament. SCs showed normal nuclei, rough endoplasmic reticulum, and mitochondria but still, some fibers showed degenerative changes with the splitting of the myelin sheath (Fig. 4 E, F).
 Group IV (Tau group): demonstrated regular compact myelin sheaths. Microtubules and neurofilaments were seen in the axoplasm. SC cytoplasm formed a coat around the myelinated nerve fibers (Fig.4 G, H).
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Fig. 4A-H: (A) A transmission electron micrograph (TEM) of sciatic nerve of group I displaying nerve fibers surrounded with well compacted myelin sheath (M) with a stippled appearance of axoplasm (A). Schwann cell nucleus (SN) enveloping bundle of unmyelinated axons (um). Schwann cell cytoplasm is noticed forming a rim around myelinated nerve fibers (stars). Among the nerve fibers endoneurium is seen containing collagen fibers (C). Perineurium surrounds a bundle of nerve fibers (yellow arrow) (TEM X2500) (B) Group I; showing myelinated nerve fibers which reveal well-compacted myelin sheath (M) with the stippled appearance of axoplasm (A) due to neurofilaments. Normal mitochondria (arrowheads) is noticed. Schwann cell forms a coat around myelinated nerve fibers (Stars). The red arrow refers to the basal lamina of the Schwann cell. Schwann cell (S) enveloping a bundle of unmyelinated axons of variable size (Um). Among the nerve fibers endoneurium is noticed containing collagen fibers (C) (TEM X8000) (C) Group II (CIS group); exhibiting degenerated myelinated nerve fibers which reveal focal areas of splitting within myelin sheath and wide separation of myelin lamellae (red arrows). Schwann cell forms a coat around myelinated nerve fiber (stars). Schwann cell nucleus (N) and Schwann cell cytoplasm (curved arrow) are noticed. Collagen fibers are seen in endoneurium (C) (TEM X2500), (D) Group II (CIS group); showing degenerated myelinated nerve fiber with focal areas of splitting within myelin sheath (red arrows), vacuolation (v) and evagination of the myelin sheath (yellow arrow) surrounded by Schwann cell which appears with small indented nucleus and irregular outline (arrowhead). Schwann cell cytoplasm shows rough endoplasmic reticulum, some show slight dilation (curved arrows), normal mitochondria (M), and Golgi apparatus (G). Collagen fibers are seen in endoneurium (C). Unmyelinated fibers (UM) are noticed (TEM X8000), (E) Group III (CIS+Tau); showing some myelinated nerve fibers which retain compact regular myelin sheath lamellae (arrowheads) with some fibers reveal few areas of minimal focal splitting of myelin sheath lamellae (arrows). The cytoplasm of schwann cell is enveloping the myelin sheath (stars), A group of unmyelinated fibers is noticed (Um). Collagen fibers are seen in endoneurium (C) (TEM X2500), (F) Group III (CIS+Tau); showing myelinated nerve fiber which retains well compacted dense myelin sheath appearance (M) with normal stippled appearance of the axoplasm due to presence of neurofilaments (A), Schwann cell is seen forming a coat around myelin sheath (star) with normal mitochondria (black arrows) and rough endoplasmic reticulum (RER), External lamina of Schwann cell is noticed (red arrow). Collagen fibers are seen in endoneurium (C) (TEM X8000), (G) Group IV (Tau group); showing normal nerve fibers with well compacted regular myelin sheath (M) with homogenous axoplasm (A). Schwann cell forms a coat around myelinated nerve fibers (Stars). Unmyelinated axons of variable size (Um) are noticed. Collagen fibers of endoneurium (um) are seen. (TEM X2500), (H) Group IV (Tau group); showing a myelinated nerve fiber which reveals regular myelin sheath (M) with a stippled appearance of axoplasm (A). Schwann cell cytoplasm forms a coat around the myelinated nerve fibers (star). External lamina of Schwann cell (red arrow) is seen. Collagen fibers are seen in endoneurium (C) (TEM X8000).
Discussion
   This study was conducted using adult male albino rats to assess the potential neuroprotective impacts of Tau in CIS-induced peripheral neuropathy.
  Chemotherapeutics are routinely utilized for the treatment of varying types of malignancies. CIPN is recognized as the most prevalent neurological complication caused by chemotherapeutics. It is a distressing side effect that can greatly reduce the quality of life in affected patients [13]..
 Cisplatin exhibits a molecular affinity for peripheral nerves, which are particularly vulnerable due to the absence of vascular and lymphatic barriers. This structural characteristic increases their susceptibility to the accumulation of cisplatin residues. Additionally, nerves are particularly vulnerable to oxidative stress, primarily as a result of their rich phospholipid composition and the axoplasm that is rich in mitochondria. Furthermore, they possess relatively weak cellular antioxidant defense mechanisms. [14]
 Injury to peripheral nerves impairs the function of sensory, motor, and autonomic fibers. Unlike central nerves, peripheral nerves possess a degree of intrinsic regenerative ability. This regenerative capacity is primarily attributed to SCs, specialized neuroglial cells that are exclusive to the peripheral nervous system (PNS). Consequently, understanding the physiological alterations and functional roles of SCs during nerve repair may provide valuable insights for developing innovative therapeutic strategies [15].
 Cancer survivors are significantly affected by CIPN. Currently, there is no universally accepted benchmark for the management of CIPN. Therefore, elucidating the fundamental mechanisms prompting CIPN is essential for developing more effective treatment strategies [16].
 Taurine, is an amino acid present in nerves and muscles. It is abundant in meat and seafood. Tau is vital for maintaining cell membranes integrity. It exhibits anti-inflammatory properties, modulates intracellular calcium levels crucial for cell signaling, and maintains the balance of neurotransmitters to support proper neural function [17]. 
 Herein, H&E staining of sciatic nerve of CIS group exhibited disrupted nerve bundle architecture, with several nerve fibers dissociated from the surrounding perineurium. Nerve fibers appeared widely spaced, likely due to axonal loss, and showed multiple vacuolations, degeneration, and fragmentation. A reduction in SCs nuclei was noted, many of which were small, darkly stained, and pyknotic. Additionally, blood vessels appeared congested, and focal inflammatory infiltrate was observed. These observations are in agreement with previous studies [18-22]. 
 Peripheral neuropathy is closely linked to oxidative stress. Peripheral nerves are vulnerable to oxidative damage that triggers lipid peroxidation, inflammatory responses, and degradation of the myelin because of relatively poor cellular antioxidant activities [19, 21, 23-25].
 Cisplatin leads to a decrease in key antioxidant enzymes like glutathione peroxidase (GPx) and superoxide dismutase (SOD), accompanied by an elevation in the oxidative marker malondialdehyde (MDA). This redox disequilibrium, characterized by a predominance of oxidants over antioxidants, is defined as 'oxidative stress'. CIS-induced oxidative stress damages the nervous tissue, causing demyelination and axonal degeneration. Depletion of antioxidants due to increased ROS and nitric oxide (NO) exacerbates injury, particularly in long axons with high phospholipid content and the axoplasm is rich in mitochondria. Studies have demonstrated that axonal cytotoxicity contributes to CIPN [14, 26].
  Fumagalli et al. (2021) [27] reported that CIS caused axonal degeneration and a significant reduction in myelinated fibers, alongside elevated expression of tumor necrosis factor-alpha (TNF-α). Moreover, CIS induces glial cell activation, thereby promoting the upregulation of pro-inflammatory cytokine, including interleukin-1β and interleukin-6. In addition, MDA levels is raised, However, the level of SOD is reduced. CIS-triggered cytokine release activates nuclear factor kappa B (NF-κB), that promotes inflammation and oxidative stress, contributing to tissue damage and neurotoxicity [28-31]. This explained the presence of inflammatory cells in CIS group.
   In the current work, a significant elevation (𝑃 < 0.01) of collagen fiber content in group II was observed, consistent with recent studies demonstrating that CIS- induces up-regulation of transforming growth factor beta (TGFβ), a key mediator of tissue fibrosis. CIS induces the upregulation of profibrotic proteins, including laminin and collagen. Also CIS-provoked oxidative stress activates NF-κB which sequentially induces fibrosis [32-36].
 In this study toluidine blue- stained sections from group II displayed variable histological changes affecting myelin sheath and axon, in agreement with recent studies [37- 41].
 Kassab& Elkaliny, (2017) [42] concluded that sciatic nerve exhibited axonopathy (irregular compressed axoplasm, shrunken, atrophied axon, and separation from myelin sheath) and myleinopathy (splitting, vacuolations and irregular thickening) as a result of CIS toxicity. The observed effects could potentially be mediated by apoptotic processes as cell volume shrinkage (compressed axons) and irregular outline of axoplasm are features of apoptosis. 
 Herein, the electron microscopic examination of CIS-group exhibited degenerative changes of myelin sheaths and axons. SCs exhibited a small nucleus with irregular outline, and these results agreed with some authors [14,43-45], were explained by [46-48] who stated that ROS and mitochondrial dysfunction are pivotal factors in CIPN pathogenesis. Peripheral nerves with their long axons are prone to ROS because of increased phospholipid content and relatively weak cellular antioxidant defenses. Also, the axoplasm contains abundant mitochondria and many researches suggest that axonal cytotoxicity plays a role in CIPN.
 Chayaburakul et al. (2023) [49] explained the presence of focal splitting that separated the lamellae of myelin suggesting a pathological reversal of the myelination process. Notably, there was a pronounced infiltration of cytoplasm into the space between the adjacent cytoplasmic leaflets considerably exceeding that observed under normal physiological circumstances. CIS treatment injured SCs, ultimately causing the disintegration and separation of the myelin sheath. Under normal circumstances, the lamellae of the myelin sheath are firmly apposed due to the presence of transmembrane myelin basic proteins (MBP), that binds the inner surfaces of the membrane layers, helping to hold them together by interacting with their lipid components.
 Liu et al. (2019) [50] also stated that CIS damage MBP resulting in gaps between the cytoplasmic leaflets of the myelin sheath, leading to the widening of Schmidt-Lanterman (SL) clefts or the splitting of myelin lamellae—hallmarks of demyelination.
  Compared to the CIS group, H&E stained sections of CIS+Tau group showed markedly fewer vacuolations and less splitting of myelin sheaths and less inflammatory infiltrate. Also, a significant reduction (𝑃 < 0.01) of collagen fiber deposition in CIS+Tau group relative to CIS group were noticed. Toludine blue - stained sections of CIS+Tau group showed well compacted myelin sheaths. However, few nerve fibers displayed vacuolations and splitting of myelin. Moreover, EM showed mostly intact myelinated fibers with compact sheaths and stippled axoplasm. SCs exhibited normal nuclei, RER, and mitochondria. Some fibers showed myelin splitting, consistent with recent studies [51-56]. The EM observations align with the H&E and toluidine blue findings.
  The significant histological improvement of the sciatic nerve may be attributed to Tau protective effects against oxidative stress, inflammation, and apoptosis. As reported by previous studies, Tau downregulates p53, caspase-3, Bax, TNF-α, and interleukin-6, while upregulating Bcl-2, SOD, and catalase gene expression. Its actions include ROS scavenging, inhibition of lipid peroxidation, Fe²⁺ chelation, osmoregulation, and enhancement of electron transport chain activity. [57-58]
   In the present study Tau revealed a statically significant decrease (𝑃 < 0.01) of collagen fiber content in group III relative to group II and this was explained by some researchers [59,60] who reported that Tau the expression of mRNA for NF-κB, consequently reducing the level of proinflammatory cytokines and fibrosis. Other researchers [61,62] demonstrated that Tau resulted in elevation of MBP expression and reduced SC apoptosis in the sciatic nerve. 
  In the present work, no histopathological changes were observed in group IV (Tau group). Statistical analysis of Masson trichome stained sections showed insignificant difference (𝑃 > 0.01) of collagen fiber deposition in group IV relative to group I. Toluidine blue-stained sections from group IV demonstrated preserved sciatic nerve architecture with intact myelinated fibers, clear axons, and minimal endoneurial connective tissue. Ultrastructurally, fibers displayed compact myelin, visible microtubules, and neurofilaments, with SC cytoplasm encasing axons findings consistent with Tau protective effect as noted by [63–65].
Conclusion 
    Histological and ultrastructural analyses revealed that taurine administration ameliorated the neurotoxic alterations induced by cisplatin, including nerve fiber disorganization, myelin degeneration and abnormal collagen deposition. Cisplatin + taurine group exhibited partial restoration of normal nerve architecture and a significant decrease in collagen fiber accumulation relative to the cisplatin-only group. These findings suggest that taurine may represent a promising neuroprotective agent to mitigate cisplatin-induced neurotoxicity in albino rats. 
Limitations
  Although the finding of this work are encouraging, certain aspects could be expanded in future work. It was limited to male albino rats, and functional and biochemical assessments were not included. 
Recommendations
  Future research should include both sexes and incorporate functional and biochemical assessments to correlate histopathological findings with functional outcomes and to further clarify the extent and mechanisms of neuroprotection. Additionally, exploring varied dosages and treatment durations is recommended.
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