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Abstract
[bookmark: _Hlk147253075]Isoniazid is an efficacious first line antitubercular drug, though elevations in liver enzymes have been reported. This study evaluated the role of Riboceine in modulating isoniazid-induced organ injury in rats. Thirty-five Wistar albino rats of either sex were randomly divided into seven groups of five rats each and administered treatments orally once daily for 30 days as follows: Animals in group 1 had normal saline (10 ml/kg); groups II & III received isoniazid (1100 and 550 mg/kg respectively); Groups IV and V animals had isoniazid (1100 and 550 mg/kg) plus Riboceine (30 mg/kg); group VI were given isoniazid (1100 mg/kg) plus Silymarin (30 mg/kg); Group VII had acetaminophen (100 mg/kg). Liver tissue were fixed in 10 % formalin, processed, and examined for histopathological changes. In rats co-administered isoniazid and riboceine, results showed a decrease in alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, total and direct bilirubin; while albumin and total protein were significantly (P<0.05) increased, compared to rats administered isoniazid only. A significant increase (P<0.05) in catalase, superoxide dismutase and glutathione peroxidase and a significant decrease (P<0.05) in malondialdehyde in rats co-administered isoniazid and riboceine was observed, compared to rats administered isoniazid only. A significant increase (P<0.05) in the platelets levels was observed in the rats co-administered isoniazid and riboceine, while hemoglobin, white blood cells, red blood cells, packed cell volume and mean corpuscular volume decreased, though insignificantly, compared to rats administered isoniazid only. Lymphocytes and neutrophils were lower and monocytes higher in the treatment groups, compared to rats on isoniazid only. Alpha-Fetoprotein and Gamma-Glutamyl Transferase were lower in the treatment groups, compared to rats on isoniazid only. Photomicrographs of liver sections showed normal architecture in rats co-administered isoniazid and riboceine. In conclusion, the findings from this study underscore the potential therapeutic efficacy of Riboceine in alleviating hepatic disturbances induced by Isoniazid in Wistar rats. The observed attenuation of liver alterations suggests a modulatory role for Riboceine in countering the adverse effects of Isoniazid on hepatic function. 
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1. INTRODUCTION
“Antioxidants play a vital role in maintaining and improving health, protecting cells, tissues and organs in living organisms after routine anabolic and catabolic processes. However, the therapeutic efficacy of antioxidants such as glutathione is negatively affected by aging, stress, insomnia, and exposure to toxic chemicals” [1]. “The well-established roles of antioxidants involve scavenging and regulating the excesses of free radicals in dying tissues.  Additionally, there is a molecular basis linking oxidative stress induced by isoniazid, as highlighted by Li and colleagues” [2].
The balance between pro-oxidants and antioxidants is crucial to cellular homeostasis in biological systems.  Isoniazid and Rifampicin caused the impairment of liver antioxidant status, as evidenced by the significant decrease in the activity of Glutathione peroxidase (GPX), the level of Glutathione (GSH), and the activity of glutathione reductase (GR). As is well known, cells have evolved an array of well-coordinated defense mechanisms comprising antioxidant molecules such as GSH, and antioxidant enzymes -catalase, superoxide dismutase and glutathione peroxidase, all of which act synergistically to detoxify oxidative injury utilizing scavenging oxygen free radicals. Glutathione (GSH) is one of the most prominent antioxidant defense components in the liver. Besides serving as a substrate for glutathione-related enzymes such as GPx, GSH acts as a free radical scavenger and plays an important role in maintaining protein sulfhydryls. Glutathione reductase (GR) can catalyze the reduction of the oxidized form of glutathione. 
“Riboceine is composed of L-cysteine and D-ribose, which the human body produces. This drug is a demand-release nutrient, activated by the body's cells, which enters the bloodstream and is used to produce glutathione, the body's master antioxidant, and Adenosine Triphosphate (ATP), the body’s natural fuel and energy source” [3]. “Riboceine has been clinically and scientifically proven as a supplement that can effectively deliver cysteine into the cells, enabling it to produce large amounts of glutathione” [4].  Ribose, on the other hand, produces cellular energy. This present study was aimed at understanding the modulatory role of riboceine following exposure to isoniazid, a known radical oxygen species (ROS) generating drug.
“Due to its high efficacy, isoniazid (INH) remains one of the drugs of choice for the treatment of latent tuberculosis (TB) even though it can cause liver failure. Indeed Isoniazid is the second most common drug causing liver injury” [5]. “In most cases, liver injury is asymptomatic and is detected by measuring markers of hepatocyte injury, including alanine aminotransferase (ALT) and aspartate aminotransferase (AST). During the first two months of anti-TB therapy, ALT, AST, and Gamma-Glutamyl Transferase (GGT) monitoring are recommended. As a marker of oxidative stress, serum Gamma-Glutamyl Transferase (GGT) would have important implications, both clinically and epidemiologically, because its measurement is easy, reliable, and cheap” [6]. 
2. MATERIALS AND METHODS 
2.1 Animal Handling and Procurement: Thirty-five adult Wistar rats of both sexes (weighing 250-300 g) were obtained from the Animal Experimentation Unit, Department of Pharmacology and Toxicology, University of Jos, Nigeria. They were first allowed to acclimatize in the laboratory for 7 days before the commencement of the study. The animals were housed in standard polypropylene cages under ambient temperature (25-26oc), and relative humidity (50-60 %) in a 12h light-dark cycle throughout the study and provided standard grower mash diet and water ad libitum. 


2.2 Drug Procurement, Preparation, and Administration
Riboceine (capsules) was purchased from the Sales representative of Max International in Jos, Plateau State, Nigeria. Riboceine capsule (125 mg/capsule) was dissolved in distilled water to form a solution, at a standard dose of 30mg/kg [7] and administered orally once daily via an orogastric cannula. Silymarin tablets (140 mg/tablet), Isoniazid (300 mg/tablet), and Paracetamol (500 mg/tablet) were purchased from a registered pharmacy in Jos, Plateau State. 
Each 140 mg of silymarin tablet, 125 mg of Riboceine capsule, 300 mg of isoniazid and 500 mg of acetaminophen were separately crushed into a fine powder using a mortar and pestle and then suspended in 5 mL of water to give a solution. 
All drugs were administered orally via an orogastric cannula between 7:00 am and 11:00 am once daily for 30 days.
2.3 Study Design and Grouping
[bookmark: _Hlk147248336]35 Wistar albino rats of both sexes were randomly divided into 7 groups of five each and administered various treatments once daily, orally, for 30 days as follows: Group I (Negative Control): Animals were administered normal saline (10 ml/kg); Group II: Animals were administered isoniazid (1100 mg/kg); Group III: Animals were administered isoniazid (550 mg/kg); Group IV: Animals were administered isoniazid (1100 mg/kg) and Riboceine (30 mg/kg); Group V: Animals were administered isoniazid (550 mg/kg) and Riboceine (30 mg/kg); Group VI: The animals were admimistered isoniazid (1100 mg/kg) and Silymarin (30 mg/kg); Group VII: The animals were given acetaminophen (100 mg/kg).  Silymarin being a standard antoxidant, served as a control in the xperimental setup.       
2.4 Sample Collection: At the end of the experiment, blood was collected from all groups of animals by retro-orbital plexus method for biochemical assay. Two animals were sacrificed from each group by overdose anesthesia; the liver samples from the rats were then removed and kept in 10 % formalin solution for histopathological studies.  
2.5 Acute Toxicity Determination (LD50): The median lethal dose (LD50) was determined using the method of Lorke [8] using the oral route in rats. Briefly, the method was divided into two phases. In the first phase, three groups each containing three rats were treated with Riboceine (10, 100, 1000 mg/kg) p.o respectively and observed for signs of toxicity and death for 24 hours. Based on the outcome of the first phase, three groups each containing one rat were administered three different doses of Riboceine (1600, 2900 and 5000 mg/kg). The same procedure was repeated with a different set of animals, with isoniazid replacing riboceine in the set up. The LD50 value was determined by calculating the geometric mean of the highest dose that caused no mortality and the lowest dose that caused mortality.
2.6 Biochemical Study: The biochemical study was carried out according to the method described by Amagon et al. [9], with some modifications. Briefly, blood samples were collected into vacutainers without anticoagulant, the serum was separated within two hours of collection (after centrifugation at 6,000 rpm for 15 minutes) and stored in a freezer at -20°C until required for use. Total proteins were measured using the Biuret method with albumin levels determined using agarose gel electrophoresis on a Helena Laboratories Rapid Electrophoresis analyzer according to the manufacturer’s guidelines (Helena Laboratories, Texas). All other biochemical parameters (alanine aminotransferase, aspartate aminotransferase Alkaline phosphatase, abumin, bilirubin, GGT, and Creatinine) were analyzed using a Randox Imola clinical chemistry analyzer according to manufacturer’s guidelines (Randox Laboratories Ltd. London).
2.7 Histopathological Procedure and Analysis: 
The liver sample processing was conducted following the method outlined by Saalu et al. [10]. In brief, the liver samples were sectioned into approximately 0.5 cm thick pieces and then immersed in 10% formal saline for a day. Subsequently, they underwent dehydration in 70% alcohol, followed by sequential passages through 90% alcohol and 10% chloroform. The tissues were then immersed in two changes of molten paraffin wax for 20 minutes each at 57°C in an oven. Afterward, the obtained tissues were stained using hematoxylin and eosin stains. Following staining, the samples underwent a series of treatments involving equal concentrations of xylene and alcohol. Once cleared in xylene, the tissues were oven-dried, and photomicrographs were captured using a color digital camera mounted on a light microscope.
2.8 Statistical Analysis: Statistical analysis of all generated data was performed using SPSS version 23 software IBM. Analysis of variance (ANOVA) and least significance difference (LSD) test were performed at p-values of less than 0.05 (P<0.05). Values were reported as Mean ± Standard error of the mean (SEM). 
[bookmark: _Hlk146282708]3. RESULTS AND DISCUSSION
3.1 Toxicity Tests
Acute toxicity of isoniazid was calculated using the formula below:
[image: ]


D0 = Highest dose that gave no mortality; D100 = Lowest dose that produced mortality.

“The oral LD50 of isoniazid was determined to be 2250 mg/kg, while riboceine showed no mortality up to 5,000 mg/kg. According to the Hodge and Steiner scale, a test substance is categorized as extremely toxic when the LD50 is less than 1 mg/kg, highly toxic at 1 – 50 mg/kg, moderately toxic at 50 – 500 mg/kg, slightly toxic at 500 – 5000 mg/kg, practically non-toxic at 5000 – 15000 mg/kg, and relatively harmless at 15000 mg/kg” [11]. Thus, isoniazid can be considered slightly toxic, while riboceine can be described as being practically non-toxic.
The significance of acute toxicity determination lies in its ability to provide crucial information about the immediate harmful effects of a substance or compound when exposed to living organisms. This assessment is essential, as understanding how a substance affects living organisms after exposure is critical for establishing safe exposure limits.  Establishing a substances’ LD50 is also important in meeting regulatory requirements, and would help in identifying and categorizing substances based on their toxicity levels, guiding decisions on appropriate handling, storage, and use.











Table 1: Effects of Administration of Riboceine and Isoniazid on Some Liver Parameters
	Tests
	ALP 
(U/L)
	ALT 
(U/L)
	AST 
(U/L)
	TBL
(mg/dL)
	DBL 
(mg/dL)
	Total
Protein 
(g/dL)
	Albumin 
(g/dL)

	I
	101.6±0.9
	19.9±0.5
	31.8±0.9
	9.8±0.5
	4.2±0.3
	86.8±0.8
	42.3±0.7

	II
	568.9±11.7*
	50.6±0.67*
	110.2±0.6*
	53.0±1.0*
	25.9±0.4*
	67.6±0.6*
	34.2±0.5*

	III
	372.0±3.0*
	35.7±0.4*
	58.6±1.3*
	25.9±0.5*
	13.2±0.7*
	72.6±0.8*
	33.8±0.8*

	IV
	267.9 ±4.0*
	25.5±0.3*
	41.0±0.8*
	23.2± 0.2*
	9.3±0.2*
	76.6±0.5*
	38.4±0.1*

	V
	258.7± 1.2*
	21.7± 0.3
	35.6±0.30
	17.7±0.3*
	6.1±0.1
	78.2±0.3*
	39.0±0.2*

	VI
	242.3± 0.8*
	17.8±0.2
	38.2± 0.5*
	17.4±0.3*
	8.0±0.1*
	75.2±0.3*
	34.3±0.24*

	VII
	716.6±13.7*
	52.5±7.7*
	124.7±1.1*
	94.8±1.4*
	42.0±0.8*
	51.0±0.4*
	26.5±0.2*
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*P<0.05; n= 5

Key: ALP= Alkaline Phosphatase; ALT= Alanine Aminotransferase; AST= Aspartate Aminotransferase; TBL= Total Bilirubin; DBL= Direct Bilirubin; ACM= Acetaminophen
Group I: normal saline (10 ml/kg); Group II: Isoniazid (1100 mg/kg); Group III: Isoniazid (550 mg/kg); Group IV: Isoniazid (1100 mg/kg) and Riboceine (30 mg/kg); Group V: Isoniazid (550 mg/kg) and Riboceine (30 mg/kg); Group VI: Isoniazid (1100 mg/kg) and Silymarin (30 mg/kg); Group VII: Acetaminophen (100 mg/kg).        

Liver injury and the associated increase in alanine aminotransferase (ALT) and aspartate aminotransferase (AST), are recognized side effects of certain medications, such as antituberculosis drugs like isoniazid. ALT and AST typically signify the loss of hepatocyte membrane integrity, with ALT being more specific. We observed a similar elevation in these liver enzymes in our study following the administration of isoniazid. This finding is supported by experiments involving various apoptosis models in mice [12]. Conversely, after exposure to isoniazid, the test animals administered riboceine exhibited reduced serum levels of ALP, AST, and ALT, indicating its protective action against isoniazid-induced liver injury, as previously reported by others [13]. 
Elevated bilirubin levels are recognized as critical markers of liver function [14]. In the present study, isoniazid treatment resulted in a significant increase (P<0.05) in both direct and total bilirubin values (Table 1). This increase can be attributed to isoniazid's potential to induce excessive red blood cell destruction, a known factor contributing to elevated bilirubin levels [15]. In contrast, treatment with riboceine led to a significant decrease (P<0.05) in bilirubin levels, underscoring its protective effect against the destruction of red blood cells. 
In the presence of isoniazid, total protein, and albumin showed a significant (P<0.05) decrease in this study (Table 1). Hypoalbuminemia might be attributable to a decrease in hepatic synthesis of albumin as a result of liver damage caused by isoniazid toxicity. The hepatoprotective effect of riboceine in aiding the liver to carry out its primary function of synthesis of plasma proteins was seen as an increase in total protein and albumin (Table 1). Thus, the observed hyperproteinemia might result from an elevated rate of hepatic synthesis of total proteins, without a corresponding increase in the rate of catabolism [16].

Table 2: Effects of Administration of Riboceine and Isoniazid on Antioxidant Levels
	Antioxidants
(umol/ mg)
	MDA
	CAT
	SOD
	GPx

	I
	2.72±0.06
	16.3±0.8
	27.5± 0.8
	25.1±0.5

	II
	9.2±0.27*
	3.9±0.2*
	8.8±0.2*
	9.2±0.2*

	III
	6.7±0.9*
	7.7±0.2*
	12.8±0.7*
	15.9±3*

	IV
	4.5± 0.1*
	10.7±0.2*
	15.8±0.2*
	18.9±0.2*

	V
	3.7±0.1
	12.4±0.1*
	18.9±0.1*
	21.7±0.09*

	VI
	6.2±0.1*
	8.4± 0.06*
	16.3±0.2*
	10.6±0.3*

	VII
	12.9±0.4*
	2.3±0.10*
	4.7± 0.1*
	3.6±0.20*


*P<0.05; n=5
Key: MDA= Malondialdehyde; CAT= Catalase; SOD= Superoxide Dismutase; GPx= Glutathione Peroxidase
Group I: normal saline (10 ml/kg); Group II: Isoniazid (1100 mg/kg); Group III: Isoniazid (550 mg/kg); Group IV: Isoniazid (1100 mg/kg) and Riboceine (30 mg/kg); Group V: Isoniazid (550 mg/kg) and Riboceine (30 mg/kg); Group VI: Isoniazid (1100 mg/kg) and Silymarin (30 mg/kg); Group VII: Acetaminophen (100 mg/kg).        

Mitigating oxidative stress appears to play a role in contributing to liver protection [17,18]. The peroxidation of naturally occurring lipids plays a crucial role in the harmful effects of isoniazid (INH) [19], leading to the generation of highly reactive oxygen species (ROS) that disrupt cellular membranes [20]. This mechanism can be held accountable for the findings in our present study, where levels of malondialdehyde (MDA), an indicator of lipid peroxidation, significantly increased (P<0.05) following isoniazid treatment, as was similarly observed with acetaminophen, employed as a reference toxicant in this study (Table 2). However, riboceine's protective effect against isoniazid-induced lipid peroxidation and membrane damage was evident as MDA decreased significantly (P<0.05) with riboceine treatment (Table 2), as previously reported by Thomas et al. [21] in diabetic rats. As previously documented, cells have developed a sophisticated array of defense mechanisms that encompass antioxidant molecules like glutathione (GSH) and antioxidant enzymes such as superoxide dismutase (SOD), GPx, and catalase (CAT) [22]. These components work in synergy to counteract oxidative damage by neutralizing oxygen free radicals. All these biomarkers decreased in this present study, evidently due to the prooxidant activity of isoniazid [23]. Riboceine's antioxidant activity was displayed as these biomarkers increased following the administration of riboceine in the presence of isoniazid. The increase in antioxidant values was significantly higher compared to rats treated with silymarin, a standard antioxidant. This demonstrates riboceine's protective effect against isoniazid-induced oxidative stress, in line with previous studies that deduced an increased level of these enzymes [21].

Table 3: Effects of Administration of Riboceine and Isoniazid on Hematological Parameters

	Parameters/Groups
	 WBC (109/L)

	     PLT 
   (109/L)
	  RBC 
(1012/L)
	   MCH 
   (pg)
	   MCV 
    (fL)
	   PCV 
   (L/L)
	Hb (g/dL)


	I
	11.2±1.0

	520.8±12.6
	6.6±0.2
	17.2±0.1
	59.2±0.2
	40.4±0.7
	11.6±0.3

	II
	4.2+0.3*

	212.2±2.5*
	7.0±0.2*
	15.4±. 0.3*
	54.8±1.6
	38.4±0.3
	10.7±0.3

	III
	11.3±0.3

	605.6±21.8
	6.9±0.03
	16.0±0.0
	58.8±0.6
	40.5±0.6
	11.3±0.1

	IV
	8.0±0.4*

	943.8±42.3*
	6.4±0.2
	15.4 ±0.4*
	60.04 ±1.8
	37.5 ±0.9
	10.2±0.1*

	V
	5.7±0.6*

	422.4±19.4*
	7.2±0.3
	16.7±0.4
	60.3±1.3
	39.7±1.2
	11.1±0.1

	VI
	7.3±1.0*

	627.4±12.7*
	36.5± 1.5*
	17.1±0.2
	58.0±0.5
	36.4±1.4
	10.7±0.26*

	VII
	11.7±1.3
	871.4±12.8*
	38.6±0.8*

	17.42±0.3
	63.2±0.3
	38.2±0.8
	11.0+0.8


*P<0.05; n=5;

Key: WBC= White Blood Cells; PLT= Platelets; RBC= Red Blood Cells; MCV= Mean Corpuscular Volume; MCH= Mean Corpuscular Hemoglobin; PCV= Packed Cell Volume; Hb= Hemoglobin 

Group I: normal saline (10 ml/kg); Group II: Isoniazid (1100 mg/kg); Group III: Isoniazid (550 mg/kg); Group IV: Isoniazid (1100 mg/kg) and Riboceine (30 mg/kg); Group V: Isoniazid (550 mg/kg) and Riboceine (30 mg/kg); Group VI: Isoniazid (1100 mg/kg) and Silymarin (30 mg/kg); Group VII: Acetaminophen (100 mg/kg).        

Red blood cell indices reflect the size (MCV) and level of hemoglobin content (MCH and MCHC) of the red blood cells and aid in the diagnosis of the cause of anemia. MCV values increased significantly (P<0.05) with riboceine treatment, indicating protection against oxidative damage (Table 3). Red blood cell indices, such as MCV, MCH, and MCHC, were adversely affected by isoniazid, leading to decreased hemoglobin synthesis. Riboceine countered this effect by promoting hemoglobin synthesis, despite isoniazid being reported to cause a decrease in hemoglobin synthesis [24], as observed in our study (Table 3). 
Table 4: Effects of Administration of Riboceine and Isoniazid on White Blood Cell differential values
	Parameters/Group

	Neutrophil 
       (%)

	Lymphocytes 
          (%)
	Monocytes        (%)
	Eosinophils      (%)
	Basophils     (%)

	I
	23.3±2.1

	63.8±4.2
	37.0±0.3
	3.0±0.1
	0.2±0.0

	II
	15.0±0.3

	46.5±1.5*
	37.0±0.5*
	3.0±0.3
	0.5±0.1*

	III
	18.1±1.9

	63.8±4.0
	8.9±2.6
	4.8±0.3*
	0.3±0.1

	IV
	24.4±2.6

	60.3±4.0
	3.8±0.5*
	4.9±0.5
	0.09±0.06*

	V
	9.0± 1.1*

	58.4±6.3
	21.0±2.2*
	4.1±0.7
	0.09±0.00*

	VI
	11.9±5.0*

	73.3±3.9
	26.0±2.5*
	1.7±0.4
	0.1±0.0

	VII
	48.4±0.4*

	36.5±0.2*
	5.8±0.1
	8.2±0.2*
	0.2±0.0*


*P<0.05; n=5


Group I: normal saline (10 ml/kg); Group II: Isoniazid (1100 mg/kg); Group III: Isoniazid (550 mg/kg); Group IV: Isoniazid (1100 mg/kg) and Riboceine (30 mg/kg); Group V: Isoniazid (550 mg/kg) and Riboceine (30 mg/kg); Group VI: Isoniazid (1100 mg/kg) and Silymarin (30 mg/kg); Group VII: Acetaminophen (100 mg/kg).        

Neutrophil levels increased in the test animals following isoniazid treatment, which may be attributed to liver inflammation occasioned by the generation of free radicals. Again, riboceine's hepatoprotective effect against isoniazid-induced liver injury was observed as a decrease in this parameter due possibly to its ability to reduce inflammation and consequent neutrophil migration. Additionally, basophil levels increased significantly (P<0.05) following exposure to isoniazid but significantly decreased (P<0.05) with riboceine treatment, further supporting riboceine's hepatoprotective properties (Table 4).

      Figure 1: Effect of Isoniazid and Riboceine Co-administration on Alpha-Fetoprotein (AFP)

 *P<0.05; n=5

Group I: Normal saline (10 ml/kg); Group II: Isoniazid (1100 mg/kg); Group III: Isoniazid (550 mg/kg); Group IV: Isoniazid (1100 mg/kg) and Riboceine (30 mg/kg); Group V: Isoniazid (550 mg/kg) and Riboceine (30 mg/kg); Group VI: Isoniazid (1100 mg/kg) and Silymarin (30 mg/kg); Group VII: Acetaminophen (100 mg/kg).


While Alpha-Fetoprotein (AFP) is not typically used to monitor the effects of isoniazid treatment or assess liver health in individuals with tuberculosis, it was evaluated because of the risk of developing conditions like hepatocellular carcinoma (HCC), liver cirrhosis, and certain other liver diseases as a result of isoniazid use [25]. In laboratory animal studies, INH has been shown to cause cancer, particularly in the liver [26], which prompted the need to evaluate levels of AFP in this present study. In our study, levels of AFP were increased in animals administered isoniazid alone, compared to those on normal saline only (Figure 1). In rats co-administered isoniazid and riboceine, a decrease in this marker was observed, similar to reports of Saifei et al. [26].



Figure 2: Effect of Isonazid and Riboceine Co-administration on Gamma-Glutamyl Transferase (GGT)





*P<0.05; n=5

Group I: normal saline (10 ml/kg); Group II: Isoniazid (1100 mg/kg); Group III: Isoniazid (550 mg/kg); Group IV: Isoniazid (1100 mg/kg) and Riboceine (30 mg/kg); Group V: Isoniazid (550 mg/kg) and Riboceine (30 mg/kg); Group VI: Isoniazid (1100 mg/kg) and Silymarin (30 mg/kg); Group VII: Acetaminophen (100 mg/kg).

Gamma-glutamyl transferase (GGT) is an enzyme found in various tissues, with the highest concentrations in the liver. Elevated GGT levels in the blood can indicate liver or bile duct damage and are often used as a marker of liver function and hepatobiliary health. Various researchers have reported the link between isoniazid use and an increase in liver enzymes, including GGT [27], a finding that is similar to our result (Figure 2). However, in the presence of riboceine, GGT levels decreased, implying its ability to mop up free radicals produced by isoniazid (Figure 2).







3.2 Histopathological Analysis
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Plate 1: Photomicrographs of liver sections showing the effect of different doses of isoniazid alone and co-administered with Riboceine. A. Showing normal architecture (control, treated with normal saline 10 ml/kg); B. Showing steatosis (treated with high dose isoniazid 1100 mg/kg); C. Showing destruction of the cord-like arrangement of hepatic cells and loss of sinusoid (treated with low dose isoniazid 1100 mg/kg); D. Showing a normal cord like arrangement of hepatic cells and normal nucleus within the hepatic cell (treated with high dose isoniazid 1100 mg/kg and Riboceine 30 mg/kg); E. Showing the normal radial arrangement of hepatocytes and normal nucleus within the hepatocytes (treated with treated with low dose isoniazid 550 mg/kg and Riboceine 30 mg/kg) (H&E stain, × 400).
The histopathological observations in the present work confirmed the improvement in the treatment groups when compared with the normal and toxicant control groups. This may be linked to riboceine’s reported anti-oxidative effects, consistent with the results of Osinubi and colleagues [28].
4. CONCLUSION
In conclusion, the results obtained from this study strongly emphasize the potential therapeutic effectiveness of Riboceine in mitigating hepatic disturbances caused by Isoniazid in Wistar rats. The observed amelioration of liver alterations points towards a modulatory role for Riboceine in counteracting the detrimental effects of Isoniazid on hepatic function. These findings contribute valuable insights into the potential application of Riboceine as a protective agent against Isoniazid-induced hepatic dysfunction.
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Serum GGT (IU/mL)
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Serum AFP (IU/mL)
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