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Assessment of Liver Function in Acetaminophen Induced Hepatotoxic Albino Rats Treated with Activated Carbon and Honey
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ABSTRACT 

	The aim of this study was to evaluate the effect of activated carbon and honey treatments on liver function in albino rats with acetaminophen-induced hepatotoxicity. Thirty (30) male albino rats were assigned into 5 groups of six (6) rats each. The groups were as follows: Negative control (allowed water and feed only), positive control (given 270mg/kg of Acetaminophen by gavage), Acetaminophen and honey (given 270mg/kg of acetaminophen and 1.5ml of honey orally), acetaminophen and activated carbon (given 270mg/kg of acetaminophen and 1.5ml of activated carbon gavage), acetaminophen, activated carbon, and honey (given 270mg/kg of acetaminophen, 1.5ml of activated carbon and honey orally). The male albino rats were sacrificed on the 28th day of experimental research after an overnight fast. They were anesthetized using chloroform. Blood samples were collected by cardiac puncture and put into Lithium heparin bottles for the assay of total protein, albumin, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, gamma-glutamyl transferase, total and conjugated bilirubin. Data for this study were analyzed using SPSS (Statistical Package for Social Science) version 23. Values were expressed as mean ± SD; inferential statistics were done using the One – Way ANOVA (Post Hoc: Tukey’s Multiple Comparative Test) with p-values less than 0.05 was considered statistically significant. The results of our study showed a significant increase in the levels of AST (p=0.00), ALT (p=0.03), ALP (p=0.00), GGT (p=0.00), and total bilirubin (p=0.03) in the positive control group compared to the negative control group. However, there was a significant decrease in the levels of ALT, ALP, GGT, and total bilirubin in the groups treated with activated carbon, honey and the combination of activated carbon and honey compared to the positive control group.  However, there was a significant decrease in the levels of AST in the group treated with both honey and activated carbon compared to the positive control group. There was no significant difference between the levels of AST in the positive control group and the groups treated with activated carbon and honey. The positive control group had higher levels of total protein, albumin, and conjugated bilirubin compared to the negative control group and treatment groups; however, they were not statistically significant. This study has revealed the hepatoprotective effects of honey and activated carbon in ameliorating acetaminophen-induced hepatotoxicity.	Comment by Dr Hafiz: Remove
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1. INTRODUCTION 
Acetaminophen, also known as paracetamol and N-acetyl-p-aminophenol, is an aminophenol compound which functions centrally as a pain reliever and fever reducer [1]. While technically categorized as a nonsteroidal anti-inflammatory drug (NSAID), acetaminophen differs from typical NSAIDs like ibuprofen, naproxen, and indomethacin in that it has limited impact on tissue cyclooxygenase activity (Cox-1 and Cox-2) [2]. Instead, it seems to alleviate pain by raising pain thresholds, potentially by inhibiting the nitric oxide pathway activated by many pain neurotransmitter receptors. Acetaminophen possesses lower anti-inflammatory properties compared to aspirin and traditional NSAIDs [2]. It is typically recommended for managing minor discomfort stemming from various sources like the common cold, infections, sinusitis, headaches, toothaches, muscle strains, and more [3]. A lot of research has been conducted to know the pathogenesis of paracetamol-induced liver toxicity. N-acetyl cysteine (NAC) is used as an antidote for paracetamol-overdosed patients; however, it should be administered as early as possible [4]. It has now been recognized that paracetamol toxicity consists of multiple pathways, including paracetamol metabolism, oxidative stress, endoplasmic reticulum stress, autophagy, sterile inflammation, microcirculatory dysfunction, and compensatory liver repair and regeneration. Some patients with liver failure require liver transplantation for survival [5]. The liver contributes significantly to the metabolism and removal of drugs from the human body [6]. Metabolization of drugs and xenobiotics to nontoxic substances in the liver by enzymes is important for the proper function of the body, alteration in these statuses leads to a shift of metabolism toward the production of oxidants, which coheres to lipids or nuclear proteins which results in mutations, membrane damage, and alteration of enzyme activity respectively which further leads to organ malfunction [7]. The production of oxidants is the most common action in the pathogenesis of liver damage by pharmaceutical drugs and herbal products [8]. Liver damage may occur due to environmental toxicants, drugs, and microbial metabolites. There are two sets of enzymes, phase I and phase II enzymes which play a very important role in the metabolism and detoxification of various drugs and other toxins [7].	Comment by Dr Hafiz: Try to change 2nd ‘by’	Comment by Dr Hafiz: This sentence has three ‘which’! Change two ‘which’; break sentence, if needed.
Activated carbon, also known as activated charcoal, is a highly porous form of carbon that has been processed to increase its surface area. It is primarily used for its medicinal effects in emergency situations and for certain medical treatments. Activated carbon is valued for its ability to absorb (bind to its surface) a wide range of substances, making it effective in several medicinal applications [9]. According to Silberman et al. [10] an oral suspension of activated carbon is considered in poisonings when gastrointestinal decontamination of an ingested toxin is indicated. Activated carbon is most efficacious when given within one hour of ingestion of the toxin. Activated charcoal adsorbs ingested toxins within the gastrointestinal tract preventing the systemic absorption of that toxin. Activated charcoal only adsorbs toxins that are in the dissolved liquid phase via direct contact. Honey is a natural product formed from nectar of flowers by honeybees (Apis mellifera) [11]. It has been used by humans since ancient times, nearly 5500 years ago [12]. It does not need refrigeration, it never spoils, and it can also be stored unopened at room temperature in a dry place [13]. The water activity (WA) of honey is between 0.56 and 0.62 and its value of pH is almost 3.9 [13]. Honey was utilized as a natural sweetener from ancient period since it has high level of fructose (honey is 25% sweeter than tablet sugar). Moreover, the use of honey in beverages is also increasingly popular [26].   Nowadays, information on the usage of honey for the cure of many human diseases can be found in general magazines, journals, and natural products' leaflets and suggesting a wide variety of unknown activities. Evidence indicates that honey can exert several health-beneficial effects including antioxidants, anti-inflammatory, antibacterial, antidiabetic, respiratory, gastrointestinal, cardiovascular, and nervous system protective effects [12].	Comment by Dr Hafiz: Adsorb	Comment by Dr Hafiz: Add rationale and objective sentences, it is important. 



2. materialS and methods 
2.1 Experimental Animals
The study was carried out using Thirty (30) male albino rats weighing 140-150g. The albino rats were purchased from the animal house of the Department of Animal and Environmental Biology, Rivers State University, Port Harcourt. The albino rats were allowed to acclimatize for two weeks in well compartmentalized cages with 12-hours light exposure. The albino rats were grouped into five (5) groups with six (6) albino rats each and maintained under normal laboratory conditions (temperature of 25oC, relative humidity of 60-70%). The albino rats were allowed access to standard feed (finisher) (manufactured by Top Feeds Nig. Ltd) and water ad libitum.
2.2 Study Design 
Thirty (30) male albino rats were assigned into 5 groups of six (6) albino rats each.
Group 1(Negative Control): 6 albino rats were given only feed and water daily for 21 days
Group 2 (Positive Control): 6 albino rats were given 270mg/kg each of acetaminophen by gavage daily for 7 days
Group 3 (Acetaminophen and Honey): 6 albino rats were induced with hepatotoxicity for 7 days using 270mg/kg each of acetaminophen, then 1.5ml of honey by gavage daily for 14 days
Group 4 (Acetaminophen and Activated Carbon): 6 albino rats were induced with hepatotoxicity for 7 days using 270mg/kg each of acetaminophen, and then given 1.5ml of activated carbon by gavage daily for 14 days.
Group 5 (Acetaminophen, Honey and Activated Carbon): 6 albino rats were induced with hepatotoxicity for 7 days using 270mg/kg each of acetaminophen, and then given 1.5ml of activated carbon and honey by gavage daily for 14 days.
2.3 Dosage Calculation
In this study, 1500mg/kg of acetaminophen was used to induce hepatotoxicity in albino rats.
Dose = (Dosage×weight)/1000g
Dose=1500mg/kg 
Weight of rat=180g
Rat dose=(1500mg/kg ×180g)/1000g    =270mg
According to OECD guidelines, 100g of albino rats should be given 1ml of substance; therefore, 180g of rat should receive 1.8ml of substance.	Comment by Dr Hafiz: Write in simple past tense. 
Thus, 270mg of acetaminophen should be dissolved in 1.8ml of water. Each acetaminophen tablet is 500mg
If 270mg of acetaminophen should be dissolved in 1.8ml of water, therefore, 500mg of acetaminophen will be dissolved in   (1.8ml ×500mg)/270mg       =3.3ml of water 
Therefore, a tablet of acetaminophen was dissolved in 3.3ml of water
2.4 Sample Collection
The albino rats were sacrificed on the 28th day after an overnight fast. They were anaesthetized using chloroform. Blood samples were collected by cardiac puncture and put into Lithium heparin bottles for the assay of Total protein, Albumin, Aspartate aminotransferase, Alanine aminotransferase, Alkaline phosphate, total and Conjugated bilirubin and Gamma-glutamyl transferase.
2.5 Laboratory Analysis 
2.5.1 Estimation of Plasma Total Protein 
Method: Biuret [13].
Principle: In the biuret reaction, the cupric ions in the reagent react with the peptide bonds of protein molecules in an alkaline solution to form a blue-violet colored complex. The absorbance of the color produced is measured at 540nm using a spectrophotometer or a colorimeter. The absorbance is directly proportional to the concentration of protein present in the plasma sample.
Protein +Copper ions	      Alkaline pH	        Protein-Copper Complex (Blue-violet)
2.5.2 Estimation of Plasma Albumin 
Method: Bromocresol green [14]
Principle: Bromocresol green is an indicator which is yellow between pH 3.5-4.2. When it binds to albumin, the colour of the indicator changes from yellow to blue-green. The absorbance of the colour is measured in a calorimeter using an Orange green filter or in a spectrophotometer at 540nm wavelength. 	Comment by Dr Hafiz: Use same spelling 
Bromocresol green +Albumin  -	 Bromocresol green-albumin complex
2.5.3 Estimation of Plasma Conjugated and Total Bilirubin 
Method: Jendrasik and Groff method [15].
Principle: The test is based on van den Bergh diazo reaction, it involves treating the plasma with diazotized sulphanilic acid to form azobilirubin complex in the presence of Sodium Nitrite. In the absence of Sulphactant (Sulphanilic acid-0.3%) and HCl, only the Conjugated bilirubin reacts to give azobilirubin giving a pink to purple coloration which is measured in a spectrophotometer or a colorimeter at a wavelength of 540nm or 550nm. The absorbance of the solution is directly proportional to the concentration of bilirubin in the plasma sample.
2.5.4 Estimation of Plasma Alkaline Phosphatase
Method: p-nitrophenyl phosphate [16]
Principle
                                                       	ALP
p-nitrophenylphosphate +H2O                  -                   Phosphate + p-nitrophenol
2.5.5 Estimation of Aspartate Aminotransferase (AST) Concentration
Method: Reitman-Frankel [17]
Principle: When AST is incubated at a temperature of 370C for 60 minutes in a pH 7.5 buffered substrate containing aspartate and alpha-ketoglutarate, it catalyzes the transfer of amino group from aspartate to ketoglutarate, following oxaloacetate and glutamate. The oxaloacetate reacts with 2,4-dinitrophenylhydrazine (DNPH) to form 2,4-dinitrophenylhydrazone which in an alkaline medium gives a red-brown color. The absorbance of the color is read at 505 nm wavelength.
Aspartate + Ketoglutarate                         AST                            Glutamate + oxaloacetate
Oxaloacetate + 2,4-DNPH         Alkaline                     2,4-Dinitrophenylhydrazone (red-brown color)				    pH
2.5.6 Estimation of Alanine Aminotransferase (ALT) Concentration
Method: Reitman-Frankel [17]
Principle: ALT is incubated at 37°C for exactly 30 minutes in a pH 7.4 buffered substrate containing alanine and alpha-ketoglutarate. ALT catalyzes the transfer of the amino group from alanine to ketoglutarate, forming pyruvate and glutamate. The pyruvate reacts with 2,4-dinitrophenylhydrazine (DNPH) to form 2,4-dinitrophenylhydrazone which in an alkaline medium gives a red-brown colour. The absorbance of the colour produced is measured in a spectrophotometer at 505 nm wavelength.
Aspartate + Ketoglutarate                      ALT                            Glutamate + Pyruvate
Pyruvate + 2,4-DNPH                   Alkaline                  2,4- Dinitrophenylhydrazone (red-brown color)				    pH
2.5.7 Estimation of Plasma ᵞ-glutamyltransferase (GGT)
Method: Szasz/Persijn [18]
Principle: The substrate L-ᵞ-glutamyl-3-carboxy-4-nitroanilide, in the presence of glycylglycine is converted by ᵞ-glutamyltransferase in the sample to 5-amino-2-nitrobenzene which can be measured at 405nm.
3.6 Data Analysis
Data for this study were analyzed using SPSS (Statistical Package for Social Science) version 23. Values were expressed as mean ±SD; inferential statistics were done using the One – Way ANOVA (Post Hoc: Tukey’s Multiple Comparative Test) with p-values less than 0.05 being considered scientifically significant.

3. results and discussion	Comment by Dr Hafiz: Write in two different headings. In result portion, describe positive findings in sentence along with tables.
Table 1: Comparison of the Levels of Some Biomarkers of Liver Function across the Different Experimental Group


	Groups/Parameters
	TP (g/dl)
	Alb (g/dl) 
	TB (µmol/L)
	CB (µmol/L)

	Negative Control (N=6)
	59.33±8.09 
	30.83±5.91 
	6.33±1.2 1 a
	1.67±1.37 

	Positive Control (N=6)
	62.17±8.68
	22.67±6.37
	12.67±5.57 b
	4.00±5.79

	Acetaminophen and Honey (N=6)
	61.67±9.93
	25.67±9.37
	9.33±1.97 a
	2.67±2.33

	Acetaminophen & Activated carbon (N=6)
	65.33±8.24
	28.17±6.34
	8.50±2.43 a
	2.00±2.53

	Acetaminophen, Honey and Activated carbon (N=6)
	64.33±7.39
	33.17±7.49
	8.83±2.79 a
	2.00±2.53

	p-value
	0.76
	0.12
	0.03
	0.72

	F-value
	0.46
	1.98
	3.12
	0.52

	Remark
	NS
	NS
	S
	NS


Key: S- Significant, NS – Not significant. Superscripts indicate same alphabet for significant groups.
Table 2: Comparison of the Levels of Some Liver Enzymes across the Different Experimental Group
	Groups/Parameters
	AST (IU/L)
	ALT (IU/L)
	ALP (IU/L)
	GGT (IU/L)

	Negative Control (N=6)
	59.17±4.42a
	27.50±7.37 a
	62.17±6.4 a
	15.67±6.80 a

	Positive Control (N=6)
	270.83±36.69b
	264.83±244.63 b
	330.66±66.65 b
	105.67±22.55 b

	Acetaminophen and Honey (N=6)
	183.17±48.00 b
	155.67±29.3 a
	212.00±83.39c
	70.50±16.28 c

	Acetaminophen and Activated carbon (N=6)
	197.50±98.84 b
	157.00±142.26 a
	174.50±19.74 c
	68.83±18.28 c

	Acetaminophen, Honey and Activated carbon (N=6)
	85.17±17.94 a
	50.67±22.94 a
	86.00±34.96 c
	44.17±8.03 c

	p-value
	0.00
	0.03
	0.00
	0.00

	F-value
	10.93
	3.28
	26.16
	27.01

	Remark
	S
	S
	S
	S



Key: S- Significant, NS – Not significant. Superscripts indicate same alphabet for significant groups.

The aim of the study was to evaluate the effects of activated carbon and honey treatments on liver function in albino rats with acetaminophen-induced hepatotoxicity. The results of our study showed a significant increase (p<0.01) in the levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and ᵞ-glutamyltransferase (GGT) in the positive control group compared to the negative control group. Acetaminophen undergoes metabolism primarily through glucuronidation and sulfuration in the liver. In cases of overdose, these pathways become saturated, leading to increased conversion of acetaminophen to NAPQI by cytochrome P450. NAPQI is a toxic substance that is safely converted by glutathione into non-toxic mercaptate and cysteine compounds, which are then excreted through the kidneys. Overdosing depletes glutathione stores, and when they drop below 30% of normal levels, NAPQI levels rise, binding to hepatic macromolecules and causing hepatic necrosis [19]. According to Yoon et al. [20], acetaminophen-induced hepatotoxicity causes the necrosis of hepatocytes and the release of cellular contents. Thus, the high levels of AST, ALT, ALP, and GGT in positive control compared to the negative control may be a result of acetaminophen-induced hepatotoxicity that caused necrosis of hepatocytes and the release of these enzymes from damaged hepatocytes. Enzymes released from the necrotic hepatocytes enter the bloodstream, causing elevated levels of these enzymes in plasma. This result is supported by research of Hinson et al. [21], who stated that acetaminophen-induced hepatotoxicity is associated with a marked increase in plasma ALT, ALP, and AST levels. Additionally, Omidi et al. [22] stated that acetaminophen toxicity causes elevated plasma ALT and AST.
There was no significant decrease between the levels of AST in the groups treated with activated carbon and honey compared with the positive control group. From the findings in this research, it could be inferred that activated carbon and honey used separately do not ameliorate the acetaminophen induced elevation of AST. However, there was a significant decrease in AST levels in the group treated with both honey and activated carbon compared to the positive control group. Thus, it could be inferred that activated carbon and honey when used together have a synergistic effect in ameliorating acetaminophen-induced elevation of AST since when both used together were able to ameliorate the acetaminophen-induced hepatotoxicity.
There was a significant decrease in the levels of ALT, ALP, and GGT in the groups treated with Activated carbon, honey, and a combination of activated carbon and honey compared to the positive control group. Thus, activated carbon and honey may ameliorate the acetaminophen-induced elevation of ALT, ALP, and GGT since they caused a decrease in the levels of these enzymes in the groups treated with activated carbon, honey, and a combination of activated carbon and honey compared to the positive control group. Activated carbon is known to prevent the absorption of substances from the gastrointestinal tract. Thus, activated carbon may ameliorate acetaminophen induced hepatotoxicity by reducing the absorption of acetaminophen, thus preventing the accumulation of acetaminophen in the liver.  Honey may ameliorate acetaminophen induced hepatotoxicity due to its ability to cause regeneration of hepatocytes. This is consistent with the research study of Zhou et al. [23], whose results showed a significant reduction of ALT, AST, ALP, and γ-GT in albino rats treated with honey after the induction of hepatotoxicity using alcohol. Also, in their research, they stated that honey improves liver injury.
Total bilirubin is considered one of the accurate tests of liver functions since it reflects the ability of this organ to take up and process bilirubin into bile. The results presented in Table 1 showed a significant increase (p=0.030) in the levels of total bilirubin in the positive control group compared to the negative control group. The elevated total bilirubin may be due to acetaminophen-induced hepatotoxicity that causes necrosis of hepatocytes, thus, reducing the capacity of the liver to metabolism bilirubin. This result is supported by the research of Hinson et al. [21], who stated that acetaminophen-induced hepatotoxicity leads to hyperbilirubinaemia. Also, Omidi et al. [22] stated that acetaminophen toxicity causes hyperbilirubinaemia. Also, there was a significant decrease (p<0.03) in the levels of total bilirubin in the treatment groups compared to the positive control group. From the findings in this study, it could be inferred that activated carbon and honey ameliorate the acetaminophen-induced elevation of total bilirubin.
According to Chiew et al. [24], activated carbon reduces acetaminophen absorption and decreases plasma acetaminophen concentration. Thus, the reduction in acetaminophen absorption and concentration in plasma caused by activated carbon may have resulted in hepatoprotection, hence reduced levels of AST, ALT, ALP, GGT, and total bilirubin observed in the groups treated with Activated carbon, honey and a combination of activated carbon and honey compared to the positive control group.
The levels of AST and ALT were significantly lower in the group treated with both activated carbon and honey compared to the group that was treated with only activated carbon. Thus, the addition of honey has a better therapeutic preventive efficacy. According to Prasetyo and Hestianah [25], honey enhances liver tissue by mobilizing endogenous stem cells (CD34 and CD45), expressing Hsp70 and VEGF-1 as markers of regeneration and improvement, and promoting histological regeneration of the liver tissue. Thus, this regeneration of hepatic tissues may have resulted in decreased plasma levels of AST, ALT, ALP, GGT, and total bilirubin observed in the groups treated with activated carbon, honey and a combination of activated carbon and honey compared to the positive control group.
According to the results of our study, there was no significant difference (p>0.05) between the levels of total protein, albumin, and conjugated bilirubin in the experimental groups.

4. Conclusion
This study has revealed the hepatoprotective effects of honey and activated carbon in ameliorating acetaminophen-induced hepatotoxicity. It also revealed that honey and activated carbon have synergistic effect in ameliorating acetaminophen induced hepatotoxicity. This research has contributed valuable information to the scientific community, emphasizing potential strategies for ameliorating acetaminophen-induced liver damage.
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