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Abstract
Background: The liver is highly vulnerable to herbal-induced toxicity due to its central role in metabolizing xenobiotics. In Nigeria, Odogwu Bitters and Goko Cleanser are widely consumed herbal mixtures, often used concurrently for purported health benefits. However, their combined hepatotoxic potential remains underexplored.
Objective: This preliminary study evaluated the effects of co-administered Odogwu Bitters and Goko Cleanser on hepatic enzyme biomarkers – alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) in adult male Wistar rats.
Methods: Fifty male Wistar rats (150–200 g) were assigned to ten groups and orally treated with graded doses of the herbal drinks, either individually or in combination, for 42 days. Serum levels of ALT, AST, and ALP were measured using standard enzymatic protocols. Relative liver weights were also determined. Data were analysed using one-way ANOVA followed by post hoc tests at a 95% confidence level.
Results: Significant increases in serum ALT and ALP were observed in several experimental groups compared to the control, indicating hepatocellular and biliary dysfunction. AST levels exhibited a biphasic pattern, with both elevations and reductions across different groups. Changes in relative liver weights were not statistically significant.
Conclusion: Subchronic co-administration of Odogwu Bitters and Goko Cleanser may impair hepatic function, as evidenced by altered liver enzyme profiles. These findings raise safety concerns regarding their unregulated combined use and underscore the need for further toxicological investigations.
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INTRODUCTION
The liver is the primary organ for metabolism and detoxification of xenobiotics, making it particularly susceptible to damage from orally consumed herbal formulations [1]. Liver enzyme biomarkers – alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) are widely used to assess hepatocellular injury and biliary dysfunction in toxicological studies [2]. Elevated levels of these enzymes typically reflect damage to hepatocyte membranes and cholestasis [3].

In Nigeria, there is a widespread belief in the inherent safety of herbal preparations [4]. This is why there are so many herbal drinks marketed all over the country. Among the most widely consumed are Odogwu Bitters and Goko Cleanser, both of which are marketed for a wide range of perceived health benefits including detoxification, digestive support, and sexual enhancement [5]. These two formulations are often used concurrently despite limited toxicological data supporting their combined safety. Notably, in parts of southeastern Nigeria, particularly in towns like Nnewi, these herbal mixtures are typically consumed by local artisans twice daily – once in the early morning before commencing work and again in the evening after the day’s activities. This culturally rooted pattern reflects beliefs that these herbal drinks enhance strength, relieve fatigue, and promote general wellbeing.
 
Phytochemical analyses of these products have identified multiple bioactive constituents. Goko Cleanser herbal mixture has been reported to contain phytochemical constituents such as saponins, flavonoids, and tannins [6], while Odogwu Bitters includes alkaloids, saponins, flavonoids, and terpenoids in varying proportions [7]. Although these compounds are associated with therapeutic benefits, they may also exhibit toxicological effects depending on dosage and duration of exposure.

Recently, Onyejike et al. conducted a preliminary study on the biochemical and nephrotoxic effects of co-administered Odogwu Bitters and Goko Cleanser in male Wistar rats. Their findings demonstrated significant increases in renal biomarkers (urea and creatinine), highlighting potential organ-specific toxicity [5]. In parallel, another study evaluated the effects of these formulations on kidney histopathology and observed no structural damage [7].

Beyond renal outcomes, other studies – such as those examining Goko Cleanser alone have reported hepatic microarchitectural alterations including lobular inflammation and mild necrosis in female Wistar rats [8]. Additionally, findings from overdose studies in the Niger Delta region documented significant elevations in AST, ALT, and ALP following high-dose administration of Goko Cleanser and other bitters, signaling hepatic stress under overdose conditions [9].

Despite these emerging data, no study to date has biochemically evaluated hepatic enzyme responses (ALP, AST, ALT) following co-administration of Odogwu Bitters and Goko Cleanser. Given the liver’s central role in metabolic processing and the popularity of concurrent usage, there is an urgent need to characterize potential hepatotoxic effects of these products, even under normal dosing conditions.

Therefore, the current preliminary study was designed to assess hepatic function by measuring serum ALP, AST, and ALT levels in adult male Wistar rats following co-administration of Odogwu Bitters and Goko Cleanser. It aims to provide baseline evidence of their hepatotoxic potential and to inform risk-benefit considerations and regulatory oversight of commonly used herbal formulations.

MATERIALS AND METHOD
Ethics Approval
The ethical approval was obtained from the ethical committee of Faculty of Basic Medical Sciences, College of Health Sciences, Nnamdi Azikiwe University, Nnewi Campus, Anambra State, with the approval number of NAU/CHS/NC/FMBS/574 which was dated on the 8th of August 2023.

Materials
This study involved fifty (50) male adult Wistar rats, each weighing between 150 g and 200 g. The animals were obtained from a private breeder located in Nsukka, Enugu State, Nigeria. Upon arrival at the laboratory, the rats were allowed to acclimate for two weeks, during which they had free access to food and clean water. Before transportation, a veterinarian verified the health status of the rats, and they were conveyed to the research site under ethical and humane conditions.

The animals were housed in roomy, stainless-steel cages with proper ventilation and maintained at ambient room temperature. A regular 12-hour light/dark cycle was observed throughout the experiment. The health of the animals was closely monitored, and they were fed with a standard commercial diet while being supplied with fresh drinking water daily. Cage cleanliness was ensured by replacing the sawdust bedding daily and maintaining overall hygiene to prevent contamination or disease.

The herbal formulations used in the research – Odogwu Bitters and Goko Cleanser Herbal Mixture were procured in 200 mL bottles from licensed vendors at Nkwo Market, Nnewi, Anambra State, Nigeria. The animals’ feed, Top Feeds Grower’s Mash Super-Deluxe, was produced by Eastern Premier Feed Mills Limited, a division of Premier Feed Mills Company Limited, Plateau State, Nigeria. Distilled water for the study was supplied by the Department of Human Biochemistry, Nnamdi Azikiwe University. All chemicals and reagents used were of analytical grade and sourced from Syntron Bioresearch Inc., USA.

Methods
Study Duration
The experimental study was conducted over a three-month period, divided into distinct phases to ensure methodological accuracy. The first two weeks were dedicated to the determination of the median lethal dose (LD₅₀) of the herbal preparations and the acclimatization of the animals to laboratory conditions. This was followed by a six-week treatment phase during which the animals received oral administration of the herbal formulations. Subsequently, a two-week period was allocated for sample collection and biochemical analyses. The final two weeks were used for data processing, statistical analysis, and interpretation of results.

Acute Toxicity Test
[bookmark: _Hlk204197777]The acute oral toxicity of Odogwu Bitters and Goko Cleanser was evaluated in accordance with OECD Guideline 425 (Up-and-Down Procedure), which allows accurate LD₅₀ estimation with minimal animal use [10].

Odogwu Bitters
In Phase I, nine male Wistar rats were divided into three groups (n=3) and administered 10, 100, and 1000 mg/kg of Odogwu Bitters. No signs of toxicity or mortality were observed after 24 hours.

In Phase II, four rats received higher single doses: 1200, 1600, 2900, and 5000 mg/kg. No adverse effects were noted at 1200 and 1600 mg/kg, but mortality occurred at 2900 mg/kg (within 24 h) and 5000 mg/kg (within 12 h). The LD₅₀ was calculated as:
LD50 = √1600×2900=2154.17mg/kg 

Goko Cleanser
Similarly, nine rats were tested in Phase I at 10, 100, and 1000 mg/kg doses with no toxicity observed. In Phase II, higher doses of 1200, 2600, 3900, and 5000 mg/kg were tested. Mortality occurred at 3900 mg/kg (48 h) and 5000 mg/kg (24 h), yielding:
LD50 of Goko Cleanser = √2600 X 3900 = 3184.34mg/kg

These LD₅₀ values indicate moderate acute toxicity for both products at high doses.
To correlate with the subchronic phase (which used volume-based dosing), The stock concentrations of both herbal products were standardized to 50 mg/mL following oven-drying at 50 °C (200 mL of each yielding 5 g residue). Using a rat body weight range of 150–200 g, the administered volumes were recalculated to the following dose ranges (mg/kg):
Odogwu Bitters:
· 0.2 mL = 50.00–66.67 mg/kg
· 0.4 mL = 100.00–133.33 mg/kg
· 0.8 mL = 200.00–266.67 mg/kg
Goko Cleanser
· 0.2 mL = 50.00–66.67 mg/kg
· 0.5 mL = 125.00–166.67 mg/kg
· 0.9 mL = 225.00–300.00 mg/kg
This allowed direct comparison with the LD₅₀ values obtained from the acute toxicity phase. The dosage adjustment according to body weight ensured precise exposure levels suitable for toxicological evaluation.

Experimental protocol
Following a two-week acclimatization period, adult male Wistar rats (150–200 g) were weighed using a precision digital scale (maximum capacity: 6 kg). The animals were then randomly assigned into ten experimental groups (A to J), with five rats per group (n = 5). Herbal formulations were administered orally by gavage using a syringe fitted with a flexible cannula, twice daily – once in the morning (6:00–8:00 a.m.) and once in the evening (5:00–7:00 p.m.). These administration times were selected to simulate the habitual consumption pattern of these herbal drinks among local artisan populations.

Odogwu Bitters was administered in the morning, while Goko Cleanser was given in the evening. This treatment protocol continued for a total of 42 consecutive days. Group A served as the control and received only water and rat chow. Groups B, C, and D received 0.2 mL, 0.4 mL, and 0.8 mL of Odogwu Bitters daily. Groups E, F, and G received Goko Cleanser at doses of 0.2 mL, 0.5 mL, and 0.9 mL per day. Groups H, I, and J were co-treatment groups. Group H received 0.2 mL each of Odogwu Bitters and Goko Cleanser daily, Group I was treated with 0.4 mL of Odogwu Bitters and 0.5 mL of Goko Cleanser, and Group J received the highest combined doses of 0.8 mL Odogwu Bitters and 0.9 mL Goko Cleanser.

Animal Euthanasia
Euthanasia procedures strictly followed the ethical and animal welfare standards approved by Nnamdi Azikiwe University. The rats were humanely sacrificed through CO₂ gas overdose, administered as an inhalant anesthetic. The gas flow was controlled to replace 10–30% of the chamber volume per minute to minimize animal discomfort. Loss of consciousness was confirmed by the absence of respiratory and cardiac function, and death was further verified by checking for absent reflexes, including the corneal reflex. Animal remains were subsequently handled and discarded according to institutional biosafety regulations.


Blood collection 
Blood samples were obtained via ocular puncture and transferred into clean, sterile plastic tubes. The samples were allowed to clot undisturbed for approximately 30 minutes. Once clotting was complete, they were centrifuged at 2500 rpm for 10 minutes using an 800D Electric Centrifuge (maximum speed: 4000 rpm; 6 × 20 mL rotor capacity). The resulting serum was carefully separated and stored in a refrigerator until used for the evaluation of liver enzymes – alkaline phosphatase (ALP), alanine aminotransferase (ALT), and aspartate aminotransferase (AST).

Biochemical analysis
Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) were determined to assess hepatocellular injury and liver function. These enzymes are well-established indicators of hepatic integrity in toxicological studies involving rodent models [11, 12].

ALT and AST were assayed using the Reitman and Frankel colorimetric method, which involves transamination reactions that produce pyruvate or oxaloacetate, subsequently forming hydrazones with 2,4-dinitrophenylhydrazine and quantified spectrophotometrically at 546 nm [13]. ALP activity was measured using the Kind and King method, in which the enzyme hydrolyses p-nitrophenyl phosphate to form p-nitrophenol, a yellow-coloured product detected at 405 nm [14].

All assays were performed using commercially available diagnostic kits (Randox), and procedures followed the manufacturers’ instructions. Enzyme concentrations were expressed in U/L, and absorbance readings were taken using a digital spectrophotometer.

Data Analysis
[bookmark: _Hlk204197876]The data collected in this study were analyzed using IBM SPSS version 25. Descriptive statistics, such as the mean and standard deviation, were used to summarize the results. To compare differences between the control and treatment groups, a one-way analysis of variance (ANOVA) was carried out, followed by a post hoc test to identify specific group differences. A p-value of less than 0.05 was considered statistically significant.

RESULTS
[bookmark: _Hlk182974115][bookmark: _Hlk204197904]Serum hepatic enzyme activities (ALT, AST, ALP)
Serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) were assessed to evaluate hepatic function (Table 1). ALT levels were elevated across all treated groups compared to the control group (Group A). However, the increases observed in Groups B, C, and F were not statistically significant (p > 0.05), whereas those in Groups D, E, G, H, I, and J were statistically significant (p < 0.05).

For AST, mean serum levels were higher in Groups B, C, G, and I, and lower in Groups D, E, F, H, and J relative to the control. Statistically significant differences (p < 0.05) were observed in Groups C, E, G, H, I, and J, while the variations in Groups B, D, and F were not significant (p > 0.05).

ALP levels were generally elevated in all experimental groups compared to the control. The increases observed in Groups D, E, F, G, and I were statistically significant (p < 0.05), whereas the differences in Groups B, C, H, and J were not (p > 0.05).

Relative liver weight
The mean relative liver weights were elevated in Groups B, C, D, E, G, and I, and reduced in Groups F, H, and J compared to the control group (Group A). However, these differences were not statistically significant (p > 0.05) across all experimental groups (Table 2; Figure 1).

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS
Discussion
The liver plays a central role in the detoxification of xenobiotics, including herbal formulations. Liver enzymes – ALT, AST, and ALP serve as reliable indicators of hepatic function, with their elevation suggesting hepatocellular injury or cholestasis [11, 12]. In this study, elevated levels of ALT and ALP were observed in several experimental groups co-administered Odogwu Bitters and Goko Cleanser, suggesting potential hepatocellular damage and biliary dysfunction. AST levels showed a biphasic response, with some groups exhibiting increases and others showing declines, which may indicate differential hepatocellular involvement or adaptive responses.

These findings are consistent with previous toxicological reports where exposure to complex herbal mixtures produced elevations in liver biomarkers [2]. Although no histopathological evaluation was included in the present study, the observed enzyme perturbations may reflect early biochemical evidence of liver dysfunction, even in the absence of structural damage.

Prior studies have primarily focused on the nephrotoxic effects of these herbal mixtures. For instance, Onyejike et al. reported increased urea and creatinine levels in male Wistar rats co-administered Odogwu Bitters and Goko Cleanser, highlighting their potential renal toxicity [5]. Similarly, Obiesie et al. documented biochemical alterations following co-administration, though their emphasis remained on kidney health [7]. In contrast, Onyejike et al. (2018) reported microarchitectural changes in the liver following administration of Goko Cleanser alone, supporting the potential hepatotoxicity of at least one of the two formulations [8].

Furthermore, overdose reports from South-Southern Nigeria, such as those by Elechi-Amadi et al., have documented elevated AST, ALT, and ALP levels among habitual consumers of bitters, aligning with the biochemical trends observed in this experimental model [9]. These observations underscore the systemic implications of habitual or combined usage of such herbal formulations.

Phytochemical analyses have identified key bioactive components in both herbal mixtures. Goko Cleanser contains constituents such as saponins, flavonoids, and tannins [6], while Odogwu Bitters includes alkaloids, saponins, flavonoids, and terpenoids in varying concentrations [7]. While these compounds may have therapeutic potential, their combination or prolonged intake may also contribute to toxicological outcomes observed in this study. The variations in enzyme responses across different groups may reflect dose-dependent toxicity or herb-herb interactions that affect metabolic clearance pathways. The precise phytochemical constituents responsible for these effects remain unidentified, highlighting the need for phytoprofiling and mechanistic studies.

In addition to biochemical changes, the study also evaluated the relative liver weights of the animals. Although increases in liver weight were observed in groups B, C, D, E, G, and I, and decreases in groups F, H, and J, none of these differences reached statistical significance when compared to the control. These findings suggest that while functional enzyme changes were evident, they were not accompanied by marked morphological alterations in liver size. However, it is important to note that relative organ weight alone is not a definitive marker of toxicity, and such data should be interpreted in conjunction with biochemical and histological results.

Conclusion
This preliminary study demonstrates that co-administration of Odogwu Bitters and Goko Cleanser may impair hepatic function, as indicated by elevated serum ALT, AST, and ALP levels. Although overt histological assessments were not conducted, the biochemical findings point to possible hepatocellular and cholestatic disturbances even under subchronic exposure conditions. These outcomes raise safety concerns regarding the unregulated concurrent consumption of herbal formulations promoted for detoxification and sexual wellness.

Limitations
· The study did not include liver histopathology to correlate enzyme alterations with structural changes.
· Although previous literature has documented the phytochemical composition of the herbal mixtures, this study did not independently analyse or confirm the specific active constituents in the test samples.
· The use of male rats alone restricts extrapolation to both sexes.
· The absence of a recovery or withdrawal phase limits understanding of reversibility.

Recommendations
· Further studies should incorporate histological evaluations to corroborate biochemical data.
· Detailed phytochemical analyses are needed to identify specific compounds responsible for observed effects.
· Future research should include both sexes and extend exposure durations to simulate chronic use.
· Public health education on the risks of concurrent herbal intake should be intensified.
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Figure 1: Result of relative weight of testis


TABLES
Table 1: Result of ALT, AST and ALP analyses. 
	
	ALT (U/L)
	p-value
	AST (U/L)
	p-value
	ALP (U/L)
	p-value

	
	MEANSD
	
	MEANSD
	
	MEANSD
	

	Group A
	27.001.00
	
	21.002.64
	
	97.021.64
	

	Group B 
	30.331.52
	0.113 a
	22.333.06
	0.460 a
	105.472.16
	0.094 a

	Group C 
	29.331.52
	0.260 a
	25.671.52
	0.016#
	106.012.41
	0.076 a

	Group D 
	32.333.05
	0.015#
	18.671.52
	0.202 a
	109.643.23
	0.016#

	Group E 
	32.673.21
	0.011#
	16.001.00
	0.010#
	108.002.00
	0.033#

	Group F 
	30.001.73
	0.151 a
	18.001.00
	0.106 a
	108.331.85
	0.029#

	Group G 
	34.332.08
	0.002#
	32.672.51
	0.000#
	119.521.84
	0.000#

	Group H 
	31.672.31
	0.031#
	16.332.08
	0.016#
	99.002.64
	0.685 a

	Group I 
	31.333.21
	0.044#
	34.003.61
	0.000#
	122.1614.36
	0.000#

	Group J 
	32.663.51
	0.011#
	16.670.58
	0.024#
	102.632.95
	0.256 a

	F-ratio
	2.140
	
	28.072
	
	5.556
	


Data was analyzed using ANOVA followed by post hoc LSD multiple comparison and values were considered significant at p<0.05. SD: standard deviation, #: significance, and a: not significant. 









Table 2: Morphological analysis
	
	Body weight (g)
	p-value
	Relative liver weight (g)
	p-value

	
	MEANSD
	
	MEANSD
	

	Group A 
	244.2511.50
	
	0.0320.002
	

	Group B 
	230.5019.02
	0.293 a
	0.0340.002
	0.829 a

	Group C 
	250.258.61
	0.644 a
	0.0350.000
	0.702 a

	Group D 
	222.5038.18
	0.101 a
	0.0340.002
	0.758 a

	Group E 
	241.2520.90
	0.817 a
	0.0360.004
	0.613 a

	Group F 
	215.0016.99
	0.030#
	0.0230.016
	0.751 a

	Group G 
	212.0012.03
	0.018#
	0.0360.003
	0.566 a

	Group H 
	212.7511.32
	0.020#
	0.0220.016
	0.164 a

	Group I 
	242.7512.04
	0.908 a
	0.0360.005
	0.556 a

	Group J 
	231.0011.46
	0.310 a
	0.0230.016
	0.829 a

	F-ratio
	2.433
	
	1.177
	


Data was analysed using ANOVA followed by post hoc LSD multiple comparison and values were considered significant at p<0.05. SD: standard deviation, #: significance, and a: not significant.
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