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Hepatoprotective Effects of Daniellia oliveri Leaf Methanol Extract Against Dimethylamine-Induced Oxidative and Immunohistochemical Alterations in Rats

ABSTRACT
Dimethylamine (DMA) is commonly used in the manufacture of various products, including rubber, pharmaceuticals, pesticides, and herbicides, leading to several toxicological consequences. This study investigated the effect of Daniellia oliveri leaf methanol extract (DOLME) on DMA-induced liver toxicity in male Wistar rats. The extract was obtained using a Soxhlet extraction. Thirty-five male Wistar rats (average weight: 154 g) were used and divided into seven groups (A–G), with five rats per group. Group A served as the control, while Group B received intraperitoneal injections of DMA alone (10 mg/kg) twice weekly. Groups C, D, E, F, and G were treated orally with DOLME (50, 100, 150, 200, and 250 mg/kg, respectively) every other day, while a similar dose of DMA was administered twice per week. Rats were sacrificed, and liver tissues were harvested. One portion of liver was processed into a homogenate for biochemical assays, including superoxide dismutase (SOD), catalase, glutathione-S-transferase (GST), reduced glutathione (GSH), and glutathione peroxidase (GPx). The other portion was fixed for histological and immunohistochemical evaluations. The DMA treatment significantly (p < 0.05) reduced hepatic SOD and catalase activities, which were reversed by DOLME at most doses. Hepatic GST and GSH levels were also reduced (p < 0.05) by DMA but attenuated with DOLME treatment. Histological examination revealed hepatic portal triaditis in DMA-treated rats, which was ameliorated by DOLME. High expressions of EMA and cytokeratin were observed in the hepatocyte cytoplasm of DMA-treated rats, whereas mild to moderate expressions were noted in the DOLME-treated groups. These findings suggest that Daniellia oliveri leaf methanol extract mitigates DMA-induced liver damage through antioxidant mechanisms and by reducing the expression of epithelial membrane antigen and cytokeratin.
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1.0	INTRODUCTION
Daniellia oliveri is very rich in bioactive compounds, capable of exhibiting an array of biological activities, such as anti-inflammatory and antimicrobial (Souza and Passos, 2021). This plant is recognised as "Black Ironwood", "Ogea", or "Igi iya", which stands out to represent the Fabaceae subfamily Caesalpinioideae, originating from Nigeria, Cameroon, Ghana, and the Ivory Coast (Okunade and Olafadehan, 2019). Daniellia oliveri has been reported for its ecological significance, playing a critical role in sustaining the balance of the ecosystems (Dangai et al., 2020; Agha et al., 2022). Daniellia oliveri leaf has been shown to contain physiologically important metals, including sodium, potassium, calcium, zinc, magnesium, chromium, copper, iron and manganese (Adeleke et al., 2024). These authors also quantified phytochemicals such as kaempferol (16.49%), quercetin (41.48%), L-borneol (10.89%), rhamnetin (14.65%) and α-caryophyllene (6.16%) using the HPLC technique. The essential oils of Daniellia oliveri, such as limonene and β-caryophyllene, offer potential benefits in both aromatherapy for relaxation and emotional well-being, as well as natural antimicrobial properties (Mascarenhas et al., 2021). Flavonoids such as quercetin, kaempferol, and myricetin possess strong antioxidant and anti-inflammatory properties, contributing to the potential of the plant in mitigating oxidative stress and hepatic carcinogenesis (Sabri et al., 2021).
The traditional use of Daniellia oliveri in West Africa underscores the analgesic, anti-nociceptive, and anti-inflammatory effects of the plant (Traore et al., 2021; Harris et al., 2023). Several studies have demonstrated Daniellia oliveri to contain natural compounds with the potential to alleviate inflammation, suppress bacterial growth, and reduce oxidative stress (Atolani et al., 2018). A study by Yaya et al. (2016) documented that the plant could modulate inflammatory responses by modulating critical pathways and mediators, demonstrating its potential as a natural anti-inflammatory therapeutic agent. One of our recent studies indicated that DOLME attenuated the levels of red blood cells (RBC), white blood cells (WBC), hematocrit, platelets, and monocytes against dimethylamine intoxication in Wistar rats (Ayobami and Adeleke, 2024).
Dimethylamine (DMA) is an aliphatic amine with significant industrial and biochemical relevance (Bugata et al., 2019; Ertl et al., 2020). DMA serves as an intermediary in the synthesis of compounds like solvents, rubber additives, and medications (Whba et al., 2024). Environmental exposure to DMA poses a risk to humans and the ecosystem primarily through inhalation of its vapours and ingestion from crops (Cohen et al., 2006). DMA metabolism primarily occurs in the liver by the monoamine oxidase enzyme, in which DMA is converted into formaldehyde and nitrosodimethylamine (Lv et al., 2009). Previous studies indicated that N-nitrosodimethylamine nitrosamine (NDMA) caused periportal cell infiltration and strong expression of CD34 in the liver of rats (Adeleke et al., 2017).
2.0	MATERIALS AND METHODS
2.1       Collection and extraction of Daniellia oliveri leaves
Daniellia oliveri leaves were collected at Obamoro village, via Iwo, Osun State, Nigeria in July, 2023. They were authenticated at the Department of Pure and Applied Biology, Ladoke Akintola University of Technology, Ogbomoso, Nigeria, with a voucher number LHO 874. The leaves were air-dried for about four weeks at room temperature and then pulverised by a mechanical blender, followed by Soxhlet extraction using methanol. The extract was concentrated using a rotary evaporator to obtain Daniellia oliveri leaf methanol extract (DOLME).
2.2       Experimental design
Thirty-five male Wistar rats were purchased and divided into seven groups (A–G) (average weight of 154 g), with five rats in each group. Group A served as control, and group B was given an intraperitoneal injection of DMA (10 mg/kg) alone twice per week. Groups C to G were treated with DOLME (50, 100, 150, 200, 250 mg/kg) in distilled water by oral gavage and DMA (10 mg/kg) by intraperitoneal injection. The DOLME was administered every other day, while DMA was administered twice per week for four weeks.
2.3       Sacrifice and Collection of Liver
After four weeks, the rats were fasted overnight and sacrificed by cervical dislocation. Liver was excised and washed with 1.15% potassium chloride (KCl) solution to remove blood stains and then divided into two portions. One portion of liver tissue was homogenised in pre-chilled phosphate buffer (0.01M, pH 7.4) using a Teflon homogeniser and then centrifuged at 3,000 x g for 15 minutes to obtain the homogenate used for antioxidant assays. The other portion of the liver was fixed in 10% formalin for histology and immunohistochemical assays.
2.4       Determinations of Protein and Antioxidant Parameters
The total protein in the liver homogenate was measured spectrophotometrically using a method described by Lowry et al. (1951). The levels of superoxide dismutase (Misra and Fridovich, 1971), catalase (Aebi, 1984), glutathione-S-transferase (Habig et al., 1974), reduced glutathione (Mitchell et al., 1973), and glutathione peroxidase (Paglia and Valentine, 1967) in the liver tissue were also measured spectrophotometrically.

2.5       Histopathological Examination
Ultra-thin sections (5 µm) of the 10% formosaline-fixed liver were obtained using a microtome knife. The sections were stained with hematoxylin and eosin (H and E) solutions and then observed under a light microscope, taking the photomicrographs of the stained slides.
2.6       Immunohistochemical Assays
Immunochemical staining of epithelial membrane antigen and cytokeratin of the liver using the Avidin immunoperoxidase method was done. The chemicals used were manufactured by Novocastra (LEICA). The antibody dilution factor used was 1:100 dilutions for all the antigen markers. Liver tissue was sectioned at 2 microns on the hot plate at 70°C for about 1 hour. The sections were passed into water after being passed through two changes of xylene and three changes of descending grades of alcohol. Antigen retrieval was performed on the sections by heating them in citric acid solution (pH 6.0) using a microwave at a power of 100 for 5 minutes. The sections were equilibrated gradually with cold water to displace the hot citric acid for about 5 mins to allow cooling of the sections. Peroxidase blocking was carried out on the section by covering the section with 3% hydrogen peroxide for 15 mins. Liver sections were washed with PBS, and endogenous biotin in the liver was blocked for 15 mins. Liver sections were incubated with 5 mg/ml each of epithelial membrane antigen (EMA) and cytokeratin antibodies. The tissue sections were counterstained with Haematoxylin solution for 2 minutes. The slides were dehydrated in alcohol, cleaned in xylene, mounted in Dibutylphthalate Polystyrene Xylene (DPX) mountant and then observed under a microscope. Cells with a specific brown colour in the cytoplasm, cell membrane or nuclei, depending on the location of the antigen sites, were considered positive.

2.7	Statistical Analysis
Values were expressed as mean ± standard deviation, and differences in the mean values were estimated statistically by one-way analysis of variance (ANOVA) by using the Statistical Package for Social Sciences (SPSS) software for Windows version 29.0 (USA). Significantly different values were taken at P < 0.05.
3.0	RESULTS
Table 1 shows that DMA treatment significantly (P<0.05) reduced the activities of SOD and catalase relative to control and DOLME-treated groups. The result in figure 1 shows that treatment with DMA alone significantly reduced (P<0.05) hepatic GST activity of the rats compared with control rats. However, treatment with DOLME significantly increased (P<0.05) GST activity against DMA intoxication in a dose-dependent manner. Hepatic GSH concentration in liver of rats treated with DMA alone was significantly reduced (P<0.05) compared with control and other treatment groups as show in figure 2. The result in figure 3 indicates that GPx activity in liver of rats administered with DMA alone was significantly reduced (P<0.05) compared with control rats. However, treatment with DOLME against DMA resulted to increase in hepatic GPx activity at doses 50 and 200mg/kg of the extract.
            The results in Plate 1 (A-G) show the effect of the treatments with DMA and DOLME on the histology of the liver tissue of the rats. The tissue shows normal central venules (white arrow), mild portal triditis with normal hepatocytes (blue arrow) and mildly dilated sinusoids (slender arrow) in the control group (Plate 1 A). The DMA alone (Plate 1 B) caused severe portal triditis (black arrow) with normal hepatocyte (blue arrow). The results of liver histology of rats treated with DMA and DOLME in Plate 1 (C, D, E, F and G) show the presence of normal central venules (white arrow), moderate portal triditis (black arrow) and normal morphology of the hepatocytes (blue arrow).
               Plate 2 A shows moderate expression of epithelial membrane antigen in the hepatocyte cytoplasm. The DMA alone (Plate 2 B) shows strong expression of EMA in the hepatocyte cytoplasm. The results of liver immunohistochemical study of the rats treated with DOLME and DMA (Plates 2 C, D and E) show moderate and mild EMA in hepatocyte cytoplasm. Plates 3 C, D and E show mild to moderate expression of cytokeratin in the liver of the experimental rats. Liver showed expression of cytokeratin in the hepatocyte cytoplasm in the control group (Plates 3 A) while DMA alone (Plates 3 B), shows high expression of cytokeratin in the hepatocyte cytoplasm. Figures 4 and 5 indicate hepatic EMA and cytokeratin in rats exposed to Daniellia oliveri leaf methanol extract and dimethylamine using image J processing program.














Table 1: Effects of Daniellia oliveri Leaf Methanol Extract on SOD and Catalase Activities in Liver of Rats Administered with Dimethylamine.
	          TREATMENT
GROUPS
	                      SOD 
               (U/mg protein)               
	                 CATALASE 
                (U/mg protein)

	CONTROL
	                   1.44±2.41
	63.21±12.85

	          DMA (10mg/kg)
	0.54±2.51a
	44.61±9.786a

	50mg/kg   DOLME +DMA
	29.4±7.44b
	55.04±11.91b

	100mg/kg DOLME +DMA
	4.52±2.99b
	42.20±9.767

	150mg/kg DOLME +DMA
	31.5±17.3b
	               40.85±16.48

	200mg/kg  DOLME +DMA
	27.8±9.39b
	53.85±36.75b

	250mg/kg  DOLME +DMA
	6.88±0.45b
	               58.90±19.49b


Values expressed as mean ± standard deviation, n = 5	
a- significantly lower than control (P < 0.05); b - significantly higher than DMA group (P < 0.05); 
SOD- Superoxide dismutase, DMA- Dimethylamine, DOLME- Daniellia oliveri Leaf Methanol extract



Figure 1: Effect of Daniellia oliveri leaf methanol extract on Glutathione –S-transferase activity in liver of rats treated with dimethylamine.
Data expressed as mean ± standard deviation, n=5 
a-significantly lower than control, b-significantly higher than the DMA group (p<0.05)


Figure 2: Effect of Daniellia oliveri leaf methanol extract on reduced Glutathione activity in liver of rats treated with dimethylamine. 
Data expressed as mean ± standard deviation, n=5 
a-significantly lower than control, b-significantly higher than the DMA group (p<0.05)




Figure 3: Effect of Daniellia oliveri leaf methanol extract on Glutathione peroxidase activity in liver of rats treated with dimethylamine.
Data expressed as mean ± standard deviation, n=5 
a-significantly lower than control, b-significantly higher than DMA group, c-significantly lower than DMA group (p<0.05)
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Plate 1: Effect of Daniellia oliveri leaf methanol extract on liver histology of rats treated with Dimethylamine. (x400)

Group A (control), Group B (10mg/kg DMA), Group C (50mg/kg DOLME + 10mg/kg DMA), Group D (100mg/kg DOLME + 10mg/kg DMA), Group E (150mg/kg DOLME + 10mg/kg DMA), Group F (200mg/kg DOLME + 10mg/kg DMA), Group G (250mg/kg DOLME + 10mg/kg DMA).
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Plate 2: Hepatic expression of epithelial membrane antigen in rats exposed to Daniellia oliveri leaf methanol extract and Dimethylamine. (x400)
Group A (control), Group B (10mg/kg DMA), Group C (50mg/kg DOLME + 10mg/kg DMA), Ground D (150mg/kg DOLME + 10mg/kg DMA), Group E (250mg/kg DOLME + 10mg/kg DMA).
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Plate 3: Hepatic cytokeratin expression in rats exposed to Daniellia oliveri leaf methanol extract and Dimethylamine. (x400)

Group A (control), Group B (10mg/kg DMA), Group C (50mg/kg DOLME + 10mg/kg DMA), Group D (150mg/kg DOLME + 10mg/kg DMA), Group E (250mg/kg DOLME + 10mg/kg DMA) x400


Figure 4: Hepatic expression of epithelial membrane antigen in rats exposed to Daniellia oliveri leaf methanol extract and Dimethylamine using imageJ processing program.
Data expressed as mean ± standard deviation, n = 5



Figure 5: Hepatic cytokeratin expression in rats exposed to Daniellia oliveri leaf methanol extract and Dimethylamine using imageJ processing program.
Data expressed as mean ± standard deviation, n = 5

4.0	DISCUSSION
              This study examines the potential of Daniellia oliveri leaf methanol extract (DOLME) on the toxic effect of dimethylamine, a potent environmental toxicant, in the liver of an experimental rat model. We examined the effects of the treatments on redox status, histology, and expressions of epithelial membrane antigen (EMA) and cytokeratin in the liver of experimental rats.
Superoxide dismutase, catalase, glutathione-S-transferase, reduced glutathione, and glutathione peroxidase are key enzymes involved in detoxifying reactive oxygen species (ROS) and maintaining cellular redox balance (Jena et al., 2023). This study, as shown in Figures 1-3 and Table 1, revealed that DMA significantly reduced the levels of SOD, catalase, GST, GSH, and GPx in the liver. This finding indicates that DMA could cause redox imbalance in the hepatic tissue of rats. The reversal of this imbalance by DOLME is an indication that the extract possesses antioxidant potential. N-Nitrosodimethylamine (NDMA) was documented to cause an increase in the levels of GSH and glutathione reductase (GR), while the expressions of GST and GPx were reduced in the experimental rats (Sheweita et al., 2014). A study by Sulaimon et al. (2020) showed the potential of Daniellia oliveri stem bark extract to elevate hepatic levels of SOD, catalase, GSH, and GPx in Wistar rats treated with carbon tetrachloride (CCl-4). Qiu et al. (2021) reported that DMA-induced ROS formation may disrupt mitochondrial function by destroying mitochondrial DNA (mtDNA) and interrupting the electron transport chain, resulting in increased ROS production and mitochondrial damage. Exposure to DMA could trigger an inflammatory pathway in the liver, recruiting immune cells, such as macrophages, to generate pro-inflammatory cytokines, including TNF-α and IL-6 (Ferrigno et al., 2015). Daniellia oliveri has been reported to be rich in phytochemicals like flavonoids, alkaloids, tannins, and essential oils that possess antioxidant, anti-inflammatory, neuroprotective, and antimicrobial potentials (Yaya et al., 2022). Olaleye et al. (2020) documented the presence of phenolics, proanthocyanidins and flavonoids in Daniellia oliveri, which may possibly be responsible for the antioxidant potential of the plant. Adeleke et al. (2024) showed that DOLME ameliorated the effects of DMA on cardiac antioxidant status in rats. Thus, the plant could potentially reduce the development of cardiovascular problems due to oxidative stress.
	Histology of liver tissue of the rats showed normal central venules in the control group, while the DMA group showed severe portal triaditis. Hepatic portal tractitis is the inflammation of the portal tract, which induces inflammatory cell infiltration, primarily lymphocytes, and results in hepatocyte damage or necrosis (Gadd et al., 2014). Chronic inflammation can activate hepatic stellate cells and myofibroblasts, causing fibrosis and cirrhosis, which impair liver function (Czaja et al., 2014). Adeleke et al. (2017) documented that N-nitrosodimethylamine (a nitrosated product of DMA) treatment resulted in periportal cell infiltration in hepatocytes of a rat model. Administration of DOLME against DMA was found with moderate portal triditis and normal central venule sinusoids mildly infiltrated by inflammatory cells, thereby indicating the mitigation of the DMA effect by DOLME as shown in Plate 1. Afolabi et al. (2022) revealed that medicinal plants could prevent intestinal and hepatic injuries, thereby suppressing oxidative stress.
Epithelial membrane antigen is a useful marker in cancer pathology, allowing for the identification of tiny deposits of malignant cells in organs, including the liver (Pinkus et al., 1985). It is a class of highly glycosylated proteins related to milk fat globule proteins that are produced by various epithelial cells, neoplastic cells, and a widely studied broad-spectrum antibody that reacts with a variety of adenocarcinomas (Ormerod et al., 1983). Petersen and Van Deurs (1986) characterised EMA in the human mammary epithelium using ultrastructural immunoperoxidase cytochemistry, expressing several membrane proteins such as aminopeptidase and Na-K-ATPase. The immunohistochemical assay, as shown in Plate 2, revealed strong expression of epithelial membrane antigen in the DMA group of the experimental rats. The control group showed a moderate expression, while the rats co-administered with DOLME and DMA showed a mild expression of EMA. Ghalib and Falah (2022) reported the implication of overexpression of EMA in the incidence of prostatic adenocarcinoma. The strong expression of EMA in the liver of DMA-treated rats was indicative of DMA's potential to induce liver carcinogenesis. Interestingly, DOLME showed the potential to ameliorate the effect of DMA in the rat liver, showing that the extract may have an antitumor effect.
Immunohistochemical investigation of cytokeratin in the liver of the rats revealed that the control and co-treated groups showed moderate expression of cytokeratin in the hepatocyte cytoplasm. Conversely, DMA alone showed slightly high expression of cytokeratin in the hepatocyte cytoplasm. Cytokeratin is a complex multigene family of proteins mostly produced by epithelial cells, and it is an intermediate filament keratin (Awasthi and Bhattacharya 2016). The 20 polypeptides that make up the epithelial cytokeratin family may be distinguished by their molecular weights and can be classified into two groups (Franke et al., 1981). Type 1 (CK 9–20) consists of smaller and acidic polypeptides, while type 2 (CK 1-8) consists of bigger and basic neutral polypeptides (Pastuszak et al., 2015). Ugurlu et al. (2004) explored the influence of cytokeratin on response to chemotherapy in non-small cell lung cancer, utilising monoclonal anti-cytokeratin 18 (CK18) and the significance of immunohistochemical profiling in predicting the prognosis of non-small cell lung cancer (NSCLC). A strong expression of CK18 has been reported in almost all types of adenocarcinomas (Menz et al., 2021). An expression of CK18 could play an important role in the early detection of neoplastic transformation in squamous epithelium and as a biomarker for drug-induced liver injury (Korver et al., 2021; Nanda et al., 2012). The present study thus indicates the potential of DMA exposure, as shown in Plate 3, to induce neoplastic transformation in hepatic tissue, which could be reversed by treatment with DOLME via downregulation of cytokeratin.
5.0 CONCLUSION
Daniellia oliveri leaf methanol extract demonstrated significant hepatoprotective effects against dimethylamine-induced liver injury by enhancing antioxidant defence and attenuating epithelial membrane antigen and cytokeratin expressions. These findings highlight the potential therapeutic effect of Daniellia oliveri leaf against hepatic oxidative stress.
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