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ABSTRACT
The lipid profile includes measurements such as total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL). Alterations in these parameters are strongly associated with conditions such as atherosclerosis, coronary heart disease, stroke, and metabolic syndrome. This study investigated the effects of Moringa oleifera and Psidium guajava leaf extracts on the lipid profile of phenylhydrazine (PHZ)-induced rats. Twenty adult male Wistar rats were randomly divided into four groups: neutral control, PHZ-only (negative control), PHZ + Oreifer (standard drug), PHZ + combined Moringa oleifera leaf and Psidium guajava leaf extract. Hemolytic anemia and oxidative stress were induced by intraperitoneal injection of phenylhydrazine (40 mg/kg body weight), followed by oral administration of the plant extracts at a dose of 200 mg/kg for 14 days. Blood samples were collected to assess lipid profile parameters, including total cholesterol, triglycerides, low-density lipoprotein (LDL), and high-density lipoprotein (HDL). The results showed that phenylhydrazine administration caused a significant increase in total cholesterol, triglycerides, and LDL, and a decrease in HDL compared to the neutral control. Treatment with Moringa oleifera and Psidium guajava leaf extracts significantly ameliorated these alterations. Specifically, the extracts increased HDL levels and decreased LDL, total cholesterol, and triglycerides relative to the untreated PHZ group, demonstrating lipid-lowering and protective effects. Triacylglycerol (TAG) levels were significantly elevated in the PHZ group (Group B: 36.04 ± 2.6 mg/dL) compared to the neutral control (Group A: 23.02 ± 2.0 mg/dL). The standard drug (Group C: 24.00 ± 1.1 mg/dL) almost completely normalised the TAG levels, while the combination extract (Group D: 32.48 ± 1.7 mg/dL) significantly reduced TAG levels, though not to baseline values. The findings suggest that Moringa oleifera and Psidium guajava leaf extracts possess hypolipidemic properties and may serve as promising natural agents for the management of dyslipidemia and oxidative-stress-related cardiovascular risks.
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INTRODUCTION

The lipid profile is an essential clinical indicator used to assess an individual's cardiovascular and metabolic health. It includes measurements such as total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL). Alterations in these parameters are strongly associated with conditions such as atherosclerosis, coronary heart disease, stroke, and metabolic syndrome (Orororo et al., 2022a; Orororo and Asagba, 2024). Despite the well-established link between elevated lipid levels and cardiovascular disease, many diagnostic and predictive models relying on individual lipid index or their combination have low sensitivity and specificity (Wan et al., 2025). Lipid metabolism can be affected by several factors, including genetic predisposition, diet, stress, and exposure to toxic substances (Abdulkadir Abdiaziz et al., 2024). Among such substances is phenylhydrazine, a chemical agent commonly used in experimental models to induce hemolytic anaemia and oxidative stress in laboratory animals (Oyeyemi et al., 2024).

Phenylhydrazine is a highly reactive compound, particularly in biological systems. The compound can undergo oxidation to form various products, such as quinone-imines, which can contribute to the induction of oxidative stress in tissues (particularly red blood cells), leading to hemolysis and anaemia in experimental models It can also react with aldehydes and ketones to form hydrazones, which are important intermediates in organic synthesis (Alam et al., 2021). 
Phenylhydrazine induces oxidative stress primarily by generating reactive oxygen species (ROS) and free radicals that disrupt cellular integrity and damage biomolecules such as lipids, proteins, and nucleic acids (Atelhe et al., 2022; Orororo and Asagba, 2022). The red blood cells are particularly vulnerable to oxidative damage due to their high content of polyunsaturated fatty acids and reliance on antioxidant enzymes like glutathione peroxidase and catalase (Ekakitie et al., 2021). In phenylhydrazine-induced models, hemolysis is accompanied by lipid peroxidation and disruption in lipid homeostasis, leading to elevated cholesterol and triglyceride levels, and reduced HDL concentration. These changes in lipid profile are not only markers of oxidative damage but also indicators of increased risk for cardiovascular and metabolic disorders (Oyeyemi et al., 2024).
In recent years, there has been a growing interest in using natural plant-based therapies to prevent and manage lipid abnormalities and oxidative stress-related conditions (Oyem et al., 2021; Ekakitie et al., 2022; Orororo et al., 2022b; Eduviere et al., 2023; Enaohwo et al., 2025; Ugbome et al., 2025; Orororo et al, 2024). This trend is driven by the limitations of conventional pharmaceutical agents, which may be expensive, inaccessible, or associated with undesirable side effects. Medicinal plants, rich in phytochemicals such as flavonoids, saponins, tannins, and polyphenols, have demonstrated significant antioxidant, anti-inflammatory, and lipid-lowering properties (Ovuakporaye et al., 2020; Odeghe et al., 2023; Orororo and Asagba, 2024; Idenyi et al., 2024; Busari et al., 2024). Two such plants that have received considerable attention are Moringa oleifera and Psidium guajava.

Moringa oleifera, commonly referred to as the drumstick tree, is widely cultivated in tropical and subtropical regions. Its leaves contain high concentrations of bioactive compounds, including vitamins C and E, carotenoids, polyphenols, and flavonoids, which contribute to its potent antioxidant capacity. Research has shown that Moringa oleifera can reduce serum cholesterol, lower triglyceride levels, and increase HDL concentration in animal models and human subjects (Leone et al., 2018; Aju et al., 2020). Eating Moringa food products is good for people who are suffering from malnutrition due to the high fibre and protein content. Moringa leaves are used as an antidiabetic agent (Adnan & Basri, 2025). The lipid-lowering effect of Moringa oleifera is thought to be mediated by its ability to scavenge free radicals, inhibit lipid peroxidation, and modulate lipid metabolism enzymes (Gopalakrishnan et al., 2016).

Psidium guajava, commonly known as guava, is a tropical plant whose leaves are traditionally used for the treatment of various ailments, including diarrhoea, infections, and inflammation (Ojewole, 2016). P. guajava has antispasmodic and antimicrobial properties in the treatment of diarrhoea and dysentery, and has also been used extensively as a hypoglycemic agent (Jayamol et al., 2020). Phytochemical analysis reveals that guava leaves are rich in quercetin, tannins, carotenoids, and phenolic compounds, which are responsible for their pharmacological effects. Studies have reported that Psidium guajava leaf extract possesses hypolipidemic and hepatoprotective properties, effectively reducing LDL and triglyceride levels while enhancing HDL concentration in hyperlipidemic animal models. It is also believed to restore the antioxidant enzyme systems compromised during oxidative stress (Wang et al., 2017; Vijayakumar et al., 2018).

Despite the individual pharmacological benefits of Moringa oleifera and Psidium guajava, there is limited comparative data on their efficacy in the context of phenylhydrazine-induced oxidative damage, especially with regard to lipid profile alterations. A comparative analysis of these two plants in a standardised experimental model can provide valuable insight into their potential use as natural alternatives for managing dyslipidemia and oxidative stress-induced disorders. Additionally, evaluating their lipid-modulating effects can guide further pharmacological research and encourage the integration of evidence-based herbal remedies into mainstream medical practice. Thus, this research assessed the lipid profile in phenylhydrazine-induced rats following treatment with combined Moringa oleifera and Psidium guajava leaf extracts.

MATERIALS AND METHODS
Materials

Laboratory Equipment

Analytical weighing balance, Spectrophotometer, Centrifuge, Micropipettes, Glass cuvettes, Incubator, Homogeniser, Test tubes and racks, Measuring cylinders, Beakers, Conical flasks, Water bath, Mortar and pestle, Refrigerator, Syringes and needles, Dissection kits, Animal cages

Chemicals/Reagents

Phenylhydrazine hydrochloride, Chloroform, Methanol, Sulphuric acid, Phosphate-buffered saline (PBS), Enzymatic colourimetric assay kits for HDL, LDL, Total Cholesterol, and Triglycerides, Normal saline, Distilled water, Ethanol (for extraction), Diethyl ether (for animal anaesthesia)

Plant Materials

The leaves of Moringa oleifera and Psidium guajava were harvested from a farm in Abraka, Delta State, Nigeria. Identification and authentication were done by a Botanist in the Department of Botany, Faculty of Science, Delta State University, Abraka. The leaves were first separated from the stem, thoroughly

washed with distilled water (without squeezing) to remove debris and dust particles, and thereafter dried for a few days at room temperature under shade to avoid inactivation of sensitive chemical components by ultraviolet rays.
The dried leaves were then evenly pulverised with the aid of a manual blender and kept in air-tight containers for further use.

Extraction: The extraction was done using a simple maceration method. Extraction was carried out using 200 grams of the powdered leaves (combined) immersed in ethanol (70%) in a stoppered flask at room temperature for 3 days with frequent stirring. After 3 days, the mixture was filtered using Whatman filter paper No.1 into a conical flask to obtain the ethanolic extract. The extracted contents were concentrated using a water bath at 40 degrees Celsius to obtain a thick, viscous mass.

Experimental Groups

A total of 20 Wistar rats (109±15g) were used for the experiment. The animals were obtained from the Animal House of the Faculty of Basic Medical Sciences, Delta State University, Abraka and were acclimatised for one week before the commencement of the experiment. The animals were handled in accordance with international protocols for handling experimental animals. The animals were divided into four (4) treatment groups (n=5) as follows:

Group A: Neutral Control – received normal saline 

Group B: Negative control – received PHZ (40mg/kg bw) daily for 4 days

Group C: Positive control – received PHZ (40mg/kg bw) daily for 4 days and were thereafter treated with standard drug Oreifer (10mg/kg bw) daily for 7 days

Group D: Treatment Group - Negative control – received PHZ (40mg/kg bw) daily for 4 days and were thereafter treated with the combined leaf extract of Moringa oleifera and Psidium guajava daily for 7 days

Dosage of PHZ, standard drug and extract were chosen based on previous studies (Ousaaid et al., 2022; Orororo et al., 2024). PHZ was administered intraperitoneally while the standard drug and extract were given orally using an oral canula. 

Blood samples were collected by cardiac puncture and dispensed into a heparinised container and centrifuged at 5000g for 10 minutes. Sera and supernatants were collected and stored frozen until used for analysis.

Collection of Blood Samples

Blood samples will be collected at the end of the treatment period for lipid profile analysis. Blood will be obtained from the retro-orbital sinus under light anaesthesia. The samples will be allowed to clot, and serum will be separated by centrifugation at 3000 rpm for 10 minutes. The serum will be stored at -20°C for lipid profile analysis.

Lipid Profile Analysis

Total Cholesterol (TC) Measurement

The determination of total cholesterol in serum is based on the enzymatic hydrolysis and oxidation of cholesterol to produce hydrogen peroxide, which reacts with a colour reagent to form a colored compound. A reagent containing cholesterol esterase and cholesterol oxidase is added to the serum sample. Cholesterol esterase hydrolyses cholesterol esters into free cholesterol. Cholesterol oxidase oxidises free cholesterol to produce hydrogen peroxide. The hydrogen peroxide reacts with a chromogenic substrate (such as 4-aminoantipyrine) in the presence of peroxidase to form a colored complex, which was measured spectrophotometrically at a wavelength of 500 nm. The concentration of cholesterol is directly proportional to the absorbance of the colored complex (Orororo et al., 2022).
High-Density Lipoprotein (HDL) Measurement

HDL cholesterol was measured by a precipitation method, in which non-HDL lipoproteins (VLDL and LDL) are selectively precipitated out of the serum, leaving only the HDL fraction to be measured. A reagent containing phosphotungstic acid and magnesium salts is added to the serum sample. This reagent selectively precipitates the non-HDL lipoproteins (VLDL and LDL). The remaining supernatant contains only HDL particles. The HDL cholesterol in the supernatant is then quantified using the same enzymatic reaction used for total cholesterol (described above), and the result is the concentration of HDL in the sample.
Low-Density Lipoprotein (LDL) Measurement

LDL cholesterol was not measured directly; rather, it is calculated using the Friedewald formula, which estimates the concentration of LDL based on the levels of total cholesterol, HDL, and triglycerides.

Triglycerides (TAG) Measurement

Triglycerides were measured by an enzymatic method that involves the hydrolysis of triglycerides into glycerol and fatty acids, followed by the determination of glycerol concentration. The sample is incubated with a reagent containing lipase, which hydrolyses triglycerides into glycerol and fatty acids. Glycerol is then phosphorylated by glycerol kinase in the presence of ATP to form glycerol-3-phosphate. Glycerol-3-phosphate is oxidised by glycerol-3-phosphate oxidase to produce hydrogen peroxide. The hydrogen peroxide reacts with a chromogenic substrate (e.g., 4-aminoantipyrine) in the presence of peroxidase to produce a colored compound that can be measured spectrophotometrically at 500 nm. The concentration of triglycerides is proportional to the absorbance of the colored compound.

Statistical Analysis

Data was analysed using Statistical Package for Social Sciences (SPSS) version 23.0. Descriptive statistics (mean and standard deviation) will be used to summarise the data. One-way analysis of variance (ANOVA) was performed to compare the lipid profile parameters between the different groups. Post-hoc comparisons will be made using the Tukey test when ANOVA reveals significant differences. The level of significance was set at p < 0.05.

RESULTS
The effect of Moringa oleifera and Psidium guajava leaf extracts on serum High-Density Lipoprotein (HDL) levels in phenylhydrazine-induced rats.

The combination of Moringa oleifera and Psidium guajava leaf extracts significantly increased HDL levels in phenylhydrazine-induced rats more effectively than the standard drug Oreifer, indicating superior efficacy in reversing lipid abnormalities associated with oxidative stress.

As shown in the results, phenylhydrazine (Group B) significantly reduced HDL levels (38.02 ± 2.8 mg/dL) compared to the neutral control group (Group A: 62.01 ± 6.4 mg/dL). The positive control group (Group C: 58.12 ± 1.9 mg/dL), which received Oreifer, showed improved HDL levels. The treatment group (Group D: 74.23 ± 5.7 mg/dL), which received Moringa oleifera and Psidium guajava extracts, showed the highest increase in HDL, significantly higher than all other groups (p < 0.05). Values are presented as Mean ± SD. Values with different superscripts in the same column differ significantly (p<0.05). 
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Figure 1: Effect of Moringa oleifera and Psidium guajava leaf extracts on serum High-Density Lipoprotein (HDL) levels in phenylhydrazine-induced rats. Values are presented as Mean ± SD (n=5). Bars having different superscripts, differ significantly (p<0.05).
The changes in Low-Density Lipoprotein (LDL) concentrations in phenylhydrazine-induced rats treated with Moringa oleifera and Psidium guajava leaf extracts.
Phenylhydrazine significantly increased LDL levels in the negative control group (Group B), indicating lipid peroxidation and atherogenic risk. Treatment with either the standard drug (Group C) or the combined plant extracts (Group D) significantly reduced LDL levels to near-normal values. Notably, Group D had the lowest LDL level (26.42 mg/dL), suggesting that Moringa oleifera and Psidium guajava synergistically counteracted LDL elevation more effectively than the standard drug. This supports the extracts' potential anti-atherogenic and hypolipidemic effects.
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Figure 2: Effect of Moringa oleifera and Psidium guajava leaf extracts on Low-Density Lipoprotein (LDL) concentrations in phenylhydrazine-induced rats. Values are presented as Mean ± SD (n=5). Bars having different superscripts, differ significantly (p<0.05).

The impact of the plant extracts on total cholesterol levels in phenylhydrazine-induced rats.
Triacylglycerol levels were markedly increased in PHZ-treated rats (Group B), reflecting disrupted lipid metabolism and oxidative stress. Administration of Oreifer (Group C) normalised TAG levels, matching the neutral control. However, rats treated with Moringa oleifera and Psidium guajava (Group D) showed reduced TAG levels compared to the PHZ group but did not fully normalise, indicating partial but significant triglyceride-lowering potential. This suggests that while effective, the plant combination may require a longer treatment duration or higher dose for full TAG normalisation.
The total cholesterol was significantly increased in the phenylhydrazine group (Group B: 58.44 ± 1.5 mg/dL) compared to the neutral control (Group A: 48.16 ± 2.6 mg/dL). The positive control (Group C: 49.00 ± 1.0 mg/dL) and treatment group (Group D: 53.24 ± 2.0 mg/dL) showed significantly reduced cholesterol levels when compared with the negative control group.
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Figure 3: Effect of Moringa oleifera and Psidium guajava leaf extracts on serum Triacylglycerol (TAG) levels in phenylhydrazine-induced rats. Values are presented as Mean ± SD (n=5). Bars having different superscripts, differ significantly (p<0.05).

The effect of the extracts on serum Triacylglycerol (TAG) levels in phenylhydrazine-induced rats.

Total cholesterol levels were highest in the PHZ-only group (Group B), indicating phenylhydrazine-induced dyslipidemia. Treatment with Oreifer (Group C) significantly normalised total cholesterol levels. The group treated with the plant extracts (Group D) also showed a reduction in total cholesterol compared to the negative control, though not as effectively as the standard drug. The extract’s ability to lower TC suggests a cholesterol-modulating effect, likely via antioxidant mechanisms or inhibition of cholesterol biosynthesis.

TAG levels were significantly elevated in the PHZ group (Group B: 36.04 ± 2.6 mg/dL) compared to the neutral control (Group A: 23.02 ± 2.0 mg/dL). The standard drug (Group C: 24.00 ± 1.1 mg/dL) almost completely normalised the TAG levels, while the combination extract (Group D: 32.48 ± 1.7 mg/dL) significantly reduced TAG levels, though not to baseline values.
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Figure 4: Effect of Moringa oleifera and Psidium guajava leaf extracts on serum total cholesterol (TC) levels in phenylhydrazine-induced rats. Values are presented as Mean ± SD (n=5). Bars having different superscripts, differ significantly (p<0.05).

Discussion

This study investigated the effect of Moringa oleifera and Psidium guajava leaf extracts on the lipid profile of phenylhydrazine-induced rats. The findings revealed that phenylhydrazine (PHZ) significantly disrupted lipid metabolism, as evidenced by elevated levels of low-density lipoprotein (LDL), total cholesterol (TC), and triglycerides (TAG), alongside a marked decrease in high-density lipoprotein (HDL). These alterations are consistent with the oxidative stress and hemolytic effects of PHZ reported in earlier studies, where PHZ is known to induce lipid peroxidation and compromise red blood cell integrity (Oyeyemi et al., 2024).

The administration of Moringa oleifera and Psidium guajava extracts significantly improved lipid parameters, particularly increasing HDL levels beyond the values recorded in the neutral and standard drug-treated groups. This suggests that the phytochemical constituents of the plant extracts possess potent cardioprotective and antioxidant properties. The rise in HDL is noteworthy, as HDL plays a crucial role in reverse cholesterol transport and protection against atherosclerosis (Ference et al., 2017).

In terms of LDL levels, the plant extract-treated group exhibited significantly lower concentrations than the PHZ-only group, indicating the extract’s hypolipidemic effect. LDL is often termed "bad cholesterol" because of its atherogenic potential, and a reduction in its level is a positive marker for cardiovascular health. This finding is consistent with previous studies that demonstrated the LDL-lowering capabilities of Moringa oleifera and Psidium guajava through mechanisms such as inhibition of HMG-CoA reductase and enhancement of antioxidant enzyme activities (Leone et al., 2018).

While triglyceride levels were reduced in the treatment group compared to the negative control, they did not normalise to the extent seen in the standard drug group. This suggests that the extracts, though effective, may act more gradually or may require prolonged administration for full triglyceride clearance. Similarly, total cholesterol levels in the plant-treated group showed moderate improvement. The data suggest that while the combined extracts are effective, their maximal lipid-modulating effect may be more prominent in HDL and LDL pathways than in overall cholesterol synthesis or TAG breakdown.

Collectively, the results support the potential of these plant extracts in managing dyslipidemia, particularly those induced by oxidative stress. Their synergistic phytochemical profiles rich in flavonoids, tannins, and polyphenols are likely responsible for the observed lipid-regulatory effects (Aju et al., 2019).

Conclusion

In conclusion, phenylhydrazine induced significant dysregulation of lipid metabolism, characterised by increased LDL, total cholesterol, and triglycerides, as well as decreased HDL. The administration of a combined extract of Moringa oleifera and Psidium guajava significantly improved lipid profile parameters in PHZ-induced rats. Notably, the extracts elevated HDL levels beyond even the neutral control and standard drug-treated groups, highlighting their potent cardioprotective effects.

The plant combination also significantly lowered LDL levels and showed moderate reductions in total cholesterol and triglycerides. These findings provide empirical evidence that Moringa oleifera and Psidium guajava possess therapeutic potential in managing lipid disorders, likely due to their antioxidant and bioactive phytochemical content.
Recommendations
The combination of Moringa oleifera and Psidium guajava should be further examined as a potential natural remedy for dyslipidemia and oxidative stress-related cardiovascular conditions.

Future studies should focus on determining the optimal dosing regimens and longer treatment durations to enhance the efficacy of these plant extracts, especially in lowering triglycerides and total cholesterol. There is a need to isolate and characterise the specific phytochemicals responsible for the lipid-lowering effects to facilitate standardisation and possible drug development. Following successful animal trials, human clinical trials should be conducted to validate the efficacy and safety of these extracts in managing lipid disorders in humans. Long-term toxicity and safety assessments of the combined plant extracts should be carried out to ensure their suitability for prolonged use.
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