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ABSTRACT 

	Background: Amidst the nutrition transition in West Africa, which is fueling a rise in diet-related non-communicable diseases, the scientific validation of traditional food resources is imperative. This study provides the first biochemical and metabolic characterization of seed oil from Afraegle paniculata, a plant integral to Togolese traditional practices but heretofore unexamined for its dietary impact.
Methods: Oil was extracted from A. paniculata seeds using a Soxhlet apparatus, and its fatty acid composition was determined by gas chromatography-mass spectrometry (GC-MS). Subsequently, a 28-day in vivo study was conducted, wherein male Wistar rats were orally administered the oil at doses of 2.5, 5.0, and 7.5 µL/g body weight to evaluate its effects on serum lipid profiles (TC, TG, HDL-C, LDL-C) compared to groundnut oil and a control.
[bookmark: _GoBack]Results: The GC-MS analysis revealed an atypical lipid profile, overwhelmingly dominated by saturated fatty acids (SFAs) at 93.5%. The principal constituents were the medium-chain lauric acid (C12:0; 60.73%) and the long-chain myristic acid (C14:0; 25.56%). In vivo, administration of A. paniculata oil induced a significant, dose-dependent hyperlipidemia. This was characterized by a pronounced elevation in serum triglycerides at all doses (p<0.01) and a significant increase in total cholesterol at the highest dose (p<0.05) relative to the control group.
Conclusion: The unique SFA composition of A. paniculata seed oil, particularly its high concentration of lauric and myristic acids, provides a direct mechanistic basis for its potent hyperlipidemic effects. These findings caution against the promotion of this traditional oil for widespread culinary use, as it could paradoxically exacerbate the growing burden of cardiovascular disease in the region
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1. INTRODUCTION 

The intricate relationship between dietary lipid composition and cardiovascular health is a cornerstone of modern nutritional science [WHO, 2023]. It is unequivocally established that the profile of fatty acids consumed is a critical determinant of plasma lipid and lipoprotein concentrations, thereby acting as a major modulator of atherogenesis and the subsequent risk of cardiovascular disease (CVD) [Guesnet et al., 2005, Iggman et al., 2011 ; Mensink, 2016].. The maintenance of normolipidemia is crucial, as aberrations such as elevated total cholesterol (TC), triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C), or depressed high-density lipoprotein cholesterol (HDL-C), collectively termed dyslipidemia, are causally linked to the development of atherosclerosis [Banach, et al., 2015].
Within this framework, a dominant nutritional paradigm advocates for diets rich in monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids, found abundantly in oils like olive and rapeseed. These unsaturated fatty acids are recognized for their cardioprotective effects, which are mediated through mechanisms including the reduction of atherogenic LDL-C levels and their roles as precursors for anti-inflammatory eicosanoids [Siri-Tarino et al., 2010]. In stark contrast, tropical oils such as coconut and palm oil, characterized by their high concentration of saturated fatty acids (SFA), remain at the center of a persistent scientific debate regarding their metabolic implications and net effect on CVD risk [Zhuang et al., 2023]. This controversy is fueled by evidence that different SFAs exert varied effects on the TC/HDL-C ratio, a critical prognostic marker for cardiovascular events [Mensink, 2016, ; Zhuang et al., 2023]. 
This global paradigm assumes a particularly compelling dimension within the African context. The continent is a reservoir of immense biodiversity, harboring a vast array of underutilized and "orphan" plant species that are integral to traditional food systems and ethnopharmacology [Baa-Poku et al., 2018]. These local resources hold significant potential for enhancing food security and nutrition. However, this potential is shadowed by a major public health challenge : the "nutrition transition" [Popkin et al., 2020]. Many nations, including Togo, are navigating this complex shift, characterized by a departure from traditional, often fiber-rich diets towards the adoption of Westernized dietary patterns high in processed foods, refined carbohydrates, and saturated fats. This epidemiological shift is a primary driver behind the escalating prevalence of diet-related non-communicable diseases, with dyslipidemia and hypertension becoming increasingly common in both urban and rural West African populations [Chori et al., 2022 ; Okaka et al., 2022 ; Adeloye et al., 2020].
This situation creates a research imperative to scientifically characterize local food resources to guide evidence-based public health nutrition policies. In Togo, the oil extracted from the seeds of Afraegle paniculata, a plant deeply rooted in traditional culinary practices and pharmacopeia, remains largely uncharacterized from a biochemical and metabolic standpoint. While prior investigations have explored the general toxicological or pleiotropic properties of various extracts from the plant, a significant lacuna persists in the scientific literature concerning a detailed characterization of the oil's fatty acid profile and its direct impact on lipid metabolism. Understanding this link is a prerequisite before its wider use as a dietary staple can be either encouraged or cautioned against. Promoting a traditional food for wider consumption without such validation carries the risk of inadvertently exacerbating the negative health trends associated with the nutrition transition.
Therefore, the present study was designed with a dual objective : first, to conduct the first detailed characterization of the fatty acid composition of oil from A. paniculata seeds sourced in Togo using gas chromatography-mass spectrometry. Second, to evaluate the in vivo effects of this specific lipid profile on the serum lipid panel in a validated Wistar rat model of metabolic studies.

2. material and methods  
2.1. Plant material and oil extraction
The seeds of Afraegle paniculata (Schumach. & Thonn.) Engl., a plant deeply rooted in the traditional pharmacopeia and culinary practices of West Africa, were procured for this study. To ensure representative sampling reflective of the local ecosystem, seeds were harvested from mature fruits collected from three distinct geographical locations in Togo : Niamtougou (Kara Region), Wahala (Plateaux Region), and Lomé (Maritime Region). This multi-site collection accounts for potential variations in phytochemical composition due to environmental factors. A voucher specimen was identified and deposited at the herbarium of the University of Lomé.
The oil was extracted from the air-dried seeds using a Soxhlet apparatus, a standard and efficient method for lipid extraction. Briefly, the seeds were mechanically ground into a coarse powder. A known mass of the powder was then subjected to continuous extraction with n-hexane as the solvent for 6 hours. Subsequently, the solvent was removed from the miscella under reduced pressure using a rotary evaporator (Buchi R114, Switzerland) at 40°C to yield the crude oil. The resulting oil was stored in amber-colored glass vials at 4°C to prevent lipid peroxidation prior to analysis and administration. Commercially available refined groundnut (peanut) oil (Arachis hypogaea) was purchased from a local market in Lomé, Togo, and used as a control oil due to its widespread consumption in the region.
The seeds collected from the three different locations were pooled to create a representative composite sample before grinding. The oil extraction yield was calculated gravimetrically and found to be approximately 35.4% (w/w) of the dried seed powder
2.2. Fatty acid profile analysis by GC-MS
The resulting FAMEs were extracted with n-hexane and analyzed using a Thermo Scientific GC-MS system (Trace 1300 Gas Chromatograph coupled to an ISQ/QD Single Quadrupole Mass Spectrometer). Separation was performed on a  Agilent HP-88, 100 m x 0.25 mm x 0.20 µm capillary column. The carrier gas was helium at a constant flow rate of 1.0 mL/min. The injector temperature was set to 250°C, and the oven temperature was programmed as follows: initial temperature of 140°C held for  5 min, ramped to 240°C at a rate of  4°C/min, and held for 10 min. The mass spectrometer was operated in electron impact (EI) mode at 70 eV with a scan range of m/z 50-650
2.3. Animal housing and experimental design
Forty-two male Wistar rats (Rattus norvegicus), approximately 8-10 weeks of age and with an initial body weight range of 150-180 g, were obtained from the animal facility of the University of Lomé. The animals were housed in polycarbonate cages under controlled environmental conditions (22 ± 2°C; 12-hour light/dark cycle) with ad libitum access to a standard chow diet and tap water. Following a one-week acclimatization period, the rats were randomly allocated into seven groups of six animals each (n=6)
Table 1: Experimental design for the 28-day animal study 
	Group
	Designation
	Treatment Substance
	Dose (μL/g Body Weight)
	Description/Role

	I
	Control
	Distilled Water
	-
	Negative Control (Vehicle)

	II
	Groundnut 2.5
	Groundnut Oil (Arachis hypogaea)
	2.5
	Low-Dose Control Oil

	III
	Groundnut 5.0
	Groundnut Oil (Arachis hypogaea)
	5.0
	Mid-Dose Control Oil

	IV
	Groundnut 7.5
	Groundnut Oil (Arachis hypogaea)
	7.5
	High-Dose Control Oil

	V
	A. paniculata 2.5
	A. paniculata Oil
	2.5
	Low-Dose Test Oil

	VI
	A. paniculata 5.0
	A. paniculata Oil
	5.0
	Mid-Dose Test Oil

	VII
	A. paniculata 7.5
	A. paniculata Oil
	7.5
	High-Dose Test Oil


This structured presentation facilitates easy comparison of treatments and doses, which is crucial for the methodology and subsequent results analysis sections of a scientific paper.
2.4. Serum biochemical analysis
At the end of the 28-day experimental period, animals were fasted overnight. Blood samples were collected and serum was separated for the analysis of lipid profile parameters. Serum concentrations of total cholesterol (TC), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C) were determined using enzymatic colorimetric assay kits (Cypress Diagnostics, Belgium) on an automated spectrophotometer (Vitalab Flexor E, Netherlands). The concentration of low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula [Friedewald et al., 1972]: It is noted that this formula is valid for samples where triglyceride concentrations do not exceed 400 mg/dL, a condition met by all samples in this study.     LDL−C=TC−HDL−C−(TG/5)

2.5. Statistical analysis
All data were expressed as the mean ± standard error of the mean (SEM). The statistical significance of differences between the oil-treated groups and the control group was evaluated using a one-way analysis of variance (ANOVA), followed by Dunnett's post-hoc test for multiple comparisons. A p-value of less than 0.05 was considered statistically significant.

3. results and discussion

3.1 RESULTS
3.1.1. Fatty acid profile of Afraegle paniculata oil
The fatty acid composition of the oil extracted from the seeds of Afraegle paniculata was determined by Gas Chromatography-Mass Spectrometry (GC-MS). The analysis revealed an atypical profile for a vegetable oil, characterized by an overwhelming dominance of saturated fatty acids (SFAs), which accounted for approximately 93.5% of the total fatty acids identified. The primary constituents were the medium-chain fatty acids lauric acid (C12:0) and myristic acid (C14:0). Unsaturated fatty acids were present in minor quantities. The detailed fatty acid composition is presented in Table 2.
Table 2: Fatty acid composition of Afraegle paniculata seed oil 
	Fatty Acid
	Molecular formula
	Percentage (%)

	Saturated Fatty Acids (SFAs)
	-
	93.49

	Lauric Acid
	C12:0
	60.73

	Myristic Acid
	C14:0
	25.56

	Palmitic Acid
	C16:0
	5.47

	Stearic Acid
	C18:0
	1.73

	Unsaturated Fatty Acids (UFAs)
	-
	6.06

	Oleic Acid (Monounsaturated)
	C18:1
	4.69

	Linoleic Acid (Polyunsaturated)
	C18:2
	1.37


Data sourced from GC-MS analysis. Percentages are calculated from the peak area in the chromatogram.
The data in Table 2 clearly demonstrates that the lipid profile of A. paniculata seed oil is dominated by lauric and myristic acids, which together constitute over 86% of the total fatty acid content. The presence of other SFAs, such as palmitic and stearic acid, is minor in comparison. Unsaturated fatty acids, including oleic and linoleic acid, collectively represent only about 6% of the total profile, which is exceptionally low for a plant-derived oil.
3.1.2.Effects of oil supplementation on serum lipid profile
The 28-day oral administration of A. paniculata oil and groundnut oil induced significant alterations in the serum lipid profiles of Wistar rats compared to the control group that received distilled water. Overall, supplementation with A. paniculata oil resulted in a pronounced hyperlipidemic effect. The effects of the different oil treatments on serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) are summarized in Table 3.





Table 3: Effects of A. paniculata and Groundnut Oil Supplementation on Serum Lipid Parameters in Wistar Rats
	Treatment Group (n=6)
	Total Cholesterol (mg/dL)
	HDL-C (mg/dL)
	LDL-C (mg/dL)
	Triglycerides (mg/dL)

	I: Control (Water)
	83 ± 28
	40 ± 19
	31 ± 19
	66 ± 22

	II: Groundnut 2.5 µL/g
	102 ± 39
	36 ± 15
	49 ± 35
	89 ± 28**

	III: Groundnut 5.0 µL/g
	108 ± 38
	35 ± 14
	50 ± 37
	116 ± 36**

	IV: Groundnut 7.5 µL/g
	126 ± 39*
	36 ± 14
	66 ± 36
	120 ± 37**

	V: A. paniculata 2.5 µL/g
	98 ± 40
	56 ± 20
	30 ± 21
	96 ± 40**

	VI: A. paniculata 5.0 µL/g
	103 ± 30
	32 ± 16
	50 ± 32
	108 ± 34**

	VII: A. paniculata 7.5 µL/g
	116 ± 35*
	39 ± 16
	44 ± 21
	116 ± 35**


*Data are expressed as mean ± SEM (n=6). Statistical significance compared to the Control group (Group I) was determined by one-way ANOVA followed by Dunnett's post-hoc test. LDL-C was calculated using the Friedewald formula. *p < 0.05, *p < 0.01.
A detailed analysis of the serum biochemical data reveals several key findings. A significant, dose-dependent elevation in serum triglyceride concentrations was observed in all groups treated with A. paniculata oil, with the effect being highly significant (p<0.01) at all doses. At the highest dose of 7.5 µL/g, mean triglyceride levels reached 116 ± 35 mg/dL, a substantial increase from the 66 ± 22 mg/dL seen in the control group
Similarly, supplementation with A. paniculata oil led to a dose-dependent increase in total cholesterol, which reached statistical significance (p<0.05) at the highest dose (116 ± 35 mg/dL compared to 83 ± 28 mg/dL in the control). At the highest dose of 7.5 µL/g, mean triglyceride levels reached 116 ± 35 mg/dL, a substantial increase from the 66 ± 22 mg/dL seen in the control group.
3.2. DISCUSSION
This study provides the first detailed biochemical characterization of seed oil from the Togolese plant Afraegle paniculata and evaluates its metabolic impact within a controlled preclinical model. The results are unequivocal : the oil possesses an atypical lipid profile for a plant-derived substance, being overwhelmingly composed of saturated fatty acids (SFAs) at approximately 93.5%. This composition is dominated by the medium-chain lauric acid (C12 :0) and the long-chain myristic acid (C14 :0). This unique fatty acid signature offers a direct mechanistic rationale for the significant, dose-dependent hyperlipidemic effects observed in Wistar rats, particularly the marked elevation of serum triglycerides and total cholesterol.
The biochemical impact of specific dietary SFAs on systemic lipid metabolism is well-established, and our findings align closely with known metabolic pathways. Myristic acid, which constituted over 25% of the oil’s profile, is widely recognized as one of the most potent hypercholesterolemic SFAs. Its primary mechanism involves the suppression of hepatic LDL receptor expression and activity, thereby impairing the clearance of LDL cholesterol from circulation [Hegsted et al., 1993 ; Khosla & Sundram, 1996]. Lauric acid, the most abundant fatty acid in the oil (≈60%), also contributes to an increase in total cholesterol. While some meta-analyses suggest that its effect is partially mitigated by a concurrent rise in cardioprotective HDL cholesterol, leading to a potentially less atherogenic TC/HDL-C ratio, this HDL-raising effect was not observed in our 28-day study [Mensink et al., 2003 ; Neelakantan et al., 2020]. The profound hypertriglyceridemic effect is also biochemically predictable. A high influx of SFAs to the liver promotes de novo lipogenesis through the upregulation of key transcription factors like Sterol Regulatory Element-Binding Protein-1c (SREBP-1c), which in turn enhances the synthesis and secretion of triglyceride-rich very-low-density lipoproteins (VLDL) into the bloodstream [Parks & Hellerstein, 2000 ; Lottenberg et al., 2012 ; Ferré et al., 2021 ; Cai et al., 2024]. Therefore, the fatty acid profile of A. paniculata oil functionally aligns it with tropical oils such as coconut and palm kernel oil, which are also rich in lauric and myristic acids.
While some meta-analyses suggest that its effect is partially mitigated by a concurrent rise in cardioprotective HDL cholesterol... this HDL-raising effect was not observed in our 28-day study. This could be attributable to several factors, including the sub-chronic duration of the study, which may not be sufficient to induce significant changes in HDL metabolism, or the potent hypercholesterolemic effect of myristic acid potentially masking the more subtle effects of lauric acid on HDL
These findings have profound public health implications, especially when framed within the specific socio-nutritional context of Togo and the broader West African region. Nations in this region are navigating a rapid "nutrition transition," characterized by a shift from traditional diets based on complex carbohydrates and fibre (e.g., yam, sorghum, legumes) towards diets high in processed foods, refined sugars, and saturated fats [Popkin et al., 2020 ; Amuna & Zotor, 2008]. This dietary shift is a primary driver of the escalating prevalence of non-communicable diseases (NCDs), with dyslipidemia, hypertension, and type 2 diabetes becoming increasingly common in urban centers like Lomé [Sodjinou et al., 2008 ; Bulto et al., 2024]. While A. paniculata is an integral part of Togo's biodiversity and ethnopharmacopeia, its traditional use has likely been sporadic and in small quantities. Our data strongly suggest that promoting its oil for widespread, daily culinary consumption, analogous to groundnut or even the commonly used palm oil, could paradoxically exacerbate the growing burden of cardiovascular disease. This underscores a critical principle for public health nutrition in Africa : "traditional" does not inherently equate to "optimal," particularly when indigenous food resources are extracted, refined, and integrated into modern dietary patterns at high volumes.
It is imperative, however, to contextualize these results by acknowledging the limitations of this study. The investigation was conducted using a Wistar rat model. While this is a standard and valuable tool for metabolic research, rodents possess a lipid metabolism that differs from humans in key aspects, including a greater reliance on HDL as the primary cholesterol transporter and a higher resistance to diet-induced atherosclerosis [Dreon et al., 1999 ; Börgeson et al., 2022]. Consequently, direct extrapolation of these quantitative findings to human populations must be approached with caution. Furthermore, the 28-day study duration represents sub-chronic exposure ; the metabolic sequelae of long-term, habitual consumption remain uninvestigated. Future research should pivot to address these gaps. Longer-term studies in animal models are warranted to assess potential hepatic steatosis and atherosclerotic plaque formation. Crucially, a detailed analysis of the oil's unsaponifiable fraction is required. This fraction may contain bioactive phytochemicals such as phytosterols, tocopherols, or other antioxidants that could potentially modulate the oil's net metabolic effect, as these compounds are known to possess lipid-lowering and anti-inflammatory properties [Guiné et al., 2015]. Ultimately, should this oil be considered for wider dietary use, rigorously controlled human clinical trials are indispensable for definitively assessing its impact on human cardiovascular risk markers.
In conclusion, while the exploration of indigenous flora like Afraegle paniculata is vital for food sovereignty and discovering novel nutritional sources in Togo, our findings serve as a critical scientific checkpoint. The seed oil possesses a potent, intrinsic hyperlipidemic capacity driven by its unusual saturation profile. This warrants considerable prudence from a public health perspective and cautions against its promotion as a staple dietary fat pending further, more comprehensive safety and efficacy evaluations in humans.

4. Conclusion
This investigation provides the first comprehensive analysis of the fatty acid profile of Togolese Afraegle paniculata seed oil, revealing an atypical composition for a plant-derived lipid, overwhelmingly dominated by the saturated lauric (≈61%) and myristic (≈26%) acids. This distinct biochemical signature provides a direct mechanistic basis for the significant, dose-dependent hyperlipidemic effects observed in vivo, namely the pronounced elevation of serum total cholesterol and triglycerides. These findings align the metabolic impact of A. paniculata oil more closely with that of tropical fats like coconut and palm kernel oil than with unsaturated oils typically recommended for cardiovascular health. In the context of West Africa's nutrition transition and the rising prevalence of diet-related non-communicable diseases, our results warrant considerable prudence. They strongly caution against promoting the widespread culinary use of this traditional oil without further rigorous evaluation, including long-term toxicological studies and, indispensably, controlled human clinical trials to definitively assess its cardiovascular risk profile.
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