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ABSTRACT
This experimental study aimed to assess the effect of Spirulina platensis on the lipid and lipoprotein profile, as well as body weight gain, in rabbits (Oryctolagus cuniculus). Young-adult rabbits were divided into four groups (n=3 per group): a control group and three groups treated intraperitoneally with different doses of spirulina (100, 250, and 700 mg/kg of body weight) for three consecutive days. Biochemical parameters (total cholesterol, HDL, LDL, and triglycerides) were measured on days 0, 7, 14, and 21, using the endpoint enzymatic method, and body weight (bw) was monitored until day 28. A significant decrease (p < 0.05) in total cholesterol and LDL cholesterol was observed only in the group treated with 100 mg/kg of bw. No significant changes were noted in HDL cholesterol and triglyceride levels. In addition, significant body weight gains were observed in all treated groups, particularly at the 700 mg/kg dose starting from day 7. These results suggest that spirulina may exert hypolipidemic effects at low doses and promote weight gain without adverse metabolic consequences, making it a promising nutritional supplement for the prevention of metabolic disorders.
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1. INTRODUCTION
Metabolic diseases, including dyslipidemia, obesity, and cardiovascular disease, represent significant public health challenges worldwide. According to the World Health Organization (WHO), 19.8 million people died from cardiovascular diseases in 2022, accounting for approximately 32% of all global deaths (WHO, 2025). Of these, 85% were attributed to myocardial infarction or stroke, with a large proportion linked to lipid imbalances and unhealthy dietary habits (WHO, 2025).
In this context, functional nutrition is becoming increasingly important. The aim is not only to meet the body's energy and nutritional needs, but also to have a positive effect on metabolic functions in order to prevent or correct certain disorders, particularly lipid disorders (Ferguson, 2009). Among the natural substances studied for this purpose, spirulina (Spirulina platensis) has attracted growing interest.
Spirulina is a freshwater cyanobacterium widely used as a dietary supplement due to its exceptional composition: rich in protein (60 to 70% of dry matter), polyunsaturated fatty acids, vitamins, minerals, pigments (phycocyanin, chlorophyll), and antioxidants (Kambou et al., 2018b; Karkos et al., 2011; Habib et al., 2008). 
Several studies have suggested that spirulina has lipid-lowering, cholesterol-lowering, antioxidant, and anti-inflammatory effects, positioning it as a “superfood” that may be useful in prevention of metabolic diseases (Prete et al., 2024; Mazokopakis et al., 2014).
Experimental and clinical research has shown that consuming spirulina can reduce total cholesterol, triglyceride, and low-density lipoprotein (LDL) levels, while increasing high-density lipoprotein (HDL) levels, thereby improving the overall lipid profile (Parikh et al., 2001; Torres-Duran et al., 2007). These effects are mainly attributed to phycocyanin, gamma-linolenic acid, and bioactive peptides present in spirulina.
The richness of Ivorian spirulina in saturated and unsaturated fatty acids, macroelements, trace elements, water-soluble and fat-soluble vitamins, proteins and polyphenols gives it proven immunostimulant properties (Kambou et al., 2015; Kambou et al., 2018a,b). 
Although Ivorian spirulina has good renal and hepatic tolerance (Kambou et al., 2022), its exact mechanisms of action and long-term effects on lipid metabolism and weight regulation are not yet fully understood. Furthermore, there are virtually no studies on the lipid and lipoprotein metabolism of spirulina produced in Côte d'Ivoire.
 Hence the interest in using experimental animal models, such as rabbits (Oryctolagus cuniculus), whose lipid metabolism has several similarities with that of humans, including a marked sensitivity to high-fat diets (Zhang et al., 2021).
The present study aims to evaluate the effects of spirulina on the lipid profile, lipoprotein profile, and weight gain in rabbits, used here as an experimental animal model with a view to transposing the findings to human nutrition and the prevention of metabolic disorders.
2. MATERIALS AND METHODS
2.1. Plant material
The plant material used in this study consists of dry spirulina powder derived from Spirulina platensis, supplied by SAP (Agro-Piscicole Company) located in Lamé, within the Adzopé department of Côte d’Ivoire, where the production facility is situated.
Spirulina is cultivated in ponds covered by greenhouses. Harvesting involves filtering part of the biomass through a linen cloth with a mesh size of 40 μm, after opening the valves that connect the ponds to the laboratory. The collected biomass is then drained, dehydrated, pressed, weighed, extruded, and subsequently dried in a dehumidifier at 45°C. Once dried, the spirulina is ground using a mill to produce a fine powder. This powder is also used for the production of tablets and capsules.
2.2. Administration of products
Young adult rabbits (aged 2 to 3 months) of both sexes, belonging to the species Oryctolagus cuniculus  of the Leporidae family (Bertine et al., 2025 ; Remziane et al., 2024), with a mean weight of 1.65 ± 0.14 kg, were fed with pellets supplied by Ivograin® with free access to tap water.
The animals received no medication and were acclimatized for one week in the animal facility of the Faculty of Pharmaceutical and Biological Sciences at Félix Houphouët Boigny University (Côte d’Ivoire). 
For this study, four groups of rabbits were used, each comprising three animals: one control group and three treatment groups receiving different doses of Spirulina platensis powder, prepared in normal saline solution (0.9% NaCl) as the solvent.
Following the acclimatization period, the treatments were administered intraperitoneally for three consecutive days using a 5-cc syringe, with an injection volume of 1 mL per animal.
The control group received a normal saline solution, while the other three (3) groups received spirulina at doses of 100 mg/kg of bw, 250 mg/kg of bw, and 700 mg/kg of bw.
2.3. Blood sampling and determination of biochemical parameters
Four experimental groups, each consisting of three rabbits, were established: one control group and three treatment groups receiving varying doses of spirulina powder. Following an acclimatization period, the test substances were administered intraperitoneally once daily using a 5-mL syringe, with a fixed injection volume of 1 mL per animal.
The control group was administered physiological saline (0.9% NaCl), while the treatment groups received spirulina at doses of 100 mg/kg, 250 mg/kg, and 700 mg/kg body weight, respectively.
Samples were taken in the morning under fasting conditions from the marginal vein of the ear (Guill and Rowan, 1989) using 5-cc syringes in dry tubes on days D0, D7, D14, and D21.
The blood samples were centrifuged at 3000 rpm for 5 minutes and the sera obtained were aliquoted for storage at -20°C in the freezer. 
Lipid and lipoprotein parameters were measured using the end-point enzymatic method. The test kits were supplied by the manufacturer (BIOLABO). 
2.4. Method for measuring animal weights
Using a scale, the mass of the rabbits was determined on days D0, D7, D14, and D28, and then the averages were calculated for each batch.
2.5. Statistical analyses
Statistical analyses of data and figures were made using the software Graph Pad Prism 5. (San Diego
California, USA). The results were expressed as mean ± standard deviation. Biochemical parameters and weight gains were analysed by one way analysis of variance (ANOVA) and Tukey post hoc test. Comparison of parameters rates were performed using loglikelihood ratio test (G test) with the STATISTICA software “R” version Windows 2.0.1 (Ihaka & Gentleman, 1996). Differences between groups were considered significant at P< 0.05.
3. RESULTS 
3.1. Lipid and lipoprotein markers 
3.1.1. Total cholesterol 
The mean total cholesterol concentrations during the treatment period are presented in Table 1. Baseline values ranged from 0.86 ± 0.10 to 2.07 ± 0.98 g/L prior to treatment initiation. No statistically significant differences (P > 0.05) were observed among the groups at day 0, before administration of the various doses of Spirulina platensis.
However, a significant reduction (P < 0.05) in mean total cholesterol levels was observed in the group treated with 100 mg/kg body weight of Spirulina platensis. Values decreased from 2.07 ± 0.98 g/L at day 0 to 0.66 ± 0.19 g/L at day 7, and further stabilized at 0.71 ± 0.06 g/L by day 21. At the conclusion of the treatment period, mean total cholesterol concentrations across all spirulina-treated groups ranged from 0.51 ± 0.04 to 0.91 ± 0.50 g/L.

Table 1: Changes in total cholesterol (g/L) during treatment
	
Groups (n=3)
	
Treatments
	Days
	
P1

	
	
	D0
	D7
	D14
	D21
	

	Group 1
	Normal saline
	0.86 ± 0.17a  
	0.97 ± 0.17a  
	0.47 ± 0.01a  
	0.61 ± 0.10a  
	˃ 0.05

	Group 2
	D100
	 2.07 ± 0.98a  
	0.66 ± 0.19a  
	   0.87 ± 0.15a  
	   0.71 ±0.06a  
	< 0.05 

	Group 3
	D250
	1.59 ± 0.11a  
	0.59 ± 0.26a  
	   0.80 ± 0.36a  
	   0.91 ±0.50a  
	˃ 0.05

	Group 4
	D700
	1.66 ± 0.72a   
	0.78 ± 0.19a  
	   1.06 ± 0.66a
	  0.51 ± 0.04a  
	˃ 0.05

	    P2
	˃ 0.05
	˃ 0.05
	˃ 0.05
	˃ 0.05
	


The means followed by the same letters in the same column are not statistically different at the 5% level. P1: Intra-treatment comparison; P2: Inter-treatment comparison.

3.1.2. HDL cholesterol
[bookmark: _Toc461010045]The mean HDL cholesterol concentrations during the treatment period are presented in Table 2. Baseline values ranged from 0.19 ± 0.02 to 0.29 ± 0.03 g/L prior to treatment. No statistically significant differences (P > 0.05) in HDL cholesterol levels were observed among the groups at day 0, before administration of the various doses of Spirulina platensis.
Throughout the treatment period, none of the administered doses, including the control group receiving normal saline, induced statistically significant changes (P > 0.05) in HDL cholesterol concentrations.
At the end of the treatment, mean HDL cholesterol levels across all groups ranged from 0.19 ± 0.04 to 0.29 ± 0.04 g/L.
Table 2: Changes in HDL cholesterol (g/L) during treatment
	
Groups (n=3)
	
Treatments
	Days
	
P1

	
	
	D0
	D7
	D14
	D21
	

	Group 1
	Normal Saline
	0.23 ± 0.14a  
	0.21 ± 0.06a  
	0.14 ± 0.04a  
	0.23 ± 0.05a  
	˃ 0,05

	Group 2
	D100
	0.29 ± 0.03a  
	0.18 ± 0.04a  
	   0.27 ± 0.04a  
	   0.29 ± 0.04a  
	˃ 0.05

	Group 3
	D250
	0.24 ± 0.03a  
	0.20 ± 0.03a  
	   0.21 ± 0.12a  
	   0.24 ± 0.08a  
	˃ 0.05

	Group 4
	D700
	0.19 ± 0.02a   
	0.28 ± 0.07a  
	   0.23 ± 0.07a
	0.19 ± 0.04a  
	˃ 0.05

	    P2
	˃ 0.05
	˃ 0.05
	˃ 0.05
	˃ 0.05
	


    The means followed by the same letters in the same column are not statistically different at the 5% level. P1: Intra-treatment comparison; P2: Inter-treatment comparison. 


3.1.3. LDL cholesterol 
The mean LDL cholesterol concentrations during the treatment period are summarized in Table 3. Baseline values ranged from 0.82 ± 0.19 to 2.00 ± 0.96 g/L prior to treatment. No statistically significant differences (P > 0.05) were observed among the groups on day 0, before administration of the various doses of Spirulina platensis.
However, a significant reduction (P < 0.05) in mean LDL cholesterol levels was observed in the group treated with 100 mg/kg body weight of Spirulina platensis, with values decreasing from 2.00 ± 0.96 g/L at day 0 to 0.58 ± 0.04 g/L at day 21.
At the conclusion of the treatment, mean LDL cholesterol concentrations across all spirulina-treated groups ranged from 0.41 ± 0.04 to 0.83 ± 0.47 g/L.

Table 3: Changes in LDL cholesterol (g/L) during treatment
	
Groups (n=3)
	
Treatments
	Days
	
P1

	
	
	D0
	D7
	D14
	D21
	

	Group 1
	Normal Saline 
	0.82 ± 0.19a  
	0.94 ± 0.17a  
	0.41 ± 0.01a  
	  0.50 ± 0.09a  
	˃ 0.05

	Group 2
	D100
	2.00 ± 0,96a  
	0.57 ± 0,13a  
	   0.70 ± 0.15a  
	  0.58 ± 0.04a  
	< 0.05

	Group 3
	D250
	1.52 ± 0.11a  
	0.51 ± 0.24a  
	   0.69 ± 0.32a  
	  0.83 ± 0.47a  
	˃ 0.05

	Group 4
	D700
	1.59 ± 0.75a   
	0.66 ± 0.18a  
	   0.93 ± 0.65a
	  0.41 ± 0,04a  
	˃ 0.05

	    P2
	˃ 0.05
	˃ 0.05
	˃ 0.05
	˃ 0.05
	


The means followed by the same letters in the same column are not statistically different at the 5% level. P1: Intra-treatment comparison; P2: Inter-treatment comparison. 

3.1.4. Triglycerides
[bookmark: _Toc461010047]The mean triglyceride concentrations during the treatment period are presented in Table 4. Baseline values ranged from 0.68 ± 0.27 to 2.07 ± 0.98 g/L prior to treatment. No statistically significant differences (P > 0.05) in triglyceride levels were observed among the groups on day 0, before administration of the different doses of Spirulina platensis.
Throughout the treatment, neither Spirulina platensis at any dose nor physiological saline induced statistically significant changes (P > 0.05) in triglyceride concentrations.
At the end of the treatment period, mean triglyceride levels across all groups ranged from 1.49 ± 0.27 to 2.47 ± 0.90 g/L.


Table 4: Changes in triglycerides (g/L) during treatment 
	
Groups (n=3)
	
Treatments
	Days
	
P1

	
	
	D0
	D7
	D14
	D21
	

	Group 1
	Normal Saline 
	0.68 ± 0,27a  
	0.83 ± 0.36a  
	1.72 ± 0.34a  
	  1.97 ± 0.99a  
	˃ 0.05

	Group 2
	D100
	2.07 ± 0.98a  
	2.32 ± 0.96a  
	 2.83 ± 1.21a  
	  2.05 ± 1.26a  
	˃ 0.05

	Group 3
	D250
	1.59 ± 0.11a  
	1.75 ± 0.39a  
	 2.51 ± 0.27a  
	  1.49 ± 0.27a  
	˃ 0.05

	Group 4
	D700
	1.66 ± 0.78a   
	1.97 ± 0.35a  
	 2.92 ± 1.02a
	2.47 ± 0.90a  
	˃ 0.05

	    P2
	˃ 0.05
	˃ 0.05
	˃ 0.05
	˃ 0.05
	


The means followed by the same letters in the same column are not statistically different at the 5% level. P1: Intra-treatment comparison; P2: Inter-treatment comparison. 

3.1.5. Weight gain 
The changes in rabbit body weight during the study are illustrated in Figure 1. No significant differences in initial body weights were observed among the groups on day 0, confirming baseline homogeneity.
By day 7, rabbits in group 4 (treated with 750 mg/kg body weight of Spirulina platensis) exhibited a significant increase in weight (P = 0.001) compared to the control group (group 1, treated with physiological saline). This significant difference persisted through day 14.
By day 21, all three treatment groups (groups 2, 3, and 4) showed significant weight gains compared to the control.

Figure 1: Weight change in rabbits during treatment



4. DISCUSSION
Regarding the lipid and lipoprotein parameters before treatment, the average concentrations of total cholesterol and triglycerides measured differ slightly from those reported by Luciane et al. (2008), who indicated values ranging from 0.24 ± 0.07 g/L to 0.28 ± 0.09 g/L for total cholesterol, and from 0.64 ± 0.47 g/L to 0.71 ± 0.18 g/L for triglycerides. However, our results are consistent with data published by Shaheen et al. (2025), who recorded triglyceride levels of 0.56 g/L in rabbits fed a normo-caloric diet without supplementation. Previous studies conducted on rabbits not treated with spirulina also report lipid profiles similar to those we observed before treatment. For instance, Cheong et al. (2010) found comparable values in control rabbits prior to supplementation. Similarly, El-Ratel et al. (2019) described equivalent lipid profiles in rabbits subjected to heat stress without nutritional supplementation. 
The effect of Spirulina platensis on serum lipids is studied by measuring total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides. A significant increase in these parameters could be related to overweight.
During the study, no significant variation in triglyceride and HDL cholesterol concentrations was obtained. During the study, no significant changes were observed in triglyceride and HDL cholesterol concentrations. However, a significant reduction in total cholesterol levels was recorded in the group of rabbits treated with 100 mg/kg body weight of Spirulina platensis, with values decreasing from 2.07 ± 0.98 g/L on day 0 to 0.66 ± 0.19 g/L on day 7, and stabilizing at 0.77 ± 0.06 g/L on day 21.
Similarly, a significant decrease (P < 0.05) in LDL cholesterol concentration was noted in the same treatment group, from 2.00 ± 0.96 g/L at baseline to 0.58 ± 0.04 g/L by day 21.
However, a significant decrease in total cholesterol concentrations was noted in the group of rabbits treated with a dose of 100 mg/kg of bw of Spirulina platensis, ranging from 2.07 ± 0.98 g/L on day 0 to 0.66 ± 0.19 g/L on day 7, then to 0.77 ± 0.06 g/L on day 21. In addition, a significant decrease (P < 0.05) in LDL cholesterol concentration was observed in the group of rabbits treated with a dose of 100 mg/kg bw of Spirulina platensis, ranging from 2.00 ± 0.96 g/L on day 0 to 0.58 ± 0.04 g/L on day 21. 
These results are consistent with the studies of Luciane et al. (2008), which showed that Spirulina platensis induces a significant decrease (P < 0.05) in total cholesterol levels in rabbits fed a high-cholesterol diet. Our findings align with those of a recent meta-analysis, which demonstrated that Spirulina platensis supplementation significantly lowers total cholesterol, LDL-cholesterol, and triglyceride levels, while concurrently increasing HDL-cholesterol concentrations (Serban et al., 2016). Indeed, an increase in plasma LDL levels is responsible for myocardial infarction (Soutar and Naoumova, 2007). Conversely, it has been shown that reducing LDL cholesterol levels leads to a decrease in the incidence of atherosclerosis (Wang et al., 2020). These results suggest that Spirulina platensis may have a protective effect on the cardiovascular system.
According to several authors (Besler et al., 2010; Kosmas et al., 2018), high-density lipoproteins (HDL) have long been recognized for their protective role against the development of atherosclerosis. There is a well-established inverse relationship between HDL levels and the incidence of coronary heart disease. HDL functions as a transport molecule and plays a central role in the reverse cholesterol transport system, a process by which cholesterol synthesized or accumulated in peripheral cells is carried back to the liver for either reuse or excretion via bile.
Park and Lee demonstrated that Spirulina supplementation significantly decreased plasma concentration of total cholesterol and LDL-cholesterol in non-obese Korean elderly (Park et Lee., 2016). In studies conducted by Iwata et al. (1987), the addition of 5, 10, and 15% of Spirulina platensis to mouse diets caused a significant reduction in total cholesterol, triglycerides, phospholipids, and HDL cholesterol levels in fructose-induced hyperlipidemia. Nakaya et al. (1988) demonstrated the cholesterol-lowering effect of Spirulina platensis in humans when administered at a dosage of 4.2 g per day for 4 weeks. The lipid-lowering properties of Spirulina platensis may be attributed to its content of antioxidant compounds such as phycocyanin, phenolic compounds, and polyunsaturated fatty acids. Nagaoka et al. (2005) demonstrated that Spirulina platensis and phycocyanin, a pigment-protein extracted from Spirulina platensis exert cholesterol-lowering effects in rats. 
Furthermore, our study demonstrated that spirulina, administered at various doses (100, 250, and 750 mg/kg of body weight), significantly enhanced weight gain in rabbits. This effect was particularly notable from day 7 in the group receiving 750 mg/kg, with a cumulative impact observed up to day 21. These findings align with those of previous studies.
For instance, Shaheen et al. (2025) reported a significant increase in weight gain in rabbits fed spirulina-supplemented low-energy diets, highlighting its positive effect on feed utilization. Similarly, Hanan et al. (2014) found that spirulina, used as a dietary supplement in growing rabbits, improved both final body weight and weight gain, alongside enhanced feed efficiency.
The present results, especially the dose-dependent response characterized by faster and more pronounced efficacy at 750 mg/kg are comparable to those of Hassan et al. (2021), who observed improved body weight, weight gain, and feed conversion ratio in rabbits subjected to heat stress and supplemented with spirulina enriched with zinc and/or selenium.
The beneficial effects of spirulina may be attributed to its rich composition, which includes high-quality proteins, essential amino acids, vitamins (particularly B-complex), minerals such as iron and zinc, and potent antioxidants like phycocyanin. These components contribute to improved digestion, stimulation of the immune system, and enhanced energy metabolism (El-Sayed et al., 2021).
Interestingly, although significant weight gain in the lower-dose groups (100 and 250 mg/kg) was only observed by day 21, this delayed response may indicate a cumulative effect, suggesting that even at lower doses, spirulina can provide long-term benefits.
Moreover, no adverse effects were observed, even at the highest dose of 750 mg/kg. This finding is in line with Hanan et al. (2014), who reported that spirulina is well tolerated and non-toxic, even with prolonged administration.
Notably, the observed weight gain appears to be associated with increased muscle mass rather than fat accumulation, as no significant changes were detected in lipid or lipoprotein profiles during the study. This supports earlier findings by Iwata et al. (1987) and Nakaya et al. (1988), who demonstrated the hypolipidemic effects of spirulina in both mice and humans.




5. CONCLUSION	
The administration of Spirulina platensis to rabbits induces a significant reduction in total cholesterol and LDL levels at low doses (100 mg/kg), suggesting a potential hypolipidemic effect. Moreover, at higher doses (750 mg/kg), spirulina promotes weight gain without altering the lipid profile, indicating a favorable impact on metabolism. These findings support the potential role of spirulina in the prevention of metabolic disorders; however, further long-term studies involving oral administration are necessary to confirm these effects. 
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