


Study of the lipid-lipoprotein profile and weight gain in rabbits treated with spirulina produced in Côte d’Ivoire


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 bw) for three consecutive days. Biochemical parameters (total cholesterol, HDL, LDL, and triglycerides) were measured on days 0, 7, 14, and 21, and body weight 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. No significant changes were noted in HDL cholesterol and triglyceride levels. In contrast, 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 have hypolipidemic effects at low doses and promotes weight gain without adverse effects, 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, are now major public health challenges worldwide. According to World Health Organization (WHO), 19.8 million people died from cardiovascular disease in 2022, accounting for approximately 32% of all deaths worldwide (WHO, 2025). 85% of these deaths were caused by myocardial infarction or stroke, a large proportion of which are linked to lipid imbalances and poor 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, 2014). 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., 2018; 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 the 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.
However, although these data are promising, the exact mechanisms of action of spirulina and its long-term impact on lipid metabolism and weight regulation are not yet fully understood. Furthermore, studies related to the lipid and lipoprotein metabolism of spirulina produced in Côte d'Ivoire remain virtually non-existent.
 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 consists of dry spirulina powder derived from Spirulina platensis supplied by SAP (Agro-Piscicole Company) of Lamé in the department of Adzopé (Côte d’Ivoire), where the production unit is located.
Spirulina is produced in ponds covered with greenhouses. Harvesting consists of filtering part of the crop through a linen cloth (mesh diameter 40 μm) after opening the valves connecting the ponds to the laboratory. The biomass obtained is drained, dehydrated, pressed, weighed, extruded, and then dried in a dehumidifier at 45°C. Once dried, the spirulina is ground using a grinder to obtain a powder. This powder is also used to manufacture 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 (Buerste M. 1970) of the Leporidae family (Trivedi et al, 1978), 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 our study, four groups of rabbits were used, each consisting of three animals: a control group and three (3) groups treated with different doses of Spirulina platensis powder, prepared with normal saline solution (0.9% NaCl) as a solvent.
After acclimatization, the products were administered intraperitoneally for three consecutive days using a 5-cc syringe, and the volume injected was 1 mL (Fofana, 2004).
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 (4) batches of three rabbits, including one (1) control batch and three (3) experimental batches treated with different doses of spirulina powder, were used. After acclimatization, the products were administered intraperitoneally every day using a 5-cc syringe, and the volume injected was one (1) mL. 
The control group received physiological saline, while the other three (3) groups were given doses of 100 mg/kg bw, 250 mg/kg bw, and 700 mg/kg bw of spirulina. 
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. 
The analyses concerned lipid and lipoprotein parameters. 
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
Values were expressed as mean ± standard deviation (M ± SD, for a sample size of n = 3 animals per group). Graphical representations of the results were produced using Graph Pad Prism software. Statistical analysis was performed using analysis of variance (ANOVA). The mean values of the test batches were compared with those of the control batch, and differences were considered statistically significant at p < 0.05. 
3. RESULTS 
3.1. Lipid and lipoprotein markers 
3.1.1. Total cholesterol 
The mean values for total cholesterol concentrations during treatment are shown in Table 1.
These values for total cholesterol concentrations ranged from 0.86 ± 0.1 to 2.07 ± 0.98 g/L before treatment. No statistically significant difference (P ˃ 0.05) in cholesterol values was observed in any of the rabbit groups on day 0, before administration of the different doses of Spirulina platensis. 
However, a significant decrease (P < 0.05) in the mean total cholesterol values was recorded in the group of rabbits treated with a dose of 100 mg/kg of bw of Spirulina platensis. These values ranged from 2.07 ± 0.98 g/L on day 0 to 0.66 ± 0.19 g/L on day 7, then to 0.71 ± 0.06 g/L on day 21. The mean total cholesterol values obtained at the end of treatment with the different doses of Spirulina platensis ranged from 0.51 ± 0.04 to 0.91 ± 0.50 mg/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
The mean values for HDL cholesterol concentrations during treatment are shown in Table 2.
These values ranged from 0.19 ± 0.02 to 0.29 ± 0.03 g/L before treatment. No statistically significant difference (P ˃ 0.05) between HDL cholesterol values in all rabbit groups was observed on day 0, before administration of the different doses of Spirulina platensis.
All doses of products used, including normal saline, did not cause any statistically significant variation (P ˃ 0.05) in HDL cholesterol during treatment. 
[bookmark: _Toc461010045]The mean HDL cholesterol values obtained at the end of the treatments with the different doses of Spirulina platensis 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 values for LDL cholesterol concentrations during treatment are shown in Table 3.
These values ranged from 0.82 ± 0.19 to 2.00 ± 0.96 g/L before treatment. No statistically significant difference (P ˃ 0.05) between the mean LDL cholesterol values in all rabbit groups was observed on day 0, before administration of the different doses of Spirulina platensis. However, a significant decrease (P < 0.05) in the mean LDL cholesterol value of the rabbit group treated with a dose of 100 mg/kg bw of Spirulina platensis was recorded, varying from 2.00 ± 0.96 g/L on day 0 to 0.58 ± 0.04 g/L on day 21. The mean LDL cholesterol values obtained after treatment with different doses of Spirulina platensis 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
The mean triglyceride concentrations during treatment are shown in Table 4.
These values ranged from 0.68 ± 0.27 to 2.07 ± 0.98 g/L before treatment. No statistically significant difference (P ˃ 0.05) between triglyceride values in all groups of rabbits was observed on day D0, before administration of the different doses of Spirulina platensis. No dose of Spirulina platensis or physiological water caused a statistically significant variation (P ˃ 0.05) in triglycerides during the treatments. 
The mean triglyceride values obtained at the end of the treatments with the different doses of Spirulina platensis ranged from 1.49 ± 0.27 to 2.47 ± 0.90 g/L.
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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 change in weight of the rabbits is illustrated in Figure 1. 
No significant difference was recorded between the different weights of the rabbits on day 0 before the experiment, confirming the homogeneity of the weights of the different groups. 
On day 7, the weight of the rabbits in group 4 (treated with a dose of 750 mg/kg of bw) had increased significantly (P = 0.001) compared to that of group 1 (treated with physiological saline). The same was true until day 14 (D14). However, on day 21 (D21), significant increases in the weights of the three experimental groups (group 2, group 3, group 4) were recorded. 


Figure 1: Weight change in rabbits during treatment





4. DISCUSSION
The objective of this study was to evaluate the effects of spirulina on the lipid profile, lipoprotein profile, and weight gain in rabbits.
With regard to total cholesterol and triglycerides, we recorded mean values that differed from those reported in the study of Luciane et al. (2008), ranging from 0.24 ± 0.07 g/L to 0.28 ± 0.09 g/L and from 0.64 ± 0.47 g/L to 0.71 ± 0.18 g/L, respectively. The mean triglyceride values we recorded are similar to those of Boucher and Mouaille (1996), but different from those obtained by Coulibaly (2007), which range from 1.24 g/L to 1.56 g/L and from 2.18 ± 1.23 g/L.
As for HDL cholesterol, we obtained mean values similar to those reported by Luciane et al. (2008), ranging from 0.15 ± 0.02 g/L to 0.21 ± 0.02 g/L. 
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. 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. These authors also showed that in these rabbits, this algae leads to an increase in HDL cholesterol and a decrease in triglycerides. These results are also consistent with Kay (1991), who observed that Spirulina platensis led to a decrease in total plasma cholesterol levels and an increase in HDL cholesterol. In addition, the decrease in LDL cholesterol levels obtained in our experiments suggests a beneficial effect of consuming Spirulina platensis. 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 (Gotto and Grundy, 1999). These results suggest that Spirulina platensis may have a protective effect on the cardiovascular system.
According to some authors (Hill and McQueen 1997; Gordon et al., 1977), high-density lipoproteins (HDL) have long been known for their role in protecting against the development of atherosclerosis. There is an inverse relationship between HDL concentration and the incidence of coronary heart disease. High-density lipoprotein acts as a transport particle and, as such, occupies a central position in the reverse cholesterol transport system, whereby cholesterol synthesized or deposited in peripheral cells is returned to the liver for reuse or re-excretion in bile.
The elevation in total cholesterol levels caused by a high-cholesterol diet was suppressed by supplementation with 16% of Spirulina platensis in mice (Kato et al., 1984). 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 presence of antioxidant compounds such as phycocyanin and phenolic compounds, and polyunsaturated fatty acids in this microalgae could be the cause of Spirulina platensis's properties in lowering serum lipid levels. According to Nagaoka et al. (2005), Spirulina platensis and phycocyanin, a protein pigment extracted from Spirulina platensis, caused cholesterol-lowering activity in rats. The in-vivo antioxidant capacity of Spirulina platensis extracts was evaluated by Miranda et al. (1998) in the plasma of adult male Wistar rats receiving a daily dose of 5 mg of extract for 2 to 7 weeks.
Furthermore, the study showed that spirulina, administered at different doses (100, 250, 750 mg/kg of bw), significantly improved weight gain in rabbits, with a more pronounced effect from day 7 in the group receiving 750 mg/kg, and a cumulative effect up to day 21. These results are consistent with several previous studies. 
For example, Shaheen et al. (2025) observed a significant increase in weight gain in rabbits fed by spirulina incorporated into low-energy diets, suggesting a positive effect of spirulina on feed utilization. Similarly, Hanan et al. (2014) showed that spirulina, as a feed additive in growing rabbits, leads to improved final weight and weight gain, with better feed efficiency.
The results obtained here, particularly the dose-dependent effect (faster and more marked efficacy at 750 mg/kg), are comparable to those of Hassan et al. (2021), who observed an improvement in weight, weight gain, and feed conversion ratio in rabbits exposed to heat stress and supplemented with spirulina enriched with zinc and/or selenium.
The beneficial effect of spirulina could be explained by its high content of high-quality proteins, essential amino acids, vitamins (particularly B vitamins), minerals (iron, zinc), and antioxidants such as phycocyanin. It improves digestion, stimulates the immune system, and promotes energy metabolism (El-Sayed et al., 2021).
It is interesting to note that, although the significant effect on weight only appeared in the low-dose groups (100 and 250 mg/kg) on day 21, this may reflect a cumulative effect, suggesting that even at low doses, spirulina could be beneficial in the longer term.
Furthermore, no adverse effects were observed, even at the maximum dose of 750 mg/kg, which is consistent with Hanan et al. (2014), who reported good tolerance of spirulina, with no toxic effects, even with prolonged use.
In fact, weight gain appears to be due to an increase in muscle mass rather than an increase in fat mass, as no significant increase in lipid and lipoprotein parameters was recorded during the experiment. This result corroborates those of Iwata et al. (1987) and Nakaya et al. (1988), who demonstrated that spirulina has a hypolipidemic effect in mice and humans, respectively. 

5. CONCLUSION
Administration of Spirulina platensis to rabbits induces a significant reduction in total cholesterol and LDL at low doses (100 mg/kg), suggesting a potential lipid-lowering effect. Furthermore, at higher doses (750 mg/kg), spirulina stimulates weight gain without altering the lipid profile, indicating a favorable metabolic effect. These results confirm the potential benefits of spirulina in the prevention of metabolic disorders, but warrant further long-term studies involving oral administration.
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