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ABSTRACT
Spirulina is among the most widely used dietary supplements worldwide. However, its safety regarding certain organs has not been sufficiently documented. This study aimed to evaluate the influence of spirulina produced in Côte d’Ivoire on selected hepatic enzymes in rabbits. Three groups of rabbits (Oryctolagus cuniculus), each containing three animals, received daily intraperitoneal doses of spirulina extract (100, 250, and 700 mg/kg body weight) for three consecutive days. A control group received only saline solution. Blood samples were collected at the beginning of the experiment and then weekly for three weeks to determine the activities of five enzymes: transaminases (alanine aminotransferase and aspartate aminotransferase), gamma-glutamyl transferase, alkaline phosphatase, and lactate dehydrogenase, using conventional methods. The experiment lasted 21 days. The results showed that the mean ALT activities in all groups, initially ranging between 57 and 75.66 IU/L, did not vary significantly over the 21- day study period, regardless of the spirulina dose administered. Similar findings were observed for the other enzymes. This study reports that daily intake of spirulina of Ivorian origin does not increase hepatic enzyme profiles ; on the contrary, it may protect organs involved in their excretion, which could contribute to its nutritional properties. It also indicates that this nutritional supplement shows good hepatic biotolerance.
Future studies will aim to evaluate the safety and long-term effects of spirulina, using a larger number of animals, extended administration, and detailed morphological analyses of the organ. 
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1. INTRODUCTION
Spirulina, or Spirulina platensis (Oscillatoriaceae), is a cyanobacterium commonly known as blue-green algae. It has been traditionally used for centuries because of its nutritional benefits, particularly its high protein content (60–70% of its dry matter), as well as its polysaccharides, fibers, vitamins, and minerals (Matha, 2024; Marjanović et al., 2024). In developed countries, Spirulina platensis is consumed as a health-promoting dietary supplement and is marketed within the so-called organic food sector (Matha, 2024; Vieira et al., 2025).
The protein content of Spirulina platensis is considerably higher than that of fish (25%), soybeans (35%), milk powder (35%), and cereals (14%) (Marjanović et al., 2024). In addition, Spirulina platensis contains most essential amino acids, including isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine (Ramírez-Rodrigues et al., 2021), with leucine, valine, and isoleucine being the most abundant. Spirulina platensis has a balanced composition of saturated and polyunsaturated fatty acids (Senila et al., 2025). Carbohydrates represent 13.6 - 25% of its dry matter (Shekharam et al., 1987; Marjanović et al., 2024). Spirulina also contains a wide range of vitamins, minerals, carotenoids—particularly β-carotene—and phycobiliproteins (phycocyanin and phycoerythrin) (Marjanović et al., 2024).
According to several studies, antioxidants such as β-carotene (Marjanović et al., 2024), as well as tetrapyrrolic compounds (Koníčková et al., 2014) found in Spirulina platensis, may inhibit both mutagenic and harmful effects induced by free radicals, thereby helping to preserve human tissues. In aquaculture, Spirulina platensis is added to fish feed pellets to prevent viral or bacterial infections in farmed fish. Cai et al. (2022) also demonstrated the immunostimulatory and antitumor effects of an acidic polysaccharide extracted from Spirulina platensis on RAW264.7 cells and KRAS-mutant A549 cells.
Furthermore, Nguedia et al. (2019) showed that the inclusion of spirulina in the diet of guinea pigs improved their fertility. In Burkina Faso, Ouédraogo et al. (2013) reported that spirulina supplementation in the diet of HIV-infected individuals had no significant deleterious effects on biochemical and hematological parameters.
Overall, literature reviews conducted by several authors have highlighted the proven therapeutic effects of this cyanobacterium (Barry et al., 2015). However, it is essential to note that many natural products may also have side effects, requiring prescribers to limit their use (Djyh, 2003). In Côte d’Ivoire, previous studies have confirmed the nutritional (Kambou et al., 2018) and pharmacological (Kambou et al., 2015) properties of spirulina produced by the Agro-Piscicultural Company (SAP) of Lamé, located in the Adzopé region. This may justify its marketing in the pharmaceutical industry and its consumption by a significant proportion of the population. Nevertheless, the direct relationship between spirulina supplementation and its safety on certain organs remains poorly understood. Questions regarding its administration and potential short- and long-term adverse effects therefore remain important to address. In this context, the objective of the present study was to evaluate the effect of spirulina on five enzymatic hepatic markers in rabbits.
2. MATERIAL AND METHODS
2.1. Material
2.1.1. Plant material
The plant material consisted of dried spirulina powder supplied by the SAP (Agro-Piscicultural Company; approximately 6.10° N, −3.86° W), located in Lamé, in the Adzopé Department (Côte d’Ivoire), where the production unit is established. Spirulina is produced in ponds covered with greenhouses. Harvesting involves filtering part of the culture through a linen cloth (mesh size: 40 μm) after opening the valves connecting the ponds to the laboratory (Matha, 2024). The resulting biomass is drained, dehydrated, pressed, weighed, extruded, and then dried in a dehumidifier at 45°C. Once dried, the spirulina is ground into a fine powder, which is used for the manufacture of tablets and capsules.
2.1.2. Animal material
For this study, the experimental procedures and protocols were approved by the Ethics Committee of Félix Houphouët-Boigny University, in accordance with Directive 2010/63/EU of the European Parliament and of the Council on the protection of animals used for scientific purposes (2025), as well as OECD guidelines (2025). Young rabbits aged 2 to 3 months, with a mean body weight of 1.65 ± 0.14 kg, of both sexes, and belonging to the species Oryctolagus cuniculus (family Leporidae), were used.
2.2. Methods
2 .2.1. Animal acclimatization
The animals were fed pellets supplied by Ivograin®, with free access to tap water. They received no medication and were acclimatized for one week in the animal facility of the Faculty of Pharmaceutical and Biological Sciences, Félix Houphouët-Boigny University, Côte d’Ivoire (Kambou et al., 2015).
2.2.2. Experimental group design
According to the experimental procedures described by Fofana et al. (2005) and Kambou et al. (2015), four groups of three rabbits each were formed: one control group and three test groups.
2.2.3. Preparation of solutions and administered doses
The test groups received different doses of spirulina (100, 250, and 700 mg/kg body weight), prepared in physiological saline solution (0.9% NaCl).

2.2.4. Administration of treatments
For three consecutive days, each group received a single daily dose of 1 mL of spirulina solution administered via the intraperitoneal route. The control group received only physiological saline solution.
2.2.5. Blood sampling 
Blood sampling was performed in accordance with Directive 2010/63/EU of the European Parliament and of the Council on the protection of animals used for scientific purposes, as well as OECD guidelines (2025). Two to three milliliters of fasting whole blood were collected in the morning from the marginal ear vein using a winged needle into a dry tube. Sampling was carried out before the experiment (Day 0) and weekly for 21 days. Blood samples were centrifuged at 3,000 rpm for 5 minutes, serum aliquots were obtained, and stored at −20°C prior to biomarker analysis.
2.2.6. Determination of enzymatic parameters
Analyses focused on hepatic markers, including aspartate aminotransferase (AST; also known as glutamate oxaloacetate transaminase, GOT), alanine aminotransferase (ALT; glutamate pyruvate transaminase, GPT), gamma-glutamyl transferase (ɣ-GT), alkaline phosphatase (ALP), and lactate dehydrogenase (LDH). Analyses were performed using an automated medical biochemistry analyzer, following the specific methods recommended by the reagent manufacturers. A bio-tolerated dose is defined as one that does not cause significant changes in biochemical parameters compared with normal reference values or the control group.
2.2.7. Statistical analysis
Data are expressed as mean ± standard deviation (M ± SD), with a sample size of n = 3 animals per group. Graphical representations were generated using GraphPad Prism software. Statistical analysis was performed using analysis of variance (ANOVA). Mean values of the test groups were compared with those of the control group, and differences were considered statistically significant at p < 0.05.
3. RESULTS
3.1. Alanine Aminotransferase
Before treatment (Day 0), the mean alanine aminotransferase (ALT) values in all groups ranged from 57.00 ± 8.54 to 75.66 ± 30.08 IU/L, with no statistically significant differences (P > 0.05). One week after spirulina treatment (Day 7), ALT values in the groups receiving spirulina at doses of 100, 250, and 700 mg/kg body weight (bw) did not vary significantly, ranging from 43.33 ± 9.71 to 58.66 ± 5.13 IU/L. Similarly, variations observed during the monitoring period up to Day 21 showed no significant differences (57.00 ± 27.05 to 67.00 ± 6.55 IU/L), either according to dose or over time (Figure 1).


Figure 1 : Changes in mean blood concentrations of alanine aminotransferase (ALT) in rabbit groups during the experiment.
[bookmark: _Hlk218689248]G-D0 : control group (received only physiological saline) ; G-D100, G-D250, G-D700 : groups receiving respective doses of spirulina at 100, 250, and 700 mg/kg of body weight.
3.2. Aspartate Aminotransferase
Before treatment, mean aspartate aminotransferase (AST) values ranged between 34.00 ± 10.00 and 44.66 ± 0.15 IU/L, and between 25.33 ± 4.50 and 42.00 ± 3.64 IU/L after treatment. AST values therefore did not show any statistically significant variation (P > 0.05) according to dose or time (Figure 2). Overall, none of the spirulina doses induced a significant change in transaminase activity during the experiment.





Figure 2 : Changes in mean blood concentrations of aspartate aminotransferase (AST) in rabbit groups during the experiment.
G-D0 : control group (received only physiological saline) ; G-D100, G-D250, G-D700 : groups receiving respective doses of spirulina at 100, 250, and 700 mg/kg of body weight.
3.3. Alkaline phosphatase
Mean alkaline phosphatase (ALP) values ranged from 188.33 ± 38.21 to 359.66 ± 53.53 IU/L before treatment. After treatment, values ranged from 140.66 ± 10.26 to 322.66 ± 176.50 IU/L. No statistically significant difference (P > 0.05) was observed between treated groups and the control group, regardless of dose or duration of treatment (Figure 3).


Figure 3 : Changes in mean blood concentrations of alkaline phosphatase (ALP) in rabbit groups during the experiment.
G-D0 : control group (received only physiological saline) ; G-D100, G-D250, G-D700 : groups receiving respective doses of spirulina at 100, 250, and 700 mg/kg of body weight.
3.4. Gamma-glutamyl transferase
Mean gamma-glutamyl transferase (γ-GT) values in rabbit groups ranged from 7.66 ± 0.57 to 11.66 ± 2.50 IU/L before treatment and did not show any significant difference (P > 0.05) throughout the experiment. One week after treatment and during the follow-up period, analysis of the results indicated that observed variations (6.23 ± 0.57 to 10.33 ± 3.21 IU/L) were not statistically significant with respect to dose or time (Table 1).










Table 1 : Changes in mean blood concentrations of Gamma-glutamyl transferase (ɣ-GT) in rabbit groups during the experiment.
	
Markers
	
Groups (n=3)
	Mean blood ɣ-GT -GT concentration per week (IU/L)

	
	
	D0
	D7
	D14
	D21

	
ɣ-GT
	G-D0
	10.00 ± 1.00
	10.00 ± 1.73
	8.00 ± 1.00
	7.66 ± 1.52

	
	G-D100
	9.66 ± 1.52
	10.33 ± 3.21
	10.66 ± 4.72
	9.33 ± 3.21

	
	G-D250
	7.66 ± 0.57
	7.33 ± 0.57
	6.66 ± 0.57
	10.33 ± 3.21

	
	G-D700
	11.66 ± 2.50
	8.66 ± 1.52
	6.00 ± 1.00
	6.23 ± 0.57

	
ɣ-GT : gamma-glutamyl transferase ; G-D0 : control group (received only physiological saline); G-D100, G-D250, G-D700: groups receiving respective doses of spirulina at 100, 250, and 700 mg/kg of body weight.



3.5. Lactate dehydrogenase
As with the other parameters, mean blood lactate dehydrogenase (LDH) concentrations in rabbit groups, which ranged from 301.57 ± 57.29 to 377.33 ± 102.71 IU/L before treatment, did not show any statistically significant differences (P > 0.05) during the experiment (214.66 ± 19.42 to 282.33 ± 230.55 IU/L) (Table 2).
Table 2 : Changes in mean blood concentrations of lactate dehydrogenase (LDH) in rabbit groups during the experiment (IU/L)
	
Markers
	
Groups (n=3)
	Mean blood LDH concentration per week (IU/L)

	
	
	D0
	D7
	D14
	D21

	

LDH
	G-D0
	329.00±72.02
	257.66±180.53
	335.33±118.36
	304.00±60.09

	
	G-D100
	301.57±57.29
	209.66±88.66
	339.00±102.82
	382.33±230.55

	
	G-D250
	377.33±102.71
	299.00±191.44
	453.00±52.04
	344.66±128.28

	
	G-D700
	371.33±170.39
	258.33±118.93
	241.33±96.08
	214.66±19.42

	
LDH : lactate deshydrogenase ; G-D0 : control group (received only physiological saline); G-D100, G-D250, G-D700: groups receiving respective doses of spirulina at 100, 250, and 700 mg/kg of body weight.




4. DISCUSSION 
The objective of this study was to evaluate hepatic tolerance in rabbits receiving different doses of spirulina. Mean serum aspartate aminotransferase (AST) values did not differ significantly throughout the experiment. These values are comparable to those reported by Founzégué et al. (2007) and Saihia (2014), who obtained respective values of 21.24 and 22.5 IU/L in Oryctolagus cuniculus and New Zealand Cunistar rabbits. Determination of alanine aminotransferase (ALT) activity also yielded non-significant mean values (57.00 and 75.66 IU/L), which are consistent with those reported by Pamukcu et al. (2004) and Founzégué et al. (2007), whose rabbits underwent acclimatization conditions similar to those of the present study (67.9 and 45.52 IU/L, respectively).
Mean alkaline phosphatase (ALP) values were also comparable to those reported by Founzégué et al. (2007), which ranged around 432.66 ± 207.8 IU/L. Likewise, gamma-glutamyl transferase (ɣ-GT) values correlated with those obtained by Founzégué et al. (2007) and Atchadé et al. (2019). Differences between our results and those of other studies may be due to age, diet, rearing conditions, experimental protocols, rabbit species, or climate. Indeed, metabolite and enzyme values obtained in tropical regions are generally more consistent with each other than those reported in temperate regions (Ahemen et al., 2013 ; Atchadé et al., 2019). 
Assessment of hepatic function involves the evaluation of parameters such as total and conjugated bilirubin, transaminases (AST and ALT), ɣ-GT, LDH, and ALP. Transaminases are enzymes with important metabolic activity within cells and play a role in energy-related reactions. An increase in their serum levels reflects cellular damage, particularly in hepatic tissue (Herrera, 1993; Kew, 2000; Jasiewicz et al., 2023), as well as in certain cardiac cells. Overall, spirulina administration did not induce any significant variation in the enzyme levels studied, regardless of dose.
An increase in ALP may be associated with pathological conditions such as renal, bone, and hepatic disorders, as well as extrahepatic infections (Sciacqua et al., 2020). Conversely, a decrease in ALP is linked to anemia, nutritional deficiencies, and exposure to certain drugs, particularly clofibrate (Eastham, 1978). Elevated ɣ-GT levels may indicate cardiac disorders (Ndrepepa and Kastrati, 2016) as well as hepatic, renal, and pancreatic diseases. Pathological variations are also observed with increased LDH levels, often associated with pulmonary (Eastham, 1978), cardiac, hepatic, renal, muscular, and pancreatic damage, as well as during hematopoiesis.
The results of this study are consistent with those of Pérez-Juàrez et al. (2022), who demonstrated in rats that Spirulina platensis plays both preventive and curative roles in liver protection. Other studies have shown that Spirulina platensis inhibits the proliferation of hepatic stellate cells activated during liver injury (Wu et al., 2005). Experimental studies in laboratory rats with toxic liver diseases treated with spirulina have also revealed the hepatoprotective efficacy of this blue-green algae (Al-Hussaniy et al., 2023; Hossain et al., 2025). Some researchers, including Pereira et al. (2021), have reported that zeaxanthin, a carotenoid pigment found in Spirulina platensis, inhibits metastatic tumor development. The hepatoprotective properties of Spirulina platensis, similar to those of Cochlospermum planchonii (Kanga et al., 2025), may be attributed to its anti-inflammatory, antioxidant, and immunomodulatory effects (Hossain et al., 2025).
Furthermore, studies conducted on Japanese white rabbits fed a diet rich in cholesterol and Spirulina platensis showed reduced exposure to aortic atheromatous lesions compared to rabbits deprived of spirulina. Huang et al. (2003) demonstrated the effect of Spirulina platensis on red blood cell membrane fluidity in rats. Other studies cited by Matha (2024) report that consumption of Spirulina platensis significantly reduces blood pressure in hypertensive patients.

5. CONCLUSION
The objective of this study was to evaluate potential organ damage associated with daily administration of spirulina. The results indicate that, in addition to demonstrating good biotolerance, daily intake of spirulina produced in Côte d’Ivoire may regulate the profile of certain hepatic biomarkers and consequently protect the organs involved in their production, thereby providing recognized preventive and curative benefits. These results therefore suggest that this nutritional supplement has good hepatic biotolerance.
However, this study has some limitations, notably the small sample size and the short duration of administration. Further research, including studies with a larger number of animals, prolonged oral administration, and morphological examination of the organs, will be necessary to better characterize the safety profile and long-term effects of spirulina. 
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