


Evaluation of the immunogenicity of Sargassum fluitans, an invasive brown seaweed in the coastal zone of Côte d'Ivoire, in rabbits

[bookmark: _GoBack]Abstract
Sargassum fluitans is an invasive brown seaweed found in coastal areas of Côte d'Ivoire, whose presence causes numerous problems for local communities. The aim of this study is to contribute to the development of this species by evaluating its immunogenic potential in rabbits. The study made it possible to extract and identify, through phytochemical sorting, the active ingredients contained in the Total Aqueous Extract (TAE), which are polyphenols and tannins. The injection of TAE in increasing doses to rabbits showed that Sargassum fluitans stimulates immunity by inducing an increase in immune cell levels. Indeed, the results of blood tests on the rabbits showed that the immune defense cells, composed mainly of white blood cells, lymphocytes, and neutrophils, underwent various changes over time (from D0 to D8) after injection of the product. The different doses of 5 mg/mL, 15 mg/mL, 25 mg/mL, and 9‰ NaCl (controls) showed relatively low results. However, the 25 mg/mL dose proved to be the most interesting. Indeed, the number of Gb and Ne on D2 was significantly higher (p < 0.001) than on D0, confirming rapid and strong stimulation. Sargassum fluitans could be an excellent candidate for further studies with a view to developing an immunostimulant, thereby contributing to the genuine promotion of these brown algae.
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Introduction
Côte d'Ivoire, a West African country, opens onto the Atlantic Ocean with a coastal area stretching approximately 300 km (Kouakou et al., 2015). In this coastal zone, particularly along the coastline and in the Gulf of Guinea, polluting marine macroalgae have been reported since 2011 by several authors, including Johnson et al. (2012), Guiry and Guiry (2013), Komoé et al. (2016), and Sankaré et al. (2016). These algae have been identified as Sargassum by these same authors. Sargassum are macroscopic brownish algae. They belong to the order Fucales, which is one of the most diverse in the class Phaeophyceae, with nearly 1,000 taxa described (Guiry and Guiry, 2008). They live in tropical waters and are found in large accumulations in the Sargasso Sea off the east coast of the United States (Zubia, 2003; Mattio, 2008). However, since 2011, there has been a massive influx of these algae into the marine waters of the Gulf of Guinea. This new invasive presence of Sargassum in these waters is thought to be due to a new accumulation zone located in northeastern Brazil. This zone, known as the “little Sargasso Sea,” is a reservoir of algae. Depending on the currents and seasons, this mass of algae could move from eastern Brazil and travel up towards the Antilles arc. It is then carried by the North Equatorial Current and follows a loop into the Gulf of Guinea, where it grows in contact with the rich waters of the African rivers that flow into this area. This seaweed is carried into Ivorian waters by ocean currents, swells, and tides (Johnson et al., 2012; Sankaré et al., 2016). Faced with this situation and given the lack of effective solutions to deal with this increasingly worrying scourge, taking initiatives to make use of these algae seems to be the best course of action. The overall objective of this study is to contribute to the fight against the proliferation of sargassum on Ivorian beaches by using it as a therapeutic agent with immunogenic properties. More specifically, the aim was to extract the active ingredients from the seaweed, identify these active ingredients, and evaluate the immunogenic activity of the seaweed extracts in rabbits.

Materials and Methods
I-1- Biological material
The biological material consisted of the species Sargassum fluitans collected on Assinie beach (Figure 1) and twelve (12) albino rabbits of the species Oryctolagus cuniculus weighing between 1.5 and 1.8 kg, all from the same farm.


[image: ]Figure 1: Piles of sargassum washed up on a beach (Desrochers et al., 2020)
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I- 2 - Technical and chemical equipment
Various types of laboratory equipment were used to carry out this work. These included a Blinder mixer for grinding the dried algae and macerating the resulting powder, Wattman filter paper for filtering the solutions, a laboratory balance for various weighing tasks, an oven for evaporating the filtrates, a laboratory mortar for grinding the extract into a fine powder, insulin syringes for injecting the product into rabbits, sterile microlance needles and 5 cc syringes for blood sampling, EDTA (ethylenediaminetetraacetic acid) tubes for blood collection, alcohol for disinfection after sampling, a 9‰ NaCl solution for dilutions, a Millipore filter for sterilizing the product to be injected, a Mendray BC-3000 Plus device for blood cell counting in the laboratory, glass pipettes for sampling, and a water bath for boiling. Chemical products and reagents for characterizing major chemical groups are also noted. 

III - Method 
III- 1 - Algae harvesting
The algae was harvested in large quantities on Assinie beach, in the department of Grand-Bassam, simply by hand, and transported to the laboratory in Abidjan

III- 2 - Preparation of the Total Aqueous Extract (TAE)
Once in the laboratory, the sample, which consisted mainly of two species of algae, namely Sargassum fluitans and Sargassum natans, and debris washed up by the sea, was sorted. Once separated, Sargassum fluitans was washed to remove sand and various other residues. It was then soaked in buckets of tap water for a week to reduce the salt content as much as possible. The water was changed every 24 hours. After a week in water, it was dried at a temperature of 24°C in the laboratory. Once dry, it was ground into a fine powder in a blender. One hundred (100) grams of seaweed powder was macerated in the blender with one liter of distilled water and then filtered through a square of white cloth. The residue obtained was macerated again under the same conditions as before and filtered again with the square of cloth. The solution obtained was stored in a beaker before being filtered three times on cotton wool and then once on 3 mm Wattman filter paper. The filtrates obtained constitute the total aqueous extract called ETA. Finally, the extract was evaporated in an oven at a temperature of 50°C, then ground into a fine powder using a laboratory mortar (Zirihi, 2001). This powder was used to evaluate the immunogenic activity of the plant.

III- 3 - Calculation of the yield (R) of the Total Aqueous Extract (TAE)
The yield (R%) of ATE is the ratio of the weight of the extract obtained to the weight of the material. It can be determined using the following formula:
- R (%) = (p/P) X 100
- P: weight of the extract
- P: weight of the seaweed powder used for extraction

IV- Phytochemical study
IV- 1 - Identification of several major chemical groups
The analysis of phytochemicals was performed based on characteristic color tests in test tubes using specific reagents to detect the presence of several major chemical groups in the extract through various methods already used by several authors, notably Lhuillier (2007), Benariba et al. (2013), Goldberg et al. (2015). To do this, a mass of 10 g of extract powder was dissolved in 100 mL of distilled water. This extract solution was used to characterize the major chemical groups. The results are classified according to: presence (+) and absence (-). The presence of saponosides was detected by the persistent foam test after shaking the tube. The characterization of sterols and polyterpenes was performed using the Liebermann reaction. The search for polyphenols was performed using the ferric chloride reaction. Catechin tannins were characterized using the Stiasny reagent. Gallic tannins were detected using a reaction with sodium acetate and 2% FeCl3 reagent. The detection of quinonic substances was carried out using hydrochloric acid, chloroform, and 50% ammonia. Flavonoids were detected using the cyanidin reaction. Alkaloids were characterized using Dragendorff's and Bouchardât's reagents.
IV- 2 - Animals and grouping by batch
Twelve (12) male rabbits were selected. The animals, all from the same breeding stock, were placed in different cages. These rabbits, belonging to the species Oryctolagus canuculus (Leporidae), were divided into 4 batches of 3 rabbits. Batch (L0) was considered the control, and the other three batches (L5, L15, and L25) were treated with the plant extract (Table I). The batches corresponded to the concentrations injected. 

IV- 3 - Injection of ETA extracts into rabbits.
The rabbits were first acclimatized for two weeks in the animal facility of the Pharmacology Laboratory of the Faculty of Biological and Pharmaceutical Sciences at Félix HOUPHOUËT-BOIGNY University (UFHB) in Abidjan before being treated with different doses of ETA extracts. The dilutions were made in a 9 ‰ NaCl solution and sterilized by filtration through a Millipore filter. The different concentrations of the injected solutions were prepared as shown in Table I. A single intraperitoneal injection was given to each animal on D0 (first day of the experiment) using an insulin syringe (1mL). 

IV- 4 - Data analysis and statistical methodology
Complete blood count (CBC) data, expressed as mean ± standard error (SE), were analyzed to determine the significance of the observations. All analyses were performed with a significance threshold of p < 0.05. To evaluate the immunostimulatory effect of the Total Aqueous Extract (TAE), a two-factor analysis of variance (ANOVA) with repeated measures was used. This analysis allows three main effects to be tested:
• The effect of the Group (independent factor: L0, L5, L15, L25) to see if there is an 
overall difference between the batches.
• The effect of Time (repeated measures factor: D0, D2, D3, D8) to check whether the 
blood parameters change overall.
• The effect of the Group x Time Interaction, which is the most relevant, as it indicates whether 
the change in parameters over time differs depending on the dose of TAE injected.
Following a significant ANOVA, Tukey HSD (Honestly Significant Difference) post-hoc tests were applied to compare the means in pairs and identify precisely the differences between groups at a given time, and between times for a given group. Prior to these analyses, the conditions of normality (Shapiro-Wilk test) and homogeneity of variances (Levene's test) were verified.
V- Results and Discussion
V-1- Results
V- 1-1- ETA yield
The average yield is obtained from three extractions. The first extraction yielded 4.5 g of powder, the second 5.26 g, and the third 4 g. This gives an average yield of 4.58% ± 0.63%.

V-1- 2 - Phytochemical sorting
Phytochemical sorting performed with the Total Aqueous Extract (TAE) showed only the presence of polyphenols and catechin tannins (Table II).
V-1-3 - Evaluation of the immunostimulatory activity of the extracts
Following the injection of different doses of extracts into rabbits, a variation in the number of immune cells in rabbits in batches 0, 5, 15, and 25 was observed depending on the concentrations injected. 

Table I: Preparation of different concentrations of solutions for injection.
	       Batches
	Volume injected
(mL)
	Final concentration (mg/mL)

	L0
	1
	0

	L5
	1
	5

	L15
	1
	15

	L25
	1
	25














Table II: Summary of phytochemical screening results.
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(+): positive result
(-) : negative result ; Note : Gal = gallic ; Cat = catéchic ; D = Dragendorff ; B = Burchard

V- 1-3 - 1 - Dose-response effect of the aqueous extract on total white blood cells (WBC) over time 
The values observed indicate that after injecting the AWE, the total number of white blood cells underwent several variations (Figure 2). With a concentration of 25 mg/mL, from D0 to D8, the number of white blood cells increased from 5.9 x 109/L (D0) to 10.6 x 109/L (D2). This represents an increase of 4.7 x 109 cells/L. On D3, this number decreased compared to D2, but remained high compared to D0, with a value of 8.8 x 109/L, representing an increase of 2.9 x 109/L. Finally, on D8, the number of white blood cells fell from 8.8 x 109/L on D3 to 7.7 x 109/L, a decrease of 1.1 x 109/L. Thus, a peak increase was observed with this concentration (25 mg/mL) on D2 with a maximum value of 10.6 × 10⁹/L, followed by a gradual decrease until D8 with a value of 7.7 × 10⁹/L (Figure 2).
For concentrations of 5mg/mL and 15 mg/mL, a sawtooth increase in the number of white blood cells was also observed from D0 to D8. 
With the 5 mg/mL concentration, the cell count rose from 5.4 × 10⁹/L to 7.4 × 10⁹/L on Day 2, an increase of 2 × 10⁹/L. This value rose to 5.9 × 10⁹/L on Day 3 and 6.2 on Day 8. This represents an increase of 1.5 × 109/L on day 3 and 0.3 × 109/L on day 8, in contrast to batch 25, which showed a gradual decrease from day 2 to day 8. 
For the batch that received the 15 mg/mL concentration, the observation is the same as for the two previous batches. It went from 5.6 × 10⁹/L (D0) to 6.9 × 10⁹/L (D2), an increase of 1.3 × 10⁹/L. On D3, it rose from 5.3 x 109/L to 7.1 x 109/L (D8), an increase of 1.8 x 109/L. However, this number increased by 5.8 x 109/L on D8. In summary, the white blood cell count remained high compared to D0 for the three groups of rabbits that received the extract. However, a gradual and slight decrease was observed between D2 and D3, followed by an increase up to D8 that was roughly equal to the initial value at D0 for the control group that received only NaCl. 


Figure 2: Dose-response effect of the aqueous extract on total white blood cells (WBC) over time (x 10⁹ cells/L) 

V- 1-3 -2 - Dose-response effect of ETA on total lymphocytes (Ly) over time 
The injection of increasing doses of the aqueous extract of Sargassum fluitans into rabbits showed that, except for batch 25, the concentrations used induced a decrease in total lymphocytes for all batches from D0 to D2 (Figure 3). With batches 15 and 05, a decrease in cell number was observed between D0 and D2, unlike batch 25, where an increase was observed. Subsequently, the number in batch 25 gradually decreased from D3 to D8, representing a difference of 2.5 x 109 cells. However, a peak was observed with this concentration on D3, with a maximum value of 3.9 x 109. Between D2 and D8, an increase in the number of LYs was observed in batches 15 and 5. Batch 15 increased from 0.8 x 10⁹ (D2) to 1.8 x 10⁹ (D3) and 1.6 x 10⁹ cells/L on D8. Batch 5, evolving at the same rate as the previous batch, increased from 0.8 × 10⁹ (D2) to 1.9 × 10⁹ (D3) with a difference of 1.1 × 10⁹ cells/L. This value increased to 1.3 × 10⁹ on D8. It should be noted that the control batch is progressing at the same rate as the two previous batches, although the numerical values are relatively different. It can be seen that the 25mg/mL concentration remains the best for lymphocyte stimulation.


Figure 3: Dose-response effect of ETA on total lymphocytes (Ly) over time (x 109 cells/L) 

I - 3 - 3 - Dose-response effects of ETA on neutrophil (Ne) cells over time 
After injection of the different doses of ETA, an increase in the total number of neutrophils (Ne) was observed in all rabbit groups from D0 to D2 and from D3 to D8. However, a decrease in Ne was observed between D2 and D3 in all groups. With the 5 mg/mL dose, the number of Ne in group 5 increased by 3.1 x 109 cells, from 2.1 x 109 (D0) to 5.2 x 109 cells/L (D2). This rate decreased by 3.109 cells between D2 and D3. From D3 onwards, the number of Ne cells increased again from 2.2 x 109 to 3.7 x 109, an increase of 1.5 x 109 cells/L.
For batch 15, which received a dose of 15 mg/mL, the change in the number of Ne cells is almost similar to that of batch 5 (Figure 4). From D0 to D2, there was an increase of 2.4 x 109 cells, from D2 to D3, there was a decrease of 2.5 x 109 cells/L, and between D3 and D8, an increase of 2.3 x 109 cells/L was noted. 
As for batch 25, there was an increase from 2.7 x 109 (D0) to 4.8 x 109, representing an increase of 2.1 x 109 cells/L, followed by a decrease of 2.2 x 109 cells/L on D0. This decrease on D3 was followed, as in all other batches, by an increase from 2.6 × 10⁹ to 5.3 × 10⁹ cells, representing an increase of 2.7 × 10⁹ cells/L. This value was the highest among all batches. The Ne cells in the control batch evolved at the same rate as all other batches, but with relatively low values. 



Figure 4: Dose-response effects of ETA on neutrophil cells (Ne) over time (x 10⁹ cells/L)

V- 1-3-3 - Change in the number of white blood cells (WBC) and lymphocytes (Ly) in batch 25 over time
Between D0 and D2, there was a marked increase in the white blood cell (WBC) and lymphocyte (Ly) counts. The WBC and LC curves show the same pattern as that observed before the ETA injection (D0), with values much higher than on D0 (Figure 5). The number of WBCs, which was 5.9 x 109 cells/L on D0, almost doubled to 10.6 x 109 cells/L on D2, an increase of 4.7 x 109 cells/L. The same observation applies to lymphocytes. The number of lymphocytes increased by 1.109 cells, from 2.3.109 (D0) to 3.3.109 cells/L on D2. Between D2 and D8, the number of Gb will gradually decrease until D8, from 10.6 x 109 (D2) to 8.8 x 109 (D3) and 7.7 x 109 cells/L on D8. Despite this gradual decrease, the values remain high compared to D0. On D3, the number of lymphocytes will continue to grow, rising from 3.3 x 109 (D2) to 3.9 x 109 cells/L (D3) before falling to 1.4 x 109 cells/L on D8. 
In terms of white blood cells, a decrease was observed from D2 to D8, before changing trajectory between D3 and D8 with an increase of 2.7 x 109 cells/L. 
In summary, it can be seen that the two curves follow almost the same pattern over time (from D0 to D8), but the curve for the 25 mg/mL concentration differs slightly from the other concentrations, with relatively more interesting values. 

Figure 5: Change in the number of white blood cells (WBC) and lymphocytes (Ly) in batch L25 over time (x 10⁹ cells/L) 

V-1-3-4 - Statistical Analyses of Immunostimulatory Activity
The results of the two-way ANOVA revealed a statistically significant Group x Time interaction for the white blood cell (WBC), lymphocyte (Ly), and neutrophil (Ne) counts (p < 0.001 for all parameters). This confirms that the dynamics of the immune response over time significantly depends on the administered ETA dose. Post-hoc analysis (Tukey) clarified these effects:
• Dose effect at peak response (D2): On D2, group 25 (25 mg/mL) had
significantly higher WBC, Ly, and Ne counts (p < 0.01) than the control group (L0) and groups L5 and L15. No significant difference was observed between groups L0, L5, and L15 at this time point.
 • Time course in the L25 group: In the L25 group, the number of Gb
and Ne on Day 2 was significantly higher (p < 0.001) than on Day 0, confirming rapid and strong stimulation. Although a decrease was observed thereafter, the values ​​on Days 3 and 8 remained significantly higher (p < 0.05) than the baseline value on Day 0. For lymphocytes, the maximum peak was reached on Day 3, with a value significantly higher (p < 0.01) than on Days 0 and 2.
• Comparison with the control group: No significant variation in immune parameters was observed over time for the control group (L0), indicating that the 9‰ NaCl solution had no immunostimulatory effect.
V- 2 - Discussion 
Phytochemical sorting has highlighted polyphenols and tannins. These results support therapeutic indications that compounds such as polyphenols and tannins have pharmacological properties. Indeed, according to the work of Smit (2004); Song et al., (2006); Chouikhi (2013); Burlot (2016). Products derived from algae containing active ingredients such as polyphenols and tannins have a variety of uses in medicine and pharmacology. Polyphenols and tannins have immunostimulatory effects by acting as antioxidants, strengthening the immune system and fighting infections thanks to their antibacterial and antiviral properties, which give Sargassum fluitans numerous therapeutic indications. 
At the hematological level, results indicate that two days after administration of the Total Aqueous Extract (TAE) (D2) and up to eight days later (D8), the TAE of Sargassum fluitans has an immunostimulatory effect on the cells of the immune system in rabbits. In fact, there was an increase in the number of white blood cells, neutrophils, and lymphocytes, which are the body's defense mechanisms. The baseline white blood cell counts recorded on D0 in all individual rabbits ranged from 3.4 x 109 to 8.5 x 109 cells/L. These results show that in a homogeneous population of rabbits, the white blood cell count does not have a fixed value but varies within a certain range compatible with normal rabbit life. The same is true for lymphocytes, whose count varies between 1.109 and 3.2.109 cells/L, as well as neutrophils. These results are consistent with those of Kra et al. (2007). On Day 2, the results indicate a sharp increase in the number of white blood cells, lymphocytes, and neutrophils. The most interesting values are observed in rabbits from batch 25 (25 mg/mL). The concentrations of 5 mg/mL and 15 mg/mL, which give less interesting results, are certainly too low, i.e., below the optimal concentration threshold to effectively boost immunity. In terms of white blood cells, these values range from 5.9 x 109 (D0) to 10.6 x 109 cells/L (D2), representing an increase of 4.7 x 109 cells/L. On D3, this value drops to 8.8 x 109 cells/L and to 7.7 x 109 cells/L on D8. It should be noted that these values remain higher than the value obtained on D0. Lymphocytes evolve at the same rate as white blood cells. When white blood cells increase, lymphocytes also increase, and when their number decreases, lymphocytes do the same. The same observation was made for neutrophils between D0 and D2. It should be noted that these results are consistent with those of Kra et al. (2007), who observed the same trends in their work. Between D2 and D3, a decrease in the number of neutrophils in rabbits in batch 25 (from 4.8 x 109 to 2.6 x 109 cells/L) was observed, before increasing to 5.3 x 109 cells/L on D8. These different activities could certainly be due to the presence of primary and/or secondary metabolites contained in ATA. Indeed, the work of Pugh et al. (2001) showed that metabolites such as polysaccharides derived from spirulina (Spirulina platensis) are powerful activators of monocytes and macrophages and increase the level of human tumor necrosis factor. According to Lee et al. (1999); Ruiz (2005), Sun et al. (2007), metabolites observed in certain algae also play a role in stimulating the immune defenses of certain organisms, particularly fish. In light of these results, we can affirm that the aqueous extract of Sargassum fluitans stimulates immunity by inducing an increase in immune cell levels. Indeed, following the penetration of an antigen into an organism, there is an initial immune response manifested by an increase in the number of monomacrophagic cells in order to capture and eliminate the antigen (Arthur et al. 1989). This could make Sargassum fluitans a therapeutic plant with immunogenic properties, a source of happiness for immunocompromised individuals.

Conclusion
The objective of this study was to evaluate the immunogenicity of these algae in rabbits in order to promote its use. The study identified secondary metabolites, namely polyphenols and tannins, in the Total Aqueous Extract (TAE) of Sargassum fluitans. Injecting increasing doses of Total Aqueous Extract (TAE) into different groups of rabbits showed that TAE from Sargassum fluitans has immunogenic properties in rabbits. Indeed, the results of the complete blood count showed that the immune defense cells, composed mainly of white blood cells, lymphocytes, and neutrophils, underwent various changes over time (from D0 to D8) after the injection of the extract. The different doses, namely 5 mg/mL, 15 mg/mL, and 25 mg/mL, and 9‰ NaCl (control) showed variable results. However, the 25 mg/mL dose proved to be the most effective in inducing a significant immunostimulatory response in rabbits. This observed immunostimulatory action could be explained by the presence in the extract of possible biomolecules, in particular primary metabolites and/or the characterized polyphenols and tannins. Polyphenols and tannins have immunostimulatory effects by acting as antioxidants, strengthening the immune system, and fighting infections thanks to their antibacterial and antiviral properties. In light of these results, it can be said that the aqueous extract of Sargassum fluitans stimulates immunity by inducing an increase in immune cell levels. This could make this plant a promising source for improving the immune system of immunocompromised individuals and for the manufacture of potential pharmaceutical drugs, for the identification of active biomolecules from plants, through biotechnology. These various actions could contribute to the valorization of this species, which is becoming increasingly threatening. 
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Lot 25	J0	J2	J3	J8	2.7	4.8	2.6	5.3	Lot 15	J0	J2	J3	J8	2	4.4000000000000004	1.9	4.2	Lot 05	J0	J2	J3	J8	2.1	5.2	2.2000000000000002	3.7	Lot 0	J0	J2	J3	J8	2.6	3.8	2	4.2	Times (days =J)


Number of cells (x109 cells/l)




LYMPH.	J0	J2	J3	J8	2.2999999999999998	3.3	3.9	1.4	G.B.	J0	J2	J3	J8	5.9	10.6	8.8000000000000007	7.7	Times (days = j)


Numbers of cells (x 109 cells/l)        




Lot 25	J0	J2	J3	J8	5.9	10.6	8.8000000000000007	7.7	Lot 15	J0	J2	J3	J8	5.6	6.9	5.3	7.1	Lot 05	J0	J2	J3	J8	5.4	7.4	5.9	6.2	Lot 0	J0	J2	J3	J8	7.2	6.8	5.7	7.6	Time (days = j)


Number of cells (x109 g/l)
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