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Abstract 

In this research, 3-aminopropanesulfonic acid, homotaurine, was determined in some Iranian 

species of green, red and brown macro algae for the first time. Ethanolic extractions of 10 

marine green, red and brown algae species were investigated for the presence of homotaurine 

by high performance liquid chromatography- fluorescence detection. The analyte was 

derivatized with fluorescamine during a fast reaction at an ambient temperature and alkaline 

medium. The amounts of homotaurine detected in the marine algae species varied from 0.023 

to 14.62 µg g-1 dry weight. Dictyota dichotoma, a brown macro alga, showed the highest 

amount of the studied bioactive compound. Good recovery (>83%) was also acquired by the 

used method for extraction of homotaurine from algae matrices. 
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1. Introduction 

The marine environments have exhibited an 

enormous resource for the discovery of potential 

therapeutic agents and many compounds have been 

extracted with significant biological activities from 

the marine organisms (Vo et al., 2012; Blunt et al., 

2006). Trends in pharmaceutical research from 

marine resources have shown that marine algae are 

desirable organisms for reaching the effective 

biochemical compounds. The different reports of 

evaluated marine algae demonstrated that they 

comprised anti-coagulant, anti-viral, anti-oxidant, 

anti-allergic, anti-cancer, anti-inflammatory, and 

anti-obesity activities (El Gamal, 2010; Lincoln et 

al., 1991; Wijesekara et al., 2010; Kim et al., 2011; 

Heo and Jeon, 2009). Numerous works studied for 

separation of beneficial compounds like amino acids, 

fatty acids, steroids, carotenoids and polysaccharides 

from various algae (Cardozo et al., 2007). Moreover, 

algae are promising organisms for their essential 

compounds for human nutrition. Alge are classified 

as red (Rhodophyta), brown (Phaeophyta) or green 

algae (Chlorophyta) depending on their prominent 
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pigment type, nutrient and chemical composition 

(Gressler et al., 2010). Therefore, further 

investigation for algal extracts and study of their 

organisms is required.  

Homotaurine (3-amino 1-propane sulfonic acid) is 

a Sulphur- containing amino acid that is found in 

many seaweeds (Ito et al., 1977; Miyasawa et al., 

1970). In recent years, this compound has been 

considered as a potential treatment for Alzheimer’s 

disease (AD) (Aisen, 2005; Aisen et al., 2007). The 

AD is a common form of dementia and creates 

debilitating memory loss in population aged above 

65 years (Rao et al., 2011). It is expected that about 

80 million people will have this disease worldwide 

by 2040 (Rao et al., 2011). Thus, the investigations 

for drugs with AD treatment potential have increased 

in the pharmaceutical industry. Many studies 

performed by the Canadian, American and European 

medical centers on the potential protective effects 

against AD and efforts made for preparation of the 

drugs with fair expense and low adverse effects. 

AD is caused by the formation of plaques in the 

brain (Masters et al., 1985) and homotaurine 

interferes with the formation of these plaques. It 

binds to soluble amyloid β-peptide (Aβ) and 

decreases Aβ42 (a principal component of the 

neuritic amyloid plaque)- induced cell death in 

neuronal cell culture (Gervais et al., 2007; Fulco et 

al., 2009). Although, the Food and Drug 

Administration (FDA) does not yet confirm 

homotaurine, it is commercialized as Alzhemed. On 

the other hand, homotaurine may be effective as an 

anticonvulsant agent, because of its structural 

similarity to the neurotransmitter gamma-

aminobutyric acid (GABA) (Fariello et al., 1982). 

Nowadays, homotaurine is also used as a dietary 

supplement in food industry (Aisen et al., 2012). 

To date, many investigations have been performed 

for the determination of family compounds of 

homotaurine such as taurine or its other derivatives 

(Mou et al., 2002). The methods used for the 

analysis of these compounds include, high 

performance liquid chromatography (Sakai and 

Nagasawa, 1992), gas chromatography (Kataoka et 

al., 1985), ion chromatography (Qu et al., 1999), 

capillary electrophoresis (Lillard et al., 1998) and 

hyphenation procedures (Yoshizawa et al., 1995).  

The main difficulty of analysis using gas 

Chromatography is the formation of a volatile 

derivative of the sulfonic function. Furthermore, 

Capillary electrophoresis has not been widely 

applied to the analysis of analyte in biological 

samples owing to the complexity of biological 

samples (Mou et al., 2002). 

Different works were performed on the analysis of 

taurine and its derivatives by reversed-phase HPLC 

with various derivatization agents such as O-

phthalaldehyde (OPA) (Waterfield, 1994), 2,4- 

dinitrofluorobenzene (Chen et al., 1994), 1- 

dimethylaminonaphthalene-5- sulfonyl chloride 

(Woollard and Indyk, 1993) and  fluorescamine 

(McMahon et al., 1996). Therefore, reversed-phase-

HPLC has been routinely employed with much 

success and seems to be the method of choice for 

determination of taurine and its derivatives in the 

greatest variety of biological samples due to its high 

sensitivity and flexibility (Mou et al., 2002).  

Among taurine derivatives, a few studies 

determined homotaurine as an impurity in the drug 

by capillary electrophoresis (Fabre et al., 1999) or by 

HPLC analysis in the rat plasma (Rao et al., 2011).  

The presence of homotaurine in the some red 

algae was investigated by paper chromatography in 

1977 (Ito et al., 1977; Miyasawa et al., 1970), but 

clearly, there is no other report on the determination 

of homotaurine in marine algae.  In this work, the 

presence of homotaurine in six of the brown, three of 

the red and one of the green Iranian marine 

macroalgae was evaluated. Fluorescamine was 

selected as a derivatve for determining of 

homotaurine by fluorescence detection. 
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2. Material and Methods 

2.1. Chemicals 

Homotaurine (97%) and fluorescamine (≥98%) 

was obtained from Sigma-Aldrich (Beijing, China). 

Tetrahydrofuran (>99%), phosphoric acid (85%), 

potassium dihydrogenphosphate (> 99.99%), boric 

acid (>99%), disodium tetraborate (97-100%) and 

ethanol (96%) were purchased from Merck 

(Darmstadt, Germany). Acetonitrile (HPLC grade) 

was also obtained from Caledon (Ontario, Canada). 

2.2. Algae Samples 

Algal speciemens, including Iyengaria stellata, 

Cystoseira trinodis, Sargassum tenerrimum, Padina 

boergesenii, Gracilaria arcuata, Dictyota 

dichotoma, Cystoseira myrica, Helminthocladia 

australis, Actinotrichia fragilis,  Ulva fasciata were 

hand collected from inter-tidal coastal zones of the 

Persian Gulf, Iran (Qeshm Island), mostly in winter.  

Gracilaria arcuata and Ulva fasciata were collected 

in summer and spring, respectively. 

2.3. Preparation of reagents 

Stock (1000 mg L
-1

) and working standard 

solutions of homotaurine were prepared weekly and 

daily in ultrapure water, respectively. Fluorescamine 

solution (5 mM) was also prepared in pure 

acetonitrile (99.9%) and was stable for 12 weeks. 

Borate buffer was obtained by adjusting disodium 

tetraborate (100 mM) with boric acid solution (10 

mM) to pH=9.2 (McMahon et al., 1996). 

2.4. Sample preparation and derivatization 

The algae samples were freeze dried at -50 ºC and 

the lyophilized samples were ground by a mill for 

homogenization. For extraction of homotaurine from 

algae species, ethanol solution 70 % (5 mL) was 

added to the ground samples (100 mg) and then 

stirred for 12 hours (Chaimbault et al., 2004) 

Extraction with hydrochloric acid solution (6M) at 

110 °C was also examined (Chen et al., 2005) to 

compare with ethanolic extraction.  Extracts were 

then filtrated, evaporated, and re-dissolved in water. 

100 µL of obtained solution was treated with 

acetonitrile (150 µL), vortex mixed and centrifuged 

for 10 min at 3500 rpm. After that, borate buffer (50 

µL) and fluorescamine (50 µL) was added and 

solution vortex mixed and maintained for 30 min. 

finally, 20 µL of the derivatized homotaurine was 

injected into the HPLC-FLD system (McMahon et 

al., 1996). The derivatization reaction of 

homotaurine with fluorescamine is shown in Fig. 1. 

Fig. 1: Schematic representation of the homotaurine derivatization with fluorescamine   
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2.5. HPLC conditions 

The HPLC analysis was performed with an 

Agilent 1100 series (Santa Clara, CA, USA) with 

fluorescence detector. A C18 column (250 mm × 4.6 

mm i.d., 5 µm) from Agilent was used as the 

analytical column. The mobile phase consisted of 

tetrahydrofuran-acetonitrile-phosphate buffer (15 

mM) with pH=3.5 (4:24:72, V/V/V). The flow-rate 

of the mobile phase was 1 mL min
-1

 with the 

isocratic elution applied for 5 min. The oven 

temperature was set at 65ºC and the analyte detected 

at excitation wavelength (λex) of 400 nm and 

emission wavelength (λem) of 480 nm. The injection 

volume was also 20 µL. 

3. Results and Discussion 

The wide variety in the bioactive composition of 

algae provides a proper choice for investigation of 

different biologically active components in their 

bodily composition with a broad range of 

physiological and biochemical characteristics 

(Thomas and Kim, 2013). Therefore, algae species 

are frequently studied and reported in the literature as   

Alzhemed, can be found in some algae samples (El 

Gamal, 2010; Lincoln et al., 1991; Wijesekara et al., 

2010; Kim et al., 2011; Heo and Jeon, 2009, Cardozo 

et al., 2007). Hence, algae can be used as natural 

resources for extraction of this compound, which can 

show lower adverse effects (Vo et al., 2012) and has 

a more suitable cost than synthetic methods for 

preparation of homotaurine. Homotaurine can be 

synthesized during multiple chemical reactions, 

which needs many organic compounds for synthesis 

(Revill et al., 2006). 

3.1. Investigation of suitable extraction solvent 

Two-extraction solvents, including ethanolic 

(70%) and hydrochloric acid (6 M) solutions were 

investigated to obtain the highest extraction 

efficiency. Recovery was calculated by spiking an 

alga sample (Helminthocladia australis) with 

homotaurine at the concentration level of 250 µg L
-1 

with three replications.
 
The comparison of achieved 

values from the two methods demonstrated higher 

extraction efficiency for ethanolic extraction. 

Therefore, ethanolic extraction method was chosen 

for algae species. Table 1 exhibits the obtained 

recovery values by two extraction methods. Fig. 2 

also shows the resulted chromatogram from extract 

of Helminthocladia australis after derivatization. 

The retention time of homotaurine was 2.42 min. 

 

Fig. 2: Chromatograms of homotaurine extracted from non-spiked Helminthocladia australis alga sample (a) and spiked 

alga sample with 250 µg L
-1 

of homotaurine (b) after derivatization      
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Table 1: Recovery values of homotaurine extracted from 

Helminthocladia australis with two solvents. 

Solvent 

extraction 

Added 

(µg l-1) 

Found 

(µg l-1) 

Recovery 

(%) 

RSD 

(%) 

Ethanol 0 2651.36 83.74 6.20 

 250 2860.72   

HCl 

 
0 209.90 80.43 4.38 

 250 410.97   
 

3.2. The selection of derivatizing agent  

Fluorescamine was first proposed for the 

derivatization of primary amines and amino acids in 

1972 (Udenfriend et al., 1972); It was also developed 

as an appropriate derivatization agent for taurine and 

homotaurine (Sakai and Nagasawa, 1992, McMahon 

et al., 1996, Fabre et al., 1999). Flourescamine has 

advantages over other derivatizing reagents such as 

instantaneous reaction at ambient temperature in 

alkaline medium and stability in the aqueous 

solution. The unreacted reagent is rapidly hydrolyzed 

to a product that does not interfere with the analysis 

and lacks the requirement of using a reducing agent, 

while OPA uses a reducing agent during the 

derivatizing reaction (Mou et al., 2002). Therefore, 

fluorescamine was selected as a derivatizing agent 

for homotaurine.  

3.3. Real sample analysis  

The extraction and determination of homotaurine 

was assessed in ten species of green, red and brown 

macro algae. The quantitative values of homotaurine 

in algae samples are listed in Table 2 with the      

RSD < 6.07%. It was demonstrated that amount of 

homotaurine in the algal sample of Dictyota 

dichotoma was the highest and it was not detected in 

Cystoseira myrica and Ulva fasciata. As shown in 

Table 2, some brown and red algae showed a higher 

content of homotaurine than green algae. 

Table 2: Amount of homotaurine detected in studied algae 

RSD (%), 

n=3 

Homotaurine 

Con. (µg g-1) 

Algae 

4.85 0.48 Iyengaria stellata 

2.91 0.26 Cystoseira trinodis 

4.32 6.54 Sargassum tenerrimum 

4.54 0.48 Padina boergesenii 

6.07 6.48 Gracilaria arcuata 

4.62 14.62 Dictyota dichotoma 

 N.D1 Cystoseira myrica  

5.86 1.85 Helminthocladia 

australis 

2.74 0.023 Actinotrichia fragilis 

 N.D Ulva fasciata 
1N.D, not detected. 
 

3.4. Performance data 

The analytical methodology was also evaluated by 

reporting linearity, detection limit and precision of 

the proposed procedure for the determination of 

homotaurine in standard solution. The results 

indicated wide linearity in the range of 10-5000 µg 

L
-1

 for homotaurine with correlation coefficient of 

0.999. The detection limit and relative standard 

deviation (RSD) of the method at concentration level 

of 500 µg L
-1

 (n=5, S/N=3) were 0.58 µg L
-1

 and 

5.78%, respectively. The performance data of the 

present study improved more than previous works 

for determination of homotaurine. Rao et al. (2011) 

determined homotaurine in the rat plasma and 

detection limit and dynamic range were reported as 

9.0 µg L
-1-1

 and 30-1000 µg L
-1

, respectively , while 

these values were 0.58 µg L
-1

 and 10-5000 µg L
-1

 in 

the present work. Therefore, the present work is 

well-suited to be utilized for determination of 

homotaurine from algae matrices.   

4. Conclusion 

A facile and efficient method for the extraction 
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and determination of homotaurine from algae 

samples was developed in this study. The method 

was successfully tested to identify concentration of 

homotaurine in different algae samples. Suitable 

recovery was achieved with ethanolic solution, 

which was more environmentally friendly. The 

results exhibited wide dynamic range and low 

detection limit for the analysis of homotaurine in 

algae matrices. Therefore, the present method is 

introduced as a convenient and efficient procedure 

for the recognition of homotaurine in algae samples 

and can benefit clinical and medical investigations in 

future. 
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