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Abstract 9 

This study aims to the isolation of acylphloroglucinol derivatives with potential 10 

antioxidant effect from the brown alga Zonaria tournefortii and to the 11 

suggestion of their structure-activity relationship (SAR). Fractionation and 12 

HPLC purification led to the isolation of 4 major metabolites that were screened 13 

for their antioxidant activity via five complementary methods. Results indicated 14 

that all the tested compounds proved to have potential antioxidant activities. In 15 

DPPH and ABTS methods, the acylphloroglucinol (1) and (2) were found to be 16 

the most active compounds with IC50 values of 42.76 ± 0.26 and 50.46 ± 0.12 µg 17 

cm-3 in DPPH assay and 12.04 ± 1.60 and 12.73 ± 1.47 µg cm-3 in ABTS assay, 18 

respectively. In contrast, in β-carotene and CUPRAC methods, the chromone 19 

derivatives (3) and (4) have revealed the high antioxidant activities with IC50 20 

values of 23.76 ± 0.63 and 20.99 ± 2.70 µg cm-3 in β-carotene assay and 19.06 ± 21 

0.11 and 17.72 ± 0.26 µg cm-3 in CUPRAC assay , respectively. However, in 22 

metal chelating method all the investigated compounds demonstrated potent 23 

ferrous ion-chelating capability, with approximately the same level of activity. 24 

 25 

 26 
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Introduction 60 

Natural antioxidants have the potential to be therapeutic or preventative agents 61 

against free radicals by combating oxidative stress. Endogenous reactive oxygen 62 

species (ROS) such as superoxide anion (O2-), hydroxyl radical (HO.) and 63 

hydrogen peroxide (H2O2) are formed during aerobic life as a result of oxygen 64 

metabolism [1].  65 

An enormous study has shown that free radicals attack double bonds in 66 

polyunsaturated fatty acids and other targets of cell membrane, resulting in 67 

changes of its general architecture and permeability properties, the breakdown 68 

of protein chains and nucleic acid, the necrosis and cells apoptosis [2].  69 

Consequently, the oxidative stress constructs the basis in the development 70 

of various diseases and deleterious clinical conditions related to human health. 71 

These include cancer, cardiovascular disease, atherosclerosis, hypertension, 72 

diabetes mellitus, hyperoxaluria, rheumatoid arthritis, ageing, as well as 73 

neurodegenerative ailments such as Alzheimer’s and Parkinson’s diseases [3, 4]. 74 

To this end, in recent years researchers in the medical field have been interested 75 

in discovering new and interesting antioxidant compounds. 76 

Natural products occupy a diverse chemical structure unequal compared 77 

to synthetic compounds and remain a precious resource for the drugs discovery 78 

[5]. And more recently, marine organisms are well regarded as one of the best 79 

reservoirs for the drugs discovery from natural sources. Among these organisms, 80 

macroalgae were important for particles and possessed structurally diverse 81 

compounds endowed with various biological activities likely to act as 82 

antioxidant [6], anti-inflammatory [7], antibacterial [8], antifungal [9] cytotoxic 83 

[10 ], antimalarial [11], antiproliferative [12] and anticancer [13]. 84 

Defense systems of marine algae include antioxidants production, 85 

phenolic compounds that scavenge free radicals and / or antioxidant enzymes 86 
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[14]. As a result, of the relevant bioactive compounds found in algae, 87 

antioxidants are probably the ones that have attracted the most interest. 88 

Phloroglucinols derivatives are phenolic compounds found in nature in 89 

different environments including marine organisms [15], plants [16], and some 90 

microorganisms [17]. In brown algae, the structure of these compounds varies 91 

from simple molecules to complex compounds constructed by several units of 92 

phloroglucinol monomer called phlorotannin [18]. They have been reported to 93 

display significant antioxidant activity, which may exert notably beneficial 94 

effects in promoting human health and food processing.  95 

Brown algae belonging to the genus Zonaria (order Dictyotales, family 96 

Dictyotaceae) have proved to be a prolific source of acylphloroglucinol 97 

derivatives with interesting bioactivities [19-21]. They show antimicrobial 98 

activity against many Gram positive and some Gram-negative bacteria [22]. 99 

Also, some of these compounds have been synthesized and evaluated as 100 

antioxidant in two cell-based assays [23]. The structure-activity relationships 101 

(SAR) are key to many aspects of drug discovery. Understanding the principles 102 

of reaction mechanisms responsible for their antioxidant activity could lead to 103 

synthesis phenolic derivatives with optimum antioxidant efficiency [24].  104 

As part of our ongoing search for bioactive substances produced by 105 

marine algae, the present study investigates the antioxidant activities of major 106 

acylphloroglucinol derivatives isolated from the Mediterranean Zonaria 107 

tournefortii (J.V. Lamouroux) Montagne and suggests the relative SAR.  108 

Results and discussion 109 

Identification of compounds 110 

Zonaria tournefortii (J.V. Lamouroux) Montagne was studied by our research 111 

team in order to isolate the acylphloroglucinol derivatives of this species and 112 

suggest their plausible biosynthetic pathway [34]. As following of our previous 113 

research, we have re-investigated the lipophilic extract of the brown algae 114 
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Zonaria tournefortii, in order to valorise the antioxidant activities of the isolated 115 

compounds and suggest a plausible relative Structure-activity relationship 116 

(SAR).  117 

The re-investigation of Zonaria tournefortii extract led to the isolation and 118 

purification of four know compounds (Fig. 1), including two acylphloroglucinol 119 

1 (30 mg) and 2 (30 mg), and two dihydroxychromanones derivatives 3 (50 mg) 120 

and 4 (40 mg). All structures were undoubtedly established by comprehensive 121 

spectroscopic analysis including MS, IR, UV, 1D (1H and 13C) and 2D (COSY, 122 

HSQC, and HMBC) NMR, as well as comparison to previously published data 123 

[35, 36]. 124 

 125 

 126 

 127 

 128 

 129 

Fig.1 Chemical structures of pure compounds of Zonaria tournefortii 130 

Total phenolic content determination  131 

The total phenolic content (TPC) of the crude extract of brown algae Zonaria 132 

tournefortii obtained with a mixture of MeOH/CHCl3 (1:1) was determined 133 

using the Folin-Ciocalteu’s method. The results were calculated using the 134 

equation (1) previously described in section 2 and expressed as mg 135 

1 

2 

3 

4 
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phloroglucinol equivalent per gram of extract (mg PGE g-1). The calibration 136 

curve obtained by plotting the absorbance measurements versus the 137 

concentrations of phloroglucinol is represented by the analytical features 138 

grouped in Table 1. Each point of the calibration curve corresponded to the 139 

mean value of three absorbance measurements. The concentration of extract is 140 

obtained from regression equation of standard curve A= 6.512C+0.082 with a 141 

correlation coefficient of R2 = 0.9995 established with phloroglucinol as 142 

reference. The results revealed that the total phenolic content of extract is 143 

725.0±1.9 mg PGE g-1. This result is in good agreement with the one obtained 144 

by volumetric determination in our previous study on the same species [34]. The 145 

high level of phenolic content in brown marine alga Zonaria tournefortii was 146 

expected, considering reports indicated that it is a rich source in phenolic 147 

compounds whose acylphloroglucinol derivatives as major compounds [35, 36].  148 

Table 1. Analytical features of the Folin-Ciocalteau determination of 149 

phloroglucinol 150 

Regression line  A= 6.512C+0.082 

Correlation coefficient 0.9995 

Linear range (mg/cm3) 0.008-0.099 

L.O.Q. (µg cm-3) 5.2 

L.O.D. (µg cm-3 1.57 

R.S.D. % (n = 10) 0.54 (for 0.045 mg m cm-3) 

Notes: R.S.D. %: Relative standard deviation, in percentage; L.O.Q.: Limit 

of quantification expressed in  µg m cm-3; L.O.D.: Limit of detection 

expressed in  µg m cm-3 

 151 

The TPC in brown alga Zonaria tournefortii from Madeira Archipelago 152 

[37] was estimated to be 2154.57±119.27 mg GAE (100 g)-1 (GAE: Gallic Acid 153 

Equivalent), this value seem to be lower than the one obtained in the present 154 

study. This difference could be related to different factors, such as, geographical 155 

origin, Harvest season, extraction process, but it can be due also, to the phenolic 156 

compound selected as reference for calibration in Folin Ciocalteu's method. 157 
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Thus, the choice of control for calibration curve is very important. Gallic acid 158 

has been used as reference in several research studies for the determination of 159 

total phenolic content of plant materials and it is considered as a good 160 

compromise [38], but it is not specific and does not represent phenolic 161 

compounds classes biosynthesized in the brown alga Zonaria tournefortii 162 

characterized by the presence phloroglucinol derivatives as phenolic 163 

metabolites. 164 

Phenolic content in Phaeophyceae is governed by both intrinsic and 165 

extrinsic factors. It has been reported the presence of a wide range of TPC in 166 

different marine brown algae [39]. Variations in reported TPC can be partly 167 

attributed to life cycle, thallus morphology and maturity. In addition, various 168 

environmental factors such as season, light and nutrient concentration can affect 169 

amount of TPC in brown macroalgae [40]. Moreover, it should be emphasized 170 

that phenolic content in brown macroalgae can be attributed to other factors such 171 

as differences in the methods used both in sample preparation and phenolic 172 

compounds extraction, since different solvents vary in their extraction 173 

efficiency. 174 

Antioxidant activity 175 

To date, many in-vitro tests are available to detect, quantify and compare 176 

antioxidant capacity and ability of chemicals to protect a substrate against 177 

oxidation [41]. The antioxidant power of Zonaria tournefortii extract and its 178 

isolated compounds were evaluated by the means of five methods. Considering 179 

the quantitative aspects, it must be pointed that each method possesses its own 180 

mechanism and sensibility that explains the quantitative differences observed 181 

among methods. The tests were performed at different concentrations and the 182 

results, except for CUPRAC assay, were recorded as the half-maximal inhibitory 183 

concentration (IC50). Results were statistically significant (p < 0.05) when 184 

compared with those of controls in each test. All tested samples proved to 185 



 

8 
 

possess antioxidant activity, but none of them shown stronger activity than the 186 

antioxidant standards, except for ferrous ions chelating essay. 187 

In the first method used, the antioxidant capacity measurement was 188 

performed based the scavenging effect as hydrogen donors on the DPPH radical 189 

of the samples. It is one of the most extensively used antioxidant assays for plant 190 

samples and for bioactive products. The discoloration of DPPH solution is 191 

directly proportional to the ability of bioactive molecules to deactivate the 192 

radical species. Results presented in Table 2 demonstrated that all tested samples 193 

exhibited scavenging activities in a dose dependent fashion. Results indicated 194 

that the crude extract found to be less active than the isolated compounds. These 195 

results were attributed to the interferences of other substances in the crude 196 

extract. In fact, the chemical complexity of extracts, often a complex mixture of 197 

active and inactive compounds with different functional groups, polarity and 198 

chemical properties, could lead to lower activity. 199 

Table 2. Antioxidant activity of Zonaria tournefortii extract and its isolated 200 

compounds by the DPPH, ABTS, β-Carotene, CUPRAC and metal chelating 201 

assays. 202 

 

Sample 

A0.5  

(µg cm-3) a 

IC50  

(µg cm-3) b 

CUPRAC DPPH ABTS β-Carotene Metal chelate 

Extract 80.20 ± 0.60 > 200 63.42 ± 1.05 10.55 ± 0.44 14.41 ± 0.16 

1 23.81 ± 0.72 42.76 ± 0.26 12.04 ± 1.60 35.07 ± 0.70 7.71 ± 0.54 

2 23.54 ± 1.20 50.46 ± 0.12 12.73 ± 1.47 32.58 ± 2.22 5.13 ± 0.11 

3 19.06 ± 0.11 89.91 ± 0.51 30.63 ± 0.72 23.76 ± 0.63 3.45 ± 0.14 

4 17.72 ± 0.26 94.53 ± 1.19 37.96 ± 0.96 20.99 ± 2.70 3.57 ± 0.18 

BHA c 9.62 ± 0.87 5.35 ± 0.71 1.29 ± 0.30 1.05 ± 0.03 - 

BHT c 3.64 ± 0.19 5.35 ± 0.71 1.81 ± 0.10 0.91 ± 0.01 - 

EDTA c - - - - 6.5 ± 0.09 

 203 

a A0.5 values represent the means±S.D of three parallel measurements (p < 0.05).  204 

b IC50 values represent the means±S.D of three parallel measurements (p < 0.05). 205 

cReference compound: Butylated hydroxyanisole (BHA), Butylated 206 

hydroxytoluene (BHT), Ethylenediaminetetraacetic acid (EDTA). 207 
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As seen in Table 2, the two acylphloroglucinol 1 and 2 exhibited greater 208 

antioxidant activities in scavenging DPPH than their chromone derivatives 3 and 209 

4. In addition, it should be noted that acylphloroglucinol 1 is the most potent 210 

compound considering its lowest half-maximal inhibitory concentration IC50: 211 

42.76±0.26 µg cm-3 and its derivative 4 was the least potent with IC50: 212 

94.53±1.19 µg cm-3 among the investigated compounds. The findings 213 

corroborate the previous studies on the SAR of antioxidant activities of 214 

phloroglucinol derivatives, the which report the close link between antioxidant 215 

activities and the degree of hydroxylation and extent of conjugation [42]. 216 

Hydroxyl radicals are capable of quick initiation of the lipid peroxidation 217 

process by abstracting hydrogen atoms from unsaturated fatty acids. In addition, 218 

most of the results reported in literature with the DPPH assay were consistent 219 

with a decrease of radical scavenging capacity after introduction of a lipidic 220 

moiety on phenolic structure [43, 44].  221 

Along with the DPPH method, the ABTS assay is one of the most 222 

extensively used antioxidant methods for plant samples. The ability in both 223 

organic and aqueous media and the stability in a wide pH range have enhanced 224 

the interest in the use of ABTS for antioxidant activity determination [45]. The 225 

scavenging activity of ABTS radical involves a blue/green radical cation 226 

ABTS•+ that is chemically generated by the oxidation of ABTS with potassium 227 

persulfate. The reduction in the presence of antioxidants and the decolorization 228 

reflect the capacity of an antioxidant to donate electrons or hydrogen atoms to 229 

deactivate the radical species [46]. The results of ABTS scavenging activity of 230 

Zonaria tournefortii extract and its isolated compounds were summarized in 231 

Table 2. Overall, it was found that all tested samples exhibited potent 232 

scavenging activities which were increased with the concentration. Thus, the 233 

results indicated that compound 1 demonstrated high ABTS+ scavenging effects 234 

with IC50 value of 12.04±1.60 µg cm-3 when compared to others tested samples 235 

namely, compounds 2 > 3 > 4 > extract in order. In particular, Zonaria 236 
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tournefortii extract and its isolated compounds contain a variety of phenolic 237 

hydroxyl groups that can justify the antioxidant capacity and free radical 238 

scavenging activity that were found. These findings are in good agreement with 239 

the results obtained with the DPPH essay. Indeed, the positive correlation 240 

observed between DPPH and ABTS radical-scavenging activities measured for 241 

the studied compounds was found to be significant (r = 0.982, p < 0.05). This 242 

significant correlation is particularly explained by the fact that both assays relied 243 

on a mechanism of electron/hydrogen donation. 244 

The antioxidant potential was also studied using the β-carotene–linoleic 245 

acid assay for lipid peroxidation activity, which is based on oxidation of an 246 

aqueous emulsion of β-carotene and linoleic acid. In this method, peroxy 247 

radicals formed from linoleic acid autoxidation reacts with conjugated double 248 

bonds of β-carotene, causing a rapid degradation and discoloration. The 249 

presence of antioxidant scavenges linoleate radicals or any other free radicals 250 

formed within the system and prevented the formation of oxidation [47].  251 

Different to the two previous assays, Zonaria tournefortii extract showed 252 

the highest lipid peroxidation inhibition activity (IC50: 10.55±0.44 µg cm-3) 253 

compared to the isolated compounds tested. Thus, the relative potencies of the 254 

isolated compounds were in the order: 1 < 2 < 3 < 4. No significant correlation 255 

was found between either the DPPH or the ABTS radical-scavenging activities, 256 

and the antioxidant activities measured with the β-carotene–linoleic acid system 257 

(r = -0.994 and r = -0.989, respectively, p < 0.05). 258 

The high level of activity of extract were in agreement with previous work 259 

[37], which reports that Zonaria tournefortii extract proved to be a potent lipid 260 

peroxidation inhibitors showing higher antioxidant activity than BHT (0.01 mg 261 

cm-3). The β-carotene bleaching test is similar to an oil-water emulsion system; 262 

the difference of antioxidant compounds solubility’s influence their activity in 263 

this assay. Therefore, the lack of confirmation, by the β-carotene assay, of the 264 

strong antioxidant activity exhibited by isolated compounds compared to crude 265 
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extract could be explained by better diffusion of lipophilic compounds into 266 

micelles with linoleic acid and β-carotene where they could exhibit their 267 

antioxidant activity. Furthermore, Frankel and Meyer [48] have suggested a 268 

contribution of lipophilic compounds to antioxidant activity and reported that 269 

compounds with nonpolar properties exhibited most important antioxidant 270 

properties due to their concentration in the lipid-water interface, thereby 271 

preventing the formation of lipid radicals and 𝛽-carotene oxidation. 272 

Antioxidants with polar properties are diluted in the aqueous phase and are thus 273 

less effective in inhibiting lipids peroxidation. 274 

Table 2 showed the cupric ion reducing antioxidant capacity which was 275 

based on absorbance measurement at 450 nm, after the formation of a stable 276 

complex between neocuproine and copper (I). The latter was formed by the 277 

reduction of copper (II) with the electron-donating antioxidants in the presence 278 

of neocuproine. Activity increased linearly with the increasing amount of 279 

samples. By exhibiting the highest A0.5 (80.20±0.60 µg cm-3), the crude extract 280 

proved to be endowed with the modest antioxidant activity. However, 281 

concerning isolated compounds, chromone derivatives 3 and 4 have revealed 282 

high antioxidant activity, compared to acylphloroglucinol 1 and 2. So, the 283 

relative reducing capability of the isolated compounds were in the order: 1 < 2 < 284 

3 < 4. These findings were consistent with the results β-carotene–linoleic acid 285 

method (r = 0.993, p < 0.05), however, they were not in full agreement with 286 

those from radical-scavenging activities. In fact, no significant correlations were 287 

found between the CUPRAC essay in a given isolated compounds and the 288 

antioxidant activity measured by DPPH (r = -0.998, p < 0.05), or by the ABTS (r 289 

= -0.991, p < 0.05). This suggests that the antioxidant mechanisms involved in 290 

compounds 3 and 4 rely on an electron donation, while for 1 and 2, mainly 291 

related to the trapping of free radicals, based on a hydrogen donation reinforced 292 

compared to electron donation. 293 
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Metal ion-chelating activity screens the secondary antioxidants that can 294 

bind the transition metals. These latter, such as ferrous and cupric, are the 295 

effective pro-oxidants, which accelerate the lipid oxidation by acting as catalysts 296 

of free radical reactions, and that by breaking down hydrogen and lipid 297 

peroxides to reactive free radicals via the Fenton reaction [49]. However, 298 

chelation of metals by certain compounds decreases their prooxidant effect by 299 

reducing their redox potentials and stabilizing the oxidized form of the metal 300 

[50]. The metal chelating properties of phenolic compounds suggest that they 301 

may play a role in metal-overload diseases and in all oxidative stress conditions 302 

involving a transition metal ion [51]. As expected, all the investigated 303 

compounds demonstrated potent ferrous ion-chelating capability, with 304 

approximately to the same level of activity. Furthermore, almost all samples 305 

showed relatively high activity in comparison to EDTA, which was highly 306 

statistically significant (p < 0.05). The order of IC50 values for those samples 307 

was revealed and arranged as 14.41±0.16 µg cm-3 (extract) > 7.71±0.54 µg cm-3 308 

(1) > 5.13±0.11 µg cm-3 (2) > 3.57±0.18 µg cm-3 (4) > 3.45±.14 µg cm-3 (3). 309 

As reported in the literature, several previous studies have demonstrated 310 

that phenolic compounds derived from brown seaweeds are potent ferrous ion 311 

chelators [52]. In addition, it has been established that metal chelating potency 312 

of phenolic compounds are dependent upon their unique phenolic structure and 313 

the number and location of the hydroxyl groups [53].   314 

Correlation between total phenolic content and antioxidant activities 315 

Phenolic compounds are known to be powerful chain breaking antioxidants due 316 

to their capability to donate electron/hydrogen as well as the effectiveness of 317 

stabilizing radical intermediates in the prevention of oxidation at cellular and 318 

physiological level. In order to explore the influence of the phenolic compounds 319 

on antioxidant capacity in a given crude extract, and to determine if any 320 



 

13 
 

correlation is present between total phenolic content and antioxidant activity, a 321 

regression analysis was performed (Pazrson’s correlation coefficients). 322 

As shown in Table 3, the high contents in phenolic compounds in Zonaria 323 

tournefortii extract was significantly correlated with their marked antioxidant 324 

activities measured in the same extract by the DPPH method (r = 0.982, p < 325 

0.05), the ABTS activity (r = 0.968, p < 0.05), the β-carotene assay (r = 0.821, p 326 

< 0.05), CUPRAC activity (r = 0.981, p < 0.05), and by metal ion-chelating 327 

activity (r = 0.743, p < 0.05). This finding is in agreement with numerous 328 

literature data that showed that the antioxidant activity of the extracts measured 329 

by different assays was closely related to the phenolic content in brown algae 330 

[54, 55]. In fact, the significant positive correlations between total phenolic 331 

content in the crude extract and antioxidant activities indicated the significant 332 

contribution of acylphloroglucinol derivatives, previously described as displayed 333 

marked antioxidant activities, to the antioxidant capacity of extract.  334 

Table 3. Pearson’s correlation coefficients of the antioxidant activities and the 335 

total phenolic content of Zonaria tournefortii extract and its isolated 336 

compounds.*  337 

 ABTS β-Carotene CUPRAC Metal 

chelate 

Total 

phenolic 

DPPH 0.982 -0.994 -0.991 0.935 0.982 

ABTS  -0.989 -0.998 0.880 0.968 

Carotene   0.993 -0.895 0.821 

CUPRAC    -0.904 0.981 

Metal chelate     0.743 

* Significant correlation at p < 0.05. 338 

Structure-Activity relationships 339 

Marine algae are rich sources of phenolic compounds with pronounced 340 

antioxidant activities. The structure of phenolic compounds, with their suitable 341 

geometric arrangement, number and positions of hydroxyl groups, and the 342 

substitution of aromatic rings, is a determinant key of their radical scavenging 343 
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and metal chelating activities, and constitutes the structure-activity relationships 344 

(SAR). 345 

Acylphloroglucinols derivatives isolated from Zonaria tournefortii have 346 

shown marked antioxidant activities, therefore, it seems plausible that 347 

antioxidant structure–activity relationships study of these compounds might lead 348 

to interesting results with useful commercial applications. In fact, the well 349 

acknowledged SAR of radical-scavenging phenolic antioxidants involved the 350 

ability to donate phenolic hydrogen as well as the stabilization of the resulting 351 

antioxidant radical through electron delocalization or intramolecular hydrogen 352 

bonding or further oxidation.  353 

A basic SAR of the aliphatic and monocyclic acylphloroglucinol 354 

derivatives with long acyl side chains indicated that the antioxidant activity of 355 

these compounds measured by DPPH and ABTS radical-scavenging assays was 356 

enhanced with the increasing number of hydroxyl groups [42]. The 357 

acylphloroglucinol 1 and 2 had the highest antioxidant capacity due to the 358 

presence of four and three free hydroxyl groups in their structures, respectively, 359 

in comparison with chromone derivatives 3 and 4, which have only two free 360 

hydroxyl groups at C-5’ and C-7’. All compounds are able to scavenge the 361 

radicals and enhance the antioxidant activity by electron/hydrogen donation to 362 

the media via these groups. More the number of hydroxyl groups, more the 363 

hydrogen atoms are donated to the peroxyl radicals. In addition, it has been 364 

previously reported [43, 56], the bond dissociation enthalpy (BDE) values of 365 

OH group is essential for bioactivity and also contributes to the scavenging 366 

activities. The same study has indicated that the OH groups in phloroglucinol 367 

have a comparably higher BDE value, thereby a lower radical scavenging 368 

activity in accordance with hydrogen atom transfer mechanism than the rest of 369 

their derivatives. Thus, this can explain the best activities shown by compound 1 370 

which contained an OH group attached to C-15 of acyl side chain in addition to 371 

OH groups of phloroglucinol, suggesting the most reactive site of the H atom 372 
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donation. Nevertheless, from the comparison of chromone derivatives 3 and 4 as 373 

shown in Table 2, when the carbonyl group at C-4’ was conjugated with the 374 

double bond between C-2’ to C-3’, the antioxidant activity would be enhanced. 375 

Compound 4, which had an identical number of hydroxyl groups in the same 376 

position as compound 3, presented less activity than the compound 3, since the 377 

conjugation of a carbonyl group at C-4’ with double bond between C-2’ to C-3’ 378 

would contribute to higher antioxidant activity. So, the absence of the double 379 

bond between C-2’ to C-3’ in compound 4, would conduct to a lower 380 

antioxidant activity than compound 3. 381 

In β-carotene bleaching assay, the reaction was carried out in a lipophilic 382 

emulsion, so the lipophilic compounds can react more readily with lipid in the 383 

emulsion and have the higher antioxidant activities than hydrophilic ones. The 384 

differences in solubilities of acylphloroglucinol derivatives, in a micellar water-385 

lipid system, is the key step for this assay. In contrast with DPPH and ABTS 386 

activities which are hydrophilic assays, increasing the number of carbon atoms 387 

in the acyl group provides higher lipophilicity, which allows the compound a 388 

better penetration across cellular membranes. Therefore, the antioxidant 389 

activities have showed the following decreasing effectiveness order: Extract > 390 

compound 4 > compound 3 > compound 2 > compound 1 (Table 2). Therefore, 391 

compound 1 is the most hydrophilic compound that may not express antioxidant 392 

activity in the lipophilic emulsion system in comparison to other compounds. On 393 

other hand, it is noteworthy that vitamin E was a lipophilic compound, which 394 

reacts readily with the lipid radical, so it had stronger activity in the lipophilic 395 

emulsion than the hydrophilic assays. It is obvious that the mechanism of 396 

antioxidant action is distinctly different between lipid-soluble and water-soluble 397 

systems, since the physical properties of antioxidants may affect their 398 

antioxidant activities under different assay conditions, and it is necessary to 399 

investigate the antioxidants in both hydrophilic and lipophilic systems. 400 
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Concerning iron-chelation activity, the results mentioned in Table 2, 401 

clearly demonstrated that from the interaction of studied compounds with iron 402 

ions can result the formation of chelates and the reduction of the metal ions, 403 

both depending on acylphloroglucinol derivatives structures. It was reported in 404 

the literature that compounds with structure containing two of more the 405 

following functional groups: -OH, -SH, -COOH, -PO3H2, C=O, and -S- in a 406 

favorable structure-function configuration can show metal chelating activity 407 

[57]. Nevertheless, the ferrous ions chelating activity observed for all 408 

compounds in our study seems to depend largely on the chemical structure of 409 

the acylphloroglucinol derivatives studied and the position of its hydroxyl and 410 

carbonyl groups. In relation to the formation of chelates, it could be suggested 411 

that the possible metal-complexing site within the investigated molecules is 412 

between the 5’-hydroxyl group and the 4’’-oxo group. It is noteworthy that 413 

acylphloroglucinol derivatives 1 and 2 had showed activities comparable to that 414 

of chromone derivatives 3 and 4, despite the difference in number of hydroxyl 415 

groups. This result established that the number of hydroxyl group did not much 416 

influence the metal ion-chelating activity and provided evidence for the 417 

importance of the position of hydroxyl and carbonyl groups inside the structure 418 

of compounds and the importance of the presence of the 2,3-double bond in 419 

conjugation with the 4’-oxo group. 420 

Conclusion 421 

In the present study, the antioxidant activity of acylphloroglucinol derivatives 422 

from the brown alga Zonaria tournefortii were determined by five 423 

complementary methods. Based on the analysis of the obtained results, it could 424 

be suggested that the isolated acylphloroglucinol derivatives have prominent and 425 

promising potential for application as antioxidants in functional food, cosmetics, 426 

and pharmaceutical industries. However, in vivo further studies are highly 427 
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required to achieve a better understanding of important antioxidant properties of 428 

the isolated acylphloroglucinol derivatives.  429 

Experimental 430 

Chemicals  431 

Unless specified otherwise, all chemicals and reagents were of the analytical 432 

grade or highest available purity and purchased from Sigma Chemical Co. (St. 433 

Louis, MO, USA). 434 

Marine alga 435 

The algal material was collected off the Mediterranean coast of Algeria on the 436 

west of Tipaza (36°37' 12 '' NR, 2°39' 00 '' E), in October 2016. These samples 437 

belong to: Phaeophyceae class, Dictyotales order, Dictyotaceae family, Zonaria 438 

genus and tournefortii (J.V. Lamouroux) Montagne species. The alga was 439 

identified by Dr. H. Seridi and a voucher specimen (H.S. N° 251) was deposited 440 

in the herbarium of Biological Oceanography and Marine Environment 441 

Laboratory (USTHB-Algeria). The freshly collected algae were washed 442 

thoroughly with water in order to remove salt and sand. Algae were then air-443 

dried under shade and manually sorted out to remove any trace of epiphytes. The 444 

dried alga samples were then chopped into small pieces for the extraction 445 

process. 446 

Extraction, isolation and structural elucidation 447 

The extraction and isolation were evaluated according to the method previously 448 

described by our research team with some modifications [34]. A mass of the 449 

dried sample Zonaria tournefortii was extracted with a mixture of MeOH/CHCl3 450 

(1:1), the solution obtained was filtered and concentrated in vacuo to get crude 451 

extract. The extract was subsequently suspended in Et2O, and the solution 452 

obtained was then extracted with 0.5 M KOH, which gave, after acidification 453 



 

18 
 

and extraction into Et2O, a crude phenolic fraction. This fraction was then 454 

subjected to Silica gel column chromatography followed by linear elution 455 

gradient using TMP/EtOAc (90/10; v/v) to 100% EtOAc, then with the 456 

EtOAc/MeOH (100/0; v/v) to EtOAc/MeOH (50/50; v/v). The column was 457 

finally washed with pure MeOH. The fractions eluted with TMP/EtOAc (60:40) 458 

were further purified by C18 reversed-phase HPLC using an isocratic system 459 

MeCN/H2O (9:1) with 1 cm3/min flow rate at room temperature leading to the 460 

four pure compounds as depicted in Fig. 1. The structure elucidation of the 461 

isolated compounds was carried out based on spectroscopic data, including 1D 462 

and 2D NMR, obtained using Bruker Avance III spectrometer 600 MHz and 463 

completed by comparison of the chemical shifts assigned with those of the same 464 

compounds reported in the literature. 465 

Total phenolic content determination (TPC) 466 

The total phenolic content was determined through the Folin-Ciocalteau method 467 

previously described [25] with some modifications. 2 cm3 of crude extract 468 

solution, obtained by dissolution of 4 mg of crude extract in 8 cm3 of 469 

MeOH/H2O mixture (1/3: v / v) at room temperature, were mixed with 10 cm3 of 470 

water and 12 cm3 of Na2CO3 (29 % w/v) then, 1 cm3 of the Folin–Ciocalteu 471 

reagent was added. The development of color was produced after 30 min in the 472 

dark at room temperature, the absorbance was measured at 760 nm with a 473 

Shimadzu UV-1700 spectrophotometer (Marne la Vallée, France) against the 474 

blank prepared in the same way. The obtained absorbance values were 475 

interpolated in the corresponding calibration curve obtained using different 476 

concentrations of phloroglucinol, ranging from 0.008 to 0.099 mg cm-3, prepared 477 

and treated in the same way as the sample. Results were expressed as mg 478 

phloroglucinol equivalents/g extract and calculated by the following equation 479 

(1) [26]: 480 

𝑇 =
C×V

M
                 (1) 481 
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Where T is the total content of phenolic compounds expressed as mg 482 

phloroglucinol equivalents per gram of extract (mg PGE g-1); C is the 483 

concentration of phloroglucinol established from the calibration curve (mg cm-484 

3); V is the volume of extract (cm3), M is the weight of extract (g). 485 

Antioxidant activity 486 

DPPH free radical scavenging assay 487 

The antioxidant capacity of the extract of Zonaria tournefortii and the isolated 488 

compounds studied through its scavenging activity against 1,1-diphenyl-2-489 

picryl-hydrazyl (DPPH) radical was determined according to the method 490 

previously described [27] with slight modifications. The fundamental principle 491 

of the DPPH method is the reduction of the DPPH radical in alcoholic solution 492 

by an H-donator antioxidant (AH) to form the non-radical form DPPH-H [28]. 493 

160 mm3 of 0.1 mM solution of DPPH in MeOH was added to 40 mm3 of 494 

sample solutions prepared in MeOH at different concentrations. The reaction 495 

mixture was kept in the dark at room temperature for 30 min. The absorbance 496 

values were measured at 517 nm, and converted into a percentage of inhibition 497 

according to the equation (2): 498 

DPPH• scavenging effect (%) =
Abs0 − Abs x

Abs0
 × 100              (2) 499 

With Abs0 corresponding to the absorbance of a control and Absx the 500 

absorbance of the sample. All the measurements were performed in triplicate for 501 

each sample, and then the mean values were used to calculate the IC50 which 502 

represents the concentration of a sample (µg/ cm3) required to scavenge 50% of 503 

the DPPH in the reaction mixture. BHA and BHT were used as positive 504 

controls. 505 

ABTS cation radical decolorization assay 506 
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The ABTS•+ scavenging activity was measured as reported [29] with some 507 

modifications. This method measure the loss of color when an antioxidant is 508 

added to the blue-green chromophore ABTS•+ (2,2-azino-bis(3-509 

ethylbenzthiazoline-6-sulfonic acid)). The ABTS•+ is formed by the loss of an 510 

electron by the nitrogen atom of ABTS (2,2’-azino-bis(3- ethylbenzthiazoline-6-511 

sulphonic acid)) [30]. A 7 mM ABTS solution was oxidized by the reaction with 512 

2.45 mM potassium persulphate giving rise to the ABTS•+. The mixture was 513 

stored in the dark at room temperature for 16 h. Before use, the ABTS•+ solution 514 

was diluted to get an absorbance of 0.7 at 734 nm. Then, an aliquot of 160 mm³ 515 

of this solution was added to 40 mm³ of sample solution at different 516 

concentrations. After 10 min, the absorbance was measured by using a 96-well 517 

microplate reader. The percentage inhibitions were calculated for each 518 

concentration and the ABTS•+ scavenging effect was determined using the 519 

equation (3): 520 

  ABTS•+ 
scavenging effect (%) =

Abs0 − Abs x

Abs0
 × 100              (3) 521 

With Abs0 corresponding to the absorbance of a control and Absx the 522 

absorbance of the sample. All the measurements were performed in triplicate for 523 

each sample, and then the results were given as the IC50, which was calculated 524 

from the graph of the ABTS•+ scavenging effect percentage against the sample 525 

concentration. 526 

β-carotene bleaching assay 527 

The antioxidant capacity of the tested extract and isolated compounds assayed 528 

by the β-carotene bleaching method was performed according to the following 529 

method [31]. This method mainly based on the loss of the yellow to orange color 530 

of β-carotene further to its reaction with the radical species generated from the 531 

oxidation of linoleic acid. The β-carotene bleaching is, thus, retarded by 532 

competing reaction between 𝛽-carotene and antioxidant with the subjected 533 
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radicals. Concisely, 0.5 mg of β-carotene dissolved in 1 cm3 of CHCl3 was 534 

mixed with 25 mm³ of linoleic acid and 200 mg of tween 40 in a flask. After 535 

removing CHCl3 in a rotary vacuum evaporator at 40 °C, 100 cm3 of oxygenated 536 

distilled water was added slowly to the residue, and the solution is vigorously 537 

agitated to form a stable emulsion. Aliquots of 160 mm³ of this emulsion were 538 

transferred into 40 mm³ of the samples at different concentrations, and the zero 539 

time absorbance was measured immediately at 470 nm using a 96-well 540 

microplate reader. The absorbance of the emulsion was read again at the same 541 

wavelength after the incubation of the plate for 2 h at 50 °C. All determinations 542 

were performed in triplicate and the percentage of inhibition was calculated 543 

using the equation (4): 544 

Inhibiton percentage =
Abs A(0)−Abs A(120)

Abs C (0)−𝐴𝑏𝑠 𝐶 (120)
 × 100              (4) 545 

Where Abs A(120) is the absorbance of the antioxidant at t=120 min, Abs 546 

A(0) is the absorbance of the antioxidant at t=0 min, Abs C(120) is the absorbance of 547 

the control at t=120 min, and Abs C(0) is the absorbance of the control at t=0 min. 548 

The sample concentration providing 50% antioxidant activity (IC50) was 549 

calculated from the graph of antioxidant activity percentages against sample 550 

concentrations.  551 

Cupric reducing antioxidant capacity (CUPRAC) 552 

The cupric reducing antioxidant capacity was determined according to the 553 

CUPRAC method [32] with slight modifications. The method consists in mixing 554 

40 mm3 of sample solution with 50 mm3 of a 10 mM copper (II) chloride 555 

solution, 50 mm3 of 7.5 mM neocuproine alcoholic solution, and 60 mm3 of 556 

ammonium acetate aqueous buffer at pH 7, to make the final volume 200 mm3. 557 

The resulting mixture was incubated for 1 h at room temperature, and then the 558 

absorbance was measured at 450 nm by using a 96-well microplate reader. 559 

Results were given as A0.5 corresponding the concentration indicating 0.5 560 
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absorbance intensity, which is obtained by extrapolation of the absorbances 561 

values from the plot of the cupric reducing antioxidant capacity versus sample 562 

concentrations. The results obtained were compared with BHA and BHT used as 563 

antioxidant standards. 564 

Ferrous ions chelating activity 565 

Metal chelating activity of the investigated samples was measured according to 566 

the ferrene-Fe2+ complexation method [33] with slight modifications. 40 mm³ of 567 

sample solution at different concentration were added to 40 mm³ 0.2 mM FeCl2 568 

and 40 mm³ of MeOH. The reaction was then initiated by the addition of 80 569 

mm³ 0.5 mM ferene. The solution was mixed and incubated at room temperature 570 

for 10 min. Finally, the absorbance value of the mixture was measured at 562 571 

nm and the chelating effect was calculated as a percentage using the equation 572 

(5). 573 

Metal chelate activity (%) =
Abs0 − Abs x

Abs0
 × 100             (5)           574 

Where Abs0 corresponding to the absorbance of the initial concentration 575 

devoid of sample and Absx is the absorbance of sample in the presence of the 576 

chelator. EDTA was used as antioxidant standard for comparison of the activity. 577 

The results were plotted as the percentages of chelating activity versus 578 

concentrations and then expressed as IC50 value. 579 

Statistical Analysis 580 

The data are presented as mean ± standard deviation (SD) of 3 measurements (n 581 

= 3) and subject to analysis of variance by the SPSS software (SPSS Inc., 582 

Chicago, USA) using the Student’s t-test. A Pearson correlation test was used to 583 

determine the correlations between antioxidant capacity (AC) results and total 584 

phenolics. Statistical significance was determined at P < 0.05. 585 
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Fig.1 Chemical structures of pure compounds of Zonaria tournefortii 6 
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Table 1. Analytical features of the Folin-Ciocalteau determination of 1 

phloroglucinol 2 

Regression line  A= 6.512C+0.082 

Correlation coefficient 0.9995 

Linear range (mg/cm3) 0.008-0.099 

L.O.Q. (µg cm-3) 5.2 

L.O.D. (µg cm-3) 1.57 

R.S.D. % (n = 10) 0.54 (for 0.045 mg cm-3) 

Notes: R.S.D. %: Relative standard deviation, in percentage; L.O.Q.: 

Limit of quantification expressed in  µg cm-3; L.O.D.: Limit of 

detection expressed in  µg cm-3 
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Table 2. Antioxidant activity of Zonaria tournefortii extract and its isolated 19 

compounds by the DPPH, ABTS, β-Carotene, CUPRAC and metal chelating 20 

assays. 21 

 

Sample 

A0.5  

(µg cm-3) a 

IC50  

(µg cm-3) b 

CUPRAC DPPH ABTS β-Carotene Metal chelate 

Extract 80.20 ± 0.60 > 200 63.42 ± 1.05 10.55 ± 0.44 14.41 ± 0.16 

1 23.81 ± 0.72 42.76 ± 0.26 12.04 ± 1.60 35.07 ± 0.70 7.71 ± 0.54 

2 23.54 ± 1.20 50.46 ± 0.12 12.73 ± 1.47 32.58 ± 2.22 5.13 ± 0.11 

3 19.06 ± 0.11 89.91 ± 0.51 30.63 ± 0.72 23.76 ± 0.63 3.45 ± 0.14 

4 17.72 ± 0.26 94.53 ± 1.19 37.96 ± 0.96 20.99 ± 2.70 3.57 ± 0.18 

BHA c 9.62 ± 0.87 5.35 ± 0.71 1.29 ± 0.30 1.05 ± 0.03 - 

BHT c 3.64 ± 0.19 5.35 ± 0.71 1.81 ± 0.10 0.91 ± 0.01 - 

EDTA c - - - - 6.5 ± 0.09 

 22 

a A0.5 values represent the means ± S.D of three parallel measurements (p < 23 

0.05).  24 

b IC50 values represent the means ± S.D of three parallel measurements (p < 25 

0.05). 26 

c Reference compound: Butylated hydroxyanisole (BHA), Butylated 27 

hydroxytoluene (BHT) Ethylenediaminetetraacetic acid (EDTA). 28 

 29 

 30 

 31 

 32 

 33 



 

 

Table 3. Pearson’s correlation coefficients of the antioxidant activities and the 34 

total phenolic content of Zonaria tournefortii extract and its isolated 35 

compounds. * 36 

 ABTS β-Carotene CUPRAC Metal 

chelate 

Total 

phenolic 

DPPH 0.982 -0.994 -0.991 0.935 0.982 

ABTS  -0.989 -0.998 0.880 0.968 

Carotene   0.993 -0.895 0.821 

CUPRAC    -0.904 0.981 

Metal chelate     0.743 

* Significant correlation at p < 0.05. 37 
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