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Abstract 25 

Chamaemelum nobile (Roman chamomile) and Mentha pulegium (pennyroyal mint) are two 26 

herbs used in traditional medicine throughout the world, including Algeria to treat several 27 

diseases. The present research aimed to study the phenolic composition of C. nobile (CN) and 28 

M. pulegium (MP) hydroalcoholic extracts, as well as their antioxidant and antihemolytic 29 

effects on 2,2’-azobis(2-amidinopropane) dihydrochloride (AAPH)-induced hemolysis in 30 

human erythrocytes. Spectrophotometric estimation of total polyphenols, total flavonoids, 31 

flavones and flavonols and condensed tannins showed that CN was richer in total flavonoids, 32 

flavones and flavonols and condensed tannins (15.65 ± 0.77 mg QE/g, 4.29 ± 0.77 mg QE/ 33 

and 28.73 ± 1.47 mg CE/g, respectively for CN extract, against 7.41 ± 0.77 mg QE/g, 2.3 ± 34 

0.24 mg QE/g and 23.21 ± 1.59 CE/g for that of MP), while MP was richer in total 35 

polyphenols (81.78 ± 1.19 mg GAE/g and 54.4 ± 2.69 mg GAE/g, respectively for MP and 36 

CN extracts). The CN and MP hydroalcoholic extracts were subjected to HPLC-DAD and 37 

HPLC-ESI-MS-MS analysis. A total of 46 compounds were detected, of which 39 were 38 

identified. For the CN extract, 33 compounds were detected, among which 27 were identified. 39 

In contrast, for the MP extract, only 19 compounds were detected and 18 identified. The 40 

compounds found in the two extracts are divided into five groups based on their structures: 41 

phenolic acids, quinic acid esters, flavonoids, caffeic acid oligomers and fatty acids. However, 42 

caffeic acid oligomers were only present in M. pulegium extract. Dicaffeoylquinic acid was 43 

the compound that gave the highest peak area in CN extract, while in MP extract rosmarinic 44 

acid was the most abundant. Both extracts showed good antioxidant activity. The IC50 for 45 

DPPH radical scavenging activity were 19.98 ± 0.91 µg/mL for MP extract and 52.77 ± 1.53 46 

µg/mL for CN extract. The MP extract had a reducing power of 223.74 ± 1.08 mg ascorbic 47 

acid equivalent/g extract, while CN's was 130.65 1.69 mg Asc E/g. Both extracts were also 48 

significantly effective in reducing AAPH-induced oxidative damage. Pretreatment of human 49 

erythrocytes with various dosages of the two extracts in the presence of AAPH significantly 50 

reduced hemolysis in a dose-dependent manner, with IC50s of 127.48 ± 3.14 µg/mL for the 51 

CN extract and 129.52 ± 2.15 µg/mL for the MP extract. Lipid peroxidation induced by 52 

AAPH and estimated by MDA levels revealed that both extracts significantly reduced MDA 53 

levels at doses of 200 and 300 µg/mL, particularly MP extract, where MDA levels were 54 

practically identical to those of control erythrocytes cultured only in PBS. Our finding provide 55 

evidence that that C. nobile and M. pulegium are important sources of antioxidants that have a 56 

considerable protective effect on the erythrocyte membrane against free radicals generated by 57 



AAPH. These antioxidant and antihemolytic properties may protect against diseases caused 58 

by free radicals. 59 

Keywords: 60 

Chamaemelum nobile, Mentha pulegium, Antioxidants, AAPH-hemolysis, Lipid peroxidation 61 

1. Introduction 62 

Erythrocytes (red blood cells) are the most prevalent blood cells which are responsible for 63 

carrying oxygen from the lungs to the body's various tissues via the bloodstream (Pandey and 64 

Rizvi, 2010). Their biconcave disk form allows them to exchange gases more efficiently. The 65 

normal lifespan of erythrocytes is 120 days and are produced in the bone marrow by the 66 

erythropoietin regulating effect (Hamidi and Tajerzadeh, 2003). Erythrocytes are under 67 

continuous stress by oxygenation and deoxygenation cycles as well as from reactive oxygen 68 

species (ROS).  (Barodka et al., 2014). ROS includes both oxygen radicals and non-radical 69 

species which are generated in cells during normal metabolism, especially throughout the 70 

energy production process by a variety of enzymatic and non-enzymatic processes (Bayr, 71 

2005). Moreover, in mature erythrocytes without mitochondria, the oxygenation (ferric state) 72 

and deoxygenation (ferrous state) cycles of heme iron lead to the production of superoxide 73 

and then hydrogen peroxide (Fibach and Dana, 2019). When the production of ROS via 74 

exogenous or endogenous factors takes over the antioxidant systems, oxidative stress is 75 

generated (Beaudeux et al., 2006; Fibach and Dana, 2019), which can be the initial etiology 76 

or the potentiator of several human pathologies such as cancer, cataract, atherosclerosis, 77 

diabetes, cardiovascular disorders, rheumatism, etc. (Favier, 2006). This excess of ROS and 78 

oxidative stress on the erythrocyte membrane mainly affects proteins and lipids leading to 79 

cross-linking of membrane proteins, lipid peroxidation or a combination of both (Edwards 80 

and Fuller, 1996). Due to the richness of their membrane in polyunsaturated fatty acids, as 81 

well as their high concentrations of cellular oxygen and hemoglobin, erythrocytes are 82 

particularly vulnerable to oxidative stress damages, especially lipid peroxidation (Hseu et al., 83 

2014). This lipid peroxidation in turn induces physical and chemical alterations of the 84 

membrane leading to changes in the chemical composition, lipid distribution and the packing 85 

rate of erythrocytes (Spengler et al., 2014). In addition, lipid peroxidation leads to secondary 86 

oxidation products such as aldehydes like malondialdehyde (MDA) and 4-hydroxy-2- ,3-87 

trans-nonenal (HNE), isoprostanes (IsoP) and oxysterols (Michel et al., 2008), which can 88 



damage DNA and produce mutations, impact protein production, and cause additional damage 89 

by cross-linking proteins (Pandey and Rizvi, 2010). 90 

Herbal medicine has been the primary source of primary health care around the world since 91 

ancient times. In Algeria, medicinal and aromatic plants are mainly used in rural areas, 92 

especially by the elderly who know the secrets that are passed on from one generation to 93 

another (Reguieg, 2011). The therapeutic virtues of these plants are often attributed to their 94 

secondary metabolites such as alkaloids, terpenoids, phenolic acids, flavonoids, tannins, 95 

saponins...etc. (Wink, 2015). According to the World Health Organization (WHO), almost 96 

80% of the world's population still uses plant-based medications (Uritu et al., 2018). 97 

Chamaemelum nobile (Roman chamomile) and Mentha pulegium (pennyroyal mint) 98 

commonly called “Babounge” and “Feliou” respectively, are two plants known in Algeria and 99 

used in traditional medicine. 100 

Chamomile is represented by Roman chamomile (Chamaemelum nobile) and German 101 

chamomile (Matricaria chamomilla), two varieties well known worldwide. Chamomile is 102 

recognized as a universal treatment for almost all common ailments of human beings due to 103 

its healing powers (Russo et al., 2021; Srivastava and Gupta, 2015). It has been used in 104 

traditional medicine as anti-inflammatory, anti-infective, sedative (Sharifzadeh et al., 2016), 105 

to treat influenza, gastrointestinal disorders, anxiety, convulsions, rheumatic pain and muscle 106 

spasms, mucosal ulceration, ulcerations and hemorrhoids (Tai et al., 2020), and like 107 

antiseptic, disinfectant, bactericidal, antibiotic, fungicidal and vermifuge (Guimarães et al., 108 

2013). Every day, over one million cups of chamomile tea are consumed around the world 109 

(Bhaskaran et al., 2012). Chamaemelum nobile (L.) is a perennial herb found in Western 110 

Europe, North Africa and North America that belongs to the Asteraceae family (Carnat et al., 111 

2004; Guimarães et al., 2013). In the United States, C. nobile is listed as GRAS (generally 112 

recognized as safe) (Zhao et al., 2014). C. nobile is rich in essential oils, mainly esters of 113 

angelic acid and tiglic acid. It also contains a-pinene, farnesene, and sesquiterpene lactones of 114 

the germacranolide type such as nobilin and 3-epinobilin (Srivastava and Gupta, 2015). It is 115 

also characterized by the presence of other secondary metabolites as flavonoids consisting 116 

either of flavones such as apigenin and luteolin, or flavonols such as quercetin and patuletin, 117 

which are present in various forms such as aglyco-, mono-, and di-glycosides and/or acyl 118 

derivatives, terpenoids, coumarins, hydroxycoumarins, polysaccharides, steroids, and organic 119 

acids that are responsible for its beneficial effects (Bhaskaran et al., 2012; Zhao et al., 120 

2014). 121 



Mentha is a genus of 61 species belonging to four sections (Pulegium, Tubulosae, Eriodontes, 122 

and Mentha) in the Lamiaceae family (Benabdallah et al., 2018), which is one of the most 123 

important plant families whose best known members are a variety of aromatic spices such as 124 

thyme, oregano, mint, sage, basil, rosemary, savory, etc. (Uritu et al., 2018). In Algeria, 125 

fifteen species of Mentha are listed including five important species, among which Mentha 126 

pulegium (Brahmi et al., 2020), which is a species of flowering plant commonly called 127 

pennyroyal (European), squaw mint, mosquito plant or pudding grass, native to Europe, North 128 

Africa and the Middle East (Miraj and Kiani, 2016). M. pulegium has been traditionally used 129 

to treat flatulent dyspepsia and intestinal colic with its carminative and antispasmodic 130 

characteristics (BOULKBACHE-MAKHLOUF et al., 2014). It is also used as an 131 

emmenagogue, abortifacient, and to cure colds, influenza, smallpox, and tuberculosis, as well 132 

as to accelerate latent menstruation (Miraj and Kiani, 2016). 133 

Phenolic compounds are plant secondary metabolites with defense, growth, and 134 

developmental functions. They are a well-studied family that includes over 8000 distinct 135 

phenolic structures. They are often in the form of esters and glycosides and have at least one 136 

aromatic ring to which one or more hydroxyl groups are attached (Carocho and CFR 137 

Ferreira, 2013). High consumption of phenolic-rich fruits and vegetables is associated with 138 

health benefits. Phenolic compounds are known for their antioxidant power and present a 139 

wide range of activities such as antimicrobial, antiviral, anti-inflammatory, anti-tumor, anti-140 

cancer, anti-mutagenic, reduction in coronary heart disease risk, anti-allergenic, and anti-141 

artherogenic (Balasundram et al., 2006; Umar Lule and Xia, 2005). 142 

To our knowledge, no study has been conducted on the anti-hemolytic properties of 143 

Chamemelum nobile and Mentha pulegium phenolic compounds. Therefore, the aim of the 144 

present work is to characterize the phenolic compounds of the hydroalcoholic extracts of the 145 

two plants using colorimetric methods, HPLC-DAD and HPLC-MS-MS, as well as to 146 

investigate their antioxidant and antihemolytic activities against hemolysis induced by 2,2'-147 

Azobis(amidinopropane) dihydrochloride (AAPH) in human erythrocytes. 148 

2. Material and methods 149 

2.1 Reference polyphenols 150 

Gallic acid (98%, Fluka), 3,4-dihydroxybenzoic acid (≥ 97%, Fluka), 4-hydroxybenzoic acid 151 

(99%, Sigmal-Aldrich), 3-hydroxybenzoic acid (99%, Sigma-Aldrich), vanillic acid (97%, 152 



Sigma-Aldrich), syringic acid (98%, Sigma-Aldrich), caffeic acid (97%, Sigma-Aldrich), 153 

chlorogenic acid (≥ 95%, Sigma-Aldrich), p-coumaric acid (≥ 98%, Sigma-Aldrich), ferulic 154 

acid (99%, Sigma-Aldrich), sinapic acid (≥ 99%, Fluka), o-coumaric acid (97%, Sigma-155 

Aldrich), trans-cinnamic acid (97%, Sigma-Aldrich), ellagic acid (97%, Lancaster), rutin (≥ 156 

95%, Fluka), quercitrin (> 99%, Sigma-Aldrich), myricetin (> 95%, Biochemika), naringenin 157 

(≥ 95%, Fluka), quercetin (≥ 98%, Sigma-Aldrich), and genistein (97%, Alfa-Aesar) were 158 

used as reference polyphenols. Two stock solutions, M1 and M2, were prepared in methanol. 159 

Each solution contained ten polyphenols at a concentration of approximately 10 ppm, as 160 

follows: M1 – gallic acid, 4-hydroxybenzoic acid, vanillic acid, caffeic acid, p-coumaric acid, 161 

sinapic acid, trans-cinnamic acid, rutin, myricetin, quercetin. M2 – 3,4-dihydroxybenzoic 162 

acid, 3-hydroxybenzoic acid, syringic acid, chlorogenic acid, ferulic acid, o-coumaric acid, 163 

ellagic acid, quercitrin, naringenin, genistein. 164 

2.1. Plant material 165 

The aerial parts of Chamaemelum nobile and Mentha pulegium were purchased from an 166 

herbalist in the locality of Bejaia (north-eastern Algeria). They were authenticated by Dr. 167 

Abdelazize Franck Bougaham, from Laboratory of Applied Zoology and Animal 168 

Ecophysiology, Faculty of Nature and Life Sciences, University of Bejaia. The aerial parts of 169 

both plants were cleaned, dried and ground with an electric grinder. The particles obtained 170 

were sieved to obtain a uniform powder. 171 

2.2. Preparation of hydroalcoholic extracts 172 

The hydroalcoholic extracts were obtained with a 70/30 v/v mixture of ethanol and distilled 173 

water. Fifty grams of each powder were mixed with 500 mL of ethanol- distilled water and 174 

stirred at room temperature for 24 h. The mixtures were filtered and the supernatants were 175 

recovered. The same procedure was carried out a second time. The two recovered 176 

supernatants were mixed and the solvent was evaporated to obtain a dry extract. To eliminate 177 

the lipophilic fraction of the sample, the dry extracts were solubilized in distilled water and 178 

washed three times with hexane in a separatory funnel. To obtain the dry extracts, the distilled 179 

water was removed entirely.  180 

2.3. Phytochemical analysis 181 

2.3.1. Determination of total polyphenols content 182 



Total polyphenols content (TPC) of the two extracts were determined according to the 183 

protocol described by (Wolfe et al., 2003) with some modifications. 250 µL of each extract 184 

was combined with 1.25 mL of Folin-Ciocalteu (0.1 N) and 1 mL of 7.5% sodium carbonate 185 

solution was added after 5 min. The absorbance was measured with a spectrophotometer at 186 

740 nm after 90 min of incubation. The total phenolic content was quantified as mg of gallic 187 

acid equivalents per g of extract (mg GAE/g) using a gallic acid standard curve.  188 

2.3.2. Determination of total flavonoids content 189 

Aluminium chloride was used for the determination of total flavonoids content (TFC), 190 

following the method described by (Quettier-Deleu et al., 2000). A volume of 1 mL of each 191 

extract was mixed with 1 mL of aluminum chloride (2%) solution, homogenized, and the 192 

absorbance at 410 nm measured 15 min later. The total flavonoids content was quantified as 193 

mg of quercetin equivalents per g of extract (mg QE/g) using a quercetin standard curve.  194 

2.3.3. Determination of flavones and flavonols content 195 

Flavones and flavonols content was determined according to the method reported by (Kosalec 196 

et al., 2004). 250 µL of each extract was mixed with 750 µL 96° ethanol, 50 µL of aluminum 197 

chloride solution (10%), 50 µL of potassium acetate (1 mol/l), and 1.4 mL of distilled water. 198 

The concentration of flavones and flavonols was estimated in the same conditions using 199 

quercetin for building the calibration curve. The results are given as mg of quercetin 200 

equivalents per g of extract (mg QE/g). 201 

2.3.4. Determination of condensed tannins content 202 

Condensed tannins react with vanillin in the presence of an acid to produce a red complex. A 203 

volume of 1.5 mL of vanillin (4%) solubilized in methanol was mixed with 250 µL of each 204 

extract. 750 µL of concentrated sulfuric acid was then added. The absorbance was read at 500 205 

nm after 15 min incubation at room temperature. Results were represented as milligram (+)-206 

catechin equivalents/g of extract (mg CE/g) based on a catechin standard curve (Sun et al., 207 

1998). 208 

2.4. HPLC-DAD and HPLC-ESI-MS-MS analysis  209 

Hydroalcoholic extracts of C. nobile and M. pulegium were redissolved in bidistilled water to 210 

obtain solutions containing around 10 mg/g. Before each analysis, aliquots of these solutions 211 



were diluted to 1 mg/g. The two stock solutions M1 and M2 were used as reference samples 212 

for these analyses.  213 

2.4.1 HPLC-DAD analysis 214 

Experiments were carried out using an HPLC system comprised of a PU-2089 quaternary 215 

pump (Jasco International Co.) with a degasser, an AS 950 auto sampler (Jasco International 216 

Co.), and a GECKO 2000 column oven (Amchro GmbH). A MD-2010 diode-array detector 217 

(Jasco International Co.) was used for detection, with a resolution of 4 nm and a wavelength 218 

range of 200-650 nm. The injection volume was set at 20 µL. An Ascentis Express RP-Amide 219 

column (10 cm x 2.1 mm, particle diameter 2.7 m, Sigma-Aldrich, USA) was used in 220 

conjunction with an Ascentis Express RP-Amide guard column (5 mm x 2.1 mm, particle 221 

diameter 2.7 µm, Sigma-Aldrich, USA) to achieve separation. Water (A) and acetonitrile (B) 222 

were used as eluents, both containing 0.3% (v/v) formic acid. The flow rate of the mobile 223 

phase was 0.4 mL/min, and the temperature of the column oven was 40 °C. For all 224 

experiments, the following gradient was used: 0-3.75 min at 100% (A); 3.75-19.50 min from 225 

100% to 89% (A); 19.50-27.75 min from 89% to 79% (A); 27.75-44.25 min from 79% to 226 

60% (A); 44.25-50.25 min from 60% to 39% (A); 50.25-51 min from 39% to 0% (A); 51.00-227 

52.50 at 0% (A). The re-equilibration process took 12 min. ChromNAV (version 1.12.01) was 228 

used to process HPLC-DAD chromatograms. 229 

2.4.2 HPLC-ESI-MS-MS analysis  230 

Experiments were performed using an HPLC 1200 Infinity chromatographic device connected 231 

through a Jet Stream ESI interface to a 6530 Infinity Q-ToF tandem mass spectrometer 232 

(Agilent Technologies, USA). Separation was achieved using the same column, eluents and 233 

gradient used for HPLC-DAD experiments. For the ESI interface, N2 (purity > 98%) was used 234 

as a drying and sheath gas. The following conditions were used for ionization in negative ion 235 

mode: drying gas temperature 350 °C, flow 10 L/min, capillary voltage 4.5 kV; nebulizer gas 236 

pressure 35 psi; sheath gas temperature 375 °C, flow 11 L/min. MS acquisition ranges were 237 

100-1700 m/z and MS-MS acquisition ranges were 90-1700 m/z. The collision-induced 238 

fragmentation was carried out using N2 (99.999% purity) as the collision gas at a potential of 239 

20 V. The mass axis was calibrated daily with the Agilent HP0321 tuning mix (Agilent 240 

Technologies, USA), which was prepared in acetonitrile. MassHunter Workstation (version 241 

B.04.00, Agilent Technologies, USA) was used to process HPLC-ESI-MS-MS 242 

chromatograms. The compounds were identified primarily through their MS and MS-MS 243 



spectra, as well as comparisons to literature references. Confirmation of identified compounds 244 

in the HPLC-ESI-MS-MS chromatograms was supported, when possible, by the analysis of 245 

the corresponding peaks in the HPLC-DAD chromatograms. 246 

2.5. Antioxidant activities  247 

2.5.1. DPPH radical-scavenging activity 248 

In the presence of an antioxidant, the purple radical DPPH (2,2-Diphenyl-lpicrylhydrazyl) is 249 

reduced to yellow diphenylpicryl hydrazine. 2.45 mL of various concentrations of each 250 

extract were mixed with 50 mL of DPPH radical (5 mM in methanol). The absorbance of the 251 

mixtures was measured at 517 nm after 30 min of incubation in the dark. Quercetin was used 252 

as positive control. The formula below was used to calculate the percentage of DPPH radical 253 

scavenging activity (Maisuthisakul et al., 2007).  254 

DPPH radical scavenging activity (%) = [ A0 - A1) / A0 ] x 100 255 

A0 is the absorbance of the control solution (containing only DPPH);  256 

A1 is the absorbance of the DPPH solution containing plant extract, or positive control   257 

2.5.2. Reducing power 258 

The reducing power of the two extract was determined as described by (Kosalec et al., 2013). 259 

A volume of 250 µL of each extract was mixed with 500 µL of phosphate buffer (0.2 M, pH 260 

6.6) and 500 µL of potassium ferricyanide (1%). After 20 min of incubation at 50 °C, 500 µL 261 

of a 10% trichloroacetic acid (TCA) solution were added. 500 µL of this mixture were taken 262 

and added to 500 µL of distilled water and 100 µL of ferric chloride (0.1%), and the 263 

absorbance was read at 700 nm. Ascorbic acid was used as standard.  264 

2.6. Antioxidant tests using the human erythrocyte model (antihemolytic activity) 265 

2.6.1. Preparation of erythrocytes suspension 266 

Blood was collected from healthy donors and was provided by the CTS (Centre de 267 

Transfusion Sanguine = Blood Transfusion Center, Bejaia, Algeria). Blood was centrifuged in 268 

heparinized tubes at 3000 rpm for 10 minutes. The supernatant and buffy coat were removed 269 

and the red blood cells were then washed three times with a phosphate buffered saline 270 

solution pH 7.4 (PBS: 137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.8 mM KH2PO4, pH 271 



7.4). The red blood cells pellet was suspended in PBS to obtain hematocrit of 10% which is 272 

used immediately after its preparation (Rafat et al., 2010). 273 

2.6.2. Hemolytic activity of extracts on red blood cells 274 

The extract were prepared in 5% DMSO dissolved in PBS pH 7.4. An aliquot of 250 µL of 275 

erythrocyte suspension (10% hematocrit) was mixed with 500 µL of different concentrations 276 

(25-1000 µg/mL) of each extract. The mixture was incubated in a water bath at 37 °C for 4 h, 277 

with gently mixing every one hour. A positive control was prepared by substituting the PBS 278 

solution with distilled water (considered as 100% hemolysis). After 4 h of incubation, all 279 

tubes were adjusted to 4.5 mL with PBS solution and centrifuged for 10 min at 2000 rpm. The 280 

released hemoglobin was measured at 540 nm and the hemolysis rate was calculated as 281 

follows (Rafat et al., 2010).  282 

Hemolysis rate (%) = [(A extract  / A positive control] x 100 283 

A extract: Absorbance of hemoglobin in tubes treated with the extract 284 

A positive control: Absorbance of hemoglobin in tubes treated with the distilled water 285 

2.6.3. Antihemolytic effects of the extracts on AAPH induced hemolysis 286 

The study of the antihemolytic effect of hydroalcoholic extracts of CN and MP was tested on 287 

AAPH [2,2'-azobis(amidinopropane) dihydrochloride] induced hemolysis followed the 288 

protocol reported by (Yang et al., 2017) with slight modifications. A volume of 250 µL of the 289 

10% erythrocyte suspension was pre-incubated at 37 °C for 30 min with different 290 

concentrations of the two hydroalcoholic extracts (50-300 µg/mL). 500 µL of an AAPH 291 

solution in PBS was added to reach a final concentration of 200 mM. The incubation was 292 

continued until 4 h. Then, all tubes were adjusted to 4.5 mL with PBS solution and 293 

centrifuged for 10 min at 2000 rpm. Ascorbic acid was used as standard. The hemolysis rate 294 

was estimated by measuring the released hemoglobin at 540 nm as previously mentioned. The 295 

percentage inhibition of AAPH-induced hemolysis of the two extracts was calculated as 296 

follows.  297 

Hemolysis inhibition (%) = [(A AAPH – A extract) / A AAPH] x 100 298 

A AAPH: Absorbance of hemoglobin in tubes treated only with 200 mM of AAPH 299 

A extract: Absorbance of hemoglobin in tubes treated 200 mM of AAPH and extracts  300 

2.6.4. Effect of the extracts on erythrocyte lipid peroxidation 301 



In order to evaluate the effect of the two extracts on lipid peroxidation of erythrocytes, the 302 

levels of malondialdehyde (MDA) were measured using thiobarbituric acid reactive 303 

substances (TBARS) assay (Okoko and Ere, 2012) with slight modifications. The extracts 304 

were used to pre-treat the erythrocyte suspension, which was subsequently treated with 200 305 

mM AAPH, incubated, and centrifuged as previously described. 250 µL of the supernatant 306 

were collected and combined with 1 mL of the thiobarbituric acid solution (0.375% 307 

thiobarbituric acid, 15% trichloroacetic acid and 0.2 M HCl). The mixture was vortexed 308 

before being incubated for 1 h at 100°C. After cooling, the mixture was centrifuged at 3000 309 

rpm for 5 min, and the absorbance was measured at 532 nm. A calibration curve was 310 

performed under the same conditions using 1,1,3,3-Tetramethoxypropane (a protected form of 311 

malondialdehyde) (0-10 µM). The MDA level was determined and expressed as µM/mL of 312 

the erythrocyte suspension (ES). 313 

2.7. Statistical analysis 314 

All measurements were performed in triplicate and the results expressed as mean ± standard 315 

deviation (SD). The statistical analysis was performed by Graph Pad Prism 6.0 software. 316 

Statistical significance was assessed by Student's t-test or one-way ANOVA followed by 317 

Tukey’s multiple comparison tests. The differences were considered as significant when P < 318 

0.05. The IC50 values were determined using the software Origin 9.5. 319 

3. Results 320 

3.1. Phytochemical analysis 321 

Total polyphenols, total flavonoids, flavones and flavonols and condensed tannins contents 322 

are shown in Table 1. Total polyphenols contents, as gallic acid equivalents, were determined 323 

by Folin-Ciocalteu colorimetric method that gives a blue coloration during phenols oxidation. 324 

TPC was higher in the hydroalcoholic extract of M. pulegium (81.78 ± 1.19 mg GAE/g of 325 

extract) compared to that of C. nobile extract (54.4 ± 2.69 mg GAE/g extract). However, total 326 

flavonoids contents, and flavones and flavonols contents, which give a yellow color in 327 

presence of aluminum chloride and expressed as milligram quercetin equivalents, were higher 328 

in C. nobile extract (15.65 ± 0.77 mg QE/ g extract and 4.29 ± 0.77 mg QE/ g extract, 329 

respectively), compared to those of M. pulegium extract (7.41 ± 0.77 mg QE/ g extract and 2.3 330 

± 0.24 mg QE/ g extract, respectively). Condensed tannins content expressed as milligram 331 



catechin equivalent were 28.73 ± 1.47 mg CE/ g extract for C. nobile extract and 23.21 ± 1.59 332 

mg CE/ g extract for M. pulegium extract. 333 

3.2. Compounds identified by HPLC-DAD and HPLC-MS-MS 334 

A list of all the identified compounds in hydroalcoholic extracts of C. nobile and M. pulegium 335 

is presented in Table 2, along with details regarding the raw formula, molecular weight and 336 

spectroscopic/spectrometric properties. 39 different species were identified in total; 27 in C. 337 

nobile extract and 18 compounds in M. pulegium extract, while 7 peaks could not be assigned 338 

to any compound. The data regarding these peaks are reported nonetheless for completeness 339 

of information. The identified compounds can be classified based on their structures, and five 340 

main categories can be distinguished: 341 

Phenolic acids (#2, 4, 8, 15) – These are the most basic polyphenols and can be found in a 342 

wide range of plant species. These compounds were identified by comparison with the 343 

analytical standards in the stock solutions M1 and M2. 344 

Quinic acid esters (#6, 11, 13, 16, 17, 18, 27, 28, 35) – These compounds are characterized 345 

by the presence of ester bonds involving the carboxylic group of one or more phenolic acid 346 

molecule and the hydroxy groups of a quinic acid molecule. The most common phenolic acid 347 

among these compounds is caffeic acid, but a small number of quinic acid esters (#16, 17, 18) 348 

was also found with p-coumaric and ferulic acids. Most quinic acid esters showed a 349 

characteristic fragment ion at m/z 191, corresponding to the quinate anion. Moreover, the 350 

presence of quinic acid does not significantly alter the UV-Vis absorption of the phenolic acid 351 

moieties, which retain their characteristic wavelengths. These spectroscopic and spectrometric 352 

properties proved fundamental in the identification of all members of this category. 353 

Flavonoids (#14, 21, 23, 24, 25, 26, 30, 31, 32, 33, 37, 39, 42, 44, 46) – Flavonoids are a 354 

class of well-known polyphenols with a carbon skeleton of C6-C3-C6. Flavonoids, together 355 

with phenolic acids, are present in a wide range of plant species and are responsible for the 356 

antioxidant and nutraceutical properties of many plant-based foods. Flavonoids are a very 357 

large group of molecules with several isomers, so identifying them in these samples was 358 

difficult. By comparing the flavonoids to the standard mixture M1, rutin (#25) was easily 359 

detected, but the other flavonoids were only tentatively identified based on their 360 

pseudomolecular ions and fragment ions. 361 



Caffeic acid oligomers (#22, 29, 36, 38, 41) – Only the hydroalcoholic extract of Mentha 362 

pulegium revealed the presence of caffeic acid oligomers. They are ester-linked oligomers 363 

made up of two, three, or four caffeic acid or 3,4-dihydroxyphenyllactic acid groups. These 364 

compounds have UV-Vis spectra that are similar to those of the corresponding monomers. 365 

Fatty acids (#3, 5, 19, 43) – Fatty acids are generally non-polar compounds, thus it is 366 

reasonable to hypothesize that the majority of them were removed during the hexane wash 367 

process. The chromatograms did, however, reveal some of the most polar fatty acids. Since 368 

they do not significantly absorb UV-Visible light, none of the compounds in this group were 369 

detected in the HPLC-DAD chromatograms. 370 

C. nobile hydroalcoholic extract: The chromatograms are shown in Fig. 1. The HPLC-371 

MSMS profile of this extract was richer than that of Mentha pulegium, and two major peak 372 

groups could still be identified. The first group, which eluted between 11 and 21 min, featured 373 

abundant peaks attributed to caffeic acid (#8) and quinic acid esters (#13, 17), the most 374 

intense of which was chlorogenic acid (#13). The presence of flavonoids, flavonoid 375 

glucosides, and dicaffeoylquinic acids dominated the second group of peaks, which eluted 376 

between 24 and 37 min. Contrary to quinic acid monoesters, quinic acid diesters were not 377 

detected in the chromatograms of Mentha pulegium. The most intense peaks in this region 378 

were attributed to a methylmyricetin glucoside isomer (#24) and to two dicaffeoylquinic acid 379 

isomers (#28, 35) whose structure is presented in Fig. 3, A. 380 

M. pulegium hydroalcoholic extract: The chromatograms are presented in Fig. 2. Based on 381 

their retention time, the major peaks in the HPLC-MS-MS chromatogram can be divided into 382 

two groups. The first group, with retention times in the range 11-16 min, showed two main 383 

peaks belonging to a glucoside of tuberonic acid (#12) and to gallocatechin (#14). Tuberonic 384 

acid is a jasmonate, which is a class of hormones that controls plant growth and development. 385 

The other peaks in this group belong to phenolic compounds such as caffeic acid (#8) and 386 

chlorogenic acid isomers (#11, 13). The second group of peaks, eluting in the range 25-35 387 

min, was dominated by the presence of rosmarinic acid. This compound, whose structure is 388 

presented in Fig. 3, B, is obtained by the formation of an ester bond between caffeic acid 389 

molecule and 3,4-dihydroxyphenyllactic acid. Other caffeic acid-based oligomers, such as 390 

salvianolic acids (#22, 41) and lithospermic acid (#38), were also attributed to the other main 391 

peaks in this area. Small peaks belonging to flavonoids (#23, 25, 44) were also detected. 392 

3.3. C. nobile and M. pulegium hydroalcoholic extracts have a good antioxidant activity  393 



The scavenging activities of DPPH radical by the two hydroalcoholic extracts of C. nobile 394 

(CN) and M. pulegium (MP) are presented in Fig. 4. Both extracts exhibited high antioxidant 395 

capacity with a dose dependent manner. MP hydroalcoholic extract gave the best DPPH 396 

radical scavenging activity compared to CN hydroalcoholic extract. Indeed, the MP extract 397 

gave scavenging activity of DPPH radical of 76.9 ± 0.74% at concentration of 50 µg/mL. 398 

However, the CN extract gave scavenging activity of DPPH radical of 84.2 ± 3.57% at 399 

concentration of 125 µg/mL. This is confirmed by the IC50 values obtained (MP: IC50 DPPH 400 

= 19.98 ± 0.91 µg/mL; CN: IC50 DPPH = 52.77 ± 1.53 µg/mL). The IC50 of quercetin used as 401 

standard was 2.85 ± 0.05 µg/mL. 402 

The reducing power test assesses the ability of antioxidants such as phenolic compounds in 403 

plant extracts to donate an electron to ferric ions, converting them into ferrous iron ions. In 404 

this study, the reducing power of the two extracts was expressed as milligrams of ascorbic 405 

acid equivalent per gram of extract (mg Asc E/g extract). According to the results, the MP 406 

extract has almost twice the reducing power (223.74 1.08 mg Asc E/g extract) than the CN 407 

extract (130.65 1.69 mg Asc E/g extract). 408 

3.4. Antihemolytic activity on human erythrocyte 409 

3.4.1. C. nobile and M. pulegium hydroalcoholic extracts have no hemolytic effect on 410 

human erythrocytes 411 

Different concentrations of the hydroalcoholic extracts of CN and MP were tested on human 412 

erythrocytes to evaluate their hemolytic activity. In comparison to total hemolysis induced by 413 

distilled water, incubation of erythrocytes with both extracts (25-1000 g/mL) caused 414 

essentially minimal hemolysis (Fig. 5). CN extract hemolysis rates range from 2.26 ± 0.46% 415 

to 3.16 ± 1.19% for the CN extract, while the MP extract hemolysis rates range from 1.93 ± 416 

0.06% to 3.05 ± 0.97%. The statistical analysis showed a significant difference (P ˂ 0.05) 417 

between hemolysis rates generated by the two extracts and distilled water.  418 

3.4.2. C. nobile and M. pulegium hydroalcoholic extracts attenuate AAPH-induced 419 

hemolysis in human erythrocytes 420 

Treatment of erythrocytes with 200 mM AAPH resulted in a hemolysis rate of 56.66 ± 1.30% 421 

compared to total hemolysis induced by distilled water (P ˂ 0.05). The rate of AAPH-induced 422 

hemolysis is reduced in a dose dependant manner when erythrocytes are pretreated with 423 

varying doses of the two hydroalcoholic extracts of CN and MP, and with ascorbic acid used 424 



as control (Fig. 6.). Indeed, hemolysis rates decreased slightly after 4 h of incubation in the 425 

presence of 200 mM AAPH and pretreatment with 50 and 100 µg/mlL hydroalcoholic 426 

extracts of CN and MP, compared to the control treated only with 200 mM AAPH (CN: 51.88 427 

± 1.12% and 42.36 ± 2.23%; MP: 55.31 ±0.59% and 49.02 ± 1.23%, at concentrations of 50 428 

and 100 µg/mL, respectively). These rates correspond to hemolysis inhibition percentages of 429 

8.42 ± 1.98% and 25.23 ± 3.95% for CN extract, and 2.37 ± 1.04% and 13.48 ± 2.17% for MP 430 

extract (Table 3). However, at higher doses of both extracts (150, 200 and 300 µg/mL), the 431 

hemolysis rates decreased very sharply to 7.61 ± 0.34% for the CN extract and 7.69 ± 0.53% 432 

for the MP extract at the 300 µg/mL dose, corresponding to hemolysis inhibition rates of 433 

86.46 ± 0.53% and 86.56 ± 0.84, respectively. The IC50 value for CN extract was 127.48 ± 434 

3.14 µg/mL and for MP extract was 129.52 ± 2.15 µg/mL (Fig. 6. and Table 3). Pretreatment 435 

of erythrocytes with 300 µg/mL ascorbic acid used as a control gave an inhibition rate of 436 

95.38 ± 1.86%. 437 

3.4.3. C. nobile and M. pulegium hydroalcoholic extracts decrease AAPH-induced lipid 438 

peroxidation in human erythrocytes. 439 

Our results show that when erythrocytes were treated with 200 mM AAPH for 4 h, MDA 440 

levels increased by around 400% (123.08 ± 8.35 µM/mL ES) compared to control 441 

erythrocytes grown just in PBS (31.6 ± 4.74 µM/mL ES). The efficacy of CN and MP extracts 442 

to counteract AAPH-induced membrane lipid peroxidation was assessed using different doses 443 

of the two extracts. Pre-treatment of the erythrocyte suspension for 30 min with both extracts 444 

(50-300 µg/mL) before the addition of 200 mM AAPH resulted in a decrease in the rate of 445 

lipid peroxidation (MDA levels), except for the 50 and 100 µg/L doses of the MP extract. 446 

Indeed, this decrease is very significant at 200 and 300 µg/mL concentrations of both extracts, 447 

with MDA levels close or similar to those of control erythrocytes cultured alone in PBS, 448 

especially for the MP extract. The MDA levels after pretreatment of erythrocytes with 200 449 

and 300 µg/mL are respectively, 59.88 ± 9.98 and 42.53 ± 5.15 µM/mL ES for the CN 450 

extract, and 41.1 ± 11.8 and 28.51 ± 1.42 µM/mL ES for the MP extract. This equates to a 451 

decrease in MDA generation of 51.35% and 65.44% for the CN extract, and 66.6% and 452 

76.83% for the MP extract, compared to the positive control treated only with 200 mM 453 

AAPH. MDA rate in erythrocytes pretreated with 300 µg/mL ascorbic acid used as standard 454 

(20.67 ± 1.42 µM/mL ES) is lower even than that of control erythrocytes cultured only in PBS 455 

(31.6 ± 4.74 µM/mL ES) 456 



4. Discussion 457 

Roman chamomile (C. nobile) and pennyroyal mint (M. pulegium) are two very well-known 458 

plants in the world. In Algeria, they are used thanks to their richness in essential oils to treat 459 

various diseases. Our work aimed to characterize the phenolic compounds of C. nobile and M. 460 

pulegium and to study their effects against AAPH-induced hemolysis in human erythrocytes. 461 

For this reason, extraction of phenolic compounds from both plants was carried out using a 462 

binary solvent mixture of ethanol and water (70-30 v/v respectively). The choice of this 463 

binary solvent was due to the fact that previous studies have reported that binary solvent 464 

systems are more efficient for the extraction of phenolic compounds compared to the mono-465 

solvent system (pure ethanol or water) (Thoo et al., 2010; Zhang et al., 2007). In addition, 466 

ethanol and water also offer the advantages of being GRAS (Generally Recognized as Safe), 467 

inexpensive, green solvents and can be used directly in food and pharmaceuticals (Monroy et 468 

al., 2016). 469 

The results of the phytochemical analysis showed that M. pulegium is richer in total 470 

polyphenol (81.78 ± 1.19 mg GAE/g) than C. nobile (54.4 ± 2.69 mg GAE/g). The Folin-471 

Ciocalteu assay is a non-specific method and is based on the electron transfer from phenolics 472 

to phosphomolybdic/phosphotungstic acid complexes in alkaline medium (Ainsworth and 473 

Gillespie, 2007). When comparing our findings to those described in the literature, we find 474 

that the M. pulegium analyzed in this study had higher total polyphenol content than the one 475 

grown in the same region of Bejaia (Algeria) (6.1 ± 0.5 mg GAE/g for ethanolic extract) 476 

(Fatiha et al., 2015), that the one grown in Mahdia (Tunisia) (37.4 mg GAE/g for methanolic 477 

extract) (Hajlaoui et al., 2009),  and also the one grown in Portugal (71.7 ± 2.1 and 57.9 ± 478 

1.6 mg PE/g for ethanolic and water extract, respectively) (Mata et al., 2007). The extract of 479 

C. nobile (54.4 ± 2.69 mg GAE/g), on the other hand, was found to be lower in total 480 

polyphenol than the hydroalcoholic extract (methanol-water) (65.15 ± 3.62 mg GAE/g) of the 481 

Roman chamomile farmed in Portugal, but higher than the decoction and infusion extracts 482 

(16.55 ± 0.32 and 44.39 ± 1.07 mg GAE/g, respectively) (Guimarães et al., 2012).  483 

Conversely, C. nobile was found to be richer in total flavonoids and flavones and flavonols 484 

(15.65 ± 0.77 and 4.29 ± 0.77 mg QE/g, respectively) than M. pulegium (7.41 ± 0.77 and 2.3 485 

± 0.24 mg QE/g, respectively). These compounds form a yellow complex with aluminum. It is 486 

one of the most commonly used methods for the determination of total flavonoids and their 487 

different classes in food and medicinal plant samples. Nevertheless, the results of this 488 



procedure depend on the structure of the individual flavonoids present (Pękal and 489 

Pyrzynska, 2014). The total flavonoid content of M. pulegium in the present study was higher 490 

than that grown in the same region of Bejaia (Algeria) (0.85 ± 0.01 mg QE/g) (Fatiha et al., 491 

2015), but lower than that grown in Saudi Arabia (16.95 ±1.48 mg RE/g) (Osman, 2013), and 492 

in Mahdia (Tunisia) (33.83 mg CE/g) (Hajlaoui et al., 2009). For C. nobile, Carnat et al. 493 

(2004) (Carnat et al., 2004) found that the infusion of Roman chamomile grown in Anjou 494 

(France) contained 236 mg/L flavonoids, the majority of which were apigenin derivatives. 495 

Finally, the condensed tannin contents of the two extracts of Roman chamomile and 496 

pennyroyal mint were very close: 28.73 ± 1.47 and 23.21 ± 1.59 mg EQ/g, respectively. These 497 

levels are higher than those reported in the bibliography for both plants. Indeed, Hajlaoui et 498 

al. (2009) (Hajlaoui et al., 2009) reported a rate of 3.07 mg EC/g for M. pulegium from 499 

Mahdia (Tunisia), while Amokrane et al. (2016) (Amokrane et al., 2016) found a rate of 0.81 500 

± 0.001 mg EC/g dry matter for C. nobile collected in Constantine (Algeria).   501 

Variations in the contents of the different compounds are noted between our results and those 502 

reported in the bibliography. These variations can be explained by the lack of specificity of 503 

the Folin-Ciocalteau (for total polyphenols) and aluminium chloride (for total flavonoids) 504 

methods as explained above. They could also be due to the difference of the solvent used 505 

during the extraction (ethanol-water, ethanol, water, methanol-water, infusion, etc.) as well as 506 

the period and the place where the plants were harvested. 507 

Previous work has been carried out to characterize the phenolic composition of different 508 

extracts of C. nobile. According to Carnat et al (2004) (Carnat et al., 2004), the Roman 509 

chamomile infusion from Anjou (France) contains flavonoids such apigenin and its 510 

derivatives, luteolin and its derivatives, and chamaemeloside, as well as hydroxycinnamic 511 

acids like dicaffeoyl derivative, chlorogenic acid, and neochlorogenic acid. In contrast, the 512 

crude methanolic extract of Roman chamomile from Pál Bobvos (Hungary) contained 513 

eupafolin as the major flavonoid, followed by luteolin, hispidulin and apigenin (Sándor et al., 514 

2018). In addition, over 30 phenolic compounds in Roman chamomile from the Trás-os-515 

Montes region (Portugal) were identified. Flavonoids, phenolic acids, and their derivatives 516 

made up the majority of the substances. The most abundant compounds were 5-O-517 

caffeoylquinic acid and a derivative of apigenin (Guimarães et al., 2013). In this work, we 518 

have characterized in the CN extract three phenolic acids (3,4-dihydroxybenzoic acid, caffeic 519 

acid and p-coumaric acid), nine quinic acid esters (dicaffeoylquinic acid, feruloylquinic acid, 520 



chlorogenic acid ...etc.) and eleven flavonoids and their derivatives (apigenin glucoside, 521 

rhamnetin glucoside, luteolin...etc.). Dicaffeoylquinic acid was the most abundant in terms of 522 

relative peak area. Furthermore, two fatty acids, hydroxypimelic acid and azelaic acid, were 523 

detected even after the extract was defatted with hexane in a separating funnel.  524 

On the other hand, we characterized two phenolic acids (3,4-dihydroxyphenyllactic acid and 525 

caffeic acid) in the MP extract, as well as three quinic acid esters (Chlorogenic acid isomer A 526 

and B and Chlorogenic acid) and four flavonoids (Gallocatechin, Hesperidin, Rutin and 527 

Jaceidin). In addition, five caffeic acid oligomers (salvianolic acid I, rosmarinic acid, 528 

salvianolic acid B and C and lithospermic acid) were also characterized, among which 529 

rosmarinic acid gave the highest signal. Finally, like the CN extract, two fatty acids (pimelic 530 

acid and trihydroxy octadecadienoic acid) were also detected in the MP extract. Our findings 531 

are generally consistent with previous research on the composition of M. pulegium in various 532 

phenolic compounds. Indeed, several extracts of M. pulegium have been shown to contain 533 

various flavonoids of different classes (Alharbi et al., 2021; Gülçin et al., 2020; Taamalli et 534 

al., 2015), as well as various phenolic acids (hydroxybenzoic acids and hydroxycinnamic 535 

acids derivatives) (Politeo et al., 2018; Taamalli et al., 2015). As in this study, rosmarinic 536 

acid was the most abundant compound in extracts of M. pulegium from Bihać (Bosnia-537 

Herzegovina) (Politeo et al., 2018). 538 

In the present study, we have investigated the in vitro antioxidant activities of the two 539 

hydroalcoholic extract of C. nobile and M. pulegium using two different assays: DPPH 540 

radical-scavenging activity and reducing power. DPPH radical-scavenging activity is the 541 

simplest method of free radical scavenging and has been widely used to assess the antioxidant 542 

potential of different compounds or extracts. The phenolic compounds as antioxidants reduce 543 

the odd electron of the nitrogen atom in DPPH by giving it a hydrogen atom (Kedare and 544 

Singh, 2011). Phenolic compounds with reducing potential are electron donors that reduce 545 

potassium ferricyanide (Fe3+) to potassium ferrocyanide (Fe2+) which forms a ferrous complex 546 

that absorbs at 700 nm when reacting with ferric chloride (Singhal et al., 2014). Our results 547 

indicate that the hydroalcoholic extract of MP has a very high DPPH radical scavenging 548 

activity (IC50 = 19.98 ± 0.91 µg/mL), higher than those of ethanolic extract of MP (IC50 = 549 

32.2 ± 0.6 µg/mL) grown in the same region of Bejaia (Algeria) (Fatiha et al., 2015) and 550 

methanolic extracts of MP from the region of El-Tarf (Algeria) (IC50 = 25.66 ± 1.50 µg/mL) 551 

(Benabdallah et al., 2016). The hydroalcoholic extract of CN also has a good DPPH radical 552 

scavenging activity (IC50 = 52.77 ± 1.53 µg/mL), but not to the same extent as MP extract. 553 



However, it was more effective in scavenging the DPPH radical in comparison to the 554 

infusion, methanolic, and decoction extracts of Roman chamomile grown in Portugal, which 555 

had IC50s respectively of 408.46 ± 11.34, 621.64 ± 6.84, and 1477.30 ± 71.99 g/mL 556 

(Guimarães et al., 2013). This ability of both extracts to quench the DPPH radical is likely 557 

owing to their phenolic compounds which can provide hydrogen atoms or donate electrons, 558 

via a free-radical attack on the DPPH molecule, rendering it as a stable bleached diamagnetic 559 

molecule, which explains the decrease in absorbance at 517 nm (Mathew et al., 2015). 560 

Red blood cells are a common biological model for evaluating free radical-induced oxidative 561 

damage and investigating the antioxidant and anti-hemolytic activities of various compounds 562 

or extracts (Banerjee et al., 2008). This is owing to the polyunsaturated fatty acid content of 563 

erythrocyte membranes and the redox reactions of hemoglobin during oxygen transport, both 564 

of which are significant promoters of reactive oxygen species (Bammou et al., 2016). The 565 

anti-hemolytic properties of Roman chamomile and pennyroyal mint were investigated on 566 

AAPH-induced oxidative hemolysis. AAPH is a water-soluble peroxyl radical initiating azo 567 

compound, which generates free radicals when decomposed at physiological temperatures. 568 

Overproduction of these highly reactive free radicals induces chain oxidation of erythrocyte 569 

membrane lipids and proteins, resulting in the loss of membrane integrity and the release of 570 

hemoglobin (hemolysis) or death of healthy erythrocytes (Yang et al., 2017; Yuan et al., 571 

2005). First, the study of the hemolytic effect of both CN and MP extracts showed that they 572 

have no cytotoxic effect on human red blood cells at concentrations ranging from 25 to 1000 573 

µg/mL. We have also demonstrated for the first time that Roman chamomile and pennyroyal 574 

mint have excellent anti-hemolytic activities against AAPH-induced hemolysis. Indeed, pre-575 

incubation of human erythrocytes with various doses of both extracts significantly reduced 576 

AAPH-induced hemolysis. This reduction was substantially greater at doses between 150-300 577 

µg/mL for both extracts. Hemolysis inhibition rates were greater than 85% at a dose of 300 578 

µg/mL for both extracts. These potent antioxidant and anti-hemolytic properties are most 579 

likely owing to the abundance of various phenolic compounds in both plants, which are 580 

known for their scavenger effect against free radicals. Therefore, when added to the 581 

incubation media, the various phenolic compounds included in both CN and MP extracts can 582 

quench the peroxyl radicals generated before they can damage the erythrocyte membrane 583 

components and cause oxidative hemolysis (Mendes et al., 2011). 584 

Flavonoids have been shown to interact with the lipid and protein components of the red 585 

blood cell membranes, enhancing the stability and decreasing the fluidity of the erythrocyte 586 



membranes, lowering hemolysis rates (Chaudhuri et al., 2007). In addition, flavonoids may 587 

also enhance the aggravation of van der Waals interactions inside the lipid bilayer, which may 588 

be a source of membrane stabilization (de Freitas et al., 2008). It has also been reported that 589 

flavonols (quercetin, rutin, kaempferol…etc.) and their glycosides, particularly those with 590 

ortho-dihydroxyl functionality, are also powerful antioxidants that protect human red blood 591 

cells from oxidative hemolysis caused by free radicals (AAPH) (Dai et al., 2006). 592 

Because their membrane lipids are high in polyunsaturated fatty acids, erythrocytes are highly 593 

susceptible to peroxidation. An excess of oxidative stress can initiate lipid peroxidation with 594 

the loss of a hydrogen atom from the fatty acyl chains, which subsequently spreads in the 595 

form of a chain reaction (Mendes et al., 2011). To evaluate the effect of both CN and MP 596 

extracts on lipid peroxidation, MDA levels were determined by the thiobarbituric acid 597 

reactive substances (TBARS) assay. Despite the limitations of its analytical specificity and 598 

robustness, this approach is frequently regarded as a good indication of oxidative stress levels. 599 

It involves combining lipid peroxidation products, particularly MDA, with thiobarbituric acid 600 

(TBA) to create MDA-TBA2 adducts known as TBARS, which are measured using 601 

spectrophotometry at 532 nm (De Leon and Borges, 2020). Our results showed that MDA 602 

levels were significantly decreased in red blood cells pretreated with both CN and MP 603 

extracts compared to those treated with AAPH alone. This demonstrates that they are efficient 604 

in preventing lipid peroxidation caused by AAPH-generated free radicals. MDA levels were 605 

almost similar to those of control red blood cells cultured in PBS at dosages of 200 and 300 606 

µg/mL, notably for the MP extract. MDA is a biomarker aldehyde generated by 607 

polyunsaturated fatty acids that is commonly used to quantify lipid peroxidation in the context 608 

of oxidative stress. Many disorders have high levels of it in biological samples. Therefore, 609 

lowering its levels by various techniques (dietary changes, antioxidant supplementation, or 610 

medicines) is usually seen to be advantageous to one's health (Tsikas, 2017). 611 

5. Conclusion 612 

In summary, both plant extracts were rich in phenolic compounds. The extract of 613 

Chamaemelum nobile showed a higher number of chromatographic peaks, and a higher 614 

content of both flavonoid glucosides and quinic acid esters. The extract of Mentha pulegium 615 

was characterized by the presence of salvianolic acids, which are caffeic acid oligomers. The 616 

compound giving the most intense peak was rosmarinic acid. Furthermore, we showed for the 617 

first time that Roman chamomile and pennyroyal mint are potent antioxidants and 618 

antihemolytics in human erythrocytes, and that they attenuate AAPH-induced hemolysis. 619 



Both plants’ antihemolytic action was demonstrated by a significant reduction in AAPH-620 

induced hemolysis rates and a significant reduction in erythrocyte membrane lipid 621 

peroxidation. 622 

Conflicts of interest 623 

The authors declare that there is no conflict of interest 624 

Acknowledgments 625 

The authors wish to thank the Ministry of High Education and Scientific Research of Algeria 626 

for sponsoring this work 627 

 628 

 629 

 630 

 631 

References 632 

Ainsworth, E.A., Gillespie, K.M., 2007. Estimation of total phenolic content and other oxidation 633 
substrates in plant tissues using Folin–Ciocalteu reagent. Nature protocols 2(4), 875-877. 634 
Alharbi, N.K., Naghmouchi, S., Al-Zaban, M., 2021. Evaluation of Antimicrobial Potential and 635 
Comparison of HPLC Composition, Secondary Metabolites Count, and Antioxidant Activity of Mentha 636 
rotundifolia and Mentha pulegium Extracts. Evidence-Based Complementary and Alternative 637 
Medicine 2021. 638 
Amokrane, S., Arhab, R., Tudisco, R., Rahab, H., Infascelli, F., Calabro, S., 2016. Effect of 639 
Chamaemelum nobile and Chrysanthemum segetum extracts on ruminal methanogenesis, in vitro 640 
degradability and methane forming population. International Journal of Advanced Research 4, 141-641 
154. 642 
Balasundram, N., Sundram, K., Samman, S., 2006. Phenolic compounds in plants and agri-industrial 643 
by-products: Antioxidant activity, occurrence, and potential uses. Food chemistry 99(1), 191-203. 644 
Bammou, M., Sellam, K., Benlyas, M., Alem, C., Filali-Zegzouti, Y., 2016. Evaluation of antioxidant, 645 
antihemolytic and antibacterial potential of six Moroccan date fruit (Phoenix dactylifera L.) varieties. 646 
Journal of King Saud University-Science 28(2), 136-142. 647 
Banerjee, A., Kunwar, A., Mishra, B., Priyadarsini, K., 2008. Concentration dependent 648 
antioxidant/pro-oxidant activity of curcumin: Studies from AAPH induced hemolysis of RBCs. 649 
Chemico-biological interactions 174(2), 134-139. 650 
Barodka, V.M., Nagababu, E., Mohanty, J.G., Nyhan, D., Berkowitz, D.E., Rifkind, J.M., Strouse, J.J., 651 
2014. New insights provided by a comparison of impaired deformability with erythrocyte oxidative 652 
stress for sickle cell disease. Blood Cells, Molecules, and Diseases 52(4), 230-235. 653 
Bayr, H., 2005. Reactive oxygen species. Critical care medicine 33(12), S498-S501. 654 



Beaudeux, J.-L., Peynet, J., Bonnefont-Rousselot, D., Therond, P., Delattre, J., Legrand, A., 2006. 655 
Sources cellulaires des espèces réactives de l’oxygène et de l’azote: Implication dans la transcription 656 
et la régulation des gènes, Annales pharmaceutiques françaises. Elsevier, pp. 373-381. 657 
Benabdallah, A., Boumendjel, M., Aissi, O., Rahmoune, C., Boussaid, M., Messaoud, C., 2018. 658 
Chemical composition, antioxidant activity and acetylcholinesterase inhibitory of wild Mentha 659 
species from northeastern Algeria. South African Journal of Botany 116, 131-139. 660 
Benabdallah, A., Rahmoune, C., Boumendjel, M., Aissi, O., Messaoud, C., 2016. Total phenolic content 661 
and antioxidant activity of six wild Mentha species (Lamiaceae) from northeast of Algeria. Asian 662 
Pacific journal of tropical biomedicine 6(9), 760-766. 663 
Bhaskaran, N., Shukla, S., Kanwal, R., Srivastava, J.K., Gupta, S., 2012. Induction of heme oxygenase-1 664 
by chamomile protects murine macrophages against oxidative stress. Life sciences 90(25-26), 1027-665 
1033. 666 
BOULKBACHE-MAKHLOUF, L., Drifa, Y.G., CHIBANE, M., MADANI, K., 2014. Comparative study on the 667 
antioxidant effect of aqueous and ethanolic extracts of Mentha pulegium L. grown at two different 668 
locations. PhytoChem & BioSub Journal 8(3), 138-149. 669 
Brahmi, F., Nguyen, A.T., Nacoulma, A.P., Sheridan, H., Wang, J., Guendouze, N., Madani, K., Duez, P., 670 
2020. Discrimination of Mentha species grown in different geographical areas of Algeria using 1H-671 
NMR-based metabolomics. Journal of Pharmaceutical and Biomedical Analysis 189, 113430. 672 
Carnat, A., Carnat, A., Fraisse, D., Ricoux, L., Lamaison, J., 2004. The aromatic and polyphenolic 673 
composition of Roman camomile tea. Fitoterapia 75(1), 32-38. 674 
Carocho, M., CFR Ferreira, I., 2013. The role of phenolic compounds in the fight against cancer–a 675 
review. Anti-Cancer Agents in Medicinal Chemistry (Formerly Current Medicinal Chemistry-Anti-676 
Cancer Agents) 13(8), 1236-1258. 677 
Chaudhuri, S., Banerjee, A., Basu, K., Sengupta, B., Sengupta, P.K., 2007. Interaction of flavonoids 678 
with red blood cell membrane lipids and proteins: antioxidant and antihemolytic effects. 679 
International journal of biological macromolecules 41(1), 42-48. 680 
Dai, F., Miao, Q., Zhou, B., Yang, L., Liu, Z.-L., 2006. Protective effects of flavonols and their glycosides 681 
against free radical-induced oxidative hemolysis of red blood cells. Life Sciences 78(21), 2488-2493. 682 
de Freitas, M.V., Rita de Cássia, M.N., da Costa Huss, J.C., de Souza, T.M.T., Costa, J.O., Firmino, C.B., 683 
Penha-Silva, N., 2008. Influence of aqueous crude extracts of medicinal plants on the osmotic 684 
stability of human erythrocytes. Toxicology in Vitro 22(1), 219-224. 685 
De Leon, J.A.D., Borges, C.R., 2020. Evaluation of oxidative stress in biological samples using the 686 
thiobarbituric acid reactive substances assay. JoVE (Journal of Visualized Experiments)(159), e61122. 687 
Edwards, C., Fuller, J., 1996. Oxidative stress in erythrocytes. Comparative Haematology International 688 
6(1), 24-31. 689 
Fatiha, B., Didier, H., Naima, G., Khodir, M., Martin, K., Léocadie, K., Caroline, S., Mohamed, C., Pierre, 690 
D., 2015. Phenolic composition, in vitro antioxidant effects and tyrosinase inhibitory activity of three 691 
Algerian Mentha species: M. spicata (L.), M. pulegium (L.) and M. rotundifolia (L.) Huds (Lamiaceae). 692 
Industrial crops and products 74, 722-730. 693 
Favier, A., 2006. Stress oxydant et pathologies humaines, Annales pharmaceutiques françaises. 694 
Elsevier, pp. 390-396. 695 
Fibach, E., Dana, M., 2019. Red blood cells as redox modulators in hemolytic anemia. Erythrocyte. 696 
Guimarães, R., Barros, L., Dueñas, M., Calhelha, R.C., Carvalho, A.M., Santos-Buelga, C., Queiroz, 697 
M.J.R., Ferreira, I.C., 2013. Nutrients, phytochemicals and bioactivity of wild Roman chamomile: A 698 
comparison between the herb and its preparations. Food Chemistry 136(2), 718-725. 699 
Guimarães, R., Barros, L., Dueñas, M., Carvalho, A.M., Santos-Buelga, C., Queiroz, M.J.R., Ferreira, 700 
I.C., 2012. Comparative study of the phenolic profile and antioxidant properties of Chamaemelum 701 
nobile: Infusion, decoction, and hydroalcoholic extract, XXVIth International Conference on 702 
Polyphenols, 23-26 June 2012. pp. 483-484. 703 
Gülçin, İ., Gören, A.C., Taslimi, P., Alwasel, S.H., Kılıc, O., Bursal, E., 2020. Anticholinergic, antidiabetic 704 
and antioxidant activities of Anatolian pennyroyal (Mentha pulegium)-analysis of its polyphenol 705 
contents by LC-MS/MS. Biocatalysis and agricultural biotechnology 23, 101441. 706 



Hajlaoui, H., Trabelsi, N., Noumi, E., Snoussi, M., Fallah, H., Ksouri, R., Bakhrouf, A., 2009. Biological 707 
activities of the essential oils and methanol extract of tow cultivated mint species (Mentha longifolia 708 
and Mentha pulegium) used in the Tunisian folkloric medicine. World Journal of Microbiology and 709 
Biotechnology 25(12), 2227-2238. 710 
Hamidi, M., Tajerzadeh, H., 2003. Carrier erythrocytes: an overview. Drug delivery 10(1), 9-20. 711 
Hseu, Y.-C., Lee, C.-C., Chen, Y.-C., Kumar, K.S., Chen, C.-S., Tsai, C.-T., Huang, H.-C., Wang, H.-M., 712 
Yang, H.-L., 2014. Antrodia salmonea in submerged culture exhibits antioxidant activities in vitro and 713 
protects human erythrocytes and low-density lipoproteins from oxidative modification. Food and 714 
Chemical Toxicology 66, 150-157. 715 
Kedare, S.B., Singh, R., 2011. Genesis and development of DPPH method of antioxidant assay. Journal 716 
of food science and technology 48(4), 412-422. 717 
Kosalec, I., Bakmaz, M., Pepeljnjak, S., Vladimir-Knezevic, S., 2004. Quantitative analysis of the 718 
flavonoids in raw propolis from northern Croatia. ACTA PHARMACEUTICA-ZAGREB- 54(1), 65-72. 719 
Kosalec, I., Kremer, D., Locatelli, M., Epifano, F., Genovese, S., Carlucci, G., Randić, M., Končić, M.Z., 720 
2013. Anthraquinone profile, antioxidant and antimicrobial activity of bark extracts of Rhamnus 721 
alaternus, R. fallax, R. intermedia and R. pumila. Food chemistry 136(2), 335-341. 722 
Maisuthisakul, P., Pongsawatmanit, R., Gordon, M.H., 2007. Characterization of the phytochemicals 723 
and antioxidant properties of extracts from Teaw (Cratoxylum formosum Dyer). Food Chemistry 724 
100(4), 1620-1629. 725 
Mata, A., Proença, C., Ferreira, A., Serralheiro, M., Nogueira, J., Araújo, M., 2007. Antioxidant and 726 
antiacetylcholinesterase activities of five plants used as Portuguese food spices. Food chemistry 727 
103(3), 778-786. 728 
Mathew, S., Abraham, T.E., Zakaria, Z.A., 2015. Reactivity of phenolic compounds towards free 729 
radicals under in vitro conditions. Journal of food science and technology 52(9), 5790-5798. 730 
Mendes, L., de Freitas, V., Baptista, P., Carvalho, M., 2011. Comparative antihemolytic and radical 731 
scavenging activities of strawberry tree (Arbutus unedo L.) leaf and fruit. Food and Chemical 732 
Toxicology 49(9), 2285-2291. 733 
Michel, F., Bonnefont-Rousselot, D., Mas, E., Drai, J., Thérond, P., 2008. Biomarqueurs de la 734 
peroxydation lipidique: aspects analytiques, Annales de Biologie Clinique. pp. 605-620. 735 
Miraj, S., Kiani, S., 2016. Study of pharmacological effect of Mentha pulegium: A review. Der 736 
Pharmacia Lettre 8(9), 242-245. 737 
Monroy, Y.M., Rodrigues, R.A., Sartoratto, A., Cabral, F.A., 2016. Influence of ethanol, water, and 738 
their mixtures as co-solvents of the supercritical carbon dioxide in the extraction of phenolics from 739 
purple corn cob (Zea mays L.). The Journal of Supercritical Fluids 118, 11-18. 740 
Okoko, T., Ere, D., 2012. Reduction of hydrogen peroxide–induced erythrocyte damage by Carica 741 
papaya leaf extract. Asian Pacific journal of tropical biomedicine 2(6), 449-453. 742 
Osman, I., 2013. In vitro antioxidant activity of Mentha pulegium from Saudi Arabia. Bioscience 743 
Research 10(1), 33-37. 744 
Pandey, K.B., Rizvi, S.I., 2010. Markers of oxidative stress in erythrocytes and plasma during aging in 745 
humans. Oxidative medicine and cellular longevity 3(1), 2-12. 746 
Pękal, A., Pyrzynska, K., 2014. Evaluation of aluminium complexation reaction for flavonoid content 747 
assay. Food Analytical Methods 7(9), 1776-1782. 748 
Politeo, O., Bektašević, M., Carev, I., Jurin, M., Roje, M., 2018. Phytochemical composition, 749 
antioxidant potential and cholinesterase inhibition potential of extracts from Mentha pulegium L. 750 
Chemistry & biodiversity 15(12), e1800374. 751 
Quettier-Deleu, C., Gressier, B., Vasseur, J., Dine, T., Brunet, C., Luyckx, M., Cazin, M., Cazin, J.-C., 752 
Bailleul, F., Trotin, F., 2000. Phenolic compounds and antioxidant activities of buckwheat (Fagopyrum 753 
esculentum Moench) hulls and flour. Journal of ethnopharmacology 72(1-2), 35-42. 754 
Rafat, A., Philip, K., Muni, S., 2010. Antioxidant potential and content of phenolic compounds in 755 
ethanolic extracts of selected parts of Andrographis paniculata. Journal of Medicinal Plants Research 756 
4(3), 197-202. 757 
Reguieg, L., 2011. Using medicinal plants in Algeria. Am J Food Nutr 1(3), 126-127. 758 



Russo, C., Edwards, K.D., Margetts, G., Kleidonas, S., Zaibi, N.S., Clapham, J.C., Zaibi, M.S., 2021. 759 
Effects of Salvia officinalis L. and Chamaemelum nobile (L.) extracts on inflammatory responses in 760 
two models of human cells: Primary subcutaneous adipocytes and neuroblastoma cell line (SK-N-SH). 761 
Journal of Ethnopharmacology 268, 113614. 762 
Sándor, Z., Mottaghipisheh, J., Veres, K., Hohmann, J., Bencsik, T., Horváth, A., Kelemen, D., Papp, R., 763 
Barthó, L., Csupor, D., 2018. Evidence supports tradition: the in vitro effects of Roman chamomile on 764 
smooth muscles. Frontiers in pharmacology 9, 323. 765 
Sharifzadeh, A., Javan, A.J., Shokri, H., Abbaszadeh, S., Keykhosravy, K., 2016. Evaluation of 766 
antioxidant and antifungal properties of the traditional plants against foodborne fungal pathogens. 767 
Journal de mycologie medicale 26(1), e11-e17. 768 
Singhal, M., Paul, A., Singh, H.P., 2014. Synthesis and reducing power assay of methyl semicarbazone 769 
derivatives. Journal of Saudi Chemical Society 18(2), 121-127. 770 
Spengler, M., Svetaz, M., Leroux, M., Bertoluzzo, S., Parente, F., Bosch, P., 2014. Lipid peroxidation 771 
affects red blood cells membrane properties in patients with systemic lupus erythematosus. Clinical 772 
hemorheology and microcirculation 58(4), 489-495. 773 
Srivastava, J.K., Gupta, S., 2015. Chamomile: A herbal agent for treatment of diseases of the elderly, 774 
Foods and Dietary Supplements in the Prevention and Treatment of Disease in Older Adults. Elsevier, 775 
pp. 171-183. 776 
Sun, B., Ricardo-da-Silva, J.M., Spranger, I., 1998. Critical factors of vanillin assay for catechins and 777 
proanthocyanidins. Journal of agricultural and food chemistry 46(10), 4267-4274. 778 
Taamalli, A., Arráez‐Román, D., Abaza, L., Iswaldi, I., Fernández‐Gutiérrez, A., Zarrouk, M., 779 
Segura‐Carretero, A., 2015. LC‐MS‐based metabolite profiling of methanolic extracts from the 780 
medicinal and aromatic species Mentha pulegium and Origanum majorana. Phytochemical analysis 781 
26(5), 320-330. 782 
Tai, Y., Ling, C., Wang, C., Wang, H., Su, L., Yang, L., Jiang, W., Yu, X., Zheng, L., Feng, Z., 2020. Analysis 783 
of terpenoid biosynthesis pathways in German chamomile (Matricaria recutita) and Roman 784 
chamomile (Chamaemelum nobile) based on co-expression networks. Genomics 112(2), 1055-1064. 785 
Thoo, Y.Y., Ho, S.K., Liang, J.Y., Ho, C.W., Tan, C.P., 2010. Effects of binary solvent extraction system, 786 
extraction time and extraction temperature on phenolic antioxidants and antioxidant capacity from 787 
mengkudu (Morinda citrifolia). Food Chemistry 120(1), 290-295. 788 
Tsikas, D., 2017. Assessment of lipid peroxidation by measuring malondialdehyde (MDA) and 789 
relatives in biological samples: Analytical and biological challenges. Analytical biochemistry 524, 13-790 
30. 791 
Umar Lule, S., Xia, W., 2005. Food phenolics, pros and cons: a review. Food Reviews International 792 
21(4), 367-388. 793 
Uritu, C.M., Mihai, C.T., Stanciu, G.-D., Dodi, G., Alexa-Stratulat, T., Luca, A., Leon-Constantin, M.-M., 794 
Stefanescu, R., Bild, V., Melnic, S., 2018. Medicinal plants of the family Lamiaceae in pain therapy: A 795 
review. Pain Research and Management 2018. 796 
Wink, M., 2015. Modes of action of herbal medicines and plant secondary metabolites. Medicines 797 
2(3), 251-286. 798 
Wolfe, K., Wu, X., Liu, R.H., 2003. Antioxidant activity of apple peels. Journal of agricultural and food 799 
chemistry 51(3), 609-614. 800 
Yang, H.-L., Korivi, M., Lin, M.-K., Chang, H.C.-W., Wu, C.-R., Lee, M.-S., Chen, W.T.-L., Hseu, Y.-C., 801 
2017. Antihemolytic and antioxidant properties of pearl powder against 2, 2′-azobis (2-802 
amidinopropane) dihydrochloride-induced hemolysis and oxidative damage to erythrocyte 803 
membrane lipids and proteins. journal of food and drug analysis 25(4), 898-907. 804 
Yuan, X., Wang, J., Yao, H., 2005. Antioxidant activity of feruloylated oligosaccharides from wheat 805 
bran. Food Chemistry 90(4), 759-764. 806 
Zhang, Z.-S., Li, D., Wang, L.-J., Ozkan, N., Chen, X.D., Mao, Z.-H., Yang, H.-Z., 2007. Optimization of 807 
ethanol–water extraction of lignans from flaxseed. Separation and Purification Technology 57(1), 17-808 
24. 809 



Zhao, J., Khan, S.I., Wang, M., Vasquez, Y., Yang, M.H., Avula, B., Wang, Y.-H., Avonto, C., Smillie, T.J., 810 
Khan, I.A., 2014. Octulosonic acid derivatives from Roman chamomile (Chamaemelum nobile) with 811 
activities against inflammation and metabolic disorder. Journal of natural products 77(3), 509-515. 812 

 813 

 814 

 815 


