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Abstract: Twelve compounds (1-12): kaempferol (1), luteolin (2), luteolin 4'-O-β-xyloside (3), luteolin 
4'-O-β-glucoside (4), quercetin 4'-O-β-xyloside (5), kaempferol-3-O-[6"-O-(E)-p-coumaroyl]-β-D-
glucoside (trans-tiliroside) (6), protocatechuic acid (7), gallic acid (8), methyl gallate (9), ethyl gallate 
(10), shikimic acid-3-O-gallate (11), and 3,3',4'-tri-O-methyl-ellagic acid 4-sulfate (12) were isolated 
and identified from the aerial parts of Helianthemum cinereum (Cav.) Pers (synonym: Helianthemum 
rubellum C. Presl. All compounds were isolated by applying different chromatographic procedures, 
such as silica gel, RP-18 and sephadex LH-20 columns. The structures were elucidated by extensive 
spectroscopic methods, mainly nuclear magnetic resonance NMR 1D and 2D, and mass 
spectrometry, as well as by comparison with the reported spectroscopic data. The two organic 
extracts, ethyl acetate (EtOAc) and butanol (BuOH) were evaluated for their potent phenolic and 
flavonoid contents using Folin-Ciocalteu and aluminum chloride colorimetric methods. 
Furthermore, the antioxidant activity of the two extracts was determined using the DPPH, FRAP, 
and ABTS methods. Pure trans-tiliroside (6), the main isolated compound, and luteolin 4'-O-β-
xyloside (3) were evaluated for their antitumor activity against lung cancer (A549), melanoma 
(A375) and pancreatic cancer (Mia PaCa-2 and Panc-1) cell lines by MTT assay. 
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1. Introduction 

The Cistaceae family consists of over 200 species in eight genera (Cistus, Fumana, Halimium, 
Helianthemum, Tuberaria, Crocanthemum, Hudsonia and Lechea), mostly found in temperate and 
subtropical regions of the northern hemisphere, especially the western Mediterranean region, with a 
secondary centre in the eastern United States [1]. The genus Helianthemum is the largest genus in 
Cistaceae family, with more than 140 spread species [2,3]. Plants of the genus are frequently used in 
traditional medicine for their various therapeutic properties: healing, gastro-protective, anti-
hemorrhoidal, antiseptic, antifungal, anti-inflammatory, analgesic, and antidiarrheal [4–6]. 

The leaves of H. cinereum, H. apenninum, H. marifolium and H. syriacum species are used for burns, 
wound healing, stomach ache, diarrhea and gastroenteritis. Whole plants of this genus are ingested 
in decoctions and infusions for gastrointestinal problems. They are also applied to infected wounds 
or burns as a poultice [7]. In Algerian flora, this genus is presented by more than 40 species, most of 
them are generally found in western Algeria [8]. 

The phytochemistry of the genus Helianthemum has been reported recently by Mouffouk et al. 
[9]. In their minireview, the authors describe the results of the chemical investigations on 21 
Helianthemum taxa that are described all over the world. According to these studies, secondary 
metabolites such as flavonoids, lignans, phenolic acids and sterols are the major constituents. 
Regarding the Algerian’s flora species: H. lippii, H. sessiliflorum, H. Kahiricum, H. rifocomum, H. gelatum, 
and H. hirtum are the only species that have been investigated [10–16]. A careful analysis 
demonstrated that flavones derived from luteolin and flavanols derived from quercetin and 
kaempferol are the main metabolites in the studied species. In addition, simple phenolics are also 
present and dominated by gallate derivatives and phenolic acids.  

As part of our ongoing phytochemical research on Algerian Helianthemum species, we examined 
the ethyl acetate (EtOAc) and butanol (BuOH) extracts derived from the aerial parts of Helianthemum 
cinereum (Cav.) Pers. (synonym: Helianthemum rubellum C. Presl). 

To the best of our knowledge, no advanced chemical analysis has been reported on H. cinereum 
species and only a screening and quantisation of polyphenols of eleven taxa in south-eastern Spain 
has been done by Rubio-Moraga et all [7].   

According to this study, polyphenols of H. cinereum were quantised from the methanolic and 
water extracts and luteolin, kaempferol were the most dominated compounds. In addition, the 
antioxidant and antimicrobial activities of these two extracts has been accessed [7].   

Our chemical investigation on the Algerian H. cinereum species has revealed a secondary 
metabolite pattern dominated by flavonoids and phenolic compounds. Twelve compounds were 
fully purified and characterised mainly by analysing the NMR 1D and 2D spectra, as well as by 
comparing them with data reported in the literature. Additionally, the total phenolic and flavonoid 
contents and antioxidant activity were carried out on the ethyl acetate and butanol extracts. The 
results revealed that ethyl acetate extract shows high amount of phenolic and flavonoid compounds 
and exhibits high antioxidant capacity. The main compound trans-tiliroside and luteolin 4'-O-β-
xyloside (3) have been tested in vitro for their antitumoral activity against lung cancer (A549), 
melanoma (A375), and pancreatic cancer (Mia PaCa-2 and Panc-1) cell lines using the MTT assay, 
where they demonstrate a moderate decline in cell viability. 

2. Materials and Methods 

2.1. Plant Material 

The aerial parts of Helianthemum cinereum (Cav.) Pers were collected in the region of Oued El-
ma, Merouana (Batna) during the flowering period in May 2018. The plant was identified by Pr. 
OUDJEHIH Bachir of the Department of Agronomy of the Institute of Veterinary and Agronomic 
Sciences from the University of Batna 1. The plant material was air-dried, and ground in a cross-
beater mill (Retsch SK 100) from Retsch France Verder S.A.R.L. (Éragny, France), equipped with a 2 
mm sieve. 
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2.2. General Experimental Procedures 

The NMR spectra were obtained on a Bruker 500 (500 MHz for 1H and 125 MHz for 13C) and a 
Bruker 300 (300 MHz for 1H and 75 MHz for 13C) spectrometers. All 1D and 2D NMR experiments 
were performed using the standard Bruker library of microprograms. The spectra were recorded in 
deuterated methanol. Chemical shifts (δ) are in part per million (ppm) relative to TMS and Coupling 
constant (J) are in Hz. referenced solvent peaks of CD3OD: 1H δ 3.31, 13C δ 49.1.  

Electrospray ionization mass spectra were acquired with a Micromass Q-Tof 2 (Micromass, 
Manchester, UK), operating in positive ion mode, equipped with a Z-spray source, an electrospray 
probe, and a syringe pump. The source and desolvation temperatures were 80 and 150 oC, 
respectively. The capillary voltage was 3000 V. The spectra were acquired at a nominal resolution of 
9000 and at cone voltages of 30 V. Nebulisation and collision gases were N2 and Ar, respectively. 
Compound solution in methanol were introduced at a 10 μL min-1 flow rate. 

2.3. Extraction and Isolation  

One kilogram of the dried part of aerial parts of H. cinereum were extracted three times (3 × 10 
L) with a mixture of 70% EtOH in water at room temperature. After evaporation of the solvent, the 
resulted aqueous solution (300 mL) was successively partitioned three times with 200 mL of 
petroleum ether (PE), 200 mL of ethyl acetate (AcOEt) and 200 mL of butanol (BuOH), to obtain, after 
removal of the solvents in vacuum, three organic extracts: PE (5.0 g), EtOAc (10.0 g), and BuOH (40.0 
g). The AcOEt extract (10.0 g) was first chromatographed on a silica gel column eluting with a 
gradient solvent of CHCl3/MeOH (100/0 - 0/100) to give nine fractions (F1 to F9).  

The fraction F6 (810 mg) was applied to a silica gel column chromatography, eluted with 
CHCl3/MeOH (100/0-0/100) to give sixteen sub-fractions (F6-1 to F6-16). The sub-fraction F6-8 (92 mg) 
was then chromatographed over Sephadex LH-20 column, and eluted with isocratic elution system 
CHCl3/MeOH (1/1) to yield five further sub-fractions (F6-8-1 to F6-8-5). The subfraction F6-8-3 (40 
mg) was purified by using RP-18 SPE cartridge eluted with increasing proportions of a gradient 
MeOH in H2O, to afford compounds (3) (4 mg), (6) (15 mg), (7) (4 mg), and (10) (5 mg). The last sub-
fraction F6-8-5 was further repurified on RP-18 SPE cartridge, eluted with gradient of MeOH in H2O 
(100-0) to yield compounds (1) (1.4 mg), (2) (8 mg), (5) (1.4 mg), (8) (21 mg) and (9) (1.6 mg). 

The fraction F7 (2 g) was subjected to SiO2 gel column chromatography and eluting with a 
gradient of CHCl3 in MeOH (100/0-0/100) to obtain ten fractions (F7-1 to F7-10). The sub-fraction F7-
9 (400 mg) was continually purified on sephadex LH-20 column with isocratic system (CHCl3 /MeOH: 
1/1) to obtain eight subfractions (F7-9-1 to F7-9-8). The third fraction of this series (F7-9-3) was 
repurified by using the RP-18 SPE cartridge, eluted with H2O/MeOH (0/100-100/0) to give compound 
(4) (2 mg). 

With the same manner of purification, the polar butanol extract of H. cinereum was firstly passed 
through RP-18 column chromatography using only MeOH to remove free sugars. The methanolic 
solution was concentrated and a mass of nine grams was purified by using RP-18 vacuum liquid 
chromatography (VLC) using gradient of MeOH in H2O. The fraction eluted with water (4g) was 
subjected to a silica gel column chromatography by using a gradient of CH2Cl2 in MeOH to afford 
fifteen fractions (F1-F15). The subfraction F9 (90 mg) was further separated on RP-18 SPE cartridge 
and eluted with a gradient of MeOH in H2O to afford six subfractions (F2-1 to F2-6). The third 
subfraction F2-3 (25 mg) was purified on Sephadex LH-20 column using an isocratic system MeOH–
CHCl3 (1:1) to give compound (11) (3 mg). However, the purification of the fifth subfraction F2-5 (8.1 
mg) by using RP-18 SPE cartridge and eluted with a gradient of MeOH in H2O gave compound (12) 
(0.5 mg). 

Compound 3: Luteolin 4'-O-β-xyloside, yellow amorphous solid: 1H-NMR (500 MHz, CD3OD) 
δH (ppm): aglycone 7.47 (1H, dd, J = 8.0 and 2.2 Hz, H6'), 7.45 (1H, s, H-2'), 7.25 (1H, d, J = 9.1 Hz, H-
5'), 6.62 (1H, s, H-3), 6.45 (1H, d, J = 2.0 Hz, H-8), 6.21 (1H, d, J = 2.0 Hz, H-6), xylose: 4.94 (1H, overlap, 
H-1′′), 4.0 (1H, dd, J = 11.5 and 5.1 Hz, H-5a′′), 3.63 (1H, m, H-4′′), 3.57 (1H, dd, J =7.5 Hz, H-2′′), 3.50 
(1H, t, J = 8.3 Hz, H-3′′), 3.43 (1H, d, J = 11.3 Hz, H-5b′′); 13C-NMR (125 MHz, CD3OD) δC (ppm): 
aglycone 183.7 (C, C-4), 165.0 (C, C-2), 158.8 (C, C-5), 164.1 (C, C-7), 158.7 (C, C-9), 149.9 (C, C-4′), 
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148.1 (C, C-3′), 105.1(C, C-3), 126.7 (C, C1′), 119.9 (CH, C-6′), 116.5 (CH, C-5′), 113.5 (CH, C-2′), 105.3 
(C, C-10), 93.8 (CH, C-8), xylose: 102.3 (CH, C-1′′), 75.8 (CH, C-3′′), 73.2 (CH, C-2′′), 69.5 (CH, C-4′′), 
65.5 (CH, C-5′′). 

Compound 4: Luteolin 4'-O-β-glucoside, yellow amorphous solid: 1H-NMR (500 MHz, CD3OD) 
δH (ppm) aglycone: 7.49 (1H, dd, J = 8.6 and 2.1 Hz, H-6'), 7.47(1H, d, J = 2.1Hz, H-2'), 7.34 (1H, d, J = 
8.5 Hz, H-5'), 6.64 (1H, s, H-3), 6.48 (1H, d, J = 2.1 Hz, H-8), 6.23 (1H, d, J = 2.1 Hz, H-6), glucose: 4.96 
(1H, d, J = 8.0 Hz, H-1′′), 3.94 (1H, dd, J = 12.2 and 2,0 Hz, H-6a′′), 3.75 (1H, dd, J = 12.2 and 5.6 Hz, H-
6b′′), 3.56 (1H, t , J = 7.2 Hz, H-2′′), 3.52 (1H, m, H-5′′), 3.50 (1H, m, H-3′′), 3.45 (1H, t, J = 9.4 Hz, H-4′′); 
13C-NMR (125 MHz, CD3OD) δC (ppm) aglycone: 182.5 (C, C-4), 164.8 (C, C-2), 164.2(C, C-7), 161.8(C, 
C-5), 158.1(C, C-9), 148.6 (C, C-4′), 147.2 (C, C-3′), 125.8 (C, C-1′), 119.5 (CH, C-6′), 117.5 (CH, C-5′), 
114.5 (CH, C-2′), 104.1 (C, C-10), 104.8 (CH, C-3), 99.8 (CH, C-6), 94.8 (CH, C-8), glucose: 102.7 (CH, 
C-1′′), 76.1 (CH, C-5′′), 77.1 (CH, C-3′′), 73.3 (CH, C-2′′), 69.8 (CH, C-4′′), 62.2 (CH, C-6′′). 

Compound 5: Quercetin 4'-O-β-xyloside, yellow crystal: 1H-NMR (500 MHz, CD3OD) δH (ppm) 
aglycon: δH 7.80 (1H, d, J=2.0 Hz, H-2′), 7.73 (1H, dd, J = 8.8, 2.0 Hz, H-6′), 7.23 (1H, d, J=8.8 Hz, H-
5′), 6.42 (1H, d, J = 2.0 Hz, H-8), 6.21 (1H, d, J = 2.0 Hz, H-6), xylose : 4.91 (1H, d, J = 7.8 Hz, H-1′′), 3.99 
(1H, dd, J = 11.3 and 5.3 Hz, H-5′′a), 3.63 (1H, m, H-4′′), 3.55 (1H, m, H-2′′), 3.48 (1H, m, H-3′′), 3.42 
(1H, m, H-5b′′); 13C NMR (125 MHz, CD3OD) δC (ppm) aglycone: 176.2 (C, C-4), 164.7 (C, C-7), 161.9 
(C, C-9), 158.8 (C, C-5), 146.5 (C, C-4′), 146.4 (C, C-3′), N.D (C, C-3), 126.4 (C, C-1′), 119.8 (CH, C-6′), 
116.0 (CH, C-5′), 115.5 (CH, C-2′), 103.1 (C, C-10), 98.0 (CH, C-6), 93.1 (CH, C-8), xylose: 102.5 (CH, C-
1′′), 75.9 (CH, C-3′′), 73.2 (CH, C-2′′), 69.6 (CH, C-4′′), 65.6 (CH2, C-5′′). 

Compound 11: Shikimic acid 3-O-gallate, white powder: 1H NMR (500 MHz, CD3OD): δH 6.84 
(1H, s, H-2), 5.32 (1H, dt, J = 5.2 Hz, H-5), 4.51 (1H, t, J = 3.8 Hz, H-3), 4.04 (1H, dd, J = 3.5, H-4), 2.88 
(1H, dd, J = 5.2 and 18.5 Hz, H-6a), 2.40 (1H, dd, J = 5.2 and 18.5 Hz, H-6b); galloyl-H: 7.12 (2H, s, H-
2'/H-6'), 13C NMR (125 MHz, CD3OD): 171.4 (C, C-7), 137.5 (CH, C-2), 131.2 (C, C-1), 71.6 (CH, C-5), 
69.4 (CH, C-4), 66.9 (CH, C-3), 28.7 (CH2, C-6), galloyl: 168.1 (-OCO-), 121.2 (C, C-1'), 110.4 (2CH, C-
2'/C-6'), 145.9 (2CH, C-3'/C-5'), 139.5( CH, C-4').  

Compound 12: 3,3',4'-tri-O-methylellagic acid sulphate, amorphous: 1H NMR (500 MHz, 
CD3OD): δ 8.36 (1H, s, H-5), 7.78 (1H, s, H-5′), 4.30 (3H, s, OCH3-3), 4.17 (3H, s, OCH3-3'), 4.08 (3H, s, 
OCH3-4'), 13C NMR (125 MHz, CD3OD): 159,1 (C-9), 155.2 (C, C-4'), 145.0 (C, C-3), 141.8 (C, C-3'), 119.3 
(CH, C-5), 115.8 (C, C-1), 112.9 (C, C-1'), 108.6 (CH, C-5'), 62.2 (OCH3, C-3), 61.8 (OCH3, C-3'), 56.9 
(OCH3, C-4'). 

2.4. Determination of Total Phenolic Compounds (TPC) 

The total phenolic compounds (TPC) amount in H. cinereum extract was determined by the Folin 
Ciocalteu method as described by [46]. Firstly, extract was diluted (50 times in Ethanol) due to its 
high concentration. Then, aliquot of 0.5 mL was mixed with 2.5 mL of 10% (v/v) Folin-Ciocalteu 
reagent. After 8 min in the dark, 2 mL of sodium carbonate Na2CO3 (7.5%, w/v) were added, and the 
reaction was carried out in the dark for 1 h. Then, the absorbance at 765 nm was measured using a 
UV-Vis spectrophotometer (UV 1700, Shimadzu, Japan). Gallic acid standard curve was built by the 
preparation of five concentrations of gallic acid (10, 50, 75, 100 and 250 µg/g), starting from a stock 
solution of 5 mg/g. TPC concentration was obtained from the calibration curve and expressed as mg 
gallic acid equivalent per gram of dried sample weight (mg GAE/g dry weight). 

2.5. Determination of Total Flavonoids Compounds (TFC) 

Total flavonoids content of H. cinereum extract was determined by the aluminum chloride 
colorimetric method as described by [47] with some modifications, 0.5 ml of extract in methanol was 
mixed with 0.1 ml of aluminum chloride solution (10 %), 0.1 ml of potassium acetate (1M) and 4.3 ml 
of distilled water. The mixture was incubated at room temperature for 30 min. Then, the absorbance 
was measured at 415 nm using a UV-Vis spectrophotometer (UV 1700, Shimadzu, Japan), and the 
flavonoid content was calculated based on a quercetin calibration curve, obtained by preparation of 
a serial concentrations (5 to 60 µg/g). All experiments were performed in triplicate and averaged; the 
results are expressed in mg of quercetin equivalent per gram of dry extract (mg QE/g).  
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2.6. Antioxidant Activity  

2.6.1. DPPH Radical Scavenging Capacity 

The free radical scavenging activity of H. cinereum extracts was investigated by the DPPH 
method as described by [48] with some modifications. Different concentrations of H. cinereum extract 
were prepared in methanol and aliquots of 100 µL were added to 3.5 ml of DPPH solution (30 µg/g 
in methanol). A blank consisting of DPPH solution without extract was prepared. All samples were 
kept in darkness for 15 minutes. Then the absorbance was measured against a blank (Methanol) at 
515 nm in a UV-Vis spectrophotometer (UV 1700, Shimadzu, Japan). The DPPH solution was daily 
prepared and the concentration was checked using a calibration curve obtained by preparation of 
serial concentrations (4,8, 16, 32 and 64 µg/g).     

The antioxidant capacity of the samples was expressed as DPPH percentage of inhibition (I%), 
calculated by the following formula:  I% = 𝐴଴ − 𝐴𝐴଴ x 100 

where:  
A0 and A represent the absorbance values of blank (DPPH with methanol) and the plant extract 

sample (DPPH with extract), respectively. The values of the inhibition percentage after 30 minutes 
were plotted versus the extract concentration to obtain the antioxidant capacity curve, and a linear 
regression was designed to obtain the IC50 value (concentration giving a reduction of 50% of DPPH 
concentration). The obtained IC50 value is inversely proportional to the antioxidant activity. 

2.6.2. Ferric Reducing Antioxidant Power (FRAP) Assay 

The iron reducing capacity of the H. cinereum extracts was determined by the method described 
by [49], with some modifications. 1 mL aliquots consisting on various dilutions of extract in methanol 
were added to 2.5 ml of phosphate buffer (0.2 M, pH 6.6), and 2.5 ml of potassium ferricyanide (1 %). 
Then, the mixture was incubated at 50°C for 20 min and 2.5 ml of trichloroacetic acid (10 %) were 
added to the sample and centrifuged at 3000 rpm for 10 min. After that, a volume of 2.5 mL of the 
mixture supernatant was added to 2.5 mL of distilled water and 0.5 mL ferric chloride (0.1%) and 
vigorously mixed. Then the absorbance of the sample is measured using a UV-Vis spectrophotometer 
(UV 1700, Shimadzu, Japan) at 700 nm against a blank similarly prepared by replacing the plant 
extract with methanol.  

Ascorbic acid calibration curve was built by preparation of a serial concentrations (0.001, 0.025, 
0.05, 0.1 and 0.2 mg/g), the results are expressed in milligrams equivalent of ascorbic acid per gram 
of extract.   

2.6.3. ABTS Assay  

The ABTS radical scavenging activity of H. cinereum extracts was carried out according to the 
method described by [50]. Firstly, 1 mL of ABTS stock solution (7 mM) was mixed with 88 µL of 
potassium persulfate solution (140 mM) and kept overnight protected from light and at room 
temperature. Next, the mixture was diluted with potassium buffer saline (0.2 M, pH 7.4) to obtain an 
ABTS solution with an absorbance of 0.70 ± 0.02 at 734 nm. Next, a volume of 3 ml of this ABTS 
solution was mixed with 1 ml of the sample at different concentrations (25, 50, 75, 100 and 250 µg/mL). 
The reaction took place in the dark for 6 minutes, and the absorbance at 734 nm was measured. 
Samples containing the same volume of methanol and the same dilution of ascorbic acid served as 
white and positive controls, respectively. ABTS free radical scavenging capacity was determined 
using the following Formula (3):  𝐴𝐵𝑇𝑆 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 ሺ%ሻ = 1 − 𝐴ଵ − 𝐴ଶ𝐴଴ x 100 
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where A1 is ABTS radical and sample mixture absorbance; A2 is the solvent and sample mixture 
absorbance and A0 is the absorbance of the solvent and ABTS radical mixture. 

2.7. Antitumoral Activity  

2.7.1. Cell Culture 

The A549 and A375 cell lines were acquired from the European Collection of Authenticated Cell 
Cultures (ECACC), and Mia PaCa-2 and Panc-1 cell lines were kindly provided by Dr. Sónia Melo 
(i3s, Porto, Portugal). All cell lines were maintained in High-Glucose Dulbecco’s Modified Eagle’s 
Medium (DMEM, PAN-Biotech, Aidenbach, Germany), supplemented with 10% (v/v) fetal bovine 
serum (FBS, PAN-Biotech, Aidenbach, Germany), 2 mM L-glutamine, and 1% pen/strep (100 U/mL 
penicillin, 100 ug/mL streptomycin (Grisp, Porto, Portugal). Cells were cultured at 5% CO2 and at 37 
ºC.  

2.7.2. Cell Viability Assessment 

A stock solution was made by dissolving trans-tiliroside or luteolin 4'-O-xyloside in dimethyl 
sulfoxide (DMSO, Sigma-Aldrich, St. Louis, Missouri, USA). All cell lines were seeded in 96-well 
plates at a density of 12 500 cells/mL and incubated for 24 hours for adhesion. Next, cells were 
exposed to a range of concentrations of trans-tiliroside (10, 25, 50, 75, 100, 150 and 200 µM) or of 
luteolin (10, 25, 50, 75, 100, 150, 200, 250 and 300 µM) for 72 h. After the exposure, cell viability was 
assessed by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT, Sigma-
Aldrich, St. Louis, Missouri, USA) assay. Briefly, the exposure medium was replaced by fresh 
medium and 50 µL of MTT (1.0 mg/mL dissolved in phosphate-buffered saline, PBS, PAN-Biotech, 
Aidenbach, Germany) and plates were incubated for 3 hours. Then, the medium was removed and 
150 µL of DMSO were added and plates were shaken in the dark for 1 h. The absorbance was read in 
a microplate reader BioTek Synergy HT plate reader at 570 nm. Cells with only medium without 
compounds were used as control. Three independent assays were completed with three replicates 
each.  

2.8. Statistical Analysis 

For the TPC and TFC determinations and antioxidant activity, each sample was analyzed three 
times. The data presented are the means of the results obtained. The errors are expressed as standard 
deviations. A Student's t-test was used to determine significant differences (p ≤ 0.05) between the 
samples analyzed. The null hypothesis - that the samples are identical - was first considered. The 
experimental t values were compared with the theoretical t values. If the two values were equal or 
the experimental value was lower than the theoretical value, the null hypothesis was accepted. 
Conversely, if the experimental value was higher than the theoretical value, the null hypothesis was 
rejected, leading to the conclusion that the samples were significantly different. 

In addition, the Pearson correlation matrix was performed using the Data Analysis Tools of 
Microsoft Excel version 2408. The Pearson correlation matrix is a table showing the Pearson 
correlation coefficients between pairs of variables. The Pearson correlation coefficient, denoted as 𝑟, 
measures the linear relationship between two continuous variables, indicating how strongly they are 
related and in which direction (positive or negative). Values of r range from -1 to 1.  

Perfect positive correlation, meaning that as one variable increases, the other also increases in a 
perfectly linear manner, is obtained when r = 1. A perfect negative correlation, which means that as 
one variable increases, the other decreases in a perfectly linear manner, is obtained when r = -1. 

Finally, when r = 0, there is no linear correlation, indicating that there is no linear relationship 
between the variables. 

For the antitumor activity, the results are represented as the mean ± standard deviation.  
SigmaPlot version 14.0 (Systat Software, San Jose, CA, USA) for Windows was used to for statistical 
analysis. Data were analyzed by one-way ANOVA (p < 0.05) followed by Dunnett’s test (p < 0.05). 
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3. Results and Discussions 

3.1. Phytochemical Study   

The chemical composition of ethyl acetate (EtOAc) and butanol (BuOH) organic extracts of the 
aerial parts of Helianthemum cinereum is compared by TLC in different eluent systems. The 
composition and the relative distribution of the metabolites were characterized by a plethora of UV-
visible metabolites in both extracts. However, rich metabolite pattern was observed in the ethyl 
acetate extract, it showed less polar compounds in comparison with the butanol extract. Thus, both 
extracts were subjected to a series of chemical purifications starting by silica gel columns 
chromatography as a first step following by Sephadex LH-20 columns and ending with C18-SPE 
cartridges. After separation (described in experimental part), nine compounds were identified from 
the ethyl acetate extract and three compounds from the butanol extract (Figure 1): kaempferol (1) 
[17], luteolin (2) [18], luteolin 4'-O-β-xyloside (3) [19], luteolin 4'-O-β-glucoside (4) [20], quercetin 4'-
O-β-xyloside (5) [21], kaempferol-3-O-[6"-O-(E)-p-coumaroyl]-β-D-glucoside (trans-tiliroside) (6) 
[11,16,22,23], protocatechuic acid (7) [24], gallic acid (8) [14], methyl gallate (9) [25], ethyl gallate 
(10)[26], shikimic acid 3-O-gallate (11) [27], 3,3',4'-tri-O-methyl-ellagic acid 4-sulfate (12) [28,29]. 

 

Figure 1. Chemical structure of isolated compounds from the aerial parts of Helianthemum cinereum. 

To the best of our knowledge, compounds: luteolin 4'-O-β-xyloside (3), luteolin 4'-O-β-glucoside 
(4), quercetin 4'-O-β-xyloside (5), ethyl gallate (phyllemblin) (10), shikimic acid 3-O-gallate (11), and 
3,3',4'-tri-O-methyl-ellagic acid 4-sulfate (12) are isolated here for the first time in Cistaceae family. 
Luteolin 4'-O-β-xyloside (3), luteolin 4'-O-β-glucoside (4), and quercetin 4'-O-β-xyloside (5) are 
uncommon flavonoid 4'-O-β-glycosides, with limited data available in the literature [19–21]. 
Additionally, kaempferol (1) and luteolin (2) are reported from some species of Cistus genus[18,30]. 
However, the other compounds (6), (7), (8) and (9) are reported from the genus Helianthemum, in 
particular, from the Algerian species: H. lippii, H. sessiliflorum, H. Kahiricum, H. rifocomum, H. gelatum 
and H. hirtum [10–16].      

It is very interesting to mention here that we have isolated ellagic acid compound (12) as a 
sulphate derivative. The occurrence of ellagic acid derivatives is very common in Cistaceae family 
[31], and their identification here is further supported by the occurrence of quercetin 3-sulphate and 
isorhamnetin 3-sulphate in the species Helianthemum squamatum [31–33].     

3.2. Total Phenolic and Flavonoids Contents  

It is known that phenolic compounds are very important secondary metabolites of plants with 
redox properties responsible for antioxidant activity [34,35]. The phenolic compounds content was 
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measured by a colorimetric method using Folin-Ciocalteu reagent for each plant extract. Results were 
derived from a calibration curve (y = 9.7205x + 0.0325, R2 = 0.991) for gallic acid at different 
concentrations (10-250 µg/mL) and expressed as gallic acid equivalents (GAE) per gram of dry extract 
weight (Table 1). The total flavonoids content of the two extracts of H. cinereum (Table 1) are measured 
by using aluminum chloride colorimetric method and the results were obtained from quercetin 
calibration curve (y = 0,0145x + 0,0099, R2 = 0.998).  

Table 1. Total phenolic and flavonoid contents of H. cinereum extracts. 

Extracts  TPC (mg GAE/g) * TFC (mg QE/g) ** 
H. cinereum EtOAc  361.51 ± 0.84 a  148.23 ± 0.51 a  
H. cinereum BuOH  145.88 ± 0.63 b  94.89 ± 0.29 b  

* GAE—gallic acid equivalents; ** QE—quercetin equivalents. 

The phenolic and flavonoid contents of the ethyl acetate extract showed a higher values (361.51 
mg GAE/g; 148.23 ± 0.51 mg QE/g) than the butanol extract (145.88 mg GAE/g; 94.89 ± 0.29 mg QE/g). 
The total phenolic content (TPC) values observed in this study are higher than those reported by 
Benabdelaziz et al. for H. sessiliflorum, where the ethyl acetate and butanol extracts showed TPC 
values of 42.51 ± 1.01 mg GAE/g and 40.02 ± 2.81 mg GAE/g, respectively [12]. Moreover, the TPC 
values in this study exceed those found for the hydro-methanolic extract of H. canum (284.13 ± 0.30 
mg GAE/g) [36] . Furthermore, total phenolic content values found in this study are higher than those 
of the ethyl acetate (46.70 ± 0.22 mg QE/g) and butanol (35.48 ± 0.36 mg QE/g) extracts of H. 
sessiliflorum and the hydro-methanolic extract of H. canum (13.13 ± 0.10 mg QE/g) [12,36]. 

3.3. Antioxidant Activities  

Due to the complex activity of the phytoconstituents, the antioxidant activity of the extracts 
cannot be assessed by a single method, and it is recommended to use several methods, as each 
technique provides different and complementary information about the activity and the mechanism 
of action [37].  

In this study, the antioxidant activity of H. cinereum extracts was evaluated using three different 
methods, as presented in Table 2. Across all methods (DPPH, FRAP, and ABTS), the ethyl acetate 
extract demonstrated stronger antioxidant capacity compared to the butanol extract. The antioxidant 
capacity showed by DPPH method is notably higher than that reported by Benabdelaziz et al., for the 
ethyl acetate and butanol extracts of H. sessiliflorum, which had IC50 values of 23.75 ± 2.07 µg/mL 
and 94.03 ± 1.52 µg/mL, respectively [12]. Additionally, the IC50 values in this study were lower than 
those found for the hydro-methanolic extract of H. canum (0.19 mg/mL) [36], thus indicating the 
higher antioxidant activity.  

Table 2. Antioxidant activity of H. cinereum extracts. 

Samples DPPH (IC50 µg/g) ** FRAP (mg AA/g) * ABTS (IC50 µg/g) ** 
H. cinereum EtOAc 17.23 ± 0.36 a 221.16 ± 1.03 a 85.16 ± 1.03 a 
H. cinereum BuOH  24.39 ± 0.21 b 44.69 ± 0.64 b 121.16 ± 1.03 b 

Trolox  11.97 ± 0.41 - 23.16 ± 0.54 
Ascorbic acid 3.36 ± 0.13 - - 

* AA- Ascorbic Acid; ** IC- Inhibition Concentration. a, b – different letters indicate significantly (p ≤ 0.05) 
different results according to t-test. 

The Pearson correlation results presented in Figure 2 show exceptionally strong relationships 
between total phenolic content (TPC), total flavonoid content (TFC) and various measures of 
antioxidant activity (DPPH, FRAP and ABTS assays) in the analysed samples. Analysis of the data 
shows that there is a perfect positive correlation between total phenolic content and total flavonoid 
content. This means that as the phenolic content in the samples increases, the flavonoid content 
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increases proportionally. Phenolics and flavonoids, both subclasses of polyphenolic compounds, 
often co-occur and exhibit similar variations in plant materials. In addition, both TPC and TFC show 
a perfect positive correlation with the results of the Ferric Reducing Antioxidant Power (FRAP) assay. 
This suggests that higher levels of phenolics and flavonoids in samples are directly related to 
increased antioxidant power as measured by the FRAP assay. However, the total phenolic and 
flavonoid contents are perfectly negatively correlated with DPPH radical scavenging capacity and 
ABTS radical scavenging activity. If the DPPH and ABTS values represent IC₅₀ values (the 
concentration required to inhibit 50% of the free radicals), a lower IC₅₀ indicates higher antioxidant 
activity. Therefore, as the phenolic and flavonoid contents increase, the IC₅₀ values decrease, 
indicating increased antioxidant activity. This is consistent with the positive correlation between 
DPPH and ABTS. This means that samples with higher (or lower) DPPH radical scavenging capacity 
also have correspondingly higher (or lower) ABTS radical scavenging activity. Both assays measure 
the ability of antioxidants to scavenge free radicals, so they are expected to be highly correlated.  

 TPC 
(mg 

GAE/g) 

TFC 
(mg 

QE/g) 

DPPH 
(µg/g) 

FRAP 
(mg 

AA/g) 

ABTS 
(µg/g) 

TPC (mg 
GAE/g)  1.0 

    

TFC (mg 
QE/g) 1.0 

1.0    

DPPH 
(µg/g) 

-1.0 -1.0 1.0   

FRAP (mg 
AA/g) 

1.0 1.0 -1.0 1.0  

ABTS 
(µg/g) 

-1.0 -1.0 1.0 -1.0 1.0 

Figure 2. Pearson correlation matrix where red colour indicates strong positive correlation and blue 
colour indicates strong negative correlation. 

Finally, the FRAP values are perfectly negatively correlated with the DPPH and ABTS assay 
results. This indicates that samples with higher antioxidant power as measured by FRAP have lower 
IC₅₀ values in the DPPH and ABTS assays, which in turn indicates higher antioxidant activity. These 
findings from our study are supported by the previous studies that have shown that the capacity of 
the antioxidant is highly associated with the total flavonoid content and total phenolic compounds 
of the plant extract [38]. 

3.4. Antitumor Activity 

The antitumoral activity of trans-tiliroside (6) and luteolin 4'-O-β-xyloside (3) was investigated 
against lung cancer (A549), melanoma (A375) and pancreatic cancer (Mia PaCa-2 and Panc-1) cell 
lines by MTT assay. The MTT assay is a widely used method that reduces a tetrazolium compound 
(MTT) into formazan. This colorimetric assay assesses the cellular metabolic activity, which is an 
indicator of toxicity [39]. As shown in Figure 3, all cell lines exhibited a decline in cell viability in a 
concentration dependent manner.  In the case of trans-tiliroside, Mia PaCa-2 and Panc-1 had a 
similar response, with Panc-1 having a decline of cell viability with the lowest tested concentration 
(10 µM), while Mia PaCa-2 was only affected by concentrations equal or above 50 µM. 
Notwithstanding, the determined IC50 was slightly lower to Mia PaCa-2 (46.2 ± 0.89 µM) than to Panc-
1 (54.0 ± 1.95 µM). These results are consistent with a previous work that showed that trans-tiliroside 
can inhibit the growth of Panc-1 cells and determined a IC50 of 68.48 µM for 72 h of exposure [40]. 
Both A549 and A375 cell lines showed to be more resistant to trans-tiliroside, having a significant 
decrease in cell viability when exposed to concentrations equal or superior to 75 µM and an IC50 of 
108 ± 2.80 and 102 ± 2.56 µM, respectively. The work of Lu et al., in which they observed a decline of 
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80% in cell viability of B16-F10, another melanoma cell line, when exposed to 168 µM of trans-
tiliroside for 72 h [41]. 
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Figure 3. Effect of trans-tiliroside and of luteolin 4'-O-β-xyloside on the viability of A549, A375, Panc-
1 and Mia PaCa-2 for 72 h exposure. Data shown are mean values ± standard deviation of three 
independent assays. * Indicates statistical significance relative to control (p < 0.005). 

Luteolin 4'-O- β-xyloside (3), on the other hand, had a more subtle effect on the four cell lines. 
The A375 cell line had a significant decrease in cell viability when exposed to concentrations up to 75 
µM, contrary to the other three cell lines. Nevertheless, literature reveals that luteolin aglycone has a 
strong antitumoral effect. In fact, studies suggest an IC50 between 7 and 17 µM for melanoma cell lines 
[42], and an IC50 values of 32.6 µM and 40 µM for A549 cell line [43,44]. Pancreatic cancer cell lines 
also showed to be strongly affected by concentrations above 160 µM [45]. However, in our work, Mia 
PaCa-2 was the only cell line that showed a cell viability lower than 50% when exposed to the tested 
concentrations and the calculated IC50 was 229 ± 9.09 µM. 
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5. Conclusions 

The present study focused on the phytochemical study and the biological activities of the 
Algerian species Helianthemum cinerum, which allowed us to isolate twelve compounds from the ethyl 
acetate (EtOAc) and butanol (BuOH) extracts. All the compounds were identified by spectral analysis, 
mainly through NMR experiments (¹H, ¹³C, COSY, HSQC, and HMBC) and mass spectrometry, as 
well as by comparing their spectroscopic data with those reported in the literature. To the best of our 
knowledge, this is the first report of six compounds being isolated from the Cistaceae family, 
including luteolin 4'-O-β-xyloside (3), luteolin 4'-O-β-glucoside (4), quercetin 4'-O-β-xyloside (5), 
ethyl gallate (phyllemblin) (10), shikimic acid 3-O-gallate (11), and 3,3',4'-tri-O-methyl-ellagic acid 4-
sulfate (12). Although, the isolated compounds trans-tiliroside and luteolin 4'-O- β-xyloside were 
assessed for their antitumor activity against lung cancer (A549), melanoma (A375) and pancreatic 
cancer (Mia PaCa-2 and Panc-1) cell lines by MTT assay where they showed an important activity. 

In addition to determining total flavonoid and phenolic contents (TFC and TPC), the extracts 
were evaluated for their antioxidant capacity using in vitro free radical scavenging assays (DPPH, 
ABTS) and the FRAP assay. The results of antioxidant capacity revealed that the ethyl acetate (EtOAc) 
extract exhibited stronger activity than the butanol (BuOH) extract; however, considering the 
available data, the potential of both extracts remains higher compared to extracts from other species 
of the same genera. Correspondingly, a positive correlation between total phenolic and flavonoid 
contents and the antioxidant activity of the investigated extracts indicated that these 
phytoconstituents are the major contributors to the antioxidant capacities of this plant. These findings 
suggest that H. cinereum could be a promising source of natural antioxidants. 
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