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Introduction  

 

According to World Health Organization (WHO), a medicinal plant is defined as any 

plant containing in one or more of its parts substances of therapeutic interest or which are 

precursors in the synthesis of drugs (Kuete 2014). It is estimated that around 80% of the 

world's population is treated primarily with medicinal plants (Upton et al. 2011). Most of 

these traditional medications require the use of plant extracts and / or their active ingredients. 

Medicinal plants play an important role in Africa and in developing countries where the 

health system and the availability of drugs are limited (Yuan et al. 2016). Some plant extracts 

and by-products were used in Human health, example of resveratrol and quercetin in capsule 

and tablet dosage forms as food complements. 

Plants are a potential source of several important active substances of therapeutic 

interest because of their ability to produce different active chemical entities through 

secondary metabolism during the growth stages of the physiological development or during 

periods of stress due to lack of nutrients or attack of microorganisms (Naik and Al-Khayri 

2016). The secondary metabolites have a wide variety of chemical structures and can be 

simply classified into three main groups: Terpenoids (dominant in essential oils, composed 

almost entirely of carbon and hydrogen atoms), Phenolics (made from simple sugar, with 

benzene rings, hydrogen and oxygen) and compounds containing nitrogen and/or sulphur 

(Chinou 2008).  

There is an increasing interest to find new plant-derived medicines as antioxidant, 

antibacterial and anticancer agents (Al-Dabbas et al. 2006). Several investigations support that 

oxidative stress is responsible for damage to vital cellular molecules such as DNA, proteins 

and lipids, thus playing a key role in the development of numerous pathologies including 

carcinogenesis (Al-Dabbas et al. 2006; Basli et al. 2017; Kumar et al. 2014).  Phenolic 

compounds and essential oils may inhibit the production of reactive oxygen species (ROS) by 

different mechanisms, including radical scavenging by hydrogen donation, chelating metals 

responsible for the formation of free radicals and inhibition of enzymes like xanthine oxidase 

implicated in superoxide ion production (Fantini et al. 2015). Antioxidant agents may show 

potential anticancer effects (Kumar et al. 2014). Furthermore, this continuous need for new 
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entities of therapeutic interest is also due to multidrug resistance bacteria emergence, 

commercial drugs adverse effects and economic convenience (Rahman and Islam 2013). 

Cancer is one of the world's leading causes of morbidity. According to GLOBOCAN 

2020, 19.3 million new cancer cases were diagnosed worldwide, with approximately 10 

million deaths in 2020 (Hyuna et al 2021). According to Amin et al. (2009), roughly half of 

drugs used are of plant origin; either directly derived from plants, or chemically modified 

natural entities. Many researchers are concentrating their efforts on developing new cancer-

prevention strategies, one of which was that described by Sporn (1976) as the use of natural, 

synthetic, or biological agents to reverse, suppress, or prevent either the early stages of 

carcinogenesis or the progression of premalignant cells to invasive disease (Rather and 

Bhagat 2018). However, cancer prevention is one of the well-documented biological 

properties of plant extracts (Basli et al. 2017). In fact, polyphenols protect against human 

cancer cell lines and reduce the number or growth of tumors (Yang et al. 2001).  In addition, 

essential oils have been shown to have anticancer properties via different mechanisms 

(Blowman et al. 2018) 

The Cedrus genus belongs to the family of Pinaceae. It comprises four endemic species 

which are C. deodara, C. brevifolia, C. libani, and C. atlantica. These species had several 

traditional uses in their native countries. Herein, C. atlantica is originated from North Africa 

(Algeria and Morocco) (Fidah et al. 2016),  well known, in part, for its Cedarwood oil and for 

its high wood quality (Dakir et al. 2005). The Cedarwood oil was investigated in previous 

studies for several biological activities. It demonstrated promising antioxidant (Inaam et al. 

2015), antimicrobial (Benouaklil et al. 2017; Zrira and Ghanmi 2016), antifungal (Aberchane 

et al. 2003), antiviral (Chao et al. 2000), anti-inflammatory (Baylac and Racine 2003), 

analgesic (Emer et al. 2018; Martins et al. 2015), anticancer (Saab et al. 2012 a and b), and 

anticholinesterase activities. Furthermore, the essential oil of C. atlantica showed to have 

mollucidal (Lahlou 2003), larvicidal (Zoubi et al. 2017), acaricidal (Gene Lim et al. 2011), 

insecticidal (Ainane et al. 2019; Choi et al. 2003) and repellent properties (Martynov et al. 

2019), as well as an activity against phytopathogenic agents (Popović et al. 2018).  

Literature shows a lack of data on phenolic compounds from C. atlantica (Fadel et al. 

2016; Hofmann et al. 2020). Yet, to the best of our knowledge, there was no study published 

about phenolic compounds extracted from C. atlantica branches. 
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The present study aims to contribute into investigating for the first time, the chemical 

composition of the essential oil of the Algerian C. atlantica cones. We also profiled the 

phenolic contents of the organic extracts from the branches. Furthermore, we evaluated the 

antioxidant and antibacterial activities in vitro, as well as their cytotoxic effects against MCF-

7 breast cancer cell line. Moreover, an acute toxicity study has been conducted on the crude 

extract from branches according to the OECD recommendations (OECD 2001). Finally, the 

ultrasonic power has been applied on the methanolic extract in the objective to enhance the 

physicochemichal properties. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part I 

Review on Cedrus genus 
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I.1. Cedrus genus description 

The genus Cedrus comprises four true cedars from the pinaceae family, with 

geographically distinct distribution (Quézel and Santa 1962, 1963; Toth et al. 2005). It 

includes one Himalayan species, Cedrus deodara G. Don native to Afghanistan, Nepal and 

India; as well as three Mediterranean mountain species, including Cedrus atlantica (Endl.) 

Manetti, from Morocco and Algeria, Cedrus libani A. Rich, from Lebanon, Syria and Turkey; 

and Cedrus brevifolia Henry, from Cyprus Island (Fig. 1). 

 

 

Figure 1. Geographic location of Cedar species native to the Mediterranean basin (Adapted 

from Magri 2012) 

 

There was no genetic marker found to distinguish between the four cedar species 

(Pijut 2000; Savill and Wilson 2015). According to Qiao et al. (2007) and Dagher-Kharrat et 

al. (2007), C. deodara was the first to diverge, and C. atlantica descended from the common 

ancestor of C. libani and C. brevifolia, which share a strong genetic similarity. Some 

taxonomic studies using genetic markers have classified these latter species as one (Fady et al. 

2000; Karam et al. 2019; Sabatier et al. 2003; Scaltsoyiannes 1999). Furthermore, using 

biochemical markers, C. atlantica and C. libani were found to be poorly differentiated from 

each other (Panetsos et al. 1992). Various characteristics distinguish these four species, 
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including needle size, cone length and diameter, seed length, pollination period, and maturity 

duration (Farjon 1990; Toth et al. 2005).  

 

I.2. Biological activities of Cedrus species other than C. atlantica 

 
I.2.1. C. deodara 

C. deodara was the most investigated cedar species for the biological activities of its 

extracts. In fact, several studies on the antioxidant, antimicrobial, antitumor, anti-

inflammatory, analgesic, immunomodulatory, anti-diabetic, anti-hyperlipidemic, and anti-

ulcer activities have been published. In addition, anxiolytic, anti-depressant, anti-epileptic, 

and memory enhancing effects on the central nervous system (CNS) were investigated. 

Furthermore, there were also reports of thrombolytic, spasmolytic, anti-urolithiatic, 

macrofilaricidal, larvicidal, antileshmanial, and acaricidal activities. 

  

I.2.1.1.  Antioxidant activity  

Several studies on the antioxidant activities of C. deodara extracts have been reported 

in literature (Table I). The essential oils hydrodistilled from needles demonstrated a strong 

scavenging effect against ABTS
•+

, DPPH
•
, superoxyde, and hydroxyl free radicals, as well as 

a strong lipid peroxydation reducing power with an IC50 value of 0.79±0.75 µg/mL (Zaman et 

al. 2018; Zeng et al. 2012). Similarly, essential oil extracted from the rhizome demonstrated 

significant free radical scavenging activity against DPPH
• 
(Chen et al. 2020). Furthermore, the 

essential oil hydrodistilled from the stem significantly increased the glutathion (GSH) level in 

the brain (Chaudhary et al. 2014). Also, the organic extracts of wood and needles 

demonstrated a potential antioxidant activity against, DPPH
•
, ABTS

•+
, and superoxide anion 

free radicals (Jain et al. 2015; Kadam et al. 2021; Liang et al. 2014; Qian-Da et al. 2020; Yu 

et al. 2019). Yasmeen et al. (2015) demonstrated that extracts from stem and needles using 

polar solvents enclosed potential antioxidants. The hydro-methanolic extract from needles had 

a potential oxidative stress down-regulator effect by increasing the activities of superoxide 

dismutase (SOD), catalase (CAT), and glutathion peroxydase (GSH-Px), and decreasing the 

malondialdehyde (MDA) level in liver (Talluri et al. 2018; Wu et al. 2015). According to 

Chaudhary et al. (2014), the choloroform extract had the best antioxidant activity by lowering 

MDA levels.  
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Table I: Antioxidant activity. 

 

Plant  part 

 

Extract 
Extraction 

method 
Major compounds Methods used / Targets Properties / Effects Refrences 

 

Needles 

 

Essential oil 

 

 

Hydro-

distillation 

 

 

α-terpineol, linalool, 

limonene, anethole 

and caryophyllene. 

 

 

Scavenging free radicals: ABTS
•+

, 

DPPH
•
, Superoxyde and Hydroxyl.  

Lipid peroxidation. 

Reducing power assays. 

 

IC50: 0.36 ± 0.28, 0.53 

± 0.21, 0.69 ± 0.35 and 

1.29 ± 0.16 μg/ml 

IC50: 0.79±0.75 μg/ml 

 

(Zeng et al. 2012b) 

    Metal chelating activity 

 

IC50 : 28.16 μg/ml 

 

(Zaman et al. 

2018) 

 Ethanolic 

extract 

Maceration Methyloconiferin, 

ferulic acid-β-D-

glucoside and 

wikstromol 

 

DPPH
• 
and ABTS

•+ 
free radical-

scavenging assays. 

Reactive oxygene from hydroxyl radical 

and hydrogene peroxyde. 

Lipide peroxydation inhibition. 

Reduce ferric ion. 

IC50: 32.40±0.76, 

0.48±0.01, 1.73±0.01, 

89.48±0.54 and 

9.85±0.14 μg/ml, 

respectively 

(Qian-Da et al. 

2020). 

  

Methanolic 

extract  

 

Maceration  

 

Protocatechuic acid, 

2R,3R-

dihydromyricetin, 

massonianoside B  

and myricetin-3-O-β-

D-glucopyranoside 

 

 

DPPH
• 
and ABTS

•+ 
free radical-

scavenging assays 

 

 

Oxidative haemolysis inhibition assay 

(OxHLIA)  

Protective effect against CCl4-induced 

lipid peroxidation in mice 

 

 

IC50 values of 24.33 

and 35.94 μg/ml, 

respectively. 

 

The extracts improved 

the activities of SOD, 

CAT and GSH-Px, and 

decreased the MDA. 

 

 

(Yu et al. 2019) 

 

 

 

 (Wu et al. 2015) 

 

Wood Organic 

extracts 

Maceration Flavonoids and 

tannins 

DPPH
• 
,ABTS

•+ 
free radicals, and  

superoxide anion scavenging assays. 

IC50 from 61.89 to 

122.42 μg/ml. 

 (Jain et al. 2015) 

 

                                                                       

(Continued)          
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Chloroform 

extract 

 

Maceration 

 

Atlantone, 

himaphenolone, 

atlantolone, 

deodardione and 

atlantone-2,3-diol  

 

 

Total antioxidant capacity (TAC)  

Reducing power ability 

 

TAC value of  187.67 ± 

11.78 mg AAE/g 

 

(Chaudhary et al. 

2015) 

 

 Aqueous 

extract 

Maceration ND Estimation of Reduced Glutathione 

Levels-GSH 

Estimation of Glutathione-s-Transferase 

Levels-GST 

Estimation of Superoxide Dismutase 

(SOD) Levels 

Estimation Level of Thiobarbituric Acid 

Reactive Substance Levels (TBARS) 

Estimation of Catalase Levels (CAT) 

Estimation of Protein Levels 

 

The aqueous extract 

significantly reduced 

the oxidative stress 

induced by alloxan. 

(Jain et al. 2014) 

 

Stem Organic 

extracts 

 

Essential oil 

Soxhlet  

 

 

Hydro-

distillation 

Flavonoids, 

terpenoids and 

tannins. 

Terpenoids 

 

Estimation of Malondialdehyde MDA 

 

Estimation of glutathione (GSH) 

Chloroform extract had 

the best antioxidant 

activity. 

MDA levels decreased. 

GSH significantly 

increased in brain. 

 

(Chaudhary et al. 

2014) 

 

Various 

parts 

Aqueous  

and hydro-

methanolic 

extracts 

Maceration ND Levels of thiobarbituric acid reactive 

species 

Levels of superoxide dismutase 

Levels of catalase activity 

Levels of reduced glutathione 

 

The extracts had 

potential oxidative 

stress down-regulator 

effect. 

(Talluri et al. 

2018) 

 

ND : Not determined. 
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The polysaccharides extracted from needles via aqueous extraction demonstrated 

remarkable antioxidant activity (Zeng et al. 2014). Also, the aqueous extract of wood 

significantly reduced the oxidative stress caused by alloxan (Jain et al. 2014). 

 

      I.2.1.2.      Antimicrobial activity  

Several studies on the antimicrobial potential of C. deodara extracts have been 

published (Table II). The essential oils were found to have promising antibacterial and 

antifungal properties. In fact, the essential oil hydrodistilled from the needles had a strong 

bactericidal effect against typical food-borne microorganisms, which could be attributed to 

the induction of cytoplasmic outflow and plasmolysis mechanisms observed using 

transmission electron microscopy (Zeng et al. 2012b). According to Wu et al. (2016), a 

phenolic compound isolated from C. deodara needles damaged the cytoplasmic membrane of 

S. aureus, resulting in significant membrane hyperpolarization and loss of membrane 

integrity, and acted as a potential bacterial biofilm inhibitor by affecting the attachment phase 

of biofilm formation through targeting sortase A (Wu et al. 2019). The essential oil 

hydrodistilled from wood demonstrated antibacterial activity against food and plant pathogens 

(Ramadass et al. 2019; Truchan et al. 2019). Several studies revealed that the essential oil  had 

antifungal activity against all tested strains (Kumar et al. 2020; Mohd et al. 2015). However, 

the root oil showed zone of inhibition against A. fumigatus at a concentration of 150 µg/disc, 

but no antifungal activity against C. albicans at the same concentration (Parveen et al. 2010). 

Chaudhary et al. (2012b) and Verma et al. (2011) found low antifungal activity against the 

tested strains. According to Tarranum et al. (2014), C. deodara essential oils had no 

antifungal activity against Aspergillus niger MTCC281, and Candida albicans MTCC183. 

The hydro-ethanolic extracts from needles inhibited the extracellular polysaccharides 

(EPS) of the S. mutans biofilm and had a MIC value of 6.25 µg/µl (Zhang et al. 2020). S. 

aureus was the most sensitive strain to the hydro-methanolic extracts of needles, which 

inhibited biofilm formation and disintegrated the complex biofilm architecture (Wu et al. 

2018a; Yu et al. 2019). Similarly, dihydromyricetin from needles significantly reduced S. 

aureus biofilm biomass and biofilm cell metabolic activity (Wu et al. 2018b). The organic 

extracts of wood demonstrated effective antibacterial activity against E. coli (Jain et al. 2019), 

and S. aureus (Yasmeen et al. 2015). In contrast, Kumar et al. (2014a) demonstrated that 

ethanolic and chloroformic extracts of wood had no inhibition against tested strains.  
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Table II: Antimicrobial activity. 

 

Plant  part 

 

Extract 
Extraction 

method 
Major compounds 

Antimicrobial 

activity 
Properties / Effects References 

 

Needles 

 

Essential oil 

 

Hydro-

distillation 

 

3-p-trans-coumaroyl-

2-hydroxyquinic acid  

 

 

 

Antibacterial activity 

 

Antibiofilm 

inhibition activity 

 

 

MIC: 2.5 mg/ml (B. cereus) 

 

Inhibited S.aureus and E.coli biofilm 

formation 

 

(Wu et al. 2016) 

 

(Wu et al. 2019; 

Zaman et al. 2018) 

 

   α-terpineol, linalool, 

limonene, anethole 

and caryophyllene. 

Antibacterial activity 

 

Antifungal activity 

 

 

Induction of cytoplasmic outflow and 

plasmolysis. 

R. oryzae the most susceptible strain. 

 

(Zeng et al. 2012b) 

 

 Ethanolic 

extract  

Maceration Methyloconiferin,  

ferulic acid-β-D-

glucoside and 

wikstromol 

 

Antibacterial activity MIC: 6.25 μg/μl (S.mutans) 

 

(Zhang et al. 2020) 

 

 Methanolic 

extract  

 

 

Maceration 2R,3R-

Dihydromyricetin 

Biofilm inhibition 

activity 

 

Antibacterial activity 

 

 

Inhibited and disintegrated the complex 

biofilm architecture. 

 

Decreased the intracellular ATP of S. 

aureus cells. 

(Wu et al. 2018a) 

 

 

(Wu et al. 2018b) 

 

 Aqueous 

extract 

Maceration ND Antibacterial activity 

Antifungal activity 

 

S. aureus most sensitive bacterial strain 

C. albicans and A.niger were found 

resistant. 

(Arshan et al. 2020) 

 

      

 

 

(Continued) 
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Stem  

 

Essential oil 

 

 

Organic 

extracts 

 

Hydro-

distillation 

 

Soxhlet  

 

 

Terpenoids, and 

phenols 

 

Flavonoids and 

tannins 

 

 

Antibacterial activity 

 

 

Antifungal activity 

 

 

 

EO and chloroform extracts showed the 

highest antibacterial activities. 

 

Less antifungal activity was observed. 

 

(Chaudhary et al. 

2012b) 
 
(Chaudhary et al. 

2012a) 

 

Wood Essential oil Hydro-

distillation 

cedrol,  

widdrol,  

thujic acid and  

β- thujaplicin 

 

Antibacterial activity 

 

The greatest inhibition zone of 23.8 mm 

against MSSA. 

 

 

(Truchan et al. 

2019) 

 

 Organic 

extracts 

ND Phenols, tannins, 

phytosterols, 

flavonoids and 

terpenoids.  

 

Antibacterial activity Efficient against E.coli (Jain et al. 2019) 

 

Sawdust  Hexane Maceration Atlantones 

 

Antifungal activity 

 

Effective against Aspergillus flavus, A. 

niger, A. ochracoeus, A. parasiticus, 

and A. sydowii. 

 

(Chaudhary et al. 

2012a) 

 

Root Essential oil ND Trans-atlantone and 

allo-himachalol 

Antifungal activity 

 

 

Effective against A. fumigatus. 

Not active against C.albicans 

(Parveen et al. 

2010) 

 

Bark Aqueous 

extract 

 

Maceration  ND Antiviral activity 

 

CHIKV inhibition in the plaque 

reduction assay format. 

(Raghavendhar et 

al. 2019) 

 

ND : Not determined. 
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The aqueous extract from needles demonstrated the greatest zone of inhibition against 

E. coli and S. aureus (Arshan and Gul 2020; Ramzan et al. 2021). Shikimic acid isolated from 

needles was found to be effective against S. aureus through interactions with membrane 

proteins and lipids (Bai et al. 2015). The hexane extract from sawdust showed an antifungal 

activity against A. flavus, A. niger, A. ochracoeus, A. parasiticus, and A. sydowii (Chaudhary 

et al. 2012a). Likewise, the ethanolic and methanolic extracts from needles exhibited 

antifungal activity (Joshi et al. 2018; Metreveli et al. 2020) with a strongest fungicidal effect 

recorded for P. infestans (Metreveli et al. 2020). However, Chaudhary et al. (2012) reported 

that the organic extracts from the stem had less antifungal activity. On the other hand, in the 

plaque redution assay format, the aqueous extract from the bark demonstrated antiviral 

activity by inhibiting chikungunya virus (CHIKV) (Raghavendhar et al. 2019). 

 

     I.2.1.3.       Antitumor activity  

The antitumor studies of C. deodara samples were summarized in Table III. The 

essential oils hydrodistilled from the bark induced apoptosis in human colon cancer cell lines 

(HCT-116 ans SW-620) by inhibiting nuclear factor kappa B (Bhagat et al. 2020). The wood  

oil was cytotoxic to K562 human chronic myelogenous leukemia cells, with an IC50 value of 

37.09±1.4 mg/ml (Saab et al. 2012b). The ethanolic extract from the root exhibited a 

cytotoxic activity against a panel of cancer cell lines, with an IC50 value of 157.5 µg/ml 

against MCF-7 breast cancer cells (Suryavanshi et al. 2014). Similarly, the IC50 values for 

hydro-ethanolic extracts of needles and wood were 38.82±1.74 µg/ml, 114.12 µg/ml, and 20 

µg/mL, respectively, against A549, Hep G2, and MCF-7 cancer cell lines (Gaidhani et al. 

2013; Shi et al. 2016; Shi et al. 2019). Furthermore, a chloroform extract from wood was 

found highly cytotoxic to a panel of breast, CNS, cevix, colon, liver, and prostate cancer cells 

(Singh et al. 2007). 

 

       I.2.1.4.      Anti-inflammatory, analgesic and immunomodulatory activities  

The anti-inflammatory, analgesic, and immunomodulatory activities of C. deodara 

samples were shown in Table IV. The essential oils inhibited the production of inflammatory 

cytokines in TPA-induced ear oedema by inhibiting COX-2/TNF-α/NF- κβ activation (Chen 

et al. 2020), and had a lipoxygenase inhibitory effect with an IC50 value of 16.5±1.6 µM 

(Baylac and Racine 2003).  
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Table III: Antitumor activity. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds Methods used / Targets Properties / Effects References 

 

Needles 

 

Ethanolic 

extract 

 

Ethanol hot 

refluxing 

 

Lignans 

 

A549, HeLa, MKN 45, HepG2 and  

HT-29 cells 

 

 

 

A549 cells were found 

the most sensitive with 

IC50: 39.82±1.74 μg/ml 

 

 

(Shi et al. 2019) 

  Maceration Myricetin,quercetin, 

kaempferol and 

isorhamnetin 

HepG2, HeLa, MKN28, SHG-44 and 

A549 cells 

 

 

HepG2 were the most 

sensitive  with IC50 

value of 114.12 μg/ml 

(Shi et al. 2016) 

 

Bark 

 

Essential oil 

 

Hydro-

distillation 

 

2-(tert-Buyl)-6-

methyl-3-(2- 

(trifluoromethyl) 

benzyl)imidazo 

[1,2-a]pyridine; 

9- Octadecenoic 

acid and Copaene  

 

 

HCT-116 and SW-620 cells. 

 

Induces Apoptosis in by 

Inhibiting Nuclear Factor 

kappa B. 

 

 

(Bhagat et al. 2020) 

Root 

 

Ethanolic 

extract 

Maceration Wikstromol, 

matairesinol and 

dibenzyl 

butyrolactol 

 

MCF-7, MDA MB-231, HEK- 293, 

and HaCaT cells 

 

 

IC50: 157.5 μg/ml 

(MCF-7). 

(Suryavanshi et al. 

2014) 

Wood 

 

Essential oil Hydro-

distillation 

ND K562 cells  

 

IC50: 37.09±1.4 mg/ml
 

 

(Saab et al. 2012b) 

       

(Continued) 
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Hydro-

ethanolic 

extract  

 

Maceration 

 

ND 

 

MCF-7, Colo-205, Hop-62, HT-29, 

SiHa, DWD, T24, PC3, A-549, ZR-

75-1, A-2780, DU-145, and K562 

 

 

IC50: 20 µg/ml (MCF-7) 

 

(Gaidhani et al. 

2013) 

 Chloroform 

extract 

Soxhlet  Wikstromol, 

matairesinol and 

dibenzyl 

butyrolactolignan 

 

Breast: 

MCF-7,  

T-47 D  

CNS:  

SF-539  

SKNMC,    

IMR-32,    

SKNSH 

SNB-78;  

Cervix:  

Hela, 

SiHa ;   

Colon:  

COLO-205,  

HCT-15,  

HT-29,  

SW-620;  

Liver:  

HEP-G2  

Prostate:  

DU-145,  

PC-3. 

 

 

IC50:  15.6 µg/ml 

IC50:  9.78 µg/ml 

 

IC50:  29.09 µg/ml 

IC50:  16.4   ng/ml 

IC50:  52.74 µg/ml 

IC50:  41.67 µg/ml 

IC50:  28.35 µg/ml 

 

IC50:  39 µg/ml 

IC50:  8.3 µg/ml 

 

 

IC50:  5.4 µg/ml 

IC50:  21.05 µg/ml 

IC50:  12.24 µg/ml 

IC50:  40.9 µg/ml 

 

IC50:  116.03 µg/ml 

 

IC50:  41.2 µg/ml 

IC50:  3.52 µg/ml 

 

(Singh et al. 2007) 

ND Extracts ND ND BHK-21 cells Cell growth inhibition (Chauhan and Joshi 

2018) 
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Table IV: Anti-inflammatory, analgesic and immunomodulatory activities. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds Methods used / Targets Properties / Effects References 

 

Needles 

 

Organic 

extracts  

 

 

Soxhlet 

 

ND 

 

Immunomodulatory activity 

-Nitric oxide (NO) produced by 

mammalian mononuclear cells 

 

 

Showed potential 

immuno-modulatory 

effect. 

 

(Narayan et al. 

2017) 

Wood Essential oil Hydro-

distillation 

ND Immunomodulatory activity 

-Neutrophil adhesion test in rats 

Arthus reaction in mice. 

-SRBC-induced delayed type 

hypersensitivity and hemagglutination  

anti-body titer in mice. 

-Oxazolone-induced contact 

hyersensitivity in mice. 

 

Inhibited humoral and 

cell-mediated immune 

responses. 

(Shinde et al. 

1999b) 

    Anti-inflammatory activity 

-Effect on compound 48/80 induced 

pedal oedema in rats and 

degranulation of isolated rat peritoneal 

mast cells. 

-Effect on lipoygenase enzyme activity. 

 

 

Significant inhibition 

at 200 µg/ml 

 

(Shinde et al. 

1999a) 

    -Carrageenan-induced pedal oedema 

in rats 

-Adjuvant induced arthritis in rats 

Significant inhibition 

at 50 and 100 mg/kg  

 

(KT et al. 1998; 

Shinde et al. 

1999c) 

     

 

 

 

 

 

(Continued) 
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Analgesic activity 

-Acetic acid induced writhing 

response in mice 

-Hot plate reaction time method in 

mice 

-Tail clip method 

 

 

Centrally and 

peripherally mediated 

activity 

 

Stem Ethanol 

Methanol 

Aqueous 

Soxhlet Polyphenols Anti-inflammatory activity 

-Carrageenan-induced paw oedema 

model 

 

Hydroalcoholic extracts 

showed better inhibition 

than the aqueous extract. 

(Pandey 2018) 

Bark 

(Ayurvedic 

formulation) 

Aqueous 

extract 

Decoction ND Anti-inflammatory activity 

-Effect of MRQ on carrageenan-

induced paw oedema 

-Effect on heat-induced haemolysis 

-5-Lipoxygenase inhibition assay 

 

Analgesic activity 

-Determination of analgesic effects in 

rats 

-Effects on RA patients 

 

Possess significant anti-

inflammatory and 

analgesic activities. 

(Thabrew et al. 

2003) 

Rhizome Essential oil Steam 

distillation 

Thujopsene,  

α-cedrene, cedrol 

and (+)-cuparene  

Anti-inflammatory activity 

-TPA-induced ear oedema by inhibiting 

COX-2/TNF-α/NF-κB activation. 

 

Inhibited the production  

of inflammatory 

cytokines 

(Chen et al. 2020) 

ND Essential oil ND ND Anti-inflammatory activity 

Lipoxygenase inhibitory effect 

 

IC50  value of 5±0.5 

ppm (16.5±1.6  µM) 

(Baylac and 

Racine 2003) 

ND : Not determined. 



 

16 
 

The essential oil hydrodistilled from wood inhibited carrageannan-induced pedal 

oedema and adjuvant-induced arthritis in rats with a significant inhibition at 50 and 100 

mg/kg body weight (KT et al. 1998, Shinde et al. 1999c); and a significant inhibition at 200 

µg/mL in compound 48/80 induced either pedal oedema in rats or degranulation of isolated rat 

peritoneal mast cells (Shinde et al. 1999a). In the carrageenan-induced paw edema model, 

hydro-alcoholic extracts from the stem inhibited paw oedema better than the aqueous extract 

(Pandey 2018). Shinde et al. (1999c) found that the essential oil hydrodistilled from wood had 

centrally and peripherally mediated analgesic activity in the acetic acid induced writhing 

response and hot plate reaction time method in mice; on the other hand, KT et al. (1998) 

found that the oil had no significant analgesic effect in the acetic acid induced writhing 

syndrome in mice and in the tail clip method. The aqueous extract from an Ayurvedic 

formulation containing C. deodara, had a significant anti-inflammatory effect on rheumatoid 

arthritis patients (Thabrew et al. 2003). 

The wood oil exhibited immunomodulatory properties, inhibiting both humoral and 

cell-mediated immune responses (Shinde et al. 1999b). Similarly, organic extracts of needles 

demonstrated a potential immunomodulatory effect by lowering the nitric oxide (NO) 

produced by mammalian mononuclear cells (Narayan et al. 2017). 

 

      I.2.1.5.       Effects on the central nervous system  

The C. deodara samples exhibited several central nervous system activities (Table V). 

In fact, an ethanolic extract of wood demonstrated anticonvulsant activity via 

GABAminergique transmission inhibition (Dhayabaran et al. 2014). At doses of 100 mg/kg 

and 200 mg/kg, the organic extracts demonstrated anticonvulsant activity in maximal electron 

hock induced convulsion and by estimating GABA levels in the rat brain (Dhayabaran et al. 

2012). In contrast, the chemoshok test revealed that the essential oil hydrodistilled from wood 

lacked anticonvulsant activity (KT et al. 1998). Tanwar et al. (2019) demonstrated 

antiepileptic activity of the essential oil. Kumar et al. (2014) showed that an ethanolic extract 

from wood had an anti-depressant effect by significantly reducing immobility time at 100 

mg/kg i.p, in tail suspension and fored swim tests. At 100 mg/kg and 200 mg/kg, organic 

extracts from wood demonstrated promising anxiolytic activity in elevated plus maze (EPM) 

and light-dark models in mice (Dhayabaran et al. 2010; Dhayabaran et al. 2012). In addition, 

the chloroform extracted from the stem had the best memory-enhancing activity in the Morris 

water maze (MWM) behavioural test (Chaudhary et al. 2014). 
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Table V: Central nervous system effects. 

 

Plant  part 

 

Extract 
Extraction 

method 
Major compounds Biological activity / Target Properties / Effects References 

 

Needles 

 

Essential oil 

 

Solid-phase 

microextra-

ction 

(SPME) 

 

 

β-myrcene,  

D-limonene,  

α,β- pinene and  β-

caryophyllene 

 

Effects on human physiology and 

psychology 

-Tests of human physiological 

indicators 

-Test of human psychological 

indicators 

 

 

Smelling the essential 

oil produced relaxing 

effects. 

 

(Song et al. 2016) 

 Alcoholic 

extract 

Maceration Cedrin Anti-neurotoxicity activity 

-Protection of  PC12 cells against 

neurotoxicity induced by Aβ1–42 

 

Inhibit apoptosis 

induced by Aβ1–42 in 

PC12 cells. 

(Zhao et al. 2018) 

Wood Essential oil Hydro-

distillation 

Pyrrolone-fused 

benzosuberene 

compounds 

Antiepilepsy activity 

-Effect on PTZ-induced clonic 

seizures. 

-Effect on mRNA levels 

(PI3K/AKT/mTOR pathway). 

 

Pyrrolone-fused 

benzosuberene had 

potential antiepileptic 

activity. 

(Tanwar et al. 

2019) 

 Ethanolic 

extract 

Maceration 3,4-bis(3,4-

dimethoxy- 

phenyl)furan-2,5-

dione (BDFD) 

Anti-depressant effect 

-Tail suspension test 

-Forced Swim test 

-Estimation of brain monoamine 

after BDFD treatment 

 

Showed a significant 

decrease in immobility 

time at 100 mg/kg, i.p. 

(Kumar et al. 

2014b) 

       

      (Continued) 
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Anticonvulsant activity 

-N-methyl-D-aspartic acid 

(NMDA)-induced lethality test 

-Estimation of brain gamma-

aminobutyric acid (GABA). 

 

 

Anticonvulsant activity 

produced through 

inhibitory 

GABAminergic 

transmission. 

 

(Dhayabaran et al. 

2014) 

    Anxiolytic activity 

-Elevated plus maze (EPM), 

-Open- field test (OFT) in mice. 

-Light–dark model (LDM) in mice 

 

BDFD showed 

promising anxiolytic 

activity. 

(Dhayabaran et al. 

2012) 

 Organic 

extracts 

Soxhlet  Tannins and phenolic 

compounds. 

Anxiolytic activity 

-Elevated plus maze model 

-Light-dark model 

-Locomotor activity 

Anticonvulsant activity 

-Maximal electroshock induced 

convulsion 

-Estimation of GABA levels in rat 

brain 

 

Doses of 100 mg/kg 

and 200 mg/kg 

exhibited anxiolytic and 

anticonvulsant activity. 

(Dhayabaran et al. 

2010) 

Stem  Organic 

extracts 

 

 

Essential oil 

Soxhlet  

 

 

 

Hydro-

distillation 

Flavonoids, 

terpenoids and 

tannins. 

 

Terpenoids and 

phenols. 

 

Memory-enhancing activity 

-Behavioral testing: Morris water 

maze (MWM) 

 

 

The chloroform extract 

had the best memory-

enhancing activity. 

 

(Chaudhary et al. 

2014) 
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     I.2.1.6.       Anti-diabetic, anti-obesity and anti-hyperlipidemic activities  

The anti-diabetic, anti-obesity and anti-hyperlipidemic activities of C. deodara 

samples were shown in Table VI. The essential oil hydrodistilled from the cones inhibited α-

amylase with an IC50 value of 34.47±0.54 μg/ml (Xu et al. 2017). Organic wood extracts 

reduced blood glucose levels and demonstrated promising anti-hyperglycemic activity 

(Devmurari et al. 2010; Jain et al. 2014; Singh et al. 2013). Taxifolin isolated from C. 

deodara restored caveolin 1/NF-κβ signaling-related mRNA and proteins in rats with 

streptootocin (STZ) induced diabetic nephropathy (Zhao et al. 2018). 

The petroleum ether extract from wood significantly reduced body weight at 200 

mg/kg and 400 mg/kg (Pradhan et al. 2016). Similarly, needle polysaccharides inhibited fat 

accumulation, resulting in an anti-obesity effect (Liu et al. 2018). Organic wood extracts also 

had an anti-hyperlipidemic effect (Patil et al. 2011). 

 

     I.2.1.7.       Anti-ulcer activity  

C. deodara demonstrated an anti-ulcer activity (Table VII). In fact, the essential oils 

hydrodistilled from wood decreased the volume of gastric fluid and increased the pH (Kumar 

et al. 2011). The essential oil derived from the root possessed anti-ulcer properties while 

having no effect on kidney or liver tissues (Mashaal et al. 2020). 
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Table VI: Anti-diabetic, anti-obesity and anti-hyperlipidemic activities. 

 

Plant part 

 

Extract 
Extraction 

method 

Major 

compounds 
Biological activity / Target Properties / Effects References 

Cones Essential oil Hydro-

distillation 

Cyclofenchene,  

β-pinene, β-

myrcene. 

and D-limonene. 

 

Anti-diabetic activity 

α-amylase inhibition 

IC50: 34.47 ± 0.54 μg/ml (Xu et al. 2017) 

Needles ND ND Pine needle 

polysaccharides  

Anti-obesity activity 

Effects  on cell differentiation and 

fat metabolism in 3T3-L1 cells 

 

Fat accumulation inhibition. (Liu et al. 2018) 

Wood Ethanolic 

and aqueous 

extract 

 

Maceration Phenolics, 

tannins and 

flavanoids. 

Anti-diabetic activity 

-Antihyperglycemic action in 

alloxan induced rats. 

 

Blood glucose significantly 

reduced. 

(Jain et al. 2014) 

 Organic 

extracts 

Soxhlet  Flavonoids and 

tannins.  

 

Anti-hyperlipidemic effect 

-Induction of MSG-induced obesity 

-Biochemical Parameters  

 

Biochemical parameters 

significantly decreased. 

(Patil et al. 2011) 

 Petroleum 

ether extract 

Soxhlet ND Anti-obesity activity 

-Reduces body weight in 

alloxan‑induced diabetic rats 

 

Effective at 200 mg/kg  

and 400 mg/kg. 

(Pradhan et al. 

2016) 

Bark Organic 

extracts 

 

Soxhlet  Polyphenols Anti-diabetic activity 

Oral Glucose Tolerance Test. 

 

Effective at 500 mg/kg  (Singh et al. 

2013) 

ND 

 

ND ND Taxifolin  Anti-diabetic activity 

Effects on streptozotocin -induced 

diabetic nephropathy in rats 

Restored the levels of 

Caveolin-1/NF-κB signaling-

related mRNA and proteins 

(Zhao et al. 2018) 
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Table VII: Anti-ulcer activity. 

 

Plant part 

 

 

Extract 
Extraction 

method 
Major compounds Methods used / Targets Properties / Effects References 

 

Wood 

 

Eseential oil 

 

Hydro-

distillation 

 

Terpenoids, 

phenols, alcohol 

and ketone. 

 

-Gastric secretion in pylorus-ligated 

rats 

 

-Gastric lesions induced by ethanol 

 

-Histopathological evaluation 

 

 

The volume of gastric 

fluid decreased. 

The pH of gastric fluid 

increased. 

 

The number of ulcer, 

ulcer score and ulcer 

index decreased. 

 

 

(Kumar et al. 

2011) 

 

Roots 

 

Eseential oil 

 

ND 

 

ND 

 

-Histopathological effects in ethanol 

induced ulcer on rats (Wistar Strain). 

 

 

 

 

The essential oil had 

anti-ulcerproperties 

without effecting 

kidney and liver tissues. 

 

 

(Mashaal et al. 

2020) 

ND : Not determined. 
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      I.2.1.8.      Other biological activities  

C. deodara samples exhibited several other biological activities (Table VIII). The 

thrombolytic activities of the essential oils hydrodistilled from stem and needles ranged from 

22.86±0.7% to 32.64±0.5% (Zaman et al. 2018). The petroleum ether extract from wood was 

found to be effective in preventing sodium oxalate (NaOx)-induced nephrolithiasis (Ramesh 

et al. 2010). In addition, the essential oil derived from roots demonstrated a nephroprotective 

effect in a rat model of cyclophosphamide-induced nephrotoxicity (Kazi 2017). In 

antagonizing epinephrine-induced contraction of the guinea pig seminal vesicle, the petroleum 

ether extract from wood demonstrated more potent in-vivo spasmolytic activity than 

papaverine (Kar et al. 1975). Organic extracts of needles demonstrated potent antileishmanial 

activity at doses ranging from 25 µg/ml to 200 µg/ml (Narayan et al. 2017). The essential oil 

demonstrated promising activity against the Malaria vector (Anopheles culicifacies) (Kala et 

al. 2020), Tenebrio molitor (LC50 value of 3.41 percent) (Buneri et al. 2019), Tetranychus 

urticae Koch (LC50 value of 113.44 mg/l) (Reddy and Dolma 2018), and Plutella xylostella 

(L.) (LC50 value of 1.08 mg m/l) (Reddy et al. 2016). The methanolic extract of wood 

demonstrated promising macrofilaricidal activity (Nisha et al. 2007). In addition, the ethanolic 

extract of needles demonstrated significant protistocidal activity against Paramecium 

caudatum (Metreveli et al. 2020). 

 

I.2.2.    C. libani 

C. libani samples were investigated for a number of activities. Several studies on the 

antioxidant, antimicrobial, antitumor, anti-inflammatory, wound healing, anti-diabetic and 

anti-ulcer activities have been published. Furthermore, cholinesterase inhibitory, antiparasitic, 

larvicidal, and insecticidal activities have also been evaluated. 

 

     I.2.2.1.       Antioxidant activity  

The studies on the antioxidant activity of C. libani samples were shown in Table IX. 

The essential oil hydrodistilled from wood demonstrated significant anti- DPPH
• 
free radical 

activity (Venditti et al. 2020). Likewise, cone methanolic extract scavenged the free radical 

DPPH
• 
with IC50 values ranging from 0.35 to 17.21 μg/ml (Semerci et al. 2020). With a metal 

chelation capacity of 58.04±0.70 percent, the shoot ethyl acetate extract was the most 

effective (Senol et al. 2015).  
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Table VIII: Other biological activities. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds Biological activity / Target Properties / Effects References 

 

Needles 

 

Essential oil 

 

Hydro-

distillation 

 

ND 

 

Thrombolytic Activity 

Clot lysis observation 

 

Ranged from: 22.86±0.7 

to 32.64±0.5 %. 

 

(Zaman et al. 

2018) 

    Acaricidal activity 

Tetranychus urticae Koch  

 

LC50: 113.44  mg/l (Reddy and 

Dolma 2018) 

 Organic 

extracts 

Soxhlet ND Antileishmanial activity  

Leishmania donovani  

 

Active dose:  25-200 

μg/ml 

(Narayan et al. 

2017) 

 Ethanolic 

extract 

Maceration ND Protistocidal activity 

Paramecium caudatum 

 

Strong protistocidal 

activity 

(Metreveli et al. 

2020) 

 Methanolic 

extract 

  Larvicidal activity 

Anopheles stephensi   

(Antimalarial activity) 

 

LC50:  81.89 ppm (Khanavi et al. 

2013) 

 Aqueous 

extracts 

  Preservative effect 

Thiobarbituric acid reacting 

substances (TBARS) value 

 

The lipid oxidative 

stability was improved. 

(Mahajan et al. 

2016) 

Wood Essential oil Hydro-

distillation 

Himachalenes, 

atlantones, 

himachalene oxide 

and himachalol. 

Insecticidal  activity 

Plutella xylostella L.  

LC50: 815 μg/ml and 1.08 

mg/ml 

(Chaudhary et al. 

2011; Reddy and 

Dolma 2018) 

       

      (Continued) 
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Larvicidal activity 

Malaria vector, Anopheles 

culicifacies 

 

 

Had promising larvicidal 

activity. 

 

(Kala et al. 2020) 

 Methanolic 

extract 

Soxhlet  ND Macrofilaricidal activity 

-Worm motility assay 

-MTT-formazan colorimetric assay  

 

Promising 

macrofilaricidal activity. 

(Nisha et al. 

2007) 

 Petroleum 

ether  

Maceration Himachalol In Vivo Spasmolytic Activity 

-GI propulsion of charcoal 

suspension in Rats. 

-Effect on intestinal movements in-

Cats isolated Guinea Pig  auricle 

 

More potent than 

papaverine in 

antagonizing epinephrine-

induced contraction. 

 

(Kar et al. 1975) 

  Soxhlet  Triterpenes, 

saponins, 

phytosterols and 

fixed oils. 

Diuretic activity 

Anti-urolithiatic activity 

-Sodium oxalate–induced urolithiatic 

model in rat 

 

 

Preventive effect against 

NaOx induced 

nephroliathiasis. 

(Ramesh et al. 

2010) 

Root Essential oil ND ND Anti-nephrotoxic activity 

-Prevention effect in: 

cyclophosphamide induced 

nephrotoxicity in rat model 

 

 

Nephroprotective effect 

linked to the antixoidant 

activity. 

(Kazi 2017) 

ND Essential oil ND ND Larvicidal activity 

Tenebrio molitor 

 

LC50 : 3.41% (Buneri et al. 

2019) 

ND: Not determined. 
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Table IX: Antioxidant activity. 

 

Plant part 

 

Extracts 
Extraction 

method 
Major compounds Methods used / Targets Properties / Effects References 

 

Cones 

 

Methanolic 

extract  

 

Soxhlet  

 

Polyphenols 

 

-DPPH
• 
radical scavenging assay  

 

 

 

IC50 ranging from 0.35 

to 17.21 μg/ml. 

 

(Semerci et al. 

2020) 

Needles  

Shoots 

Organic 

extracts 

Maceration Polyphenols and 

flavonoids 

-DMPD and DPPH
• 

radical 

scavenging assays. 

-Fe
2+

 ferrozine test system for metal-

chelation. 

-Ferric-reducing antioxidant power 

(FRAP) assay. 

-Phosphomolibdenum-reducing 

antioxidant power (PRAP) assay. 

 

The shoot-EtOAc 

extract had the highest 

metal chelation capacity 

(58.04±0.70%). 

(Senol et al. 

2015) 

Wood Essential oil Hydro-

distillation 

 

Himachalenes 

isomers, (E)- and 

(Z)-α-atlantones 

and α-acorenol  

 

 

-DPPH
• 
radical scavenging assay C. libani wood oil was 

the most active. 

(Venditti et al. 

2020) 

 Cedar tar Thermal 

conversion 

of biomass 

in the 

absence of 

oxygen. 

 

Polyphenols and 

flavonoids 

-DPPH
• 
radical scavenging assay  Cedar tar did not show 

any antioxidant activity  

(Takci et al. 

2019) 
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     I.2.2.2.       Antimicrobial activity  

The antimicrobial activities of C. libani samples were shown in Table X. The essential 

oils hydrodistilled from wood (Venditti et al. 2020), needles (Demirci et al. 2020), and cones 

(Fahed et al. 2017) were found to have antibacterial properties. The methanolic extract of 

cones had high antibacterial activity against S. epidermidis, S. aureus, and B. subtilis (Semerci 

et al. 2020). Cedar wood tar demonstrated antibacterial activity against E. coli and S. 

haemolyticus, with a MIC value of 5% (Takci et al. 2019). B. subtilis was found to be the 

most sensitive strain to organic extracts of cones and needles (Dığrak et al. 1999). These, 

however, had no antifungal effect. The wood oil had remarkable activity against C. albicans 

(Venditti et al. 2020). Similarly, the essential oil hydrodistilled from the cones demonstrated 

strong antifungal activity against dermatophytes species, with MIC values ranging from 32 

µg/ml to 64 µg/ml (Fahed et al. 2017). 

On the other hand, ethanolic extracts from wood, cones, and leaves demonstrated 

antiviral activity against herpes simplex virus type 1 (HSV-1) with IC50 values of 0.44 mg/ml, 

0.50 mg/ml, and 0.66 mg/ml, respectively (Loizzo et al. 2008). 

 

     I.2.2.3.       Antitumor activity  

Several antitumor activities were observed in C. libani samples (Table XI). The 

essential oil hydrodistilled from wood exhibited a cytotoxic effect on a panel of cancer cell 

lines (Venditti et al. 2020), with an IC50 value of 23.38±1.7 mg/ml against K562 human 

chronic myelogenous leukaemia cells (Saab et al. 2012b), and IC50 values ranging from 29.46 

μg/ml to 61.54 μg/ml against human CCRF‑CEM leukemia cells, Drug-sensitive 

CCRF‑CEM, and multidrug-resistant P-glycoprotein-expressing CEM/ADR5000 leukemia 

cells (Saab et al. 2012a).  

The ethanolic extract from seeds had an IC50 value of 40.57±1.16 µg/ml towards K562 

cells (Saab et al. 2011). The hexane extract of stem demonstrated high activity against 

DMBA/TPA skin carcinogenesis while being less toxic than commonly used drugs (Daher et 

al. 2016). In addition, hexane extract from wood had an IC50 value of 8.8 μg/ml against B16-

F10 murine melanoma cells (Shebaby et al. 2020), as well as IC50 values of 8.1 μg/ml, 10.1 

μg/ml, and 9.9 μg/ml against SF-268 brain cancer, HT-29 colon cancer, and CaCo-2 colon 

cancer cell lines, respectively (Elias et al. 2019). 
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Table X: Antimicrobial activity. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds 

Antimicrobial 

activity 
Properties / Effects References 

 

Cones 

 

Essential oil 

 

Hydro-

distillation 

 

α-pinene, β-pinene, limonene and 

β-caryophyllene  

 

Antibacterial activity 

 

 

MIC values ranged 

from 32-64 μg/ml) 

 

(Fahed et al. 

2017) 

     

 

Antiviral activity: 

herpes simplex virus 

type 1 (HSV-1) 

IC50: 0.50 mg/ml. 

 

(Loizzo et al. 

2008) 

 

 

 

Methanolic 

extract  

 

Soxhlet  

 

Polyphenols 

 

Antibacterial activity 

 

 

 

High activity against S. 

epidermidis, S. aureus, 

and B. subtilis. 

 

 

(Dığrak et al. 

1999 ; Semerci et 

al. 2020) 

Needles  Essential oil 

 

 

Hydro-

distillation 

 

 

Germacrene D, 1-epi-cubenol, trans-

a-bisabolene and β -Caryophyllene  

 

Antiviral activity: 

herpes simplex virus 

type 1 (HSV-1) 

IC50 value of  0.66 

mg/ml 

(Loizzo et al. 

2008) 

Wood Essential oil Hydro-

distillation 

 

Himachalol, himachalenes isomers, 

(E)- and (Z)-α-atlantones and α-

acorenol  

 

Antifungal activity 

 

 

Remarkable activity 

against the yeast C. 

albicans. 

(Venditti et al. 

2020) 

    β-himachalene, α-himachalene and 

γ -himachalene 

 

Antiviral activity: 

herpes simplex virus 

type 1 (HSV-1) 

IC50 value of 0.44 

mg/ml. 

 

(Loizzo et al. 

2008) 

Resins Ethanolic 

extract 

Maceration ND  

 

 

 

Effective at 80 µg/ml 

(Bacilus strains) 

 

(Kizil et al. 2002) 

ND: Not determined. 
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Table XI: Antitumor activity. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds Methods used / Target Properties / Effects References 

 

Wood 

 

Essential oil 

 

Hydro-

distillation 

 

β-Himachalene, α-

himachalene, γ-

himachalene, 

himachalol, α-acorenol 

and γ-(Z)-atlantone  

 

 

Human CCRF‑CEM leukemia cells. 

A375, MDA-MB 231, HCT116, and 

K562 cells. 

 

IC50 values from  29.46 

to 61.54 μg/ml 

(CCRF‑CEM cells) 

IC50: 23.38±1.7 mg/ml 

(K562) 

 

(Saab et al. 

2012a) 

 

(Saab et al. 

2012b) 

 Hexane 

extract 

 

Maceration  Himachalol B16-F10 murine melanoma  cells 

 

 

IC50: 8.8 μg/ml and 7.3 

μg/ml at 24 and 48 h, 

respectively 

(Shebaby et al. 

2020) 

    Brain cancer cell line SF-268  

 

Colon cancer cell lines: HT-29; 

Caco-2.  

 

Ovarian cancer cell line (Sk-OV-3) 

IC50: 8.1 μg/ml 

 

IC50: 10.1 μg/ml 

IC50 : 9.9 μg/ml 

 

IC50 > 50 μg/ml 

 

(Elias et al. 2019) 

Stem 

xylem 

Hexane 

extract 

Maceration  2-Himachalen-7-ol DMBA/TPA skin carcinogenesis 

 

 

High activity with 

relatively lower toxicity 

than commonly used 

drugs. 

 

(Daher et al. 

2016) 

Seeds Ethanolic 

extract 

Ultrasound 

assisted 

maceration 

Oleic acid and neo-

abietol. 

K562 cells bioactivity assays : 

-Antiproliferative activity. 

-Erythroid differentiation induction. 

IC50: 40.57±1.16 μg/ml  (Saab et al. 2011) 

 



 

29 
 

      I.2.2.4.      Anti-inflammatory and wound healing activities  

The anti-inflammatory and wound healing properties of C. libani samples were 

presented in Table XII. The essential oil hydrodistilled from cones demonstrated a potential 

anti-inflammatory effect in an acetic acid-induced increase in capillary permeability (Tumen 

et al. 2011). In addition, hexane extract from wood exhibited significant anti-inflammatory 

effects in formalin-induced paw oedema in rats, as well as inhibition of LPS-induced COX-2 

protein expression in isolated rat monocytes (Elias et al. 2019).  

 

     I.2.2.5.       Anti-ulcer activity  

C. libani samples presented anti-ulcer activity. In fact, aqueous extracts of needles 

demonstrated significant anti-ulcerogenic activity in rats (Yeşilada et al. 1993). The cone 

methanolic extract fractions inhibited Helicobacter pylori NCTC 11637 with MIC values 

ranging from 1.95 mg/mL to 250 mg/mL (Yeşilada et al. 1999). 

 

     I.2.2.6.        Other biological activities  

C. libani samples exhibited other biological activities (Table XIII). The essential oil 

hydrodistilled from wood, in fact, demonstrated an α-amylase inhibition effect with an IC50 

value of 0.14 mg/ml (Loizzo et al. 2007). The wood oil was highly active against Dermestes 

maculatus (Abdel-Maksoud et al. 2019). The essential oil of seeds had larvicidal activity 

against Culex pipiens with LC50 values ranging from 47.8 ppm to 116.0 ppm (Cetin et al. 

2009). Furthermore, the methanolic extract of needles inhibited cholinesterase with an IC50 

value of 1.25 mg/ml (Senol et al. 2015). 
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Table XII: Anti-inflammatory and wound healing activities. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds Methods used / Target Properties / Effects References 

 

Cones 

 

Essential oil 

 

Hydro-

distillation 

 

ND 

 

Wound healing activity: 

Linear incision wound model. 

 

Circular excision wound model. 

 

Anti-inflammatory activity: 

Acetic acid-induced increase in 

capillary permeability. 

 

 

Displayed remarkable 

wound healing and anti-

inflammatory activities. 

 

(Tumen et al. 

2011) 

Wood Hexane 

extract 

Maceration  2-Himachalen-7-ol  Anti-inflammatory activity 

Formalin-induced paw edema in 

rats. 

 

Inhibition of LPS-induced COX-2 

protein expression in isolated rat 

monocytes  

 

  

Exhibited significant 

anti-inflammatory 

effects. 

(Elias et al. 2019) 

ND : Not determined. 
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Table XIII: Other biological activities. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds Methods used / Targets Properties / Effects References 

 

Needles 

 

Essential oïl 

 

Hydro-

distillation 

 

Germacrene D, 1-

epi-cubenol, trans-

a-bisabolene and 

β –Caryophyllene 

 

 

Anti-diabetes activity 

α-amylase inhibition 

 

IC50 value of 0.14 

mg/ml 

 

(Loizzo et al. 

2007) 

 Organic 

extracts 

 

Maceration Polyphenols and 

flavonoids 

Cholinesterase inhibitory 

AChE and BChE inhibitory effect 

 

The methanolic extract 

had an IC50 value of 

1.25 mg/ml 

(Senol et al. 

2015) 

 

Wood 

 

Essential oil 

 

ND 

 

α-pinene,  

β-myrcene and 

limonene. 

 

 

 

Insecticidal activity 

Dermestes maculatus 

 

C. libani wood oil 

showed the highest 

activity. 

 

 

(Abdel-Maksoud 

et al. 2019) 

Seeds Essential oïl 

 

Hydro-

distillation 

ND Larvicidal activity 

Mosquito : Culex pipiens 

 

 

LC50 values from 47.8 

to 116.0 ppm 

(Cetin et al. 2009) 

ND : Not determined. 
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     I.2.3.     C. brevifolia 

C. brevifolia is the least investigated of the Cedrus species (Table XIV). In fact, only 

four studies on antioxidant and antimicrobial activities were found in literature. At 50 mg/ml, 

the essential oil hydrodistilled from needles exhibited inhibition percentages of 56%, 31%, 

and 17% in the DPPH
•
 radical scavenging, AAPH induced lipid peroxydation, and soybean 

LOX assays, respectively (Boutos et al. 2020). The hydro-methanolic extract of bark 

demonstrated strong reducing effect, DPPH
• and ABTS

•+
 scavenging activities with EC50 

values of 9.1 ± 0.1 μg/ml, 13.9 ± 0.3 μg/ml, and 2.3 ± 0.0 μg/ml, respectively (Cretu et al. 

2014). Cretu et al. (2013) found that the crude methanolic extract of the bark had the highest 

superoxide anion radical scavenging activity, while the ethyl acetate and n-butanol fractions 

were the most active in 15-Lipoxygenase inhibition and hydroxyl radical scavenging assays. 

Moreover, trans-p-coumaric acid and taxifolin isolated from the organic extracts of needles 

were found to be the most active ingredients (Douros et al. 2018). The essential oil of needles 

demonstrated an antibacterial effect with a MIC value of 0.018±0.0007 mg/ml against E. coli; 

and an antifungal effect with a MIC value of 0.025±0.0002 mg/ml against A. fumigatus, 

higher than the pure compounds (Boutos et al. 2020). 
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Table XIV: Biological activities of C. brevifolia samples. 

 

Plant part 

 

Extract 
Extraction 

method 

Major 

compounds 
Methods used / Target Properties / Effects References 

Antimicrobial activity 

 

 

Needles 

 

Essential oil  

 

 

Hydro-

distillation  

 

α-pinene 

Limonene  

 

Four Gram-negative and  

four Gram-positive bacteria.  

Eight fungal strains. 

 

 

MIC: 0.018±0.0007 mg/ml (E. 

coli), and 0.025±0.0002 mg/ml 

(A. fumigatus). 

 

 

(Boutos, Tomou 

et al. 2020) 

Antioxidant activity 

 

     

DPPH
•
 radical scavenging activity. 

AAPH induced linoleic acid lipid 

peroxidation assay 

Soybean LOX Inhibition  

  

At 50mg/ml, inhibition of:  

56%  

31%   

17% 

  

 

(Boutos et al. 

2020; Douros et 

al. 2018) 

Bark  Hydro-

methanolic 

extract and 

its fractions 

Maceration 

 

Taxifolin, 

catechin,  

Epicatechin and 

procyanidin  

DPPH
•
 radical scavenging. 

ABTS
•+

 radical scavenging. 

Reducing power assay. 

EC50: 13.9 ± 0.3 μg/ml 

EC50:  2.3 ± 0.0 μg/ml 

EC50: 9.1 ± 0.1 μg/ml 

(Cretu et al. 

2014) 

    Superoxide anion radical 

scavenging assay 

15-Lipoxygenase inhibition assay. 

Hydroxyl radical scavenging assay. 

 

The crude extract showed the 

highest activity. 

Ethyl acetate and n-butanol 

fractions were the most  

 

(Cretu et al. 

2013) 
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I.3. Botanical caracteristics and classification of Cedrus atlantica 

The Atlas cedar (Cedrus atlantica (Endl.) Manetti ex Carriere) is an endemic species 

that originated from the North African mountains (Algeria and Morocco). It is the only 

species of the genus Cedrus occurring in North Africa. It is a large tree, often exceeding 50 m 

(Brunetti et al. 2001). Cedrus atlantica's taxonomic position belongs to the phylum 

¨Spermaphyta¨, subphylum ¨Gymnospermae¨, class ¨Pinopsida¨, Order ¨Pinales¨, and family 

of pinaceae (Quézel and Santa 1962, 1963). 

C. atlantica is distinguished by different characteristics. The root system is developed, 

but it rarely rotates, and the shaft's stability is well assured. The bark when young is smooth 

and brown, but as it ages, it becomes sinuous with crevices. Typically, the circumference of 

the trunk is 1 to 2 m. Atlas cedar is a monoecious species that blooms in autumn; male 

flowers are upright cylindrical catkins that are greenish yellow; female flowers are erect ovoid 

catkins (cones). The cones are cylindrical in shape. Their maturity lasts two years after 

flowering, and they are purplish brown in color, with a diameter of 5-8 cm and a maximum 

height of 10 cm. At the top, the needles are grouped in small clusters and carried by short 

twigs. Their color ranges from light to dark green or glaucous to blue and they are quite rigid, 

measuring 1 to 2 cm long. The seeds are triangular in shape, large, 10-15 mm long, reddish 

brown in color, and have a broad wing at the end. The tree appearance: When young, it has a 

pyramidal shape with a straight shaft, a regular and pointed crown with a curved arrow, and a 

tabular shape with age (Brunetti et al. 2001; Debazac 1964; M'hirit and Benzyane 2006; Toth 

et al. 2005). 

 

I.3.1.     Geographical distribution of Cedrus atlantica 

The Atlas cedar is organized into seven blocks (Mhirit 1999), in North Africa, 

including four in the Moroccan mountains and three in the Algerian mountains (Fig. 2). 

In Algeria, cedar covers an area of approximately 33,000 ha and is divided into two 

natural areas: The humid cedar groves are found on the well-watered coastal mountains 

(Babors, Djurdjura, Blideen Atlas, and Ouarsenis), while the dry cedar groves are found on 

the southern continental mountains of the Saharan Atlas. The latter are represented in the east 

by the Aures and Belezma cedar forests, which cover approximately 17,000 ha (Oudjehih 

1999). 
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Figure 2. Geographic distribution of C. atlantica (Lefèvre et al. 2016) 

 

As an ornamental and reforestation species, cedar has been successfully introduced to 

many countries outside of its natural distribution. According to Panetsos et al. (1992), it was 

introduced in several European countries (France 1862, Italy 1866, Bulgaria 1890), as well as 

the United States and Russia, since the previous centenary. Introductions made in various 

countries show that cedar can grow vigorously in climatic conditions that differ from its 

native area. 

 

I.3.2.     Traditional uses  

Cedrus atlantica essential oil had anti-inflammatory properties (Baylac and Racine 

2003) and antimicrobials (Hammer et al. 1999) explaining its utilisation in traditional skin 

acne treatments. 

It is also useful in the treatment of hair loss in a combination aromatherapy oils 

(Ormerod et al. 2000), also cellulose and its derivatives extracted from the bark are used in 

the treatment of bronchitis, cough and indigestion (Perrot et al. 1971). Several other 

traditional applications have been reported on various websites. 
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I.3.3.     Biological activities  

C. atlantica samples were investigated for a variety of activities. Several studies on the 

antioxidant, antimicrobial, antitumor, anti-allergic, acetylcholinesterase inhibitory, anti-

inflammatory, and analgesic activities have been published. In addition, acaricidal, 

molluscicidal, larvicidal, and insecticidal activities have also been evaluated. 

 

I.3.3.1.      Antioxidant activity  

The antioxidant activities of C. atlantica samples were summarized in Table XV. The 

essential oil of the branches had an IC50 value of 315.85±0.97 mg/ml against DPPH
•
 free 

radical (Inaam et al. 2015). The essential oil of the cones, on the other hand, demonstrated a 

45% inhibition (Paun et al. 2013). The hydro-ethanolic extract macerated from the aerial parts 

exhibited significant antioxidant activity in scavenging the free radical DPPH
• 
(Fadel et al. 

2016). The hydro-methanolic extract of cones showed comparable results (Hofmann et al. 

2020). The ethanolic extract from seeds, however, demonstrated lower DPPH
• 

free radical 

scavenging activity with an IC50 value of 0.4 mg/ml (Naimi et al. 2015). The tar methanolic 

extract had a TAC value of 262.75±14.43 mg Eq AA/g (Skanderi and Chouitah 2020). 

 

I.3.3.2.      Antimicrobial activity  

Several studies on the antimicrobial activities of C. atlantica extracts have been 

reported in literature (Table XVI). Indeed, diterpene alcohols isolated from the neutral 

hexane extract of the cones using soxhlet had significant activity against B. cereus, 

Streptococcus C and E. faecalis (Dakir et al. 2005). The hydromethanolic extract macerated 

from the cones had the most antibacterial effect against the multi-resistant E. faecalis with an 

MIC value of 15.1 μg/ml (Maya et al. 2017). The essential oil hydrodistilled from sawdust 

demonstrated potential antibacterial effects with MIC values of 0.4 µl/ml against E. coli and 

B. cereus, and 0.2 μl/ml against B. subtilis (Zrira and Ghanmi 2016). Similarly, Bennouna et 

al. (2019) demonstrated that sawdust essential oil had an antibacterial activity against B. 

safensis and B. subtilis with MIC values of 2% v/v and 1% v/v, respectively; and MBC value 

of 8% v/v. In addition, the wood essential oil was found effective against A. baumanii, A. 

sobria, E. faecalis, K. pneumoniae, P. aeruginosa, S. typhimurium, S. marcescens, M. luteus, 

and S. mutans (Benouaklil et al. 2017; Chaudhari et al. 2012; Hammer et al. 1999).  
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Table XV: Antioxidant activity. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds Methods used / Target Properties / Effects References 

 

Cones 

 

Essential oil 

 

Hydro-

distillation 

 

 

α ,β-himachalène, α-

longipinene, β-

chamigrene, and 

longifolene (V4). 

 

 

DPPH
• 
 radical-scavenging assay. 

 

 

 

 

Inhibition of 45%. 

 

 

 

(Paun et al. 2013) 

 Alocoholic 

extract 

 

Ultrasonic 

extraction 

Polyphenols DPPH
• 
 radical-scavenging assay. 

FRAP: Ferric-reducing antioxidant 

power 

 

IC50:14.91 ± 2.00μg /ml 

FRAP value of 24.19 ± 

0.45 mg AAE/g dw 

(Hofmann et al. 

2020) 

Seeds Ethanolic 

extract 

 

Maceration Flavonoids DPPH
• 
 radical-scavenging assay. IC50 value of  0.4 

mg/ml 

(Naimi et al. 

2015) 

Branches Essential oil Hydro-

distillation 

α-pinene, menthyl 

acetate, 1-

tetradecene,and 

caryophyllene  

 

DPPH
• 
 radical-scavenging assay. 

 

IC50: 315.85±0.97 

mg/ml 

(Inaam et al. 

2015) 

Tar (from 

wood) 

Methanolic 

extract 

Dissolution Himachalene, α -

atlantone, α-

calacorene, (z) 

nuciferol and ar-

turmerone 

 

Phosphomolybdenum method. 

 

Ferric-reducing antioxidant power  

TAC: 262.75±14,43  

mg Eq AA /g tar  

EC50: 0.075 ± 0.00028 

mg /ml  

 

(Skanderi and 

Chouitah 2020) 

Aerial   

parts 

Ethanolic 

extract 

 

Maceration Flavonoids DPPH
• 
 radical-scavenging assay. 

 

IC50 value of  8.9 μg/ml (Fadel et al. 2016) 
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Table XVI: Antimicrobial activity. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds 

Antimicrobial 

activity 
Properties / Effects References 

 

Cones 

 

Essential oil 

 

Hydro-

distillation 

 

 

β-himachalène, α-longipinene, β-

chamigrene, longifolene,  α, β -pinene, 

β- farnesene, bornyl acetate, and α-

terpineol. 

 

 

Antibacterial 

activity 

 

 

MIC>1% vv against E.coli 

and S. aureus 

 

(Paun et al. 

2013)  

 Methanolic 

extract 

 

 

Maceration 

 

 

γ-tocotrienolic acid δ-(E)- deoxy- 

amplexichromanol 

daglesioside IV and (+) taxifolin 

 

 

 

Most potent against E. 

faecalis (MIC:15.1 μg/ml) 

 

(Maya et al. 

2017)  

Needles Essential oil Hydro-

distillation  

 

α, β-pinene, α-himachalene, β-

himachalene,  myrcene, limonene, 

longifolene, δ –cadinene and cis-α-

atlantone. 

Antibacterial 

activity 

 

MIC value of  0.25 mg/ml 

(E. coli) 

(Derwich et al. 

2010) 

    Antifungal 

activity 

Effective at 150 ppm against 

Phytophthora citrophthora. 

 

(Chebli et al. 

2004 ; Bouchra et 

al. 2003) 

     

 

 

MICs of 100 and 200 µl/ml 

(T.asahii and T.cutaneum) 

(Uniyal et al. 

2013) 

Wood Essential oil 

 

Hydro-

distillation 

Alpha-cedrene, cedrol, and cis-

thujopsene, α-himachalene, α 

longipinene, hamachalol, cuprenene 

and E-a-atlantone 

. 

Antibacterial 

activity 

 

EO (30 :1) exhibited 15 mm 

of inhibition zone against 

MRSA 

E. faecalis most sensitive 

(MIC 0.5% (v/v)) 

(Chao et al. 2008) 

 

 

(Hammer et al. 

1999) 

   .    

 

 

(Continued) 
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Sawdust 

 

Essential oil 

 

Hydro-

distillation 

 

γ-himachalane, β-himachalane, γ-

calamenene, δ-cadinen, E-γ-atlantone, 

E-α-atlantone, 5-isocedranol and 9-

iso-thujopsanone. 

 

 

Antibacterial 

activity 

 

 

 

 

Antifungal 

activity 

 

MICs ranging from 1% to 

2%. 

 

MICs of 0,4 µl/ml for E. coli 

and B. cereus. 

 

MICs ranging from 0.5% to 

1%. 

 

MICs ranging from 1/1000 

to 1/400 v/v. 

 

Gloeophyllum trabeum 

inhibited at 1/1000 v/v. 

 

 

(Bennouna et al. 

2019) 

 

(Zrira and 

Ghanmi 2016) 

 

(Bennouna et al. 

2019) 

 

(Fidah et al. 

2019) 

 

(Fidah et al. 

2016) 

Bark Essential oil Hydro-

distillation 

α-pinene, 1-tétradécène,  

menthyle acetate and caryophyllène 

Antifungal 

activity 

Inhibition activity against 

Fusarium culmorum 

(Uwineza et al. 

2018a) 
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Also, the wood oil (30:1) exhibited 15 mm of inhibition zone against methicillin-

resistant S. aureus (MRSA) (Chao et al. 2008). MIC values ranged from 0.25 mg/ml to 1.62 

mg/ml were recorded for leaves' essential oil against seven bacterial strains (Derwich et al. 

2010). The essential oil and the hydromethanolic extract from cones had antifungal activity 

against several tested strains (Bennouna et al. 2019; Fidah et al. 2019; Maya et al. 2017; 

Rhafouri et al. 2014).  

 

I.3.3.3.      Antitumor activity  

The antitumor activities of C. atlantica samples were presented in Table XVII. The 

essential oil hydrodistilled from wood was found to be cytotoxic against K562 human chronic 

myelogenous leukemia cells with an IC50 value of 59.37±2.6 mg/ml (Saab et al. 2012b). In 

addition, the oil steam distilled from bark inhibited cell growth in HL-60, K562, Jurkat, 

P338D1, and RAW264.7 cells, while also arresting the cell cycle in the G0/G1 phase with 

apoptosis induction, resulting in leukemia cell death (Hung et al. 2020). The bark essential oil 

inhibited the growth of human hepatocellular carcinoma cells both in vitro and in vivo, by 

inducing apoptosis through caspase-dependent and independent apoptosis pathways (Huang et 

al. 2020). Hexane extract from the cones had an antitumor effect on a panel of cancer cells 

with IC50 values greater than 5 µg/ml, including A-549 (human lung carcinoma), H-116 

(human colon carcinoma), PSN1 (human pancreatic adenocarcinoma), T98G (human 

Caucasian gioblastoma), and SKBR3 (human breast carcinoma) (Barrero et al. 2005). 

 

I.3.3.4.      Analgesic and anti-inflammatory activities  

The anti-inflammatory and analgesic activities of C. atlantica samples were presented 

in Table XVIII. The essential oil inhibited lipoxygenase with IC50 values ranging from 31 

ppm to 50 ppm (Baylac and Racine 2003). The essential oil hydrodistilled from wood 

alleviates acute post-operative pain by activating the descending pain modulation pathway 

(Martins et al. 2015). In addition, the C. atlantica essential oil had an antihyperalgesic effect 

by either releasing or inhibiting endocannabinoid degradation (Emer et al. 2018). 
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Table XVII: Antitumor activity. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds Methods used / Target Properties / Effects References 

 

Cones 

 

n-hexane 

 

 

Soxhlet  

 

Abietane 

diterpenoids  

 

 

A-549, H- 116, PSN1, T98G, and 

SKBR3. 

 

 

IC50 values higher  than   

5 µg/ml 

 

(Barrero et al. 

2005) 

Wood 

 

Essential oil Hydro-

distillation 

 

ND K562 cells  

 

IC50: 59.37±2.6 mg/ml (Saab et al. 

2012b) 

Bark Essential oil Steam-

distillation 

Thujopsene, alpha-

cedrene, alpha-

cadinene, cedrol, and 

isolongipholene 

 

HepG2, Mahlavu, Huh7 and J5 cells. 

 

 

 

IC50: 27.09±1.83 µg/ml, 

33.57±2.84 µg/ml, 32.83 

± 4.31 µg/ml, and 

6.09±3.28 µg/ml, 

respectively. 

(Huang et al. 

2020) 

     

HL-60, K562, Jurkat, P338D1,  

and RAW264.7 

 

Reduced cell growth. 

Cell cycle arrest in the 

G0/G1 phase. 

Induced apoptosis. 

 

 

 

 

(Hung et al. 2020) 

ND : Not determined. 
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Table XVIII: Analgesic and anti-inflammatory activities. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds Methods used / Target Properties / Effects References 

Analgesic activity 

 

 

Wood 

 

Essential oil 

 

Hydro-

distillation 

 

α-himachalene, γ-

himachalene and β-

himachalene  

 

-Plantar incision surgery (PIS) 

-Evaluation of locomotor activity 

-Mechanical hypersensitivity 

 

 

Alleviates acute post- 

operative pain by 

activating the descending 

pain modulation pathway. 

 

 

(Martins et al. 

2015) 

ND Essential oil 

 

ND α-himachalene, γ-

himachalene  and 

β-himachalene  

-Plantar incision surgery (PIS) 

-Evaluation of mechanical 

hyperalgesia 

-Investigation of the ECB signaling 

via CB1R and CB2R 

-Effects of combined administration 

of sub-effective dose of FAAH or 

MAGL inhibitor and EO inhalation 

 

Antihyperalgesic effect by 

releasing, or inhibiting the 

degradation of endo-

cannabinoid. 

(Emer et al. 

2018) 

Anti-inflammatory activity 

 

     

Inhibition of 5-Lipoxygenase 

 

 

31 ppm<IC50 ≤50 ppm 

 

(Baylac and 

Racine 2003) 

 

ND : Not determined. 
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                    I.3.3.5.      Other biological activities  

Other biological activities of C. atlantica samples have been reported (Table XIX). 

The acetylcholinesterase inhibitory activity of the essential oil hydrodistilled from wood was 

14.40±3.94 % (Phrompittayarat et al. 2014). In addition, the aerial parts and wood essential 

oils were insecticidal against Tribolium confusum, Culex pipiens, Tenebrio molitor, and 

Toxoptera aurantii (Zoubi et al. 2017, Ainane et al. 2019, Kaoutar et al. 2019, Orchard et al. 

2019). Molluscicidal activity was also observed against Bulinus truncatus, with an LC50 value 

of 0.47 ppm. The Cedrol-loaded nanostructured lipid carrier demonstrated a promising effect 

in the prevention of anaphylactic reactions (Chakraborty et al. 2017). 

 

I.3.4.     Phytochemistry of C. atlantica 

I.3.4.1.      Chemical composition of C. atlantica essential oils 

Several studies have been conducted on the phytochemistry of the essential oils 

obtained from different parts (cones, seeds, needles, wood, and sawdust) of C. atlantica 

harvested from various geographical areas.  

a) Monoterpene hydrocarbons 

The major compound in the essential oil derived from cones, seeds, and needles was α-

pinene (Boudarene et al. 2004a; Boudarene et al. 2004b). β-pinene was revealed in the 

composition of essential oils hydrodistilled from various plant parts. Other monoterpene 

hydrocarbones found in the essential oil composition of C. atlantica include myrcene, p-

cymene (Lahlou 2003), camphene, α-phellandrene (Yassaa et al. 2000), β-phellandrene 

(Derwich et al. 2010), limonene, and ocimene (Lamiri et al. 2001) (Fig. 3). 
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Table XIX: Other biological activities. 

 

Plant part 

 

Extract 
Extraction 

method 
Major compounds Methods used / Target Properties / Effects References 

 

Needles 

 

Essential oil 

 

Hydro-

distillation 

 

 

α-pinene,  β-pinene  

and β-myrcene   

 

 

Molluscicidal activity 

Bulinus truncatus 

 

LC50 value of 0.47 ppm 

 

(Lahlou 2003) 

Wood Essential oil Hydro-

distillation 

 

 

α-pinene, α -

himachalene and β-

himachalene 

 

-Acetylcholinesterase inhibitory 

activity 

-Antipest activity 

Sitophilus granarius and  

Tenebrio molitor. 

Tribolium confusum 

 

Inhibition: 14.40±3.94% 

 

Active against T. molitor 

larvae 

Active on T. confusum. 

 

(Phrompittayarat 

et al. 2014) 

(Orchard et al. 

2019 ; Martynov 

et al. 2019) 

Aerial 

parts  

 

Essential oil Hydro-

distillation 

α-himachalene, β-

himachalene, γ-

himachalene, 

cedrol, isocedranol 

and α-pinene 

 

Insecticidal activity 

Tribolium confusum  

 

Culex pipiens (Diptera: Culicidae) 

LC50 and LC90 of 782.43 

ppm and 1253..93 ppm 

against Culex pipiens 

 

(Zoubi et al. 

2017 ; Ainane et 

al. 2019) 

Branches Essential oil Hydro-

distillation 

 

β-himachalene, α- 

himachalene and 

atlantol. 

 

Aphicide activity 

Toxoptera aurantii 

LC50 estimated at 6.80 

ml/l 

(Kaoutar et al. 

2019) 

   Cedrol (loaded 

nanostructured 

lipid carrier)  

Anti-allergic effect 

Trypan blue exclusion assay of mast 

cell viability 

 

Promising effect in 

protection of anaphylactic 

reactions. 

(Chakraborty et 

al. 2017) 
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Figure 3. C. atlantica monoterpene hydrocarbons (Saab et al. 2018). 

 

a) Sesquiterpene hydrocarbons 

α-himachalene, β-himachalene, and γ-himachalene have been identified as major 

components in the wood oil (Aberchane et al. 2004, Satrani et al. 2006, Derwich et al. 2010). 

Other sesquiterpene hydrocarbons isolated in the essential oil composition of C. atlantica 

include β-caryophyllene (Boudarene et al. 2004b), longifolene, β-calacoren, cuparene 

(Aberchane et al. 2004), germacrene D, α-cadinene, humulen, copaen (Derwich et al. 2010), 

α-murolene (Lahlou 2003), and β-farnesene (Paoli et al. 2011) (Fig. 4). 
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Figure 4. C. atlantica sesquiterpene hydrocarbons (Saab et al. 2018).  

 

b) Oxides 

The wood oil has yielded cedroxide (Fidah et al. 2019), caryophyllene oxide and 

himachalene oxide (Aberchane et al. 2004; Boudarene et al. 2004b). Manoyle oxide, an 

oxygenated diterpene was highly expressed in the essential oil of C. atlantica seeds 

(Boudarene et al. 2004a). 

c) Ketones 

The main sesquiterpene ketones found in the C. atlantica essential oil were α-

atlantone; γ-atlantone (Chalchat et al. 1994, Saab et al. 2005, Satrani et al. 2006) and 
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deodarone (Chalchat et al. 1994, Aberchane et al. 2004, Satrani et al. 2006). The wood oil 

contained also cedranone, camphor and thujopsanone (Fidah et al. 2019). 

d) Alcohols 

Several sesquiterpene alcohols were observed in the wood oil, including cedrol, 

tumerol, himachalol, cedranol, β-santalol, E-Z-farnesol (Fidah et al. 2019), and 1-epicubenol 

(Satrani et al. 2006, Paoli et al. 2011). Monoterpene alcohols such as linalool (Yassaa et al. 

2000), terpineol (Boudarene et al. 2004a), and verbenol (Boudarene et al. 2004b) have also 

been reported. 

e) Esters and aldehydes 

C. atlantica wood oil contained hexyl isobutyrate, benzyl benzoate, and Z-β-santalol 

acetate (Fidah et al. 2019). Bornyl acetate was also found in the essential oil of C. atlantica 

(Lahlou 2003).The aldehyde 4-acetyl-1-methylcyclohexene was hydrodistilled from C. 

atlantica wood oil (Aberchane et al. 2004). 

 

I.3.4.2.      Chemical composition of C. atlantica extracts 

Few studies on the phytochemistry of C. atlantica organic extracts have been 

conducted. Tocotrionelic acid derivative and O-acylated flavonol glycoside have been isolated 

from hydromethanolic extract of the C. atlantica cones (Maya et al. 2017). It has been 

reported that the ether diethylic extract from cones contains resinic acids such as 

sandaracopimaric, abietic, isopimaric, levopimaric, palustic, dehdroabietic and neobietic acids 

(Norin and Winell 1971). Barrero et al. (2005) demonstrated that the hexane extract of cones 

contained five abietane diterpenes. Furthermore, abietane diterpenes and lignans were 

identified in C. atlantica resins (Nam et al. 2011). 
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 In this study, the essential oil was hydrodistilled from C. atlantica cones and organic 

extracts derived from its branches. The essential oil was analyzed using gas chromatography-

mass spectrometry and the phenolic components levels in the organic extracts were 

determined. Both samples were tested for different biological activities. An acute toxicity 

study was carried out on female wistar mice. Finaly, the effect of the ultrasonic power on the 

methanolic extracts was assessed. 

 

II.1. Plant material 

Cedrus atlantica branches and cones were harvested in Akfadou forest (36°41'49.9"N, 

4°36'07.7"E) at an altitude of 1600 m in May 2015 (Fig. 5). Botanical identification was 

carried out in the Laboratory of Plant Biotechnology and Ethnobotany at Bejaia University by 

Dr. F. Bekdouche using Quezel and Santa flora (Quézel and Santa 1962, 1963). The plant 

specimen was deposited in the School of Pharmacy at the University of Jordan under a 

voucher number (Cea-2018-5-42). Branches were dried at room temperature in the shade and 

subsequently converted into a powder of less than 250 µm in diameter. The cones were dried 

at room temperature in the shade. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Figure 5. Original image of Cedrus atlantica in Akfadou forest (Adekar) (source of harvested 

cones and branches) 
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II.2. Extraction and characterization of C. atlantica essential oil and 

extracts 

II.2.1.     Essential oil extraction 

C. atlantica cones dried at room temperature were cut into small pieces and then 

subjected to hydrodistillation for 2.5 h using Clevenger-type apparatus (Boudaren et al. 

2004a). Anhydrous sodium sulphate was added to the extracted transparent essential oil in 

order to eliminate water contamination after that stored at 4
o
C in hermetic sealed vial until 

being used.  

                                                Yield (%) = (Vo/Wi).100                                      

Where, Vo and Wi are the obtained volume of essential oil and initial weight of cones, 

respectively. 

 

 

II.2.2.     Organic extracts and fractions' preparation 

The organic extraction was performed using soxhlet apparatus (Reihenheizgerät 4, 

Germany). An amount of 21 g of dry plant powder was subjected to organic extraction with 

200 mL of different solvents (Methanol, ethanol and acetone). The obtained extract solutions 

were filtered and then evaporated using a rotavapor (Heidolph, Germany).  

The organic extracts were subjected to a typical partitioning protocol (Rostagno and 

Prado 2013) (Fig. 6). An amount of 10 g of the extract was dissolved in 200 ml of methanol 

5% and placed in a separating funnel. A volume of 150 ml of solvents with increased polarity 

(Hexane: H, chloroform: Chl, ethyl acetate: EtOAc and n-butanol: But) were successively 

added. The obtained solutions of corresponding fractions were filtered and then the solvents 

evaporated. The dry extracts and fractions were conserved at 4
o
C in darkness until usage after 

being weighed and the percentage yield was calculated using the following formula: 

                                                    Yield (%) = (Wo/Wi).100                                      

Where, Wo and Wi are the obtained extract (or fraction) and initial weights, 

respectively. 
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Figure 6. Partitioning protocol scheme (Rostagno and Prado 2013). 

 

II.2.3.    Gas chromatography-mass spectrometry analysis of C. atlantica cones essential 

oil 

An approximate sample volume of 1 µl of essential oil, appropriately diluted in GC-

grade n-hexane, was analyzed using a Varian Chrompack CP-3800 GC/MS/MS-200 (Saturn, 

The Netherlands) equipped with an automatic injector in the split mode and a flame ionization 

detector. A DB-5 GC capillary column was used (Dimensions: 30 m × 0.25 mm; 0.25 µm film 

thickness) consisting of 95% dimethyl polysiloxane and 5% diphenyl. Helium was used as the 

carrier gas at a flow rate of 1ml/min. A linear temperature program was applied starting from 

the initial column temperature of 60
o
C (hold time: 1 min) and raised to 250

o
C (hold time 3 

min) at a heating rate of 3
o
C/min.  
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The identification of the essential oil separated chemical entities was assessed by 

comparing their arithmetic retention indices (Kovat's Index) with the reported values in 

literature (mainly Adma's library) and also by matching their corresponding mass spectra with 

those of the data bank of the instrument software (Terpene ThermoQuest, General purpose 

and NIST libraries). A mixture of n-alkane hydrocarbon (C8-C20) was subjected to GC/MS 

analysis under the same chromatographic conditions (Fig. 7) as described above and the 

corresponding retention times were recorded and used to calculate the arithmetic Kovat's 

index for each essential oil component according to Van den Dool and Kratz equation: 

       RIx = 100 n + 100 (tx-tn) / (tn+1 − tn) 

 tn+1 and tn retention times of the reference n-alkane hydrocarbons eluting 

immediately before and after compound “X”   

 tx retention time of compound “X” 

 

 

Figure 7.  Gas chromatography-mass spectrometry chromatogram of n-alkane hydrocarbons 

(C8-C20). 
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The percentage content of each oil compound was obtained by integrating each peak 

surface area, assuming a unity response by all compounds (Adams 2007).  

 

II.2.4.     Total polyphenol content determination 

The determination of total polyphenol content was performed by the Folin-Ciocalteu 

method (Wong et al. 2006). A sample volume of 200 µl (Extracts or fractions of the 

methanolic extract: Chl, EtOAc, But, and Aqueous (Aq)) was poured in 1 ml of Folin-

Ciocalteu reagent (1/10 dilution), then 800 µl of sodium carbonate (75 g/l) were added after 4 

min. The absorbance was measured at 765 nm using a spectrophotometer (UV-9200, Biotech, 

Germany) after 60 min incubation at room temperature in darkness. The results were 

expressed in melligram equivalent gallic acid per gram of dry sample (mg Eq GA/g) obtained 

from a standard curve plotted using gallic acid with a concentration range from 25 to 100 

µg/ml.  

 

II.2.5.     Flavonoid content determination  

The flavonoid content was determined using the aluminium chloride method (Quettier-

Deleu et al. 2000). A sample volume of 1 ml (methanolic extract or its fractions: Chl, EtOAc, 

But, and Aq) was added to 1 ml of AlCl3 2%. The absorbance was measured at 430 nm after 

10 min incubation at room temperature. The results were expressed in melligram equivalent 

quercetin per gram of dry sample (mg Eq Q/g) obtained from a standard curve plotted using 

quercetin with a concentration range from 1.625 to 30 µg/ml.   

 

II.2.6.     Condensed tannin content determination 

The amount of condensed tannin was estimated using the vanillin method (Ba et al. 

2010). A sample volume of 500 µl (methanolic extract or its fractions: Chl, EtOAc, But, and 

Aq) was mixed with 3 ml of vanillin 4% in methanol and 1.5 ml of HCl 37%. The absorbance 

was measured at 500 nm after 20 min incubation at 30
o
C. The results were expressed in 

melligram equivalent catechin per gram of dry sample (mg Eq C/g) obtained from a standard 

curve plotted using catechin with a concentration range from 25 to 300 µg/ml). 
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II.3. Biological activities evaluation 

II.3.1.    Antioxidant activity evaluation 

II.3.1.1.     DPPH
• 
radical scavenging assay 

Diphenyl picrylhydrazyl radical (DPPH
•
) scavenging activity was carried out using the 

protocol described by Shirwaikar et al. (2006). A sample volume of 1 ml (methanolic extract 

or its fractions: Chl, EtOAc, But, and Aq) at different concentrations (3.125, 6.25, 12.5, 25, 40 

and 50 µg/ml) was mixed with 1 ml of DPPH
• 
methanolic solution (0.1 mM). The essential oil 

was tested at the concentration range of 3.125 mg/ml to 40 mg/ml. The absorbance was 

measured at 517 nm after 30 min incubation in darkness. Butylhydroxyanisol (BHA) and 

vitamin C (Vit C) were used as standards at the same concentrations in the same conditions. 

The DPPH
• 
radical scavenging activity was calculated using the following formula: 

                             %  radical scavenging activity = [(Ac-As)/Ac] . 100                    

Where, Ac and As are the absorbance of the control (the sample was replaced by 1 ml 

of methanol) and the sample, respectively. 

 

II.3.1.2.     ABTS
•+

 radical scavenging assay 

ABTS
•+

 radical scavenging activity was carried out using the protocol described by Le 

et al. (2007). The radical ABTS
•+

 was formed by mixing aqueous ABTS (2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid)) solution (7 mM) and aqueous potassium persulfate 

solution (2.45 mM) with a ratio 1:1 then incubated 16 h in darkness  at room temperature. A 

sample volume of 100 µl (methanolic extract or its fractions: Chl, EtOAc, But, and Aq) at 

different concentrations (12.5, 25, 50, 100, 150 and 200 µg/ml) was mixed with 1.9 ml of 

ABTS
•+

 radical solution already diluted with ethanol until obtaining the absorbance of 0.7 ± 

0.02 at 734 nm. The essential oil was tested at the concentration range of 12.5 mg/ml to 200 

mg/ml. The absorbance was measured at 734 nm after 7 min incubation in darkness at room 

temperature. BHA and Vit C were used as standards at the same concentrations in the same 

conditions. The results were expressed in mmol equivalent Trolox per gram of dry sample 

(mmol Eq T/g) obtained from a standard curve plotted using Trolox with the concentrations of 

0.025, 0.05, 0.1, 0.2 and 0.3 mM. 
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The ABTS
•+

 radical scavenging activity was calculated using the following formula: 

                             %  radical scavenging activity = [(Ac-As)/Ac] . 100                    

Where, Ac and As are the absorbance of the control (the sample was replaced by 100 µl of 

methanol) and the sample, respectively. 

 

II.3.1.3.     Ferric reducing antioxidant power assay  

The ferric reducing antioxidant power (FRAP) was estimated using the protocol 

described by Thaipong et al. (2006). A sample volume of 150 µl (Essential oil, methanolic 

extract or its fractions: Chl, EtOAc, But, and Aq) at a determined concentration was added to 

2850 µl of FRAP solution freshly prepared by mixing sodium acetate buffer (300 mM, 

pH=3.6), 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ, 10 mM in 40 mM HCL) and ferric chloride 

(20 mM) in darkness at 37
o
C with a ratio of 10:1:1 (Benzie and Strain 1996). The absorbance 

was measured at 593 nm after 15 min incubation in darkness at 37
o
C. The results were 

expressed in milligram equivalent vitamin C per gram of dry sample (mg Eq Vit C/g) 

obtained from a standard curve plotted using Vit C with the concentrations of 3.125, 6.25, 

12.5, 25 and 50 µg/ml. 

 

II.3.2. Antibacterial activity evaluation 

II.3.2.1.     Bacterial strains 

Antibacterial activity experiments were carried out against the following bacteria 

obtained from the American type culture collection (ATCC): Gram-positive strains 

(Staphylococcus aureus ATCC 25923 and Bacillus cereus ATCC 11778); and Gram-negative 

strain (Escherichia coli ATCC 25921), and clinical isolates (Gram-positive strain (Listeria 

innocua ); and Gram-negative strains (Klebsiella pneumoniae and Pseudomonas aeruginosa)) 

provided by the microbiology laboratory of the University Hospital of Tizi Ouzou:. 

 

II.3.2.2.     Preparation of bacterial inocula 

Bacterial suspensions of each strain were prepared by diluting few colonies in sterile 

aqueous saline solution (NaCl 0.85%) scraped from an overnight culture in agar plates 

incubated at 37
o
C. The turbidity was adjusted to 0.5 McFarland which corresponds to 

approximately 10
8
 CFU/ml (Ferraro 2009). This was performed by comparison to a prepared 
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standard consisting of 50 µl of anhydrous barium chloride (BaCl2 1.175%) added to 9.95 ml 

of sulphuric acid (H2SO4 1%). The mixture had an optical density comprising between 0.08 

and 0.13 at 625 nm (Abu-Lafi et al. 2017). Bacterial suspensions were then diluted in Muller-

Hinton Broth (MHB) to yield approximately 5 x 10
6
 CFU/ml for being used in the 

antibacterial activity tests within 15 min.  

 

II.3.2.3.     Disc diffusion assay 

Disc diffusion method was carried out in accordance with the Manual of clinical 

microbiology of the American Society for Microbiology (Jorgensen and Turnidge 2015). 

Prepared filter paper discs (6 mm of diameter), impregnated with a specific sterile single 

concentration of the methanolic fractions (Chl, EtOAc, But and Aq), have been deposited 

with a sterile forceps onto the surface of the Mueller-Hinton agar medium that has been 

inoculated by the test bacteria using a sterile cotton swab. Plates were inverted and left for 15 

min in ambiant air before incubation at 37
o
C for 18-24 h. DMSO, with 1% concentration, was 

used as negative control. Inhibition zone diameters were measured with calipers. Tests were 

performed once for each fraction. 

 

II.3.2.4. Determination of minimum inhibitory and minimum bactericidal 

concentrations 

Minimum inhibitory concentrations (MIC) were determined using a broth 

microdilution method (Abu-Lafi et al. 2017). Stock solutions of each plant sample (Essential 

oil and fractions of the methanolic extract: EtOAc, But, and Aq) were prepared in dimethyl 

sulfoxide (DMSO) and sterilized by filtration through a 0.22 µm syringe filter. A volume of 

100 µl of diluted solutions for each sample was transferred into the first well of 96-well 

microplate then subjected to serial twofold dilution to get a concentration range from 31.25 to 

1000 µg/ml for the fractions and from 0.03 to 1% for the essential oil. Subsequently, each 

well was filled with 100 µl of each bacterial suspension. The microplates were then incubated 

at 37
o
C for 18-24 h. Gentamicin antibiotic was used as a positive control to determine the 

sensitivity of each tested strain; MHB with DMSO was used as negative control and MHB 

without bacteria was used as sterility control. The DMSO final concentration was 1% in all 

wells. The lowest concentration with no visible bacterial growth was recorded as the 

minimum inhibitory concentration (MIC) (Jorgensen and Turnidge 2015). Subsequently, 50 

µl from these wells were subcultured onto agar plates and incubated at 37
o
C for 18-24 h. The 
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lowest concentration that exhibited no bacterial growth was recorded as minimum bactericidal 

concentration (MBC). All measurements were carried out in triplicate. 

II.3.3. Cytotoxic activity evaluation 

II.3.3.1.     Cell culture 

Breast cancer cell-lines (MCF-7) obtained from the American type culture collection 

were cultured in RPMI 1640 with L-Glutamine (EuroClone, Italy) complemented with 10% 

fetal bovine serum (FBS) (GE Healthcare, USA), 10 mM HEPES buffer (pH 7.3) (Caisson, 

USA), 100 U/mL of penicillin (EuroClone, Italy) and 100 U/ml of Streptomycin (EuroClone, 

Italy) and incubated at 37
o
C in a humidified atmosphere of 5% CO2.  Media was changed 

when its colour became clear each 48 to 72 h. When cells reached confluence, the media was 

withdrawn from the 75 cm
2
 flask, washed with phosphate-buffer saline (PBS) (EuroClone, 

Italy) and 1.5 ml of Trypsin-EDTA without phenol red, calcium and magnesium (EuroClone, 

Italy) was added and incubated at 37
o
C in a humidified atmosphere of 5% CO2 for 5 min to 

detach the cells. Then, 3 ml of the media was added to stop trypsin effect and subcultured by 

pipetting into new flasks. Cell count after trypsinization was performed with a 

haemocytometer using trypan blue dye (Promega Corporation, USA) exclusion assay (Yousef 

et al. 2018). 

 

II.3.3.2.     Cytotoxicity and MTT assays 

In the cytotoxicity assay, active cells' mitochondrial dehydrogenase enzymes reduce 

the MTT to blue formazan indicating cell viability (Van de Loosdrecht et al. 1994). 

Cytotoxicity of each plant sample was assessed by MTT assay (Yousef et al. 2018). A volume 

of 100 µl of MCF-7 cells was seeded at a density of 7000 cells/well in 96-well microplates 

and allowed to attach overnight. A same volume of each plant extract (Essential oil and 

fractions of the methanolic extract: EtOAc, But, and Aq) already dissolved in DMSO was 

tested in triplicate at different concentrations diluted in the prepared RPMI media. The final 

concentration of DMSO was 1%. Media with 1% DMSO was tested as negative control, while 

doxorubicin was tested as positive control at different concentrations ranging from 0.006 to 

100 µM. After 24 h incubation, the media was removed from each well and replaced by 100 

µl of fresh media and then 15 µl of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) (Promega Corporation, USA) was added in umber conditions followed by 

incubation for 3 h at 37
o
C in a humidified atmosphere of 5% CO2, then 100 µl solubilization 
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stop solution mix (Promega Corporation, USA) was added to each well to solubilize blue 

formazan crystals and left for 24 h. Optical densities (OD) were measured using an ELIZA 

microplate reader (model Elx 808, BioTek instruments, USA) at 570 nm. Cytotoxicity effect 

(C(%)) was calculated by the following formula: 

C (%) = [(ODC -ODT) / ODC] * 100 

Where, ODT and ODC are the optical density of treated cells and the negative control, 

respectively. 

Similar experiments were achieved on fibroblast normal cell lines seeded at a density 

of 10
5 

cells/well using DMEM low glucose (EuroClone, Italy) as culture media in all 

experimental steps. IC50 values, representing the concentrations of each tested sample that 

demonstrate 50% cytotoxicity, were calculated as the average of three replicates.  

 

II.4. Acute toxicity study 

II.4.1.     Animals 

Nine female wistar mice chosen at random were tested for the acute toxicity study. 

The animals were marked with numbers to allow their identification. They were kept one 

week in their cages for acclimatization purpose under laboratory conditions before the 

experiments. The animals had free access to diet and water. All procedures were performed 

according to the ethical principles in animal research (Arts et al. 2014).  

 

II.4.2.     Determination of the median lethal dose (LD50) 

The acute toxicity evaluation of the crude extract from branches was determined 

according to the OECD Guideline for testing of chemicals (OECD 2001).  A volume of 1 ml 

of the extract solubilized in aqueous solution was administered orally in a single dose by 

gavage, starting with 2000 mg/kg as described in Figure 8.   

The dose limit was 5000 mg/kg. Each mouse was treated at an interval of 48 h. The 

animals were fasting 4 h for diet (except water) prior extract administration and 2 h after 

treatment.  The toxicity signs in each mouse have been recorded in the first 4 hours, one week 

and two weeks after dosing. 
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Figure 8.  Procedure for determining the LD50 for an initial dose of 2000 mg/Kg (OCDE 

2014)  

 

The value of the LD50 will give information on the toxicity of the methanolic extract 

according to the classification reported by Viau and Tardif (2003)  as follows: 

 LD50< 5 mg/kg: Extremely toxic. 

 5 mg/kg <LD50< 50 mg/kg: Very toxic 
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 50 mg/kg < LD50 < 500 mg/kg: Toxic 

 500 mg/kg < LD50 < 5000 mg/kg: Little toxic 

 LD50 > 5000 mg/kg. Very little toxic or non-toxic 

 

II.5. Effect of ultrasound on the physico-chemical properties of C. atlantica 

methanolic extracts 

II.5.1. Viscosity measurement 

The viscosity was meseaured using a viscometer (Viscometer Viscotech VR 3000, 

Spain) for the methanolic extract subjected to ultrasonic power (ultrasonic cleaner, Brasonic 

2510E-DTH, USA) at different sonication times (10, 20, and 30 min), and 42 KHz frequency.  

 

II.5.2. Solubility determination 

An excess amount of the untreated extract and that sonicated at different times (10, 20, 

and 30 min) was added to a predetermined volume of methanol. The mixtures were left for 24 

h, then the solubility determined. 

 

II.5.3.  DPPH
• 
 radical scavenging 

The antioxidant ability to scavenge the free radical DPPH
•
 by the untreated extract and 

that subjected to ultrasonic waves at different durations (10, 20, and 30 min) has been 

assessed by the above-described protocol. 

 

II.6. Statistical analysis 

All experiments were carried out in triplicate. The results were expressed as mean ± 

standard deviation (SD). The data were subjected to statistical analysis (t-test) using 

GraphPadPrism statistical software (version 5). Statistical differences yielding P ≤ 0.05 were 

considered significant.
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III.1. Extraction and characterization of C. atlantica essential oil and 

extracts 

III.1.1. Extraction yield 

The essential oil extracted from C. atlantica cones yielded 0.41 percent v/w. The yield 

is lower than that obtained from cones collected in the Ifrane region of Morocco (0.62 percent 

v/w) (Paun et al. 2013) and from branches (0.6-0.7 percent v/w) (Kaoutar et al. 2019). Other 

studies on the needles revealed a higher amount of hydro-distilled essential oils (1.82 percent 

v/w) (Derwich et al. 2010). Furthermore, seeds and wood yielded the highest levels ranging 

from 2.1 to 9.19 percent v/w) (Nam et al. 2015, Fidah et al. 2016, Zrira and Ghanmi 2016, 

Benouaklil et al. 2017). Indeed, the extraction yield of essential oils has been reported to vary 

depending on the harvest period, plant part and age, vegetative cycle as well as to the 

geographical location (Ainane et al. 2019). 

The results of extraction rates using soxhlet as a method of extraction with different 

solvents were presented in Figure 9A. The extraction yield was found to be related to the 

nature of the solvent (P < 0.05). Methanol had the highest percentage at 19.70±2.68%, 

followed by ethanol at 11.54±1.17%; whereas, the lowest yield at 9.69±1.07% was obtained 

with acetone. This is because the plant sample contains components with varing polarities and 

solubilities.  

The organic extracts were fractionated using solvents of increasing polarities, and the 

results were presented in Figure 9B, C, and D. But and Aq fractions had the highest 

percentages in the methanolic extract (Fig. 9B), at 35.39±1.22% and 36.46±1.91% (P > 0.05), 

respectively; followed by H at 12.55±3.02%, EtOAc at 9.29±0.28%, and Chl at 3.64 ±0.72% 

(P < 0.05). Similarly, the But and Aq fractions of the ethanoic extract produced the highest 

yields at 33.57±2.2% and 26.03±2.54% (P > 0.05), respectively; followed by H at 

16.65±1.48% (P < 0.05), Chl and EtOAc at 10.90±0.91% and 8.56±0.98% (P> 0.05), 

respectively (Fig. 9C). However, acetone fractions showed a little different trend with But 

fraction exhibiting the highest rate at 38.95±1.98% (P < 0.05), followed by H at 28.93±3.2% 

(P < 0.05), then Chl and EtOAc at 17.43±3.15% and 14.99±2.35% (P > 0.05), respectively. 

The Aq fraction, on the other hand, had the lowest yield of 6.94±1.93% (P < 0.05) (Fig. 9D).   
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Figure 9. C. atlantica extracts and fractions yields. 

 
A: Acetone, E: Ethanol, M: Methanol, H: Hexane, Chl: Chloroform, EtOAc: Ethyl acetate, But: n-Butanol, Aq: 

Aqueous. For each graph, values followed by different letter were significantly different (P˂0.05). Values were 

expressed as mean ± SD (n=3). 
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Approximately 71.86% and 59.6% of the constituents were isolated in the most polar 

fractions (But and Aq) of methanolic and ethanolic extracts, respectively. However, acetone 

extracted a lower percentage (approximately 45.89%). According to these findings, the 

components extracted with methanol from C. atlantica branches are mainly polar. In fact, 

Reichardt and Welton (2011) reported that the normalized values of solvent polarities of 

methanol, ethanol and acetone were 0.762, 0.654 and 0.355, respectively. Several studies have 

demonstrated that the nature of the solvent influences the extraction yield, phenolic content 

and consequently their biological activities (Do et al. 2014; Hadzri et al. 2014; Kamarudin et 

al. 2016). 

 

III.1.2. Gas chromatography-mass spectrometry analysis of cones essential oil 

Terpenic composition of the C. atlantica essential oil hydrodistilled from its cones, as 

determined by GC-MS, was shown in Figure 10. 

 

 Figure 10. Gas chromatography-mass spectrometry chromatogram of C. atlantica cone 

essential oil (Belkacem et al. 2021). 

*ND: Not determined. 
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 Six compounds were successfully separated and identified using their retention index 

and mass spectral matching, accounting for more than 93 percent of the total oil components 

(Table XX). The C. atlantica essential oil was characterized by dominant levels of 

monoterpene hydrocarbons representing 89.18% and a lower content of sesquiterpene 

hydrocarbons represented by traces of β-farnesene (0.96%). Alpha-pinene was the most 

abundant monoterpene hydrocarbon component (81.49%), followed by sabinene (3.21%), β-

phellandrene (2.53%) and β-pinene (1.95%). The essential oil also contained a small amount 

of bornyl acetate (2.96%) with miscellaneous structure. This tested essential oil did not 

contain any diterpens, oxygenated monoterpenes, or sesquiterpenes. 

 

Table XX 

Essential oil composition of C. atlantica cones. 

Peak N
o
 RT (min) RI    Component Area 

 

Percentage % 

      

1 5.63 926    Alpha-pinene 6191000 81.49 

2 6.80 969    Sabinene 243959 3.21 

3 7.14 982    Beta-pinene 148445 1.95 

4 8.47 1024    Beta-phellandrene 192346 2.53 

5 18.76 1283    Bornyl acetate 225345 2.96 

6 25.82 1454    Beta-farnesene  73505 0.96 

7 45.41 -    UT
*
 59307 0.78 

8 47.49 -    UT
*
 160155 2.10 

9 54.05 -    UT* 55854 0.73 

10 57.54 -    UT
*
 152775 2.01 

11 57.64 -    UT
*
 93850 1.23 

     
 

       7596541 93.13 

 

         UT
 * 

:
  
Unidentified traces                        6.85%                      

         Monoterpene hydrocarbons                   89.18%                           

         Sesquiterpene hydrocarbons                   0.96%                  

         Miscellaneous                                         2.96%                           

         Totalidentified                                        93.13%                                              
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The mass spectra (MS) and chemical structures of the volatile components isolated 

from the essential oil of C. atlantica cones were presented in Figure 11. From our meticulous 

investigation, no GC-MS study on the hydrodistilled essential oil from Algerian C. atlantica 

cones has been reported in the literature. However, the study carried out by Boudarene et al. 

(2004a)  on the essential oil of C. atlantica seeds harvested in two different areas [Ould 

Yakoub (OY) and Tala Guilef (TG)] revealed that the oils contained forty-four and twenty-

eight components, respectively, with the following main components: α-pinene (37.1-5.5%), 

β-pinene (8.6-1.9%), myrcene (3.6-0.6%), limonene (2.5-0.6%), bornyl acetate (5.4-4%), β-

farnesene (6.8-1.9%) and manool (8.3-20.7%).  

In comparison to our findings, the essential oil of C. atlantica cones harvested in the 

Moroccan region of Ifrane had a different composition. β-himachalene (29.4%), α- 

longipinene (20.75%), β-chamigrene (14.39%), and longifolene (V4) (11.61%) were the main 

components (Paun et al. 2013). However, variations in essential oil composition may be due 

to a variety of known factors such as plant part, harvesting period, geographical origin and 

genetic parameters (Inan et al. 2011; Telci et al. 2009).  

 

III.1.3. Total polyphenol content  

Polyphenols are important non-enzymatic antioxidants found in plants. The TPC in C. 

atlantica samples was measured using the Foilin-Ciocalteu method, as shown in Figure 12. 

TPC values were calculated using the following equation from a standard curve plotted with 

Gallic acid: Abs=0.011 [AG] +0.035, R
2
=0.996. Polyphenolic extraction was significantly 

influenced by solvent nature (P < 0.05) (Fig. 12A). The acetonic extract had the highest TPC 

at 314.09±4.47 mg Eq GA/g extract, followed by the methanolic extract at 257.03±4.36 mg 

Eq GA/g extract; corresponding to 30.43±0.43 mg Eq GA/g dry powder and 50.63±0.86 mg 

Eq GA/g dry powder (P < 0.05); respectively. The ethanolic extract had the lowest value, with 

236.09±7.81 mg Eq GA/g extract corresponding to 27.24±0.90 mg Eq GA/g dry powder (P < 

0.05). As a result, methanol had the highest level of polyphenols extracted from branch 

powder, whereas acetonic extract had the highest concentration. This suggests that methanol 

dissolved more plant components, such as polyphenols and other compounds like 

polysaccharides, than the other solvents. The extraction yield of polyphenols increases as the 

polarity of the solvent increases. Methanol was shown to have potential extractive abilities for 

phenolic compounds from other plant samples, either alone or in aqueous combinations 

(Hayet et al. 2009; Lu and Foo 2001; Pinelo et al. 2004).  
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Figure 11. Mass spectra and chemical structures of the volatile components isolated from the essential oil of C. atlantica cones. 
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Figure 12. Total polyphenol content in C. atlantica branch extracts and fractions. 

 
A: Acetone, E: Ethanol, M: Methanol, Chl: Chloroform, EtOAc: Ethyl acetate, But: n-Butanol, Aq: Aqueous. 

For each graph, values followed by different letter were significantly different (P˂0.05). Values were expressed 

as mean ± SD (n=3). 
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The TPC values in the different fractions of the methanolic extract obtained from the 

powder of C. atlantica branches were as follows: 149.75±4.2, 474.39±13.34, 337.57±8.86 and 

118.42±1.94 mg Eq GA/g of each fraction: Chl, EtOAc, But and Aq (P < 0.05); respectively 

(Fig. 12B). Similar tendencies were observed with the fractions of the ethanolic extract with 

TPC values of 148±2.72, 485.45±17.32, 392.12±23.41 and 64.12±1.77 mg Eq GA/g of each 

fraction: Chl, EtOAc, But and Aq (P < 0.05); respectively (Fig. 12C). Nevertheless, But, 

EtOAc, and Aq had the highest TPC values for the acetonic extract, at 497.87±31.96 mg Eq 

GA/g fraction, 494.24±12.73 mg Eq GA/g fraction and 480.30±21.55 mg Eq GA/g fraction (P 

> 0.05), respectively; followed by Chl at 90.42±2.97 mg Eq GA/g fraction (P < 0.05) (Fig. 

12D).  

TPC levels were higher in the Aq fraction of the acetonic extract than in the 

methanolic and ethanolic. As a result, the most of phenolic compounds are found in 

intermediate and polar fractions. The aforementioned results indicate that the extracted 

polyphenols have a better affinity mainly to intermediate and polar solvents. There has been 

no data published on the phytochemical investigation of C. atlantica branch extracts. 

However, Hofmann et al. (2020) reported significantly lower TPC for hydro-organic extracts 

of C. atlantica green cones obtained using an ultrasonic bath with acetone:water 80:20 v/v, 

ethanol:water 80:20 v/v, and methanol:water 80:20 v/v. Similarly, lower TPC levels have 

been reported for Atlas cedar tar traditionally produced by pyrolysis (Skanderi and Chouitah 

2020). 
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III.1.4. Flavonoid content  

The FC in C. atlantica extracts were determined using the aluminium chloride method, 

with Quercetin as a standard (Fig. 13). FC values were obtained from the calibration curve: 

Abs=0.029 [Q]-0.025, R
2
=0.997. The highest FCs were achieved by ethanol and acetone (P > 

0.05) with 5.89±0.04 mg Eq Q/g extract and 5.38±0.83 mg Eq Q/g extract, respectively. 

Methanol produced the lowest FC value of 2.47±0.27 mg Eq Q/g extract (Fig. 13A). 

Nonetheless, these levels were too low in comparison to the recorded TPC values, indicating 

that organic extracts from C. atlantica branches enclose small quantities of flavonoids. 

Furthermore, as shown in Table XXI, there was a weak correlation between the FC and TPC 

levels with a coefficient of determination (R
2
) of 0.248. 

For the methanolic extract (Fig. 13B), EtOAc had the highest FC level at 18.78±0.28 

mg Eq Q/g fraction (P < 0.05), followed by Chl and But at 3.7±0.41 mg Eq Q/g fraction and 

3.73±0.41 mg Eq Q/g fraction (P > 0.05), respectively. The Aq fraction had the lowest value 

at 2.98±0.07 mg Eq Q/g fraction (P < 0.05). A similar pattern was observed with ethanolic 

extract fractions, with EtOAc having the highest FC value at 18.20±0.52 mg Eq Q/g fraction 

(P < 0.05); followed by Chl, But, and Aq at 5.03±0.53 mg Eq Q/g fraction, 4.21±1.21 mg Eq 

Q/g fraction and 1.80±0.90 mg Eq Q/g fraction (P > 0.05), respectively (Fig. 13C). Likewie, 

the EtOAc fraction obtained from the acetonic extract had the highest FC level of 12.50±0.21 

mg Eq Q/g fraction (P < 0.05); followed by Chl, But, and Aq at 6.18±0.94 mg Eq Q/g 

fraction, 4.09±0.59 mg Eq Q/g fraction and 0.85±0.14 mg Eq Q/g fraction (P < 0.05), 

respectively (Fig. 13D). However, Fadel et al. (2016) reported significantly higher FC from a 

crude hydro-ethanolic extract obtained by maceration of C. atlantica aerial parts. Indeed, 

flavonoids were found in higher concentrations in leaves and needles than in other plant parts 

(Jaakola and Hohtola 2010; Julkunen-Tiitto et al. 2015). 
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Figure 13. Flavonoid content in C. atlantica branch extracts and fractions. 

 
A: Acetone, E: Ethanol, M: Methanol, Chl: Chloroform, EtOAc: Ethyl acetate, But: n-Butanol, Aq: Aqueous. 

For each graph, values followed by different letter were significantly different (P˂0.05). Values were expressed 

as mean ± SD (n=3). 
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III.1.5. Condensed tannin content  

The CTC in C. atlantica extracts were determined by the vanillin method, with 

Catechin as a standard (Fig. 14). CTC values were obtained from the calibration curve using 

simple regression analysis: Abs=0.002 [C] +0.038; R
2
=0.992. The results showed that the 

solvent nature had a significant effect on CTC (P < 0.05), with 143.5±12.72 mg Eq C/g 

extract, 110.83±4.25 mg Eq C/g extract and 126.33±12.51 mg Eq C/g extract recorded for 

methanol, ethanol and acetone extracts, respectively (Fig. 14A).  

The highest CTC value for the methanolic fractions (Fig. 14B) has been recoded for 

EtOAc at 504.83±18.9 mg Eq C/ g fraction (P < 0.05); followed by But, Aq, and Chl at 

366±18.75 mg Eq C/ g fraction, 88.66±4.25 mg Eq C/ g fraction and 44±4.76 mg Eq C/ g 

fraction (P < 0.05), respectively. However, the EtOAc and But fractions of the ethanolic 

extract had the highest CTC levels, at 443.00±45.26 mg Eq C/ g fraction and 446.00±24.29 

mg Eq C/ g fraction (P < 0.05), respectively; followed by Chl at 71.50±1.01 mg Eq C/ g 

fraction (P< 0.05), and Aq at 40.16±4.07 mg Eq C/ g fraction (P < 0.05) (Fig. 14C). On the 

other hand, for the acetonic extract, But fraction had the highest CTC value at 566.50±24.28 

mg Eq C/ g fraction (P < 0.05), followed by EtOAc, Aq and Chl at 475.83±30.92 mg Eq C/ g 

fraction, 428.84±10.27 mg Eq C/ g fraction and 63.83±8.51 mg Eq C/ g fraction (P < 0.05), 

respectively (Fig. 14D). To the best of our knowledge, no data on CTC of extracts from C. 

atlantica branches have been published in the literature. However, Skanderi and Chouitah 

(2020) found that tar produced by dry distillation of wood had much lower CTC of 4.41±0.05 

mg Eq C /g. 

 With a coefficient of determination R
2
=0.948, CTC was found to be strongly 

correlated with TFC (Table XXI).  This would be due to the fact that polyphenols extracted 

from C. atlantica branches were mostly condensed tannins. 
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Figure 14. Condensed tannins content in C. atlantica branch extracts and fractions. 

 
A: Acetone, E: Ethanol, M: Methanol, Chl: Chloroform, EtOAc: Ethyl acetate, But: n-Butanol, Aq: Aqueous. 

For each graph, values followed by different letter were significantly different (P˂0.05). Values were expressed 

as mean ± SD (n=3). 
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III.2. Biological activities evaluation 

III.2.1. Antioxidant activity evaluation 

There is no standardized method for evaluating plant extract antioxidant capacity. 

Therefore, using more than one method to provide more comprehensive information is 

recommended (Todorovic et al. 2015). In the current study, cones' essential oil, methanolic, 

ethanolic and acetonic extracts and fractions of C. atlantica branches were investigated for 

their in vitro antioxidant activity using three methods: antiradical scavenging activity (DPPH 

and ABTS assays) and ferric reducing antioxidant power (FRAP).  

 

III.2.1.1.     DPPH
•
 radical scavenging capacity 

DPPH
•
 radical scavenging ability was measured in terms of the percentage of free 

radical DPPH
•
 inhibited by antioxidants present in the various samples. The results are shown 

in Figure 15.   All extracts, fractions, and essential oil scavenged the free radical DPPH
• 
in a 

concentration dependent manner (Fig. 15A). The essential oil had a low antioxidant activity. 

Only the hydrodistilled essential oils from the cones and branches have been studied for their 

ability to scavenge DPPH
•
 free radicals (Paun et al. 2013, Inaam et al. 2015). In fact, the 

essential oil of the cones had a 45% inhibition percentage (Paun et al. 2013). 

Among the extracts, at the concentration of 12.5 µg/ml, the, methanolic, ethanolic, and 

acetonic extracts inhibited the free radical DPPH
• 

at 43.84±1.18%, 38.55±6.94% and 

39.95±7.28% (P > 0.05), respectively. On the other hand, standards, Vit C and BHA had the 

highest levels at 92.22±3.09% and 66.08±1.45% (P < 0.05), respectively. At the concentration 

of 25 µg/mL, Vit C showed the highest levels at 95.72±0.11% (P < 0.05); followed by the 

acetonic, ethanolic and methanolic extracts at 83.53±0.09%, 82.63±0.40% and 80.31±0.79% 

(P > 0.05), respectively; and BHA at 79.28±1.24% (P > 0.05).  

Among the fractions obtained from the methanolic extract (Fig. 15B), at the 

concentration of 12.5 µg/ml, EtOAc exhibited the highest percentage of inhibition at 

71.08±0.48% (P < 0.05); followed by But at 57.67±0.71% (P < 0.05); then Chl and Aq at 

18.12±0.97% and 14.96±0.87% (P < 0.05), respectively. Similar trends were observed in the 

ethanolic extract fractions, with EtOAc and But having the highest percentages, followed by 

Chl and Aq (Fig. 15C). The Aq fraction partitioned from the acetonic extract, on the other 

hand, showed similar percentages of inhibition as EtOAc and But (P > 0.05) (Fig. 15D). 
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Figure 15. DPPH
•
 percentage inhibition of the standards and C. atlantica essential oil, extracts and fractions. 

 
A: Acetone, E: Ethanol, M: Methanol, EO: Essential oil, Chl: Chloroform, EtOAc: Ethyl acetate, But: n-Butanol, Aq: Aqueous.* [EO] in mg/mL. Values were expressed as 

mean ± SD (n=3). 
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The respective IC50 values recorded for the standards, extracts and fractions were 

exhibited in Figure 16. The lowest IC50 value reflects the highest antioxidant activity. The 

essential oil's IC50 value was 133.67±5.12 mg/ml. However, it was lower than the essential oil 

of the branches, which was 315.85±0.97 mg/mL (Inaam et al. 2015).  

All extracts had similar IC50 values of 13.05±0.31 µg/ml, 14.04±1.51 µg/ml and 

14.05±1.39 µg/ml (P > 0.05), for the methanolic, ethanolic and acetonic, respectively (Fig. 

16A). Among the fractions obtained from the methanolic extract (Fig. 16B), EtOAc 

demonstrated the best antioxidant capacity to scavenge the free radical DPPH
• 

with an IC50 

value of 6.83±0.66 µg/ml (P < 0.05); followed by But with an IC50 value of 8.24±0.36 µg/ml 

(P < 0.05); and then Chl and Aq with IC50 values of 28.52±1.50 µg/ml and 26.70±1.19 µg/ml 

(P > 0.05), respectively. However, EtOAc and But of the ethanolic extract had the lowest IC50 

values of 6.91±0.67 µg/ml and 6.87±0.19 µg/ml (P > 0.05), respectively; followed by Aq and 

Chl with IC50 values of 28.91±0.42 µg/ml and 30.43±0.24 µg/ml (P > 0.05), respectively (Fig. 

16C). Finally, the EtOAc fraction obtained from the acetonic extract demonstrated the best 

antioxidant scavenging capacity of the free radical DPPH
• 

with an IC50 value of 6.16±0.01 

µg/ml (P < 0.05), comparable to the standards BHA and Vit C with IC50 values of 6.03±0.13 

µg/ml and 5.47±0.13 µg/ml (P < 0.05), respectively; followed by But with an IC50 value of 

6.84±0.44 µg/ml (P < 0.05) (Fig. 16D). The Aq fraction exhibited the highest antioxidant 

activity compared to those fractionated from methanolic and ethanolic extracts with an IC50 

value of 10.79±0.53 µg/ml (P < 0.05). Chl, on the other hand, had the lowest IC50 value of 

31.83±4.09 µg/ml (P < 0.05). Therefore, the aforementioned results demonstrated that the 

extracts and fractions obtained from C. atlantica branches had strong antioxidant ability by 

scavenging the free radical DPPH
•
. Comparable results have been reported in the literature. In 

fact, with an IC50 value of 8.9 µg/ml, the hydro-ethanolic extract macerated from the aerial 

parts demonstrated a strong antioxidant power to scavenge the free radical DPPH
•
 (Fadel et al. 

2016). The hydro-methanolic extract of cones exhibited a similar pattern, with an IC50 value 

of 14.91±2.00 µg/ml. The DPPH
•
 free radical scavenging activity of the ethanolic extract from 

seeds, on the other hand, was lower, with an IC50 value of 0.4 mg/ml (Naimi et al. 2015).  
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Figure 16. DPPH
•
 IC50 values of the standards and C. atlantica extracts and fractions. 

 
A: Acetone, E: Ethanol, M: Methanol, Chl: Chloroform, EtOAc: Ethyl acetate, But: n-Butanol, Aq: Aqueous.. 

Values were expressed as mean ± SD (n=3). For each graph, values followed by different letter were 

significantly different (P ˂ 0.05). 
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III.2.1.2.      ABTS
•+

 radical scavenging capacity 

The ABTS assay was carried out on the various extracts and fractions obtained from 

C. atlantica. Figure 17 represents the results in terms of inhibition percentages. 

The essential oil, extracts and fractions inhibited the free radical ABTS
•+

 in 

concentration dependent manner. The essential oil had a weak antioxidant capacity. Among 

the extracts (Fig. 17A), at the concentration of 100 µg/ml, the acetonic extract scavenged the 

highest percentage at 63.68±0.33% (P < 0.05); followed by the methanolic and ethanolic 

extracts at 48.43±0.35% and 47.38±0.85% (P > 0.05), respectively. However, the standards, 

Vit C and BHA, had the highest levels at 99.32±0.26% and 98.51±0.48% (P > 0.05), 

respectively. 

The fractions partitioned from the three organic extracts with the highest antioxidant 

activity were EtOAc and But. In fact, at the concentration of 100 µg/ml, 97.71±0.43% and 

67.56±0.59% (P < 0.05) have been inhibited respectively by EtOAc and But obtained from 

the methanolic extract (Fig. 17B); followed by Chl and Aq with 34.32±1.35% and 

28.23±0.79% (P < 0.05), respectively. A similar trend was observed with the ethanolic extract 

fractions (Fig. 17C), where EtOAc and But had the highest percentages at 94.70±1.66% and 

84.08±2.17% (P < 0.05), respectively; followed by Chl and Aq (P < 0.05). However, the 

EtOAc, But, and Aq fractions of the acetonic extract (Fig. 17D), had the highest percentages. 

The Chl fraction, on the other hand, had the lowest scavenging activity against the free radical 

ABTS
•+

. 

The IC50 values recorded for the essential oil, extracts and their fractions were 

presented in Figure 18. The essential oil exhibited an IC50 value of 305.93±35.08 mg/ml (P < 

0.05). According to solvent nature, the capacity of the extracts to scavenge the free radical 

ABTS
•+

 didn't show significant difference, with IC50 values of 158.4±8.57 µg/ml, 

160.90±8.02 µg/ml and 147.46±3.91 µg/ml (P > 0.05) for the methanolic, ethanolic and 

acetonic, respectively (Fig. 18A). 
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Figure 17. ABTS
•+

 percentage inhibition of the standards and C. atlantica essential oil, extracts and fractions. 
 
A: Acetone, E: Ethanol, M: Methanol, EO: Essential oil, Chl: Chloroform, EtOAc: Ethyl acetate, But: n-Butanol, Aq: Aqueous. *[EO] in mg/mL. Values were expressed as 

mean ± SD (n=3). 
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Figure 18. ABTS
•+

 IC50 values of the standards and C. atlantica extracts and fractions. 
 
A: Acetone, E: Ethanol, M: Methanol, Chl: Chloroform, EtOAc: Ethyl acetate, But: n-Butanol, Aq: 

Aqueous..Values were expressed as mean ± SD (n=3). For each graph, values followed by different letter were 

significantly different (P ˂ 0.05). 
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Among the methanolic extract fractions (Fig. 18B), EtOAc had the highest activity 

with an IC50 value of 45.34±1.53 µg/ml (P < 0.05); followed by But with an IC50 value of 

113.53±10.17 µg/ml (P < 0.05); then Chl and Aq with IC50 values of 263.03±26.12 µg/ml and 

232.03±27.97 µg/ml (P > 0.05), respectively. A similar trend was observed with the ethanolic 

extract fractions (Fig. 18C), where, EtOAc exhibited the highest antioxidant ability with an 

IC50 value of 44.18±3.03 µg/ml (P < 0.05); followed by But with an IC50 value of 53.00±1.68 

µg/ml (P < 0.05); then Chl and Aq with IC50 values of 272.36±20.02 and 277.8±22.17 µg/ml 

(P > 0.05), respectively. On the other hand, for the acetonic extract fractions (Fig. 18D), the 

Aq fraction had the highest antioxidant capacity, with an IC50 value of 30.53±0.37 µg/ml (P < 

0.05), which was close to values recorded for the standards BHA and Vit C, which were 

30.23±0.54 µg/ml and 24.92±1.32 µg/ml (P < 0.05), respectively. The IC50 values for EtOAc, 

But, and Chl were 45.34±1.53 µg/ml, 56.93±2.21 µg/ml and 323.36±67.91 µg/ml (P < 0.05), 

respectively. 

 

III.2.1.3.     Ferric reducing antioxidant power  

The FRAP test is an electron transfer based-assay. The pH was kept at 3.6 in order to 

increase iron solubility and allow for important drive electron transfer (Berdahl and 

McKeague 2015). The essential oil had a ferric reducing power value of 41.32±0.21 mg Eq 

Vit C/g sample (P < 0.05).  There were significant differences (P < 0.05) based on the nature 

of the solvent (Fig. 19A). The acetonic and ethanolic extracts had the highest reducing 

capacity with 388.80±9.09 mg Eq Vit C/g extract, and 368.80±11.11 mg Eq Vit C/g extract, 

followed by the methanolic extract with 325.95±5.05 mg Eq Vit C/g extract (P < 0.05). The 

FRAP value of the cones' hydro-methanolic extract was 24.19±0.45 mg Eq AA/g dw 

(Hofmann et al. 2020). 

Among the fractions, EtOAc fractionated from the methanolic extract (Fig. 19B), 

showed the best ferric reducing antioxidant power with 692.38±37.96 mg Eq Vit C/g fraction 

(P < 0.05); followed by But, Chl and Aq with 459.52±17.04 mg Eq Vit C/g fraction, 

190.71±10.54 mg Eq Vit C/g fraction and 142.14±1.51 mg Eq Vit C/g fraction (P < 0.05), 

respectively. Similarly, EtOAc fraction obtained from the ethanolic extract had the highest 

FRAP value of 632.85±16.74 mg Eq Vit C/g fraction (P < 0.05); followed by But, Chl and 

Aq, which had 518.09±38.67 mg Eq Vit C/g fraction, 198.45±13.47 mg Eq Vit C/g fraction 

and 77.26±6.48 mg Eq Vit C/g fraction (P < 0.05), respectively (Fig. 19C).  
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Figure 19. FRAP values of C. atlantica essential oil, extracts and fractions. 
 
A: Acetone, E: Ethanol, M: Methanol, EO: Essential oil, Chl: Chloroform, EtOAc: Ethyl acetate, But: n-Butanol, 

Aq: Aqueous. For each graph, values followed by the same letter were not significantly different (P˂0.05). 

Values were expressed as mean ± SD (n=3). 
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However, But and EtOAc fractions partitioned from the acetonic extract (Fig. 19D), 

showed the highest ferric reducing antioxidant capacity with 633.80±5.19 mg Eq Vit C/g 

fraction and 629.52±3.17 mg Eq Vit C/g fraction (P > 0.05), respectively; followed by Aq 

with 539.52±6.78 mg Eq Vit C/g fraction (P < 0.05); and Chl with 144.95±17.44 mg Eq Vit 

C/g fraction (P < 0.05). 

 

III.2.1.4.     Correlation between phenolic compounds contents and antioxidant 

activity 

The antioxidant activity results obtained using various methods demonstrated a strong 

positive correlation with coefficient of determination values (R
2
) of 0.915, 0.927 and 0.875 

between ABTS-FRAP, DPPH-ABTS and DPPH-FRAP, respectively (Table XXI). These 

findings demonstrated that C. atlantica is a good source of potent antioxidant components. 

TPC and TC levels were found to have a strong correlation with antioxidant activity (DPPH, 

ABTS and FRAP). FC, on the other hand, had a weak correlation with the three antioxidant 

assays. As a result, it could be suggested that the antioxidant capacity was mainly attributed to 

polyphenols, especially to condensed tannins and to a lesser extent to flavonoids. 

 

Table XXI: Correlation matrix between phenolic compounds contents (TPC, FC, and CTC) 

and antioxidant activity (DPPH, ABTS, and FRAP). 

  

TPC 

 

 

FC 

 

CTC 

 

DPPH 

 

ABTS 

 

FRAP 

TPC 1 - - - - - 

FC 0.248 1 - - - - 

CTC 0.948 0.206 1 - - - 

DPPH 0.855 0.173 0.883 1 - - 

ABTS 0.942 0.180 0.922 0.927 1 - 

FRAP 0.969 0.346 0.950 0.875 0.915 1 

 

Coefficients of determination (R2  values)  
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III.2.2. Antibacterial activity evaluation 

The preliminary in vitro antibacterial activity results of the methanolic extract and 

fractions against six bacterial strains using the agar disc diffusion method are shown in Table 

XXII. The antibacterial susceptibilities of the tested bacterial strains to the various fractions 

and the methanolic extract differed. The crude extract had little activity against the Gram-

positive bacterial strains Staphylococcus aureus ATCC 25923 and Listeria innocua. Gram 

negative strains, on the other hand, were resistant. However, S. aureus was found to be the 

most sensitive strain, with a zone of inhibition diameter of 25 mm measured for the EtOAc 

fraction at 60 mg/mL (Fig. 20). Likewise, at 60 mg/mL, EtOAc fraction inhibited the growth 

of Escherichia coli ATCC 25921, Listeria innocua, and Bacillus cereus ATCC 11778 with 

inhibition zone diameters of 19 mm, 12 mm, and 10 mm, respectively.  The But  fraction, 

however, demonstrated antibacterial activity against S. aureus ATCC 25923, B. cereus ATCC 

11778, and E. coli ATCC 25921, with inhibition zone diameters of 19 mm, 13.5 mm, and 14 

mm, respectively, at 60 mg/ml. The antibacterial activity of the aq fraction was the lowest 

against S. aureus ATCC 25923 and E. coli ATCC 25921. The Chl fraction, on the other hand, 

had no effect on the six bacterial strains. 

 

Table XXII: Antibacterial effect of the C. atlantica methanolic extract and its fractions 

against the tested bacteria.  

 

 

Samples 

          

 

 

 

Concentration 

(mg/mL) 

 

Inhibition zone diameter (mm) 

 

Gram positive  Gram negative 

S. aureus B. cereus L. innocua   E. coli  K. pneumoniae P. aeruginosa 

M 60 13     7 11,5  6         7         6 

30 9,5 6 10 6 6 6 

15 7,5 6 9 6 6 6 

7.5 6 6 6 6 6 6 

3.75 6 6 6 6 6 6 

 

Chl 

 

60 6 6 6 6 6 6 

30 6 6 6 6 6 6 

15 6 6 6 6 6 6 
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7.5 6 6 6 6 6 6 

3.75  6 6 6 6 6 6 

EtOAc 

 

60 25 10 12 19 9 9 

30 16 9 8 16 6,5 7,5 

15 12 7 6 13,5 6 6 

7.5 10 6 6 8 6 6 

3.75  8 6 6 6 6 6 

But 

 

60 19 13,5 6 14         9 6 

30 12 12 6 11 8 6 

15 10 9,5 6 9,5 7 6 

7.5 8 7 6 7,5  6 6 

3.75 6 6 6 6  6 6 

Aq 60 11,5 8 8 10 6 6 

30 8 6 6 8 6 6 

15 6 6 6 8   6  6 

7.5 6 6 6  6   6 6 

3.75 6 6 6  6   6  6 

 

M: Methanol; Chl: Chloroform; EtOAc: Ethyl acetate ; But: n-Butanol; Aq: Aqueous. 

 

 



84 
 

 

Figure 20. Effect of the methanolic fractions at different concentrations on S. aureus: A) Chl, 

B) EtOAc, C) But, and D) Aq. 

 
DMSO was used as negative control (Central disc). 

Chl: Chloroform; EtOAc: Ethyl acetate; But: n-Butanol; Aq: Aqueous. 
 

As a result, the broth microdilution assay for MIC and MBC determination of the 

methanolic fractions (EtOAc, But, and Aq) was performed on three bacterial strains: S. aureus 

ATCC 25923, B. cereus ATCC 11778, and E. coli ATCC 25921. The results of the in vitro 

antibacterial activity of the essential oil and the methanolic extract fractions (EtOAc, But, and 

Aq) against the three bacterial strains, as determined by the broth microdilution method, were 

shown in Table XXIII. 

 



85 
 

Table XXIII: Minimum inhibitory and bactericidal concentrations of the various plant 

samples and gentamicin against the tested bacteria. 

Samples 

 

S. aureus 

 

 

B. cereus 

 

 

E. coli 

 

MIC  

 

MBC 

 

MIC MBC MIC MBC 

 

EtOAc 

 

 

62.5
a
 

 

125
a
 

 

125
a
 

 

250
a
 

 

250
a
 

 

1000
a
 

But 

 

62.5
a
 125

a
 250

a
 125

a
 250

a
 1000

a
 

Aq 

 

500
a
 1000

a
 1000

a
 2000

a
 1000

a
 2000

a
 

EO 

 

0.25
b
 0.5

b
 0.25

b
 0.5

b
 0.5

b
 1

b
 

G 

 

6.25
a
 6.25

a
 6.25

a
 12.5

a
 12.5

a
 25

a
 

EtOAc: Ethyl acetate, But: n-Butanol, Aq: Aqueous, EO: Essential oil, G: Gentamicin 
a Values in µg/ml 
b Values in % (v/v) 

n=3 

 

The antibiotic gentamicin was effective against all strains. The essential oil had an 

antibacterial effect against all Gram positive and Gram negative bacteria tested, with MIC 

values of 0.25 and 0.5 percent (v/v) and MBC values of 0.5 and 1 percent (v/v), respectively. 

It seems reasonable to assume that this activity is attributable to monoterpene hydrocarbons, 

mainly α-pinene, found as major components in the analyzed oil. Minor components, on the 

other hand, may have some type of synergism with the active compounds (Marino et al. 2001; 

Rahman et al. 2011). There have been no reports in the literature on the antibacterial activity 

of cones-derived essential oil from Cedrus atlantica. However, some antimicrobial studies on 

C. atlantica essential oil derived from wood (Aberchane et al. 2003; Hammer et al. 1999; 

Zrira and Ghanmi 2016) and leaves (Derwich et al. 2010) have been conducted. To some 

extent, these findings were in agreement with the previous study performed by Derwich et al. 

(2010) on essential oil extracted from C. atlantica leaves grown in Morocco, finding that the 

main component was α-pinene. Similarly, several studies of essential oils rich in α-pinene 

revealed potential antibacterial activities (Magiatis et al. 1999, Dorman and Deans 2000, 

Derwich et al. 2010). Terpenes have been shown to attack cell membranes and cause toxicity 
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via chemiosmosis control dysfunction (Cox et al. 2001; Inoue et al. 2004; Rao et al. 2010). 

Furthermore, according to Bouyahya et al. (2017), the essential oil may modulate operon 

expression by inhibiting the mediators of self-inducers, as well as acting on the cell 

membrane, disrupting the cell's energy status, metabolic regulation, membrane-coupled 

energy transduction process and solute transport. 

The MIC and MBC values of the tested fractions (EtOAc, But, and Aq) obtained from 

the methanolic extract, on the other hand, ranged from 31.25 µg/ml to 1000 µg/ml and 62.5 

µg/ml to 2000 µg/ml, respectively. The broth microdilution assay yielded much lower active 

concentrations than the agar disc-diffusion testing. This could be because the substances 

should diffuse in the agar medium based on their physicochemical properties, in order to 

create a concentration gradient around the disc (Jorgensen and Turnidge 2015). According to 

our findings, the most active fractions were EtOAc and But, which had nearly identical 

activities. Our preliminary research revealed that the most apolar fraction isolated with 

chloroform had no antibacterial effect (Table XXII). This indicates that the most potent 

antibacterial agents were found in fractions obtained using intermediate polarity solvents. 

These fractions contained a high concentration of polyphenols (mainly tannins). This suggests 

that polyphenols, especially tannins, may be responsible for this activity. These 

phytochemical compounds from various plant sources were well known for their effective 

antimicrobial activities  (Mendez et al. 2012). Scalbert (1991) reported several antimicrobial 

mechanisms of tannins, including: [1] enzyme inhibition and substrate deprivation due to their 

astringent character and chemical structure; [2] action on membranes via oxidative 

phosphorylation and electron transport system inhibition; and [3] metal ion deprivation via 

tannins-metal precipitates. To the best of our knowledge, no research on the antibacterial 

activity of C. atlantica branch extracts has been published. However, many studies on the 

antimicrobial potential of extracts from other Cedrus species, especially C. libani (Dığrak et 

al. 1999; Kizil et al. 2002; Loizzo et al. 2008) and C. deodara (Wu et al. 2016; Y. Wu et al. 

2018c; Zeng et al. 2012a) have been conducted. 

 

III.2.3. Cytotoxicity and MTT assays 

In this study, the MTT assay of C. atlantica cones essential oil and branch methanolic 

extract fractions was performed on breast cancer cell lines MCF-7. Figure 21 and 22 show 

the MTT assay results of doxorubicin on MCF-7, used as positive control.  
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Figure 21. Images of MCF-7 cells (x10) treated with (A) Blank; (B) Doxorubicin 6 µM; (C) 

Doxorubicin 25 µM; and (D) Doxorubicin 100 µM. 

 

The cytotoxic activity results (Cell viability percentage) of the essential oil and 

methanolic extract fractions against MCF-7 breast cancer cell lines were prensented in Figure 

22. According to the MTT assay results, cancer cell lines were sensitive to doxorubicin with 

an IC50 value of 0.59±0.05 µg/ml. Fang et al. (2014) reported similar results with an IC50 

value of 0.68±0.04 µg/ml. 
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Figure 22. Cytotoxic effect on MCF-7 and fibroblasts treated with (A) EtOAc; (B) But; (C) Aq; and (D) EO (Cell viability percentage).  

 
Doxorubicin was tested on MCF-7 as positive control. EtOAc: Ethyl acetate, But: n-Butanol; Aq: Aqueous, EO: Essential oil.  The data represent experiments conducted in 

triplicate 



89 
 

According to our findings, there was no significant cytotoxic activity on MCF-7 cell 

lines treated with methanolic extract fractions EtOAc, But, and Aq within the tested 

concentration range (Figure 22A, B, and C and Figure 23). Comparably, similar results were 

obtained using fibroblast cell lines as normal cells. These findings revealed that C. atlantica 

fractions isolated from the methanolic extract of branches were inefficient against MCF-7 

breast cancer cell lines and were not toxic to normal cells. 

 

 

Figure 23. Images of MCF-7 cells (x40) treated with (A) Blank; (B) EtOAc (100 µg/mL); (C) 

But (100 µg/mL); and (D) Aq (100 µg/mL). 

 

According to our thorough search, no studies on the cytotoxic effects of C. atlantica 

extracts against MCF-7 cells have been published. However, Barrero et al. (2005) 

demonstrated that the hexane extracts from C. atlantica cones had IC50 values greater than 5 

µg/mL against a panel of cancer cell lines; A-549 (human lung carcinoma), H- 116 (human 
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colon carcinoma), PSN1 (human pancreatic adenocarcinoma), T98G (human caucasian 

gioblastoma), and SKBR3 (human breast carcinoma). 

On the other hand, an IC50 value of 143.13±14.6 µg/ml was obtained with tested EO 

(Figure 22D and Figure 24); meanwhile, demonstrated cytotoxicity against fibroblasts 

normal cells with an IC50 value of 138.3±7.52 µg/ml.  

 

 

Figure 24. Images of MCF-7 cells (x40) treated with C. atlantica essential oil at (A) 50 

µg/ml; (B) 100 µg/ml; (C) 200 µg/ml; and (D) 400 µg/ml. 

 

There was no scientific proof of anticancer activity of C. atlantica essential oils 

against MCF-7 breast cancer cell lines in the literature. However, the in vitro evaluation of the 

anti-proliferative activity of wood essential oils from C. atlantica against K562 human 

chronic myelogenous leukaemia cells revealed an IC50 value of 59.37 ± 2.6 µg/ml (Saab al. 

2012b). Several studies on the evaluation of the cytotoxic effect of extracts from other Cedrus 
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species have been published (Shashi et al. 2006, Singh et al. 2007, Saxena et al. 2010, Saab et 

al. 2012a).   

 

III.3. Acute toxicity study 

The acute toxicity evaluation was carried out in accordance with OECD guidelines, 

with the number of animals kept to a minimum. Nine female wistar mice were used in the 

experiments. Indeed, according to the OECD Guidance document on acute oral toxicity, 

traditional tests reported in the literature on the determination of the LD50 revealed few 

differences between sexes, and when they did occur, females were generally more sensitive 

(OECD 2001).  

 

III.3.1.      Signs of toxicity observation 

The toxicity signs displayed by the mice were listed in Table XXIV. Hair 

straightening and drowsiness were observed in all animals within the first 4 hours of 

administration of the crude extract. Furthermore, all except one of the animals displayed 

hypo-activity. However, only one or two mice were anorexic and isolated. In addition to the 

aforementioned symptoms, one animal displayed tachycardia, loss of appetite, weakness, and 

laboured breathing, and died after 24 hours. During the two weeks following the day of 

dosing, all remaining mice displayed normal behaviour, with no signs of toxicity. However, 

all survived animals gained body weight, with gains of (0.9 g to 1.4 g) and (1.2 g to 2.1 g) 

after week one and week two, respectively. 

 

III.3.2.     Determination of the median lethal dose (LD50) 

The experiment started with three mice being given a dose of 2000 mg/kg every 48 

hours. The three mice all survived and showed no signs of toxicity. Therefore, the experiment 

was repeated on three additional animals using the same dose. As a result, only one of the 

three treated mice died after 24 hours, while the other two showed no signs of death. After 

that, one mouse was given a dose of 5000 mg/Kg and survived. Then, two more mice were 

given the same dose and survived as well. As a result, the LD50 was evaluated to be greater 

than 5000 mg/kg (OECD 2001). According to Viau and Tardif (2003), the crude extract of C. 

atlantica obtained from branches is either little toxic or non-toxic. 
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Table XXIV: Toxicity symptoms observed in the animals following administration of the 

crude extract. 

 
 

 

 

Dose 

(mg/Kg) 

 

Toxicity signs 

 

Animal 4 h One week Two weeks 

 

1 

 

2000 

 

Hair straightening, drowsiness and 

hypo-activity. 

 

 

Normal 

 

Normal 

2 2000 Hair straightening, drowsiness and 

hypo-activity. 

Normal Normal 

3 2000 Hair straightening and drowsiness. Normal Normal 

4 2000 Hair straightening, drowsiness and 

hypo-activity. 

 

Normal Normal 

5 2000 Hair straightening, drowsiness and 

hypo-activity. 

 

Normal Normal 

6 2000 Hair straightening, drowsiness, 

hypo-activity, tachycardia, loss of 

appetite, weakness and laboured 

breathing. 

Died after 

24 h 

     - 

7 5000 Hair straightening, drowsiness, 

hypo-activity, anorexia and 

isolation. 

Normal Normal 

8 5000 Hair straightening, drowsiness, 

hypo-activity and isolation. 

Normal Normal 

9 5000 Hair straightening, drowsiness, 

hypo-activity and isolation. 

Normal Normal 
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III.4. Effect of ultrasonic power 

Several studies have been conducted to improve the extraction yield by using 

ultrasound waves (Al-Juhaimi et al. 2016; Liao et al. 2015; Yin et al. 2016). In this work, the 

physicochemical properties of the methanolic extract were evaluated after application of the 

ultrasonic power.  The effect of acoustic waves on the viscosity of the extract is exhibited in 

Figure 25A. The viscosity parameter was significantly influenced by ultrasonic power. In 

fact, after US exposure at 42 KHz frequency, for 10 min and 20 min, the viscotity was 

decreased from 97.66 ± 2.51 cP to 67.70 ± 3.56 cP and 57.43 ± 3.09 cP (P < 0.05), 

respectively. However, increasing sonication time to 30 min resulted in no further significant 

difference (P > 0.05). Venegas-Sanchez et al. (2013) demonstrated that US exposure at 43 

KHz for 5 min significantly reduced the viscosity of aqueous polymer solutions and came to 

the conclusion that exposure to the US influenced hydrogen-bond interactions between the 

polymer's OH groups and water molecules in the aqueous medium. 

The effect of US exposure at different sonication durations on solubility was shown in 

Figure 25B. The solubility was significantly influenced by ultrasonic waves. In fact, after US 

application at 42 KHz for 10 min and 20 min, the solubility level was significantly increased 

from 0.126 ± 0.008 g/mL to 0.164 ± 0.009 g/mL and 0.189 ± 0.001 g/mL (P < 0.05), 

respectively. However, increasing US exposure to 30 min produced no further significant 

effect. This increase could be attributed in part to a decrease in particle size diameter, which 

results in an increase in specific surface area (Belkacem et al. 2015); as well as the ability of 

US to control the polymorphism (Hatakka et al. 2010).  

The effect of ultrasonic waves on the DPPH
•
 scavenging activity was exhibited in 

Figure 25C. In terms of DPPH
•
 percentage inhibition, the application of power ultrasound on 

the C. atlantica extract at different sonication durations had no effect on its constituents' 

ability to scavenge the free radical DPPH
•
. Similarly, after 10 min and 20 min of sonication, 

the recorded IC50 values showed no significant differences (Figure. 25D). However, US 

exposure of 30 min resulted in a statistically significant but still negligible decrease. These 

findings suggested that the chemical structure of C. atlantica methanolic extract components 

would be unaffected by US power. 
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Figure 25. Effect of power ultrasound at various sonication times on: A) Viscosity; B) 

solubility; C) DPPH
•
 scavenging percentage; and D) DPPH

•
 IC50.  

M: Methanol, US: Ultrasound.  For each graph, values followed by different letter were significantly different 

(P˂0.05). 
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It can be concluded that the use of ultrasonic power provides a non-destructive 

technique that could be used to improve the extraction yield and enhance the physicochemical 

properties of the extracts, in particular the solubility, which is an important parameter in 

several experimental tests especially those that require the administration of extracts orally, 

such as in vivo studies. 
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Conclusion 

The chemical composition, antioxidant, antibacterial, and cytotoxic activities of 

essential oils extracted from Cedrus atlantica cones and various branch extracts were 

evaluated. In addition, the crude methanolic extract was investigated for its acute toxicity and 

the effect of ultrasound on its physico-chemical properties. 

Six compounds were identified in the cones' essential oil, with alpha-pinene being the 

most abundant monoterpene hydrocarbon component, followed by sabinene, β-phellandrene, 

β-pinene, and β-farnesene. The essential oil also contained a trace of bornyl acetate with a 

miscellaneous structure. The extracts and fractions from branches, on the other hand, were 

found to be rich in polyphenols, particularly tannins. 

The antioxidant activity results obtained using different methods (DPPH, ABTS and 

FRAP) showed strong positive correlation with TPC and TC values. These findings 

demonstrated that C. atlantica is a good source of potent antioxidant components. It could be 

suggested that the antioxidant capacity was mainly attributed to polyphenols, precisely to 

tannins and to a lesser extent to flavonoids.  

The essential oil and fractions (EtOAc, But, and Aq) of C. atlantica had antibacterial 

activity against Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 11778, and 

Escherichia coli ATCC 25921, with MIC values ranging from 0.25 percent (v/v) to 0.5 

percent (v/v) and from 31.25 µg/ml to 1000 µg/ml, respectively. Bactericidal activity was also 

recorded for the essential oil and fractions with MBC values ranging from 0.5 percent (v/v) to 

1 percent (v/v) and from 62.5 µg/ml to 2000 µg/ml, respectively. 

C. atlantica essential oil demonstrated cytotoxic activity against MCF-7 breast cancer 

cell lines with an IC50 value of 143.13±14.6 µg/ml, as well as cytotoxic activity against 

normal fibroblasts with an IC50 value of 138.3±7.52 µg/ml. On the other hand, the fractions 

partitioned from the crude methanolic extract had no significant cytotoxic effect on either 

cancer or normal cells.  

The acute toxicity study conducted in accordance with the OECD recommendations 

with a starting dose of 2000 mg/Kg  revealed that the C. atlantica methanolic extract obtained 

from branches is either little toxic or non-toxic. 
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The use of ultrasonic power on the C. atlantica methanolic extracts, using an 

ultrasonicator water bath, in the objective to improve their physicochemical properties, 

demonstrated that the viscosity was reduced, the solubility increased and the DPPH
• 

scavenging capacity conserved. However, it is worth investigating this non-destructive 

method on other natural extracts as well as on purified phytochemical compounds intended 

for oral administration as food supplements or phytomedicines, such as, resveratrol and 

quercetine. 

Therefore, it was revealed that C. atlantica can be a good source of potent antioxidant 

and antimicrobial agents or serve as leading compounds. Furthermore, Cedrus by-products, 

particularly in cedarwood-producing countries, could be valorized, especially in the extraction 

and use of essential oils in traditional applications. However, the isolation and elucidation of 

the chemical structures of the pure components are essential to evaluate their in vitro and in 

vivo pharmacological effects. This might be a first step in a long process to develop new 

chemical entities with therapeutic potential.  
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Abstract 

In the present study, chemical composition, antioxidant, antibacterial and cytotoxic activities of samples from Cedrus atlantica cones and 

branches were evaluated. The essential oils derived from the cones were analysed by gas chromatography/mass spectrometry (GC/MS). 

Furthermore, ultrasound power has been applied in the objective to enhance the physicochemical properties of the extracts. Ferric reducing 

antioxidant power (FRAP) and free radical scavenging assays (DPPH and ABTS) were conducted to measure the antioxidant activity. The 

minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) were recorded using three Gram-positive and 

negative bacteria. The cytotoxic activity of extracts and essential oil was assessed on MCF-7 breast cancer cell line using MTT assay. 

GC/MS revealed that the major compound of the essential oil was α-pinene. The extracts and fractions from branches were found rich in 

polyphenols mainly tannins. Ethyl acetate fraction exhibited the best antioxidant activity. Staphylococcus aureus was found the most 

susceptible strain. Essential oil and tested fractions have not demonstrated interesting effects against MCF-7 cell lines. The acute toxicity 

study showed that the crude extract is little toxic or not toxic. Finally, ultrasound power application reduced the extract viscosity, increased 

the solubily and conserved the antiaxidant capacity. In conclusion, C. atlantica’s samples showed antioxidant, antibacterial, and anticancer 

activities. Thereby, the ethnobotanical use of C. atlantica in traditional preparations is worth investigating as the plant appears to be a 

potential source of interesting metabolites. 

Keywords: Cedrus atlantica, chemical composition, antioxidant, antibacterial, cytotoxic. 

 

 

Résumé 

Dans la présente étude, la composition chimique, les activités antioxydantes, antibactériennes et cytotoxiques d'échantillons de cônes et de 

branches de Cedrus atlantica ont été évaluées. Les huiles essentielles (HE) dérivées des cônes ont été analysées par chromatographie en 

phase gazeuse / spectrométrie de masse (GC / MS). En outre, l’ultrasonication a été appliquée dans l'objectif d'améliorer les propriétés 

physico-chimiques des extraits. Le pouvoir réducteur ferrique (FRAP) et les essais de piégeage des radicaux libres (DPPH et ABTS) ont été 

réalisés pour mesurer l'activité antioxydante. La concentration minimale inhibitrice (CMI) et la concentration bactéricide minimale (MBC) 

ont été enregistrées sur trois bactéries Gram-positives et négatives. L'activité cytotoxique des extraits et de l'HE a été évaluée sur la lignée 

cellulaire de cancer du sein MCF-7 en utilisant le test MTT. La GC / MS a révélé que le composé principal de l'HE était l'α-pinène. Les 

extraits et fractions de branches se sont révélés riches en polyphénols principalement en tanins. La fraction d'acétate d'éthyle a présenté la 

meilleure activité antioxydante. Staphylococcus aureus a été trouvé la souche la plus sensible. L'HE et les fractions testées n'ont pas 

démontré d'effets intéressants contre les lignées cellulaires MCF-7. L'étude de toxicité aiguë a montré que l'extrait brut est peu ou pas 

toxique. Enfin, l'application des ultrasons a fait diminuer la viscosité de l’extrait, augmenter la solubilité et préserver son pouvoir 

antioxydant. En conclusion, les échantillons de C. atlantica ont montré des activités antioxydantes, antibactériennes et anticancéreuses. 

Ainsi, l'utilisation ethnobotanique de C. atlantica dans les préparations traditionnelles est intéressante d'être étudiée car la plante semble être 

une source potentielle de métabolites intéressants. 

Mots clés: Cedrus atlantica, composition chimique, antioxydant, antibactériien, cytotoxique.  

 

 

 

 انًهخص

 انضٌىث ححهٍم وحى ،  الأطهسً الأسص يسخخهصاث يٍ نعٍُاث نهخلاٌا وانسًٍت نهبكخٍشٌا انًضادة والأَشطت ، الأكسذة ويضاداث ، انكًٍٍائً انخشكٍب حمٍٍى حى ، انذساست هزِ فً 

 وانكًٍٍائٍت انفٍضٌائٍت انخصائص حعضٌض بهذف انصىحٍت فىق انًىجاث لىة حطبٍك حى ، رنك عهى علاوة. انكخهت يطٍاف / انغاص كشوياحىجشافٍا بىاسطت الألًاع يٍ انًشخمت  الأساسٍت

 يبٍذ حشكٍض وأدَى يثبظ حشكٍض أدَى حسجٍم حى. الأكسذة يضاداث َشاط نمٍاط انحشة انًؤكسذاث إصانت واخخباساث انحذٌذٌك نلأكسذة انًضادة انمذسة اخخباساث إجشاء حى. نهًسخخهصاث

 عهى انعثىس حى  . انثذي سشطاٌ خلاٌا عهى الأساسٍت وانضٌىث نهًسخخهصاث نهخلاٌا انساو انُشاط حمٍٍى حى. انجشاو وسانبت يىجبت انبكخٍشٌا يٍ أَىاع ثلاثت باسخخذاو نهجشاثٍى

 الأساسً انضٌج ٌظُهش نى. حساسٍت انسلالاث أكثش انًىجبت انبكخٍشٌا أٌ عهى انكشف حى. نلأكسذة يضاد َشاط أفضم الإٌثٍم خلاث أظهش .بانبىنٍفٍُىل غٍُت انًسخخهصاث

 لىة اسخخذاو لهم أخٍشًا،. ساو غٍش أو انسًٍت لهٍم انخاو انًسخخهص أٌ انحادة انسًٍت دساست أظهشث. انثذي سشطاٌ خلاٌا ضذ نلاهخًاو يثٍشة حأثٍشاث انًخخبشة وانًسخخهصاث

 ويضادًا نلأكسذة يضادًا َشاطاً الأطهسً الأسص عٍُاث أظهشث ، انخخاو فً. الأكسذة يضاداث لذسة عهى وحافع انزوباٌ يٍ وصاد انًسخخهص، نضوجت يٍ انصىحٍت فىق انًىجاث

نلاهخًاو نهًشكباث انًثٍشة يحخًم يصذس انُباث أٌ ٌبذو حٍث انخحمٍك ٌسخحك انخمهٍذٌت انًسخحضشاث فً الأطهسً الأسص اسخخذاو فئٌ وبانخانً،. نهسشطاٌ ويضادًا نهبكخٍشٌا .. 

 انكهًاث انًفخاحٍت :   انخشكٍب انكًٍٍائً ، يضاداث الأكسذة ، يضاد نهجشاثٍى ، ساو نهخلاٌا


