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Abstract  

Ethnopharmacological relevance: Pistacia atlantica (wild pistachio) belongs to the 

Anacardiaceae family, and growing from the Mediterranean basin to central Asia, especially in 

Iran, Turkey, Iraq and Saudi Arabia where it is extensively used in traditional medicine for a 

wide range of ailments related to relieving upper abdominal discomfort and pain, dyspepsia and 

peptic ulcer. 

Objective: Despite the diverse biological activities of P. atlantica, there is no current review 

summarizing medicinal properties of its subspecies, including cabulica, kurdica and mutica. 

Thus, this paper aims to explore the current understanding of the chemical, pharmacological, 

and biochemical properties of the extracts and the main active constituents found in each 

subspecies of this plant. 

Methods: Peer-reviewed articles, using “Pistacia atlantica ” as search term (″all fields″), were 

retrieved from Scifinder, Pubmed, Science direct, Wiley, Springer, ACS, Scielo, Web of 

Science and other web search instruments (Google Scholar, Yahoo search). Papers published 

until July 2020 are considered. In addition, various books were consulted that contained 

botanical and ethnopharmacological information. The information provided in this review is 

based on peer-reviewed papers in English and French.  

Results: Phytochemical studies have shown the presence of numerous valuable compounds, 

including volatile compounds, flavonoids, phenolic compounds, fatty acids, tocopherols and 

phytosterols. P. atlantica contains also minerals and trace elements, like iron, lead, copper, 

http://homepages.vub.ac.be/~joviaene
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potassium, sodium and calcium; fatty acids, like oleic, linoleic, and palmitic acid; fat-soluble 

vitamins, such as , ,  and  tocopherols; phytosterols, like betasitosterol, stigmasterol, 

campesterol and ∆5-avenasterol. Crude extracts and isolated compounds from P. atlantica show 

a wide range of pharmacological properties, such as antimicrobial,  antifungal, anti-

inflammatory, analgesic, antinociceptive, wound healing, anticancer, cytotoxic, 

anticholinesterase, antidiabetic, hepatoprotective, urease  inhibition, antihypertension, nipple 

fissure healing, antileishmanial and antiplasmodial activities. However, there are no reports 

summarizing the P. atlantica bioactivity, its therapeutic value, and the roles played by each of 

the numerous phytoconstituents. 

Conclusion: Many traditional uses of P.atlantica and its subspecies have now been confirmed 

by pharmacologic research. Systematic phytochemical investigation of the P. atlantica  

subspecies  and the pharmacological properties, especially the mechanisms of action and 

toxicology, to illustrate their ethnomedicinal use, to explore the therapeutic potential and 

support further health-care product development, will undoubtedly be the focus of further 

research. Therefore, detailed and extensive studies and clinical evaluation of P. atlantica  

subspecies should be carried out in future for the safety approval of therapeutic applications. 

 

Keywords: Pistacia atlantica, medicinal plant, traditional use, phytochemistry, pharmacology 
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1. Introduction 

In recent years, ethnobotanical studies performed in several countries indicated that Pistacia 

species play a vital role in the nutrition and agricultural economy of many communities, living 

in arid and semi-arid regions (Rauf et al., 2017). The genus Pistacia belongs to the 

Anacardiaceae cosmopolitan family in the Sapindales order, that comprises about 70 genera 

and over 600 species (Mitchell and Mori, 1987). Zohary (1952) recognized 11 Pistacia species 

based on morphology and placed them in four sections: 1) Section Lenticella Zoh; P. mexicana 

HBK, P. texana Swingle; 2) Section Eu-Lentiscus Zoh;  P. lentiscus L.,  Poisson, P. saportae 

Burnat; 3) Section Butmela Zoh; P. atlantica Desf.; and 4) Section Eu-terebinthus; P. 

terebinthus L., P. palaestina Bois., P. khinjuk Stocks, P. vera L explaration., and P. chinensis 

Bge. Pistacia shows a wide disjunct distribution in the Northern Hemisphere, with about seven 

species in the Mediterranean region (Mediterranean Eurasia and the adjacent Africa), two or 

three species in eastern Asia, and one or two species in the southwestern USA and Mexico (Xie 

et al., 2014). Various species of this genus have folkloric uses with credible mention in diverse 

pharmacopeia (Rauf., 2017).  

Pistacia atlantica is one of the most widely distributed wild species of the genus. It occurs from 

the Canary Islands to Pamir Mountains (Zohary, 1952).  When a species covers a large area 

with different ecological conditions,  this may lead to intraspecific subdivisions, breeding 

subspecies, varieties, and ecotypes (El Zerey-Belaskri and Benhassaini. 2015). This is the case 

for the Atlas pistachio, Pistacia atlantica Desf. Four subspecies or varieties have been described 

for P. atlantica: cabulica, kurdica, mutica, and atlantica (El Zerey-Belaskri et al. 2018 ; 

Farhoosh et al. 2008 ).  

Only a couple of review articles were traced for the well-known genus Pistacia (Rauf et al. 

2017; Bozorgi et al. 2013; Mahjoub et al. 2018). They highlight in brief the reported secondary 

metabolites and biological activities of P. atlantica. Additionally, Bozorgi et al. (2013) 

described 10 compounds from different phytochemical groups, identified in Pistacia atlantica. 

Botanical description, common vernacular names, taxonomy and distribution, genetic diversity, 

economic importance, nutritional composition and toxicological reports as well as pre-clinical 

studies did not appear in earlier reviews. However, literature review showed that an immense 

amount of data, regarding the phytochemical composition and biological activities of extracts 

and bioactive principles of P. atlantica subspecies, is available. 

To our knowledge, no meticulous reviews are available regarding the traditional uses, the 

phytochemistry and the pharmacological studies of Pistacia atlantica subspecies. Hence, 

emphasis is made on the areas of the most recent interest and those which have not been reported 
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in previous reports. This review presents examples of traditional medicinal uses of Pistacia 

atlantica subspecies, and subsequently explores the current understanding of the chemical, 

pharmacological, and biochemical properties of the extracts and the main active constituents 

found in each subspecies of this plant. 

2. Methodology 

This review paper has been designed by compiling and consulting published papers about the 

medicinal uses as well as the scientific validation of P. atlantica and its subspecies. All 

information about this plant was obtained from journals, books and theses, and was collected 

via libraries or electronic databases, including PubMed, Elsevier, Google Web, Google Scholar, 

Yahoo search, Web of Science, and Springer. In the present review a language restriction was 

considered, i.e only texts in English and French were consulted. Search  on P. atlantica  was 

done using combinations of keywords, including: ‘Anacardiaceae,’ ‘P. atlantica subsp. 

atlantica’,  ‘P. atlantica subsp. kurdica’,’P. atlantica subsp. mutica’,’P. atlantica subsp. 

cabulica’, ‘Pharmacological activity’, ‘Chemistry,’ ‘Toxicity’ and ‘Clinical studies’. The Plant 

List (www.theplantlist.org) and Kew Royal Botanic Gardens (mpns.kew.org) were used to 

validate the scientific name of the plant. Reported chemical constituents from this plant were 

presented and the structural formulae drawn and verified from Chemspider and Pubchem. 

3. Comprehensive literature overview on P. atlantica 

3.1. Taxonomy and distribution 

Pistacia atlantica (wild pistachio) is one of the few tree species which still natively occurs in 

semi-arid and arid areas of North Africa, even into the Sahara (Monjauze, 1980). Because 

individual trees can achieve great size and age, it locally considered as fossil tree.  It regenerates 

and develops in the driest places where only few tree species can survive. As a thermophilous 

xerophyte, P. atlantica grows in dry stony or rocky hillsides, edges of field, roadsides, near the 

base of dry stone walls and other similar habitats (Tzakou et al., 2007).  

The species grows well on clay or silty soils, although it can thrive also on calcareous rocks 

where roots develop inside cracks. Hence, P. atlantica has a wide ecological plasticity as also 

shown by Belhadj et al. (2008) through leaf epidermis analysis.  

P. atlantica is found in association with Ziziphus lotus that constitutes a protection against 

animals and strong winds for the new seedlings. For all these reasons, P. atlantica is used in re-

planting projects in North Africa. 

Wild pistachio is considered to be an Irano-Turanian species with a large geographic range 

(Zohary, 1952). It exists in the Mediterranean region since the dry and cold climatic phases of 

the Miocene. The PlioPleistocene glaciations were propitious for Pistachio establishment in the 
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region. Although its range is more or less disjunct, P. atlantica is one of the most widely 

distributed wild species of the genus. It occurs from the Canary Islands to the Pamir mountains 

(Zohary, 1952). Over this large area and under different ecological conditions, P. atlantica 

populations adapt differently; the morphological characteristics of the species are very variable, 

leading to taxonomic confusion, mainly at the infraspecific level (http://www.theplantlist.org/). 

Until then, 3 subspecies are admitted (P. atlantica subsp. atlantica, P. atlantica subsp. cabulica, 

P. atlantica subsp. mutica) (Yaltirik, 1967a; 1967b; Al Yafi, 1979), while Rechinger (1969) 

and Al Yafi (1978) recognized P. atlantica subsp. kurdica (already described by Zohary (1952) 

as a subspecies. This taxon is considered by Yaltirik (1967a; 1967b) and Al Yafi (1979) as a 

distinct species.  

Pistacia atlantica subsp. cabulica mostly grows in regions with less altitude, but it is found 

until 2500 m. It is distributed in regions which have less than 100 mm rain yearly, and is spread 

to the regions until 200 mm. This subspecies is the most resistant to the lack of water (Behboodi, 

2005). This subspecies is found in Afghanistan, Pakistan, and Iran (Rechinger, 1969; Behboodi, 

2004). 

Pistacia atlantica subsp. mutica occurs at high altitude, between 900-2800 m. It grows in 

regions that have 200-400 mm of yearly rain; it is found in Armenia, Crimea, Turkey, Iran and 

the Caucus (Behboodi, 2004; 2005).  

Pistacia atlantica subsp. kurdica (= P. eurycarpa ) is also found in high altitude (900-2800 m) 

and is distributed in regions with 500-600 mm of rain per year. It occurs in Iran, Iraq, Syria, 

Turkey and Palestine (Behboodi, 2004; 2005). 

Pistacia atlantica subsp. atlantica is native to the Maghreb countries. It is possible that this was 

the reason which lead Quezel and Santa (1963) to describe P. atlantica as endemic to North 

Africa. However, the subspecies is also situated cited in Syria, Lebanon and Turkey (Al Saghir 

and Porter, 2012). This subspecies is found in a limited number of sites in Egypt and Libya, 

probably because of the latitude, but it occurs in larger areas in Tunisia, Algeria and Morocco. 

P. atlantica grows at altitudes ranging from 100 m (Kalaa, Tunisia) to very high elevations 

(2000 m, in Algeria) (Monjauze, 1968). It is xerophilous tree, known for its exceptional drought 

plasticity as characteristic (Monjauze, 1980). It builds up park forests and often grows as a 

dominant constituent of steppe-forest formations (Zohary, 1996). 

3.2. Botanical description  

The trees of P. atlantica subspecies are rather tall, reaching 7-20 m in height, with a striated 

dark grey bark. The trunk of adult trees can exceed 1 m in diameter. Leaves are imparipinnate, 

five to nine leaflets, lanceolate, 26-70 mm long and 8-22 mm wide. Petioles are winged. 

http://www.theplantlist.org/
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Panicles are extra-axillaries, 7-15 cm long (Padulosi and Hadj-Hassan, 1998). Flowers are 

dioecious and unisexual. Male flowers are clustered in inflorescences joined at the base and 

supporting yellow round-shaped pollen sacs. Female flowers are gathered in short panicles, 

carrying single-ovule ovaries (Padulosi and Hadj-Hassan, 1998). In Atlas pistachio, flowering 

occurs before vegetative development, and males tend to flower before females (protandry). 

Females and males invest much energy in reproduction (that is, seed and fruits) and in flowering 

early, before leaf production (Bahmani et al., 2015). P. atlantica develops leaf galls due to 

insect attacks, especially aphids and chalcid wasps (Mehrnejad, 2010). The aphids manipulate 

the leaves and buds to form tumorous galls, lodging their larvae for food and safety. Common 

aphid species are Slavum wertheimae and Baizongia pistaciae L. Accordingly, galled tissue was 

found to contain higher levels of defensive secondary metabolites than ungalled plant tissues. 

It is reasonable to expect that accumulation of such metabolites in the galls provides multilevel 

protection such metabolites against variable natural enemies, but their role in protection against 

microbial pathogens received little attention (Rostás et al., 2013).  A leachate, known as 

Mastaki, which in summer is normally removed through the pores of the bark occurs in the 

inner tissues of the Atlas pistachio tree. This yellow leachate, in summer, is leaching from the 

stems and branches of the mastic tree form. After shedding, it can be found under the tree and 

when exposed to air it hardens (Bahmani et al., 2015). 

3.3. Vernacular names and traditional uses 

Many vernacular names are known in the different areas where it occurs (btom, bettam, battach, 

iggt, iqq, idj, or botma for an individual tree) (Quezel and Santa, 1963). It is called by the 

Amazighs (berber populations of the Maghreb) tismelelt and tesemhalt (El Zerey-Belaskri, 

2016). It is called ‘Atlantik sakizi’ in Turkish, ‘Treminthos’ in Italian (Gregoriou, 2001), 

‘Almácigo de Canarias’ or ‘Lengua de oveja’ in Spanish (Mansf Ency, 2001). Traditionally the 

different parts of P. atlantica subspecies have been used by different ethnic groups in North 

Africa and Asia, for medicinal and other domestic purposes. Communities of wild pistachio are 

traditionally nomadic, a lifestyle that allows them to live in environments, where resources are 

scarce. Bedouin or bedouin-descended populations dominate the semi-arid steppe that stretches 

from Morocco to Egypt through Algeria, Tunisia, Sudan and Mauritania use the wild pistachios 

as a support for grapevines, while others use its wood to make the ''Mehbaj'', (an old tool used 

traditionally by Bedouins to grind the coffee beans) (Padulosi and Hadj-Hassan, 1998; Miara 

et al., 2019 ). Like the Bedouin populations, Tuareg community constitute the nomadic people 

of Sahara in Algeria and Libya were reported to collect  the fruits of wild pistachios, roasting 

and consuming them like other nuts (Abdelkrim and Noria, 2014 ; Miara et al., 2019). In 

https://en.wikipedia.org/wiki/West_Asia
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Morocco, P. atlantica is important because it is the source of mastic gum, an exudate which 

strengthens gums, deodorizes breath and combats coughs, chills and stomach diseases (El-

Hilaly et al., 2003; Hajjaj et al., 2017). The decoction of P. atlantica leaves is used in Morocco 

to treat eye infection. In Algeria the fruits are commonly called ''El khodiri'' and their oil is used 

by natives in traditional medicine and as food additive. The fruits of P. atlantica are also used 

for tanning and as fodder for cattle.The seeds are often ground, mixed with sugar solution, dried 

and consumed like peanuts. They are also mixed with ground dates (Belhadj, 1999; Shaker et 

al., 1999). In West Asia,  the Gutians or Guteans community living around the Zagros 

mountains (range in Iran, Iraq and southeastern Turkey) depend on plant resources of the 

Saharan ecosystem as a source of food, medicine and fodder (Selim, 2018). 

 In Iran, the oleoresin exudate from the stem, trunk and branches is a popular naturally occurring 

chewing gum and has been used traditionally as demulcent, diuretic, emmenagogue, 

carminative, wound healing agent, stomach, liver and kidneys tonic, or in the treatment of 

visceral inflammation, scabies, gastrointestinal disorders, motion sickness, joint pains and 

toothache diseases (Rahman, 2018). In Jordan, P. atlantica is one of the plants widely 

recommended by herbalists and its leaves are extensively used as antidiabetic medicine (Al-

Aboudi and Afifi, 2011). The mastic obtained from P. atlantica is also used as urinary and 

respiratory antiseptic in Turkish folk medicine. In Iraq, the resin from Pistacia trees was applied 

by local inhabitants as an antiseptic to wounds (Lardos et al., 2011). In spring, the young leaves 

of P. atlantica Desf. are used as a vegetable and commonly consumed as cooked food in the 

Mediterranean and East Anatolian parts of Turkey (Peksel et al., 2010). Despite the similar way 

of life of the Tuareg, Bedouin and Guteans, the three communities hold different traditional 

knowledge of wild pistachios. These differences may be related to cultural differences. Guteans 

community is a Persian culture, while the Bedouins of North Africa are seen as Arab 

culture's purest representatives. The Tuareg are an indigenous ethnic group from North Africa 

with communities are fairly well distributed across the great Sahara (Chebel, 2016) and have 

been in close cultural contact with both Arabic and sub-Saharan populations. In Greece, the 

fruits of P. atlantica smell like mastic and are used in the distillation of grapes to flavour the 

alcoholic drink called ‘Ouzo’ (Tzakou et al., 2007). These fruits are also occasionally chewed 

by the local people (for mouth flavouring). They contain oil, which is used for soap production. 

From the bark of the wood, a resin is collected for laquer production and it is also used in 

popular medicine (for instance, as an antiseptic to wounds.). 

 

 

https://en.wikipedia.org/wiki/Zagros_Mountains
https://en.wikipedia.org/wiki/Zagros_Mountains
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4. Phytochemical analysis 

 

Detailed and extensive phytochemical studies on P. atlantica subspecies have resulted in an 

array of secondary metabolites. Important phytochemicals, such as terpenes, flavonoids, 

tannins, steroids, fatty acids, essential oils, and other compounds are present in the fruit, leaf, 

stem-bark, root bark and mastic of P. atlantica subspecies. Some of them have shown several 

bioactivities in vivo or in vitro, and some are patent protected. Today, over 150 compounds 

have been isolated and identified from the P. atlantica subspecies. 

4.1. Nutritional composition 

P.atlantica  is considered a  functional food, because  it is  rich on nutrients, including sugars, 

fatty acids, amino acids, minerals, vitamins, and antioxidants. The variation of moisture, ash 

and oil contents of kernels and outer skin from individual nuts of P. atlantica subsp. mutica and 

P. atlantica subsp. kurdica was reported by Daneshrad and Aynehchi (1980).The moisture 

content of the kernels was low, 2.6-2.7%; the ash content was 2.7%, completely soluble in HCl. 

The outer skin of P. atlantica subsp. kurdica comprised 30% of the whole nuts, and yielded up 

to 63% oil. The nuts, without the outer skin, contained 50.5% kernel and 49.5% shell. The 

kernels of this species yielded 54% oil, and therefore the total oil obtained from entier nuts was 

48%. P. atlantica subsp. mutica contained 25.4% kernels and 50.9% shells. The kernels of this 

species contained 57% oil, and the total oil in the nuts was 31.5%. The hard shellsof both species 

were free of oil.  

The biochemical composition of the fruits of the Algerian ecotype P. atlantica Desf. was 

different from Iranain ecotype (Benhassaini et al., 2007). The contents of  moisture (21.26%), 

crude oil  (39.80%), crude proteins (10.39%), ash (5.54%) and starch (5.43) of P.atlantica fruits 

from the ecotype of Algeria were  higher than those already reported from Iran i.e. 87.0, 26.80, 

8.20, 2.07 and 5.23%, respectively. Howevere, the content of dry matter (95.13%) and crudes 

fibres (32.43%) were considerably higher for the Iranain ecotype fruits (95.13%), while the 

fruits from the Algerian ecotype contained the lowest amounts 78.47% and 12.60%, 

respectively. In 2012, Acheheb et al. investigated the chemical composition ofthe seeds of the 

south Algerian ecotype P.atlantica Desf. The moisture content of whole seeds was 7.83%, on 

dry weight basis, the oil content of the seeds was 52%, and this reflects the importance of using 

these seeds for oil production. Crude protein level was 14.8%, showing that the P. atlantica 

seeds contain an important amount. The other components were in decreasing content: cellulose 

(12.11%), total carbohydrates total (9.95%) and ash (3.24%). The cellulose content indicates 

that the P. atlantica seeds are rich in dietary fibre. Further, the moisture content of the leaves 

collected from six different locations in the Sidi Bel Abbes region (western Algeria) varied in 
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the range between 40.69 and 70.21% (El Zerey-Belaskri et al., 2013). Cell wall polysaccharides 

(cellulose and hemicelluloses) were also isolated and dosed fro mmature and young P. atlantica 

Desf. leaves. The wall residue yield varied from 39.06% to 69.5%. The cellulose and the 

hemicelluloses in the cell wall varied from 21.2% to 40.69%, and from 0.11% to 13.59%, 

respectively (El Zerey-Belaskri et al., 2013). More recently, Abdenbi et al. (2016) studied the 

chemical composition of the fruits and leaves of P.atlantica grown in south Algeria. In this 

investiguation, the contents of total sugar (1.24 mg/L), fat (77 %) and inorganic matter (5.20%) 

fruits were found considerably higher than in the leaves 0.89 mg/L, 2.20%, and 3.41%, 

respectively. In addition the moisture content leaves was found to be 58.69%, which was higher 

than in the kernels, shells, nuts, seeds and fruits. 

4.1.1. Minerals and pigments 

Minerals are involved in metabolic processes and have exclusive physiological functions in the 

regulation and catalization of important cellular mechanisms (Huskisson et al., 2007). They are 

essential for cell growth and differentiation. Inadequate dietary iron intake for instance results 

in inflammatory anemia (Abbaspour et al., 2014). Dorehgirae and Pourabdollah (2015) studied 

the mineral composition of P. atlantica subsp. mutica (Bene) and P.atlantica subsp. cabulica 

(Kasor) oils grown in Iran. Kasor and Bene oils are high in minerals, especially iron. The iron 

content in the Bene and Kasor oils was 69 and 382 mg/kg oil, respectively. Bene oils also 

contain other minerals like lead (14 mg/kg oil) and copper (16 mg/kg oil), whereas the same 

minerals occurred at 26 and 35 mg/kg oil repetively in Kasor. However, P. atlantica leaves 

exhibit high concentrations of potassium (0.078 mg/ml), sodium (0.008 mg/ml) and calcium 

(0.0014 mg/ml), with a significant presence of lithium (0.0001 mg/ml), which traces of barium 

were detected (Abdenbi  et al., 2016).  

 Saber-Tehrani et al. (2012) have conducted a study focusing on the quantitative and qualitative 

chlorophyll and carotenoid pigments composition of P. atlantica kernel oil. Pheophytin (12.02 

mg/kg) and blute oxanthin (10.41 mg/kg) are the major colored components. Neoxanthin (0.15 

mg/kg), violaxanthin (0.23 mg/kg), lutein (5.2 mg/kg), lutein isomers (1.2 mg/kg), chlorophyll 

a (1.19 mg/kg), chlorophyll b (0.92 mg/kg), and pheophytin b (1.46 mg/kg) were also identified. 

Moreover, seeds oil of P. atlantica was not very rich with food colorants, e.g. 1.67 and 2.65 

ppm for chlorophyll and carotenoid, respectively (Gharsallaoui et al., 2016). The methanolic 

extract of P.atlantica leaves contains chlorophyll a (0.50 µg/mL), chlorophyll b (0.85 µg/mL) 

and carotenoid (0.066 µg/mL), whereas these values were higher in the ethyl acetate extracts, 

23.44, 3.98 and 2.90 µg/mL, respectively (Peksel et al., 2010).  
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Chelghoum et al. (2020) have conducted a study focusing on quantitative carotenoid content 

changes in P. atlantica Desf. leave, fruit and gall oils from Laghouat region (Algeria). Samples 

were colleted during three months (July, August and September) with three weeks as interval 

between each collect. The highest content of carotenoids was recorded in full ripe for leave, 

fruit and gall oils with values of 86.6, 73.5  and 69.2 µg β-carotene equivalent /g dry weight, 

respectively.  

4.1.2. Vitamin E  

Vitamin E (Vit E) consists of four tocopherols: , ,  and , and the corresponding tocotrienols: 

-, ,  and , which contain unsaturated side chains. Vit E is an antioxidant and has regulating 

cellular and molecular roles (Lodge et al., 2000). As a result, it prevents the peroxidation of 

polyunsaturated fatty acids from cellular and subcellular membranes. Kernel oils of P. atlantica 

subsp. mutica and kurdica are prominent sources of Vit E, since they provide 500 and 819 mg 

α-tocophero per kg, repetively (Farhoosh et al., 2008). In 2011, Farhoosh et al. investigated the 

tocopherols composition in the hull oil of Pistacia atlantica subsp. mutica. HPLC analysis 

revealed the presence of 5 isomers with tocol (436 mg/kg) being the most abundant, followed 

by -tocopherol (90 mg/kg), -tocotrienol (45 mg/kg), -tocopherol (6.8 mg/kg), and -

tocopherol (5.4 mg/kg). The tocopherol composition of cold pressed Pistacia atlantica fruit oil 

was reported by Saber-Tehrani et al. (2012). In that study, 𝛼-tocopherol was found in highest 

concentration. It was 379.7mg/kg, (𝛾 + 𝛽)-tocopherol and 𝛿-tocopherol were 20.70 and 9.59 

mg/kg oil, respectively. Other reported total tocopherols contents, ranging between 420-460 

ppm, where for oils extracted from fruits of P. atlantica by three techniques i.e., supercritical 

CO2, organic solvent (hexane) and cold pressing (Gharsallaoui et al., 2016). The contents of 

tocopherols found were not affected by the extraction technique applied.  

In 2020, Chelghoum et al. investigated the effect of developmental stages on the total 

tocopherol content of P. atlantica Desf. leaves, fruits and galls oils from the Laghouat region 

(Algeria). This study revealed that the total tocopherol content increased during the maturation 

process, from 0.21 to 1.53 mg α-tocopherol /g dry weight for leave oils and from 0.42 to 0.52 

mg α-tocopherol /g dry weight for gall oils. The total tocopherol content of P. atlantica fruit 

oils decreased progressively during maturation to reach a minimum content in full ripe oil (1.1 

mg α-tocopherol /g dry weight). 

4.1.3. Phytosterols 

The major sterol constituent in P. atlantica Desf. fruit oil from south Algeria is betasitosterol 

which amounted to 87% of the total sterols amount, followed by campesterol (4.3%), ∆5-
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avenasterol (4%), ∆7-avenasterol (3.2%) and cholesterol (1.5%) (Yousfi et al., 2002). In the oils 

of the north Algerian ecotype P. atlantica Desf. fruit oils, betasitosterol was again the 

predominant sterol (82%), followed by stigmasterol (11%), campesterol (4%), and ∆5-

avenasterol (3.8%) (Benhassaini et al., 2007). In addition, the quantitative analysis of sterols 

from Iranain P. atlantica Desf. fruit oils was reported by Saber-Tehrani et al. (2012). The major 

sterol was betasitosterol (1.9 g/kg oil), which equals to 87%  of the total sterol amount. 

Campesterol (9.4 mg/100 g oil), and Δ5-avenasterol (4.9 mg/100 g oil) were present, at about 4 

and 2% of the total sterols, respectively. Further, Δ5,23 stigmastadienol (26 g/ kg oil), Δ7-

avenasterol (23 g/ kg oil), and stigmasterol (2.1 mg/100 goil) amounted each to about 1% of 

the total sterols amount. Among the minor sterols, cholesterol (9 g/ kg oil) was present about 

in 0.4%.  

4.1.4. Triacylglycerols  

The triacylglycerols (TAG) composition of P. atlantica fruit oils has been established as an 

index of the quality and purity of vegetable oils. In 2005, Yousfi et al. elucidated the fatty acid 

distribution attached to the glycerol molecule. In this study, the TAGs of P. atlantica Desf oil 

have been separated by HPLC according to their degree of saturation and their total number of 

carbon atoms in the three fatty acid chains. The most predominant TAG species are palmito-

oleolinolein (POL) 17.0%, dioleolinolein (OOL) 16.5%, palmitodiolein (POO) 8.0%, and 

triolein (OOO) 12.4%. Other minor TAG are oleo-dilinolein (OLL) 8.4%, oleo-dipalmitin 

(POP) (8.0%), palmi-todilinolein (PLL) 6.1%, palmitin-linolein (PPL) 5.0% and trilinolein 

(LLL) 2.5%.  

The analytical characterization of the TAG profile of samples from three locations in Iran, Fars, 

Isfahan, and Kohkeloye Boyerahmad province, was reported by Saber-Tehrani et al., 2012. RP-

HPLC was employed. Eight major TAG species were identified, SLL + PLO (21.8 %), SOL + 

POO (16.6%), OOLn + PLL (15.7%), OOO (14.1%), and SOO (13.7%). Other TAGs are minor 

(OLL + PoOL, PLnP, POS, SLS, LLL, PPP, OLLn, SOS). In the above, P represents palmitic; 

S, stearic; O, oleic; L, linoleic; Ln, linolenic and Po, palmitoleic acid.  

4.2. Fatty Acids (FA) 

4.2.1. Leaves 

Chelghoum et al. (2020) investigated the effect of the harvest month on the fatty acids in P. 

atlantica leaf oil collected from Laghouat, Algeria. Qualitative and quantitative differences in 

composition were observed between different harvest months. Twelve fatty acids were detected 

by GC/FID. Linolenic acid was the major fatty acid in leave crude oils collected August (41.73 

% of TFA). During P. atlantica leave ripening, SFA and mono-unsaturated fatty acids 
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decreased whereas PUFA increased. Thus, in the immature phase, SFA formed 30.88 % of TFA 

with palmitic acid accounting  for 14.4 % of TFA. The fraction of SFA decreased progresively 

during maturation to reach a minimum in the full ripe stage (22.93%). Another representative 

SFA was myristic acid and its amount was stable during fruit ripening (9.2 -9.5%). Mono-

unsaturated fatty acid fractions were mainly represented by  palmitoleic and   oleic acid at 

immature stage with 8.9% and 10.7% of TFA, respectively. Concerning the PUFA, linolenic 

acid accounts for about 31.5 % of TFA at immature stage, which increased progressively to 

reach a maximum with 41.3% of TFA in mature stage. 

4.2.2. Fruits  

Oil from P.atlantica has been reported to be very rich in monounsaturated fatty acids, 

particularly oleic acid, which is inversely related to cholesterol levels.Yousfi et al. (2002) 

analyzed the fatty acids composition in P. atlantica Desf. fruit oils from south Algeria. The 

major  FA are oleic (46%), linoleic (27.5%) and palmitic acid (24%). Clearly, the oil is rich in 

unsaturated FA (oleic + linoleic acid = 73%); the remaining FA are saturated (palmitic + stearic 

acid = 25.8%). In 2007, Benhassaini et al. investigated the chemical composition of fruits 

growing in north Algeria. The most predominant fatty acid was oleic acid, with a mean value 

of 55%. In addition to oleic acid, fruit oil of P. atlantica Desf. contained a high amount of 

linoleic acid (29%). The fruit oil also contains saturated fatty acids especially palmitic and 

stearic acids. The level of palmitic acid was 12% and higher than the amount of stearic acid 

2%. The polyunsaturated (PU) fatty acids of the oil amounted to 29% of the total fatty acids, 

while the monounsaturated (MU) and saturated (SA) fatty acids amounted to 53% and 15%, 

respectively.  

The chemical composition of Iranian P. atlantica fruit oil was different from Algerian 

(Benhassaini et al., 2007; Yousfi et al., 2002). Tavakoli and Pazhouhanmehr (2010) identified 

seven FA by GC/FID and GC/MS from Iranian P. atlantica fruit oil, representing 99.7% of the 

total FA amount. Oleic acid (52%) was found to be the main component, followed by linoleic 

(32%), palmitic (10%) and stearic acid (2%), while the other are minor components. The PU 

fatty acids of the oil amounted to 32.5% of the total FA, while the MU and SA fattyacids 

amounted to 54% and 13%, respectively. 

Chelghoum et al. (2020) analyzed the fatty acids composition in P. atlantica Desf. fruit oils 

from the Laghouat region (Algeria). Sample collection was already described higher. The fatty 

acids were extracted with hexane, esterified, and then analyzed by gas chromatography. A total 

of 12 fatty acids were identified. Oleic acid was the major component followed by linoleic acid, 

and palmitic acid, respectively. It was noticed that saturated and unsaturated fatty acids show 
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an opposite trend during fruit maturation. The oleic and linoleic acids increased with maturity, 

whereas the palmitic acid decreased. 

Bentireche et al. (2019) have conducted a study focusing on the effect of the maturation degree 

on the chemical composition of Pistacia atlantica Desf. fruit oil. A total of 21  fruit samples at 

three maturation stages (unripe, middle maturity, and ripe fruits) were stuided. Two major fatty 

acids seem to vary during maturation. On the one hand, palmitic acid’s fraction increases, while 

on the other, linoleic acid’s fraction decreases. Palmitic acid represents 14.5% of TFA for the 

unripe fruits and 20% in the ripe. The linoleic acid level was significantly elevated in unripe 

fruit oil compared to ripe and intermediately mature fruits (31.6% vs. 22.4% and 31.6% vs. 

25.3%, respectively). 

4.2.3. Seeds 

Saber-Tehrani et al. (2012) characterized 14 FA in Iranian oil of P. atlantica seeds with the 

extraction by the cold-press technique and analysis by GC/MS. The main compounds in the 

seed oil were oleic acid (51%), followed by linoleic acid (30%), palmitic acid (13%), and stearic 

acid (3%). In addition, the seed oil also contains minor amounts of various constituents, as 

palmitoleic (2%), 𝛼-linolenic (0.59%), gondoic (0.32%), behenic (0.18%), arachidic (0.17%), 

linoelaidic (0.04%) and lignoceric (0.04%) acids. Acheheb et al. (2012) analyzed the fatty acid 

compositions in the fruits, kernels and outer skin oil extracts of P.  atlantica Desf. from south 

Algeria. In this study a hydraulic press was used as extraction method. Overall, 8 fatty acids 

representing  98-99% of the oil were identified by GC/FID and GC/MS in the fruits, kernels 

and outer skin.The saturated fatty acids found in these three organs were palmitic acid as 

predominant one followed by stearic acid. P. atlantica contained 20.4, 12.5 and 28.6% palmitic 

acid in seeds, kernels and outer skin, respectively, whereas the fruits contained 1.93%, kernel 

2.64% and outer skin 1.48% stearic acid. The main monounsaturated fatty acid was found to be 

oleic acid content. Kernels (55.8%) had the highest oleic acid content, followed by fruits 

(52.68%) and outer skin (48.62%). Linoleic acid was found as the dominant polyunsaturated 

fatty acid. Kernels contained 27.15% linoliec acid, whereas this was lower in the fruits (22.81%) 

and outer skin (18.23%).   

In 1994, Agar et al. investigated the chemical composition of FA in kernels and hulls of P. 

atlantica grown in three different parts of Turkey. The GC-MS analysis led to the identification 

and quantification of six FA, accounting for 98% of the total components. Palmitic (kernel 

10.1%, hull 26.1%) and stearic (kernel 2.2%, hull 1.5%) acids were the major saturated, 

whereas, oleic (kernel 48.5%, hull 50.0%) and linoleic (kernel 36.0 %, hull 22.0%) acids were 

the major unsaturated acids. Enayatollah and Rasool (2015) investigated the chemical 
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composition of seed oil from Iran. The oil was extracted by a soxhlet method and analyzed by 

GC-MS. The amount of oil obtained from P. atlantica var mutica. seed was 53 %. Major fatty 

acids comprised 10 compounds. Oleic acid (53.9 %), linoleic acid (32.6 %) and palmitic acid 

(9.6%) were the major fatty acids of oil. Other identified fatty acids were lauric acid (0.46%), 

myristic acid (0.21%), palmitoleic acid (0.71%), margaric acid (0.12%), stearic acid (1.77%), 

linolenic acid (0.56%) and eicosanoid acid (0.18%). 

Gharsallaoui et al. (2016) characterized fatty acids in P. atlantica seed oil were collected from 

Sidi Bouzid in the center of Tunisia. They used three extractions as already mentioned higher. 

The supercritical CO2 method was the most efficient with an extraction rate of 25%, compared 

to extraction by pressing (5.3%) or by hexane (7.9%). The extracted oil was rich in unsaturated 

fatty acids with similar acid composition between the three extraction methods. Oleic acid 

(55.4-56.4%) was the most abundant, followed by linoleic acid (28.50-29.63%).The main 

saturated fatty acids were palmitic (11.2-11.6%) and stearic acids (2.3-2.4%). 

 In addition, Dorehgirae and Pourabdollah (2015) summarized the comparative fatty acid  

profile from the grain of Bene and Kasor grown in Iran. Overall, 12 compounds accounting 

93.9-99.8 % of the total amount were identified by GC/FID and GC/MS in the two different for 

species. 

The main saturated fatty acid was palmitic acid (Bene 13.7%, Kasor 16.7%) as the predominant 

followed by stearic acid (Bene 2.8%, Kasor 2.5%), whereas, oleic (Bene 55.2%,  Kasor 56.2%) 

and linoleic (Bene 22.6%,  Kasor 19.1%) acids were the major unsaturated acids. The overall 

UFA for Kasor and Bene were 80.4 and 82.9%, respectively. The amounts of MUFA were 

60.2% and 59.7%, and of PUFA 20.3% and 23.2%, respectively.  

On the other hand, the fatty acids composition in the oil of P.atlantica seeds from Djelfa 

(Algeria) was investigated by Labdelli et al. (2019). The oil was extracted by a soxhlet method 

and analyzed by GC-MS. Oil yield represented more than 40% of seed dry weight. The major 

fatty acids were oleic (39–49%) of TFA, linoleic (23.6–31%), and palmitic acid (21.3–26.6%). 

The oil was rich in unsaturated FAs (71.3%); the remaining FAs were saturated (28.7%). 

4.2.4. Nuts  

Biologically occurring fatty acids have been extensively studied because of their strong link to 

numerous health benefits (Savoini et al., 2010). Moreover, diets rich in mono and 

polyunsaturated fatty acids are associated with a lower risk to develop cardiovascular diseases 

and atherosclerosis. For instance, P.atlantica subspecies oils of fruits, seeds and nuts are 

regarded as oleic-linoleic oil because oleic acid is most abundant, followed by linoleic acid. 
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 It may be used as anticarcinogenic (breast and skin cancers), thermogenic, antidiabetic, 

preventive for atherosclerosis, antihypertensive, and a stimulant of the immunological system 

(Koba and Yanagita, 2014). 

A comparative fatty acid profile in kernels and outer skin of individual nuts of Bene and P. 

atlantica subsp. kurdica (PAK), grown in Iran, was reported by Daneshrad and Aynehchi 

(1980). They identified seven fatty acids in the kernel and outer skin. The oils from kernels of 

Bene and PAK species were similar in saturated fatty acid composition but the concentrations 

of unsaturated fatty acids, namely oleic and linoleic acids were somewhat different. The main 

saturated fatty acid in the kernels was palmitic acid (12.2-12.5%), followed by stearic acid (2.2-

2.5%), whereas, oleic (Bene 50.4%, PAK 57.0%) and linoleic (Bene 32.8%, PAK 25.8%) were 

the major unsaturated acids. The oils from the outer skin of both species were similar in 

saturated fatty acids. P. atlantica subsp. mutica and P. atlantica subsp. kurdica contained 24% 

and 24.5% palmitic acid in the outer skin, whereas the same species contained 2.10% and 2.20% 

stearic acid in the outer skin, respectively. The main unsaturated fatty acid in the outer skin of 

Bene and PAK was oleic acids (Bene 55.8%, PAK 54.8%), followed by linoleic (Bene 4.5%, 

PAK 11.3%) and palmitoleic acid (Bene 12.8%, PAK 6.8%). In a recent study, Atena and 

Bahram. in (2015) have evaluated the chemical profile of extracted oil from the nuts of P. 

atlantica kurdica (dried and fresh samples), which grows in some regions of the Kurdistan 

province in Iran. The nuts were extracted using a soxhlet method and analyzed by GC-MS. Two 

fatty acids were identified in the oils from fresh and dried nuts of P. atlantica kurdica. Oleic 

acid (fresh 24.2%, dried 24.3%) was found to be the main component followed by palmitic acid 

(fresh 14.43%, dried 12.3 %). 

4.2.5. Galls 

In 2020, Chelghoum et al. investigated the effect of the developmental stages on the fatty acid 

composition in P. atlantica Desf. gall oil from Laghouat region (Algeria). The oil was extracted 

by a soxhlet method and analyzed by GC-MS. During P. atlantica gall ripening, MUFA and 

PUFA decreased; whereas SFA inecreased. Thus, in the immature phase, SFA formed 43.2 to 

47.0% of TFA with myristic acid accounting for 14.4 to 19.5% of TFA. The fraction of SFA 

increased progresively with a percentage varying between 47.0 to 72.2% of TFA, when the gall 

was fully ripen. However, palmitic acid decreased during gall maturation to reach a minimum 

percentage in the full ripe gall (16%). Mono-unsaturated fatty acid fractions were mainly 

determined by eicosenoic acid (C20:1) at immature stage, with 9.4 % of TFA. It decreased 

during gall maturation to reach a minimum in the full ripe gall (3.1%). Concerning PUFA, 

linoleic acid accounts for about 19.1% of TFA in the unripe gall and decreased progressively 
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to reach a  minimum with 6.3% of TFA in the ripe gall. The second PUFA was linolenic acid, 

ws showed only slight changes during all the stages with a minimum at mature stage (1.9-2.8% 

of TFA) and a maximum in the  unripe fruit (5.2-6.8% of TFA). 

4.3. Essential Oils 

4.3.1. Leaves  

Essential oils can be obtained from ripe and unripe fruits, leaf-buds, twigs, flowers, leaves, 

resin, and galls. They have pale-yellow to light-brown colours with an aromatic-spicy odour. 

Gourine et al. (2010a) investigated the volatile compounds in the essential oils of leaves of P. 

atlantica Desf. from four growing regions in the south of Algeria, i.e.  Laghouat, south of 

Laghouat, Hassi Rmel and Ain oussera. The essential oils obtained by hydrodistillation were 

analysed by gas chromatography coupled to mass spectrometry (GC/MS). Forty-seven 

compounds were indentified. The essential oils were rich in monoterpenes and oxygenated 

sesquiterpesnes. The main components were α-pinene (1) and α-thujene (2) (5.5-66.6%), 

spathulenol (3) (0.46-32.6%), camphene (4) (0.75-20.9%), terpinen-4-ol (5) (0.42-15.8%), β-

pinene (6) (1.1-13.1%) and p-cymene (7) (0.39-10.2%) (Numbers in bold, see Fig.1). 

Furthermore, Gourine et al. (2010b) also studied the seasonal variation in chemical composition 

of the essential oils from male and female leaves of P. atlantica Desf. Qualitative and 

quantitative differences in composition were observed between both gender and season. The 

main components of male essential oil were α-pinene/α-thujene, spathulenol and 

bicyclogermacrene. The major component of female essential oil was δ-3-carene (8). The 

seasonal variation showed that most of the main components reached their highest values in 

September.  

Said et al. (2011) examined the intraspecific diversity of three populations of P. atlantica 

Desf. growing wild in three Algerian sites, chosen along a Northeast-Southwest transect of 

increasing aridity: Oued-Besbes (Medea)-Low aridity, Tilghemt (Laghouat)-Medium aridity, 

and Beni-Ouniff (Bechar)-High aridity through terpenoid analysis and leaf morpho-anatomical 

traits. The main compounds identified were spathulenol (23 μg/g  dry weight (dw)), α-pinene 

(10 μg/g dw), verbenone (7 μg/g dw) and β-pinene (6 μg/g dw) in leaves from the low aridity 

site; spathulenol (73 μg/g dw), α-pinene (25 μg/gdw), β-pinene (18 μg/g dw) and γ-amorphene 

(9) (16 μg/g dw) in those from medium aridity, and spathulenol (114 μg/g dw), α-pinene 

(49 μg/g dw), germacrene D (10) (29 μg/g dw) and camphene (23 μg/g dw) in leaves from the 

high aridity site. Terpene concentrations increased with the degree of aridity: the highest 

concentrations of monoterpenes (136 μg/g dw), sesquiterpenes (290 μg/g dw) and total 

terpenes (427 μg/g dw) were observed in the highest arid site, and are, respectively, 3-, 5- and 
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4-fold higher than at  the lower arid site. Spathulenol and α-pinene can be used as chemical 

markers of aridity. 

More recently, El Zerey-Belaskri et al. (2017) have characterized the chemical variability of 

the essential oils of P. atlantica Desf. leaves from Northwest Algeria. Sixteen natural 

populations were harvested on a latitudinal gradient from the extreme West of Algeria to the 

region of Mascara. The essential oil obtained varied from 0.11% to 0.42% (v/dw), which value 

is clearly higher than that obtained (0.08 to 0.17% (v/dw) from the southern Atlas pistachio 

populations (Gourine et al., 2010a; Gourine et al., 2010b). In total, 71 compounds, accounting 

for 76.9 to 98.6% of the volatile oil constituents were identified. Terpinen-4-ol (34.7-16.1%), 

α-pinene (64.8-15.4%), germacrene D (24.5-19.0%) and E-caryophyllene (23.1%) were found 

as major components. The two last compounds were never before mentioned as main 

constituents of this subspecies. The three major compounds identified in the male essential oil 

were α-pinene (64.8-15.4%), terpinen-4-ol (31.3-16.1%) and germacrene D (24.5-19.1%), 

while those in the female samples are: α-pinene (62.7-18.7%), terpinen-4-ol (34.7-19.8%), and 

E-caryophyllene (23.1%).   

[Figure1] 

 GC/MS analysis, conducted by Barrero et al. (2005) on the essential oil from leaves of P. 

atlantica Desf. collected in Marrakesh, Morocco, led to the identification of 34 components 

accounting for 87% of the total oils components. The main components of the leaf oil were 

terpinen-4-ol (21.7%) and elemol (11) (20.0%) with lower amounts of β-eudesmol (12) (8.4%), 

γ-eudesmol (13) (7.0%) and p-cymene (5.0%). (Numbers in bold (12-39 and 41-65), see 

supplementary material Fig. S1) Other components present at an appreciable content were α-

thujene (0.5%), α-pinene (0.9%), sabinene (0.9%), β-pinene (0.3%), myrcene (0.5%), α-

terpinene (14) (0.3%), δ-3-carene (0.2%), limonene (15) (0.6%), γ-terpinene (16) (0.6%), 

terpinolene (17) (0.4%), linalool (18) (2.7%), cis-p-menth-2-en-1-ol (19) (0.6%), trans-p-

menth-2-en-1-ol (0.6%), lynalyl acetate (20) propionate (21) (1.8%), trans-piperitol (22) 

(0.4%), linalyl-formate (23) (0.9%), cis-sabinyl acetate (24) (0.4%), bornyl acetate (25) (0.3%), 

neryl acetate (26) (0.2%), geranyl acetate (27) (0.3%), β-elemene (28) (0.2%), β-caryophyllene 

(29) (0.2%), α-humulene (30) (0.2%), γ-cadinene (31) (0.5%), δ-cadinene (32) (0.6%), -

cadinol (33)(2.7%), T-muurolol (34) (1.3%), β-phellandrene (35) (0.2%) and α-terpineol (36) 

(1.7%). 

Mecherara-Idjeriet al. (2008) revealed that the tree growing in the Botanical Garden of Algiers 

(North Algeria) yielded more oil than the trees growing wild in the semi-arid area of South 

Algeria (plain of Boussedraya, 250 km South from Algiers, sub-arid area). The compositions 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3033659/#SD1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3033659/#SD1
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were investigated by GC/FID, GC/MS and 13C-NMR. In total, 63 compounds, accounting for 

97-99% of the entire oil, were identified. The composition of the oil samples was dominated by 

α-pinene (32.6-54.7%) and β-pinene (8.0-20.2%). The sesquiterpene fraction was represented 

by germacrene D (1.2-11.1%), bicyclogermacrene (37) (0.4-5.7%), globulol (38) (0.1-1.8%) 

and α-cadinol (39) (0.1-1.3%).  

Tzakou et al. (2007) have conducted a study focusing on quantitative and qualitative changes 

in the essential oils from both genders of P. atlantica Desf. leaf-buds and leaves collected on 

the Greek East Aegean islands (Kalimnos and Lesvos). The main components in the leaf oil 

from the female plants consisted mainly of monoterpenes. Among the monoterpenes the 

hydrocarbons predominating were myrcene (17.8%, 24.8%) and terpinen-4-ol (11.6%, 6.0%) 

in the Kalimnos and Lesvos samples, respectively, while in the leaf oil from the male plants 

terpinen-4-ol (17.3% Kalimnos) and p-mentha-1(7),8-diene (40) (41.1%, Lesvos). The essential 

oils of leaf-buds were also characterized by the abundance of monoterpenes. The main 

constituents in the Kalimnos sample were sabinene (52.1%), α-pinene (11.6%) and terpinen-4-

ol (10.1%), while in the Lesvos sample p-mentha-1(7),8-diene (42.4%).  

The volatile compounds in the essential oil of P. atlantica leaves from south Iran (Ghalat 

station, Sarvestan city, Fars province) were investigated by Rowshan et al. (2013).  

The essential oils were identified and analyzed by HS (headspace)-GC-MS on the Combi PAL 

System technique. Twenty components were identified representing 99.1% of the oil. The 

composition of the leaf oil was dominated by α-pinene (57.9%), myrcene (14.3%), β-pinene 

(7.0%) and camphene (8.7%) with lower amounts of tricyclene (41) (3.0%), sabinene (1%), p-

cymene (0.1%), limonene (1.0%), phellandrene (0.1%), (Z)-β-ocimene (0.1%), (E)-β-ocimene 

(0.1%) (42), linalool (0.2%), isobornyl acetate (43) (1%), (E)-caryophyllene (3.0%) and 

bicyclogermacrene (2.5%).  

The chemical composition of essential oils from leaves, harvested from three regions in Algeria, 

was determined by Benabdallah et al. (2017). The overall content yielded obtained by 

hydrodistillation 0.24% (v/v) and was further analyzed by GC/FID, GC/MS and 13C-NMR. In 

total, 31 compounds, accounting for 75.5% of the volatile oil constituents were identified. The 

main components of the leaf oil were terpinen-4-ol (15.3%), α-terpineol (9.9%), globulol 

(7.0%), spathulenol (5.5%), rosifoliol (44) (4.9%), ledene (45) (3.9%), bicyclo-germacrene 

(2.7%), (E)-β-caryophyllene (2.5%), α-pinene (2.3%), viridiflorol (46) (2.2%), germacrene D 

(1.4%), p-cymene(1.3%), bornyl acetate (1.3%),  α-cadinol (1.3%), palustrol (47)  (1.3%), 

epiglobulol (48) (1.2%), β-eudesmol (1.2%), Hex-2-enal (49) (1.1%), camphene (1.1%), 

aromadendrene (50) (1.1%), ishwarane (1.1%), β-pinene (0.9%), linalool (0.8%), δ-cadinene 
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(0.8%), T-muurolol (0.8%), limonene (0.6%), tridecanal (0.5%), β-eudesmol b (0.50%), 

sabinene (0.4%) and α-eudesmol (0.4%). 

The hydrodistillation leaf essential oil of P. atlantica Desf. from Berriane-Ghardaia in south 

Algeria contained α-pinene (18.4%), spathulenol (10.7%), -gurjunene (51) (10.0%), α-

phellandrene (8.9%), β-elemene (7.5%), germacrene B (6.2%), limonene (5.9%), β-

phellandrene (5.5%), germacrene D (4.8%), α-cadinol (4.6%), limonene dioxide (2.7%), 

sabinene (1.7%),  α-eudesmol (1.5%), guaiol (52) (1.0%), caryophyllene (1.0%), α-thujene 

(0.9%), β-guiaiene (53) (0.9%), -eudesmol (0.8%), globulol (0.7%), ledene (0.7%), thymol 

(0.7%), germacrene-A (0.6%), camphene (0.4%), -terpinene (0.4%), α-terpinolene (0. 4%), 

cadinene (0.4%), linalool (0.4%) and pulegone (54) (0.4%) (Labed-Zouad et al., 2017). 

Leave essential oils, collected from Iran, were extracted by solid-phase microextraction 

(SPME) and analyzed by GC/MS. The main constituents never exceeded 40% of the total 

amount, many of which were present in trace amounts. The main components were trans-

caryophyllene (15.2%), α-amorphene (8.1%), neo-allo-ocimene (55), (6.2%), β-cadinene 

(3.7%), α-pinene (2.9%),  1,2-dihydro-2,2,3-trimethyl-1-quinoxaline-4-dioxide (56) (3.4%), α-

humulene (57) (2.9%), isoledene (58) (2.9%),  α-muurolene (59) (2.8%), dodecane (2.4%), β-

myrcene (2.1%), copaene (1.9%), α-gurjunene (1.8%), L-menthol (1.7%), eudesmol (1.7%), 

tetracosane (1.7%), caryophyllene oxide (1.6%), valencene (60) (1.5%), β-selinene (61)   

(1.5%), nerolidol (62)  (1.4%), menthone (63)  (1.3%),  calarene (64) (1.3%),  α-muurolene 

(1.1%), germacrene D (1.1%), α-calacorene (65) (1.1%) and heptacosane  (1.1%) (Falahati et 

al., 2015).                            

4.3.2. Fruits 

Only few studies deal with on the chemical composition of the essential oils of fruits, oleoresin, 

flowers and galls from P. atlantica subspecies. Extract yields of 0.07% (v/w) oil were obtained 

from the fruits of Iranian P. atlantica subsp. mutica (Rezaie et al., 2015). In this study, sixty 

three components accounting for 98.6% of the volatile oil constituents were identified. The oil 

of fruits was determined to be rich in monoterpene hydrocarbons (75.7 %), followed by 

oxygenated monoterpenes (13.4%), sesquiterpene hydrocarbons (6.0%) and oxygenated 

sesquiterpenes (1.4 %). The major components of fruits oils fruits were α-pinene (20.8 %), 

camphene (8.4%), β-myrcene (8.2 %), limonene (8.0 %), cis-ocimene (5.4 %), and trans-

ocimene (5.2 %).  

The essential oil of fruits from P. atlantica Desf. from Moroccon origin, analyzed by GC-MS, 

led to the identification and quantification of forty-two compounds, accounting for 84% of the 
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total composition. The oil of the Moroccan fruits showed low percentages of some monoterpene 

hydrocarbons, such  as α-pinene (3.8%), camphene (1.6%), β-pinene (1.3%), p-cymenene 

(1.2%) but in general the oxygenated monoterpenes reached maximum levels in the oil, with 

bornyl acetate (21.5%) and octanoic acid (8.2%) as most predominant constituents (Barrero et 

al., 2005).  

One study reported on the chemical composition of essential oil from unripe fruits of P. 

atlantica. Tzakou et al. (2007) have conducted a study focusing on quantitative and qualitative 

aspects on the essential oils from unripe fruits collected in Greek East Aegean islands 

(Kalimnos and Lesvos). In unripe fruits, monoterpenes accounted for 85.6% (Kalimnos) and 

82.2% (Lesvos) of the entire essential oil. The components characterizing unripe fruit oils were 

sabinene (14.9% Kalimnos, 19.5% Lesvos), myrcene (10.2% Kalimnos, 34.5% Lesvos), 

terpinen-4-ol (25.7% Kalimnos, 8.9% Lesvos) and p-cymene (10.0% Kalimnos).  

Otherwise, profiling fruit oils from P. atlantica Desf. harvested in Algeria, has shown that α-

pinene and β-pinene constituted more than 74.1% of the total content (Mecherara-Idjeriet al., 

2008). In this study, the fruits oils were analyzed by GC/MS and 13C-NMR. Thirty-four 

components were identified, accounting for 99.2% of the total essential oils. The oil was found 

to be rich in monoterpene hydrocarbons (88.2%), followed by oxygenated monoterpenes (13.4 

%), sesquiterpene hydrocarbons (3.4%) and oxygenated sesquiterpenes (0.2 %). The main 

components of the fruit oil were α-pinene (50.6%), β-pinene (13.5%), camphene (6.8%), 

tricyclene (1.8%), myrcene (3.3%), limonene (2.4%), (Z)-β-ocimene (5.6%), (E)-β-ocimene 

(1.3%), α-terpineol (1.4%), bornyl acetate (4.5%) and germacrene D (1.9%).  

The essential oils in dry and fresh fruits of P.atlantica from Iran, extracted by percolation with 

80% methanol and water, and analyzed by GC-MS showed the following composition: β-

myrcene (41.4%), α-pinene (32.5%), limonene (4.66%), sabinene (3.06%), (E)-4,8-dimethyl-

1,3,7-nonatriene (2.39%), cis-ocimene(1.6%),  alloocimene (1.4%), trans-caryophyllene 

(1.4%), 11-n-decyldocosane (1.3%), trans-ocimene (1.1%) and linalool (1.1%) (Falahati et al., 

2015). 

4.3.3. Galls  

The galls of P. atlantica Desf. are used as an embalming gradient by rural inhabitants. The 

chemical composition of its essential oil has been reported only for Algerian and Iranian 

populations and among them only one study (Gourine et al., 2011) reported separately the 

composition of the male and female oils. In the work of Mecherara-Idjeri et al. (2008) on 

screening the chemical composition of the gall oils of P. atlantica Desf. from natural stands at 

Ain-oussera, Algeria, monoterpene hydrocarbons (80.5%) and oxygenated monoterpenes (12.1 
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%) were found to predominate in the gall oils, followed by sesquiterpene hydrocarbons (3 %) 

and oxygenated sesquiterpene (1.8%). Furthermore, thirty-six compounds have been identified 

in these volatile oils by GC/MS and 13C-NMR. The components characterizing gall oils were 

α-pinene (48.3%), β-pinene (8.0%), camphene (4.0%), tricyclene (1%), myrcene (2.2%), 

limonene (6.9%), β-phellandrene (2.8%), terpinolene (3.5%), terpinen-4-ol (1.0%), α-terpineol 

(9.2%), germacrene D (1.2%), bornyl acetate (0.9%), bicyclogermacrene (1.2%), spathulenol 

(0.4%) and globulol (0.4%). 

Gourine et al. (2011) have conducted a study focusing on quantitative and qualitative 

differences in essential oils from male and female unripe galls of P. atlantica Desf. collected in 

Laghouat (Algeria). The composition of the essential oil of 52 samples (male and female trees) 

of unripe galls was determined by GC-MS. Twenty-seven compounds were identified 

representing 92.5% (male) and 95.8% (female) of the total compositions, respectively. The 

essential oils in both genders of unripe galls consisted mainly of monoterpenes. The main 

constituents in the unripe gall oils from the female plants were Δ3-carene (75.3%) and limonene 

(3.2%) and from the male plants α-pinene (59.0%), β-pinene (13.3%) and limonene (5.5%). 

Rowshan et al. (2013) evaluated the chemical profile of the gall oils from Iranian origin (Ghalat 

station, Sarvestan city, Fars province). This study confirmed the presence of hydrocarbon 

monoterpenes as major constituents of the essential oils. Twenty-three compounds were 

identified, accounting for 99.7% of the total oil. The composition of the gall, oils was dominated 

by α-pinene (68.2%), β-pinene (6.0%), camphene (5%), myrcene (15.3%), tricyclene (1.7%) 

and sabinene (1.2%). 

4.3.4. Flowers  

The chemical composition of essential oils of P.atlantica Desf. for flowers harvested from 

Berriane-Ghardaia in south Algeria was determined by Labed-Zouad et  al., (2017).  Overall 

the content of the essential oils obtained by hydrodistillation and analyzed by GC-MS was 

found to be 96.9%. The main components were α-pinene (30.0%), -terpinene (17.3%), β-

phellandrene (13.4%), α-phellandrene (11.0%), limonene (8.9%), α-thujene (4.4%), Camphene 

(2.7%) and sabinene (2.7%). The flower oils also contains minor amounts of various 

constituents, as terpinen-4-ol (0.7%), linalool (0.5%), α-terpineol (0.5%), aromadendrene 

(0.5%), spathulenol (0.5%), α-terpinolene (0.4%), germacrene D (0.4%), germacrene B (0.4%), 

caryophylleneoxide (0.4%), -cadinene(0.3%), α-cadinol (0.2%) and sclareol (0.2%) (Labed-

Zouadet  al., 2017). 
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4.3.5. Resin  

The Pistacia genus contains many resin-producing trees, all of which have been economically 

important from ancient times to the present (Peachey, 1995). The resin of P. atlantica, called 

Saqez, is known for its industrial and traditional applications in food, cosmetics and perfumery, 

and as a flavoring agent in food preparations (Rahbar Saadat et al., 2016). The composition of 

the essential oils of this resin was studied qualitatively and quantitatively by GC-MS. Delazar 

et al. (2004) investigated the yield and composition of the volatile components of P. atlantica 

var. mutica oleoresin, growing in Marivan, Kordestan province, Iran.The GC-MS analysis of 

the essential oil, obtained from steam distillation of the oleoresin, led to the identification and 

quantification of eleven terpenoids, α-pinene (70.0%), β-pinene (1.9%), 3-carene (0.2%), 

carveol (2.2%), epoxypinene (2.2%), limonene oxide (9.0%), myrtenol (5.3%), limonene 

(0.6%), citral (5.7%), α-phellandrene (0.2%), and β-myrcene (0.3%). The total amount of 

essential oil is 22% v/w, which is higher than in any other species of the genus Pistacia. 

Barrero et al. (2005) investigated the chemical composition of essential oil of resin of P. 

atlantica Desf. collected in the Atlas mountains (Marrakech region, Morocco). A total of 21 

components were identified, accounting for 89.0% of the total amount. The principal 

compounds in the resin essential oil were α-pinene (42.9%) and β-pinene (13.2%), p-cymen-8-

ol (8.7%), trans-pinocarveol (3.2%), myrtenol (2.0%), limonene (2.0%), lynalyl propionate 

(1.3%), α-campholenal (1.3%), bornyl acetate (1.0%) and p-cymenene (1.0%). Other 

components present at an appreciable content were trans-pinocamphone (0.8%), borneol 

(0.8%), δ-3-carene (0.7%), terpinolene (0.5%), myrcene (0.4%), 1,8-cineole (0.3%), camphene 

(0.3%), verbenone (0.3%), δ-2-carene (0.2%) and sabinene (0.2%). 

Benabderrahmane et al. (2015) have characterized the chemical variability of the essential oils 

of P. atlantica Desf. resin from the west and south-west of Algeria (Sfisef, Saida and Naama 

localities). Hydrodistillation of the resin gave yellowish oils with a strong odor. The yields were 

19.0%, 22.0% and 27.7% (v/w) for Sfisef, Naama and Saida, respectively. The chemical 

analysis of the volatile oils showed that they were very rich in α-pinene (25.4, 65.3 and 79.8%) 

and β-pinene (3.0, 16.5 and 7.4%). Seventeen compounds were present in the essential oil of 

each tested population, i.e. α-pinene, camphene, β-pinene, sabinene, δ-3-carene, β-myrcene, 

limonene, p-cymene, α-terpinolene, m-cymene, dehydro-p-cymene, α-campholenal, bornyl 

acetate, myrtenal, (E)-pinocarveol, terpenyl acetate and p-cymen-8-ol. The chemical profiles of 

the Saida and Sfisef localities showed a higher percentage of hydrocarbon monoterpens (88% 

and 91% respectively). The population of Naam, on the other hand, was characterized by its 
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richness in volatile compounds (50 components identified) compared to the other two 

populations (30 and 22 components, respectively).  

The essential oil of resin of P. atlantica Desf. collected from Ouled Djellel (Biskra), Ain 

Oussara and Messaad (Djelfa) in  south Algeria was found to contain predominantly α-pinene 

(63.0%), β-pinene (6.8%), trans-verbenol (6.6%), cis-verbenol (4.6%), verbenone (3.5%), 

myrthenol (0.9%), limonene (0.8%) and p-cymene (0.4%) (Benabdallah et al., 2017). 

4.4. Phenolic compounds 

P. atlantica subspecies are known to be a rich source of phenolic compounds, such as 

flavonoids and tannins among others. Over 50 phenolic compounds have been isolated and 

identified by various techniques from the different parts of the plants. Researchers show interest 

to use these compounds for therapeutic purposes. Almost all parts of the plant are found to 

contain biologically active compounds. The quantification of different types of phenolic 

classes and the structure of the isolated compounds are discussed in this section and illustrated 

in Table 1 and Fig. 2. 

[Figure2] 

A new flavonoid was isolated by Adams et al. (2009) from the leaves and twigs it was identified 

as 5-hydroxy-8-(4-hydroxyphenyl)-7-methoxy-2H-2,2-dimethylpyrano-6H-[2,3-g]chromen-6-

one(3-methoxy-carpa-chromene) (66) (Number in bold (66-85), see Fig.2).Yousfi et al. (2009) 

isolated  two phenolic acids, i.e. gallic acid and gallic acid methyl ester, from the methanolic 

leaves extract. In addition, the methanolic extract yielded also 6 other compounds; chlorogenic 

acid, luteolin, luteolin 7-glycoside, kampferol, naringine and naringine 7-glycoside. A new 

derivative of hispolone and hispidin methyl 5-(3,4-dihydroxyphenyl)-3-hydroxypenta-2,4-

dienoate (67) was isolated from the mushroom Inonotus hispidus growing on P. atlantica Desf. 

A hispolone, 2 (6-(3,4-dihydroxyphenyl)-4-hydroxyhexa-3,5-dien-2-one) (68) was also 

isolated from this fungus (Yousfi et al., 2009).  

[Table 1] 

Aqueous extract of P. atlantica Desf. leaf was fractionated by partition with solvents of 

increasing polarity, which led to the identification of 14 derivatives of gallic acid (69), namely 

quinic acid (70), galloylquinic acid (71), digalloylquinic acid (72), methyl gallate (73), digallic 

acid (74), trigalloylquinic acid (75), trigallic acid (76), methyl digallate (77), rutin (78), 

myricetin-galloylhexoside and quercitrin-O-gallate in ethyl acetate and n-butanol (Benamar et 

al., 2018). The ethyl acetate fraction was also characterized by the presence of gallic acid and 

tetragalloylquinic acid. From the butanol fraction glucogallin was identified (Benamar et al., 
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2018). Methanolic extract of P. atlantica subsp. kurdica leaf showed the presence of free 

phenolic acids, such as gallic acid, rutin, caffeic acid, p-hydroxybenzoic acid, vanillic acid, p-

coumaric acid, syringic acid, ferulic acid and sinapic acid (Hatamnia et al., 2014). The presence 

of gallic acid derivatives and glycosylated flavonoids, rutin, quercetrin and heterosides in the 

methanolic extract of Pistacia atlantica Desf leaf was confirmed by Amri et al. (2018). 

Crude extract of P. atlantica Desf. leaves, buds, and roots was fractionated by partition with 

solvents of increasing polarity. Ethyl acetate and n-butanol led to the identification of 10 

phenolic compounds, i.e. tannic acid, rutin, gallic acid, vanillic acid, ρ-coumaric acid, catechin, 

syringic acid, ferulic acid, quercetin and naringenin (Toul et al., 2017). Among the 10 identified 

compounds, ferulic acid, syringic acid, quercetin and catechin were present in different 

fractions of  P. atlantica Desf. subsp. atlantica extracts (Table 1). 

HPLC-DAD coupled with quadrupole time-of-flight mass spectrometry on the ethyl acetate 

fraction of hydro-acetonic extract of P. atlantica Desf. leaf led to the identification of twelve 

derivatives of gallic acid, namely glucogallin (79), gallic acid, galloylquinic acid (80), gentisic 

acid (81), galloylshikimic acid (82), methylgallate, quinic acid, digalloylquinic acid, digallic 

acid, trigalloylglucose (83), tetragalloylglucose (84), and tetragalloylquinic acid (85) (Ben 

Ahmed et al., 2016). Further, Hatamnia et al. (2014) identified gallic acid, caffeic acid (86), p-

hydroxybenzoic acid (87), vanillic acid (88), p-coumaric acid (89), ferulic acid (90), and sinapic 

acid (91) (Number in bold (86-118),  see supplementary material Fig. S2). from the methanolic 

extracts of hull, shell and kernel of P. atlantica subsp. kurdica. However, syringic acid was 

found only in the kernel and hull extract, while rutin was not found in the kernel extract.  

Moreover, Khallouki et al. (2017) identified twenty seven phenolic compounds from 

methanolic extracts of P. atlantica Desf. fruits, namely gallic acid, galloyl quinate, galloyl 

glucosidedigalloyl quinate-1, digalloyl quinate-2, methyl gallate, digalloyl glucoside, trigalloyl 

glucoside, tetragalloyl glucoside-1(92), tetragalloyl glucoside-2 (93), pentagalloyl glucoside 

(94), 2-O-galloyl-quercetin-3-O-glucoside (95), quercetin-3-O-rhamnogalactoside (96), 

quercetin-3-O-galactoside (97), luteolin-4-O-glucoside (98), 2-O-galloyl-luteolin-4-O-

glucoside (99), quercetin-3-O-glucuronide (100), kaempferol-3-O-glucoside (101), eriodictyol 

(102), luteolin (103),  apigenin (104), ellagic acid (105), ellagic acid diglucoside (106), ellagic 

acid glucoside (107), methyl ellagic acid glucoside (108),  and ellagic acid. 

Uddin et al. (2016) isolated also two flavonoids, namely transilitin and dihydro luteolin from 

the ethyl acetate fraction of the crude extract of P. atlantica ssp. cabulica Stocks. The 

methanolic  extract of P. atlantica  subsp. mutica hull subjected to different techniques, like 

HPLC-DAD , LC-MS and 1H-NMR, led to the identification of twenty one  phenolic 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3033659/#SD1
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compounds, i.e. luteolin, quercetin, gallic acid, 2 (3 or 5)-O- galloyl-1,4-galactolactone methyl 

ester, 4-hydroxy-3,5dimethoxy-1,2-benzen-dicarboxylic acid, 6-cinnamoyl-1-galloylglucose, 

mallonanoside, 4-hydroxy-3,5-dimethoxybenzene-1,2-dioic acid (109), caffic  acid, 

glucodistylin (110), 3-O-ethylgallic acid (111), 2-O-galloyl-1,4 galactarolactone (112), 2-O-

galloylisoquercitrin, hypolaetin(113), rutin, 5,4-dihydroxy-3,3-dimithoxy-6,7-methylene-

dioxiflavone, kaempferol 3-O-glucuronide (114), isoquercetin (115), 2-O-cis-

caffeoylquercitrin, luteolin 7-lactate and luteolin 3'-glucuronide (Rezaie et al., 2016). Further, 

Jouki and Khazaei (2010) identified seven individual phenolics, gallic acid, chlorogenic acid 

(116), ellagic acid, sinapic acid, protocatechuic acid (117), (+)-catechin and juglone (118) from 

P. atlantica subsp. mutica fruits.  

5. Pharmacological information 

Several resarhers have reported various biochemical activities of P. atlantica subspecies in 

various in-vivo and in-vitro test models. Different parts of of P. atlantica subspecies have been 

found to exhibit antimicrobal, antifungal, anti-inflammatory, analgesic, antinociceptive, wound 

healing, anticancer, cytotoxic, anticholinesterase, antidiabetic, hepatoprotective, erythrocyte 

protective, urease  inhibition, antihypertension, nipple-fissure healing, antileishmanial and 

antiplasmodial activities. An overview of the pharmacological investigations performed with 

several crude extracts and isolated compounds from P. atlantica subspecies are given below.   

5.1. Antioxidant activity  

Naturally occurring antioxidants can be used to protect human beings from oxidative stress 

damage (Sarangarajan et al., 2017). Many plant-based antioxidants have been identified as free-

radical scavengers (Lobo et al., 2010). P. atlantica subspecies are known as an excellent source 

of natural antioxidants which contribute to the daily diet (Ben Ahmed et al., 2016; Ben Ahmed 

et al., 2020). Many studies have evaluated the antioxidant potential of different extracts from 

P. atlantica. DPPH-based radical scavenging, ABTS•+ radical scavenging, nitric oxide 

scavenging, reducing power, and -carotene bleaching tests have been employed for this 

assessment (Table 2). The aqueous, ethanolic and methanolic extracts from galls, leaves, stems 

and roots of P. atlantica subspecies exhibited antioxidant activity (Toul et al., 2017; Rezaie et 

al., 2015). 

[Table 2] 

Several studies (Atena and Bahram, 2015; Ben Ahmed et al., 2017; Ben Ahmed et al., 2016) 

revealed that P. atlantica subsp. kurdica contains phenolic compounds and terpenes with 

antioxidant properties, which are likely to be responsible for the pharmacological effects. The 

phenolic compounds of P. atlantica Desf. leaves, galloylquinic acid, quinic acid, gallic acid,  
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glucogallin and trigalloylglucose showed antioxidant activities (Ben Ahmed et al., 2016). 

Methanol, ethanol, ethyl acetate, butanolic  and water extracts of P. atlantica subspecies 

showed high antioxidant activity compared to the essential oil (Table 2).  

5.2. Antimicrobial activity 

Crude hydro-extract of P. atlantica fruits showed antibacterial action against Staphylococcus 

aureus, Pseudomonas aeruginosa and E. coli, with minimal inhibitory concentrations (MIC) of 

204, 104 and 163µg/ml, respectively (Azizian et al., 2013). Hydro-extract of P. atlantica did 

not show any effect on Helicobacter pylori  

Fruits oils of P. atlantica Desf. from Algeria were extracted using traditional (Cursed fruits 

were mixed with date blocks until a homogeneous paste, pressing the dough manually to extract 

the oil) and soxhlet methods (Abdenbi et al., 2016). They were tested for their antimicrobial 

activity against various Gram-positive (S. aureus, Bacillus cereus, Listeria monocytogenes) and 

Gram-negative (E. coli, P. aerugenosa and Acenitobacter boumanii) organisms. The oil 

extracted by the soxhlet method exhibited a strong antibacterial activity against E. coli, 

Acenitobacter boumanii and P. aerugenosa, while the antibacterial activity of the oil extracted 

by the traditional method was only appraised against two bacteria, E. coli and Acenitobacter 

boumanii.  

The dried powders of P.atlantica fruits were extracted in a soxhlet apparatus with four solvents 

(methanol, ethanol, hydroethanolic mixture and water) (Tohidi et al., 2011). They all revealed 

significant antibacterial activity against E. coli, S. auereus and S. epidermidis. Concentrations 

of 25 to 75 mg/mL showed inhibition zones larger than 7 mm, which is considered as the limit 

for being a reasonable antibiotic. However, in the same study was found that the antibacterial 

activity of P. atlantica fruit extracts was lower than that of standard antibiotics gentamicin, 

tobramycin and kanamycin. Kamrani et al. (2007) investigated the antibacterial effects 

of Iranian P. atlantica subsp. kurdica to inhibit the growth and acid production of 

microorganisms involved in dental plaque. The growth inhibitory activity of fruit-hull extract 

(prepared by percolation using 70% ethanol) was tested against S. mutans, S. salivarious, S. 

sobrinus, S. sanguis and Actinomyces viscosus. The MIC values of the extracts ranged from 

0.71 to 0.86 mg/mL. In-vitro studies showed that the fruit-hull extract at concentrations of 10%, 

inhibited strongly the acid-producing ability of S. mutans and the salivary glycolysis up to 5h 

post rinsing when compared to Listerine (a commercial mouthwash) control. 

The antimicrobial activity of methanolic and ethyl acetate extracts from P. atlantica Desf. 

leaves grown in Libya was also assayed against S. aureus, B. subtilis, E. coli, P. aerugenasa 

and Candida albicans (Othman et al. , 2018). The ethyl acetate extract showed an effect against 

http://ejchem.journals.ekb.eg/?_action=article&au=38982&_au=Salma.O.+K.++Othman
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S. aureus (20 mm inhibition zone) while the methanolic extract  was effective against B. subtilis. 

The ethanolic extract of P. atlantica Desf. exhibited antibacterial activity against a Gram-

positive bacterial strain (S.  saprophyticus) from two tested and against a Gram-negative (C. 

freundii) from three tested (inhibition zones of 8 and 7 mm, respectively). 

An aqueous extracts of P. atlantica  leaves, collected from the mountains of the Ilam province 

(Iran),was screened for antibacterial activity against three bacterial pathogens namely 

Streptococcus. mutans, S. mitis and S. salivarius (Roozegar et al., 2016). The disc diffusion 

technique showed a significant inhibitory effect on S. mutans and S. mitis with inhibition zones 

of 19 and 25 mm, respectively. The MIC values and the minimum bactericidal concentration 

(MBC) for S. mutans were 60 and 90 µg/mL and for S. mitis was 75 and 110 µg/mL.  

Yoram and Inbar (2011) reported antibacterial activity of the aqueous extract from green and 

red galls of P. atlantica against Bacillus species (B. megaterium, B. subtilis and B. cereus) and 

Pseudomonas species (P. aeruginosa and P. fluorescence). Both green and red gall extracts 

demonstrated antibacterial activity against the Bacillus species and against P. aeruginosa, but 

not against P. fluorescence. 

Essential oils from different parts of P. atlantica Desf. were screened by Benabdallah et al. 

(2017) for their activity against Gram-positive and Gram-negative bacteria. These essential oils 

showed some very promising results on human pathogens (Staphylococcus aureus, Escherichia 

coli, Escherichia coli ATCC 25922, Klebsiella pneumoniae, Pseudomonas aeruginosa and 

Candida albicans). Essential oils of P. atlantica Desf. leaves, collected from Ouled Djellel 

(Algeria), were examined for their antimicrobial activity against two bacterial strains of clinical 

origin, i.e. S. aureus and C. albicans. The essential oils extract showed 8-12 mm inhibition 

zones against S. auereus and 12-14 mm against C. albicans with minimal inhibitory 

concentrations of 52 and 257 mg/ml, respectively.  

In another investigation (Sharifi et al., 2011), the volatile oil from the crude gum of P. atlantica  

kurdica, was isolated by hydrodistillation and screened for possible antimicrobial activity 

against 9 strains of Helicobacter pylori  and some other Gram-negative and Gram-positive 

bacteria. The gum essential oil was active against H. pylori (H. pylori strains 26695, J99, RSB6, 

P10, SS1, SS2000, N6, NCTC11637 and RU1) and both Gram-negative (E. coli type 1, 

Salmonella typhimurium, Serratia marscens, P. aeruginosa, Alcaligenes faecalis, Enterobacter 

aerogenes,  P. fluorescens, P. vulgari and Porphyromonas gingivalis) and Gram-positive 

bacteria (B. cereus, S. aureus, Streptococcus faecalis, S. epidermidis, B. subtilis and 

Corynebacterium) with MIC values ranging from 500 to 1000 mg/mL. The essential oil from 

the resin of P. atlantica was extracted in (Hosseini et al., 2013) by distillation with water, 
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diethylether and chloroform, and was tested for its antimicrobial activity against S. mutans  

strains.  Diethylether extract showed more inhibitory effect than the aqueous and chloroformic. 

The antimicrobial activity of essential oils of P. atlantica Desf. resin, collected in three localities 

from the western and south-western of Algeria, was tested in vitro on clinical isolates of seven 

bacteria species (E. coli, Enterobacter cloacae,  Klebsiella pneumoniae, P. aeruginosa, 

Xanthomonas maltophila, Enterococcus feacalis, and S. aureus) (Benabderrahmane et al., 

2009). The essential oils exhibited strong antibacterial activity against S. aureus and 

Enterococcus feacalis with MIC below 10 mg/mL. Candida albicans showed resistance to all 

volatile oils tested.  

Rezaie et al. (2015) addressed the antimicrobial effects of Bene (P. atlantica subsp. mutica) 

hull essential oil against both Gram-positive (S. aureus) and Gram- negative (E. coli) bacteria. 

The essential oil extract exhibited significant antimicrobial activity against S. aureus and E. coli 

with MIC values of 6 and 12.5 μg/mL, respectively. Benabdallah et al. (2017) investigated the 

antibacterial effect of the essential oil of P. atlantica Desf. resin against five strains of clinical 

origin (S. aureus, C. albicans, E .coli, K. pneumoniae and P. aeruginosa). The essential oil 

extracted from the resin showed 11-15 mm inhibition zone against S. aureus, 10-13 mm against 

C. albicans, 7-10 mm against E. coli ATCC 25922, 8-15 mm against K. pneumoniae, and 9-

11mm against P. aeruginosa. Sifi et al. (2015) studied the antimicrobial activity of essential oil 

from the gall part of P. atlantica Desf. grown in Algeria against three mycobacteria species: 

Mycobacterium smegmatis, M. aurum and M. fortuitum. The oils showed MIC values that 

ranged from 0.16 to 2.5 mg/mL and MBC values from 0.62 to >2.5 mg/mL. M. fortuitum was 

the most resistant strain towards all essential oil samples (MIC value varied between 1.25 and 

2.5 mg/mL).  

5.3. Antifungal activity 

In the search for new antifungal drugs, many plants have been tested for their antifungal activity 

and mode of action. Leaves, fruits and essential oils of P. atlantica subspecies were reported to 

have antifungal activity. The extracts used in (Falahati et al., 2015) for antifungal investigation 

were ethanol, hexane, ethyl acetate, chloroform, butanol and water based. Fresh and dried 

P.atlantica Desf. fruits were separately extracted via percolation with 80% methanol/water  and 

tested for their antifungual activity against C. albicans, C. glabrata and S. cerevisiae. The 

extracts exhibited both fungistatic and fungicidal activities, with MIC ranging from 6.7 to 26.7 

mg/mL and minimal fungicidal concentration (MFC) ranging from 13 to 37 mg/mL. Among 

the evaluated extracts, the methanolic fresh fruit extract was significantly more effective. 

Falahati et al. (2015) investigated also the antifungal activity of methanol and aqueous extracts 
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of P. atlantica Desf. leaves against C. albicans, C. glabrata and S. cerevisiae. The extracts were 

compared to miconazole, the standard antibiotic agent. C. albicans was most sensitive to P. 

atlantica Desf. extracts, while C. glabrata was the most resistant yeast. The aqueous extract of 

P. atlantica Desf. leaf exhibited the least antifungal effect, with the highest MIC (21mg/mL). 

The activity of miconazole was highest with MIC values ranging from 0.0013 to 0.0026 mg/mL. 

Based on the findings of this study, the use of P. atlantica in the traditional treatment of Candida 

infections could be promoted. 

The antifungal activity of ethanolic extracts from P. atlantica fruits against Aspergillus species 

(A. niger, A. flavus, A. fumigates) and Candida species (C. albicans, C. glabrata, C. tropicalis, 

and C. krusei) was assayed in (Shialy et al., 2015) using the agar-well diffusion method. Rather 

low activity against C. tropicalis (MIC = 25 mg/mL) was seen and moderate activity against C. 

albicans and A. flavus (MIC = 12.5 mg/mL), while the extracts showed potent activity against 

C. glabrata, C. krusei and A. fumigates (MIC =6.3 mg/mL). The P. atlantica leaf extracts were 

ineffective against A. niger. In addition, Shialy et al. (2015) addressed the antifungal effects of 

ethanolic extracts from P. atlantica leaves against Candida (C. albicans, C. glabrata, C. 

tropicalis, and C. krusei) and Aspergillus (A. niger, A. flavus, and A.fumigates) species. The 

MIC ranged between 6.25-12.5 mg/mL and 12.5-25 mg /mL against the tested Candida and 

Aspergillus species, respectively, while the extracts were ineffective against C. tropicalis 

In another study, the gum of P. atlantica subsp. kurdica inhibited A. parasiticus growth at MIC 

values of 125 mg/mL and was able to decrease aflatoxin production effectively in a dose-

dependent manner (Khodavaisy et al., 2016). 

Another assessment of the antifungal activity of ethanolic extracts from P. atlantica Desf. 

leaves was conducted by Benhammou et al. (2008). The extracts inhibited Fusarium sp growth 

between 20 and 32% in the considered volumes, while no antifungal effects against Rhizopus 

stolonifer, A. flavus and Trichoderma sp were seen. Yoram and Inbar (2011) investigated the 

antifungal activity of the essential oils from galls and leaves of P. atlantica against Fomitopsis 

pinicola and Penicillium sp. The volatile constituents of galls delayed but did not block the 

growth, while the volatile constituents from the leaves inhibited only the growth of Penicillium 

sp. 

5.4. Anti-inflammatory, analgesic and antinociceptive activities 

Pharmacological property models of the aqueous extract, obtained from aerial parts (Fresh 

leaves, unripe fruits and leaf-buds) of P. atlantica Desf. of Morocco were investigated in vivo 

by Hajjaj et al., (2017). In that study the anti-inflammatory activity of the aqueous extract was 

measured against acute paw edema induced by carrageenan. The extracts, in doses of 200 and 
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400 mg/kg, showed very good anti-inflammatory activity (93% and 89% reduction) 1h30 post-

medication (maximum inhibition was observed after 3h and 6h). The anti-inflammatory activity 

of the tested extract was more potent than that of the standard drug, indomethacin. The aqueous 

extract also exhibited a high analgesic effect in the writhing and in the tail immersion tests 

suggesting the induction of a peripheral and central analgesic response. 

Likewise, Amri et al. (2018), have tested the anti-inflammatory activity of methanolic extract 

from P. atlantica Desf. leaves, while considering diclofenac as standard. The extract exhibited 

a strong anti-inflammatory activity, expressed 3 and 6h after induction of the edema by injection 

of carrageenan, in a dose-dependent manner (100 and 250 mg/kg), while diclofenac reduced 

the edema at 1.5h. Minaiyan et al. (2015) investigated the effects of various gum fractions and 

volatile oil from P. atlantica subsp. kurdica at different doses in an animal model of ulcerative 

colitis, one of the important chronic inflammatory bowel diseases of the gastrointestinal tract. 

Both gum and volatile oil administered by oral oral route, significantly reduced the intensity of 

colitis parameters, including ulcer severity (damage scores), ulcer area, ulcer index, wet 

weight/length ratio and myeloperoxidase activity in the examined doses (100, 200, 400 mg/kg, 

and 100, 200, 400 µL/kg for gum and volatile oil, respectively). 

Ghizlane et al. (2018) investigated the in vivo anti-inflammatory activity of fruit essential oil 

extract from P. atlantica Desf in rats. The essential oil displayed a significant anti-inflammatory 

activity using the carrageenan-induced paw edema method in rats. The extracts in a dose of 100 

mg/kg showed anti-inflammatory activity with percentages inhibition of paw edema 85, 69 and 

85 measured 1h30, 3h, and 6h after the injection of carrageenan, respectively. Meanwhile, the 

effect of P. atlantica subsp. kurdica fruit oils on reducing inflammation and the contribution to 

tissue repair in acetic acid induced colitis in a rat model was examined by Tanideh et al. (2014). 

Their findings demonstrated that a high dose of P. atlantica subsp. mutica fruit oil (300-600 

mg/kg) administered orally or rectally, can improve colitis physiologically and pathologically 

in a rat model, and may be efficient for ulcerative colitis. In addition, Heidarian et al. (2017) 

reported that the leaf hydroethanolic extract provides protection against gentamicin-induced 

nephrotoxicity in rats. More recently, Sedigheh et al. (2018) conducted a study in order to 

provide the therapeutic potential of methanolic extract from P. atlantica fruit in the treatment 

of nociception. In this investigation, antinociceptive activity was measured using the hot plate, 

tail-flick, and rotarod tests. The results indicated that in the hot plate and tail-flick tests, P. 

atlantica fruit extract at doses of 50, 150 and 350 mg/kg had a dose-dependent effect, 30 min 

after administration; i.e. a significant difference (p<0.05) between the control group (saline 

recipient) and the extract treated group was observed. No significant (p>0.05) changes were 
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observed when injecting P. atlantica fruit extract at doses of 50, 150 and 350 mg/kg in the 

sensory motor test.  

Gholami et al. (2016) studied the effects of P. atlantica Desf. resin extract in the treatment of 

chronic inflammatory bowel disease in a rat model induced by 2, 4, 6-trinitrobenzene sulphonic 

acid. Histological examination of the P. atlantica group showed ulcer improvement, a reduction 

in macrophages and lymphocytes in the ulcer region and low polymorphonuclear infiltration in 

the submucosal layer. This result confirmed that the P. atlantica resin extract is an effective 

remedy for the treament of gastrointestinal ulcers as applied in traditional medicine. 

5.5. Wound healing activity 

Scientists try to find new and effective plant medicines to improve wound healing. Studies were 

conducted with respect to the wound healing capacity of P. atlantica subspecies. Haghdoost et 

al. (2013) reported the effect of P. atlantica resin extract on rat skin burn wound healing. 

Different ointment concentrations (resin extract) were prepared by adding 5, 10, and 20 g resin 

to 95, 90, and 80 g vehicle to obtain 5%, 10%, and 20% ointments concentrations, respectively. 

Their results showed that the effect of P. atlantica resin on burning wound healing (after 14 

days of treatment) is dose-dependent and in higher doses a reverse effect and lower healing 

occured.  P. atlantica subsp. kurdica mastic extract from Kurdistan or Iran has been reported 

for its wound healing activity by Fakour et al., 2017. In their study, topical  cream  and  oral  

suspension  were made  from  mastic gum,  after  preparing  hydroalcoholic  extract (raw mastic 

gum in the form of powder resin was extracted in a soxhlet apparatus with ethanol 96% (v/v)) 

and essential oil by hydrodistillation. The healing process was evaluated by histological 

examination on day 21.The treatments with 3 mL 30% oral suspension (0.58 mL essential oil 

and 0.34 mL hydroalcoholic extract were diluted with 2.08 mL distilled water ) and 60% 

exhibited significant healing with 27 and 54 % contraction after 14 and 21 days of treatment, 

respectively. The 30% topical  cream (1g) (56 mg eucerin with 48.3 mL essential oil of mastic 

gum and 9.12 mL hydroalcoholic extract)  and 60%  (32 mg eucerin with 24.15 mL essential 

oil and 18.24 mL of hydroalcoholic extract) treatments exhibited significant healing with 39 

and 66 % contraction for 14 and 21 days of treatment, respectively. The findings of this research  

support the idea that  the  mastic  extract  of  P. atlantica  is  apromising  source  of  wound  

healing compounds.  

The wound healing activity of oil extract from P. atlantica hull was evaluated by Farahpour 

and Fathollahpour (2015). The results of this study demonstrated that the hull oil extract 

improved the wound-healing area (2.4 mm2) on day 20 post injury in rabbit, with 97% of wound 

contraction. In addition, the effect of gel forms from P. atlantica subsp. mutica fruits on 
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enzymatic antioxidants in experimental wounds created in rat was studied by Hamidi et al. 

(2017). The results suggest that excision of the wound leads to oxidative stress and topical 

administration of P. atlantica gels causes remarkable changes in the antioxidant parameters  

during wound closure via pro-oxidative and antioxidant activities which can reduce oxidative 

stress. In another study, the healing effect of an essential oil extracted from P. atlantica hull 

was evaluated by Tanideh et al. (2017) for the treatment of oral mucositis in golden hamsters. 

The blood samplings revealed chemotherapy related pancytopenia without significant 

difference between the subgroups. Comparisons on macro- and microscopical oral mucositis 

scorings demonstrated dose-dependent healing promotion in the subgroups receiving active 

gels. 

The ameliorative effects of P. atlantica resin oil on wound healing in rat as well as its effects 

on vascular endothelial growth factor were evaluated by Sepehri et al. (2019). Thirty male rats 

were randomly divided into three groups (n=10) as follows: Group 1: burn injury, Group 2: 

burn injury receiving 300 μL/kg/day P. atlantica resin oil topically, Group 3: burn injury 

receiving 300 mg/kg/day sulfadiazine cream topically. At the end of the study (day 14) the area 

of wounds was measured and skins with burn damage were dissected. Pistacia atlantica 

remarkably reduced wound size compared to the burn control group and showed more 

beneficial effects compared to sulfadiazine as positive control. This study revealed that P. 

atlantica resin oil could be considered as a new therapeutic agent for the treatment of injuries, 

such as burn damage. 

5.6. Anticancer and cytotoxicity activities 

Recently, many studies have been conducted to identify natural compounds preventing the 

development and recurrence of cancers. Numerous papers studying a P. atlantica subspecies 

focused on its antitumor activity. The anticancer activity of mastic gum resin (MGR) from P. 

atlantica subsp. kurdica was evaluated by Shafiei et al. (2015). In their investigation, the 

cytotoxic effects of MGR on human bile duct cancer (cholangiocarcinoma) (KMBC), 

pancreatic carcinoma (PANC-1), gastric adenocarcinoma (CRL-1739), and colonic 

adenocarcinoma (COLO205) were quantified by the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium Bromide) assay.The MTT results showed that the mastic gum resin at 

concentrations from 0.01 to 100 μM induced the death of cancer cells in a dose and time-

dependent manner. The mastic gum resin suppressed proliferation of human cancer cells with 

72 h IC50 values of 15.3, 11.5, 8.1 and 5.2 μg/mL for cholangiocarcinoma, pancreatic 

carcinoma, gastric adenocarcinoma, and colonic adenocarcinoma (COLO205) cells, 

respectively. Normal human colon fibroblast (CCD-18Co) cells were not adversely affected by 
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the resin treatment. Flow cytometry showed that the mastic gum resin significantly arrested 

COLO205 cell proliferation at the G2/M phase of the cell cycle. The resin caused apoptotic 

morphological changes in COLO205 cells. The apoptotic effect to mastic gum resin occured 

via the mitochondria as shown by the up-regulation of Bax, the down-regulation of Bcl-2 genes, 

and the activation of caspase-9 and -3 activities.  

Likewise, Hashemi et al. (2017) evaluated the antiproliferative activity of ethanolic extract from 

P. atlantica Desf. leaves. In their study, the cytotoxic activity of extract on AGS (human gastric 

carcinoma) and HeLa (cervix adenocarcinoma) was evaluated by the MTT assay 48 hours after 

treatment. The extract inhibited the proliferation of AGS, HeLa and HDFs (Human dermal 

fibroblasts ) cells with IC50 values of 382, 332 and 896 μg/mL, respectively. This study revealed 

that the extract of P. atlantica may suppress the proliferation of gastric carcinoma and cervical 

cancer cells. The investigation of Rezaei et al. (2012) with respect to the antiproliferative effect 

of P. atlantica subsp. kurdica fruit showed that its hydroethanolic (70:30, V/V) extract exerts 

growth inhibition, cell cycle arrest and apoptosis induction in HT29 cells. The effect of 

ethanolic extract from P. atlantica subsp. kurdica fruit skin on the expression of Bcl-2, Bax, 

and caspase -3 in human prostate cancer pc3 cells was evaluated by Amiri et al. (2018). The 

results showed that the ehanol skin extract increased the mRNA expression of Bax and 

decreased that of Bcl-2 in pc3 cells after 48 hours treatment, while it increased the amount of 

caspase-3. In another investigation (Amiri et al., 2016), the ethanolic extract from unripe fruit 

of P. atlantica sub kurdica inhibited proliferation and caused cell death with IC50 values of 2.8 

mg/mL on pc3 cells and 6.1 mg/mL on l929 cells. In addition, morphological changes and 

apoptotic bodies were observed in pc3 cells faced with the ethanol Bene skin extract.  

The acute toxic effect of the aqueous extract of P. atlantica green seeds was investigated by 

Dyary et al. (2017) in Sprague-Dawley rats at oral doses of 200, 400, and 800 mg/kg body 

weight. The aqueous extract of P. atlantica seeds did not cause any abnormality in 

hematological and serological parameters, growth rate, or relative organ weights of rats. Fruits 

extract inhibits microtubule polymerization and dynamics, and can cause changes in the 

structure of the protein. As a result, spindle formation during cell division is inhibited. Essential 

oil from P. atlantica Desf. galls obtained by hydrodistillation was tested for its toxicity against 

C3A and Vero monkey kidney cells (Sifi et al., 2015). The cytotoxicity assay showed lethal 

concentrations (LC50) ranging from 26.5 to 93.6 µg/mL against Vero cells and from 74.3 to 

225µg/mL against C3A, indicating that the oil has low toxicity.  

Furthermore, the cyto/genotoxic effects of the resin of P. atlantica subsp. kurdica on 

noncancerous and cancerous cell lines were evaluated by Rahbar Saadat et al. (2016).The cell 
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viability was assessed using the MTT assay. Flow cytometric analysis was performed to 

distinguish the role of apoptosis and necrosis in cell toxicity, which was confirmed by the Comet 

and DNA ladder assay, and 4,6-diamidino 2-phenylindole (DAPI) staining. This study revealed 

that the resin has significant cyto/genotoxic effects on cancerous and noncancerous cell lines. 

The results show also that apoptosis and necrosis are the dominant mechanisms by which the 

resin affects cell lines. 

Mahmoudvand et al. (2016) studied the scolicidal effects against protoscoleces of hydatid cysts 

and the acute toxicity of P.atlantica Desf. fruit extract in mice model. Various concentrations 

of the methanolic extract (5-50 mg/mL) were used for 10-60 min. Findings demonstrated that 

the extract at concentrations of 25 and 50 mg/mL after 20 and 10 min of exposure killed 100% 

protoscoleces. The LD50 of the intraperitoneal injection of the P. atlantica methanolic extract 

was 2.43 g/kg and the maximal non-fatal dose was 1.66 g/kg. Meanwhile, in the work carried 

out by Zibaei et al. (2016) hydromethanolic extracts from leaf and dried fruit of P. atlantica 

had strong scolicidal effects after 360 min of exposure time and the highest mortality rate was 

observed at 0.1% concentration, i.e. 99% and 89%, for fresh fruit and leaf extract, respectively. 

Recently, Achili et al.. (2020) have evaluated the effect of different extracts from leaf and stem 

of P. atlantica Desf. against HeLa cell lines using an xCELLigence Real Time Cell Analyzer-

Single Plate (RTCA) instrument. The leaf and stem ethyl acetate extracts showed high 

antiproliferative activity in higher concentrations (100 and 250 µg/mL). These extracts showed 

a total inhibition of the HeLa cells after the first 20 hours of treatment at 250 µg/mL, but lower 

concentrations (50 and 100 µg/mL) showed only moderate inhibitory effects. 

The fumigation toxicity of P. atlantica subsp. kurdica leaves against the adults Tribolium 

confusum was evaluated by Tabti et al. (2020). The estimated concentration to kill 50 % of the 

treated insects (LC50) was 7.5 μL/L air. This study revealed that the essential oils of P. atlantica 

leaves presented a good insecticide activity. 

Tanideh et al. (2019) studied the effects of P. atlantica subsp. mutica on sperm parameters, 

testicular histopathology, sperm quality in busulfan-induced infertile mice. Thirty-five male 

BALB/c mice were randomly assigned to control, sham, busulfan, bene, and (bene + busulfan) 

groups. The busulfan group received 10 mg/kg as a single dose intraperitoneally. The bene 

group received pellets containing 10% of bene. Another group received 10 mg/kg busulfan and 

was fed with pellets containing 10% bene. Then, sperms, sperm chromatin quality, testicular 

histopathology, and oxidative stress levels were studied on the 35th day of the experiment. The 

administration of 10 mg/kg of bene powder for 35 days reduced the oxidative stress, improved 
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testicular histopathology, sperm chromatin quality, and sperm parameters in the infertile mice 

model. 

5.7. Anticholinesterase activity  

Only a few studies were conducted to assert the acetylicholinesterase (AChE) activity of P. 

atlantica subspecies. Benamar et al. (2010) have investigated the AChE activity of aqueous 

extract from P. atlantica Desf. leaves. The extract inhibited AChE in a dose-dependent manner 

(in the range 5-25 µg/mL). The maximum inhibition was 100% at a concentration of 25µg/mL. 

In the work carried out by Labed-Zouad et al. (2017), the essential oils from leaves and flowers 

of P.atlantica Desf. exhibited a good anticholinesterase activity with IC50 18.5 and 20.5μg/mL, 

respectively. Likewise, Peksel et al. (2010) have evaluated the anticholinesterase activity of 

ethyl acetate and methanolic extracts from Pistacia atlantica Desf. leaves. In their study, ethyl 

acetate extract exhibited inhibitory activity (11.2 %) at a concentration of 0.1mg/mL. 

Methanolic extract showed less inhibitory effect (5.8 %) at the same concentration. Both 

extracts showed e rather weak anticholinesterase activity in vitro. The in vitro anticholinesterase 

activity of aquaous extracts from P. atlantica Desf.leaves was also determined by Peksel et al. 

(2013). Aqueous extract inhibited acetylcholinesterase activity effectively with an IC50 value 

of 58.0 µg/mL, while the percentage inhibition was 5.6% at a concentration of 0.1 mg/mL. 

In 2020, Achili et al. investigated the cholinesterase activity of different extracts from leaf and 

stem of P. atlantica Desf.  The anti-cholinesterase activity against AChE and 

Butyrylcholinesterase (BuChE) was determined. Galantamine, which is used for Alzheimer’s 

disease was used as positive control. P. atlantica extracts inhibited AChE and BChE activities 

in a dose-dependent manner. Ethyl acetate extract exhibited the highest inhibitory potency on 

AChE and BChE from both parts (stem and leaf). 

5.8. Antidiabetic activity 

P. atlantica has been used traditionally to control blood sugar levels and this practice was 

authenticated scientifically. One such report is that of Hamdan and Afifi (2004) who have tested 

the aqueous extract from P.atlantica leaves for their alpha amylase inhibitory activity and in 

vivo for their hypoglycemic activity in normoglycemic and streptozocin-induced 

hyperglycemic rats. The aqueous leaf extract showed significant inhibitory effect on 𝛼-amylase 

in vitro but did not show significant hypoglycemic activity when tested in the rats. Hashemnia 

et al. (2015) examined the influence of the oral administration of P. atlantica fruit extracts on 

the blood glucose concentration together with the pathological changes in the pancreas of the 

streptozotocin (STZ)-induced diabetic mice. This study revealed that repeated oral 

administration of P. atlantica fruit extracts for 15 days evokes a beneficial effect on the 



36 
 

hyperglycemia in the diabetic mice. In addition, tissue sections of the pancreas in the treated 

mice demonstrated improved regeneration of B cells and increased size of pancreatic islets.  

In vitro and in vivo acute antihyperglycemic effects of aqueous extracts from P. atlantica Desf. 

leaves were also determined by Kasabri et al. (2011). In vitro enzymatic starch digestion with 

aqueous extracts at concentrations of 1, 5, 10, 12.5, 25, 50 and 100 mg/mL was assayed using 

-amylase and α-amyloglucosidase, while the oral starch tolerance test (OSTT) and the oral 

glucose tolerance test (OGTT) were executed for the extracts at concentrations 125, 250 and 

500 mg/kg body weight on Sprague-Dawley rats. Aqueous extracts of P. atlantica leaves 

exerted significant dose dependent dual inhibition of α-amylase and α-glucosidase, comparable 

to acarbose (standard antibiotic agent). Hence, these extracts exhibited at the 100 mg/mL 

concentration nearly complete inhibition activity. The oral starch tolerance test demonstrated 

significant acute postprandial antihyperglycemic activity, comparable to metformin and 

glipizide in starch-fed rats. 

More recently, Ben Ahmed et al. (2018) have evaluated the ability of P. atlantica Desf. leaves 

to inhibit enzymes linked to type 2 diabetes (α-amylase and α-glucosidase), depending on the 

harvesting month, gender and growing region of the leaves. They identified also the peaks in 

chromatographic fingerprints that potentially correspond to components with enzymatic 

inhibitory activities. The inhibitory activities of hydroacetonic leave extracts against -amylase 

and -glucosidase were often more influenced by harvest time than by gender and growing 

region. The average IC50 value of extract against -amylase and -glucosidase was 48.0 and 

14.0 µg/mL, respectively. The antidiabetic activity of the tested extracts was more potent than 

that of the standard drug, acarbose. Glucogallin, quinic acid and galloylquinic acids seem to be 

responsible for inhibiting only -amylase, while methyl gallate and tetragalloylglucoside were 

considered important for inhibiting only -glucosidase. Gallic acid, gentisic acid and 

digalloylquinic acid inhibit both -amylase and -glucosidase. 

Behmanesh et al. (2020) investigated the effects of P. atlantica fruit extract administered orally, 

on blood glucose levels and histomorphological changes in the ovaries of the rats with 

streptozotocin (STZ)-induced diabetes mellitus. The number of corpora lutea was significantly 

decreased in the untreated diabetic rats. The extract of P. atlantica fruits could be used in the 

treatment of rats with STZ-induced diabetes, in order to reduce ovarian complications. 

Likewise, Hosseini et al (2020) evaluated the impact of long-term treatment with 

hydroalcoholic extract and essential oil from P. atlantica subsp. kurdica in streptozotocin-

induced diabetic mice. Different doses of hydroalcoholic extract and essential oil (50, 100, and 
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200 mg/kg) were given for three weeks to the mice in separate groups. The administration of P. 

atlantica subsp. kurdica extract for three consecutive weeks showed a significantly improved 

effect on the hyperlipidemia, oxidative stress and inflammatory response in diabetic mice. 

Eftekharafzali et al (2018) reported the effect of the resin of P. atlantica subsp. mutica on 

functional dyspepsia. A randomized, double-blind, placebo-controlled trial was carried out on 

119 patients (18 to 60 years old) with functional dyspepsia based on Rome III criteria. Subjects 

were randomly divided to intervention (n = 61) and placebo (n = 58) groups. Participants 

received capsules twice daily (500 mg capsules, containing 350 mg P. atlantica subsp. mutica 

resin plus 150 mg sugar in the intervention group, or  350 mg starch powder plus 150 mg sugar 

in the placebo group) for four weeks and they were followed up for one month. The intensity 

and frequency of gastrointestinal symptoms, such as fullness, bloating, nausea, pain, and 

burning, were assessed on arrival, two and four weeks, and one month after the intervention. 

using a questionnaire. This study revealed that P.atlantica subsp. mutica resin is effective 

against functional dyspepsia symptoms. 

5.9. Other pharmacological properties 

Apart from the aforementioned pharmacological properties, some biological activities of 

extracts or of bioactive compounds from P. atlantica subspecies, including hepatoprotective, 

erythrocyte protection, urease inhibition, antihypertension, nipple-fissure healing, 

antileishmanial and antiplasmodial activities, have also been demonstrated. Uddin et al. (2016) 

investigated the urease inhibitory profile of bark, leaves, roots and fruits extract and fractions 

of P. atlantica subsp. cabulica Stocks, followed by a bioactivity-guided  isolation compounds.  

The crude extract was found significantly active as urease inhibitor (95.4% at 0.2 mg/mL) with 

IC50 of 32.0 μg/mL. Upon fractionation, the ethyl acetate fraction at 0.2 mg/mL displayed 100% 

urease inhibition with IC50 of 19.9 μg/mL. However, the n-hexane and chloroform fractions 

exhibited insignificant urease inhibition. Hence, the isolated compounds, transilitin and 

dihydroluteolin, demonstrated marked urease inibition with 95 and 98%, respectively, at 

0.15 mg/mL, with IC50 values of 8.54 and 9.58 μg/mL, respectively.  

As̕ adi et al. (2017) have investigated the effect of Saqez (P. atlantica) ointment in the treatment 

of nipple fissure and nipple pain in breastfeeding women. The Saqez ointment had strong effects 

on the treatment of nipple fissures with 83% reduction in the fissure severity and 85 % in the 

pain severity compared to a control group. Tolooei and Mirzaei.(2015) demonstrated the 

protective activity of a P. atlantica leaves extract on erythrocyte membrane rigidity, oxidative 

stress, and hepatotoxicity induced by carbon tetrachloride in rats. The LD50 value of the hydro-

alcoholic extract was found to be abov 3000mg/kg, which may be accepted as safe. 
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P. atlantica Desf. leaf has also been reported for its antihypertension activity in vitro (Ben 

Ahmed et al., 2017). In this study, the potential influences of the main factors region, gender, 

and harvest month on the angiotensin converting enzyme-I (ACE-I) inhibitory activity were 

examined. The peaks potentially responsible for the biological activity of the samples were 

indicated by studying the regression coefficients of multivariate models linking the activity to 

chromatographic fingerprints. The P. atlantica extract inhibited ACE-I in a dose-dependent 

manner (in the range 35-140 µg/mL). The maximum inhibition was 74.0% at a concentration 

of 140 µg/mL. The average IC50 value in the ACE-I assay was 102 µg/mL. Several potentially 

interesting compounds in P. atlantica leaves,  i.e. glucogallin, gallic acid, galloylshikimic acid, 

methyl gallate, digalloylquinic acid, digallic acid, trigalloylglucose  and tetragalloylquinic acid 

are found inhibiting a key-enzyme linked to hypertension, ACE-I. 

The antileishmanial and antiplasmodial effects of P. atlantica have also been evaluated by some 

researchers. Taran et al. (2010) investigated in vivo the antileishmanial activity of the gum 

extract from P. atlantica subsp. kurdica. The administration of this extract for 28 days 

decreased skin lesion size in Balb/c mice infected with L major compared to the controls. In 

addition, the treatment with gum extract and the drug glucantime shows a decrease in the 

number of parasitologically positive mice. In the search for antiplasmodial effects of P. 

atlantica, Adams et al. (2009) reported the isolation of active substances from leaves and twigs 

of P. atlantica, of which flavone 3-methoxycarpachromene showed in vitro activity against 

Plasmodium falciparum K1 with an IC50 of 3.4 mM. 

Karimi et al. (2020 investigated the antiviral effects of ethanolic and crude extracts and of 

different fractions of Pistacia atlantica Desf. leaves on adenovirus. Crude P. atlantica leaf 

extract was prepared by maceration with 80% ethanol. Hexane, chloroform, ethyl acetate and 

n-butanol fractions were prepared using liquid-liquid extraction. Toxicity on HEp-2 cells and 

anti-adenoviral activity of the extracts were evaluated by MTT colorimetric methods. The 

concentrations that caused 50% viral inhibition (IC50) and 50 % cytotoxicity (CC50) were 

estimated using regression analysis. The selectivity index (SI), as a marker of antiviral activity, 

was calculated. The IC50 value of P. atlantica crude extract on adenovirus was 15.7 μg/mL, 

with SI of 8.1. The n-butanol fraction showed the highest anti-adenoviral activity among the 

fractions with IC50 of 16.4 µg/mL and SI of 26.5. The ethanol extract and n-butanol fraction of 

P. atlantica leaves showed inhibitory effects on adenovirus might contain a new anti-

adenovirus agent. 

Ben Hmed et al. (2019) have evaluated the ability of aqueous extract from the root of P. 

atlantica Desf. to inhibit enzymes linked to obesity (porcine pancreatic lipase). This study 
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revealed that highest lipase activity inhibition (100%) was observed at a concentration of 1 

mg/ml after 30 min. 

5.9.1. Clinical trials  

To our knowledge there are no reports on clinical trials of P. atlantica subspecies nor of its 

constituents. 

6. Discussion   

This review has provided for the first time a repository of ethnopharmacological information 

while critically evaluating the relation between the traditional medicinal uses, chemical 

constituents and pharmacological properties of P. atlantica subspecies. A total of 20 different 

diseases and disorders were reported to be treated by this species. Its highest potential was 

observed to cure gastrointestinal disorders such as, gastritis, peptic ulcer and gastric  

adenocarsinoma. In addition to this, the species is also well known to treat visceral 

inflammation, scabies, as well as liver problems, as a kidneys tonic, for motion sickness, joint 

pains, hemorrhoids, anal fissures, intestinal worms, as diuretic, emmenagogue, for wound 

healing, stroke, tetanus, seizure, tremor, headache, palpitations, syncope and toothache diseases. 

Almost all parts of the plant are used for curing different ailments; the most frequent part used 

is the leaf followed by the fruit, gall, mastic gum and the entier plant. Pharmacological studies 

carried out on the fresh plant materials, crude extracts, and isolated components of P. atlantica 

provide an experimental support for its numerous traditional uses. Recent studies focused on 

evaluating the antimicrobial,  antifungal, anti-inflammatory, analgesic, antinociceptive, wound 

healing, anticancer, cytotoxic, anticholinesterase, antidiabetic, hepatoprotective, urease  

inhibition, antihypertension, nipple fissure healing, antileishmanial and antiplasmodial 

activities.  

Most pharmacological studies aimed at validating its traditional uses. Some traditional uses, 

like the antimicrobial, antifungal and antioxidant activities have been extensively explored by 

several research groups. The  observed anti-inflammatory, antioxidant and antiplasmodial 

activities are consistent with the use of P. atlantica subspecies in the treatment of visceral 

inflammation, scabies, motion sickness, joint pains, colds, cough, fever and wound healing.  

Undoubtedly, the reviewed studies demonstrated that the essential oils and crude extracts from 

leaf, gall, fruit, gum and rein exhibited potent antimicrobial activity against some important 

pathogens, with the most noteworthy activities against Escherichia coli, E. coli ATCC 25922, 

and Candida albicans. This supports the use of the species against microorganisms implicated 

in gastro-intestinal problems, including diarrhea, hemorrhagic colitis and the hemolytic uremic 

syndrome. Research related to the activity against Streptococcus pyogenes produced convincing 
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evidence that essential oils from aerial parts of P. atlantica have high efficacy in treating lung 

infections, including dyspnea, wheezing, cough, and sputum production. The activity against 

Streptococcus. mutans, S. mitis and S. salivarius may well explain the use of the plant species 

in the treatment of dental disorders. The antifungal activity of this plant against various strains, 

such as C. albicans, C. glabrata, S. cerevisiae, Fomitopsis pinicola and Penicillium sp, 

including those causing the opportunistic infections, may well suggest that the species is useful 

in treating common opportunistic infections of the urinary tract, the genitals, HIV infection, 

patients receiving cancer treatments or who have received an organ transplant.  

Studies on bioactivities of P. atlantica subspecies over the years demonstrated strong 

acetylcholinesterase inhibition. This finding validates the use of the plant species in the 

treatment of Alzheimer’s disease. The traditional use of P. atlantica subspecies for the 

treatment of hypoglycemic and high blood pressure has been supported by the observation that 

the crude  extract inhibited the α-amylase, α-glucosidase and angiotensin converting enzyme-I, 

the causative agents of hypoglycemia and hypertension. Undoubtedly, the reviewed studies 

have demonstrated potency of P. atlantica subspecies to treat wounds by increasing 

angiogenesis, concentration of basic fibroblast growth factor and platelet-derived growth factor. 

Besides wound-healing activity, our review also indicates that the oleoresin of P. atlantica 

subspecies has a beneficial effect on nipple fissures. These activities provisionally validate the 

medicinal uses of the resin, mastic gum, oleoresin and oil fruit to treat wounds skin, lesion, anal 

fissures and nipple fissures. In contrast, some pharmacological properties were unrelated to the 

traditional uses of P. atlantica subspecies, but they highlighted very important medicinal 

properties, such as the treatment of cancer, Alzheimer’s disease and Leishmania infection. 

The observed health benefits may be credited to the presence of the various phytochemicals, 

like volatile compounds (α-pinene, β-pinene, terpinen-4-ol, β-eudesmol, α-thujene, spathulenol, 

γ-eudesmol and p-cymene), exhibiting antibacterial, antifungal, anti-inflammatory, and wound 

healing activities. Phenolic compounds are found, inhibiting a key enzyme linked to 

hypertension, ACE-I (gallic acid, galloylshikimic acid, methyl gallate, digalloylquinic acid, 

digalloylquinic acid, trigalloylglucose and tetragalloylquinic acid), besides those inhibiting α-

amylase (gallic acid, gentisic acid, glucogallin, quinic acid and galloylquinic acid) and α-

glucosidase (gallic acid, gentisic acid, methy gallate and tetragalloylglucoside). A flavonoid 

(flavone 3-methoxycarpachromene) exhibited antiplasmodial ativity. 

Phenolic compounds (Table 2) have successfully proven themselves as antioxidants, in 

different ways, such as in the improvement of the antioxidant ability of blood cells, induction 

of endogenous antioxidant defense mechanisms, and decrease of oxidative damage.  
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P. atlantica subspecies also contain minerals and trace elements, like iron, lead, copper, 

potassium, sodium and calcium;  fatty acid like oleic, linoleic, and palmitic acid; fat soluble 

vitamins, such as vitamine E (, ,  and  tocopherol); and phytosterols, like betasitosterol, 

stigmasterol, campesterol and ∆5-avenasterol. They may contribute to the health-beneficial 

effects, at least in part, and are important constituents with nutritional effects. 

Despite the presence of scientific evidence related to the pharmaceutical and medicinal uses, 

several gaps in the present review paper occur regarding the utilization of this plant. First of all, 

experimental evidence of some traditional uses, like antimicrobial and antifungal activities, is 

reported by different researchers. However, in some studies there was a lack of comparison to 

positive controls, of the demonstration of a dose-dependent effect or of MIC value reporting. 

Nonetheless, the majority of studies has demonstrated interesting antimicrobial and antifungal 

effects that warrant further studies. No reports on the anti-quorum sensing (AQS) activity of 

the plant were found. Possibly the antimicrobial activity of P. atlantica, as reflected by the 

traditional uses, may be explained by AQS activity. The quorum sensing inhibition is a potential 

goal in the development of lead compounds for the treatment of bacterial infections. Hence, the 

studies indicate a necessity to initiate research on the antimicrobial and antifungal activities of 

P. atlantica subspecies by using potent cell culture systems with MIC values < 100 μg/mL as 

well as on the screening towards multidrug resistant strains. Some studies only demonstrate the 

antiproliferative effects through MTT screening, even though some papers reported cytotoxic 

effects.  

There is also a need to explore the cytotoxicity of the extracts and isolated compounds from 

various parts of P. atlantica subspecies against normal human cell lines as well as the anti-

inflammatory effect using appropriate models, including the oedema model in rats. This review 

showed that the crude extracts from leaf, fruit and mastic gum resin exhibit potential anticaner 

activity. But even so, the potential effect towards non-cancerous cells was not often determined.  

Meanwhile, most of the pharmacological properties of P. atlantica subspecies have been 

evaluated in vitro rather than in vivo. However, there are limitations associated with the in vitro 

studies. For instance, as highlighted in the present review, the pharmacological studies have 

demonstrated that P. atlantica subspecies extract and compounds act as antioxidant, 

antidiabetic and antihypertensive agents with a potency comparable to given positive controls, 

although, there were limited in vivo and toxicity studies whereas, a number of antioxidant 

studies did not demonstrate dose-dependent effects.  

To date one of the important gaps regarding the investigations on P. atlantica subspecies is the 

low number of toxicologic studies discussing the safety of these plants or their bioactive 



42 
 

compounds, which makes the decision about the administration of P. atlantica subspecies 

difficult, especially in chronic conditions. The effective doses retrieved from preclinical studies 

should be translated into realistic human-equivalent doses. However, in some cases, the 

preclinical effective doses are too high to be applicable in clinical practice. For instance, doses 

applied to treat ulcerative colitis in rats (300-600 mg/kg) are higher than the maximum 

recommended human dose . Caution thus needs to be taken with respect to prolonged or high 

dose intake of P. atlantica subspecies, since the existing toxicity reports cannot be directly 

extrapolated to humans. 

One of the important gaps regarding the investigations on P. atlantica subspecies is the low 

number of pre-clinical studies. Five pre-clinical studies on the wound-healing activity of P. 

atlantica were found, one on its antileishmanial activity, one study regarding urease activity 

and three on its antidiabetic activity. The pre-clinical studies discussed in this review support 

the beneficial activity of P. atlantica subspecies for such indications. However, none of these 

effects is clinically assessed.  

An in-depth focus is needed in terms of toxicity to be studied in in vivo systems as well as in 

cell cultures. Studies, including the exposure to P. atlantica subspecies extract or isolated drugs, 

at various dose concentrations may be properly studied in vivo in animal models, followed by 

expanding the studies to human cell cultures and human subjects. More importantly, oral 

toxicity may be determined for the safe use of P. atlantica subspecies and its related parts or 

drugs. 

As revealed by the present review, the vast majority of the pharmacological studies was 

conducted using uncharacterized crude extracts from various parts of the plant, possesing 

varying biological activities. There are few to no pharmacological evaluations done to date 

focusing on the biological effects of the phytochemical compounds isolated from P. atlantica 

subspecies. Noteworthy is that the link between activity and particular compounds is not clear, 

although terpenoids, phenolic acids and flavonoids seem to play a major role. However, there 

are still significant gaps in the completeness of our understanding of the bioactivity, therapeutic 

value, and roles played in our traditional system of medicine by each of the numerous 

phytoconstituents of P. atlantica subspecies.   

Phytochemical research carried out on P. atlantica subspecies has led to the isolation of few 

classes of plant metabolites. Currently, the only purified compounds that have been tested for 

activity are transilitin dihydroluteolin and flavone 3-methoxycarpachromene. A number of 

similar compounds, such as methyl 5-(3,4-dihydroxyphenyl)-3-hydroxypenta-2,4-dienoate and 

6-(3,4-Dihydroxyphenyl)-4-hydroxy-3,5-hexadien-2-one, has previously been isolated and 
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quantified, but no further tests were performed. It is possible that these compounds are 

frequently overlooked because of their low abundance in P. atlantica subspecies. Further, 

numerous papers studying P. atlantica focused on the quantification of individual compounds 

from various parts of the plant (Table 1). However, this quantification does not show possible 

correlations among individual compounds or compound classes nor does it indicate the relative 

concentrations of these compounds.  

The most important medically relevant product obtained from P. atlantica subspecies aerial 

parts, is the essential oil, which is responsible for a series of biological activities, such as 

antibacterial antifungal, anti-inflammatory, and wound healing activities. Despite the use of 

inhalation therapy as one of the modes of administration, the essential oil profile of P. atlantica 

has not been determined.  

According to the information on the phytochemical constituents presented in this review, it is 

shown that the biotic and abiotic factors are often ignored when analyzing the production and 

accumulation of secondary metabolites, taking for granted that plants always present a steady 

concentration. Factors, such as harvest month, gender and growing region play a key role in the 

chemical structures occuring and their pharmacological profile. Therefore there is a vast scope 

to establish the changes in phytochemical contents along with the biological activities of P. 

atlantica subspecies metabolitits as a function of biotic and abiotic factors.  

However, as there are currently no reported chemical fingerprints or standardized preparations 

for the extracts, the comparison of biological activities is difficult. Although there is information 

on the activity of the crude or isolated compounds against different diseases, more rigorously 

standardized experiments are required. Especially on the isolated compounds in vivo, in vitro 

and in clinical trials in human mode may be interesting. Thus, to validate the popular use of P. 

atlantica subspecies, the experiments should be repeated with aqueous extracts, decoctions and 

infusions, which is the form used by the population. In addition, the biological studies have 

been conducted mostly in some plant parts, such as leaves and fruits. Thus, it is recommended 

to look also into the pharmacological profile of trunk, twigs, galls, resin, mastic gum and 

oleoresin as these parts are also used traditionally for the treatment of stroke, tetanus, seizure, 

tremor, headache, bone fractures and musculoskeletal disorders. Pharmacological studies of the 

various parts of P. atlantica subspecies have supported and justified the traditional uses and 

ethnopharmacological importance of the species but there are several pharmacological 

properties discussed in traditional medicine, such as aphrodisiac activities, diuretic, 

emmenagogue, which are not yet confirmed by any current scientific document, and therefore, 

further studies should be performed.  
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7. Conclusion and future perspectives 

The sincere aim of this review is to provide information available on the botany, traditional 

uses, phytochemistry, pharmacology and toxicity of P. atlantica subspecies, covering literature 

available from 1946 to 2020. Four subspecies or varieties have been described for P. atlantica: 

cabulica, kurdica, mutica, and atlantica. These are distributed from South-west Asia to North-

west Africa. Scientific studies on P. atlantica and its subspecies have given credence to their 

use by traditional healers or locals in the treatment of various ailments such as  relieving upper 

abdominal discomfort and pain, dyspepsia and peptic ulcer. Different parts of P. atlantica 

subspecies have been employed in the treatment of different ailments in different geographical 

locations. For instance, for stomach diseases, mastic gum is prescribed in Morocco, whereas 

both resin and mastic gum are recommended in Iraq and Turkey. Similarly, as a recipe for 

antidiabetics medicine the leaf is applied externally in Jordan, while fruit oils are used in Greece 

and Algeria. Such diverse practices require further phytochemical and pharmacological studies. 

Over 110 chemical compounds have been identified from the different parts of P. atlantica 

subspecies, belonging to the phenols, flavonoids, fatty acids, phytosterols, terpenoids, and 

others groups. The majority of the studies on P. atlantica subspecies were on crude extract, few 

on fractions and very few on isolated compounds. The data collected in the available literature 

turn evident that P. atlantica subspecies have pharmacological potential. At the same time, 

these subspecies are still scantily explored and many gaps in the knowledge exist. First of all, 

experimental evidence of some traditional use like anti-inflammatory, antidiabetic and antiulcer 

activity is reported by different researchers. Howevere,  there is still a need for the experimental 

investigation of claimed gynecological, skin, muscular/skeletal, ears, nose, and throat  

applications and antidote activities. Only  five studies conducted in a preclinical setting were 

found. No documented dose for humans is prescribed. The effective doses retrieved from 

preclinical studies thus should be translated into realistic human-equivalent doses. However, in 

some cases, the preclinical effective doses are too high to be applicable in clinical practice. To 

overcome this important issue, future research should focus on identifying the toxic components 

of P. atlantica subspecies extracts and developing extraction and separation techniques to 

reduce them. Further research must also focus on optimizing  the extraction and isolation of the 

compounds in the necessary amounts to deeply investigate the pharmacological activities as 

well as their mechanisms of action. Fingerprinting analyses of markers occurring in P. atlantica 

subspecies should represent a core topic of the future investigation on these plants. Terpenoids 

and phenolic compounds may serve as fingerprinting markers for quality control purposes, as 

they emerged as major constituents responsible for the biological effects of P. atlantica 
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subspecies. As the need for new drugs is more relevant than ever P. atlantica subspecies may 

afford untapped bioactive compounds. 
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Phytochemicals Genus Plant 

Part 

Origin of 

plant 

material 

Type of 

extraction 

Value Quantification 

method 

Reference 
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P. atlantica 

subsp. atlantica 

Leaves Algeria Aqueous 421 mg GAE/g DW UV-Vis Benamar et 

al., 2018 
Ethyl acetate 514 mg GAE/g DW UV-Vis 

Butanol 376 mg GAE/g DW UV-Vis 

Aqueous 19 mg GAE/g DW UV-Vis 

Leaves Tunisia Ethanol 68 mg GAE/g DW UV-Vis Rigane et al., 

2017 
Water 20.1 mg GAE/g DW UV-Vis 

P. atlantica Leaves Iran 70% Ethyl 

alcohol 

269 mg GAE/g DW UV-Vis Hashemi et 

al., 2017 

P. atlantica 

subsp. kurdica 

Leaves Iran Methanol 42.2-57.50  mg 

GAE/g DW 

UV-Vis Hatamnia et 

al., 2014 

P. atlantica 

Desf 

Leaves Morocco Methanol-water 

(80/20; v/v) 

58.8-64.5  mg 

GAE/g DW 

UV-Vis Amri  et al., 

2018 

P. atlantica Leaves Iran Crude extract 269 mg GAE/g DW UV-Vis Alidadi et 

al., 2017 
n-Butanol 189 mg GAE/g DW UV-Vis 

Ethyl acetate 533 mg GAE/g DW UV-Vis 

Chloroform 355 mg GAE/g DW UV-Vis 

n-Hexane 19 mg  mg GAE/g 

DW 
UV-Vis 

P. atlantica 

subsp. atlantica 

Leaves Algeria Methanol 256  mg GAE/g DW UV-Vis Toul et al., 

2017 

P. atlantica Leaves Algeria Methanol-water 

(80/20; v/v) 

117  mg GAE/g DW HPLC Yousfi et al., 

2009 

P. atlantica Leaves Tunisia Methanol 25  mg GAE/g DW UV-Vis Rhouma et 

al., 2009 

P. atlantica 

Desf. ssp. 

Leaves Algeria Acetone/water 

(70/30 ; v/v) 

79-259  mg GAE/g 

DW 

UV-Vis Ben Ahmed 

et al., 2017 

Table 1 Phenolic contents of different parts of  P. atlantica  
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P. atlantica 

Desf. ssp. 

Leaves Algeria Acetone/water 

(70/30 ; v/v) 

263-310  mg 

GAE/g DW 

UV-Vis Ben Ahmed 

et al., 2016 

P. atlantica 

Desf 

Leaves Turkey Methanol 246  µg PE/mg UV-Vis Peksel et al., 

2010 
Ethyl acetate 12.62 µg PE/mg  

DW 
UV-Vis 

P. atlantica 

subsp. atlantica 

Buds Algeria Methanol 234 mg GAE/g DW UV-Vis Toul et al., 

2017 
Fruits Methanol 205 mg GAE/g DW UV-Vis 

P. atlantica 

Subsp. mutica 

Fruits Iran Methanol 161mg GAE/g DW UV-Vis Jouki and  

Khazaei ., 

2010 

P. atlantica  Hulls Iran Hydroethanolic  257.8 µg  GAE/g 

DW 
UV-Vis Farahpour et 

al., 2015 

P. atlantica 

Desf. ssp. 

Fruits Algeria Petroleum ether 2.30  mg GAE/g 

DW 
UV-Vis Belyagoubi 

et al., 2014 

Chloroform 10.2 mg GAE/g DW UV-Vis 

Acetone 31.9 mg GAE/g DW UV-Vis 

Methanol 286  mg GAE/g DW UV-Vis 

Water 129 mg GAE/g DW UV-Vis 

P. atlantica Fruits Algeria Methanol-water 

(80/20; v/v) 

23.5  mg GAE/g 

DW 

HPLC Yousfi et al., 

2009 

P.atlantica 

subsp. kurdica 

Hulls Iran 

 

Methanol 23.6-39.4 mg GAE/ 

g  DW 

 Hatamnia et 

al., 2014 

Kernels Methanol 1.72-2.92  mg 

GAE/g  DW 

 

Shells Methanol 2.24-3.30  mg 

GAE/g  DW 

UV-Vis 

P. atlantica 

Subsp. mutica 

Hulls Iran Ultrapure water 110.1   mg GAE/g  

DW 
UV-Vis Rezaie et al., 

2015 

Methanol 149.0  mg GAE/g  

DW 
UV-Vis 

Ethanol 150  mg GAE/g  DW UV-Vis 

Acetone 43.5  mg GAE/g  

DW 

UV-Vis 

Ethyl acetate 30.0  mg GAE/g 

DW 
UV-Vis 
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Petroleum ether 3.3  mg GAE/g DW UV-Vis 

Hexane 5.22  mg GAE/g 

DW 
UV-Vis 

P. atlantica Galls Algeria Methanol-water 

(80/20; v/v) 

114.0 mg GAE/g 

DW 
HPLC Yousfi et al., 

2009 

P. atlantica 

subsp. atlantica 

Stems Methanol 90.7  mg GAE/g 

DW 
UV-Vis Toul et al., 

2017 

Nternal 

trunk 

barks 

Methanol 131.49  mg GAE/g  

DW 
UV-Vis 

External 

trunk 

barks 

Methanol 6.23 mg GAE/g DW UV-Vis 

Roots Methanol 35.6 mg GAE/g DW UV-Vis 

TFC P. atlantica 

subsp. atlantica 

Leaves Algeria Aqueous 44.5 mg CE/g DW UV-Vis Benamar et 

al., 2018 
Ethyl acetate 126 mg CE/g DW UV-Vis 

Butanol 103.4 mg CE/g  DW UV-Vis 

Aqueous 19.6 mg CE/g DW UV-Vis 

P. atlantica 

Desf 

Leaves Tunisia Ethanol 44 mg RE/g DW UV-Vis Rigane et al., 

2017 
Water 15 mg RE/g DW UV-Vis 

P. atlantica Leaves Iran 70% ethyl 

alcohol 

40.7 mg RE/g DW UV-Vis Hashemi et 

al., 2017 

P. atlantica 

subsp. kurdica 

Leaves Iran Methanol 1.98-3.45 mg CE/ g 

DW  
UV-Vis Hatamnia et 

al., 2014 

P. atlantica Leaves Armenian Ethanol 1.81 mg QE/g DW UV-Vis Khudoyan et 

al., 2018 
Aqueous 0.75 mg QE/g DW UV-Vis 

P. atlantica 

Desf 

Leaves Morocco methanol-water 

solvent (80/20; 

v/v) 

100-110 mg RE/g 

DW 
UV-Vis Amri et al., 

2018 

Turkey Distilled water 33.52 µg CE/g DW UV-Vis Peksel et al., 

2013 

P. atlantica Leaves Iran CrudE extract 40.7 mg RE/g DW UV-Vis Alidadi et 

al., 2017 
n-Butanol 51.2 mg RE/g DW UV-Vis 

Ethyl acetate 38.5 mg RE/g DW UV-Vis 



60 
 

Chloroform 57.2 mg RE/g DW UV-Vis 

n-Hexane 41.3 mg RE/g DW UV-Vis 

P. atlantica 

subsp. atlantica 

Leaves Algeria Methanol 22.7  mg CE/g DW UV-Vis Toul et al., 

2017 

P. atlantica 

Desf. ssp. 

Leaves Algeria Acetone/water 

(70/30 ; v/v) 

0.65-2.81 mg QE/g 

DW 
UV-Vis Ben Ahmed 

et al., 2017 

P. atlantica 

Desf 

Leaves Turkey Methanol 51.77µg CAE/mg 

DW 
UV-Vis Peksel et al., 

2010 

Ethyl acetate 14.1µg CAE/mg 

DW   
UV-Vis 

P. atlantica 

subsp. atlantica 

Buds Algeria Methanol 24.62  mg CE/g DW UV-Vis Toul et al., 

2017 

P. atlantica Branches 

 

Armenian Ethanol 0.95 mg QE/g DW UV-Vis Khudoyan et 

al., 2018 
Aqueous 0.30 mg QE/g DW UV-Vis 

P. atlantica 

subsp. atlantica 

Fruits Algeria Methanol 6.86  mg CE/ g D.W UV-Vis Toul et al., 

2017 

Pistacia 

atlantica  

Hulls Iran Hydroethanolic  113µg RE/mg DW UV-Vis Farahpour et 

al., 2015 

P.atlantica 

subsp. kurdica 

Hulls Iran Methanol 5.50-7.73 mg CE/g 

DW 
UV-Vis Hatamnia et 

al., 2014 

Kernels Methanol 0.46-0.86 mg CE/g 

DW 
UV-Vis 

Shells Methanol 3.49-5.82 mg CE/g 

DW 
UV-Vis 

P. atlantica 

subsp. atlantica 

Stems Algeria Methanol 9.466 mg CE/g DW UV-Vis Toul et al., 

2017 
Nternal 

trunk 

barks 

Methanol 21.80 mg CE/g DW UV-Vis 

External 

trunk 

barks 

Methanol 1.69 mg CE/g DW UV-Vis 

Roots Methanol 17.02 mg CE/g DW UV-Vis 

TFLC P. atlantica Leaves Iran 70% Ethyl 

alcohol 

88.12 mg RE /g DW UV-Vis Hashemi et 

al., 2017 

P. atlantica Leaves Iran Crude extract 88.12 mg RE/g DW UV-Vis Alidadi et 

al., 2017 
n-Butanol 141.6 mg RE/g DW UV-Vis 
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Ethyl acetate 29.8 mg RE/g DW UV-Vis 

Chloroform 127 mg RE/g DW UV-Vis 

n-Hexane 74.15 mg RE/g DW UV-Vis 

P. atlantica 

subsp. atlantica 

Leaves Algeria Methanol 1.54  mg QE/g DW UV-Vis Toul et al., 

2017 

P. atlantica 

subsp. atlantica 

Buds Algeria Methanol 8.94 mg QE/g DW UV-Vis 

Fruits Methanol 3.29 mg QE/g DW UV-Vis 

Stems Methanol 2.53 mg CE/g DW UV-Vis 

Nternal 

trunk 

barks 

Methanol 5.13 mg CE/g DW UV-Vis 

External 

trunk 

barks 

Methanol 0.78 mg CE/g DW UV-Vis 

P. atlantica 

subsp. atlantica 

Roots Algeria Methanol 1.49 mg CE/g DW UV-Vis 

CTC P. atlantica 

Desf. ssp. 

Leaves Algeria Acetone/water 

(70/30 ; v/v) 

0.39-3.19 mg CAE/ 

g DW  

UV-Vis Ben Ahmed 

et al., 2017 

TAC P. atlantica 

Desf 

Leaves Turkey Methanol 0.296 µmol/g DW UV-Vis Peksel et al., 

2010 
Ethyl acetate 0.488 µmol/g DW   UV-Vis 

Tannic acid P. atlantica 

subsp. atlantica 

Leaves Algeria Crude extract N.D. HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol N.D. HPLC-DAD 

Rutin P. atlantica 

subsp. atlantica 

Leaves Algeria Crude extract 22 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol N.D. HPLC-DAD 

Gallic acid P. atlantica 

subsp. atlantica 

Leaves Algeria Crude extract 709 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol N.D. HPLC-DAD 

P.atlantica Desf Fruits Morocco Methanol 3.95g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Vanillic acid Leaves Algeria Crude extract N.D. HPLC-DAD 
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P. atlantica 

subsp. atlantica 

Ethyl acetate N.D. HPLC-DAD Toul et al., 

2017 
Butanol N.D. HPLC-DAD 

ρ-coumaric acid P. atlantica 

subsp. atlantica 

Leaves Algeria Crude extract N.D. HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol N.D. HPLC-DAD 

Catechin P. atlantica 

subsp. atlantica 

Leaves Algeria Crude extract 258 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 198μg/g DW HPLC-DAD 

Butanol 851μg/g DW HPLC-DAD 

Syringic acid P. atlantica 

subsp. atlantica 

Leaves Algeria Crude extract 25.4 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 12.5 μg/g DW HPLC-DAD 

Butanol 42.2 μg/g DW HPLC-DAD 

Ferulic acid P. atlantica 

subsp. atlantica 

Leaves Algeria Crude extract 1050 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 186 μg/g DW HPLC-DAD 

Butanol 151 μg/g DW HPLC-DAD 

Quercetin P. atlantica 

subsp. atlantica 

Leaves Algeria Crude extract 80.5 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 69.5 μg/g DW HPLC-DAD 

Butanol 32.6 μg/g DW HPLC-DAD 

Naringenin P. atlantica 

subsp. atlantica 

Leaves Algeria crude extract 325 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 107 μg/g DW HPLC-DAD 

Butanol 21.9 μg/g DW HPLC-DAD 

Tannic acid P. atlantica 

subsp. atlantica 

Buds Algeria Crude extract N.D. HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol N.D. HPLC-DAD 

Rutin P. atlantica 

subsp. atlantica 

Buds Algeria Crude extract N.D. HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol 7.9 μg/g DW HPLC-DAD 

Gallic acid P. atlantica 

subsp. atlantica 

Buds Algeria Crude extract N.D. HPLC-DAD 

Ethyl acetate 1167μg/g DW HPLC-DAD Toul et al., 

2017 
Butanol 277 μg/g DW HPLC-DAD 
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Vanillic acid P. atlantica 

subsp. atlantica 

Buds Algeria Crude extract 101 μg/g DW HPLC-DAD 

Ethyl acetate 59.4 μg/g DW HPLC-DAD 

Butanol 42.3 μg/g DW HPLC-DAD 

ρ-coumaric acid P. atlantica 

subsp. atlantica 

Buds Algeria Crude extract 680 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol N.D. HPLC-DAD 

Catechin P. atlantica 

subsp. atlantica 

Buds Algeria Crude extract 5.3 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 1.0 μg/g DW HPLC-DAD 

Butanol 0.69 μg/g DW HPLC-DAD 

Syringic 

acid 

P. atlantica 

subsp. atlantica 

Buds Algeria Crude extract 20.1 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 11.6 μg/g DW HPLC-DAD 

Butanol N.D. HPLC-DAD 

Ferulic acid P. atlantica 

subsp. atlantica 

Buds Algeria Crude extract 1376.6 μg/g DW HPLC Toul et al., 

2017 
Ethyl acetate 27 μg/g DW HPLC 

Butanol 54.2 μg/g DW HPLC 

Quercetin P. atlantica 

subsp. atlantica 

Buds Algeria Crude extract 10.4 μg/g DW HPLC Toul et al., 

2017 

Ethyl acetate 87.4 μg/g DW HPLC Toul et al., 

2017 
Butanol 17.7 μg/g DW HPLC 

Naringenin P. atlantica 

subsp. atlantica 

Buds Algeria Crude extract N.D. HPLC Toul et al., 

2017 

Ethyl acetate 17.6 μg/g DW HPLC-DAD Toul et al., 

2017 

Butanol N.D. HPLC-DAD Toul et al., 

2017 

Tannic acid P. atlantica 

subsp. atlantica 

 

Roots 

 

Algeria 

 

Crude extract N.D. HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol N.D. HPLC-DAD 

Rutin P. atlantica 

subsp. atlantica 

 

Roots 

 

Crude extract N.D. HPLC-DAD Toul et al., 

2017 

 

Ethyl acetate N.D. HPLC-DAD 

Butanol N.D. HPLC-DAD 
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Gallic acid P. atlantica 

subsp. atlantica 

 

Roots 

 

Algeria 

 

Crude extract 600.02 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 6.5 μg/g DW HPLC-DAD 

Butanol 592 μg/g DW HPLC-DAD 

Vanillic acid P. atlantica 

subsp. atlantica 

Roots Algeria Crude extract N.D. HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol N.D. HPLC-DAD 

ρ-coumaric acid P. atlantica 

subsp. atlantica 

Roots Algeria Crude extract N.D. HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol N.D. HPLC-DAD 

Catechin P. atlantica 

subsp. atlantica 

Roots Algeria Crude extract 275.6 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 8.32 μg/g DW HPLC-DAD 

Butanol N.D. HPLC-DAD 

Syringic 

acid 

P. atlantica 

subsp. atlantica 

Roots Algeria 

 

Crude extract 65μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 25.5 μg/g DW HPLC-DAD 

Butanol 83.3 μg/g DW HPLC-DAD 

Ferulic acid P. atlantica 

subsp. atlantica 

Roots Algeria Crude extract 9.1 μg/g DW HPLC-DAD Toul et al., 

2017 

 

Ethyl acetate 1.7μg/g DW HPLC-DAD 

Butanol 10.6 μg/g DW HPLC-DAD 

Quercetin P. atlantica 

subsp. atlantica 

Roots Algeria Crude extract 89.8 μg/g DW HPLC-DAD Toul et al., 

2017 
Ethyl acetate 4.4 μg/g DW HPLC-DAD 

Butanol 42.1 μg/g DW HPLC-DAD 

Naringenin P. atlantica 

subsp. atlantica 

Roots Algeria Crude extract 6.25 μg/g DW   HPLC-DAD Toul et al., 

2017 
Ethyl acetate N.D. HPLC-DAD 

Butanol 5.39 μg/g DW HPLC-DAD 

Gallic acid P. atlantica 

Desf 

Fruits Morocco Methanol 3.95  g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Galloyl quinate P. atlantica 

Desf 

Fruits Morocco Methanol 3.39 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Galloyl 

glucoside 

P.atlantica Desf Fruits Morocco Methanol 0.75 g/kg DW HPLC-DAD Khallouki et 

al., 2017 
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Digalloyl 

quinate-1 

P.atlantica Desf Fruits Morocco Methanol 0.99 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Digalloyl 

quinate-2 

P.atlantica Desf Fruits Morocco Methanol 2.49 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Ellagic acid 

diglucoside 

P.atlantica Desf Fruits Morocco Methanol 0.07 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Methyl gallate P.atlantica Desf Fruits Morocco Methanol 1.00 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Digalloyl 

glucoside 

P.atlantica Desf Fruits Morocco Methanol 0.15 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Trigalloyl 

glucoside 

P.atlantica Desf Fruits Morocco Methanol 0.12 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Ellagic acid 

glucoside 

P.atlantica Desf Fruits Morocco Methanol 0.14 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Tetragalloyl 

glucoside-1 

P.atlantica Desf Fruits Morocco Methanol 0.42 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Tetragalloyl 

glucoside-2 

P.atlantica Desf Fruits Morocco Methanol 0.50 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

2 -O-Galloyl-

quercetin-3- 

O-galactoside 

P.atlantica Desf Fruits Morocco Methanol 0.97 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Methyl ellagic 

acid glucoside 

P.atlantica Desf Fruits Morocco Methanol 0.01 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

2 -O-Galloyl-

quercetin-3- 

O-glucoside 

P.atlantica Desf Fruits Morocco Methanol 0.40 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Quercetin P.atlantica Desf Fruits Morocco Methanol 0.54 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Rutin P.atlantica Desf Fruits Morocco Methanol 1.22  g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Ellagic acid P.atlantica Desf Fruits Morocco Methanol 0.25  g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Quercetin-3-O-

galactoside 

P.atlantica Desf Fruits Morocco Methanol 1.42  g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Luteolin-4-O-

glucoside 

P.atlantica Desf Fruits Morocco Methanol 0.76  g/kg DW HPLC-DAD Khallouki et 

al., 2017 
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Pentagalloyl 

glucoside 

P.atlantica Desf Fruits Morocco Methanol 5.00  g/kg DW HPLC-DAD Khallouki et 

al., 2017 

-O-Galloyl-

luteolin-4-O- 

glucoside 

P.atlantica Desf Fruits Morocco Methanol 0.17  g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Quercetin-3-O-

glucuronide 

P.atlantica Desf Fruits Morocco Methanol 0.34  g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Kaempferol-3-

O-glucoside 

P.atlantica Desf Fruits Morocco Methanol 1.05  g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Eriodictyol P.atlantica Desf Fruits Morocco Methanol 0.04 g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Luteolin P.atlantica Desf Fruits Morocco Methanol 3.18  g/kg DW HPLC-DAD Khallouki et 

al., 2017 

Apigenin P.atlantica Desf Fruits Morocco Methanol 0.03  g/kg DW HPLC-DAD Khallouki et 

al., 2017 

2 (3 or 5)-O- 

Galloyl-1, 4-

galactolactone 

methyl ester 

P. atlantica 

subsp. mutica 

Hulls Iran Methanol 6.83% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

4-Hydroxy-

3,5dimethoxy-

1,2-benzen-

dicarboxylic 

acid 

P. atlantica 

Subsp. mutica 

Hulls Iran Methanol 0.91% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

3,5-dihydroxy-

4-[(6-O- sulfo-

β-D-22 

glucopyranosyl) 

oxy] benzoic 

acid 

P. atlantica 

subsp. mutica 

Hulls Iran Methanol 61.16% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

6-cinnamoyl-1-

galloylglucose 

P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.26% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

Mallonanoside P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.83% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al. 

, 2016 

Gallic acid P. atlantica 

subsp. mutica 

Hulls Iran Methanol 9.84% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 
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GAE : gallic acid equivalents, DW : dry weight,  PE : pyrocatechol, TPC : total phenolic content, TFC : total 

flavonoid content,  CE: catechin equivalent, QE: quercetin equivalent, RE: rutin equivalent, TFLC: total flavonol 

contents,  CTC : condensed tannins contents,  TAC : total anthocyanin contents, N.D.: not determined 

 

4,5-dihydroxy-

3-methoxy-1,2-

benzenedicarbo

xylic acid 

P. atlantica 

Subsp. mutica 

Hulls Iran Methanol 0.29% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

Caffic  acid P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.50% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

Glucodistylin P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.10% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

3-O-Ethylgallic 

acid 

P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.10% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

2-O-galloyl- 

1,4-

galactarolacton

e 

P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.10% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

2-O- 

Galloylisoque 

rcitrin 

P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.10% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

Hypolaetin P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.10% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

Rutin P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.34% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

5,4-dihydroxi-

3,3-dimithoxi-

6,7-methylene-

dioxiflavone 

P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.91% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

Kaempferol 3-

O-glucuronide 

P. atlantica 

subsp. mutica 

Hulls Iran Methanol 0.08% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

Kaempferol P. atlantica 

subsp. mutica 

Hulls Iran Methanol 46.53% (w/w ; pure 

compound/weight 

of methanol extract) 

HPLC-DAD Rezaie et al., 

2016 

https://www.google.dz/url?url=https://www.researchgate.net/post/Quercetin_equivalent_to_catechin_rutin_equivalent&rct=j&frm=1&q=&esrc=s&sa=U&ved=0ahUKEwix24yXge3dAhWBPSwKHfvSATIQFggYMAE&usg=AOvVaw0_D1_1EBJ2zj7HqevZVo_T
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Table 2  The antioxidant activities of extracts of P. atlantica 

Genus Plant Part Origin of 

plant 

material 

Extract or 

compound 

Activity observed Model 

used 

Reference 

P. atlantica 

Desf. ssp. 

Leaves Algeria Acetone/water 

(70/30; v/v) 

Antioxidant activity ranged from 262 to 

677 mg: ascorbic acid equivalent  (AAE)/g 

dry leaf (DPPH assay) and from 296 to 970 

mg AAE/g dry leaf ( potassium 

ferricyanide reducing power). 

Quinic acid, gallic acid and galloylquinic 

acid  scavenge DPPH. 

Glucogallin, trigalloylglucose, gallic acid 

and tetragalloylquinic acid are responsible 

for the reducing power capacity 

In vitro Ben Ahmed et 

al., 2016 

P. atlantica 

Desf. ssp. 

Essential 

oil leaves 

Algeria Water distillation The IC50 values for DPPH during the 

season vary between 20.6 and 27.9 mg/mL 

for male oils and between 8.5 and 17.5 

mg/mL for the female. 

The  AAE values for  the ferric reducing 

ability of plasma (FRAP) vary between 

4.95 and 8.4 mg/mL for male oils and 

between 9.4 and 11.8 mg/mL for female. 

The antioxidant capacity of the tested oils 

was weak comparison to santioxidants 

BHT,   butylated hydroxyanisole (BHA),  

and ascorbic acid. 

In vitro Gourine et al., 

2010b 

P. atlantica 

subsp. kurdica 

Leaves Iran Methanol The antioxidant activity ranged from 7.3 

to 10.6 mg/mL when measured by the 

FRAP assay and from 0.067 to 0.406 

mg/mL by DPPH. The nitric oxide radical 

scavenging activity varied between 81.4 

and 95.1%. 

In vitro Hatamnia et 

al., 2014 

P. atlantica 

subsp. 

atlantica 

Crude oil 

of leaves 

Algeria n-Hexane Antioxidant activity using DPPH, ABTS   

and FRAP. 

The IC50 values for DPPH during the 

season vary between 0.068 to 0.281 

mg/mL. 

The antioxidant activity ranged from 1.88 

to 15.30  µM α-teopherol/g DW when 

measured by the FRAP assay and from 

0.723 to 2.20 µM α-teopherol/gDW 

In vitro Chelghoum et 

al. , 2020 
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DW by ABTS  .  

P. atlantica 

subsp. 

atlantica 

Leaves Algeria methanol, ethyl 

acetate and 

butanolic extracts 

Antioxidant activity using DPPH, ABTS   

and  cupric reducing antioxidant capacity 

(CUPRAC). 

 The ethyl acetate extract exhibited the 

highest DPPH scavenging ability with a 

IC50 = 0.99 µg/mL, followed by butanolic 

fraction (2.59) and  the methanolic crude 

extract  (2.87). 

The ethyl acetate extract exhibited the 

highest ABTS scavenging ability with a 

IC50 = 1.54 µg/mL, followed by butanolic 

fraction (2.54) and  the methanolic crude 

extract  (2.76). 

The ethyl acetate extract exhibited the 

highest reducing power capacity  with 

concentration of .98 µg/mL at an optical 

density of 0.5 followed by butanolic 

fraction (5.08)  

In vitro Achili et al.. 

2020 

P. atlantica 

subsp. 

atlantica 

Buds Algeria Methanol , ethyl 

acetate and butanol 

Antioxidant activity using  potassium 

ferricyanide reducing power, β-carotene 

bleaching and DPPH. 

the methanolic crude extract  exhibited the 

highest DPPH scavenging ability with a 

IC50 = 0.1 mg/mL, followed by  the 

butanolic (0.14) and  ethyl acetate fractions 

(0.21). 

The methanolic crude extracts and  

butanolic fraction  showed the highest β-

carotene bleaching activity with IC50 = 

0.06  and 0.16 mg/mL. 

 The methanolic crude extracts exhibited 

the highest reducing power capacity with 

IC50 = 0.13 mg/mL followed by  butanolic 

fractions (0.14) and the ethyl acetate (0.21)  

In vitro Toul et al. , 

2017 

P. atlantica 

subsp. 

atlantica 

Stems Algeria Methanol, ethyl 

acetate and butanol 

Antioxidant activity using  potassium 

ferricyanide reducing power, β-carotene 

bleaching and DPPH. 

The  butanolic fraction exhibited the 

highest DPPH scavenging ability with IC50 

= 0.13 mg/mL, followed by   methanolic 

crude extract (0.17) and  ethyl acetate 

fraction (0.33). 

In vitro Toul et al. , 

2017 
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The methanolic crude extract and   

butanolic  fraction  showed the highest β-

carotene bleaching activity with IC50 = 

0.14  and 0.16 mg/mL. 

 The butanolic fraction exhibited the 

highest reducing power capacity  with IC50 

= 0.13 mg/mL followed by   methanolic 

crude extract  (0.22) and  ethyl acetate 

fraction (0.33)  

P. atlantica 

subsp. 

atlantica 

Stems Algeria Ethyl acetate and 

butanolic extracts 

Antioxidant activity using DPPH, ABTS   

and  cupric reducing antioxidant capacity 

(CUPRAC). 

 The ethyl acetate extract exhibited the 

highest DPPH scavenging ability with a 

IC50 = 1.81 µg/mL, followed by butanolic 

fraction (3.56). 

The ethyl acetate extract exhibited the 

highest ABTS scavenging ability with a 

IC50 = 1.91 µg/mL, followed by butanolic 

fraction (2.54). 

The ethyl acetate extract exhibited the 

highest reducing power capacity  with 

concentration of 49 µg/m at an optical 

density of 0.5, followed by butanolic 

fraction (6.91) . 

In vitro Achili et al.. 

2020 

P. atlantica 

subsp. 

atlantica 

Internal 

trunk barks 

Algeria Methanol, ethyl 

acetate and butanol 

Antioxidant activity using  potassium 

ferricyanide reducing power, β-carotene 

bleaching and DPPH. 

The  methanolic crude extract  exhibited 

the highest DPPH scavenging ability with 

IC50 = 0.18 mg/ml, followed by   butanolic 

fraction (0.20) and  ethyl acetate fraction 

(0.57). 

The ethyl acetate fraction  and    methanolic 

crude extract  showed the highest β-

carotene bleaching activity with IC50 = 

0.28  and 0.38 mg/mL. 

The  methanolic crude extract exhibited the 

highest reducing power capacity  with IC50 

= 0.19 mg/mL, followed by   butanolic  

(0.20) and  ethyl acetate fractions (0.45)  

In vitro Toul et al. , 

2017 

P. atlantica 

subsp. 

atlantica 

External 

trunk barks 

Algeria Methanol, ethyl 

acetate and butanol 

Antioxidant activity using  potassium 

ferricyanide reducing power, β-carotene 

bleaching and DPPH. 

In vitro Toul et al. , 

2017 
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The  methanolic crude extract  exhibited 

the highest DPPH scavenging ability with 

IC50 = 1.06 mg/mL, followed by    ethyl 

acetate (1.18) and  butanolic fractions 

(5.71). 

The ethyl acetate fraction  and    methanolic 

crude extract  showed the highest β-

carotene bleaching activity with IC50 = 

1.08  and 1.49 mg/mL. 

The   butanolic fraction  exhibited the 

highest reducing power capacity  with IC50 

= 0.15 mg/mL followed by   methanolic 

crude extract (0.50)  and  ethyl acetate 

fraction (0.86) 

P. atlantica 

subsp. 

atlantica 

Roots Algeria Methanol, ethyl 

acetate and butanol 

Antioxidant activity using  potassium 

ferricyanide reducing power, β-carotene 

bleaching and DPPH. 

The butanolic fraction exhibited the 

highest DPPH scavenging ability with IC50 

= 0.07 mg/mL, followed by    methanolic 

crude extract (0.10) and  ethy acetate 

fraction (0.23). 

The methanolic crude extract and    

butanolic fraction  showed the highest β-

carotene bleaching activity with IC50 = 

0.26  and 0.38 mg/mL. 

The  ethyl acetate fraction exhibited the 

highest reducing power capacity  with IC50 

= 0.06 mg/mL followed by   butanolic 

(0.13)  and  ethyl acetate fractions (0.38) 

In vitro Toul et al. , 

2017 

P. atlantica 

subsp. 

atlantica 

Crude oil 

of galls 

Algeria n-Hexane Antioxidant activity using DPPH, ABTS   

and FRAP. 

The IC50 values for DPPH during the 

season vary between 0.171 to 0.281 

mg/mL. 

The antioxidant activity ranged from 1.88 

to 2.76  µM α-teopherol/g DW when 

measured by the FRAP assay and from 

2.20 to 2.60 µM α-teopherol/g DW 

DW by ABTS.  

In vitro Chelghoum et 

al. , 2020 

P. atlantica Hulls Iran Hydroethanolic Antioxidant activity using DPPH and 

FRAP assays.  

In vitro Farahpour et 

al., 2015 
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The  IC50  values  for  DPPH  scavenging 

activity  for  hulls extract, and BHT  were  
7.45 and  107 μg/mL,  respectively. 

The extract exhibited high reducing power 

capacity (FRAP) compared to ascorbic 

acid 

 

P. atlantica 

subsp. kurdica 

Hulls Iran Water distillation Antioxidant activity using FRAP assay.  

The   total antioxidant capacity  value  for   

reducing power capacity was found to be  

1.25 µmol/mL 

In vitro Hosseini et al., 

2020 

P. atlantica 

subsp. kurdica 

Essential 

oil hulls 

Iran Methanol-water 

(50/50; v/v) 

Antioxidant activity using FRAP assay.  

The   total antioxidant capacity value  for   

reducing power capacity was found to be  

1.30 µmol/mL 

In vitro Hosseini et al., 

2020 

P. atlantica 

Desf 

Fruit oils Algeria n- Hexane Antioxidant activity using DPPH assay. 

The IC50 values for immature fruit oil 

ranged between 31.9 and 33.5  mg/mL and 

between 32.2 and 44.6 mg/mL for mature. 

IC50 of samples with intermediate maturity  

ranged  between 17.1 and 31.4 mg/mL. 

In vitro Guenane et al.,  

2017 

P. atlantica 

Desf 

Unsaponifi

-able of 

fractio.fruit 

oils 

Algeria n- Hexane Antioxidant activity using DPPH assay. 

The  IC50  values  for  DPPH  scavenging 

activity  for   unripe, middle maturity and 

ripe were 0.87, 0.6 and 0.48 mg/mL, 

respectively. 

 

 

In vitro Bentireche et 

al,  2019 

P. atlantica 

subsp. 

atlantica 

Crude oil 

of fruit 

Algeria n-Hexane Antioxidant activity using DPPH, ABTS   

and FRAP. 

The IC50 values for DPPH during the 

season vary between 0.055 to 0.411 

mg/mL. 

The antioxidant activity ranged from 1.51 

to 17.11  µM α-teopherol/g DW when 

measured by the FRAP assay and from 

5.90 to 28.92 µM α-teopherol/g DW 

DW by ABTS  .  

In vitro Chelghoum et 

al. , 2020 
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P.atlantica 

subsp. kurdica 

Hull, shell 

and kernel 

Iran Methanol Antioxidant activity using DPPH, FRAP 

and  nitric oxide  assays. 

The DPPH radical scavenging activity of 

hull extracts (92.5%) was higher than those 

of shell (mean value 69.0%) and kernel 

(64.0%). 

The hull extracts exhibited the highest 

nitric oxide scavenging ability (94%) 

followed by shell (72%) and kernel (69%) 

extracts. 

The hull extract has a high reducing power 

capacity and a higher activity 

(approximately 11 times) compared to 

shell and kernel. 

In vitro Hatamnia et 

al., 2014 

P. atlantica 

subsp. mutica 

Fruits Iran Methanol, ethanol 

acetone, ethyl 

acetate, petroleum 

ether and hexane 

Antioxidant activity using DPPH and 

FRAP assays. 

The polar protic solvents (methanol and 

ethanol) provided extracts possessing the 

highest strength scavenging DPPH (IC50 = 

0.60-0.72 µg/mL). The extracts from the 

polar aprotic solvents (acetone, ethyl 

acetate) showed moderate activities (IC50 = 

3.7-4.2 µg/mL) and those from non-polar 

solvents (petroleum ether and hexane) 

were least (IC50 = 526-1105 µg/mL). 

The highest reducing power belonged to 

the ethanol extract (8.5 mmol/g), followed 

by the methanol and acetone (6.6), water 

(4.6), and ethyl acetate (2.) extracts. 

 

In vitro Rezaie et al., 

2015 

P. atlantica 

Desf 

Essential 

oil of 

leaves and 

flowers 

Algeria Water distillation Antioxidant activity using carotene-

linoleic acid, DPPH and ABTS. 

The  IC50  values  for  carotene-linoleic 

acid, DPPH and ABTS for leaves extract 

oils   were 17.0, 23.9 and 4.7μg/mL, 

respectively. 

All extracts of flower oils exhibited lower 

DPPH (28.60 μg/mL), ABTS (6.50)  and 

carotene-linoleic acid (19.10)  radical 

scavenging activities compared to the 

leaves oils. 

In vitro Labed-Zouad 

et al., 2017 

P. atlantica 

Desf 

Essential 

oil of galls 

Algeria Water distillation Antioxidant activity using DPPH, FRAP 

and ABTS assays. 

In vitro Sifiet al., 2015 
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The IC50 values  of  DPPH and ABTS 

scavenging activity ranged between 

417.61 and 2000µg/mL, while for the 

reducing power capacityas mesured by 

FRAP,  it  was  between 0.106 and 

0.111mg/g  

P.atlantica  

Desf. subsp 

Fruits oils Algeria Chloroform/meth--

anol (v/v; 2/1) 

Antioxidant activity using DPPH and 

ABTS assays. 

The AAE values for DPPH and ABTS 

were 4.4 and 7.76 g/100g, respectively. 

In vitro Zouzou et al., 

2015 

P.atlantica 

subspecies 

kurdica 

Mastic 

gum resin 

of  trunk 

and 

branches 

Iraq Tween 80 /distilled 

water (0.01/1 ; 

v/v ) 

Antioxidant activity using DPPH and 

ABTS assays. 

The resin showed DPPH scavenging 

activity with an increase from 26, 60, 75, 

83, and  95%, at 1, 3, 10, 30, and 100 

μg/mL, respectively with an IC50 = 2.5 

μg/mL.  

The resin exhibited ABTS+ radical 

scavenging activity with an increase from 

25, 30, 55, 68, and 89 at concentrations of 

150, 300, 600, 1,200, and 2,400 μg/mL, 

respectively, with an IC50 = 500 μg/mL 

In vitro Rahman. 

(2018) 
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Fig.1 Chemical structures and names of compounds detected from the essential oil of 

P.atlantica subspecies 
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Fig.2 Phenolic compounds isolated and characterized from P.atlantica subspecies 



77 
 

 

 

 

 

 



78 
 

 

 

 

 

 

 

 



79 
 

 

 

 

 

 

Fig. S1 Chemical structures and names of compounds detected from the essential oil of 

P.atlantica subspecies 
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Fig. S2 Phenolic compounds isolated and characterized from P.atlantica subspecies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


