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Abbreviations 
A549: Lung Cancer Cells; ABAP: 2,2'-azobis (2-amidinopropane); Aβ: β-Amyloid; ACE: 

Angiotensin Converting Enzyme; ALP: Alka Line Phosphatase; APP: Amyloid Precursor Protein; 
CML: Chronic Myelogenous Leukemia; ERK½: Extracellular Signal-Regulated Kinases ½; HeLa: 
Cervical Cancer Cells; HepG2: Liver Hepatocellular Cells; MAPK: Mitogen-Activated Protein 
Kinase; MCF7: Breast Cancer Cells; MMPs: Matrix Metallo Proteinases; MTT: 3-[4,5-dimetylthiazol-
2-yl]-2,5-difenyltetrazolium bromide; NO: Nitric Oxide; PC3: Prostate Cancer Cells; ROS: Reactive 
Oxygen; SAPK/JNK: Stress-Activated Protein Kinases/Jun Amino-Terminal Kinases; TTF: 
3,5,4'-Trihydroxy-6,7,3'-Trimethoxy Flavone

Introduction
Achillea fragrantissima is a desert plant used in the traditional medicine of Arabian countries 

to treat many diseases of the liver and kidneys, diseases of the gastrointestinal tract, inflammatory, 
skin manifestations or wound healing [1,2]. It has antioxidant and anti-inflammatory effects, and 
the extracts of this plant suppress neuroinflammation, which opens up possibilities for its use in 
psychiatry [3]. The bioactive compounds isolated from A. fragrantissima may be beneficial in the 
prevention of neurodegenerative diseases in which neuroinflammation is part of a pathophysiology. 
Bioactive substances present in this ladder may have a positive impact on the course of Alzheimer's 
disease, but there are only studies in laboratory animals, clinical trials are still lacking [4].

Botanical Characteristcs
Achillea fragrantissima (Forssk.) Sch. Bip. (Figure 1) is a flowering plant of the genus Achillea 

L. (yarrow) of the Asteraceae family. The genus Achillea includes more than 100 species and 
is chemically characterized by the accumulation of sesquiterpenic lactones and flavonoids. A. 
fragrantissima is a tiny, strongly aromatic white-wooly shrub growing in the height of 30 cm to 
60 cm. Plants have numerous upright stalks, alternate hairy serrate leaves and small yellow flowers 
arranged in capitula. The fruit is an achene. This yarrow comes from northeastern Africa and the 
Middle East (Egypt, Jordan, Israel, Palestine, Syria, Lebanon, Iraq, Saudi Arabia). It grows mainly in 
deserts and semi-deserts. In Egypt, it is cultivated for healing purposes [5-7].

Traditional Medicine
A. fragrantissima is one of the most popular and most important medicinal herbs in Arabic 

traditional medicine for the preparation of medicinal teas for the prevention and treatment of 
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various health problems [8-12]. A. fragrantissima is especially popular 
in Egyptian folk medicine for the treatment of common health 
problems such as respiratory disease, eye infections, small pox, fever, 
gastrointestinal disturbances, diabetes, dysmenorrhea, headache 
or fatigue [13-16]. In Israel, it is used also in diabetes therapy [8]. 
Pharmacological studies conducted lately with A. fragrantissima 
confirm the traditional use of this yarrow.

Bioactive Substances
In plants of Achillea genus, phenolic acids (protocatechuic, vanilic, 

chlorogenic, ferulic and quinic acid), flavonoids (apigenin, apigenin-
glucoside, apigenin-rutinoside and apigenin-neohesperioside, 
luteolin, vitexin and vitexin-rhamnoside, cirsiliol, diosmetin, 
chrysoplenetin, chrysophanol D), lignans (sesamin), terpenic lactones 
(achillolid A) and alkamides (pellitorin, 8,9-Z-dehydropellitorin, 
anacyclin) have been found as mainly bioactive compounds [17-20]. 
In water-alcohol extracts of the above-ground portions of Achillea 
fragrantissima, a varied mixture of water-soluble polyphenols was 
found in the amount of 56.6 mg of gallic acid equivalent in 1 gram of 
dry weight of plant [2]. By steam distillation or extraction of the aerial 
parts of the plant with hexane, chloroform or ethyl acetate, the water-
insoluble substances were obtained in the form of yellowish colored 
essential oil (ca. 0.8%) containing hydrocarbons, monoterpenes and 
sesquiterpenes. In total, up to 54 compounds were identified in the 
essential oil [21-23]. Hydrocarbons and different terpenes (n-nonane, 
1-dodecene, myrcene, salvene, santolina triene, cis-farnesene, 
trans-pinane, α-thujone and β-thujone, limonene, sabinene, trans-
isolimonene, γ-eudesmol, caryophyllene, cedren, germacrene, 
α-pinene, β-pinene, thymol, p-cymene, eucalyptol, eugenol, camphor, 
α-terpineol, geraniol, bergamal, fenchon, isocalamendiol, globulol, 
α-cubebene, farnesol, spathulenol, δ-elemene, γ-eudesmol, vulgaron 
B) have been found as important bioactive compounds. Both climatic 
and seasonal conditions influenced the composition and yield of 
essential oil [24,25].

Pharmacological Effects
Plants of the genus Achillea are known as traditional folk 

remedies. They are widely prescribed for the treatment of stomach 
pain, gastrointestinal tract inflammation, bleeding, pneumonia, 
rheumatism, hemorrhoids, allergic rhinitis and menstrual disorders. 
It also works well during breast feeding and improves wound 
healing. They show numerous pharmacological effects, that are also 
interesting in contemporary medicine [20,26,27] and cosmetics 
[28]. Among the most well-known and best-researched species is 
the original yarrow (A. millefolium), but many studies confirm the 
pharmacological effects of A. fragrantissima. The structural formulas 
of some important bioactive compounds of the Achillea genus are 
shown in Figure 2.

Anti-inflammatory effect
The anti-inflammatory activity of A. fragrantissima extracts 

were tested using the animal model of carrageenan-induced paw 
edema, it was comparable to that of diclofenac [29,30]. The substance 
responsible for the anti-inflammatory effects of the plant could be a 
sesquiterpenic lactone called achillolid A. This lactone reduces levels 
of pro-inflammatory and toxic mediators and levels of intracellular 
reactive oxygen species in lipopolysaccharide-activated microglial 
cells [31,32]. Moreover, both non-polar and polar fractions revealed 
protective effects against rat ulcerative colitis and gastric ulcers [30].

Analgesic effect
Extracts of A. fragrantissima showed peripheral and central 

analgesic effects in a number of laboratory tests on rodents [30], as 
well as A. millefolium extracts [33].

Antimicrobial effect
A. fragrantissima essential oil shows antimicrobial activity 

against gram-positive bacteria Staphylococcus aureus, S. epidermidis 
and Bacillus subtilis and gram-negative Escherichia coli. In general, 
gram-negative bacteria were less sensitive to the essential oil of 
Achillea fragrantissima than the gram-positive [21,24,34]. It is also 
effective against Listeria monocytogenes, Pseudomonas aeruginosa, 
Klebsiella sp. and Salmonella enteritidis [35,36]. A. fragrantissima 
also acts against poliovirus, rotavirus Wa, human adenovirus 7 and 
coxsackievirus B4 [37,38] and two fungal species Candida albicans 
and Aspergillus niger [24,39].

Antitrypanosomal effect
Aerial parts of A. fragrantissima show considerable antileishmanial 

and antitrypanosomal activity [40]. It is likely that the sesquiterpenic 
alkamides derived from pellitorin to be found in the dichloromethane 
extract from the aerial parts of the plant [41].

Antidiabetic effect
A. fragrantissima is reputed for its antidiabetic properties in the 

folk medicine of the Middle East. Ethanolic extract of A. fragrantissima 
and its compounds significantly inhibited α-glucosidase activity in 
vitro, more potent than the positive control acarbose, which is used 
as an oral anti-diabetic drug [42]. In streptozocine and high-fat diet 
induced diabetic rats, elevated blood glucose levels, serum lipid 
profile, liver functions, and kidney functions were improved after A. 
fragrantissima extract treatment, as well as oxidative-stress and pro-
inflammatory markers [43].

Anti-tumor effect
The anti-tumor effects of A. fragrantissima leaf extract were 

studied using human Chronic Myelogenous Leukemia (CML), T-cell 
lymphoma (Jurkat), hepatocellular carcinoma (HepG2) cell lines 
[44] and HepG2 by MTT assay [45]. Similarly, cytotoxic effects on 
melanoma cell lines have been tested [46]. In all tests, the anti-tumor 
effects of the extract on isolated tumor cells have been demonstrated. 
Phenolic compounds isolated from Achillea fragrantissima displayed 

Figure 1: Achillea fragrantissima on historical illustration (A. Raffeneau-
Delile: Flore d’Egypte, 1813).
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also cytotoxic activity against MCF7 cell line and moderate cytotoxic 
activity againts A549, HeLa and PC3 cell lines [16].

Myorelaxant effect
The myorelaxant effect of A. fragrantissima is linked to the presence 

of flavonoid cirsilol [47], which has been shown to effect relaxation 
of isolated rat ileum, bladder and uterus, and inhibits acetylcholine-
induced contractions. Cirsilol is a low affinity competitive ligand of 
central benzodiazepine receptors and has sedative effects [48].

Neuroinflammatory and neuroprotective effect
The neuroinflammatory process plays a central role in the 

initiation and progression of neurodegenerative diseases such as 
Parkinson's and Alzheimer's disease and it is associated with activation 
of brain microglial cells [49]. During the non-inflammatory process, 
microglia cells release pro-inflammatory mediators such as cytokines, 
Matrix Metallo Proteinases (MMPs), Reactive Oxygen (ROS) and 
Nitric Oxide (NO) [50-52]. Ethanol extract of A. fragrantissima has 
protected rat brain astrocytes culture before cell death induced by 
H2O2 and decreased levels of intracellular ROS produced by treatment 
with H2O2, ZnCl2 or ABAP (2,2'-azobis (2-amidinopropane)) [53].

Some studies suggest that A. fragrantissima contains Amyloid 
Precursor Protein (APP) metabolism modulators that may have 
a positive impact on the course of Alzheimer's disease [4]. One of 
the active substances of this plant is the sesquiterpenic lactone, 
achillolid A, which reduces β-Amyloid cytotoxicity (Aβ), reduces 
the production of Reactive Oxygen Species (ROS) induced by Aβ 
accumulation and inhibits phosphorylation of Mitogen-Activated 
Protein Kinase (MAPK) [54]. It has previously been shown that 
achillolid A protects astrocytes from oxidative stress and inhibits the 
activation of microglia [32,55] and deserves to evaluate its potential as 
a potential drug for the prevention or treatment of neurodegenerative 
diseases or brain injury, where oxidative stress is part of the 
pathophysiology. Achillolid A also protects nerve cells from the toxic 
effect of glutamate [56].

Another interesting substance isolated from aerial portions of A. 
fragrantissima is the flavonoid 3,5,4'-Trihydroxy-6,7,3'-Trimethoxy 
flavone (TTF), which also exhibits neuroprotective effects [57]. 
TTF protects neurons from Aβ-induced cell death and reduces 
intracellular ROS accumulation in neurons after Aβ. TTF also 
inhibits the phosphorylation of SAPK/JNK and ERK1/2 signaling 
proteins belonging to the MAPK family [58] and protects nerve cells 

against glutamate toxicity [56]. Flavonoids are among the substances 
that exhibit a wide range of biological functions including anti-
inflammatory, antioxidant and neuroprotective activities [59,60], so 
that the TTF is also a promising candidate for a potential drug for 
neurodegenerative diseases.

The substances contained in A. fragrantissima essential oil also 
inhibit both enzymes acetylcholinesterase and butyrylcholinesterase, 
which was confirmed in in vitro experiments [23].

Other effects
The A. fragrantissima water-alcohol extract inhibits Angiotensin 

Converting Enzyme (ACE), which participates in the etiology of 
hypertension and cardiovascular disorders [61].

Toxic effects
Long-term repeated administration of A. fragrantissima extracts 

revealed no significant changes in body weight, heart rate or other 
physiological parameters. No abnormal changes in liver and kidney 
function have been reported. The plant extract caused significant 
reductions in Alka Line Phosphatase (ALP), urea and creatinine. A 
significant decrease in blood glucose was found in animals receiving 
250 mg/kg of extract. Plant extract did not affect fertility. The males 
showed comparable data with the control animals at the highest doses 
(250 mg/kg). These doses did not induce any embryotoxic, teratogenic 
or other harmful effects on females and their offspring. The litter size, 
survival and weight gain were comparable to control groups [62].

Conclusions and Perspectives
Achillea fragrantissima L, a plant of the Asteraceae family, is used 

in the traditional medicine of Arab countries for the treatment of 
gastrointestinal disorders, hepatobiliary and gynecological diseases, 
inflammatory skin manifestations and wound healing. Literary 
research of articles published in reviewed journals and scientific 
databases has revealed that the plant has a number of pharmacological 
effects and contains a large number of biologically active substances. 
There are polyphenols, flavonoids, terpenes and alkamides. All the 
results so far published with the various extracts of A. fragrantissima 
and essential oil have been obtained from in vitro experiments, 
clinical trials are still lacking. Recent evidence that the bioactive 
substance of this plant has significant antioxidant, anti-inflammatory 
and neuroprotective effects represents the untapped potential of a 
plant in the therapy of neurodegenerative diseases or brain injury. 

Figure 2: Structural formulas of some important bioactive compounds of the genus Achillea.
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Current studies show that substances of these plants or substances 
derived from them will find future use for therapeutic purposes.

Acknowledgment
This work was supported by the long-term organization 

development plan (University Hospital, Hradec Kralove, Czech 
Republic).

References
1.	 Mudawi MM, El-wahab MFA, Yassin AY, Habeballa RS, Alshehri MM. 

Evaluation of Anticonvulsant Activity and HPLC–DAD Profiling of 
Achillea fragrantissima (Gaisoom) extracts growing in Saudi Arabia. Asian 
J Pharmac Res Health Care. 2017;9(3):92-100.

2.	 Eissa TAF, Gonzalez-Burgos E, Carretero ME, Gomez-Serranillos 
MP. Chemical characterization of polyphenols of Egyptian Achillea 
fragrantissima with in vitro antioxidant study. Chiang Mai J Sci. 
2018;45(2):897-904.

3.	 van Wyk BE. A Review of African Medicinal and Aromatic Plants. In: 
Neffati M, Najjaa H, Máthé Á, editors. Medicinal and Aromatic Plants of 
the World – Africa. Springer. 2017;3:411.

4.	 Bartolotti N, Disouky A, Kalinski A, Elmann A, Lazarov O. Phytochemicals 
from Achillea fragrantissima are modulators of AβPP metabolism. J 
Alzheimers Dis. 2018;66(4):1425-35.

5.	 Vasisht K, Kumar V. Compendium of Medicinal and Aromatic Plants. 
Africa. ICS-UNIDO. 2004;1:124.

6.	 Muschler R. A Manual Flora of Egypt. Berlin. 1912;1312.

7.	 Avinoam Danin. Analytical Flora. Flora of Israel Online.

8.	 Yaniv Z, Dafni A, Friedman J, Palevitch D. Plants used for the treatment of 
diabetes in Israel. J Ethnopharmacol. 1987;19(2):145-51.

9.	 Ageel AM, Mossa JS, Al-Yahya MA, Al-Said MS, Tariq M. Experimental 
studies on antirheumatic crude drugs used in Saudi traditional medicine. 
Drugs Exp Clin Res. 1989;15(8):369-72.

10.	Al-Mustafa AH, Al-Thunibat OY. Antioxidant activity of some Jordanian 
medicinal plants used traditionally for treatment of diabetes. Pak J Biol Sci. 
2008;11(3):351-58.

11.	El Beyrouthy M, Arnold N, Delelis-Dusollier A, Dupont F. Plants used as 
remedies antirheumatic and antineuralgic in the traditional medicine of 
Lebanon. J Ethnopharmacol. 2008;120(3):315-34.

12.	Eissa TAF, González-Burgos E, Carretero ME, Gómez-Serranillos MP. 
Compositional analysis and in vitro protective activity against oxidative 
stress of essential oils from Egyptian plants used in traditional medicine. 
Nat Prod Commun. 2014;9(9):1377-82.

13.	Abdel-Azim NS, Shams KA, Shahat AA, El Missiry MM, Ismail SI, 
Hammouda FM. Egyptian herbal drug industry: challenges and future 
prospects. Res J Med Plant. 2011;5(2):136-44.

14.	Rawashdeh IM. Genetic diversity analysis of Achillea fragrantissima 
(Forskal) Schultz Bip. Populations collected from different regions of 
Jordan using RAPD Markers. JJBS. 2011;4(1):21-8.

15.	Eissa TAF, Palomino OM, Carretero ME, Gómez-Serranillos MP. 
Ethnopharmacological study of medicinal plants used in the treatment 
of CNS disorders in Sinai Peninsula, Egypt. J Ethnopharmacol. 
2014;151(1):317-32.

16.	Awad BM, Habib ES, Ibrahim AK, Wanas AS, Radwan MM, Helal MA, et 
al. Cytotoxic activity evaluation and molecular docking study of phenolic 
derivatives from Achillea fragrantissima (Forssk) growing in Egypt. Med 
Chem Res. 2017;26(9):2065-73.

17.	Cristina S, Figueiredo JG, Barraroso M, Salomé SP. Time-course of 
accumulation of free extra- and intracellular amino acids in Achillea 

millefolium cell suspension cultures. Phytochemistry. 1994;35(3):629-34.

18.	Batanouny KH, Aboutabl E, Shabana M, Soliman F. Wild medicinal plants 
in Egypt. Academy of Scientific Research and Technology, Egypt and 
International Union for Conservation (IUCN). 1999;166-7.

19.	Althaus JB, Kaiser M, Brun R, Schmidt TJ. Antiprotozoal activity of 
Achillea ptarmica (Asteraceae) and its main alkamide constituents. 
Molecules. 2014;19(5):6428-38.

20.	Ayoobi F, Shamsizadeh A, Fatemi I, Vakilian A, Allahtavakoli M, 
Hassanshahi G, et al. Bio-effectiveness of the main flavonoids of Achillea 
millefolium in the pathophysiology of neurodegenerative disorders – a 
review. Iran J Basic Med Sci. 2017;20(6):604-12.

21.	Al-Gaby AM, Allam RF. Chemical analysis, antimicrobial activity, and the 
essential oils from some wild Hhrbs in Egypt. J Herbs Spices Med Plants. 
2000;7(1):15-23.

22.	Alsohaili SA, Al-fawwaz AT. Composition and antimicrobial activity of 
Achillea fragrantissima essential oil using food model media. Europ Sci J. 
2014;10(30):156-65.

23.	Al-Jaber HI, Abu Zarga MH, Al-Aboudi AF, Al-Qudah MA, Al-Shawabkeh 
AF, Abaza IF, et al. Essential oil composition and anticholinesterase 
activity evaluation of Achillea fragrantissima growing wild in Jordan. J 
Herbs Spices Med Plants. 2018;24(3):1-10.

24.	Alsohaili S. Seasonal variation in the chemical composition and 
antimicrobial activity of essential oil extracted from Achillea fragrantissima 
grown in Northern-Eastern Jordanian desert. JEOP. 2018;21(1):139-45.

25.	Elsharkawy E, Nahed NEDM. Effect of seasonal variations on the yield of 
essential oil and antioxidant of Achillea fragrantissima (Forssk) Sch. Bip. 
African J Biotechnol. 2018;17(28):892-7.

26.	Saeidnia S, Gohari AR, Mokhber-Dezfuli N, Kiuchi F. A review on 
phytochemistry and medicinal properties of the genus Achillea. Daru. 
2011;19(3):173-86.

27.	Mohammadhosseini M, Sarker SD, Akbarzadeh A. Chemical composition 
of the essential oils and extracts of Achillea species and their biological 
activities:  A review. J Ethnopharmacol. 2017;199:257-315.	

28.	Becker LC, Bergfeld WF, Belsito DV, Hill RA, Klaassen CD, Liebler DC, et 
al. Safety Assessment of Achillea millefolium as Used in Cosmetics. Int J 
Toxicol. 2016;35(3 suppl):5S-15S.

29.	Maswadeh HM, Semreen MH, Naddaf AR. Anti-inflammatory activity 
of Achillea and Ruscus topical gel on carrageenan-induced paw edema in 
rats. Acta Pol Pharm. 2006;63(4):277-80.

30.	Abdel-Rahman RF, Alqasoumi SI, El-Desoky AH, Soliman GA, Paré PW, 
Hegazy ME. Evaluation of the anti-inflammatory, analgesic and anti-
ulcerogenic potentials of Achillea fragrantissima (Forssk). South African 
J Botan. 2015;98:122-7.

31.	Elmann A, Mordechay S, Erlank H, Telerman A, Rindner M, Ofir R. Anti-
neuroinflammatory effects of the extract of Achillea fragrantissima. BMC 
Complement Altern Med. 2011a;11:98.

32.	Elmann A, Telerman A, Mordechay S, Erlank H, Rindner M, Kashman Y, 
et al. Downregulation of microglial activation by achillolide A. Planta Med. 
2015;81(3):215-21.

33.	Pires JM, Mendes FR, Negri G, Duarte-Almeida JM, Carlini EA. 
Antinociceptive peripheral effect of Achillea millefolium L. and Artemisia 
vulgaris L.: both plants known popularly by brand names of analgesic 
drugs. Phytother Res. 2009;23(2):212-9.

34.	Zeedan GSG, Abdalhamed AM, Ottai ME, Abdelshafy S, Abdeen E. 
Antimicrobial, antiviral activity and GC–MS analysis of essential oil 
extracted from Achillea fragrantissima plant growing in Sinai Peninsula. 
J Micr Biochem Technol. 2014;8:2-7.

35.	Kharma A, Hassawi D. The antimicrobial activity and the genetic 

http://www.informaticsjournals.com/index.php/ajprhc/article/view/15798
http://www.informaticsjournals.com/index.php/ajprhc/article/view/15798
http://www.informaticsjournals.com/index.php/ajprhc/article/view/15798
http://www.informaticsjournals.com/index.php/ajprhc/article/view/15798
https://www.researchgate.net/publication/324795864_Chemical_characterization_of_polyphenols_of_egyptian_achillea_Fragrantissima_with_in_vitro_antioxidant_study
https://www.researchgate.net/publication/324795864_Chemical_characterization_of_polyphenols_of_egyptian_achillea_Fragrantissima_with_in_vitro_antioxidant_study
https://www.researchgate.net/publication/324795864_Chemical_characterization_of_polyphenols_of_egyptian_achillea_Fragrantissima_with_in_vitro_antioxidant_study
https://www.researchgate.net/publication/324795864_Chemical_characterization_of_polyphenols_of_egyptian_achillea_Fragrantissima_with_in_vitro_antioxidant_study
https://www.ncbi.nlm.nih.gov/pubmed/30400087
https://www.ncbi.nlm.nih.gov/pubmed/30400087
https://www.ncbi.nlm.nih.gov/pubmed/30400087
https://flora.org.il/en/plants/
https://www.ncbi.nlm.nih.gov/pubmed/3613607
https://www.ncbi.nlm.nih.gov/pubmed/3613607
https://www.ncbi.nlm.nih.gov/pubmed/2598777
https://www.ncbi.nlm.nih.gov/pubmed/2598777
https://www.ncbi.nlm.nih.gov/pubmed/2598777
https://www.ncbi.nlm.nih.gov/pubmed/18817155
https://www.ncbi.nlm.nih.gov/pubmed/18817155
https://www.ncbi.nlm.nih.gov/pubmed/18817155
https://www.ncbi.nlm.nih.gov/pubmed/18809483
https://www.ncbi.nlm.nih.gov/pubmed/18809483
https://www.ncbi.nlm.nih.gov/pubmed/18809483
https://www.ncbi.nlm.nih.gov/pubmed/25918816
https://www.ncbi.nlm.nih.gov/pubmed/25918816
https://www.ncbi.nlm.nih.gov/pubmed/25918816
https://www.ncbi.nlm.nih.gov/pubmed/25918816
https://scialert.net/fulltextmobile/?doi=rjmp.2011.136.144
https://scialert.net/fulltextmobile/?doi=rjmp.2011.136.144
https://scialert.net/fulltextmobile/?doi=rjmp.2011.136.144
https://www.researchgate.net/publication/282808152_Genetic_diversity_analysis_of_Achillea_fragrantissima_Forskal_Schultz_Bip_populations_collected_from_different_regions_of_Jordan_using_RAPD_markers
https://www.researchgate.net/publication/282808152_Genetic_diversity_analysis_of_Achillea_fragrantissima_Forskal_Schultz_Bip_populations_collected_from_different_regions_of_Jordan_using_RAPD_markers
https://www.researchgate.net/publication/282808152_Genetic_diversity_analysis_of_Achillea_fragrantissima_Forskal_Schultz_Bip_populations_collected_from_different_regions_of_Jordan_using_RAPD_markers
https://www.ncbi.nlm.nih.gov/pubmed/24184194
https://www.ncbi.nlm.nih.gov/pubmed/24184194
https://www.ncbi.nlm.nih.gov/pubmed/24184194
https://www.ncbi.nlm.nih.gov/pubmed/24184194
https://link.springer.com/article/10.1007/s00044-017-1918-6
https://link.springer.com/article/10.1007/s00044-017-1918-6
https://link.springer.com/article/10.1007/s00044-017-1918-6
https://link.springer.com/article/10.1007/s00044-017-1918-6
https://www.sciencedirect.com/science/article/abs/pii/S0031942200905764
https://www.sciencedirect.com/science/article/abs/pii/S0031942200905764
https://www.sciencedirect.com/science/article/abs/pii/S0031942200905764
https://www.uicnmed.org/nabp/web/documents/book/medpreface.pdf
https://www.uicnmed.org/nabp/web/documents/book/medpreface.pdf
https://www.uicnmed.org/nabp/web/documents/book/medpreface.pdf
https://www.ncbi.nlm.nih.gov/pubmed/24853616
https://www.ncbi.nlm.nih.gov/pubmed/24853616
https://www.ncbi.nlm.nih.gov/pubmed/24853616
https://www.ncbi.nlm.nih.gov/pubmed/28868116
https://www.ncbi.nlm.nih.gov/pubmed/28868116
https://www.ncbi.nlm.nih.gov/pubmed/28868116
https://www.ncbi.nlm.nih.gov/pubmed/28868116
https://www.tandfonline.com/doi/abs/10.1300/J044v07n01_03
https://www.tandfonline.com/doi/abs/10.1300/J044v07n01_03
https://www.tandfonline.com/doi/abs/10.1300/J044v07n01_03
https://pdfs.semanticscholar.org/cf06/48f6058096bd4d420b37333d8d4df2716eec.pdf
https://pdfs.semanticscholar.org/cf06/48f6058096bd4d420b37333d8d4df2716eec.pdf
https://pdfs.semanticscholar.org/cf06/48f6058096bd4d420b37333d8d4df2716eec.pdf
https://www.tandfonline.com/doi/abs/10.1080/10496475.2018.1463933?journalCode=whsm20
https://www.tandfonline.com/doi/abs/10.1080/10496475.2018.1463933?journalCode=whsm20
https://www.tandfonline.com/doi/abs/10.1080/10496475.2018.1463933?journalCode=whsm20
https://www.tandfonline.com/doi/abs/10.1080/10496475.2018.1463933?journalCode=whsm20
https://www.tandfonline.com/doi/abs/10.1080/0972060X.2018.1446848
https://www.tandfonline.com/doi/abs/10.1080/0972060X.2018.1446848
https://www.tandfonline.com/doi/abs/10.1080/0972060X.2018.1446848
https://www.researchgate.net/publication/326654080_Effect_of_seasonal_variations_on_the_yield_of_essential_oil_and_antioxidant_of_Achillea_fragrantissima_Forssk_Sch_Bip
https://www.researchgate.net/publication/326654080_Effect_of_seasonal_variations_on_the_yield_of_essential_oil_and_antioxidant_of_Achillea_fragrantissima_Forssk_Sch_Bip
https://www.researchgate.net/publication/326654080_Effect_of_seasonal_variations_on_the_yield_of_essential_oil_and_antioxidant_of_Achillea_fragrantissima_Forssk_Sch_Bip
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3232110/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3232110/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3232110/
https://www.ncbi.nlm.nih.gov/pubmed/28179115
https://www.ncbi.nlm.nih.gov/pubmed/28179115
https://www.ncbi.nlm.nih.gov/pubmed/28179115
https://www.ncbi.nlm.nih.gov/pubmed/27913788
https://www.ncbi.nlm.nih.gov/pubmed/27913788
https://www.ncbi.nlm.nih.gov/pubmed/27913788
https://www.ncbi.nlm.nih.gov/pubmed/17203864
https://www.ncbi.nlm.nih.gov/pubmed/17203864
https://www.ncbi.nlm.nih.gov/pubmed/17203864
https://www.sciencedirect.com/science/article/pii/S0254629915000435
https://www.sciencedirect.com/science/article/pii/S0254629915000435
https://www.sciencedirect.com/science/article/pii/S0254629915000435
https://www.sciencedirect.com/science/article/pii/S0254629915000435
https://www.ncbi.nlm.nih.gov/pubmed/22018032
https://www.ncbi.nlm.nih.gov/pubmed/22018032
https://www.ncbi.nlm.nih.gov/pubmed/22018032
https://www.ncbi.nlm.nih.gov/pubmed/25654405
https://www.ncbi.nlm.nih.gov/pubmed/25654405
https://www.ncbi.nlm.nih.gov/pubmed/25654405
https://www.ncbi.nlm.nih.gov/pubmed/18844327
https://www.ncbi.nlm.nih.gov/pubmed/18844327
https://www.ncbi.nlm.nih.gov/pubmed/18844327
https://www.ncbi.nlm.nih.gov/pubmed/18844327
https://www.longdom.org/open-access/antimicrobial-antiviral-activity-and-gcms-analysis-of-essential-oil-extracted-from-achillea-fragrantissima-plant-growing-in-sinai-peninsula-egypt-1948-5948.S8-006.pdf
https://www.longdom.org/open-access/antimicrobial-antiviral-activity-and-gcms-analysis-of-essential-oil-extracted-from-achillea-fragrantissima-plant-growing-in-sinai-peninsula-egypt-1948-5948.S8-006.pdf
https://www.longdom.org/open-access/antimicrobial-antiviral-activity-and-gcms-analysis-of-essential-oil-extracted-from-achillea-fragrantissima-plant-growing-in-sinai-peninsula-egypt-1948-5948.S8-006.pdf
https://www.longdom.org/open-access/antimicrobial-antiviral-activity-and-gcms-analysis-of-essential-oil-extracted-from-achillea-fragrantissima-plant-growing-in-sinai-peninsula-egypt-1948-5948.S8-006.pdf
https://scialert.net/abstract/?doi=biotech.2006.501.507


Jiri Patocka, et al., Clinics in Oncology - General Oncology

Remedy Publications LLC., | http://clinicsinoncology.com/ 2019 | Volume 4 | Article 16015

relationship of Achillea species. Biotechnology. 2006;5(4):501-7.

36.	Almadiy AA, Nenaah GE, Al Assiuty BA, Moussa EA, Mira NM. Chemical 
composition and antibacterial activity of essential oils and major fractions 
of four Achillea species and their nanoemulsions against foodborne 
bacteria. LWT-Food Sci Techno. 2016;69:529-37.

37.	Soltan MM, Zaki AK. Antiviral screening of forty-two Egyptian medicinal 
plants. J Ethnopharmacol. 2009;126(1):102-7.

38.	Mohamed AA, Ali SI, El-Baz FK, El-Senousy WM. New insights into 
antioxidant and antiviral activities of two wild medicinal plants: Achillea 
fragrantissima and Nitraria retusa. Int J Pharma Bio Sci. 2015;6(1):708-22.

39.	Barel S, Segal R, Yashphe J. The antimicrobial activity of the essential oil 
from Achillea fragrantissima. J Ethnopharmacol. 1991;33(1-2):187-91.

40.	El-Ashmawy IM, Al-Wabel NA, Bayad AE. Achillea fragrantissima, rich 
in flavonoids and tannins, potentiates the activity of diminazine aceturate 
against Trypanosoma evansi in rats. Asian Pac J Trop Med. 2016;9(3):228-
34.

41.	Skaf J, Hamarsheh O, Berninger M, Balasubramanian S, Oelschlaeger TA, 
Holzgrabe U. Improving anti-trypanosomal activity of alkamides isolated 
from Achillea fragrantissima. Fitoterapia. 2018;125:191-8.

42.	Ezzat SM, Salama MM. A new a-glucosidase inhibitor from Achillea 
fragrantissima (Forssk) Sch. Bip. growing in Egypt. Nat Prod Res. 
2014;28(11):812-8.

43.	El-Fattah ABI, Ali SA, Aly HF, Abd-Alla HI, Shalaby NM, Saleh MH. 
Therapeutic potential of Achillea fragrantissima extracts in amelioration 
of high-fat diet and low dose streptozotocin diabetic rats. J Complement 
Med Res. 2018;7(2):115-30.

44.	Alenad AM, Al-Jaber NA, Krishnaswamy S, Yakout SM, Al-Daghri NM, 
Alokail MS. Achillea fragrantissima extract exerts its anticancer effect via 
induction of differentiation, cell cycle arrest and apoptosis in Chronic 
Myeloid Leukemia (CML) cell line K562. J Med Plant Res. 2013;7(21):1561-
7.

45.	Thoppil RJ, Harlev E, Mandal A, Nevo E, Bishayee A. Antitumor activities 
of extracts from selected desert plants against HepG2 human hepatocellular 
carcinoma cells. Pharm Biol. 2013;51(5):668-74.

46.	Sathiyamoorthy P, Lugasi-Evgi H, Schlesinger P, Kedar I, Gopas J, Pollack 
Y, et al. Screening for cytotoxic and antimalarial activities in desert 
plants of the Negev and Bedouin market plant products. Pharm Biol. 
1999;37(3):188-95.

47.	Mustafa EH, Abu Zarga M, Abdalla S. Effects of cirsiliol, a flavone isolated 
from Achillea fragrantissima, on rat isolated ileum. Gen Pharmacol Vasc 
S. 1992;23(3):555-60.

48.	Marder M, Viola H, Wasowski C, Wolfman C, Waterman PG, Medina H, 
et al. Cirsiliol and caffeic acid ethyl ester, isolated from Salvia guaranitica 
are competitive ligands for the central benzodiazepine receptors. 
Phytomedicine. 1996;3(1):29-32.

49.	Streit WJ, Braak H, Del Tredici K, Leyh J, Lier J, Khoshbouei H, et al. 
Microglial activation occurs late during preclinical Alzheimer's disease. 
Glia. 2018;66(12):2550-62.

50.	Dias V, Junn E, Mouradian MM. The role of oxidative stress in Parkinson's 
disease. J Parkinsons Dis. 2013;3(4):461-91.

51.	Becher B, Spath S, Goverman J. Cytokine networks in neuroinflammation. 
Nat Rev Immunol. 2017;17(1):49-59.

52.	Hannocks MJ, Zhang X, Gerwien H, Chashchina A, Burmeister M, Korpos 
E, et al. The gelatinases, MMP-2 and MMP-9, as fine tuners of neuro 
inflammatory processes. Matrix Biol. 2019;75-6:102-13.

53.	Elmann A, Telerman A, Mordechay S, Erlank H, Rindner M, Ofir R, et 
al. Extract of Achillea fragrantissima downregulates ROD production and 
protects astrocytes from oxidative-stress-induced cell death. Chapter 18. 
2011;435-52.

54.	Elmann A, Telerman A, Ofir R, Kashman Y, Lazarov O. β-amyloid 
cytotoxicity is prevented by natural achillolide A. J Nat Med. 
2018;72(3):626-31.

55.	Elmann A, Telerman A, Erlank H, Ofir R, Kashman Y, Beit-Yannai E. 
Achillolide A protects astrocytes against oxidative stress by reducing 
intracellular reactive oxygen species and interfering with cell signaling. 
Molecules. 2016;21(3):301.

56.	Elmann A, Telerman A, Ofir R, Kashman Y. Glutamate Toxicity to 
Differentiated Neuroblastoma N2a Cells Is Prevented by the Sesquiterpene 
Lactone Achillolide A and the Flavonoid 3,5,4'-Trihydroxy-6,7,3'-
Trimethoxyflavone from Achillea fragrantissima. J Mol Neurosci. 
2017;62(1):99-105.

57.	Elmann A, Telerman A, Mordechay S, Erlank H, Rindner M, Ofir R, et 
al. 3,5,4'-Trihydroxy-6,7,3'-trimethoxyflavone protects astrocytes against 
oxidative  stress via interference with cell signaling and by reducing the 
levels of intracellular reactive oxygen species. Neurochem Int. 2014;78:67-
75.

58.	Telerman A, Ofir R, Kashman Y, Elmann A. 3,5,4'-trihydroxy-6,7,3'-
trimethoxyflavone protects against beta amyloid-induced  neurotoxicity 
through antioxidative activity and interference with cell signaling. BMC 
Complement Altern Med. 2017;17(1):332.

59.	Serafini M, Peluso I, Raguzzini A. Flavonoids as anti-inflammatory agents. 
Proc Nutr Soc. 2010;69(3):273-8.

60.	Williams RJ, Spencer JP. Flavonoids, cognition, and dementia: actions, 
mechanisms, and potential therapeutic utility for Alzheimer disease. Free 
Radic Biol Med. 2012;52(1):35-45.

61.	Ullah MF, Abuduhier FM. Inhibition of angiotensin converting enzyme 
by Rhazya stricta, Moringa peregrina and Achillea fragrantissima, used in 
traditional system of medicine in Arabian Peninsula: Implication in the 
management of hypertension. J Med Plants Res. 2016;10(8):93-9.

62.	Al-Shami SA, Al-Eknah MM, Hussein YA, El-Ashmawy IM. The acute and 
long-term safety evaluation of aqueous, methanolic and ethanolic extracts 
of Achillea fragrantissima. Afr J Pharm Pharmacol. 2013;7(32):2282-90.

https://scialert.net/abstract/?doi=biotech.2006.501.507
https://www.sciencedirect.com/science/article/pii/S0023643816300883
https://www.sciencedirect.com/science/article/pii/S0023643816300883
https://www.sciencedirect.com/science/article/pii/S0023643816300883
https://www.sciencedirect.com/science/article/pii/S0023643816300883
https://www.ncbi.nlm.nih.gov/pubmed/19666102
https://www.ncbi.nlm.nih.gov/pubmed/19666102
https://www.researchgate.net/publication/281701464_New_insights_into_antioxidant_and_antiviral_activities_of_two_wild_medicinal_plants_Achillea_fragrantissima_and_Nitraria_Retusa
https://www.researchgate.net/publication/281701464_New_insights_into_antioxidant_and_antiviral_activities_of_two_wild_medicinal_plants_Achillea_fragrantissima_and_Nitraria_Retusa
https://www.researchgate.net/publication/281701464_New_insights_into_antioxidant_and_antiviral_activities_of_two_wild_medicinal_plants_Achillea_fragrantissima_and_Nitraria_Retusa
https://www.researchgate.net/publication/21213161_The_antimicrobial_activity_of_the_essential_oil_from_Achillea_fragrantissima
https://www.researchgate.net/publication/21213161_The_antimicrobial_activity_of_the_essential_oil_from_Achillea_fragrantissima
https://www.ncbi.nlm.nih.gov/pubmed/26972392
https://www.ncbi.nlm.nih.gov/pubmed/26972392
https://www.ncbi.nlm.nih.gov/pubmed/26972392
https://www.ncbi.nlm.nih.gov/pubmed/26972392
https://www.ncbi.nlm.nih.gov/pubmed/29108932
https://www.ncbi.nlm.nih.gov/pubmed/29108932
https://www.ncbi.nlm.nih.gov/pubmed/29108932
https://www.tandfonline.com/doi/abs/10.1080/14786419.2014.891203
https://www.tandfonline.com/doi/abs/10.1080/14786419.2014.891203
https://www.tandfonline.com/doi/abs/10.1080/14786419.2014.891203
http://www.jocmr.com/?mno=287474
http://www.jocmr.com/?mno=287474
http://www.jocmr.com/?mno=287474
http://www.jocmr.com/?mno=287474
https://academicjournals.org/journal/JMPR/article-abstract/8B9A8AC27996
https://academicjournals.org/journal/JMPR/article-abstract/8B9A8AC27996
https://academicjournals.org/journal/JMPR/article-abstract/8B9A8AC27996
https://academicjournals.org/journal/JMPR/article-abstract/8B9A8AC27996
https://academicjournals.org/journal/JMPR/article-abstract/8B9A8AC27996
https://www.ncbi.nlm.nih.gov/pubmed/23368935
https://www.ncbi.nlm.nih.gov/pubmed/23368935
https://www.ncbi.nlm.nih.gov/pubmed/23368935
https://www.tandfonline.com/doi/abs/10.1076/phbi.37.3.188.6298
https://www.tandfonline.com/doi/abs/10.1076/phbi.37.3.188.6298
https://www.tandfonline.com/doi/abs/10.1076/phbi.37.3.188.6298
https://www.tandfonline.com/doi/abs/10.1076/phbi.37.3.188.6298
https://www.ncbi.nlm.nih.gov/pubmed/1511863
https://www.ncbi.nlm.nih.gov/pubmed/1511863
https://www.ncbi.nlm.nih.gov/pubmed/1511863
https://www.ncbi.nlm.nih.gov/pubmed/23194857
https://www.ncbi.nlm.nih.gov/pubmed/23194857
https://www.ncbi.nlm.nih.gov/pubmed/23194857
https://www.ncbi.nlm.nih.gov/pubmed/23194857
https://www.ncbi.nlm.nih.gov/pubmed/30417428
https://www.ncbi.nlm.nih.gov/pubmed/30417428
https://www.ncbi.nlm.nih.gov/pubmed/30417428
https://www.ncbi.nlm.nih.gov/pubmed/24252804
https://www.ncbi.nlm.nih.gov/pubmed/24252804
https://www.ncbi.nlm.nih.gov/pubmed/27916979
https://www.ncbi.nlm.nih.gov/pubmed/27916979
https://www.ncbi.nlm.nih.gov/pubmed/29158162
https://www.ncbi.nlm.nih.gov/pubmed/29158162
https://www.ncbi.nlm.nih.gov/pubmed/29158162
https://www.ncbi.nlm.nih.gov/pubmed/29546477
https://www.ncbi.nlm.nih.gov/pubmed/29546477
https://www.ncbi.nlm.nih.gov/pubmed/29546477
https://www.ncbi.nlm.nih.gov/pubmed/26950103
https://www.ncbi.nlm.nih.gov/pubmed/26950103
https://www.ncbi.nlm.nih.gov/pubmed/26950103
https://www.ncbi.nlm.nih.gov/pubmed/26950103
https://www.ncbi.nlm.nih.gov/pubmed/28401371
https://www.ncbi.nlm.nih.gov/pubmed/28401371
https://www.ncbi.nlm.nih.gov/pubmed/28401371
https://www.ncbi.nlm.nih.gov/pubmed/28401371
https://www.ncbi.nlm.nih.gov/pubmed/28401371
https://www.ncbi.nlm.nih.gov/pubmed/25217804
https://www.ncbi.nlm.nih.gov/pubmed/25217804
https://www.ncbi.nlm.nih.gov/pubmed/25217804
https://www.ncbi.nlm.nih.gov/pubmed/25217804
https://www.ncbi.nlm.nih.gov/pubmed/25217804
https://www.ncbi.nlm.nih.gov/pubmed/28645294
https://www.ncbi.nlm.nih.gov/pubmed/28645294
https://www.ncbi.nlm.nih.gov/pubmed/28645294
https://www.ncbi.nlm.nih.gov/pubmed/28645294
https://www.ncbi.nlm.nih.gov/pubmed/21982844
https://www.ncbi.nlm.nih.gov/pubmed/21982844
https://www.ncbi.nlm.nih.gov/pubmed/21982844
https://www.semanticscholar.org/paper/Inhibition-of-angiotensin-converting-enzyme-by-and-Ullah-Abuduhier/2f2de7fa8d0c6081114cedd421d7ee8b768dd0de
https://www.semanticscholar.org/paper/Inhibition-of-angiotensin-converting-enzyme-by-and-Ullah-Abuduhier/2f2de7fa8d0c6081114cedd421d7ee8b768dd0de
https://www.semanticscholar.org/paper/Inhibition-of-angiotensin-converting-enzyme-by-and-Ullah-Abuduhier/2f2de7fa8d0c6081114cedd421d7ee8b768dd0de
https://www.semanticscholar.org/paper/Inhibition-of-angiotensin-converting-enzyme-by-and-Ullah-Abuduhier/2f2de7fa8d0c6081114cedd421d7ee8b768dd0de
https://www.researchgate.net/publication/258027367_The_acute_and_long-term_safety_evaluation_of_aqueous_methanolic_and_ethanolic_extracts_of_Achillea_fragrantissima
https://www.researchgate.net/publication/258027367_The_acute_and_long-term_safety_evaluation_of_aqueous_methanolic_and_ethanolic_extracts_of_Achillea_fragrantissima
https://www.researchgate.net/publication/258027367_The_acute_and_long-term_safety_evaluation_of_aqueous_methanolic_and_ethanolic_extracts_of_Achillea_fragrantissima

	Title
	Abstract
	Abbreviations
	Introduction
	Botanical Characteristcs
	Traditional Medicine
	Bioactive Substances
	Pharmacological Effects
	Anti-inflammatory effect
	Analgesic effect
	Antimicrobial effect
	Antitrypanosomal effect
	Antidiabetic effect
	Anti-tumor effect
	Myorelaxant effect
	Neuroinflammatory and neuroprotective effect
	Other effects
	Toxic effects

	Conclusions and Perspectives
	Acknowledgment
	References
	Figure 1
	Figure 2

