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Abstract 

Ethnopharmacological relevance 

Portulaca oleracea L. is a widespread medicinal plant that is used not only as an edible plant, 

but also as a traditional medicine for alleviating a wide spectrum of diseases. It is a well-

known plant in the European Traditional Medicine. PA is mentioned by Dioscorides (40–90 

CE), with the name of “andrachne”. 

Aim of the review 

In this study, we provide detailed information on botany, traditional uses, phytochemistry, 

pharmacological uses, pharmacokinetics and safety of P. oleracea. 

Materials and methods 

An extensive search on electronic databases including PubMed, Web of Science, Google 

Scholar, ScienceDirect, Scopus, conference papers, local herbal encyclopedias, articles, 
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books (in English, French, Arabic, Persian, etc.) and also a number of unpublished 

handwritten manuscripts was done to find articles have been published between 1956 and 

2015 on pharmacology and phytochemistry of P. oleracea.  

Results 

P. oleracea has been addressed in De Materia Medica as an astringent, and a remedy for 

headaches, inflammation of the eyes and other organs, burning of the stomach, erysipela, 

disorders of the bladder, numbness of the teeth, excessive sexual desire, burning fevers, 

worms, dysentery, hemorrhoids, eruptions of blood, and bites. Phytochemical investigations 

revealed that this plant a wide range of secondary metabolites including alkaloids, terpenoids, 

flavonoids and organic acids. The most important pharmacological activities are 

renoprotective activities and effects on metabolism. P. oleracea could successfully decrease 

blood glucose and lipid profile of patients with metabolic syndrome. The safety of P. 

oleracea has been reported in many clinical trials.  

Conclusion 

Modern pharmacological studies have now proven many traditional uses of P. oleracea, 

including anti-hyperglycemic and anti-hyperlipidemic, renoprotective and hepatoprotective 

effects. In addition, in many clinical trials P. oleracea showed no adverse effects and 

constipation was reported as the most frequent adverse effect. 

Graphical abstract 
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1. Introduction  

   

Portulaca oleracea L. (PA) is an annual herbaceous plant with reddish stems and alternate 

leaves from family Portulacaceae. PA is distributed in many parts of the world and 

specifically the tropical and subtropical areas (Zhou et al., 2015). In many countries, PA has 

been extensively used as a potherb with green or yellow leaved forms (Karimi et al., 2004).  

PA has been used as a traditional medicine for alleviating a wide spectrum of diseases 

including gastrointestinal diseases, respiratory problems, liver inflammation, kidneys and 

bladder ulcers, fevers, insomnia, severe inflammations, headaches, etc (Razi, 1968; Ibn Sina, 

1987). Dioscorides (40–90 CE), the father of pharmacology, has mentioned medicinal 

properties of this plant in his pharmacology book De Materia Medica (Osbaldeston, 2000). 

Since then, medicinal properties of PA were mentioned in many other landmark medical 

textbooks such as Canon of Medicine by Avicenna, Zakhireh Kharazmshahi by Jorjani, Al-

Hawi by Rhazes and other Traditional Persian Medicine (TPM) books. PA is also listed in a 

number of pharmacopoeias including Pharmacopoeia of PR China (Chinese Pharmacopoeia 

Commission, 2010) and The Ayurvedic Pharmacopoeia of India (Anonymous, 1989). 

Modern pharmacological studies revealed that PA has several biological activities such as 

antioxidant (Karimi et al., 2011), antimicrobial (Dan, 2006), bronchodilator (Malek et al., 

2004) renoprotective (Hozayen et al., 2011), neuroprotective (Wang et al., 2007), muscle 

relaxant (Parry et al., 1993), hepatoprotective (Eidi et al., 2015), antiulcerogenic (Kumar et 

al., 2010), and anti-fertility effects
 
(Hanumantappa et al., 2014). In addition, phytochemical 

investigations have demonstrated the presence of flavonoid, alkaloid, terpenoid, organic acid, 

Fatty acids, minerals, and vitamins in this plant (Petropoulos et al., 2016, Zhou et al., 2015). 
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In this paper, we prepared an update review of botany, phytochemistry, pharmacology, safety 

and clinical applications of PA with an especial focus on its widespread uses in different 

traditional medicine systems around the word. Hopefully, this information is helpful in 

designing future animal and clinical studies and in developing new pharmaceuticals 

containing PA or its active ingredients. 

2. Botany 

Portulaca oleracea L. commonly known as Purslane is a herbaceous weed belonging to 

family Portulacaceae. The name Portulaca means milk, which is derived from the Latin name 

‘laca”, because the plant contains a milky juice (Boulos et al., 1984). P. oleracea has been 

recorded generally in the French, Spanish, Mexican, and Venezuelan Pharmacopeias (Dweck, 

2001). It is grown in all warm countries like India. It can grow in almost any region including 

flower beds, lights area, corn fields, and waste places. It is also found in the temperate 

countries of Europe, Canada, America, Australia and New Zealand (Masoodi et al., 2011). 

The plant is an annual succulent herb which has thick fleshy leaves adapted to storing water 

which are sub-sessile, 6.25 mm long, alternate or sub-opposite; Stems 15.30 cm long, mostly 

glabrous,  reddish and swollen at the nodes; Flowers few together, in sessile terminal heads. 

Microscopic analysis of the powder from the leaves shows sieve plates, spherical mineral 

crystals, vessels with bordered pits and tracheid with spiral, annular and scalariform 

thickening (Banerjee and Mukherjee, 2003).  

3. Ethnobotany and Traditional knowledge 

PA is a widespread medicinal plant that is used not only as an edible plant, but also as a 

traditional medicine for alleviating a wide spectrum of diseases. It is a well-known plant in 

the European Traditional Medicine. PA is mentioned by Dioscorides (40–90 CE), with the 

name of ‘andrachne’. He addressed the plant in his De Materia Medica as an astringent, and a 

remedy for headaches, inflammation of the eyes and other organs, burning of the stomach, 
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erysipelas, disorders of the bladder, numbness of the teeth, excessive sexual desire, burning 

fevers, worms, dysentery, hemorrhoids, eruptions of blood, and bites of the seps. He also 

believed that PA is beneficial in the treatment of bowels troubled with excessive discharges 

and pustules of the head (Osbaldeston, 2000). Galen in his book, On the Properties of 

Foodstuffs’ states: “As for its non-irritating viscidity, purslane cures inflammation of the 

gum” (Powell and Wilkins, 2003). Pliny (23-79 AD), mentioned PA with the name of 

‘porcilaca’ and considered it as a veritable panacea in his encyclopedic work, Naturalis 

Historia (Bosi et al., 2009). Evelyn (1620 –1706), English writer and gardener, in his book 

Acetaria, a discourse of Sallets has mentioned this plant as ‘Purslain’ and ‘Portulaca’ and 

described it as a moist and cooling, appetite enhancer and thirst-quenching plant which is 

very profitable for hot and bilious tempers, as well as sanguine (Evelyn, 1699).  

In Italy, PA has been used to treat a variety of diseases such as head, stomach intestine and 

kidney pains, intestinal worms, dysentery, urogenital infections, urinary inflammations, 

scurvy, fever, hemorrhoids, hemoptysis, mouth and gum ulcers, toothaches, reddened gums, 

skin rashes, pimples and eye inflammations, raspy voice, lizard bites and as a diuretic and 

anaphrodisiac medicine (Bosi et al., 2009; Iserin et al., 2001). A poultice of PA leaves is also 

applied to alleviate headaches, gastric acid, eye inflammations and to prevent gangrene 

(Iserin et al., 2001). Moreover, its leaves are taken as a salad singly or mixed with Allium 

ampeloprasum and Urtica sp. to induce diuresis (Guarrera and Savo, 2013). In Central Italy 

(Marche, Abruzzo and Latium), PA reputed to have refreshing, detoxifying, emollient and 

antiscorbutic properties and is added to salads (Guarrera, 2003). In Southern Italy, (Peninsula 

Sorrentina) it is believed to have strong diuretic effects and a mild laxative action (De Feo, 

1992). In Eastern Mallorca (Balearic Islands, Mediterranean Sea), PA aerial part is orally 

used to regulate blood pressure (Carrio and Valles, 2012). In Greece, PA is eaten as salad, 

and cooked or baked in pies, soups and omelets or cooked with poultry. During the winter 
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months, dried PA is used as a tea for sore throat and earache. PA is consumed during 

pregnancy and lactation and is recommended for patients with diabetes (Simopoulos, 2004; 

Brussell, 2004). PA is also used to cure inflammations of the urinary system and high 

cholesterol level (Megaloudi, 2005; Albala, 2011). According to Abulcasis (Al-Zahrawi, 

Arab-Andalusian physician (936–1013)), PA seeds were orally administered to cure 

respiratory problems, cough, anorexia, spermatorrhea and hot fevers in Spain. PA aerial parts 

were also used for the treatment of cough, intestinal ulcers, polyuria and infertility caused by 

excessive heat. The seeds were externally applied for aphtha, anosmia and hoarseness while 

the aerial parts were applied to alleviate headache, meningitis, epistaxis, aphasia, gout and 

arthralgia (Al-Zahrawi, 2004). 

In Albania, PA and its juice are used as an anti-rheumatic medicine (Pieroni et al., 2005). In 

Cyprus, PA is freshly consumed as a salad and used for alleviating mental disorders, CNS 

and cardiovascular diseases (Della et al., 2006; Gonzalez-Tejero et al., 2008). In Albania and 

Cyprus, it is also used as a common nutritional source and to treat musculoskeletal disorders 

(Gonzalez-Tejero et al., 2008). 

In Africa, PA has many traditional uses such as curing hypercholesterolemia, shortness of 

breath, gastric problems, abdominal complaints, diabetes, worms,  hypertension, obsession, 

madness, intestinal ulcers, sinusitis, spastic paralysis, leprosy, earache, toothache, urticaria, 

anthrax, boils and abscesses (al-Nafis, 1999; Habtemariam et al., 1993; Lans, 2006; 

Samuelsson et al., 1993). In Morocco, PA shoots are steamed and mixed with green olives, 

garlic, olive oil and spices to prepare a salad (Tanji and Nassif, 1995; Benkhnigue et al., 

2010). PA also is used as an energizing food and gastric tonic commonly in combination with 

the leaves of Malva sylvestris L. (Bachar et al., 2016). In Benin (West Africa), PA leaves are 

used to cure leprosy (Bello et al., 2013). PA is consumed raw and also masticated to induce 

salivation in North Cameroon (Malzy, 1954a; Malzy, 1954b). In Ivory Coast, grinded PA 
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twigs and leaves are used to facilitate childbirth (Béné et al., 2016). In Somalia, PA whole 

plant is used orally and topically to cure abdominal complaints, dysmenorrhea, intestinal 

wounds, sinusitis, spastic paralysis and leprosy (Samuelsson et al., 1993). In Nigeria, it is 

eaten for the treatment of muscular pains (Parry et al., 1993).  

In traditional Chinese medicine PA is known as “vegetable for long life” (Chen, J. et al., 

2003) and is used orally for the treatment of dysentery with bloody stools, and externally for 

swellings, abnormal uterine bleeding, hemorrhoid bleeding, sores, erysipelas, eczema, snake- 

and insect-bite (Chen et al., 2009). In Nepal (Kali Gandaki watershed area), PA leaves juice 

is used as a drink. Moreover, PA leaves and seeds are administered for blood purification and 

to cure cardiovascular complaints and circulatory diseases and dental problems. A paste made 

of the fruits and seeds of PA are applied on the teeth and gum to cure toothache (Joshi and 

Joshi, 2000). In Philippines aerial parts of PA are recommended as a wound healer, mild 

diuretic, anti-scorbutic, refrigerant and anti-rheumatic (Belcheff, 2012). 

This plant is normally used as a vegetable to prepare curry in India (Anusha et al., 2011). 

Moreover, it is used in Ayurvedic medicine to cure diseases of the lungs, liver, kidneys, 

bladder and bowels, scurvy, asthma, leprosy, hemorrhoids, spitting of the blood and gastric 

inflammation (Belcheff, 2012; Nadkarni KM 1996). The juice of the plant is also used to treat 

burning sensation. Plant and the seeds are used in diseases of kidney, bladder and lung. It is 

used externally to alleviate burns, scalds and skin diseases (Belcheff, 2012).  

There is convincing evidence suggesting the presence of PA in the New World in pre-

Columbian period (Chapman et al., 1973; Byrne and McAndrews, 1975). PA has been used 

by aboriginal Americans and Australians as "greens" and a medicinal plant (Chapman et al., 

1973; Liu et al., 2000). In America, PA aerial parts are used to cure cold, gout, headache, 

stomachache, excessive menstrual flow and cough. Moreover the leaves juice is 
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recommended to alleviate inflammation of the male genitalia (Belcheff, 2012). In Dominica, 

West Indies, PA is used for the treatments of intestinal worms (Quinlan et al., 2003). In 

Trinidad and Tobago PA is consumed as a cooling, analgesic and gastroprotective drug and 

to cure urinary problems, high cholesterol levels and shortness of breath (Lans, 2006). In 

Columbia, PA is applied externally as an emollient, and to cure tumors and callosities 

(Belcheff, 2012). 

In Australia, PA aerial parts are eaten to cure scurvy, irritations and inflammations and as a 

diuretic and antibiotic (Belcheff, 2012). 

PA has been long used as a common food item and a medicinal plant in the Central Asian and 

Middle Eastern countries. In Pakistan, fresh aerial parts of PA, have long been considered 

valuable in the treatment of urinary and digestive problems. The diuretic properties of the 

juice make it useful in the treatment of bladder ailments such as dysuria. The plant is also 

used as a remedy for gastrointestinal problems such as diarrhea and dysentery. PA Seeds are 

reputed to be demulcent, diuretic and vermifuge (Ullah et al., 2013). ). Fresh leaves are 

slightly warmed and applied topically on swelling joints. The extract of stem is applied on 

skin to cure burning sensation. PA is believed to be depurative, febrifuge, cardiac stimulant 

and used in the treatment of coughs, earache, skin infections, sores and burns (Abbasi et al., 

2015). In Afghanistan, PA seeds are used as an antidiarrheal and for throat infection (Younos 

et al., 1987). 

In United Arab Emirates (UAE) and Oman, PA aerial parts are considered as a useful 

febrifuge (El-Ghonemy, 1993). In Jordan, PA seeds are used as a blood purifier and an 

aphrodisiac (Lev and Amar, 2002). In Sivrice region, turkey, PA leaves are used as a nutrient 

food item and to cure diarrhea, diabetes, headache, ulcers, urinary disorders and wounds. It is 

recommended to drink one cup of PA leaves decoction on an empty stomach in the morning 
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(Cakilcioglu and Turkoglu, 2010). In Saudi Arabia, PA is traditionally consumed for the 

treatment of liver and gastrointestinal problems, and inflammatory diseases (Al-Asmari, 

2014). 

In Persia, PA is known as ‘Khorfeh’ and its leaves and seeds are widely used in cooking and 

confectionary. PA is also an important medicinal plant in the Traditional Persian Medicine 

(TPM). In his Canon of Medicine, Avicenna (981–1037), a well-known Iranian philosopher 

and physician, recommended this plant as a medication for severe inflammations, erysipelas, 

pulsatile headaches caused by hot temperament, eye pain, hemoptysis, gastritis, liver 

inflammation, and intestinal ulcers. He used PA for the treatment of kidneys and bladder 

pains and ulcers (Ibn Sina, 1987). Jorjani (1042–1136), another eminent TPM scholar, used 

PA to treat a broad array of diseases including hemorrhagic vomiting, fevers, insomnia, 

blepharitis, mouth ulcers, cough, tonsillitis and asphyxia and nocturnal emissions. He also 

believed that PA is an effective remedy for heart weakness and palpitation (Jorjani, 1976 ). 

Moreover, this plant has been reported to be a gastrointestinal tonic, anti-appetite, 

anaphrodisiac, burn healer and antihemorrhoid (Aqili Khorasani, 1992). Rhazes (854-925) 

distinguished Persian physician, recommended chewing PA leaves for the treatment of teeth 

sensitivity. He also used the plant externally to cure warts, aphtha and bleeding (Razi, 1968). 

In Mashhad, the capital of Razavi Khorasan Province, Iran, PA seeds and leaves are 

consumed as an antitussive, febrifuge, anti-thirst, food digestive, depurative, anti-

hemorrhoids and diuretic medicine (Amiri and Joharchi, 2013). In Ilam Province of Iran, all 

parts of PA are used as an anti-parasite (Ghasemi Pirbalouti et al., 2013). In Kohghiluyeh va 

Boyer Ahmad province of Iran, aerial parts of PA are eaten as a stomach tonic (Mosaddegh et 

al., 2012). According to the main TPM pharmacopoeias, 80 g of the extract of the fresh 

leaves and 20 g of the dry seeds of the plant are applied in simple preparations (Aqili 

Khorasani, 2007).  
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In TPM, PA is mainly used in compound preparations in order to enhance its therapeutic 

effects as a result of synergistic effects with other plants. Fresh aerial parts of PA and its juice 

are mainly used in compound preparations. Moreover, the ‘seed's milk’ which is prepared by 

macerating seeds powder in hot water and subsequently filtering it, is another common 

preparation of this plant (Aqili Khorasani, 1992). The ‘seed's milk’ is used as a brain and 

heart refrigerant, and to treat headaches, meningitis, encephalitis, thirst, melancholia, 

conjunctivitis, epistaxis, mouth ulcers, suffocation, tonsillitis, pleurisy, palpitation caused by 

excessive heat of the heart, etc (Chashti, 1884). 

The most frequent traditional uses of PA in various countries seems to be treatment of 

headache, inflammations, teeth problems, stomach illnesses, respiratory diseases, worms, 

fever, scurvy and epistaxis, wounds and ulcers. 

Table 1 provides a summary of the traditional uses of PA in different cultures. 

4. Phytochemistry 

Purslane presents a variable chemical constituents mainly belong to flavonoid (Yan et al., 

2012), alkaloid (Xiang et al., 2005), terpenoid (Sakai et al., 1996) and organic acid (Xin, H.-

L. et al., 2008) and other classes of natural compounds including terpenoids, fatty acids, 

polysaccharides, vitamins, sterols, proteins, and minerals. In addition to the various 

environmental factors, culture conditions and harvesting time, different extraction solvents 

can influence the final content of bioactive compounds. Among different extraction methods, 

the methanol extraction and chloroform-methanol mixture revealed to be the most efficient 

and reliable method to obtain the highest content in total phenolic compounds and the 

maximum yield in saturated and mono-unsaturated fatty acids (Petropoulos et al., 2016). 

4.1. Flavonoids 
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Flavonoids are one of the main active ingredients of purslane. The concentrations of 

flavonoids vary in the different plant parts. The highest amount is found in the root followed 

by stem and the leaf. Kaempferol, apigenin, luteolin, myricetin, and quercetin are major 

flavonoids in PA (Zhu et al., 2010). Portulacanones A-D (figure 1 compounds 9-12) are 

homoisofalvonoids with unique chemical structure have been isolated from aerial parts of PA 

(Xu et al., 2006). The flavonoids in PA are the biologically active constituents. The total 

flavonoid and phenolic contents and antioxidant activities of PA were measured in the 

dichloromethane, ethyl acetate, n-hexane, and methanol extracts (Salehi et al., 2013). A 

strong correlation between antioxidant activity and the total phenolic and flavonoid content of 

the methanol extract of PA was observed (Salehi et al., 2013).  

4.2. Alkaloids 

Another important chemicals have been identified in PA are different types of alkaloids. 

Alkaloids including N-trans-feruloyltyramine, dopa, dopamine, and a high concentration of 

noradrenaline are found in PA (Petropoulos et al., 2016). The contents of alkaloids dopamine 

and noradrenaline are different in the stem, leaves (highest concentration observed), and 

seeds of PA. Furthermore, the extraction procedure with distilled water gives the highest 

content of noradrenaline, while the methanol extraction provides the highest content of 

dopamine (Yue et al., 2005). Oleracein A-E (figure 1 compounds 1-5), and (3R)-3,5-bis(3-

methoxy-4-hydroxyphenyl)-2,3-dihydro-2(1H)-pyridinone and 1,5-dimethyl-6-phenyl-1,2-

dihydro-1,2,4-triazin-3(2H)-one (figure 1 compounds 6, 7) are new alkaloids, isolated from 

this plant (Tian et al., 2014 and Xiang et al., 2005). Antioxidant activities of the phenolic 

alkaloids oleracein A, oleracein E  and oleracein B from PA were determined, based on 

inhibitory effect on hydrogen peroxide-induced lipid peroxidation and scavenging activity 

against 1,1-diphenyl- 2-picryl-hydrazyl (DPPH) radical in rat brain homogenates (Yang et al., 

2009). Oleracein E was the most potent compound in preventing the formation of 
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malondialdehyde (MDA) (Yang et al., 2009). Oleracone (figure 1 compounds 8) as novel 

alkaloid was first isolated from PA presented remarkably anti-inflammatory in model of 

lipopolysaccharide-stimulated macrophages (Meng et al., 2016). 

4.3.Terpenoids 

Portuloside A and B (figure 1 compounds 13, 14) and other monoterpene glycosides (figure 1 

compounds 16, 17) (Sakai et al., 1996; Seo et al., 2003) and portulene which is a diterpene 

(figure 1 compounds 15) (Elkhayat et al., 2008) have been isolated from PA. In addition, PA 

contains triterpenes presented in figure 1 (compounds 18,19) (Xin et al., 2008). 

4.4.Fatty acids  

A plethora of investigations have suggested the beneficial effects of omega 3 fatty acids in 

atherosclerosis, coronary heart disease, and inflammatory disease (Connor, W. E. 2000). PA 

has been demonstrated to be one of the major plant sources of omega-3 fatty acids, 

particularly α-linolenic acid (up to 30%) and other essential fatty acids such as palmitoleic, 

palmitic, linoleic, oleic, stearic eicosapentaenoic and docosahexaenoic acids (Petropoulos et 

al., 2016, Zhou et al., 2015).  

Other chemical constituents of PA are not unique to PA and have been found in many others 

plants. Purslane has been reported to be rich in vitamins like vitamin A, B-complex vitamins 

(riboflavin, niacin, and pyridoxine), ascorbic acid, and α-tocopherol. Minerals like potassium, 

magnesium, calcium, phosphorus, and iron and amino acids have also been isolated from this 

plant. Other compounds such as beta-carotene, portulacerebroside (figure 1, compound 20), 

catechol, bergapten glutathione, and melatonin have also been isolated from PA. 

Polysaccharides with potential therapeutic effects on diabetes were also found in PA 

(Petropoulos et al., 2016, Zhou et al., 2015).   

Complete chemical constituents of PA are summarized in Table 2. The chemical structures 

of the main compounds are presented in figure 1. 
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5. Pharmacological Properties  

PA is a well-known medicinal plant in traditional medicine systems with wide range of 

modern pharmacological activities. Antioxidant, hepatoprotective, analgesic, anti-

inflammatory, wound healing, hypochloresterolemic and neuroactivity are among diverse 

pharmacological activities have been reported from PA. Summary of pharmacological 

activities of PA is presented in table 3. Detailed pharmacological activities are summarized 

below:  

 

5.1. Renoprotective activity  

There are several records on the traditional use of PA in kidney diseases and confirmed to be 

a renoprotective agent in recent studies. Gentamicin is an aminoglycoside with high toxicity 

in the kidney. Gentamicin may cause dangerous damages to renal brush border membrane 

(BBM), basolateral membrane (BLM) and lysosomes. It can also induce oxidative stress in 

renal tissues. Hence, the clinical use of this drug is limited due to adverse effects. In one 

research by Hozayen et al. (2011) 15 days oral administration (gastric intubation) of aqueous 

extract of PA (400 mg/kg, daily) and fish oil (5 mg/kg, daily) in two different groups of white 

male albino rats protected against gentamicin-induced (80 mg/kg, daily, toxic control group) 

nephrotoxicity. The gentamicin-increased plasma levels of urea, uric acid and creatinine were 

significantly decreased after administration of PA. Aqueous extract of PA is a rich source of 

antioxidant compounds. Hence, one proposal for renoprotective activity may be defensive 

activity against gentamicin-induced oxidative stress in renal tissues (Hozayen et al., 2011). In 

addition, dietary supplements which are enriched in ω-3 fatty acids, such as fish oil, can 

cause improvements in nutrition/energy metabolism; BBM integrity, antioxidant defenses and 

32
Pi transport capacity and thus prevent gentamicin side effects. It is noteworthy that PA is 



15 
 

enriched in ω-3 and ω-6 fatty acids, which can result in higher protection against GM-

induced nephrotoxicity than fish oil (Hozayen et al., 2011). However, the design of the study 

suffers from some critical issues. Ω-3 and ω-6 fatty acids are hydrophobic compounds and 

using the aqueous extract of PA in this study may affect total concentration of these 

compounds in the extract and reduce the activity. Moreover, the amount and composition of 

fatty acids were determined in petroleum ether extract, while the aqueous extract was used in 

animal study. They did not also specify the fatty acids content of the fish oil to make a better 

comparison between the extract and fish oil or conclude about the potency of the PA extract. 

The dose (400 mg/kg) has been used in this study is hardly in the range usually considered 

curative (Hozayen et al., 2011). 

Cisplatin is another drug in market with nephrotoxic activity. Adjuvant therapy with an 

antioxidant has been suggested as a promising strategy to reduce chemical-induced adverse 

effects (Shirani et al., 2015). In a study by our group, the aqueous (0.2, 0.4 and 0.8 g/kg. 

intraperitoneal l[i.p.]) and ethanolic extracts (0.5, 1 and 2 g/kg, i.p.) of PA were administered 

6-12 h prior to cisplatin (4 mg/kg, i.p.) injection to male Wistar rats (Karimi et al., 2010). 

Elevated blood urea nitrogen (BUN) and serum creatinine were used as biological markers of 

cisplatin-induced nephrotoxicity. Compared with control group (cisplatin alone), both 

extracts of PA significantly decreased BUN and creatinine levels. Histological examination 

also revealed the effectiveness of PA extracts. The proposed mechanism of action is almost 

similar to those discussed for gentamicin. However, activation of pro-inflammation factors is 

another mechanism of nephrotoxicity induced by cisplatin and anti-inflammatory effects of 

PA may be an additional protection mechanism (Karimi et al., 2010). Like previous study, the 

main problem in this study is the high dose has been used for protection.  Another point is 

that, the toxicity of the extracts especially the high dose on kidney was not evaluated.  
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 One of the most common microvascular complications of diabetes and the leading cause of 

end-stage renal disease is diabetic nephropathy. Administration of aqueous extract (300 

mg/kg/day, p.o.) of PA for ten weeks to db/db mice decreased diabetic nephropathy by 

inhibition of renal fibrosis and inflammation (Lee et al., 2012). Moreover, it could 

significantly attenuate water intake, urine volume and plasma levels of glucose and creatinine 

compared to control group (Lee et al., 2012). More detailed mechanistic studies revealed that 

PA administration significantly (p<0.01) suppressed NF-κB p65 activation normally 

observed in db/db mice (Lee et al., 2012). The peroxisome proliferator-activated receptor-γ 

(PPAR- γ) agonist, rosiglitazone (10 mg/kg/day, p.o.) which is an antidiabetic agent for the 

treatment of type 2 diabetes, was chosen as a positive control. In this study like the previous 

one, phytochemical analysis of the extracts was not evaluated. Even though, this should be 

done to determine the active compound responsible for the observed mechanisms or to 

compare the potency with the positive control. 

Evaluation of the antiurolithiatic activity of ethanolic extract of PA (100, 200 and 400 

mg/kg/day for 15 days, orally) in rats, demonstrated that the extract could prevent ethylene 

glycol (0.75% v/v) and ammonium chloride (2% w/v) induced calcium oxalate uroliths 

formation by crystallization inhibition and diuretic activities (Kishore et al., 2013). PA could 

also restore elevated calcium, creatinine, urea and BUN plasma levels. The active treatment 

changed urinary back to normal (from 6 to 8) when compared to control group.  

Antispasmodic activity led to reduction of symptoms of renal stones (Kishore et al., 2013). 

The antiurolithiatic activity may be due to presence of potassium salts, flavonoids, phenolic 

compounds and saponins in aerial parts of the plant (Kishore et al., 2013). The effects of PA 

ethanolic extract at 400 mg/kg were comparable to Cystone (700 mg/kg) as a standard drug 

(Kishore et al., 2013).  
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In conclusion, the above-mentioned studies support renoprotective effects of PA in the 

traditional use. However, the doses are higher than normal ranges and hardly can be 

translated to human use. 

5.2. Neuroactivity    

Wang et al. (2007) studied the neuroprotective activities of PA extracts (0.25, 0.5 and 1 

g/kg/day orally, 7 days) in hypoxia nerve tissues of male BALB/c mice (Wang et al., 2007). 

PA significantly increased the level of ATP, lactate dehydrogenase (LDH), 

phosphofructokinase (PFK) and pyruvate kinase (PK) of hypoxic brain cortices when 

compared with control group (received hypoxia without any treatment). All these effects lead 

to increment of available ATP for neurons. In addition, raise in erythropoietin mRNA 

expression was obviously higher in the group received PA as the active treatment (Wang et 

al., 2007). The authors suggested the increment might be the result of enhancement of the 

expression of hypoxia inducible factor-1 (HIF-1). The results of in vitro studies on PC-12 

cells under hypoxic conditions with PA were in accordance with the in vivo study (Wang et 

al., 2007). In this study, hypoxic neuroprotective effects of PA extract were observed with 

high dose in both in vivo and in vitro studies. In addition, authors did not specify the kind of 

the extract they used in their investigation. Erythropoietin (EPO) decreases the risk of 

ischemic-hypoxic neurovascular damages and is also appreciated for its neuroprotective 

activity in brain. The ethanolic extract of PA (0.5, 1, or 2 mg/kg, orally, 7 days) at high doses 

stimulated the endogenous erythropoietin expression at both mRNA and protein levels by 

stabilizing HIFs, HIF-1α, in ICR mice brain (Wanyin et al., 2012). In addition, PA decreased 

the serum neuron specific enolase levels in hypoxic mice and the activity of caspase-3 in 

neurons, which reduced the pathological damages caused by the hypoxia condition. Also, PA 

could increase the neuron viability in hypoxia conditions (Wanyin et al., 2012).  
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In another study, Abdel Moneim (2013) evaluated neuroprotective activity of an aqueous 

juice of PA (1.5 mL/kg, 12 days) on brain damage caused by administration of rotenone in 

male Wister albino rats (Abdel Moneim, 2013). PA herbal aqueous juice could inhibit 

dopamine metabolism and apoptosis induction in the striatum of rats. The author suggested 

that PA may be a good candidate for future research treatment of Parkinson’s disease or the 

other neurovascular brain damages. Rotenone is a potent inhibitor of mitochondrial complex 

I. Inhibition of this complex leads to production of O2 free radicals that subsequently induces 

oxidative stress in neurons. Also in Parkinson’s disease oxidative stress is the main cause of 

apoptosis induction in neurons (Abdel Moneim et al., 2013). Pre- post- and co-treatment of 

PA reduced nitrite/nitrate production, the expressions of inducible nitric oxide synthase 

(iNOS) and glutathione peroxidase, glutathione levels, LDH level and  the numbers of NF-κB 

immunostaining neurons normally increased after rotenone administration (Abdel Moneim et 

al., 2013; Al-Quraishy et al., 2012). These findings show that the protective activity of PA is 

mainly due to its antioxidant activity. In this study, the authors did not specify the chemical 

constituents of the aqueous juice. 

In another study, neuroprotective effects of PA aqueous extracts (2.5 to 10 mg/kg/day) were 

evaluated against D-galactose induced neurotoxicity in SD male mice (Hongxing et al., 

2007).  D-galactose-induced reductions in crossing, rearing/leaning and grooming activities 

were significantly reversed by administration of PA extract. PA significantly decreased the 

MDA level and increased superoxide dismutase (SOD) activity. In addition, the length of 

telomere was longer in PA treated group when compared with control group (D-galactose 

treated group). The proposed mechanism of action was a p21waf1-dependent and a p53-

independent pathway (Hongxing et al., 2007). Betacyanins were identified as active 

ingredients responsible for neuroprotective activity (Wang and Yang, 2010). 
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Oral administration of the aqueous extract of PA leaves and stem (1.5 mL/kg) for 12 days to 

rats significantly decreased calcium concentration in brain cortex (Abdel Moneim et al., 

2012). The extract increased dopamine level in cerebellum, cerebral cortex, thalamus and 

hypothalamus; norepinephrine and serotonin levels in cerebellum, pons, medulla oblongata, 

cerebral cortex, thalamus and hypothalamus (Abdel Moneim et al., 2012). However, 

administration of aqueous extract decreased dopamine, norepinephrine and serotonin levels in 

spinal cord. Acetyl cholinesterase was increased in all regions of brain except in the 

cerebellum. The authors linked these widespread effects of PA on neurotransmitters to high 

contents of ω-3 fatty acids and melatonin (Abdel Moneim et al., 2012). However, as it was 

mentioned earlier the solubility of ω-3 fatty acids in aqueous extracts is a subject of debate. 

The authors suggested the potential role of PA for regulation of neurotransmitters in many 

neurodegenerative disorders (Abdel Moneim et al., 2012). 

A study by Xu and Shan (2014) demonstrated that polysaccharides (75, 150 and 300 mg/kg, 

respectively, 30 days) from PA dose dependently could increase the swimming time to 

fatigue of the male Kunming mice, as same as increasing the hepatic glycogen contents, 

while decreasing the blood lactic acid (BLA) and serum urea nitrogen (SUN) contents (Xu 

and Shan, 2014). This result indicated that polysaccharides from PA could decrease 

exhaustion induced by forced swimming, in mice (Xu and Shan, 2014).  

On intraperitoneal administration, ethanolic extract of PA var. sativa (200 and 400 mg/kg), 

demonstrated a marked reduction in the locomotor activity in mice and an increase on the 

onset time of pentylenetetrazole-induced convulsions (Radhakrishnan et al., 2001). 

In a randomized clinical trial in 60 chronic schizophrenic patients who received risperidone 6 

mg/day and biperiden 4 mg/day, the effect of extract (1g, daily) of PA on psychological 

symptoms was studied (Parvin et al., 2013). At the end of the treatment (8 weeks), the mean 

score of positive and negative symptoms were significantly lower in treated group. The 
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authors concluded that PA can be an effective adjuvant therapy to respridone for 

improvement of psychological condition of chronic schizophrenia (Parvin et al., 2013). 

 

5.3. Muscle relaxant effects 

The skeletal muscle relaxation action of the aqueous extract of PA, when administered orally 

or intraperitoneally in rats, was evaluated by the prolongation of pull-up time (Parry et al., 

1987). The i.p. route was more effective than the oral one. The extract (200-1000 mg/kg, i.p.) 

showed more effective skeletal muscle relaxant activity when compared with diazepam (40 

mg/kg, i.p.), chlordiazepoxide (20 mg/kg, i.p.), and dantrolene sodium (30 mg/kg, oral). The 

effects of aqueous, methanol and dialysable extracts of PA leaves and stems were comparable 

with those of methoxyverapamil (D-600) and dantrolene sodium regarding inhibition of 

twitch tension on the phrenic nerve-hemidiaphragm of the rat and contracture induced by 

nicotinic agonists on rectus abdominis of the frog (Parry et al., 1993). The extracts of PA, D-

600 and dantrolene inhibited twitch tension due to indirect electrical stimulation on 

hemidiaphragm muscle via the phrenic nerve. Moreover, dantrolene and the extracts of PA 

inhibited twitch amplitude caused by direct muscle stimulation. D-600 and the extracts were 

more effective in decreasing the action of nicotinic agonist (acetylcholine, nicotine and 

carbachol)-induced contractures on the rectus abdominis muscle than dantrolene. For this 

reason, it is believed that the effect of PA extracts is similar to the effect of D-600 and 

dantrolene on frog rectus abdominis muscles and the rat hemidiaphragm; therefore, the 

muscle relaxant action of the extracts may be due to inhibition of transmembrane Ca
2+

 influx, 

interference with the inhibition of the release of intracellular Ca
2+

 or interference with the 

Ca
2+

-induced Ca
2+

 release process from stores in the sarcoplasmic reticulum (Parry et al., 

1993).  
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In Habtemariam et al. (1993) study, it is shown that the high concentrations of potassium ions 

cause neuromuscular function of extracts of PA (Habtemariam et al., 1993). Solvent 

fractionation of the crude ethanolic extract on the chick biventer cervicis demonstrated that 

augmentation of muscle paralysis is depended on increasing in polarity: i.e. water fraction > 

butanol > ethyl acetate nearly equal to crude extracts. By turns, in weight of dried extract, 

these fractions contained 28%, 18%, 12.2% and 9%, of potassium. When the water fraction 

(the most active fraction) is desalted, it has no neuromuscular function even at 10 times 

higher concentration from initial concentration (Habtemariam et al., 1993).  

5.4. Metabolic effect  

 For the first time, it has been shown by Al–Chalabi (2009) that a single intraperitoneal 

injection of two proteinous compounds (at a dose of 77.5 mg/kg) of the aqueous extract of 

PA to adult male mice, caused a significant decrease in serum glucose, cholesterol, 

triglycerides (TGs) and total lipids level as well as glycogen levels in liver. In another study, 

it has been suggested that the mixture of PA and pumpkin seeds has hypolipidemic, 

hypotriglyceridemic and hypocholesterolemic effects after 6 weeks in liver and plasma of 

adult male albino rats (Sprague-Dawley) with a reduction in plasma low density lipoprotein 

cholesterol (LDL-C) and an increase in high density lipoprotein cholesterol (HDL-C) levels. 

Furthermore, it had an antiatherogenic effect due to a significant reduction in LDL/HDL 

ratio. They discovered that these functions may have been mediated by unsaturated fatty 

acids such as alpha linolenic acid presented in seed mixture (Barakat and Mahmoud, 2011). 

 PA is one of the best edible foods for diabetic patients due to its anti-hyperglycemic and 

anti-hyperlipidemic effects. It has been reported that the aqueous extract of PA 

(300 mg/kg/day, p.o.) can ameliorate diabetic vascular complications in male C57BL/6J mice 

after 10 weeks treatment (Lee et al., 2012b). Over expression of vascular cell adhesion 

molecule-1 (VCAM-1), intercellular adhesion molecule-1 (ICAM-1), E-selectin, matrix 
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metalloproteinase-2 (MMP-2), and endothelin-1 (ET-1) were observed in aortic tissues of 

untreated mice, which were markedly suppressed by PA administration (Lee et al., 2012b). 

The insulin immunoreactivity of the pancreatic islets has also been increased in PA treated 

mice compared with untreated mice (Lee et al., 2012b). This study demonstrated that diabetic 

mice treated with PA (300 mg/kg/day, p.o.), exhibited a reduction in plasma triglyceride 

levels, systolic blood pressure, blood glucose and level of LDL-C in plasma. Moreover, PA 

could increase plasma levels of HDL-C and insulin. Therefore, PA prevents the dysfunction 

and inflammation in diabetic vascular diseases (Lee et al., 2012b). In another study, an 

aqueous extract of PA (100 and 200 mg/kg) prevented from oxidative damage induced by 

high-fat-diet in male kunming mice (Chen et al., 2012). The administration of PA declined 

levels of blood and liver lipid peroxidation while increased the activities of antioxidant 

enzymes in blood and liver. Further investigations showed an increment in liver Leptin/β-

actin and PPARα/β-actin (Chen et al., 2012).  

In a triple-blinded, randomized, controlled trial, the effect of PA seeds (500 mg, twice a day) 

on dyslipidemia in 37 obese adolescents was studied (Sabzghabaee et al., 2014). PA 

treatment for 4 weeks significantly reduced LDL-C and TG levels compared to the control 

group. The herbal treatment well-tolerated in all patients and can have positive effects on 

serum lipids profile (Sabzghabaee et al., 2014). 

Treatment with 400 mg/kg polysaccharides from PA (CPP) for 28 days similar to 

glibenclamide (4 mg/kg) resulted in a significant decrease in the concentration of fasting 

blood glucose (FBG), TG and total cholesterol in diabetic male Kunming mice induced by 

alloxan. CPP can modulate the metabolism of blood lipid profile and glucose in diabetes 

mellitus without any physical or behavioral signs of toxicity (Gong et al., 2009).  

Another study has shown, although streptozotocin (STZ) can induce hyperglycemia, after 3 

weeks of orally using polysaccharide fraction of PA (25 and 50 mg/kg), reduction in 
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thiobarbituric acid reactive substances and blood glucose of diabetic Sprague–Dawley rats 

were observed, as well as an increase in total reduced glutathione levels. This study showed 

that treatment with CPP ameliorates the STZ-induced diabetic complications in rats, which 

was comparable to standard tolbutamide (10 mg/kg, p.o.) (Sharma et al., 2012).  

El-Sayed (2011) reported that  oral administration of 5 g of PA seeds twice daily could 

reduce the liver enzymes and blood glucose in diabetic patient with similar effects to 

metformin (El-Sayed, 2011). However, 1,500 mg of metformin/day did not have a significant 

effect on HDL-C, LDL-C, and alkaline phosphatase (ALP) levels. Therefore, PA seeds can 

be used as an effective and safe adjuvant therapy for Type-2 diabetic subjects. This study also 

showed that PA could reduce the insulin resistance because of its flavonoid, polyunsaturated 

fatty acid and polysaccharide contents (El-Sayed, 2011). In addition, PA has α-amylase 

(Odhav et al., 2013) and α-glucosidase (Salehi et al., 2013) inhibitory effect and therefore is 

able to reduce blood glucose.  

One of the main complications of diabetes is vascular inflammation which is playing a key 

role in the pathogenesis and progression of atherosclerosis. Furthermore, recent investigations 

have evidenced that inflammatory events contribute to each stage of the development of 

clinically significant atherosclerosis. New researches show the effect of aqueous extract of 

PA (10–100 μg/mL) as a preventer for tumor necrosis factor (TNF)-α-induced vascular 

inflammatory process in the human umbilical vein endothelial cell (HUVEC) and it has TNF-

α and IL-6 inhibitory activity (Lee et al., 2012a; Xiao et al., 2005). In a dose-dependent 

manner, PA significantly suppressed TNF-α-induced over-expression of adhesion molecules 

and reactive oxygen species (ROS) production. Furthermore, it reduced the increased 

adhesion of HL-60 cells to TNF-α-induced HUVEC. Taken together, PA inhibited 

intracellular ROS production and NF-κB activation as well as the reduction of adhesion 



24 
 

molecule expression in TNF-α-induced HUVEC. As a result, it is understood that it can 

prevent the vascular inflammatory process (Lee et al., 2012a).  

In a randomized, double-blind, placebo-controlled clinical trial,  effect of PA extract (180 

mg/day Portusana
TM

) on glucose control, blood pressure, and lipid profile in 63 adults with 

type 2 diabetes mellitus was studied (Wainstein et al., 2016). After 12 weeks of treatment, 

systolic blood pressure and HbA1c were significantly declined compared to control group 

(Wainstein et al., 2016). These findings show that PA can be a good adjuvant therapy in 

patients with type 2 diabetes mellitus.  

In a randomized controlled cross‑over clinical trial by Zakizadeh et al., (2015), the effect of 

10 g/day of PA seeds (5 weeks) on total antioxidant capacity, MDA and oxidized‑low 

density lipoprotein was evaluated in patients with type 2 diabetes. After 5 weeks, no 

significant effect was observed and the authors stated that PA treatment couldn’t result in 

improved oxidative stress (Zakizadeh et al., 2015). 

PA can be a valuable adjuvant therapy in patients with deleterious complications of metabolic 

syndrome including diabetes and cardiovascular disease. More clinical trials in the future are 

needed to unravel more aspects of the effect. 

5.5. Hepatoprotective effects    

PA has been long used as a medication against liver injury. In a study by Abd El-Azime et al. 

(2014), it has been shown that a single dose of 6 Gy gamma rays can increase LDL-C, total 

cholesterol, TG, aspartate and alanine transaminase (AST, ALT), ALP, creatinine, bilirubin, 

urea and uric acid (Abd El-Azime et al., 2014). Moreover, liver, kidney and heart MDA were 

significantly elevated but nitric oxide, catalase, SOD, and HDL-C were reduced in irradiated 

rat. Co-administration of aqueous extract of PA (400 mg/kg) and fish oil (60 mg/kg body 

weight) via gastric intubation for 15 days significantly reduced lipids alteration, liver and 
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kidney functions as well as oxidative stress in irradiated male albino rats (Abd El-Azime et 

al., 2014).  

Intraperitoneal injection of carbon tetrachloride (CCl4) can induce hepatotoxicity in male 

Wistar rats. However, PA ethanolic extract (0.005, 0.01, 0.05, 0.1, and 0.15 g/kg, 

intragastrically) at different doses restored the levels of hepatic marker enzymes and SOD to 

normal after 30 days treatment (Eidi et al., 2015). Hepatic fibrosis is one of the most common 

reasons for bile duct ligation and it also causes cholestasis-induced liver fibrosis. PA (400 mg 

/kg, orally, 4 weeks) due to its antioxidative action and decreasing the collagenolytic activity, 

expression of profibrogenic cytokines, and activation of hepatic stellate cells could prevent or 

cure cholestasis-induced liver fibrosis in adult female albino rats. In this study, PA showed 

the same effects as silymarin in restoring the liver function to normal (Ali et al., 2011). For 

these reasons, PA can be used to treat this disease as same as alpha tocopherol. However, 

according to this study, it is suggested that PA prophylactic properties are better than its 

therapeutic ones (Ali et al., 2011). Moreover, disarrangement of normal hepatic cells with 

intense vacuolization of cytoplasm, centrilobular necrosis and fatty degeneration in rats were 

treated with ethanolic extract of PA after intoxication by CCl4 (Ahmad et al., 2013). 

Clerodene diterpene portulene, which is a newly found compound from PA may have 

hepatoprotective effects (Elkhayat et al., 2008).  

5.6.Reducing abnormal uterine bleeding (AUB)    

 In a study by Shobeiri et al., PA was used for the treatment of abnormal uterine bleeding 

(AUB) (Shobeiri et al., 2009). In this study, ten premenopausal women with AUB including 

metrorrhagia, menorrhagia, polymenorrhea and intermenstrual bleeding who had not 

responded to standard drugs were given 5 g of PA seeds powder in a glass of water orally. 

Eight (80%) patients reported that the volume and duration of bleeding had reduced and their 

patterns of periods had normalized. However, it had been ineffective in two (20%) patients. It 
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did not have adverse effects and AUB did not recur in the patients who responded to 

treatment (Shobeiri et al., 2009).  

5.7. Antimicrobial effects    

 Antimicrobial effect of flavonoids of PA on the food-borne and spoilage pathogens was 

tested. The results indicated that it could inhibit the growth of molds such as Penicillium sp., 

Rhizopus sp., Mucor racemosus and Aspergillus niger. However, it could not inhibit the 

growth of Candida tropicalis and Saccharomyces cerevisiae (Dan, 2006). Another study 

reported the antifungal activity of PA extracts against hyphal growth of Aspergillus and 

Trichophyton and the yeast Candida (Oh et al., 2000). Also, the antifungal activity of PA 

extracts against hyphal growth of varied fungi was examined. The antifungal activity of each 

fraction of PA was evaluated based on the dynamic hyphal growth response curves of test 

fungi Trichophyton and Aspergillus and the yeast Candida. A crude sample obtained by ethyl 

acetate extract showed a significant effect against dermatophytes of the genera Trichophyton
 

(Oh et al., 2000)
.
 This plant could effectively inhibit the growth of bacteria such as Neisseria 

gonorrhea, Staphylococcus aureus, Escherichia coli and Bacillus subtilis (Elkhayat et al., 

2008). Water and 80% ethanolic extracts of PA showed high antimicrobial effects against 

Helicobacter pylori, Staphylococcus epidermidis and Streptococcus mutans (Cho et al., 

2008). Linoleic and oleic acids from PA showed synergistic antibacterial activity when 

combined with erythromycin against methicillin-resistant Staphylococcus aureus (MRSA). 

The possible mechanism of action for these two compounds was inhibition of efflux pumps 

(Chan et al., 2015). 

5.8. Anti-fertility effect  

The administration of flavonoid extract of air-dried aerial part of PA has shown encouraging 

abortifacient activities and anti-implantation at high doses (500 mg/kg ) on female albino rats 
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(Hanumantappa et al., 2014). They also assessed flavonoid effects on ovary and uterus 

(genital organs). The flavonoid content could change estrous cycle with a prolonged diestrus. 

It could increase the ovary weight and uterine muscle weight. These hormonal changes in 

body, lead to its anti-fertility effect. So, total flavonoids of this plant have potential anti-

fertility effect (Hanumantappa et al., 2014).  

In Nayaka and Londonkar (2014) study, dried chloroform extract of PA (250 and 500 mg/kg) 

was administered orally to female albino rats. The anti-estrogenic activity, anti-ovulatory 

activity and effect on uterine muscle weight were evaluated. They demonstrated that this 

extract affects ovulation by reducing number of ova in ovary and can cause significant 

increase in uterus and ovary weight and thus can cause anti-fertility effect (Nayaka and 

Londonkar, 2014).  

5.9. Gastric antiulcerogenic Activity 

 Gastroprotective activity of 50% ethanolic extract of PA (50-150 mg/kg, orally) has been 

investigated in acute gastric ulcer induced by ethanol, aspirin, cold restraint stress, pyloric 

ligation and chronic ulcers induced by acetic acid models in rats (Kumar et al., 2010). PA 

showed significant protective and healing effects against gastric ulcer. This study suggested 

that the mechanism of PA effect is due to preventing the oxidative damage of gastric mucosa 

through significant decrease in superoxide dismutase and by blocking lipid peroxidation as 

well as an increase in catalase activity (Kumar et al., 2010). Also, PA significantly decreased 

the acid and pepsin secretion and increased the synthesis of mucus. These effects lead to 

prevention of physical damage and back diffusion of hydrogen ions (Kumar et al., 2010). 

5.10. Anti-inflammatory and analgesic effects 

The administration of 10% ethanolic extract (200 and 400 mg/kg i.p.) of PA to Wistar rats 

reduced the hind paw inflammation induced by carrageenan (Chan et al., 2000). In addition, 
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the anti-inflammatory potential of PA was assessed using the cotton pellet method within 6 

days of subacute treatment. The results were comparable to diclofenac as a well-known anti-

inflammatory drug (Chan et al., 2000). However, the underlying mechanism was not studied. 

A research on compounds isolated from PA showed that trans-docosanoyl ferulate (a phenyl 

propanoid ester) can inhibit cyclooxygenase 1 and 2 with IC50 values of 40.2 µM and 1.6 

mM, respectively (Kim et al., 2012).  

Kim, et al. (2012) found a TNF-α dependent mechanism for anti-inflammatory effects of PA 

(Kim, et al., 2012). In the human umbilical vein endothelial cell (HUVEC), an aqueous 

extract of PA could significantly inhibit TNF-α-induced vascular inflammatory process. PA 

inhibited TNF-α-induced ROS production and translocation of p65 NF-κB to the nucleus. In 

addition, mRNA expressions of monocyte chemoattractant protein-1 and interleukin-8 were 

significantly reduced with PA treatment (Kim, et al., 2012). 

Pain caused by tissue damages or infections is a common feature of the inflammatory process 

which stimulates changes in local blood flow, peripheral nerve fibers, and vascular 

permeability (Vahdati Hassani et al., 2015). Ethanolic extract of the dried leaves and stem 

(aerial parts) of PA ssp. sativa (200 and 400 mg/kg) showed significant analgesic and anti-

inflammatory activities after topical and intraperitoneal administration when compared with 

the diclofenac sodium as the positive control (Chan et al., 2000). However, these effects were 

not shown after oral administration of PA (Chan et al., 2000).
 
It also has the antinociceptive 

activity in rats using tail flick method. PA var. sativa can have various effects on both the 

peripheral and central nervous system. The anti-nociceptive activity of the extract was 

attenuated by naloxone pre-treatment, indicating the involvement of opioid receptors in its 

antinociceptive effects (Miladi et al., 2005).  

5.11. Cytotoxic activity  
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Generally, studies showed that PA is not a remarkable cytotoxic plant. Four studies showed 

no or weak cytotoxic activities for methanol extract of PA (Antoun et al., 1999; Payudara et 

al., 2013; Shabsoug et al., 2008; Yen et al., 2001). Two novel triterpenoids isolated from PA 

showed weak cytotoxicity in MTT assay (Salehi et al., 2013). Sulfated derivatives of for 

polysaccharides isolated from water soluble extract of PA showed weak cytotoxic activities 

in a human liver cancer cell line (HepG2) with IC50 values ranging from 100 to 2000 µg/mL 

(Chen et al., 2010). Four alkaloids (6, 7) from PA were slightly cytotoxic against a human 

long cancer cell line (A549) (Tian et al., 2014).  

6. Pharmacokinetic studies 

In a study by Cheng et al. pharmacokinetic profiles of hesperidin, caffeic acid, ferulic acid 

and p-coumaric acid were evaluated after intravenous administration of PA extract to rats 

(Cheng et al., 2012). Volumes of distribution for these compounds were 0.044, 0.041, 0.077 

and 0.044 L/kg, while the terminal half-lives were 99.6, 40.7, 65.5 and 39.9 min, respectively 

(Cheng et al., 2012). 2.0, 0.33 and 0.25 h after oral administration, hesperidin, ferulic acid 

and p-coumaric reached their maximum plasma concentration. The Cmax were 0.196, 0.988 

and 1.24 µg/mL, respectively (Cheng et al., 2012). The pharmacokinetic profile of the anti-

inflammatory alkaloid, oleracone was also studied (Meng et al., 2016). The results showed 

the following profile for this compound: distribution half-life, IV 0.22 min and oral 5.23 min; 

elimination half-life, IV 15.28 min and oral 61.34 min; clearance, IV 0.042 L/min/kg and oral 

0.056 L/min/kg (Meng et al., 2016). 

In a more recent study pharmacokinetics and biodistribution of aurantiamide and 

aurantiamide acetate, two alkaloids from PA were studied after oral administration to rat 

(Chen et al., 2016). The results of pharmacokinetic studies for are given as follows: the first 

peak time, 0.18 and 21h; the second peak time, 2.67 and 0.75h; half-life, 25.34 and 36.49 h; 

Cmax 3.50 and 1.61 µg/L, respectively (Chen et al., 2016). 
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7. Safety 

As it was mentioned elsewhere, PA did not show cytotoxic effects in in vitro studies and the 

IC50 values where more than 100 µg/mL which are pharmacologically considered inactive 

(Antoun et al., 1999; Payudara et al., 2013; Shabsoug et al., 2008; Yen et al., 2001). 

Acute toxicity studies of the methanolic extract of PA on mice revealed that PA is moderately 

toxic with LD50 value of 1853 mg/kg. In histopathological studies, the methanolic extract 

showed hepatic and renal toxicities (Musa et al., 2007). Based on these data, PA has a high 

therapeutic index. However, more studies especially on chronic toxicity of PA are needed. 

Most of clinical trials have not reported any adverse effects. Generally, PA is well tolerated 

in the most of patients. However, skin rash, thyroiditis and facial nerve palsy reported in three 

patients, respectively (Leung et al., 2006). In another clinical trial constipation was reported 

as the only side effect related to PA consumption (Wainstein et al., 2016). 

8. Conclusion 

PA has a long history of use in traditional medicine systems for many ailments (Osbaldeston, 

2000). The present article presents an overview of the botany, traditional uses, 

phytochemistry, pharmacology and toxicity of PA. In vitro studies and in vivo experiments on 

PA have revealed many biological activities such as renoprotective, neuroprotectiv, muscle 

relaxant, anti-inflammatory and analgesic, cytotoxic, anti-ulcerogenic, anti-fertility, 

antimicrobial, hepatoprotective, anti-AUB, hypolipidemic, hypotriglyceridemic and 

hypocholesterolemic activities. These observations can help to produce hypothesis for 

potential therapeutic effects of PA which have to be proved through ongoing clinical trials. 

However, a number of clinical trials revealed the promising effects of PA in the treatment of 

chronic schizophrenia, hypertension, hyperglycemia and dyslipidemia. The current clinical 

evidence suggests that oral dose of 180 mg/day of PA extract is possibly safe and effective in 

the treatment of hypertension and hyperglycemia. Moreover, administration of a daily oral 
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dose of 1g may safely improve psychological condition in chronic schizophrenic patients as 

well as dyslipidemia. Some pharmacological activities of PA including anti-inflammatory, 

anti-fatigue activity, hepatic glycogen and glutathione levels enhancing and blood glucose, 

BLA and SUN  reducing properties have been reported to be attributed to PA polysaccharides 

content. Unsaturated fatty acids such as alpha linolenic acid are also responsible for some of 

PA activities including hypolipidemic, hypotriglyceridemic and hypocholesterolemic 

activities. 

However, many pharmacological aspects of PA and its major constituents are yet to be 

elucidated. Therefore, mechanisms of actions, clinical effectiveness, pharmacokinetic 

properties and proper dosages would need to be further investigated. Furthermore, despite the 

presence of a large body of scientific evidence regarding the biological and medicinal 

properties of PA, several gaps in our understanding of the applications of this plant still exist. 

Firstly, most frequent traditional uses of PA seems to be the treatment of headache, 

inflammations, teeth problems, stomach illnesses, respiratory diseases, worms, fever, scurvy 

and epistaxis, wounds and ulcers. However, many of the mentioned uses have been 

overlooked by recent studies. For instance, despite a majority of traditional sources have 

emphasized on beneficial effects of PA on respiratory diseases, teeth problems and 

gastrointestinal problems, rare studies have focused on these activities and the mechanisms of 

actions underlying them. Therefore, it seems that these uses should be considered in future 

studies.  

Secondly, some of the pharmacological activities of PA reported by in vitro and animal 

studies have been observed in doses that can hardly be translated to clinical practice. For 

instance, nephroprotective and antiurolithiatic properties of PA has been observed in high 

doses of 0.4 to 2 g/kg which are too high for replication in human studies. Therefore, 
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although PA has been considered a very safe medicinal plant, high doses of PA extracts must 

be carefully administered in human studies.  

Thirdly, a number of studies addressed Pharmacokinetic aspects of a few active ingredients 

present in PA. However, data on the pharmacokinetic aspects of the whole extracts of the 

plant are scarce and additional studies should be conducted to evaluate the absorption, 

distribution and metabolism of PA extracts in human body.  

Finally, many pharmacological activities of PA have been observed through in vitro and 

animal studies. However, despite the promising results have been obtained from these 

studies, supporting clinical trials and human observations are scarce. Therefore, conducting 

additional clinical studies to support the biological activities of PA seems to be necessary.     

In conclusion, future studies must investigate pharmacological activities related to the 

overlooked traditional uses of PA especially on headache, respiratory and gastrointestinal 

diseases. Future studies also should elucidate the exact mechanisms of actions of PA and its 

major bioactive phytochemicals. Clinical trials have to be conducted to evaluate efficacy, 

safety, proper dosage and pharmacokinetic aspects of PA in order to develop safe and 

effective dosage forms from this plant. 
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Figure 1. Chemical structures of novel secondary metabolites have been isolated from P. 

oleracea. 

 

Table1.  Ethnopharmacological uses of P. oleracea in different countries. 

Country  Part used  Dosage 

form/Route of 

administration  

Medicinal use/ disease 

treated  

Reference(s) 

Persia  Aerial parts, 

Seeds 

Oral hemoptysis, gastritis, 

liver inflammation, 

intestinal ulcers, 

kidneys and bladder 

ulcers, hemorrhagic 

vomiting, fevers, 

insomnia, cough, 

tonsillitis, asphyxia, 

nocturnal emissions. 

(Aqili 

Khorasani, 

2007; Aqili 

Khorasani, 

1992; Razi, 

1968; Jorjani., 

1976 ; Ibn 

Sina, 1987; 

Amiri and 
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As an anti-thirst, food 

digestive, anti-parasite, 

depurative, anti-

hemorrhoids and 

diuretic medicine. 

Joharchi, 2013; 

Ghasemi 

Pirbalouti et 

al., 2013; 

Mosaddegh et 

al., 2012) 
Aerial parts, 

seeds 

External severe inflammations, 

erysipelas, pulsatile 

headaches caused by 

hot temperament, eye 

pain, teeth sensitivity, 

blepharitis, mouth 

ulcers, testicular 

swelling 

Roots Poultice/ 

external 

To eliminate warts (Aqili 

Khorasani, 

2007) 

 seed's milky 

aqueous 

extract 

Oral Headaches, meningitis, 

encephalitis, thirst, 

melancholia, 

conjunctivitis, 

epistaxis, mouth 

ulcers, suffocation, 

tonsillitis, pleurisy, 

palpitation 

Chashti, 1884) 

China Leaves Oral Dysentery with bloody 

stools, colitis, acute 

appendicitis, diabetes, 

bacterial infections, as 

a diuretic, cooling in 

fever, antitoxins 

(Chen et al., 

2009) 

Leaves Poultice/external Sores, eczema, 

erysipelas, dermatitis, 

shingles, snake- and 

insect-bite, pain and 

swelling, abnormal 

uterine bleeding, 

hemorrhoid bleeding, 

fever, tumors, ulcer, 

wounds 

(Belcheff, 

2012; Chen, J. 

et al., 2003; 

Yao and 

Zhang, 1995) 

Nepal leaves and 

seeds 

Oral/external For blood purification 

and to cure 

cardiovascular 

complaints, circulatory 

(Joshi and 

Joshi, 2000) 
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diseases, dental 

problems and 

toothache  

Philippines Aerial parts - Wound healer, mild 

diuretic, anti-scorbutic, 

refrigerant  

(Belcheff, 

2012) 

Albania Aerial parts, 

fresh 

External use on 

the legs/ oral 

Anti-rheumatic, to 

cure musculoskeletal 

disorders and as a 

nutritional food 

(Pieroni et al., 

2005 ; 

Gonzalez-

Tejero et al., 

2008) 
Leaf juice Drunk with milk 

and sugar 

Anti-rheumatic 

Cyprus Aerial parts Oral For alleviating mental 

disorders, 

musculoskeletal, CNS 

and cardiovascular 

diseases  

(Della et al., 

2006; 

Gonzalez-

Tejero et al., 

2008) 

Spain Seeds Oral Respiratory problems, 

cough, anorexia, 

spermatorrhea, hot 

fevers  

(Al-Zahrawi, 

2004; Carrio 

and Valles, 

2012) 

Seeds External Aphtha, anosmia, 

hoarseness 

Aerial parts Oral Cough, intestinal 

ulcers, polyuria, 

infertility caused by 

excessive heat, 

regulating blood 

pressure 

Aerial parts External Headache, meningitis, 

epistaxis, aphasia, 

gout, arthralgia 

United Arab 

Emirates 

(UAE)  

Aerial parts - Febrifuge (El-Ghonemy, 

1993) 

Oman Aerial parts - Febrifuge (El-Ghonemy, 
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1993) 

Saudi Arabia Aerial parts Oral, topical For the treatment of 

liver, gastrointestinal 

and inflammatory 

diseases  

(Al-Asmari, 

2014) 

Jordan  seeds Oral as a blood purifier and 

an aphrodisiac 

(Lev and 

Amar, 2002) 

Egypt Aerial parts, 

seeds 

Oral Curing hemoptysis, 

obsession, madness, 

bilious vomiting, 

inflammation of the 

stomach and liver, 

pain and stones of 

kidney and bladder, 

uterine and intestinal 

ulcers, nocturnal 

emissions, diabetes, 

worms,  hypertension 

(al-Nafis, 

1999) 

Aerial parts, 

seeds 

External/poultice Headaches caused by 

heat, toothache, tooth 

numbness, epistaxis, 

hot fevers, 

inflammations,  

hemorrhoids, 

excessive heat in chest 

organs, excessive 

thirst, warts, urticaria, 

erysipelas, anthrax and 

to prevent gangrene  

Somalia Whole plant Oral, topical Curing abdominal 

complaints, 

dysmenorrhoea, 

intestinal wounds, 

sinusitis, spastic 

paralysis, leprosy 

(Samuelsson et 

al., 1993) 

Nigeria   Muscular pains (Parry et al., 

1987) 

west  

Africa  

Juice and 

aqueous 

extract of the 

whole plant 

External Earache, toothache,  

swelling, boils and  

abscesses  

(Habtemariam 

et al., 1993) 
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Oral Vermifuge, diuretic  

 

Benin  Leaves - Leprosy (Bello et al., 

2013) 

North 

Cameroon  

Aerial parts Mastication induce salivation (Malzy, 1954a; 

Malzy, 1954b) 

Ivory Coast  Grinded 

twigs and 

leaves 

- To facilitate childbirth (Béné et al., 

2016) 

     

Morocco Aerial parts Oral  As an energizing food 

and salad and gastric 

tonic  

(Bachar et al., 

2016 ; Tanji 

and Nassif, 

1995; 

Benkhnigue et 

al., 2010) 

Greece Aerial parts Oral Curing high 

cholesterol 

(Albala, 2011) 

Aerial parts Tea/ oral curing sore throat, 

earache, diabetes, 

inflammations of the 

urinary system and 

high cholesterol level, 

Safe during pregnancy 

and lactation 

(Simopoulos, 

2004; Brussell, 

2004 ; 

Megaloudi, 

2005; Albala, 

2011 ) 

Italy Aerial parts Infusion, fresh 

leaves/ oral 

Head and stomach 

illnesses, intestinal 

worms, urinary 

inflammations, lizard 

bites, diuretic, 

reddened gums, 

scurvy, analgesic for 

gastric, intestinal and 

kidney pain, 

haemorrhoids, 

haemoptysis, mouth 

and gum ulcers, 

toothaches, raspy 

voice. As a febrifuge, 

anaphrodisiac, 

detoxifying and 

(Iserin et al., 

2001; Guarrera 

and Savo, 

2013; 

Guarrera, 

2003; De Feo, 

1992) 
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emollient agent  

 Infusion/external Skin rashes and 

pimples or boils 

Leaves Poultice headaches, gastric 

acid, eye 

inflammations, 

gangrene prevention 

Seeds and 

leaves 

Infusion, oral Dysentery and 

urogenital infections 

(Bosi et al., 

2009) 

India - Oral Diseases of the lungs, 

liver, kidneys, 

bladderand bowels, 

scurvy, asthma, 

leprosy, hemorrhoids, 

spitting of the blood 

and gastric 

inflammation and as a 

vegetable.   

 

(Nadkarni, 

1996; Anusha 

et al., 2011 ; 

Belcheff, 2012; 

- External Erysipelas, burns, 

scalds and various skin  

diseases 

Pakistan fresh aerial 

parts/ juice 

Oral/external For the treatment of 

urinary and 

gastrointestinal 

problems (such as 

diarrhea and 

dysentery), swelling 

joints, burning 

sensation, coughs, 

earache, skin 

infections, sores and 

burns. PA is believed 

to be depurative, 

febrifuge and cardiac 

stimulant.  

(Ullah et al., 

2013; Abbasi 

et al., 2015). 

Seeds demulcent, diuretic 

and vermifuge 

Afghanistan  seeds Oral As an antidiarrheal and 

for throat infection  

(Younos et al., 

1987) 
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Turkey leaves Oral To cure diarrhea, 

diabetes, headache, 

ulcers, urinary 

disorders and wounds.  

(Cakilcioglu 

and Turkoglu, 

2010) 

Australia Aerial parts  Curing scurvy, 

alleviating irritations 

and inflammations and 

as a diuretic and 

antibiotic 

(Belcheff, 

2012) 

America Aerial parts  Curing cold, gout, 

headache, 

stomachache, 

excessive menstrual 

flow, cough 

(Belcheff, 

2012 ; 

Chapman et 

al., 1973; Liu 

et al., 2000) 

Leaves Juice Inflammation of the 

male genitalia, as a 

vegetable 

Aerial parts Poultice Burns 

Leaves Infusion/liniment Stiff neck 

 Decoction Gonorrhea 

Seeds Boiled  Curing worms 

Dominica  - Oral intestinal worms  (Quinlan et 

al., 2003) 

Trinidad and 

Tobago 

Aerial parts Oral High blood 

cholesterol, shortness 

of breath 

(Lans, 2006) 

Columbia - External As an emollient,  to 

cure tumors, callosities 

(Belcheff, 

2012) 

 

Table 2. Main secondary metabolites have been isolated from P. oleracea. The numbers in the 

parenthesis refer to the chemical structures presented in figure 1. 

Class of 

compounds 

Chemical compound Part of plant Reference(s) 

Alkaloids Oleracein A (1) Whole plant (Xiang et al., 
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Oleracein B (2) 2005) 

Oleracein C (3) 

Oleracein D (4) 

Oleracein E (5) 

Oleracins I  Stems 

Oleracins II  Stems 

(3R)-3,5-bis(3-methoxy-4-

hydroxyphenyl)-2,3-dihydro-2(1H)- 

pyridinone (6) 

Aerial parts (Tian et al., 

2014) 

1,5-dimethyl-6-phenyl-1,2-dihydro-1,2,4-

triazin-3(2H)-one (7) 

Aerial parts 

Oleracone (8) Whole plant (Liang et al., 

2014) Trollisine Aerial parts 

 

 

 

Aurantiamide acetate 

Aurantiamide 

Scopoletin 

Dopamine Stems, leaves and 

seeds 

(Yue et al., 

2005) 

Noradrenalin Stems, leaves and 

seeds 

(Chen, Juan 

et al., 2003) 

Flavonoids Portulacanones A (9) Aerial parts (Yan et al., 

2012) Portulacanones B (10) 

Portulacanones C (11) 

Portulacanones D (12) 

Kaempferol Whole plant (Xu et al., 
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Apigenin 2006) 

Luteolin 

Myricetin 

Quercetin 

Terpenoids Portuloside A (13) Aerial parts (Sakai et al., 

1996) 

Portuloside B (14) (Seo et al., 

2003) 

 Portulene (15)  (Elkhayat, et 

al., 2008)  Lupeol 

 

 (3S)-3-O-(𝛽-D-Glucopyranosyl)-3,7-

dimethylocta-1,6-dien-3-ol (16) 

 (Seo et al., 

2003) 

(3S)-3-O-(𝛽-D-Glucopyranosyl)-3,7-

dimethylocta-1,5-dien-3,7-diol (17) 

(Seo et al., 

2003) 

(2α,3α)-3-{[4-O-(𝛽-D-Glucopyranosyl)-

𝛽-D-xylopyranosyl]oxy}-2,23-

dihydroxy-30-methoxy-30-oxoolean-12-

en-28-oic acid (18) 

(Xin, H.L. 

et al., 2008) 

 (2α,3α)-2,23,30-Trihydroxy-3-[(𝛽-D-

xylopyranosyl)oxy]olean-12-en-28-oic 

acid (19) 

 (Xin, H.L. 

et al., 2008) 

Friedelane (Xin, H.L. 

et al., 2008) 

Organic a-Linolenic acid Leaves (Simopoulos 
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acids 

 

 

 

Palmitic acid Leaves et al., 2005) 

Stearic acid Leaves (Palaniswamy 

et al., 2001) 

Oleic acid 

Linolenic acid 

Other 

compounds 

Portulacerebroside A (20) Aerial parts (Xin, H.-L. et 

al., 2008) 

Melatonin Leaves (Simopoulos 

et al., 2005) 

 

 

Table 3. Summary of pharmacological activities of Portulaca oleracea 

Activity  Dosage 

form/ type 

of extract 

Effective 

concentrat

ions/ 

dosages/ 

route of 

administr

ation 

Model Tested 

living 

system/

organ/c

ell 

Result Refer

ences 

Renoprotective 

activity 

Aqueous 

extract 

400 

mg/kg, p. 

o. 

Gentamici

n-induced 

nephrotoxi

city 

Rats Decreased plasma 

levels of urea, 

uric acid and 

creatinine 

(Hoza

yen et 

al., 

2011) 

Aqueous 0.2, 0.4 Cisplatin- Rats Decreased BUN (Kari
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and 

ethanolic 

extracts  

and 0.8 

g/kg. i.p./ 

0.5, 1 and 

2 g/kg, 

i.p. 

induced 

nephrotoxi

city  

and creatinine 

levels 

mi et 

al., 

2010) 

Aqueous 

extract  

300 

mg/kg/da

y, p.o. 

Diabetic 

nephropath

y  

Mice Decreased 

diabetic 

nephropathy by 

inhibition of renal 

fibrosis and 

inflammation/ 

suppressed NF-β 

p65 activation 

(Lee, 

A. S. 

et al., 

2012) 

Ethanolic 

extract  

100, 200 

and 400 

mg/kg/da

y for 15 

days, p.o. 

ethylene 

glycol and 

ammonium 

chloride 

induced 

calcium 

oxalate 

uroliths 

Rat Antiurolithiatic 

activity 

(Kish

ore et 

al., 

2013) 

Neuroactivity  Not defined The end 

concentrat

ions of 

the  

PO 

extract 

were 0%, 

5%, 10%, 

20% 

Hypoxia PC-12 

cells 

Increased the  

cell viability 

under hypoxia 

conditions 

(Wan

g et 

al., 

2007) 

Not defined 1 g/day. 

p. o. 

Hypoxia BALB/

c mice 

increased the 

level of ATP, 

lactate 

dehydrogenase 

(LDH), 

phosphofructokin

ase (PFK) and 

pyruvate kinase 

(PK) of hypoxic 

brain 

cortices/increased 

erythropoietin 

mRNA 

expression  

Ethanolic 

extract 

2 mg/kg, 

p. o. 

Hypoxia mice Stimulated 

erythropoietin 

expression at both 

mRNA and 

protein levels/ 

decreased the 

(Wan

yin et 

al., 

2012) 
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enolase levels and 

the activity of 

caspase-3 

Aqueous 

extract 

1.5 

mL/kg, p. 

o. 

Rotenone-

induced 

brain 

damage 

Rat inhibited 

dopamine 

metabolism and 

apoptosis 

induction in the 

striatum 

(Abde

l 

Monei

m, 

2013) 

Aqueous 

extract 

2.5 to 10 

mg/kg/da

y, s. c. 

D-

galactose 

induced 

neurotoxici

ty 

Mice Reversed 

reductions in 

crossing, 

rearing/leaning 

and grooming 

activities 

(Hong

xing 

et al., 

2007) 

Aqueous 

extract 

1.5 

mL/kg, 

p.o. 

Effect on 

neurotrans

mitters 

Rat Increased levels 

of serotonin, 

norepinephrine  

dopamine  

and acetyl 

cholinesterase in 

some parts of the 

brain 

 

(Mon

eim et 

al., 

2012) 

polysacchar

ides 

100, 200 

and 400 

mg/kg p. 

o. 

Forced 

swimming 

test 

Mice Increase the 

swimming time to 

fatigue of the 

mice 

(Xu 

and 

Shan, 

2014) 

Ethanolic 

extract 

200 

mg/kg, i. 

p. 

Pentylenet

etrazole-

induced 

convulsion 

Mice increase on the 

onset time of 

(Chan

, K et 

al., 

2000) 

Dried 

ethanolic 

extract 

1 g/day, 

p.o. 

Clinical 

trial 

Schizop

hrenic 

patients 

Reduced the 

mean score of 

positive and 

negative 

symptoms 

(Parvi

n et 

al., 

2013) 

Muscle  

relaxant effects 

Aqueous 

extract 

200-1000 

mg/kg, 

i.p. 

Pull- up 

test 

Rats Reduced pull-up 

time 

(Parry 

et al., 

1993) 

Metabolic 

effects 

Proteinous 

compounds  

of the 

aqueous 

extract 

77.5 

mg/kg, 

i.p. 

 Mice Decrease serum 

glucose, 

cholesterol, 

triglycerides and 

total lipids as well 

as glycogen level 

in liver 

(AL–

Chala

bi) 

Purslane/pu

mpkin seed 

2 g/100 g 

diet 

Hyperchol

esterolemic 

Rats 

 

has 

hypolipidemic, 

(Bara

kat 
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mixture  hypotriglyceride

mic and 

hypocholesterole

mic 

and 

Mahm

oud, 

2011) 

Aqueous 

extract 

300 mg/k

g/day, 

p.o. 

Diabetic db/db 

mice 

prevented the 

development of 

diabetic 

endothelial 

dysfunction 

(Lee, 

An 

Sook 

et al., 

2012b

) 

Seeds 500 mg, 

twice a 

day 

Clinical 

trial 

Dyslipi

demic 

patients 

Significantly 

reduced LDL-C 

and TG levels 

(Sabz

ghaba

ee et 

al., 

2014) 

Seeds  5g, p.o. Clinical 

trial 

Type 2 

diabete

s 

mellitus 

Notable 

hypoglycaemic, 

hypolipidaemic 

and insulin 

resistance reducer 

effects 

(El-

Sayed

, 

2011) 

Hepatoprotectiv

e effects 

Aqueous 

ethanol 

(80% v/v) 

0.01, 

0.05, 0.1, 

and 0.15 

g/kg 

CCl4-

induced 

hepatotoxi

city 

Rats 

 

restoring the 

levels of serum 

enzymes to 

normal 

(Eidi 

et al., 

2015) 

Abnormal 

uterine bleeding 

(AUB)    

 

seeds  

 

5 g Clinical 

trial 

Premen

opausal 

women 

with 

AUB 

The volume and 

duration of 

bleeding had 

reduced 

 

(Shob

eiri et 

al., 

2009) 

 

 

 




