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Abstract

  Portulaca oleracea L. (PO) or Purslane is an annu-
al grassy plant that is distributed in many parts of the 
world, especially the tropical and subtropical areas. PO 
has some pharmacological properties such as analgesic, 
antibacterial, skeletal muscle-relaxant, wound-heal-
ing, anti- inflammatory and a radical scavenger. This 
review article is focused on the anti-inflammatory, 
immuno-modulatory, anti-oxidant and anti-tumor ac-
tivities of the PO. Anti-inflammatory, immuno-modu-
latory, anti-oxidant and Anti-tumor effects of PO were 
searched using various databases until the end of Au-
gust 2018. The online literature was searched using Pu-
bMed, Science Direct, Scopus, Google Scholar and Web 
of Science. Our review showed that PO exerts its effects 
through anti-inflammatory properties and balancing 
the adaptive and innate immune system depending on 
situations. PO acts as immune-modulator and anti-ox-
idant agent in both inflammatory states by the dom-
inance of Th2 response such as asthma, cancer and 
atopic dermatitis and evoked Th1 disorders including 
hepatitis and multiple sclerosis.

1. Introduction

  Portulacaceae comprises 25–30 genera and between 
450–500 species that Portulaca is the largest genus in 
this family [1]. Portulaca oleracea L.(PO) is an annu-
al grassy [2] plant with a fleshy stem, succulent leaves, 
yellow or white small flowers and small black seeds. It 
is distributed in many parts of the world and especially 
the tropical and subtropical areas. Purslane has been 
widely used as a potherb in the Mediterranean, central 
European and Asian countries [4] and has been given 
the term Global Panacea [5]. Purslane is classified as 
a C4 plant, which is listed as one of the most useful 
medicinal plants [6]. It is used as a herbal medicine 
in many countries, acting as a diuretic, febrifuge, ver-
mifuge, antiseptic, anti-spasmodic and has pharma-
cological activities including analgesic, anti-bacterial, 
skeletal muscle-relaxant, wound- healing [7], anti-in-
flammatory [8], radical scavenger [2] and anti-convul-
sant [9]. Furthermore, it has been used for mitigating 
a wide range of diseases including gastrointestinal 
diseases, respiratory disorders, liver inflammation, 
kidney and bladder ulcers, fevers, insomnia, inflam-
mations and headaches [4]. Moreover, PO is known to 
regulate the lipid and sugar metabolism in the body [6].
The stems and leaves of the purslane are edible and 
have a taste similar to spinach. The aerial parts of this 
plant in medicine are used to reduce pain and swelling 
as well as an antiseptic. In China, the dried plant can 
be boiled and used to prepare tea or soup. The aque-
ous extract of this plant did not show any cytotoxicity 
or genotoxicity. For this reason, the purslane plant is 
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considered a safe daily vegetable. The methanolic extract 
of this plant had shown anti-microbial activity against Ba-
cillus subtilis [10].

PO is a plant with good nutritional and medicinal poten-
tials that can be used as animal feed and food processing 
industry [11]. It has been demonstrated that about 10% of 
PO ethanolic extract had anti-inflammatory and analgesic 
activity in comparison with synthetic drugs [12]. The leaves 
and seeds of purslane can be used orally or applied topi-
cally to mitigate skin allergy [13].

In this study, we aimed to review the anti-inflammatory, 
anti-oxidant, immune-modulatory and anti-tumor prop-
erties of PO.

2. Materials Methods

 The online literature was searched using PubMed, Sci-
ence Direct, Scopus, Google Scholar and Web of Science. 
Anti-inflammatory, Immuno-modulatory, Anti-oxidant 
and Anti-tumor effects of PO were searched using vari-
ous databases until the end of August 2018. The following 
keywords were used for the current study: anti-inflamma-
tory, anti-oxidant, anti-tumor, immuno- modulatory, in-
flammation, oxidative stress, different scientific, common 
name of Portulaca oleracea and Purslane, respectively.

2.1. Phytochemistry

  Previous studies have shown that PO possess many bio-
active compounds such as flavonoids, coumarins, mono-
terpene glycoside [12], phenolic compounds [14], fatty 
acids as well as alpha- linolenic acid (Omega-3), alkaloids 
[2], vitamins, minerals and some other compound [15] 
which are listed in figure 1.
  Flavonoids are one of the most abundant and important 
active constituents of PO. Kaempferol and apigenin have 
been mainly isolated from leaf and stem [16]. Also, Lute-
olin, myricetin, quercetin [16], genistein and genistin [17] 
have been derived from the whole plant. Portulacanones 
A, portulacanones B, portulacanones C, portulacanones 
D and 2,2’-Dihydroxy- 4’,6’-dimethoxychalcone have been 
isolated from aerial parts of PO [18].
  Several alkaloids have been isolated from different parts 
of PO. Dopamine [19], noradrenalin [20] and DOPA are 
major alkaloids found in stem, leaf and seeds of PO [21]. 
Oleraceins A, oleraceins B, oleraceins C, oleraceins D, ol-
eraceins E and adenosine have been derived from whole 
plant and oleracins I and oleracins II mainly found in 
PO stem [21]. Other alkaloids have been insulated from 
aerial parts of PO including N-trans-Feruloyltyramine, 
(7’R)-N-Feruloylnormetanephrine, 1,5-Dimethyl-6-phe-

Figure 1  Chemical Constituents of PO
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nyl-1,2-dihydro-1,2,4-triazin-3(2H)-one, (3R)-3,5-Bis(3-
methoxy-4-hydroxyphenyl)-2,3-dihydro-2(1H)-pyrid-
inone [22],Thymine,Uracil, N-cis-Feruloyltyramine, 
N-trans-Feruloyloctopamine, N-cis-Feruloyloctopamine 
[18], Trollisine, Aurantiamide, Aurantiamide acetate, Cyclo   
(L-tyrosinyl-L-tyrosinyl),1,5-Dimethyl-6-phenyl-1, 6, 3, 4-tet-
rahydro-1,2,4-2(1H)-triazin [23] and Scopoletin [24].
Different terpenoids have been isolated from aerial parts 
of PO such as Portuloside A [25], Portuloside B, (3S)-3-O 
O-(𝛽-D-Glucopyranosyl)-3,7-dimethylocta-1,6-dien-3-ol 
(34), (3S)-3-O-(𝛽-D-Glucopyranosyl)-3,7-dimethylocta-1, 
5-dien-3,7-diol (35) [26], Portulene, Lupeol [27], (2a,3a)-2, 
23, 30-Trihydroxy-3-[(𝛽-D-xylopyranosyl)oxy]olean-12-en-
28-oic acid and Friedelane [28].
   It has been demonstrated that PO possesses several min-
erals such as phosphorus, iron, manganese, calcium and 
copper in root, stem and leaf [29] and zinc, selenium and 
magnesium in its leaf [30].
 Furthermore, various vitamins have been found in PO 
leaf including vitamin A, riboflavin, niacin, pyridoxine, vi-
tamin C, folates, pantothenic acid and thiamin [30] as well 
as hesperidin [31] and α-tocopherol [32].
  Omega-3 fatty acids pertain to polyunsaturated fatty ac-
ids that could not be synthesized by human bodies. There-
fore, they should be utilized from dietary sources. Fish is 
considered the richest source of omega-3 fatty acids with 
high cholesterol. However, it has been revealed that PO is 
the richest vegetable origin of essential omega-3 fatty acids 
with no cholesterol, especially alpha-linolenic acid (ALA) 
[30]. Different fatty acids have been isolated from PO such 
as 3-Quinolinecarboxylic acid, Indole-3-carboxylic acid 
[18] and caffeic acid in aerial parts, docosapentaenoic 
acid [30], eicosapentaenoic acid, docosahexaenoic acid 
and catechol in stem [33]. Furthermore, it possesses a-Li-
nolenic acid [34], linoleic acid [30], palmitic acid, stearic 
acid, oleic acid [32] and oxalic acid [35] in leaf as well as 
p-Coumaric acid and ferulic acid in whole plant [21].
 Furthermore, PO contains acidic pectic polysaccharides, 
neutral arabino galactan, arabinoglucomannans and starch 
[36]. It has been reported that polysaccharides isolated from 
PO show different biological activities, such as anti-cancer, 

anti-oxidant, anti-inflammatory and immunity enhancing 
properties [15].

2.2. Anti-Inflammatory Activity

 Inflammation is known as one of the protective effects 
against harmful stimuli. If this condition becomes chron-
ic, inflammation by own causes the cell and tissues inju-
ries. Two alkaloids isolated from the PO, oleracone and 
oleracimine, have revealed significant anti-inflammato-
ry effects on LPS-stimulated macrophages. These com-
pounds remarkably prevent nitric oxide (NO) production.   
 Moreover, they significantly diminished the secretion 
of interleukin 6 (IL-6), tumor necrosis factor α (TNF-α), 
NO and prostaglandin E2 as well as mRNA cyclooxygen-
ase 2 and inducible nitric oxide synthase [37]. Kim et al 
suggested that mRNA expression of the inflammatory fac-
tors including TNF-α and IL-1𝛽 is suppressed by PO in a 
dose-dependent manner, while the expression of COX-2 
remained unchanged in LPS-stimulated AGS gastric can-
cer cells [38].
  Lee et al indicated that pretreatment with the PO aque-
ous extract has an important role in suppression of TNF-
α-induced intracellular reactive oxygen species (ROS) 
over-production, overexpression of intercellular adhesion 
molecule-1 (ICAM-1), vascular cell adhesion molecule- 1 
(VCAM-1) and E-selectin in human umbilical vein en-
dothelial cells (HUVECs) in a concentration-dependent 
manner. Moreover, it prevented the adhesion of HL-60 
cells to TNF-α- induced HUVECs and TNF-α-induced 
mRNA expression of IL-8 and monocyte chemoattract-
ant protein-1 (MCP-1). Moreover, aqueous extract of PO 
inhibited the translocation of NF-κB to the nucleus and 
NF-κB binding in HUVEC cells. In conclusion, it has been 
demonstrated that aqueous extract of PO possesses an-
ti-vascular inflammatory effects and it could be effective 
in the prevention and treatment of vascular inflammatory 
diseases [7].
  Hypoxia is related to many physiological and patholog-
ical cases such as pulmonary diseases. It can enhance 
the ROS production in mitochondria, which is the major 

Table 1 Summary of the anti-inflammatory effects of Portulaca oleracea.
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material of oxidative stress. Hypoxia may cause a loss of 
balance between oxidant and anti-oxidant levels and lead 
to lung inflammation [39]. Yue et al demonstrated that 
prophylactic administration of ethanolic extract of PO 
decreased the vascular permeability and prevented the 
NF-κB up-regulation following hypoxia-induced pulmo-
nary edema in the mouse. Furthermore, ethanolic extract 
of PO alleviated the levels of pro-inflammatory cytokines 
(IL-1𝛽 and TNF-α) and cell adhesion molecules (ICAM-
1, VCAM-1 and P-selectin) in the lungs of mice in com-
parison to the hypoxia group. They suggested that ethanol 
extract of PO has effective and protective activities against 
pulmonary edema and hypoxia in the lung of mice [12].
  Purslane has a water-soluble polysaccharide which is 
called CPOP (crude PO polysaccharide). In recent years, 
several studies have reported that cytokine-mediated in-
flammation is responsible for the pathogenesis of type II 
diabetes mellitus. Some inflammatory cytokines includ-
ing TNF-α and IL-6 have involved in the causality of insu-
lin resistance and increase the risk of microvascular dys-
function in type II diabetes. CPOP significantly decreased 
TNF-α and IL-6 level in diabetic rats as well as SOD and 
MDA. These results indicate that the anti-diabetic effect 
of CPOP may be related to anti-oxidant and anti-inflam-
matory effects [6]. Furthermore, it has been revealed that 
omega-3 fatty acids in PO leave possess strong anti-in-
flammatory properties [40]. All anti-inflammatory effects 
of PO are summarized in Table 1.

2.3. Anti-oxidant Activity

 There are many studies indicating the protective effects 

of PO could be through its anti-oxidant activity (Table 
2). Proline and betalain pigments which are produced in 
Purslane showed anti-oxidant properties and protect the 
plant against saline stress [41]. PO is the main source of 
anti-oxidant vitamins such as α-tocopherol, ascorbic acid, 
𝛽-carotene and glutathione. Dkhil et al evaluated the an-
ti-oxidative effects of PO aqueous juice in adult male 
Waster albino rats. The results revealed that oral admin-
istration of PO juice reduced the liver function tests (ALT, 
AST, γ-GT and ALP) and kidney function tests (the levels 
of urea, serum creatinine and blood urea nitrogen). More-
over, PO juice augmented the levels of superoxide dismu-
tase (SOD), catalase (CAT), glutathione peroxidase (GPx), 
glutathione-S-transferase (GST), glutathione reductase 
(GR), glutathione (GSH) as well as diminished MDA and 
NO in liver, kidney and testis of rats [11].
  Aging is associated with a progressive reduction in im-
mune activity or immunosenescence. In fact, aging is the 
result of endogenous oxygen radical accumulation that 
is produced by oxidative changes of biomolecules [42]. 
Ahangarpour et al appraised the effect of PO on the re-
productive system of D-galactose aged female mice. They 
reported that D-galactose significantly enhanced the LH 
and FSH level and MDA content, decreased estrogen and 
progesterone level as well as SOD and CAT activities. PO 
markedly reversed these changes and improved aging in-
duced by D-galactose [42].
  Gai et al showed that purslane seed oil (PSO) exhibits a 
significant dose-dependent in-vitro anti-oxidant activity 
and inhibits the oxidation of horse oil lipids during stor-
age. Moreover, PSO notably prevented tumor cell growth 
in cervical cancer HeLa cells, esophageal cancer Eca-109 

Table 2  Summary of the anti-oxidant effects of Portulaca oleracea.



http://www.journal.ac 011Journal of Pharmacopuncture 2019;22[1]:007-015

cells and breast cancer MCF-7 cells [13]. Several studies 
reported a positive correlation between the antioxidant 
activity in plants and the total content of phenolic com-
pounds [10]. Pieces of evidence suggest that active oxygen 
species play a role in the pathogenesis of diabetes and its 
complications. There is a direct correlation between oxi-
dative stress and diabetes. SOD, as an intrinsic anti-oxi-
dant, reduces the toxic effects of oxygen radicals. MDA is 
a sensitive indicator of the metabolic rate of free radicals. 
CPOP reduced the MDA and SOD activities in the liver tis-
sue of streptozotocin-induced diabetic rats. Therefore, the 
anti-diabetic effect of CPOP is associated with its anti-ox-
idant effect [6].
  Kaveh et al measured the effects of 70% hydro-ethanolic 
PO extract (1, 2 and 4 mg/mL) and alpha-linolenic acid 
(ALA, 0.2 and 0.4 mg/mL), as one of the main constituents 
of PO, on serum oxidant levels and inflammatory cells in 
ovalbumin (OVA)+Al(OH)3 –induced asthma in rats. The 
results of this study revealed that PO extract and ALA re-
duce the NO2, NO3 and MDA, serum levels, total WBC 
number and percentages of eosinophil and neutrophil. 
Furthermore, it propagated SOD, CAT and thiol levels fol-
lowing OVA+ Al (OH) 3 –induced asthma. The anti- oxi-
dative and anti-inflammatory effects of PO and ALA were 
comparable with dexamethasone (1.25 μg/mL) [43].
  Behravan et al figured out the effects of aqueous and 
ethanolic extract of PO on H2O2- induced DNA damage in 
human lymphocytes. The results of this study demonstrat-
ed that aqueous extract of PO significantly inhibited DNA 
damage by comet assay, while this effect was not present 
in its ethanolic extract. They suggested that PO aqueous 
extract could prevent oxidative DNA damage to human 
lymphocytes probably because of the anti-oxidant com-
ponents contained in the PO [44].

2.4. Immuno-modulatory Activity

 There are several studies notion the immuno-modulato-
ry properties of PO which summarized in Table 3. In this 
context, Costa et al demonstrated that ethyl acetate and 
chloroform extracts of Portulaca werdermannii and Por-
tulaca hirsutissima encompass potent immuno-modula-
tory activities. They showed that all four tested extracts in-
hibited the proliferation induced by concanavalin A (Con 
A) in BALB/c-isolated splenocytes [1].
  Recently, Askari et al. evaluated the effects of PO hy-
dro-ethanolic extract Th1/Th2 balance on the isolated hu-
man lymphocytes. As results, PO (160, 40 and 10 μg/ml) 
meaningfully alleviates the percentage of cell prolifera-
tion, NO production and cytokines (IL-4, IL10 and IFN-γ) 
secretion in PHA-stimulated lymphocytes. Moreover, Th1/
Th2 (IFN-γ/IL-4) and Treg/Th2 (IL-10/IL-4) balances were 
propagates following PHA-induced stimulation in human 
isolated lymphocytes. These data emphasized the anti-in-
flammatory properties of PO [2].
  Georgiev et al showed that polysaccharide complexes 
(PSCs) isolated from the aerial parts of PO possess im-
munomodulatory properties on human white blood cells. 
These polysaccharides stimulated CD4+ cells, while they 
did not induce CD20+ cells that represent the population 
of B cells. Furthermore, they activated the CD25+ cells 
that are related to both B and T cells. PO polysaccharides 
exhibited activity on CD4+ / CD25+ and CD8+ / CD25+ T 
cells that are responsible for regulating the immune re-
sponse in autoimmune and tumorigenic diseases. In ad-
dition, they activated phagocytes that are involved in the 
first mechanism of innate defense and the process of in-
flammation and, as a result, stimulate the activity of the 
immune system. Moreover, PO polysaccharides express 

Table 3  Summary of the immuno-modulatory effects of Portulaca oleracea.
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activity on CD14+ cells or monocytes as well as enhanced 
IL-6 produced from white blood cells. CD14 proteins in-
herent in the immune response are expressed in phago-
cytes, while CD4+ and CD8+ are mainly related to T-cells 
and immune-compatibility. They have a positive effect 
on the immune system and have a negative effect on in-
flammation. PO polysaccharide compounds also have an 
immuno-modulatory activity on the gastrointestinal tract. 
They showed intestinal immuno-modulatory activity by 
interacting with immune cells in Peyer’s patch (PP) cells 
from the small intestine of mice. Although the polysac-
charides are slightly absorbed, their connection with epi-
thelium could lead to immuno-modulation of the under-
lying immuno-competent cells [36].
  Li et al evaluated the anti-oxidant and immuno-enhanc-
ing activities of Purslane polysaccharides (PPs) following 
N-methyl-N-nitro-N-nitrosoguanidine (MNNG) -induced 
gastric cancer in rats. The results of this study revealed 
that PPs markedly protect against oxidative stress induced 
by MNNG through appended SOD, CAT and GSH-Px level 
in gastric cancer rats. Furthermore, PPs treatment signif-
icantly raised the body weight, lymphocyte proliferation, 
WBC count and splenocytes proliferation of gastric cancer 
rats. Moreover, the release of serum cytokines such as IL-
2, IL-4 and TNF-α were raised in gastric cancer rats fol-
lowing PPs treatment. .It is concluded that the PPs execute 
its anti-tumor activity through improving immunologic 
function and oxidative status of gastric cancer rats [45].
 Boskabady et al evaluated the anti-inflammatory and 
immuno-modulatory effects of PO in asthmatic rats. The 
results revealed that PO notably and dose-dependent-
ly attenuates the levels of total protein (TP), phospholi-
pase A2 (PLA2) and IgE in broncho-alveolar lavage fluid 
(BALF) of asthmatic rats. Moreover, the anti-inflammato-
ry and immuno-modulatory effects of PO were equal or 
stronger than dexamethasone treatment [46]. In another 
study, it has been suggested that pumpkin/purslane seed 
mixture markedly mitigates the lipid parameters as well 
as improves IgG and IgM levels in hypercholesterolemic 
rats which represents the anti-atherogenic and immuno- 
modulatory properties of PO [47].

  Catap et al measured the immuno-modulatory effects of 
PO ethyl acetate (EA) extract on cyclophosphamide-in-
duced immuno-suppression in mice. The results sup-
ported that EA extract of PO possesses immuno-activity 
through elevated phagocytosis and higher proliferative 
response in splenic lymphocytes which emphasized the 
immuno-modulatory properties of PO [48].

2.5. Antitumor Activity

  Previous studies showed that traditional medicine could 
be a promising source of potential anti-cancer drug 
therapy (Table 4). Some of the compounds found in PO 
including omega-3 fatty acids and in particularly ALA 
are considered as tumor suppressants [41]. It has been 
demonstrated that PO polysaccharides bear anti-tumor 
activities through strengthening the immune system [36]. 
In addition, polysaccharides also have anti-viral and an-
algesic activities [41]. Shen et al proved that PO polysac-
charides inhibit the tumor growth in animal models and 
increase animal immunity. Treatment with these polysac-
charides enhanced the amount of CD4+ T lymphocytes, 
WBC numbers and the ratio of CD4+/CD8+ in the periph-
eral blood of transplantable sarcoma 180 mice. Further-
more, PO polysaccharides decreased the tumor growth, 
AST, ALT, BUN and creatinine levels in S180-bearing mice. 
Therefore, it can be concluded that the anti-tumor effect 
of PO polysaccharides is related to its immuno-stimulat-
ing activities [49].
  Farshori et al figured out the anti-cancer properties of PO 
seed extract on the human hepatocellular carcinoma cells 
(HepG2). The results of this study revealed that PO remark-
ably mitigates the HepG2 cell viability in a dose-depend-
ent manner. Furthermore, PO seed extract diminished the 
typical morphology and adhesion capacity of HepG2 cells.  
It is concluded that PO possesses anti-cancer properties 
in HepG2 cells [50].
It has been emphasized that PO polysaccharides notably 
scavenge superoxide anion, 1, 1-diphenyl-2-picrylhy-
drazyl (DPPH (-)), NO and hydroxyl radicals. Moreover, 
PO polysaccharides prevented the red blood cell (RBC) 

Table 4  Summary of the anti-tumor effects of Portulaca oleracea.
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hemolysis as well as propagated the spleen, thymocyte 
T and B lymphocyte proliferation isolated from rats with 
ovarian cancer [51]. Chen et al evaluated the cytotoxicity 
effects of sulfated derivatives of PO polysaccharide (POP) 
on liver (HepG2) and cervical (HeLa) cancer cell lines. The 
results showed that POP sulfated derivatives suppressed 
the growth of HeLa and HepG2 cells. It could be conclud-
ed that the sulfating of POP raises its toxicity for tumor 
cells [52].
  It has been also demonstrated that other bioactive com-
pounds in PO including alkaloids, homoisoflavonoids 
and cerebrosides possess in-vitro cytotoxic effects against 
human cancer cell lines. Zheng et al suggested that Por-
tulacerebroside A (PCA), a novel cerebroside compound 
isolated from PO, reduces the viability of human liver can-
cer HCCLM3 cells. Additionally, PCA markedly elevated 
the percentage of apoptotic cells, the phosphorylation 
of p38 MAPK and JNK, the release of mitochondrial cy-
tochrome c and AIF to the cytosol as well as activation of 
caspase-9 and caspase-3 [53]. These studies emphasized 
that PO could be a good candidate for cancer treatment.

3. Conclusion

  The results indicated that PO significantly inhibits the tu-
mor cell growth in a time- and dose- dependent manner. 
Additionally, these studies suggest that PO may exert its 
effects through anti- inflammatory properties and balanc-
ing the adaptive and innate immune system depending 
on situations. As mentioned previously, PO can inhib-
it the inflammatory states by the dominance of Th2 re-
sponse such as asthma, cancer and atopic dermatitis and 
modulate this imbalance toward Th1 response. In con-
trast, the results showed that PO modulates the evoked 
Th1 disorders including hepatitis and multiple sclerosis. 
Taken together, PO is known as immuno-modulatory and 
anti-oxidant medicinal herb, which may be introduced for 
the treatment of many immunological based disorders. 
In addition, it could be used as a substitute for synthetic 
anti- oxidant in food preservation and may be potential-
ly useful as a food and cosmetic ingredient. Meanwhile, 
the oxidative stress can cause hyper-sensitivities, so PSO 
is expected to develop a health care product for the pre-
vention and mitigation of hyper-sensitivities symptoms. 
PSO is expected to show superior anti-oxidant activity 
and anti-tumor effects due to its high omega-3 fatty acid 
content. Thus, it is a good candidate as both a healthy food 
and cosmetic ingredient.
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