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Medicinal herbs are widely used in the both traditional and modern medicines. Thymus vulgaris (T. vulgaris),
Zataria multiﬂora (Z. multiﬂora), and Portulaca oleracea (P. oleracea) have been traditionally known as medicinal
herbs. In this article, immune-modulatory eﬀects of T.s vulgaris, Z. multiﬂora, and P. oleracea and their constituents,
are reviewed. To this end, relevant articles, books, and conference papers published in English, until the end of
September 2020, were retrieved from Web of Science, PubMed, Scopus and Google Scholar databases. Based on
the literature, T. vulgaris and thymol reduced IL-6, IL- 1𝛽 and tumor necrosis factor 𝛼 (TNF𝛼) at both gene and
proteins levels. Z. multiﬂora and carvacrol increased serum levels of IFN-𝛾 but reduced IL-4 levels. P. oleracea
and quercetin decreased T helper 2 (Th2)/Th1 and Th2/ regulatory T cells (Tregs) ratios by inducing IL-10
but suppression of IL-4. Together, these medicinal plants might be considered for the treatment of conditions
associated with immune-dysregulation such as asthma and cancer.

1. Introduction

Thymus vulgaris (T. vulgaris), Zataria multiﬂora (Z. multiﬂora), and Portulaca oleracea (P. oleracea), have been traditionally known as medicinal
herbs with anti-inﬂammatory and immunomodulatory eﬀects.
T. vulgaris has been traditionally used for inﬂammation-related diseases such as rheumatism, muscle swelling, insect bites, pains and cold
[6]. Z. multiﬂora has been used traditionally as an esthetic, antispasmodic [7], antiseptic, antidiarrheal and analgesic herb [8] and has been
given for treatment of dyspepsia, bloating [9], vomiting, headache, migraine, premature labor pain, and common cold [10]. P. oleracea has
been used for alleviating various diseases including respiratory diseases,
gastrointestinal problems, kidneys and bladder ulcers, fevers, insomnia,
and headaches in Iranian traditional medicine [11]. P. oleracea (MaChi-Xian, in Chinese) is widely grows in China and has been used as a
Chinese traditional medicine for over 1000 years. The anti-virus, antibacterial, anti-antherasis, anti-caducity and enhancement of immunity
properties of this plant were reported [12].

Traditionally, it is known that some medicinal plants’ products possess immune-regulatory properties [1]. It was indicated that about 64%
of the world population use herbal remedies for treatment of various
disorders [2] and nearly 50% of synthetic drugs are derived from phytochemicals [3]. It has been known that some medicinal plants and
their bioactive components possess immune-regulatory properties [1]. It
has been also reported that some biochemical compounds that derivate
from herbs such as, hydroxylated phenols and ﬂavonoids are eﬀective
against infections [4]. Dysregulation of the immune system has been
known as the main cause of many diseases where management of immune responses is regarded as a therapeutic strategy. Some medicinal
herbs might aﬀect the functions of the immune system by modulation
of immunoglobulins and cytokines production/release, immune cells activities and cellular receptor expression [5].

Abbreviations: ATS, American Thoracic Society; BAL, Broncho-alveolar lavage; COPD, Chronic obstructive pulmonary disease; DCs, Dendritic cells; EGF, Epidermal
growth factor; EPO, Eosinophil peroxidase; FOXP3, Forkhead box P3; IFN-𝛾, Interferon-gamma; Ig, Immunoglobulin; IL, Interleukin; MCP-1, Monocyte chemotactic
protein 1; MPO, Myeloperoxidase Oregano Origanum vulgare; OVA, Ovalbumin; PFT, Pulmonary function tests; SAC, Small airway cell; SLE, Systemic lupus erythematosus; STZ, Streptozocin; TCD, The surface protein (CD) of T helper cells; Th, T helper cell; TNF-𝛼, Tumor necrosis factor-𝛼; Tregs, Regulatory T cells; VEGF,
Vascular endothelial growth factor.
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4. Traditional and pharmacological eﬀects of T. vulgaris

Regulation of the components of the immune system such B and T
lymphocytes and macrophages and their interactions, is deﬁned as immunomodulation [13] and treatment of diseases by generating or enhancement of an immune response against diseases is deﬁned as immunotherapy [14]. Cytokines are small nonstructural proteins that are
classiﬁed as interleukins (IL), interferons (IFN), and tumor necrosis factors (TNF), and they exert multiple eﬀects in diﬀerent organs [15]. Immune mediators have been implicated in a variety of infections and
immune system-aﬀecting disorders where they cause their eﬀects via
both pro-inﬂammatory and anti-inﬂammatory mechanisms. The proinﬂammatory cytokines are IL-1𝛽, IL-6, IL-8, IL-12, IL-17, and TNF-𝛼,
and anti-inﬂammatory cytokines include IL-1 receptor antagonist (IL1Ra), IL-10, IL-11, and IL-13 [16]. The pathogenic roles of some cytokines in a heterogenic autoimmune inﬂammatory disease such as systemic lupus erythematosus (SLE), were shown [16]. The roles of Th2
cytokines such as IL-4 in the pathogenesis of asthma, were also reported
[17].
It was reported that Th17 cells secrete IL-17 and at lower levels, TNF𝛼 and IL-6. Based on the available evidence, over-production of IL-17 is
a determining factor for asthma severity [18]. Also, IL-5 as a Th2 cytokine is involved in asthma pathogenesis and its level correlates with
the condition’s severity. In asthma remission, the following two events
may occur: 1) increased production of Th1 cytokines such as IFN-𝛾, and
2) augmented production of inhibitory or regulatory cytokines, such as
IL-10 [19]. Also, IL-6 and IL-4 were shown as the major contributor
to development of asthma and chronic obstructive pulmonary disease
(COPD), [17,20]. TNF-𝛼 was also shown to play a critical role in the airway pathology in asthma, especially in refractory asthma [21]. Overall,
it could be noted that IL-4, IL-5, and IL-13 contribute to asthma pathology and IL-17 and IL-23 are involved in development of airways inﬂammation [22,23]. TNF-𝛼 also suppressed eosinophil recruitment and
ameliorated airway hyper-responsiveness in sensitized guinea pigs and
could repress IL-1𝛽-induced intercellular adhesion molecule-1 (ICAM-1)
expression [24].
Considering the growing public attention toward herbal medicine
[25], the present comprehensive review was prepared to qualitatively
and quantitatively assess immunomodulatory properties of P. oleracea,
T. vulgaris, and Z. multiﬂora and their bioactive constituents.

T. vulgaris (thyme) belong to the Lamiaceae family which widely
grown in southern Europe and western Mediterranean as an aromatic
plant [29]. In the traditional medicine, T. vulgaris has been used as
a herbal medicine and also as a culinary herb [30] for antiseptic, antimicrobial, and antioxidative properties [30, 31]. T. vulgaris oil contain
combination of monoterpenes, natural terpenoid thymol and phenol isomer carvacrol, which showed antibacterial, anti-oxidative, antitussive,
and antispasmodic eﬀects [32, 33]. The constituents of T. vulgaris are
shown in Table 1.
4.1. Immuno-modulatory eﬀects of T. vulgaris
Dietary supplementation with T. vulgaris essential oil (5000 ppm,
p.o.) resulted in reduction of macroscopic and microscopic scores of
colitis as well as inhibition of IL-1𝛽 mRNA expression in mouse colon
[34]. Treatment with a mixture of crushed Pimpinella anisum (P. anisum),
Nigella sativa seeds and T. vulgaris improved antibodies titer in infectious bronchitis and infectious bursal disease in vaccinated and nonvaccinated male broilers on day 21 and 42. In addition, this treatment
enhanced lymphocytes and monocytes counts of vaccinated broilers
[35].
Aqueous extract of T. vulgaris (0.01–200 μg /ml) decreased the proliferation of mitogen-stimulated lymphocytes and T-cells but increased
CD40 expression in dendritic cells (DCs). Although the extract did not
inﬂuence the pattern of IFN-𝛾 and IL-4 cytokines secretion by T helper
(Th) cells, it suppressed allogenic T-cells proliferation [36]. In another
study, the extract (5, 15 and 25 𝜇g/ml) signiﬁcantly reduced gene and
protein expression levels of pro-inﬂammatory cytokines such as TNF-𝛼,
IL-1𝛽, and IL-6, but increased those of IL-10 as an anti-inﬂammatory
cytokine in stimulated THP-1 macrophages [37].
4.2. Immuno-modulatory eﬀects of thymol
It has been reported that polyphenolic compounds are able to modulate immune responses [38]. In an in vivo study, it was found that
leukocytes count was signiﬁcantly increased following oral administration of thymol (100, 200 and 400 mg/kg) comparable to the eﬀects of
indomethacin (5 mg/kg, p.o.) and celecoxib (10 mg/kg, p.o.), 4 h after
carrageenan injection (200 𝜇g, i.p.) in mice [39].
Oral administration of thymol (4–16 mg/kg, p.o.) 1 h before ovalbumin (OVA) sensitization, inhibited recruitment of total and diﬀerential
inﬂammatory cells in the broncho-alveolar lavage ﬂuid (BALF) and reduced the level of OVA-speciﬁc immunoglobulin (Ig)E in the serum of
female BALB/c mice. Pretreatment with thymol also decreased BALF levels of IL-4, IL-5, and IL-13 as Th2 cytokines. Moreover, thymol markedly
reduced airway responsiveness to inhaled methacholine and suppressed
pathological changes including airway hypersecretion of mucus and
goblet cell hyperplasia in the lung tissues of OVA-sensitized mice [40].
Administration of thymol (20–80 mg/kg, i.p., 1 h after administration of
LPS given for lung injury induction) signiﬁcantly attenuated histopathological changes including alveolar wall thickness and lung edema, and
increased the level of inﬁltrated inﬂammatory cells in a dose-dependent
manner, in male BALB/c mice. Treatment with thymol also inhibited
TNF-𝛼, IL-6 and IL-1𝛽 production in the BALF of mice. Furthermore,
thymol reduced myeloperoxidase (MPO) activity and malondialdehyde
(MDA) content in the lung tissue. In addition, LPS increased I𝜅B𝛼 and
p65 NF-𝜅B phosphorylation compared to the control group while thymol signiﬁcantly inhibited LPS-induced NF-𝜅B activation [41].
Production of TNF-𝛼 and IL-6 in LPS-stimulated mouse mammary epithelial cells was signiﬁcantly inhibited by thymol (10, 20,
and 40 𝜇g/ml) and the expression of COX-2 and iNOS genes was
suppressed dose-dependently. Phosphorylation of extracellular signalregulated protein kinase (ERK), c-Jun N-terminal kinase (JNK), NF-𝜅B,

2. Methods
The immunomodulatory eﬀects of P. oleracea, T. vulgaris, and Z.
multiﬂora and their bioactive constituents shown by pre-clinical (in
vitro and in vivo) and clinical studies are presented in this article.
Relevant information was collected from articles that reported the effects of the above-noted medicinal herbs and their constituents on
pro-inﬂammatory cytokines, and T helper 1 (Th1)/Th2 balance, in
English, were included. For this purpose, keywords “immunomodulation”, "immunoregulation" OR "immune system" AND "Thymus vulgaris",
"Zataria multiﬂora", "Portulaca oleracea", "monoterpenes", OR "phenolic
compounds " were searched in scientiﬁc databases including Web of Science, PubMed, Scopus and Google Scholar until the end of September
2020.
To quantiﬁed the eﬀects of the studied herbs and their constituents
on Th1/Th2 balance, the maximum eﬀect of each plant extract, fraction and constituent on IL-4 and IFN𝛾 levels and IFN-𝛾/IL-4 ratio was
calculated for a concentration of 10 μg/ml and compared.
3. Immunomodulatory eﬀects of the herbs
T. vulgaris, Z. multiﬂora, and P. oleracea, are among the most
commonly-used medicinal plants of Persian traditional medicine. Traditionally, these plants have been used as food additives/spices and for the
treatment of diﬀerent diseases which their immuno-modulatory were reported [26-28].
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Table 1
The reviewed medicinal plants and their active components .
Plant

Compounds

Ref.

Thymus vulgaris
Zataria multiﬂora
Portulaca oleracea

Thymol, 𝛼-Thujane, 𝛼-Terpinene, (E)-𝛽-Olimene, Bornyl acetate, piperitinene oxide
Carvacrol, Thymol, PARA-cymene and 𝛾-terpinen
Flavonoids (kaempferol, apigenin, myricetin, and portulacanones A, B, C and D), alkaloids (opleraceins A, B, C, D and E), fatty acids,
terpenoids (portuloside A and B), polysaccharides, and vitamins

[101]
[102, 103]
[104]

inhibitor protein of NF-𝜅B (I𝜅B𝛼) and p38 mitogen-activated protein
kinases (MAPKs) was inhibited by thymol in LPS-stimulated cells [42].
Topical treatment with thymol (500, 600 and 750 𝜇M) increased
IL-6 and IL-13 gene transcription in a dose-dependent manner after
3-hour incubation with MC/9 cells but did not signiﬁcantly aﬀect IL6 and IL-13 protein levels [43]. Leukocyte migration in response to
chemoattractant N-formyl-methionyl-leucyl-phenylalanine (fMLP) and
LTB4, was not reduced by thymol at doses of 1.5, 15, and 150 𝜇g/ml,
but thymol 150 𝜇g/ml showed a potent chemoattractant activity [39].
Supplementation with a mixture containing equal amounts of thymol and carvacrol (60, 100, and 200 mg/kg) increased hypersensitivity
response as well as total and IgG anti-sheep red blood cell titers, but
decreased the ratio of heterophil (most abundant granulocyte) to lymphocyte in broiler chickens [44]. Dietary supplementation with thymol
(25%) and carvacrol (25%) at doses of 120 and 240 mg/kg, up-regulated
IL-1𝛽 and toll-like receptor (TLR)−2 mRNA expression, and mucosal
secretory of IgA in broiler chickens. In addition, the serum antibody
against Newcastle disease virus was increased but TNF-𝛼 mRNA expression in the ileum was inhibited by this dietary supplement [45]. Oral
treatment of rats with rheumatoid arthritis with thymol (100 mg/kg) or
nicotine (2.5 mg/kg) alone reduced TNF-𝛼, IL-6, IFN-, IL-1𝛽 and IL-17
but the combination of thymol and nicotine (50 and 1.25 mg/kg, respectively) caused greater reduction of IL-1𝛽, IL-17, CRP and MPO [46].
Together, T. vulgaris reduced gene expression of TNF-𝛼, IL-1𝛽, IL-1𝛽
and IL-6 but increased that of IL-10. Thymol also reduced TNF-𝛼 and
IL-6, induced IL-6 and IL-13, and IL-1𝛽 gene expression and suppressed
TNF-𝛼, IL-6, IFN-, IL-1𝛽 and IL-17 levels. These studies indicated that
T. vulgaris and thymol are able to alter cytokines production pattern as
reﬂected by weakened Th2 proﬁle, and they could be used for treatment
of allergic and immunologic disorders. Immuno-modulatory eﬀects of T.
vulgaris and thymol are shown in Table 2.

Z. multiﬂora aqueous extract (0.1, 1, 50 and 100 μg/ml) decreased the
proliferation of mitogen-stimulated lymphocytes without causing significant cytotoxic eﬀects in DCs. The extract also enhanced CD40 expression in DCs, with no eﬀect on secretion of IFN-𝛾 and IL-4 cytokines or
Th1/Th2 orientation [36]. Hydro-ethanolic extract of Z. multiﬂora (50,
100 and 200 μg/ml) decreased IL-4 gene and protein expression at the
dose of 200 μg/ml. The extract increased IFN-𝛾 gene expression in phytohemagglutinin (PHA)-stimulated peripheral blood mononuclear cells
(PBMCs). The extract at the dose of 200 μg/ml also signiﬁcantly increased IFN-𝛾/IL-4 ratio [51].
Guinea-pigs sensitized by OVA and treated with Z. multiﬂora extract
(0.2, 0.4 and 0.8 mg/ml), showed increased serum IFN-𝛾 level and IFN𝛾/IL-4 ratio, but decreased level of IL-4 [51]. In another study, administration of Z. multiﬂora essential oil (30, 60 and 120 μM) produced
immune-stimulatory eﬀects as reﬂected by increased antibody titers in
common carp (Cyprinus carpio) especially 2–3 weeks after administration of 30 and 60 μM of the essential oil [52]. Oral and subcutaneous
(s.c.) administration of Z. multiﬂora essence (200 mg/kg) signiﬁcantly
stimulated the cellular immunity against Candida albicans antigens and
concanavalin A (Con A) mitogen in male and female rabbits compared
to the control group. Also, subcutaneous administration of Z. multiﬂora
(200 mg/kg) led to more pronounced stimulatory eﬀects on the immune
system compared to oral administration [53].
The extract of Z. multiﬂora (0.2, 0.4 and 0.8 mg/ml, p.o.) caused
signiﬁcant improvements in serum levels of IgE and eosinophil peroxidase (EPO) in OVA-sensitized guinea pigs. In addition, the effects of the highest concentration of the extract were higher than
dexamethasone on most examined parameters [54]. Increased IL-8
level and eosinophil count in a guinea pigs model of chronic obstructive pulmonary disease (COPD) were signiﬁcantly reduced following treatment with Z. multiﬂora extract (0.4, 0.8, and 1.6 mg/ml,
p.o.) compared to untreated COPD group [55]. Treatment of inhaled
paraquat (PQ)-induced lung injury in rats with Z. multiﬂora (200 and
800 mg/kg/day), prevented increased total and diﬀerential WBC, IL-10
and INF-𝛾 in the BALF [56]. Treatment with 200 or 400 mg/kg/day
of Z. multiﬂora extract alone or 200 mg/kg/day of the extract combined with 5 mg/kg/day pioglitazone decreased serum level of IL-6 but
increased IFN-𝛾 level and IFN-𝛾/IL-6 ratio in rats exposed to inhaled
PQ [57,58].
Pulmonary function test (PFT) and the serum levels of inﬂammatory
cytokines were improved in asthmatic patients after two-month treatment with Z. multiﬂora (5 and 10 mg/kg), [59]. In addition, in a similar
study, Z. multiﬂora improved PFT values and reduced the serum level of
C‐reactive protein in COPD patients [60].
Treatment of sulfur mustard (SM)-induced lung injury patients with
Z. multiﬂora (5 and 10 mg/kg/day, p.o.) for two months, reduced serum
levels of inﬂammatory cytokines such as IL-2, IL-6, and IL-8, while enhanced anti-inﬂammatory cytokines IL-10 and IFN-𝛾 [61]. Two-month
treatment with Z. multiﬂora in SM-exposed patients, also reduced inﬂammatory cytokines and chemokines including TNF-𝛼, monocyte chemotactic protein 1 (MCP-1), vascular endothelial growth factor (VEGF), and
epidermal growth factor (EGF) compared to the placebo group [62]. Z.
multiﬂora increased IL-4, IFN-𝛾 and FOXP3 but decreased TGF-𝛽 and IL17 gene expression. The plant also decreased serum levels of IgE, IL-2,
IL-4, IL-6, and IL-8 but increased the levels of IL-10, and IFN-𝛾 and IFN𝛾/IL-4 ratio.

5. Traditional and pharmacological eﬀects of Z. multiﬂora
Z. multiﬂora belongs to the Lamiaceae family with various traditional uses including esthetic and antispasmodic [7], antiseptic, antidiarrheal and analgesic [8]. Anti-oxidant, anti-inﬂammatory and immunomodulatory properties of Z. multiﬂora and its main constituents
were described previously (Khazdair et al.). This plant was also used for
treatment of dyspepsia and bloating [9] as well as vomiting, headache,
migraine, premature labor pain, and the common cold [10]. The stimulatory eﬀect of the plant essential oil on humoral immune responses
were also shown [47]. Thymol, carvacrol, linalool, and p-cymene are
the major constituents of Z. multiﬂora [48]. The suppressive properties
of thymol and carvacrol on T cell responses as well as were on DCs maturation and function were also observed [49]. The constituents of Z.
multiﬂora are shown in Table 1.
5.1. Immuno-modulatory eﬀects of Z. multiﬂora
The stimulatory eﬀect of the plant’s essential oil on humoral immune responses was also shown [47]. Thymol, carvacrol, linalool, and pcymene are the major constituents of Z. multiﬂora [48]. Hydro-ethanolic
extract of Z. multiﬂora (200, 400 and 800 μg/ml), increased expression
of IFN-𝛾 and FOXP3 genes but decreased that of TGF-𝛽 and IL-17 in
splenocytes from sensitized mice [50].
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Table 2
Immunomodulatory eﬀects of T. vulgaris and its main constituent, thymol. The references cited in this table are
[36,37,39,42,43,44,46,105].

5.2. Immuno-modulatory eﬀects of carvacrol

Carvacrol (50 and 100 mg/kg, i.p.) decreased paw edema in mice
and reduced IL-1𝛽 and prostaglandin E2 (PGE2 ), but did not signiﬁcantly
change TNF-𝛼 level. Similarly, carvacrol (100 mg/kg, i.p.) reduced COX2 and IL-1𝛽 mRNA expression. Carvacrol also improved IL-10 gene and
protein expression in the inﬂamed paw [66]. Carvacrol (75, 150, and
300 μg/ml) signiﬁcantly increased IFN-𝛾 and FOXP3 genes expression
but signiﬁcantly decreased IL-4, TGF-𝛽 and IL-17 genes expression in
splenocytes from sensitized mice. In groups treated with carvacrol 150
and 300 μg/ml, IFN-𝛾/IL-4 ratio was increased compared to the untreated sensitized group [67].
Incubation of leukocytes with carvacrol (0.3, 1, 3, 10, 30 and
90 𝜇g/ml) dose-dependently reduced leukocyte chemotaxis induced by
chemoattractants namely, fMLP and LTB4 [39]. Carvacrol (40, 80, and
160 μg/ml) treatment increased serum level of IFN-𝛾, and IFN-𝛾/IL-4 ratio, but reduced endothelin and IL-4 concentrations in sensitized guinea
pigs. However, dexamethasone treatment only reduced IL-4 and did not
aﬀect IFN-𝛾 level or IFN-𝛾/IL-4 ratio. These results suggested a more
speciﬁc eﬀect for carvacrol on IFN-𝛾/IL-4 ratio (Th1/Th2 balance) mediated by increasing IFN-𝛾 and decreasing IL-4 levels, compared to dexamethasone [68].
Carvacrol (1000, 3000 or 5000 mg/kg, p.o.) showed no particular
eﬀect on the hematological parameters in rainbow trout ﬁsh. However, serum lysozyme activity in groups receiving carvacrol (3000
and 5000 mg/kg) in their diet, signiﬁcantly increased after 30
days. The MPO activity in groups treated with carvacrol (1000 and

Pretreatment with carvacrol (75 mg/kg, i.p.) in carrageenan-induced
paw edema in male Swiss mice signiﬁcantly inhibited edema. Carvacrol
also inhibited neutrophil inﬁltration and reduced MPO activity. Furthermore, carvacrol signiﬁcantly reduced the level of IL1-𝛽, but increased IL-10 level, compared to the control group [63]. Carvacrol (20,
40 or 80 mg/kg) signiﬁcantly decreased the lung wet/dry weight ratio in LPS-induced acute lung injury in male BALB/c mice. Pretreatment with carvacrol signiﬁcantly decreased total WBC counts, neutrophils and macrophages similar to dexamethasone (5 mg/kg). Carvacrol markedly reduced the production of TNF-𝛼, IL-6, and IL-1𝛽 in
the BALF of mice compared to untreated LPS group. Also, carvacrol decreased inﬂammatory inﬁltration, focal area of ﬁbrosis with collapse
of alveoli and thickening of the alveolar wall, which were induced by
LPS [64].
Carvacrol (80 mg/kg, i.p.) added to cultured splenocytes obtained
from OVA-immunized mice two days after the administration of booting
dose of OVA, decreased the mRNA levels of IL-4, IL-5, IL-17A and IL23𝛼. In carvacrol-treated cells, TGF𝛽 and IL-10 genes expression were
signiﬁcantly increased compared to the untreated OVA-sensitized mice
cells. In addition, carvacrol reduced expression of Th1 cytokines IL-2
and IFN-𝛾 at mRNA levels [65]. Carvacrol (80 mg/kg, i.p) decreased
serum levels of IFN 𝛾, IL-4, and IL-17A but increased TGF𝛽 in the sera
of sensitized mice compared to the control group [65].
4

M.R. Khazdair, Z. Gholamnezhad, R. Rezaee et al.

Pharmacological Research - Modern Chinese Medicine 1 (2021) 100010

Table 3
Immunomodulatory eﬀects of Z. multiﬂora and its constituent, carvacrol. The references cited in this table are [36,39,50–
55,61,65–73].

3000 mg/kg) was signiﬁcantly higher on day 30. MPO activity in carvacrol (5000 mg/kg)-treated group was signiﬁcantly higher on day 60
as compared to the control group. Serum total protein, globulin and
triglyceride levels in carvacrol (5000 mg/kg)-treated group were signiﬁcantly higher on day 60 [69]. In another experiment, treatment of
sensitized guinea pigs with carvacrol (40, 80 and 160 μg/ml), signiﬁcantly improved IgE and EPO serum levels compared to the untreated
guinea pigs [54].
Administration of carvacrol (25, 50, and 100 mg/kg, i.p.) signiﬁcantly reduced IL-6 in brain tissue in LPS-treated rats [70]. Also, the

eﬀects of daily administration of carvacrol (25, 50, and 100 mg/kg) for
21 days on neuro-inﬂammation induced by LPS in rats were assessed and
the results showed that carvacrol signiﬁcantly attenuated the expression
of IL-1𝛽, TNF-𝛼, and COX-2 in the brain [71]. Treatment with a combination of carvacrol (20 mg/kg/day) and pioglitazone (5 mg/kg/day) in
inhaled PQ-induced systemic inﬂammation, reduced serum levels IL-6
but increased IFN-𝛾 levels and IFN-𝛾/IL-6 ratio [58].
Two-month treatment with carvacrol signiﬁcantly improved respiratory symptoms, decreased serum levels of EGF, VEGF, IL-2, IL-4, IL-6
and IL-8, and enhanced serum levels of IL-10, IFN-𝛾 and IFN-𝛾/IL-4 ra5
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tio in SM-exposed patients with lung disorders compared to the placebo
group [72,73].
The suppressive properties of thymol and carvacrol on T-cell responses and DCs maturation and function were observed [49].
These above studies indicated that Z. multiﬂora and its constituent,
carvacrol decreased IL-4, IL-5, IL-17, IL-23𝛼, IL-1𝛽, and TGF-𝛽 but increased IL-10, TGF𝛽, FOXP3 and IFN-𝛾 genes expression and IFN-𝛾 /IL-4
ratio. It reduced serum levels of IgE, IL-2, IL-4, IL-6, IL-8, IL-17A, IFN 𝛾,
IL-1𝛽, TNF-𝛼 and PGE2 but increased TGF𝛽, IL-10, IFN-𝛾 and IFN-𝛾/IL-4
ratio in other studies. These results indicated that Z. multiﬂora and carvacrol reduced Th2 but increased Th1 cytokines production, suggesting
their potential in treatment of inﬂammatory, allergic and immunologic
disorders. Immuno-modulatory eﬀects of Z. multiﬂora and carvacrol are
shown in Table 3.

lesser extent, IL-10 were up-regulated by POL-P3b. Treatment with POLP3b also increased the expression of TLR-4 in DCs. Therefore, POL-P3b
may induce DCs maturation through TLR-4 up-regulation [88].
The combined seed extracts of P. oleracea and Perilla frutescens
(PPCE) (0, 1, 3, 5, 10, 30, 50, 100, or 300 𝜇g/ml), improved the number of WBC, neutrophils, lymphocytes, monocytes, eosinophils, and basophils. These extracts also increased the splenocyte viability and recovered the levels of IL-2, IL-12, TNF-𝛼, and IFN-𝛾 in the treated splenocytes dose-dependently. PPCE extract also signiﬁcantly increased the NK
cell activity [89]. These results showed that administration of combined
seed extracts of P. oleracea and P. frutescens can stimulate the original adaptive immune system by inducing the production of immunerelated cytokines. P. oleracea polysaccharides (100, 200, 300, 400, 500
and 600 μg/ml, p.o.) also signiﬁcantly and dose-dependently increased
stimulation indices of T and B lymphocytes in Wistar rats [90].

6. Traditional and pharmacological eﬀects of P. oleracea
6.2. Immuno-modulatory eﬀects of quercetin
P. oleracea or Purslane from Portulacaceae family, is an annual and
grassy plant with small-yellow ﬂowers, which grows in diﬀerent areas
of the world including; Europe, India, China, Japan as well as north
and northwest of Iran [74]. P. oleracea contains omega-3 fatty acids
and alpha-linolenic acid more than other leafy vegetable plant [75].
Purslane has 0.01 mg/g of eicosa- pentaenoic acid (EPA) which EPA
which is an Omega-3 fatty acid. Vitamins, nutritive minerals including iron, magnesium, potassium, and calcium as well as two types of
betalain alkaloid pigments, the reddish betacyanins, and the yellow betaxanthins which are potent antioxidants and anti-mutagenic properties are the other constituents of the plant [76]. Several therapeutic
eﬀects including antioxidant [77], nephroprotective [78], antitussive
[79], analgesic and anti-inﬂammatory [80], as well as relaxant eﬀect,
inhibitory eﬀect on muscarinic receptors [81] and stimulatory eﬀect on
𝛽-adrenoceptor of guinea pigs’ tracheal smooth muscles [82] and bronchodilatory eﬀect on asthmatic patients had been demonsterated for P.
oleracea. Five ﬂavonoids from the P. oleracea ethanolic extracts including, quercetin, kaempferol, apigenin, myricetin, and luteolin were identiﬁed by capillary electrophoresis with electrochemical detection (CE–
ED) method [83]. The constituents of P. oleracea are shown in Table 1.

Quercetin is a natural polyphenolic ﬂavonoid with antioxidant, anticancer, and antiviral properties which is found in many plants such
as P. oleracea and Allium cepa [91]. Intraperitoneal administration of
quercetin (8 and 16 mg/kg/day), signiﬁcantly reduced neutrophils,
eosinophils, lymphocytes, and macrophages and total cells in the airway
lumen 1 day after OVA inhalation in female BALB/c mice. Quercetin
decreased mRNA expression of MMP-9, and GATA-3 compared to the
untreated OVA-sensitized mice. Treatment with quercetin also reduced
the concentration of Th2 cytokines such as IL-4 and IL-5 but increased
the Th1 cytokine IFN-𝛾, in OVA-sensitized mice [92].
Topical administration of quercetin (0.01%), resveratrol (0.01%),
and their combination (0.01%) in a desiccating stress (DS) mouse model
of dry eye disease (DED), reduced corneal staining in mice. Quercetin,
resveratrol and combined therapy reduced the concentration of IL-1𝛼 in
tears compared to vehicle treatment. Furthermore, quercetin reduced
CD4+ T cells which were increased in DS mice [93]. Signiﬁcant reductions (68.79% for quercetin 8 mg/kg/day, i.p, and 73.35% for quercetin
16 mg/kg/day, i.p) were observed in eosinophils count in BALF of mice
challenged with OVA. Quercetin also reduced IL-4 and IL-5 secretion,
as well as MMP-9 and EPO mRNA expression but increased the concentration of IFN-𝛾 in the BALF as compared to non-treated OVA-sensitized
mice [92].
Daily topical administration of quercetin (1%) for 8 days, attenuated
MC903-induced atopic dermatitis severity and ear thickness and lesions
in C57BL/6 female mice. Treatment with quercetin also suppressed expressions of inﬂammatory cytokines including CCL17, CCL22, TNF-𝛼,
IL-4 and IL-6 levels in ear lesions of the atopic dermatitis model group
compared with the control group [94].
It was shown that quercetin (6.25, 12.5, 50 and 100 μg/ml)
dose-dependently inhibited TNF-𝛼 production and impaired cytokines
and chemokines production in LPS-stimulated DCs. Treatment with
quercetin signiﬁcantly decreased generation of cytokines (IL-1 𝛼, IL-1 𝛽,
IL-6, IL-10, and IL-12 p70) and chemokines (MCP-1, MIP-1 a, and MIP1 b) in LPS-stimulated DCs. Also, quercetin signiﬁcantly suppressed the
enhanced expression of CD40, CD80, and CD86 in the LPS-stimulated
DCs. The cytokines secreted by activated DCs were down-regulated by
quercetin, indicating the immunoregulatory function of this agent in
DCs [95].
The eﬀects of quercetin on Th cells and IFN-𝛾 and IL-2 production
upon T-cell receptors (TCR) stimulation with CD4+ T cells isolated with
95% purity from lymph node and spleen and activated with plate-bound
anti-CD3 and anti-CD28 for 24 h, showed inhibition of Th cell activation
by quercetin (40 μM). Also, TCR stimulation increased IL-2 and IFN-𝛾
production which was signiﬁcantly decreased by quercetin (40 μM) in
primary Th cells. Quercetin reduced IL-2 and IFN-𝛾 cytokines transcription at mRNA levels but did not alter IL-4 transcripts, indicating a selective modulatory activity for quercetin on Th1 cytokines, with no eﬀect
on Th2 cytokines. Quercetin signiﬁcantly inhibited increased IL-2Ra ex-

6.1. Immuno-modulatory eﬀects of P. oleracea
In aged mice, P. oleracea polysaccharide (POP) showed preventive
eﬀects on reduction of the spleen weight and number of murine spleen
T cells 30 days after D-galactose administration [84]. Incubation of nonstimulated and stimulated human lymphocytes with hydro-ethanolic extract of P. oleracea (10, 40 and 160 μg/ml) signiﬁcantly increased IFN-𝛾,
and IFN-𝛾/IL-4 (Th1/Th2 balance) and IL-10/IL-4 ratios (Treg/Th2 balance), but signiﬁcantly decreased cell proliferation in non-stimulated
cells compared to the control group. However, IL-4, IL-10, IFN-𝛾 and
NO production signiﬁcantly decreased, but IFN-𝛾/IL-4 and IL-10/IL-4
ratios (Th1/Th2 and Treg/Th2 balance, respectively) were signiﬁcantly
increased in stimulated lymphocytes following P. oleracea extract treatment compared to the non-treated group [85]. TNF-𝛼-induced intracellular ROS production was dose-dependently inhibited by pretreatment
with aqueous extract of P. oleracea (10, 25, 50 and 100 μg/ml). Moreover, TNF-𝛼-induced degradation of I𝜅B-𝛼, TNF-𝛼-induced NF-𝜅B binding in the vascular endothelial cells as well as TNF-𝛼-induced mRNA
expressions of MCP-1 and IL-8, were suppressed by P. oleracea [86]. P.
oleracea ethanol extract (50, 100 and 200 μg/ml) was examined against
LPS-induced inﬂammation in RAW 264.7 cells (a cell line derived from
BALB/c mice); the extract inhibited the productions of NO, TNF-𝛼, IL-1𝛽
and IL-6 in RAW 264.7 cells. In addition, P. oleracea inhibited the phosphorylation of (ERK1/2), c-Jun NH2 -terminal kinase (JNK) and NF-𝜅B
activation in the cells [87]. Treatment with 250 μg/ml of POL-P3b (a
polysaccharide fraction puriﬁed from P. oleracea) up-regulated the expression of CD80, CD83, CD86, and major histocompatibility complex
class II molecules in DCs. Also, productions of IL-12, TNF-𝛼, and to a
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pression in response to exogenous recombinant human IL-2 and TCR
stimulation [96].
Quercetin (1, 10, 50 μM) inhibited expression of iNOS, TNF-𝛼
and IL-1𝛽 as well as Ik B- 𝛼 phosphorylation induced by LPS and
macrophage colony-stimulating factor (M-CSF)-dependent proliferation
of bone marrow-derived macrophages (BMDM). In addition, quercetin
treatment (1 mg/kg/day, p.o.) inhibited TNF-𝛼 and IL-1𝛽 and iNOS expression induced by dextran sulfate sodium (DSS) in rats [97].
Quercetin (0.5–50 𝜇M) increased gene expression and level of IFN𝛾, but down-regulated IL-4 in normal PBMCs. Quercetin (10, 25 and
50 μM), signiﬁcantly increased IFN-𝛾 expression in PBMCs culture supernatant. However, quercetin (0.5–50 𝜇M) signiﬁcantly suppressed IL-

4 expression and markedly reduced its concentration in PBMCs culture
supernatant. The immuno-stimulatory eﬀects of quercetin may be mediated through induction of Th1-derived cytokines secretion, and inhibition of Th2 derived cytokines secretion [98].
Quercetin (5, 10, 25, 50, 100, 200 μM) alone and in combined with
IFN-𝛽 (quercetin 50 μM+ IFN-𝛽 2 IU/ml) reduced PBMCs proliferation
and modulated IL-1𝛽 and TNF-𝛼 levels released by PBMCs in culture supernatants. The combination of quercetin and IFN-𝛽 showed additive
eﬀects in modulating TNF-𝛼 and MMP-9. Furthermore, quercetin reduced the MMP-9/ tissue inhibitor of metalloproteinases-1 (TIMP-1) ratio via lowering production of MMP-9 in a dose-dependent manner. The
immuno-modulatory eﬀects of quercetin in PBMCs isolated from mul-

Table 4
Immunomodulatory eﬀects of P. oleracea and its main constituent, quercetin. The references cited in this table are
[85–90,93,95–100].

PPCE: P. oleracea and Perilla frutescens.
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tiple sclerosis (MS) patients were similar to those observed in healthy
control subjects [99].
The immuno-modulatory eﬀect of quercetin (500, 1000, and
1500 mg/day, p.o) in rheumatoid arthritis patients showed signiﬁcant
reductions in IL-6, C3 and C4 levels and complement system but elevation of IL-10 level in the group treated with quercetin (1500 mg/day)
plus 100 mg azathioprine, compared to the group treated with azathioprine plus placebo or other doses of quercetin, after eight-weeks
of treatment. Treatment with diﬀerent doses of quercetin signiﬁcantly
reduced ICAM-1 compared to azathioprine alone-treated group. Oral administration of quercetin in combination with azathioprine produced an
immuno-modulatory eﬀect documented by reduction of IL-6, ICAM-1
and complement proteins and elevated serum level of IL-10 [100].
P. oleracea increased IFN-𝛾, and IFN-𝛾/IL-4 (Th1/Th2 balance) and
IL-10/IL-4 ratios (Treg/Th2 balance), but decreased IL-12, IL-4, IL-6,
IL-10, IL-12, IFN-𝛾, TNF-𝛼, and IL-1𝛽. Quercetin also decreased IL-1 𝛼,
IL-1 𝛽, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IFN-𝛾, C3, C4, TNF-𝛼, and IL-1𝛽
protein expression. Thus, P. oleracea and quercetin may be of therapeutic
value in treatment of diseases with predominant Th2 cells as well as
for prevention and treatment of inﬂammatory disorders resulted from

dysregulation of the immune system. Immuno-modulatory eﬀects of P.
oleracea and quercetin are shown in Table 4.
7. Comparison of immuno-modulatory eﬀect of the extracts of
three plants and their bioactive constituents
The immuno-modulatory eﬀect of extracts and constituents of different plants was normalized by calculating the eﬀects caused by their
10 μg/ml concentration on IL-4, IFN-𝛾 and IL-4/IFN-𝛾 ratio and then,
normalized eﬀects were compared among diﬀerent extracts and constituents of each plant as well as among diﬀerent plants.
7.1. Comparison among diﬀerent extracts and bioactive constituents of Z.
multiﬂora and P. oleracea on IL-4, IFN-𝛾 and IFN-𝛾/ IL-4 ratio
The analysis of normalized eﬀects (the eﬀect of 10 μg/ml concentration) indicated a higher eﬀect for the hydroethanolic extract of Z.

Fig. 1. The eﬀect of 10 μg/ml hydroethanolic extract (HEE) of Z. multiﬂora and
P. oleracea in various studies on IL-4 level (A), IFN-𝛾 level (B) and IFN-𝛾/IL-4
ratio (C). Two studies examined the eﬀect of HEE of Z. multiﬂora in vitro studies.
There was no any study on the eﬀect of T. vulgaris on IL-4 and IFN-𝛾 levels and
IFN-𝛾/IL-4 ratio.

Fig. 2. The eﬀect of constituents of diﬀerent medicinal plants (10 μg/ml) on
IL-4 level (A), IFN-𝛾 level (B) and IFN-𝛾/IL-4 ratio (C). Two studies examined
the eﬀect of carvacrol in vitro studies. There was no any study on the eﬀect of
thymol on IL-4 and IFN-𝛾 levels and IFN-𝛾/IL-4 ratio.
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multiﬂora (in vitro) on reduction of IL-4 and enhancement of IFN-𝛾 and
IFN-𝛾/IL-4 than the hydroethanolic extract of P. oleracea (Figs. 1a, b
and c).
Quercetin also reduced IL-4 but increased IFN-𝛾 ratio to a greater
extent compared to carvacrol, respectively (Figs. 2a, b and c).
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Oil Res. 21 (5) (2009) 459–463.
[34] Š. Juhás, D. Bujňáková, P. Rehák, et al., Anti-inﬂammatory eﬀects of thyme essential oil in mice, Acta Veterinaria Brno 77 (3) (2008) 327–334.
[35] N.A. Al-Beitawi, S.S. El-Ghousein, M.Z. Athamneh, Eﬀect of adding crushed
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e43.
[36] Z. Amirghofran, H. Ahmadi, M.H. Karimi, Immunomodulatory activity of the water
extract of Thymus vulgaris, Thymus daenensis, and Zataria multiﬂora on dendritic
cells and T cells responses, J. Immun. Immunochem. 33 (4) (2012) 388–402.
[37] A. Ocaña, G. Reglero, Eﬀects of thyme extract oils (from Thymus vulgaris, Thymus zygis, and Thymus hyemalis) on cytokine production and gene expression of
oxLDL-stimulated THP-1-Macrophages, J Obes (2012) 2012.
[38] J. Wang, G. Mazza, Eﬀects of anthocyanins and other phenolic compounds on
the production of tumor necrosis factor 𝛼 in LPS/IFN-𝛾-activated RAW 264.7
macrophages, J. Agric. Food Chem. 50 (15) (2002) 4183–4189.
[39] F.C. Fachini-Queiroz, R. Kummer, C.F. Estevao-Silva, et al., Eﬀects of thymol and
carvacrol, constituents of Thymus vulgaris L. essential oil, on the inﬂammatory
response, Evidence-Based Complement. Alternat. Med. (2012) 2012.
[40] E. Zhou, Y. Fu, Z. Wei, et al., Thymol attenuates allergic airway inﬂammation in
ovalbumin (OVA)-induced mouse asthma, Fitoterapia 96 (2014) 131–137.
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8. Conclusion
This review highlights the immune-regulatory eﬀects of three medicinal plants and their major phytochemical constituents along with their
underlying mechanism(s) of action. According to our literature survey, these plants and their major constituents could stimulate humoral
and cellular immune responses, modulate immune responses, improve
eosinophil counts and serum IgE levels, reduce pro-inﬂammatory cytokine (IL-4, TGF-𝛽 and IL-17), and enhance anti-inﬂammatory cytokines, IFN-𝛾 and FOXP3.
Inhibitory eﬀects of Z. multiﬂora hydro-ethanolic extract on IL-4 production were more marked than the other two plants extracts. Comparison of the eﬀect of the phyto-constituents on IFN-𝛾 showed that
quercetin noticeably increased IFN-𝛾 levels compared to the bioactive
components. Comparison of the eﬀect of these plants and their constituent on IFN-𝛾/IL-4 ratio, showed more signiﬁcant eﬀects for Z. multiﬂora. Furthermore, quercetin had a greater increasing eﬀect on IFN𝛾/IL-4 ratio compared to other constituents.
The reviewed medicinal plants mainly Z. multiﬂora and carvacrol
also improved clinical features and immunological markers of allergic
disorders including asthma. These ﬁndings highlight the potential of
natural resources in development of immuno-modulatory agents.
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