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ABSTRACT

Many previous studies showed that medicinal plants possessed immunological effects. These plants included:
Agrimonia eupatoria, Alpinia galanga, Althaea officinalis, Althaea officinalis, Althaea rosea, Avena sativa, Bauhinia
variegata, Betula alba, Brassica rapa, Bryophyllum pinnatum, Caesalpinia cristaCalendula officinalis, Calotropis procera,
Canna indica, Capsicum annuum, Capsicum frutescens, Carthamus tinctorius, Carum carvi and Cassia occidentalis. This
review was designed to highlight the immunological effects of these medicinal plants.
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INTRODUCTION

Plants remain the basis for a large proportion of
the commercial medications used today for the treatment of
heart disease, high blood pressure, pain, asthma, cough,
gastrointestinal and other problems [1]. However, plants
are a valuable source of a wide range of secondary
metabolites, which are beside their use in medicine, they
are also used as agrochemicals, flavours, fragrances,
colours, biopesticides and food additives [2-51]. Recent
studies showed that many medicinal plant possessed
immunological effects. This study will highlight the
immunological effects of the medicinal plants.

Agrimonia eupatoria

An aqueous ethanol extract of the herb was tested
for immunomodulative activity in the peritoneal cavities of
mice. Immunostimulant activity resulted in an increase in
phagocytic activity and increases in the activities of
lysozyme and peroxidase [52]. The antioxidative properties
of aqueous plant extracts were evaluated using common
methods such as the Rancimat and 2,2’-diphenyl-1-
picrylhydrazyl (DPPH) free radical method. Moreover, a
voltammetric procedure based on the protective effect of
antioxidants against the oxidative DNA damage was
employed using a disposable DNA biosensor fabricated as
a screen-printed electrode chemically modified by calf
thymus double stranded (ds) DNA [53].
Alpinia galanga

The flavonoid fraction of Alpinia galanga Linn.
extract significantly stimulated (P <0.001) T cell
proliferation and splenocyte proliferation in mice spleen at
a dose of 100 mg/kg body weight of mice. The aqueous
fraction had a lower stimulatory effect than the flavonoid
fraction. The antioxidant level of the spleen cells also
increased following treatment with the flavonoid fraction.
Hot water soluble polysaccharide extract of A. galanga
rhizome possesses a marked stimulating effect on the
reticulo endothelial system (RES) and increased the
number of peritoneal exudates cells and spleen cells of
mice [54]. 1'S-1'- acetoxychavicol acetate and 1'S-1'-
acetoxyeugenol acetate from aqueous extract of rhizome
inhibited the release of hexosaminidase and the antigen-
IgE-mediated TNF-alpha and IL-4 production in passive
cutaneous anaphylaxis reactions in mice [55]. 1'-
acetoxychavicol acetate and the related compounds in the
rhizomes of Alpinia galanga exerted antioxidative activity
[56]. The antioxidant activity of Alpinia galanga extracts
and essential oil was determined using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and oxygen radical absorbance
capacity (ORAC) methods. The ethanolic extract showed
the highest DPPH free radical scavenging ability as well as
the highest ORAC value when compared to the water
extract and the essential oil [57]. Ethanolic extract of
Alpinia galanga showed a potent scavenging activity by
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DPPH method with the IC 50 value of 69.5+1.375 ug/ml,
by lipid peroxidation method with the IC 50 value of
77+£1.876 pg/ml, hydrogen peroxide radical scavenging
activity with the IC 50 value 55+1.59 pg/ml, and ABTS
radical scavenging method with the IC 5, value 0.086+1.10
pg/ml [58]. Acetoxychavicol acetate of Alpinia galanga
exhibited potent antioxidant activity, increased cell
apoptosis and decreased cytokine production by T helper
cells[59, 60] .

Althaea officinalis

Althaea-mucilage O, an acidic polysaccharide
isolated from marshmallow root, has been demonstrated to
have an anti-complement activity on normal human serum
in concentrations of 100 — 1000 ug/ml [61]. An extract
(extraction medium 45 % 1,3-butylene glycol solution) of
marshmallow root was found to inhibit intracellular
calcium mobilisation in normal human melanocytes
activated by endothelin-1, and to strongly inhibit
endothelin-1-induced proliferation of melanocytes. The
extract can diminish the physiological effect of endothelin-
1 on normal human melanocytes following UVB
irradiation [62]. Scopoletin produced dual action on
tumoral lymphocytes exhibiting both a cytostatic and a
cytotoxic effect on the cell , and also exert apoptosis.
Proliferation of normal T lymphocytes was found due to
the interaction with kinase C (PKC) protein. It indicates
that scopoletin may be a potential anti-tumoral compound
[63].

Althaea rosea

Water extract of Althaea rosea produce the
following effects on immune system [64]
1- Induced a transient non-specific polyclonal response
indicated by the production of IL-4 in treated, non-
immunized mice.
2- Initially boosted the production of anti-EA antibodies
and IL-4, a T- helper 2 cytokine.
3- Suppress production of gamma-interferon, a T- helper 1
cytokine.

Avena sativa

B- glucan helped neutrophils to reach the site of
infection more rapidly and enhanced their ability to
eliminate the bacteria [65]. The different immunological
aspects of B-glucans derived from different food sources
(oat, barley and shiitake) was examined on phorbol
myristate acetate (PMA)-differentiated THP-1
macrophages. Inflammation-related gene expression
kinetics (IL-1pB, IL-8, nuclear factor kappa B [NF-xB] and
IL-10) were evaluated after 3, 6 and 24 h of stimulation
with 100 pg/ml B-glucan. All tested B-glucans were mildly
up-regulated the observed inflammation-related genes with
differential gene expression patterns. Similar gene
expression kinetics, but different fold induction values,
was found for the crude p-glucan extracts and their
corresponding commercial forms. Pre-incubation of THP-1

macrophages with B-glucans prior to lipopolysaccharide
(LPS) exposure decreased the induction of inflammation-
related genes compared to LPS treatment. No production
of nitric oxide (NO) and hydrogen peroxide was detected
in B-glucan stimulated THP-1 macrophages. Phagocytic
activity was not differ after stimulation by p-glucan
samples. Based on these in vitro analyses, B-glucans have
varying levels of immunomodulating properties, which are
likely related to structure, molecular weight and
compositional characteristic of 3-glucan [66].

Bauhinia variegata

The ethanolic extract of the stem bark of B.
variegata showed immunomodulatory activity on the
primary and secondary antibody responses. It was also
increased phagocytic index and percentage neutrophil
adhesion [67].

Betula alba

Betulinic acid, a pentacyclic triterpene isolated
from the bark of white birch Betula alba exerted many
immunological effects. It was found that betulinic acid
administered orally five times at the dose of 0.5 mg/kg
increased the total number of thymocytes, splenocytes,
lymphocytes of mesenteric lymph node cells, and the
weight ratio of the spleen and mesenteric lymph nodes in
non-immunized mice. Betulinic acid also changed the
percentage of T cell subsets in the thymus and T and B
lymphocytes in peripheral lymphatic organs. The effects of
betulinic acid on T and B cell subpopulations depended on
the dose applied. The strongest stimulating effect of
betulinic acid was observed when the drug was
administered at the dose of 0.5 mg/kg. Five exposures to
betulinic acid (0.5 mg/kg) decreased the percentage of
immature CD4+ CD8+ thymic cells with corresponding
increases in the percentage and absolute count of mature,
single-positive CD4+ thymocytes and decreased the
percentage and total count of CD3+ splenocytes and
mesenteric lymph node cells with corresponding decreases
in the percentage and absolute count of CD4+ and CD8+
cells. Multiple administration of betulinic acid at the
investigated doses augmented the percentage and absolute
count of CD19+ cells in the peripheral lymphatic organs.
Moreover, betulinic acid at the dose of 5 mg/kg
administered prior to SRBC immunization increased the
number of plaque forming cells (PFC) but decreased the
production of anti-SRBC antibodies in red blood cells
(SRBC)-immunized mice on day 4 after priming [68].

Brassica rapa

The effects of chloroform, ethyl acetate and
methanolic extracts of Brassica rapa were investigated on
cell-mediated immune response in mice. Chloroform, ethyl
acetate and methanolic extracts of Brassica rapa glands
were prepared by maceration method. Sheep red blood cell
(SRBC) was injected (sc, 1x10%ells/ml, 0.02 ml) and 5
days later, different extracts (10, 100 and 500 mg/kg),
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betamethasone (4 mg/kg) and Levamisol (4 mg/kg) as a
positive control and normal saline as a negative control
were given ip. After 1 h SRBC was injected to footpad (sc,
1x10° cells/ml, 0.02 ml) and footpad swelling was
measured up to 72 h. To investigate the effects of B. rapa
on innate immunity the same procedure was used, but
animals only received one injection of SRBC 1 h after ip
injection of test compounds. The results showed that
SRBC induced an increase in paw swelling with maximum
response at 6-8 and 2-4 h for innate and acquired
immunity, respectively. Betamethasone inhibited and
levamisol increased paw thickness in both models. In both
innate and acquired immunity models, chloroform, ethyl
acetate and methanolic extracts of B. rapa glands
significantly and dose-dependently reduced paw thickness.
Ethyl acetate extract showed better effect [69].

Bryophyllum pinnatum

Mice treated daily with oral B. pinnatum during
hypersensitization with ovalbumin were protected against
death. Oral protection was accompanied by a reduced
production of OVA-specific IgE antibodies, reduced
eosinophilia, and impaired production of the IL-5, IL-10
and TNF- o cytokines. Oral treatment with the quercitrin
flavonoid isolated from plant extract prevented fatal
anaphylaxis in 75% of the animals. These findings
indicated that oral treatment with Bryophyllum pinnatum
effectively downmodulates pro-anaphylactic reactions
inducing immune responses [70]. The aqueous extract of
leaves causes significant inhibition of cell-mediated and
humoral immune responses in mice .The spleen cells of
animals pretreated with plant extract showed a decreased
ability to proliferate in response to both mitogen and
antigen in vitro as well as, the specific antibody responses
to ovalbumin were also significantly reduced by treatment
[71].

Caesalpinia crista

The aqueous extract of Caesalpinia crista seeds
was tested for its effect on cell mediated and humoral
components of the immune system in rats. Administration
of Caesalpinia crista seed extract produced an increase of
93.03 + 4 mean hemagglutinating antibody titer and a
change of 0.56 £0.058 mm in delayed type hypersensitivity
as compared to control at a dose of 400 mg/kg bw [72].
The immunomodulatory activities of ethanolic extract of
Caesalpinia crista seeds were tested via neutrophil
adhesion test, haemagglutinating antibody titer, delayed-
type hypersensitivity response, phagocytic activity and
cyclophosphamide-induced myelosuppression. Oral
administration of ethanolic seed extract of Caesalpinia
crista (200-500 mg/kg) evoked a significant increase in
percent neutrophil adhesion to nylon fibers, as well as a
dose-dependent increase in antibody titer values, and
potentiated the delayed-type hypersensitivity reaction
induced by sheep red blood cells. Also it prevented
myelosuppression in cyclophosphamide treated rats with a

good response towards phagocytosis in carbon clearance
assay [73].

Calendula officinalis

The polysaccharides isolated from an aqueous
extract of Flos Calendulae enhanced phagocytosis in
human granulocytes in vitro in the colloidal carbon
clearance test. The polysaccharides isolated from flowers
aqueous extract also enhanced phagocytosis when
administered (10 mg/kg bw) intraperitoneally to mice. On
the other hand, intraperitoneal administration of
unsaponifiable fraction (0.5 ml) of a hydroalcoholic extract
of the flowers also stimulated phagocytosis in mice
inoculated with Escherichia coli [74-76].
Calotropis procera

The immunological potential of the latex of
Calotropis procera against sheep red blood cells (SRBC)
as antigen was investigated in Wistar albino rats by
studying cell-mediated, delayed type hypersensitivity
reaction (DTH), humoral immune response, macrophage
phagocytosis and E. coli induced bacteremia sepsis. The
latex was fractionated according to water solubility and
molecular size of its components. The fractions were
named as non-dialyzable latex (NDL) which corresponding
to the major latex proteins, dialyzable latex (DL)
corresponding to low molecular size substances and rubber
latex (RL) which was highly insoluble in water. The HA
titer levels were quantified by primary and secondary
humoral immune response in rats. The fractions induced
production of antibodies titer level significantly (p<0.05) in
response to SRBC. In addition immunostimulation was
counteracted by up regulating macrophage phagocytosis in
response to carbon particles. Rats received NDL fractions
by oral route displayed considerable immunological
response. Oral administration of NDL fractions, dose
dependently increased immunostimlatory responses. DTH
reaction was found to be augmented significantly (p<0.05)
by increasing the mean foot pad thickness after 48h. In the
survival study, control group | and negative control group
Il in E. coli induced peritonitis has shown 50% and 66.6%
mortality, while pretreated groups with NDL has reduced
mortality in rats injected with 1 x 10® E. coli
intraperitoneally from 0.0% - 16.6% [77]. The
immunomodulatory functions of the water-soluble C.
procera extract (CPE) was investigated via determination
of its ability to activate macrophages-effector cells in
inflammatory and immune responses. Intraperitoneal
injection of CPE in mice (2 mg/mouse) induced migration
of macrophages to the intraperitoneal cavity. The direct
effects of CPE on macrophages were then assessed by
measuring the production of nitric oxide (NO) as an
indicator for macrophage activation. Addition of CPE (1-
10 microg/ml) to the culture medium of the murine
monocyte/macrophage cell line RAW264.7 caused an
increase in NO production in a time- and dose-dependent
manner. CPE-elicited NO production was blocked by
application of an inhibitor of inducible nitric oxide
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synthase (iNOS). Expression of INOS mRNA was induced
by treatment of cultured macrophages with CPE. Injection
of CPE in mice also resulted in an increase in plasma NO
level [78]. The hexane, ethyl acetate, and dichloromethane
crude extracts of C. procera (250 and 500pg/mL), showed
toxicity to human macrophages (U-937). However,
methanol and aqueous extracts were less toxic up to
>2000pg/ml. The lower concentrations (100-12.5pg/ml)
were devoid of toxic effects and morphological changes of
cells. However, various toxic effects were observed in the
C. procera crude extracts in a dose-dependent manner
compared to control cells [79].

Canna indica

The effect of Canna indica ethanolic extract (CIE)
on productions of nitric oxide (NO), prostaglandin E2
(PGE2), and interleukin-1B (IL-1B) in lipopolysaccharide
(LPS)-induced RAW 264.7 macrophages was investigated.
In addition, the effects of CIE in high glucose (HG)-
induced U937 monocytes on mRNA expressions of IL-8
and monocyte chemoattractant protein-1 (MCP-1), and
regulation of mitogen-activated protein kinase (MAPK)
pathways were also identified.CIE was found to inhibit the
production of inflammatory mediators including NO, IL-
1B, and PGE2 from LPS-induced RAW 264.7
macrophages. The increases in HG-induced mRNA
expressions of IL-8 and MCP-1 were also significantly
inhibited by CIE. Stimulation of HG in U937 monocytes
resulted in activation of p38 MAPK, ERK1/2, and JNK.
However, CIE treatment significantly decreased
phosphorylation of p38 MAPK, ERK1/2, and JNK [80].

Capsicum annuum and Capsicum frutescens

The immunological effects of red pepper
(Capsicum annuum Lin.) extracts (capsicum extract) and
its main pungent capsaicin was investigated on T helper 1
(Thl) and 2 (Th2) cytokine production in cultured murine
Peyer's patch (PP) cells in vitro and ex vivo. Direct
administration of capsicum extract (1 and 10 mug/ml) and
capsaicin (3 and 30 muM) resulted in suppression of
interleukin (IL)-2, interferon (IFN)-gamma, IL-4 and IL-5
production. In an ex vivo experiment using PP cells
removed from the mice after oral administration
of capsicum extract (10 mg/kg/day for 4 consecutive days),
IL-2, IFN-gamma and IL-5 increased in response to
concanavalin A (Con A). Oral administration of 3
mg/kg/day capsaicin, also enhanced IL-2, INF-gamma and
IL-4 production in response to Con A stimulation but did
not influence the production of IL-5. Orally administered
capsazepine (3 mg/kg/day), a selective transient receptor
potential vanilloid 1 (TRPV1) antagonist, slightly
enhanced IL-2 production also irrespective of Con A
stimulation. The capsaicin-induced enhancement of both
IL-2 and IFN-gamma production was not reduced by oral
administration of capsazepine (3 mg/kg/day), suggesting a
TRPV1 receptor-independent mechanism. Flow cytometric
analysis revealed that the population of CD3(+) cells in the

PP cells was significantly reduced while CD19(+) cells
increased after oral administration of capsicum extract (1
and 10 mg/kg/day) and capsaicin (0.3 and 3 mg/kg/day).
Capsazepine (3 mg/kg/day) weakly but significantly
reversed these effects. Orally  administered
capsicum extract and capsaicin did not change the T cell
subset (CD4(+) and CD8(+), Thl (IFN-gamma(+) and T2
(IL-4(+) ratio [81]. It appeared that dendritic cells, a key
cell type in immune responses, have the receptor for
capsaicin, and engagement of this receptor has powerful
immune consequences. The intratumoral administration of
capsaicin into a preexisting tumor results in retarded
progression of the injected tumor regardless of whether the
tumor is at its early or late stage. Furthermore, it leads to
significant inhibition of growth of other, uninjected tumors
in the same animal. Capsaicin-elicited immunity is shown
to be T cell-mediated and tumor-specific [82]. Vanilloid
receptor 1 (VR1) is expressed on immune cells. VR1 can
regulate immunological events in the gut in response to its
ligand Capsaicin (CP). Oral administration of CP
attenuates the proliferation and activation of autoreactive T
cells in pancreatic lymph nodes (PLNs) but not other
lymph nodes. Engagement of VR1 enhances a discreet
population of CD11b(+)/F4/80(+) macrophages in PLN,
which express anti-inflammatory factors interleukin (IL)-
10 and PD-L1. This population is essential for CP-
mediated attenuation of T-cell proliferation in an IL-10-
dependent manner [83]. The effect of a methanolic C.
annuum L. extract (CAE) was investigated in mice model
of ovalbumin-induced allergic airway inflammation.
Animals were treated with CAE by oral gavage before
ovalbumin challenge. Oral treatment with CAE
significantly reduced the pathophysiological signs of
allergic airway disease, including increased inflammatory
cell recruitment to the airways, airway hyper-
responsiveness, and increased levels of T-helper type 2
cytokines. Reactive oxygen species were also decreased in
cells from broncho-alveolar lavage fluid. In addition, the
administration of CAE attenuated ovalbumin-induced
increases in NF-xB activity in lungs [84]. Treatment
with capsicum oleoresin of lactating dairy cows increased
the relative proportion of lymphocytes compared with the
control. It also increased the proportion of total CD4(+)
cells and total CD4(+) cells that co-expressed the
activation status signal and CD25 in blood. The percentage
of peripheral blood mononuclear cells (PBMC) that
proliferated in response to concanavalin A and viability of
PBMC were not affected by treatment. Cytokine
production by PBMC was not different between control
and capsicum oleoresin treated cows. Expression of mMRNA
in liver for key enzymes in gluconeogenesis, fatty acid
oxidation, and response to reactive oxygen species were
not affected by treatment. No difference was observed due
to treatment in the oxygen radical absorbance capacity of
blood plasma [85]. The  effects  of 10
mg/kg Capsicum oleoresinon on growth performance
and immune responses was studied in weaned pigs
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experimentally infected with porcine reproductive and
respiratory syndrome virus (PRRSV). The results indicate
that supplementation with capsicum oleoresin reduces the
adverse  effects of PRRSV by  improving
the immune responses of pigs [86]. Hot water-soluble
crude polysaccharide (HCAP-0) that was obtained from the
fruits of Capsicum annuum showed potent anti-
complementary activity. The activity was unchanged by
pronase digestion, but decreased by periodate oxidation.
The HCAP-O was fractionated by DEAE ion-exchange
chromatography to give two major fractions, HCAP-II and
Ill. These two fractions were finally purified by gel
filtration to give HCAP-lla, HCAPIllal, and Illa2
fractions that had high anticomplementary activities. The
HCAP-Illal and 1lla2 consisted of homogeneous
polysaccharides. The anticomplementary activities were
unaffected by treatment with polymyxin B, indicating that
the modes of complement activation were not due to
preexisting lipopolysaccharide [87].

Carthamus tinctorius

The polysaccharide of Carthamus tinctorius
modulated immune function in mice [88]. Safflower
yellow (SY) produced declines in both nonspecific and
specific immune functions. Administration of safflower
yellow (SY) ip 50-450 mg/kg/day for 6-8 days in mice
decreased  serum  lysozyme  concentration  and
phagocytosing functions of both peritoneal macrophages
and peripheral leukocytes; diminished the production of
plaque forming cells, specific rosette forming cells, and
antibody production; inhibited delayed type
hypersensitivity reaction and the activation of T suppressor
cells elicited by supraoptimal immunization. In vitro
experiments showed inhibitory effects on [3H]TdR
incorporation during human peripheral T- and B-
lymphocyte proliferation by SY 0.03-3.0, 0.1-2.0 mg/ml
respectively, murine mixed lymphocyte culture response
and the production of interleukin-2 by SY 0.1-2.5 mg/ml.
In conclusion, SY produced declines in both nonspecific
and  specific  immune  functions [89].  N-(p-
coumaroyl)serotonin and N-(p-coumaroyl) tryptamine,
active ingredients in CT, were shown to strongly inhibit the
production of proinflammatory cytokines (IL-la, IL-18,
IL-6, IL-8 and TNF- «) from lipopolysaccharide-stimulated
human monocytes. HSYA treatment increased adhesion
potency (HSYA dose 1.01 x 10 mol x L™, free calcium
concentration (HSYA dose 3.1 x 10° mol x L™, TNF-
alpha and IL-6 mRNA expression elevation (HSYA dose
5.2 x 10° mol x L) induced by LPS . HSYA also
inhibited NF-kappaB p65 subgroup nuclear translocation
(HSYA dose 5.2 x 10™ mol x L™) [90].

Carum carvi

The effects of caraway hydroalcoholic extract
(CHE) and its essential oil (CEO) were investigated in an
immunological model of colitis in rats induced by
trinitrobenzene sulfonic acid (TNBS). Different doses of

CHE (100, 200, 400 mg/kg) and CEO (100, 200, 400
pl/kg) were administered orally and also doses of CHE
(100, 400 mg/kg) and CEO (100, 400 ul’kg) were given
intraperitoneally. Administration of the doses started 6 h
after induction of colitis and continued daily for 5
consecutive days. CHE and CEO at all tested doses were
effective in reducing colon tissue lesions and colitis indices
and the efficacy was nearly the same when different doses
of plant fractions were administered orally or
intraperitoneally [91].

Cassia occidentalis

The protective effect of Cassia occidentalis
against cyclophosphamide (CP)-induced
immunosuppression was evaluated in animal models.
Swiss albino male mice were treated orally with the
aqueous extract of C. occidentalis, 100 mg/kg, body
weight, for 14 days. Cyclophosphamide was given
intraperitoneally in a single dose of 50 mg/kg bw. Body
weight, relative organ weight, lymphoid organ cellularity,
hemagglutination titre (HT), plaque forming cell (PFC)
assay and quantitative hemolysis of SRBC (QHS) were
studied in these animals. CP showed suppressive effects on
lymphoid organ weight and cellularity and other
parameters of humoral immunity. Plant extract treatment
itself produced no toxicity. The administration of plant
extract to CP-exposed animals resulted in improved
humoral responses. C. occidentalis treatment significantly
(P<0.01) enhanced PFC response in CP-treated animals. In
QHS assay, C. occidentalis also showed protection in CP-
treated animals. Bone marrow cell counts, which were
reduced in CP-treated animals, were reversed significantly
(p<0.01) to normal levels in CP + plant extract group
animals [92]. The effects of Cassia occidentalis (CO) on
rat mast cell degranulation inhibition and human red blood
cell (HRBC) membrane stabilization were studied in vitro.
The anti lipid peroxidant effects of CO were also studied in
vitro. Effect of CO on carrageenan-induced mouse paw
oedema inhibition was also assessed. CO significantly
decreased maximum protection of 80.8% at 15 microg/ml.
The extract also caused significant reduction in
malondialdehyde (MDA) levels of murine hepatic
microsomes at 100 microg/ml (56%) and significantly
reduced carrageenan induced inflammation in mice at a
dose of 250 mg/kg [93]. The effects of the treatment with
seeds of C. occidentalis and its external tegument fraction
(TE) on the development of chicks and their lymphoid
organs bursa of Fabricius and spleen were studied. Chicks
that received a commercial ration with 1% TE had reduced
body and lymphoid organ weights. The bursa of Fabricius
presented reduction in the diameters of the follicles, and in
the thickness of the cortical and medullary regions. The
spleen presented depleted lymphoid tissue in the white
pulp. These results indicate that the active principle of
C. occidentalis is more concentrated on its TE fraction, and
that it can cause weight loss as well as alterations in the
lymphoid organs in chicks [94]. The possible immunotoxic
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effects of Cassia occidentalis (Co) seeds were studied
through incorporated of seeds in broiler chicken rations at
different concentrations (0.0%, 0.25%, 0.50% and 0.75%),
for 28 or 42 days. The innate immune function
(macrophage activities of spreading, phagocytosis,
peroxide and nitric oxide production) and acquired
immune function (humoral and cellular immune
responses), as well as lymphoid organ weights and
pathology were evaluated. There was enhanced
macrophage activity, increased hydrogen peroxide
production (P<0.05) in cells of birds given 0.75% Co, but
there were no other pro-inflammatory effects. Birds
receiving 0.75% of Co in ration for 42 days gained less
weight (P<0.01), and showed a decrease in relative weight
of the bursa of Fabricius (P<0.05) and spleen (P<0.01). In
addition, morphological changes were also noted in these
lymphoid organs, with depletion of lymphoid cells on the

spleen and bursa of Fabricius, resulting in lower relative
weight of both lymphoid organs. No impairment of
humoral immune response against Newcastle disease and
in cellular immune response after a phyto-haemagglutinin
challenge was recorded. The authors postulated that
mitochondrial damage and related apoptosis may be
responsible for the enhanced peroxide production and the
reduced relative weight of the bursa of Fabricius and
spleen [95].

CONCLUSION

The paper reviewed the immunological effects of
the medicinal plants to open the door for their utilization
in medical applications as a result of effectiveness and
safety.

REFERENCES

1.

Al-Snafi AE. Encyclopedia of the constituents and pharmacological effects of Iraqi medicinal plants. Thi gar University,
2013

Journal of Pharma Sciences and

2. Al-Snafi AE. Chemical constituents and pharmacological activities of Ammi majus and Ammi vishaga. A review.
International Journal of Pharmacy and Industrial Research, 3(3), 2013, 257-265.

3. Al-Snafi AE. The Methods followed by Arabic physicians for treatment of cancer 4" Arabic Conf . of Medicinal Plants,
Thamar Univ, Yemen, 1999, 122-136.

4. Al-Snafi AE, Al-Trikrity AH. and Ahmad RH. Hypoglycemic effect of Teucrium polium and Cyperus rotundus in normal
and diabetic rabbits. Med J Tikrit Univ, 9(2), 2013, 1-10.

5. Al-Snafi AE. Pharmacology and therapeutics. Al Diaa Publication house, Irag, 2013.

6. Al-Snafi AE. Antimicrobial drugs. Al Diaa Publication House, Irag, 2013.

7. Al-Snafi AE. The miraculous nature of the prophet medicine: Analytical study. Al Diaa Publication House, Irag, 2009.

8. Al-Snafi AE. Pharmacological effects of Allium species grown in Irag. An overview. International Journal of
Pharmaceutical and health care Research, 1(4), 2013, 132-147.

9. Al-Snafi AE. Chemical constituents and pharmacological activities of milfoil (Achillea santolina). A Review. Int J Pharm
Tech Res, 5(3), 2013, 1373-1377.

10. Al-Snafi AE. The pharmaceutical importance of Althaea officinalis and Althaea rosea : A Review. Int J Pharm Tech Res,
5(3), 2013, 1387-1385.

11. Al-Snafi AE and Faris AN. Anti-inflammatory and antibacterial activities of Lippia nodiflora and its effect on blood
clotting time. J Thi Qar Sci, 4(1), 2013, 25-30.

12. Al-Snafi AE. The pharmacology of Bacopa monniera. A review. International Journal of Pharma Sciences and Research,
4(12), 2013, 154-159.

13. Al-Snafi AE. The Pharmacological Importance of Bauhinia variegata. A review. Journal of Pharma Sciences and
Research, 4(12), 2013, 160-164.

14. Al-Snafi AE. The Pharmacological importance of Benincasa hispida. A review.
Research, 4(12), 2013, 165-170.

15. Al-Snafi AE. The Chemical constituents and pharmacological effects of Bryophyllum calycinum. A review. Journal of
Pharma Sciences and Research, 4(12), 2013, 171-176.

16. Al-Snafi AE. The Pharmacological activities of Alpinia galangal - A review. International Journal for Pharmaceutical
Research Scholars, 3(1-1), 2014, 607-614.

17. Al-Snafi AE. Chemical constituents and pharmacological activities of Arachis hypogaea - A review. International Journal
for Pharmaceutical Research Scholars, 3(1-1), 2014, 615-623.

18. Al-Snafi AE. The Pharmacological importance and chemical constituents of Arctium Lappa. A review. International
Journal for Pharmaceutical Research Scholars, 3(1-1), 2014, 663-670.

19. Al-Snafi AE. The pharmacology of Apium graveolens. - A review. International Journal for Pharmaceutical Research
Scholars, 3(1-1), 2014, 671-677.

20.

Al-Snafi AE. The pharmacology of Anchusa italica and Anchusa strigosa — A review. International Journal of Pharmacy
and Pharmaceutical Sciences, 6(4), 2014, 7-10.



21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

Page | 214
Asian J. Pharm. Res. Vol 5, Issue 3, 208-216, 2015.

Al-Snafi AE. The pharmacological importance of Anethum graveolens — A review. International Journal of Pharmacy
and Pharmaceutical Sciences, 6(4), 2014, 11-13.

Al-Snafi AE, Wajdy JM and Tayseer Ali Talab. Galactagogue action of Nigella sativa seeds. IOSR Journal of
Pharmacy, 4(6), 2014, 58-61.

Al-Snafi AE. The chemical constituents and pharmacological effects of Adiantum capillus-veneris - A review. Asian
Journal of Pharmaceutical Science and Technology, 5(2), 2015, 106-111.

Al-Snafi AE. The pharmacological and therapeutic importance of Agrimonia eupatoria- A review. Asian Journal of
Pharmaceutical Science and Technology, 5(2), 2015, 112-117.

Al-Snafi AE. The chemical constituents and pharmacological effects of Ammannia baccifera - A review. International
Journal of Pharmacy, 5(1), 2015, 28-32.

Al-Snafi AE. The chemical contents and pharmacological effects of Anagallis arvensis - A review. International Journal
of Pharmacy, 5(1), 2015, 37-41.

Al-Snafi AE, Hanaon RM, Yaseen NY, Abdul alhussain WS. Study the anticancer activity of plant phenolic compounds.
Iragi Journal of Cancer & Medical Genetics, 4(2), 2011, 66-71.

Al-Snafi AE. The pharmacological importance of Artemisia campestris- A review. Asian Journal of Pharmaceutical
Research, 5(2), 2015, 88-92.

Al-Snafi AE. Chemical constituents and pharmacological effects of Asclepias curassavica — A review. Asian Journal of
Pharmaceutical Research, 5(2), 2015, 83-87.

Al-Snafi AE. The pharmacological importance of Asparagus officinalis - A review. Journal of Pharmaceutical Biology,
5(2), 2015, 93-98.

Al-Snafi AE. The medical importance of Betula alba - An overview. Journal of Pharmaceutical Biology, 5(2), 2015, 99-
103.

Al-Snafi AE. Bioactive components and pharmacological effects of Canna indica- An Overview. International Journal of
Pharmacology and toxicology, 5(2), 2015, 71-75.

Al-Snafi AE. The chemical constituents and pharmacological effects of Capsella bursa-pastoris - A review. International
Journal of Pharmacology and toxicology, 5(2), 2015, 76-81.

Al-Snafi AE. The pharmacological importance of Ailanthus altissima- A review. International Journal of Pharmacy
Review and Research, 5(2), 2015, 121-129.

Al-Snafi AE. Alhagi maurorum as a potential medicinal herb: An overview. International Journal of Pharmacy Review
and Research, 5(2), 2015, 130-136.

Al-Snafi AE. The pharmacological importance of Aloe vera- A review. International Journal of Phytopharmacy Research,
6(1), 2015, 28-33.

Al-Snafi AE. The constituents and biological effects of Arundo donax - A review. International Journal of
Phytopharmacy Research, 6(1), 2015, 34-40.

Al-Snafi AE. The nutritional and therapeutic importance of Avena sativa - An overview. International Journal of
Phytotherapy, 5(1), 2015, 48-56.

Al-Snafi AE. The Pharmacological Importance of Bellis perennis - A review. International Journal of Phytotherapy,
5(2), 2015, 63-69.

Al-Snafi AE. The chemical constituents and pharmacological effects of Capparis spinosa - An overview. Indian Journal
of Pharmaceutical Science and Research, 5(2), 2015, 93-100.

Al-Snafi AE. The chemical constituents and pharmacological effects of Carum carvi - A review. Indian Journal of
Pharmaceutical Science and Research, 5(2), 2015, 72-82.

Al-Snafi AE. The pharmacological importance of Casuarina equisetifolia - An overview. International Journal of
Pharmacological Screening Methods, 5(1), 2015, 4-9.

Al-Snafi AE. The chemical constituents and pharmacological effects of Chenopodium album - An overview. International
J of Pharmacological Screening Methods, 5(1), 2015, 10-17.

Al-Snafi AE, Bahaadeen EF, Marbeen MI and Marbut MM. The effect of date palm pollens and zinc sulphate in the
treatment of human male infertility. Tikrit Journal of Pharmaceutical Sciences, 2(1), 2006, 31-34.

Kadir MA, Al-Snafi AE and Farman NA. Comparison between the efficacy of sulpher and garlic in treatment of scabies.
Med J Tikrit Univ, 5, 1999, 122-125.

Al-Snafi AE. The best lysosomal stabilizing and hypolipoproteinemic mono/ polyunsaturated fatty acids combination. The
Med J Tikrit University, 8, 2002, 148-153.

Al-Snafi AE. The chemical constituents and pharmacological effects of Calendula officinalis - A review. Indian Journal of
Pharmaceutical Science & Research, 5(3), 2015, 172-185.

Al-Snafi AE. The constituents and pharmacological properties of Calotropis procera - An Overview. International
Journal of Pharmacy Review & Research, 5(3), 2015, 259-275.



49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

Page | 215
Asian J. Pharm. Res. Vol 5, Issue 3, 208-216, 2015.

Al-Snafi AE. The pharmacological importance of Capsicum species (Capsicum annuum and Capsicum frutescens) grown
in Irag. Journal of Pharmaceutical Biology, 5(3), 2015, 124-142.

Al-Snafi AE. The chemical constituents and pharmacological importance of Carthamus tinctorius - An Overview. Journal
of Pharmaceutical Biology, 5(3), 2015, 143-166.

Al-Snafi AE. The therapeutic importance of Cassia occidentalis - An overview. Indian Journal of Pharmaceutical Science
& Research, 5(3), 2015, 158-171.

Bukovsky M, and Blanirik P. Immunomodulative effects of ethanolic-aqueous extracts of herba Agrimoniae, flos
Chamomillae and flos Calendulae cum calyce. Farmaceutiky Obzor, 63, 1994, 149- 156.

Heilerov L, Buckova, M, Tarapcik P, Silhar S and Labuda J. Comparison of antioxidative activity data for aqueous
extracts of lemon balm (Melissa officinalis L.), Oregano (Origanum vulgare L.), Thyme (Thymus vulgaris L.), and
Agrimony (Agrimonia eupatoria L.) obtained by conventional methods and the DNA-based biosensor. Czech J Food Sci ,
21,2003, 78-84.

Bendjeddou D, Lalaoui K and Satta D. Immunostimulating activity of the hot water-soluble polysaccharide extracts of
Anacyclus pyrethrum, Alpinia galanga and Citrulluscolocythis. J Ethnophamacology, 88, 2003, 155-160.

Matsuda H, Morikawa T, Managi H and Yoshikawa M. Antiallergic principles from Alpinia galanga: structural
requirements of phenylpropanoids for inhibition of degranulation and release of TNF-a and IL-4 in RBL-2H3 Cells. Bio
Med Chem Lett, 13(19), 2003, 3197-3202.

Kubota K, Ueda Y, Yasuda M and Masuda A. Occurrence and antioxidative activity of 1'- acetoxychavicol acetate and its
related compounds in the rhizomes of Alpinia galanga during cooking. Food flavors and chemistry: advances of the new
millennium. Proceedings of the 10" International Flavor Conference, Paros, Greece, 2001, 601-607.

Mahae N and Chaiseri S. Antioxidant activities and antioxidative components in extracts of Alpinia galanga (L.) Sw.
Kasetsart Journal Natural Sciences, 43(2), 2009, 358-369.

Srividya AR, Dhanabal SP, Satish kumar MN and Bavadia PH. Antioxidant and antidiabetic activity of Alpinia galanga.
International Journal of Pharmacognosy and Phytochemical Research, 3(1), 2010, 6-12.

Yu ES, Min HJ, Lee K, Lee MS, Nam JW, Seo EK, Hong JH and Hwang ES. Anti-inflammatory activity of p-coumaryl
alcohol-y-O-methyl ether is mediated through modulation of interferon-y production in the cells. Brit J Pharmacol, 156(7),
2009, 1107-1114.

Min HJ, Nam JW, Yu ES, Hong JH, Seo EK and Hwang ES. Effect of naturally occurring hydroxychavicol acetate on the
cytokine production in T helper cells. Immuno pharmacol, 9(4), 2009, 448-454.

Yamada H et al. Relationship between chemical structure and anti-complementary activity of plant polysaccharides.
Carbohydrate Research, 144, 1985, 101-111.

European medicines agency evaluation of medicines for human use. Assessment report on Althaea officinalis L. Radix,
20009.

Ding Z, Dai Y, Hao H, Pan R, Yao X and Wang Z. Anti-inflammatory effects of scopoletin and underlying mechanisms.
Pharm Biol, 46(12), 2009, 854-860.

El-Ghaoui WLB. The effect of water extract of Alcea rosea on the production of Interleukin 4 and gamma INF in BALB/c
mice, and its in vitro antibacterial effect. MSc thesis, Faculty of Medicine at the American University of Beirut, 2006.
Mantovani M S, Bellini M F, Angeli J P F, Oliveira R J, Silva A F and Ribeiro L R. B-glucan in promoting health:
Prevention against mutation and cancer, 2007.

Chanput W, Reitsma M, Kleinjans L, Mes JJ, Savelkoul HF and Wichers HJ. B-glucans are involved in immune-
modulation of THP-1 macrophages. Mol Nutr Food Res, 56(5), 2012, 822-833.

Kirtikar KR and Basu BD. Indian Medicinal Plants, 1991, 898-900.

Jine Y, Lis M, Szczypka M and Obminska-Mrukowicz B. Influence of betulinic acid on lymphocyte subsets and humoral
immune response in mice. Pol J Vet Sci, 15(2), 2012, 305-313.

Jafarian-Dehkordi A, Zolfaghari B and Mirdamadi M. The effects of chloroform, ethyl acetate and methanolic extracts of
Brassica rapa L. on cell-mediated immune response in mice. Res Pharm Sci, 8(3), 2013, 159-165.

Cruz EA, Da-Silva SAG, Muzitano MF, Silva PMR, Costa SS and Rossi-Bergmann B. Immunomodulatory pretreatment
with Kalanchoe pinnata extract and its quercitrin flavonoid effectively protects mice against fatal anaphylactic shock.
International journal, 2, 2010, 240.

Rossi-Bergmann B, Costa SS, Borges MBS, Da Silva SA, Noleto GR, Souza ML and Moraes VLG. Immunosuppresive
effect of the aqueous extract of Kalanchoe Pinnata in mice. Phytotherapia, 8, 1994, 399-402.

Shukla S, Mehta A, Mehta P, Vyas SP and Shivaprasad HN. In vivo immunomodulatory activities of the aqueous extract of
bonduc nut Caesalpinia bonducella seeds. Pharm Biol, 48(2), 2010, 227-230.

Shukla S , Mehta A, John J, Mehta P, Vyas SP and Shukla S. Immunomodulatory activities of the ethanolic extract of
Caesalpinia bonducella seeds. J Ethnopharmacol, 125(2), 2009, 252-256.


http://www.ncbi.nlm.nih.gov/pubmed?term=Jafarian-Dehkordi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24019825
http://www.ncbi.nlm.nih.gov/pubmed?term=Zolfaghari%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24019825
http://www.ncbi.nlm.nih.gov/pubmed?term=Mirdamadi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24019825
http://www.ncbi.nlm.nih.gov/pubmed/24019825
http://www.ncbi.nlm.nih.gov/pubmed?term=Shukla%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20645846
http://www.ncbi.nlm.nih.gov/pubmed?term=Mehta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20645846
http://www.ncbi.nlm.nih.gov/pubmed?term=Mehta%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20645846
http://www.ncbi.nlm.nih.gov/pubmed?term=Vyas%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=20645846
http://www.ncbi.nlm.nih.gov/pubmed?term=Shivaprasad%20HN%5BAuthor%5D&cauthor=true&cauthor_uid=20645846
http://www.ncbi.nlm.nih.gov/pubmed/20645846
http://www.ncbi.nlm.nih.gov/pubmed?term=Shukla%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19607900
http://www.ncbi.nlm.nih.gov/pubmed?term=Mehta%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19607900
http://www.ncbi.nlm.nih.gov/pubmed?term=John%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19607900
http://www.ncbi.nlm.nih.gov/pubmed?term=Mehta%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19607900
http://www.ncbi.nlm.nih.gov/pubmed?term=Vyas%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=19607900
http://www.ncbi.nlm.nih.gov/pubmed?term=Shukla%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19607900
http://www.ncbi.nlm.nih.gov/pubmed/19607900

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

Page | 216
Asian J. Pharm. Res. Vol 5, Issue 3, 208-216, 2015.

Varlijen J. Structural analysis of rhamnoarabinogalactans and arabinogalactans with immunostimulating activity from
Calendula officinalis. Phytochemistry, 28, 1989, 2379-2383.

Wagner H, Proksch A, Riess-Maurer I, Vollmar A, S. Odenthal, Stuppner H, Jurcic K, Le Turdu M and Fang Jn..
Immunstimulierend wirkende Polysaccharide (Heteroglykane) aus hdheren Pflanzen. Arzneimittel-Forschung, 7, 1985,
1069-1075.

Delaveau P, Lallouette P and Tessier AM. Drogues végétales stimulant 1’activité phagocytaire du systéme réticulo-
endothélial. Planta Medica, 40, 1980, 49-54.

Bagherwal P. Immunomodulatory activities of the Nondialyzable latex fraction (NDL) from Calotropis procera (Ait.) R.
Br. International Journal of PharmTech Research, 3(3), 2011, 1843-1849.

Seddek A, Mahmoud ME, Shiina T, Hirayama H, Iwami M, Miyazawa S, Nikami H, Takewaki T and Shimizu Y. Extract
from Calotropis procera latex activates murine macrophages. J Nat Med, 63(3), 2009, 297-303.

Samy RP and Chow VTK. Pilot study with regard to the wound healing activity of protein from Calotropis procera (Ait.)
R. Br. Evidence-Based Complementary and Alternative Medicine 2012, 340.

Chen H J, Chen C N, Sung M LWu Y C, Ko P L and Tso T. Canna indica L. attenuates high-glucose- and
lipopolysaccharide-induced inflammatory mediators in monocyte/macrophage. Journal of Ethnopharmacology, 48(1),
2013, 317-321.

Takano F, Yamaguchi M, Takada S, Shoda S, Yahagi N, Takahashi T and Ohta T. Capsicum ethanol extracts and capsaicin
enhance interleukin-2 and interferon-gamma production in cultured murine Peyer's patch cells ex vivo. Life Sci, 80(17),
2007, 1553-1563.

Beltran J , Ghosh AK and Basu S. Immunotherapy of tumors with neuroimmune ligand capsaicin. J Immunol, 178(5),
2007, 3260-3264.

Nevius E, Srivastava PK and Basu S. Oral ingestion of Capsaicin, the pungent component of chili pepper, enhances a
discreet population of macrophages and confers protection from autoimmune diabetes. Mucosal Immunol, 5(1), 2012, 76-
86.

Jang HY, Kim SM, Yuk JE, Kwon OK, Oh SR, Lee HK, Jeong H and Ahn KS. Capsicum annuum L. methanolic extract
inhibits ovalbumin-induced airway inflammation and oxidative stress in a mouse model of asthma. J Med Food, 14(10),
2011, 1144-1151.

Oh J, Hristov AN, Lee C, Cassidy T, Heyler K, Varga G A, Pate J, Walusimbi S, Brzezicka E, Toyokawa K, Werner
J, Donkin S S, Elias R,Dowd S and Bravo D. Immune and production responses of dairy cows to postruminal
supplementation with phytonutrients. J Dairy Sci, 96(12), 2013, 7830-7843.

Liu Y, Che TM, Song M, Lee JJ, Almeida JA, Bravo D, Van Alstine WG and Pettigrew JE. Dietary plant extracts
improve immune responses and growth efficiency of pigs experimentally infected with porcine reproductive and
respiratory syndrome virus. J Anim Sci., 91(12), 2013, 5668-5679.

Paik SY, Ra KS, Chang IS, Park YC, Park HS, Baik HS, Yun JW and Choi JW. Purification and characterization of
complement-activating acidic polysaccharides from the fruits of Capsicum annuum. Journal of Biochemistry and
Molecular Biology, 36(2), 2003, 230-236.

Khare CP. Indian medicinal plants, an illustrated dictionary. Springer Science and Business Media, 2007, 123.

Lu ZW, Liu F, Hu J, Bian D and Li FG. Suppressive effects of safflower yellow on immune functions. Zhongguo Yao Li
Xue Bao, 12(6), 1991, 537-542.

Wu W, Jin M, Tong J, Wang XF and Zang BX. Inhibitory effect of hydroxysafflor yellow A against PMN activation
induced by LPS. Yao Xue Xue Bao, 46(2), 2011, 153-157.

Keshavarz A, Minaiyan M, Ghannadi A and Mahzouni P. Effects of Carum carvi L. (Caraway) extract and essential oil on
TNBS-induced colitis in rats. Res Pharm Sci, 8(1), 2013, 1-8.

Bin-Hafeez B, Ahmad I, Haque R and Raisuddin S. Protective effect of Cassia occidentalis L. on cyclophosphamide-
induced suppression of humoral immunity in mice. J Ethnopharmacol, 75(1), 2001, 13-18.

Sreejith G, Latha PG, Shine VJ, Anuja GlI, Suja SR, Sini S, Shyama S, Pradeep S, Shikha P and Rajasekharan S. Anti-
allergic, anti-inflammatory and anti-lipidperoxidant effects of Cassia occidentalis Linn. Indian J Exp Biol, 48(5), 2010,
494-498.

Silva TC, Gorniak SL, Oloris SC, Raspantini PC, Haraguchi M and Dagli ML. Effects of Senna occidentalis on chick
bursa of Fabricius. Avian Pathol, 32(6), 2003, 633-637.

Hueza IM, Latorre AO, Raspantini PC, Raspantini LE, Mariano-Souza DP, Guerra JL and Gérniak SL. Effect
of Senna occidentalis seeds on immunity in broiler chickens. J Vet Med A Physiol Pathol Clin Med, 54(4), 2007, 179-185.


http://www.ncbi.nlm.nih.gov/pubmed?term=Seddek%20Al%5BAuthor%5D&cauthor=true&cauthor_uid=19399577
http://www.ncbi.nlm.nih.gov/pubmed?term=Mahmoud%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=19399577
http://www.ncbi.nlm.nih.gov/pubmed?term=Shiina%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19399577
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirayama%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19399577
http://www.ncbi.nlm.nih.gov/pubmed?term=Iwami%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19399577
http://www.ncbi.nlm.nih.gov/pubmed?term=Miyazawa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19399577
http://www.ncbi.nlm.nih.gov/pubmed?term=Nikami%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19399577
http://www.ncbi.nlm.nih.gov/pubmed?term=Takewaki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19399577
http://www.ncbi.nlm.nih.gov/pubmed?term=Shimizu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19399577
http://www.ncbi.nlm.nih.gov/pubmed/19399577
http://www.ncbi.nlm.nih.gov/pubmed?term=Takano%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17306834
http://www.ncbi.nlm.nih.gov/pubmed?term=Yamaguchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17306834
http://www.ncbi.nlm.nih.gov/pubmed?term=Takada%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17306834
http://www.ncbi.nlm.nih.gov/pubmed?term=Shoda%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17306834
http://www.ncbi.nlm.nih.gov/pubmed?term=Yahagi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17306834
http://www.ncbi.nlm.nih.gov/pubmed?term=Takahashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17306834
http://www.ncbi.nlm.nih.gov/pubmed?term=Ohta%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17306834
http://www.ncbi.nlm.nih.gov/pubmed/17306834
http://www.ncbi.nlm.nih.gov/pubmed?term=Beltran%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17312175
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghosh%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=17312175
http://www.ncbi.nlm.nih.gov/pubmed?term=Basu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17312175
http://www.ncbi.nlm.nih.gov/pubmed/17312175
http://www.ncbi.nlm.nih.gov/pubmed?term=Nevius%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22113584
http://www.ncbi.nlm.nih.gov/pubmed?term=Srivastava%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=22113584
http://www.ncbi.nlm.nih.gov/pubmed?term=Basu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22113584
http://www.ncbi.nlm.nih.gov/pubmed/22113584
http://www.ncbi.nlm.nih.gov/pubmed?term=Jang%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=21875363
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=21875363
http://www.ncbi.nlm.nih.gov/pubmed?term=Yuk%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=21875363
http://www.ncbi.nlm.nih.gov/pubmed?term=Kwon%20OK%5BAuthor%5D&cauthor=true&cauthor_uid=21875363
http://www.ncbi.nlm.nih.gov/pubmed?term=Oh%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=21875363
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=21875363
http://www.ncbi.nlm.nih.gov/pubmed?term=Jeong%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21875363
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahn%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=21875363
http://www.ncbi.nlm.nih.gov/pubmed/21875363
http://www.ncbi.nlm.nih.gov/pubmed?term=Oh%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Hristov%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Cassidy%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Heyler%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Varga%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Pate%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Walusimbi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Brzezicka%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Toyokawa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Werner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Werner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Donkin%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Elias%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Dowd%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Bravo%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24140326
http://www.ncbi.nlm.nih.gov/pubmed/24140326
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24126276
http://www.ncbi.nlm.nih.gov/pubmed?term=Che%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=24126276
http://www.ncbi.nlm.nih.gov/pubmed?term=Song%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24126276
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=24126276
http://www.ncbi.nlm.nih.gov/pubmed?term=Almeida%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=24126276
http://www.ncbi.nlm.nih.gov/pubmed?term=Bravo%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24126276
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Alstine%20WG%5BAuthor%5D&cauthor=true&cauthor_uid=24126276
http://www.ncbi.nlm.nih.gov/pubmed?term=Pettigrew%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=24126276
http://www.ncbi.nlm.nih.gov/pubmed/24126276
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20ZW%5BAuthor%5D&cauthor=true&cauthor_uid=1840455
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=1840455
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=1840455
http://www.ncbi.nlm.nih.gov/pubmed?term=Bian%20D%5BAuthor%5D&cauthor=true&cauthor_uid=1840455
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20FG%5BAuthor%5D&cauthor=true&cauthor_uid=1840455
http://www.ncbi.nlm.nih.gov/pubmed/1840455
http://www.ncbi.nlm.nih.gov/pubmed/1840455
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21542285
http://www.ncbi.nlm.nih.gov/pubmed?term=Jin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21542285
http://www.ncbi.nlm.nih.gov/pubmed?term=Tong%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21542285
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20XF%5BAuthor%5D&cauthor=true&cauthor_uid=21542285
http://www.ncbi.nlm.nih.gov/pubmed?term=Zang%20BX%5BAuthor%5D&cauthor=true&cauthor_uid=21542285
http://www.ncbi.nlm.nih.gov/pubmed/21542285
http://www.ncbi.nlm.nih.gov/pubmed?term=Keshavarz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24459470
http://www.ncbi.nlm.nih.gov/pubmed?term=Minaiyan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24459470
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghannadi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24459470
http://www.ncbi.nlm.nih.gov/pubmed?term=Mahzouni%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24459470
http://www.ncbi.nlm.nih.gov/pubmed/24459470
http://www.ncbi.nlm.nih.gov/pubmed?term=Bin-Hafeez%20B%5BAuthor%5D&cauthor=true&cauthor_uid=11282437
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmad%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11282437
http://www.ncbi.nlm.nih.gov/pubmed?term=Haque%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11282437
http://www.ncbi.nlm.nih.gov/pubmed?term=Raisuddin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11282437
http://www.ncbi.nlm.nih.gov/pubmed/?term=Protective+effect+of+Cassia+occidentalis+L.+on+cyclophosphamide-induced+suppression+of+humoral+immunity+in+mice.
http://www.ncbi.nlm.nih.gov/pubmed?term=Sreejith%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20795367
http://www.ncbi.nlm.nih.gov/pubmed?term=Latha%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=20795367
http://www.ncbi.nlm.nih.gov/pubmed?term=Shine%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=20795367
http://www.ncbi.nlm.nih.gov/pubmed?term=Anuja%20GI%5BAuthor%5D&cauthor=true&cauthor_uid=20795367
http://www.ncbi.nlm.nih.gov/pubmed?term=Suja%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=20795367
http://www.ncbi.nlm.nih.gov/pubmed?term=Sini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20795367
http://www.ncbi.nlm.nih.gov/pubmed?term=Shyama%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20795367
http://www.ncbi.nlm.nih.gov/pubmed?term=Pradeep%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20795367
http://www.ncbi.nlm.nih.gov/pubmed?term=Shikha%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20795367
http://www.ncbi.nlm.nih.gov/pubmed?term=Rajasekharan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20795367
http://www.ncbi.nlm.nih.gov/pubmed/20795367
http://www.ncbi.nlm.nih.gov/pubmed?term=Silva%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=14676015
http://www.ncbi.nlm.nih.gov/pubmed?term=Oloris%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=14676015
http://www.ncbi.nlm.nih.gov/pubmed?term=Raspantini%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=14676015
http://www.ncbi.nlm.nih.gov/pubmed?term=Haraguchi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14676015
http://www.ncbi.nlm.nih.gov/pubmed?term=Dagli%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=14676015
http://www.ncbi.nlm.nih.gov/pubmed/14676015
http://www.ncbi.nlm.nih.gov/pubmed?term=Hueza%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=17493163
http://www.ncbi.nlm.nih.gov/pubmed?term=Latorre%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=17493163
http://www.ncbi.nlm.nih.gov/pubmed?term=Raspantini%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=17493163
http://www.ncbi.nlm.nih.gov/pubmed?term=Raspantini%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=17493163
http://www.ncbi.nlm.nih.gov/pubmed?term=Mariano-Souza%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=17493163
http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%B3rniak%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=17493163

