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ARTICLE INFO ABSTRACT

Keywords: Treatment options for most cancers are still insufficient, despite developments and technology advancements. It
Cancer has been postulated that the immune response to progressive tumors is insufficient due to a deficiency in afferent
Phyllanthus amarus/niruri mechanisms responsible for the development of tumor-reactive T cells. Many patients treated for cancer will
Phyllar;lthﬁn ni have their cancer recurrence, often after a long remission period. This suggests that there are a small number of
Hypophylland mn tumor cells that remain alive after standard treatment(s) — alone or in combination and have been less effective
Chemotherapeutic . . . . .

. in combating metastasis that represents the most elaborate hurdle to overcome in the cure of the disease.
Immunomodulation

Therefore, any new effective and safe therapeutic agents will be highly demanded. To circumvent many plant
extracts have attributed for their chemoprotective potentials and their influence on the human immune system.
It is now well recognized that immunomodulation of immune response could provide an alternative or addition
to conventional chemotherapy for a variety of disease conditions. However, many hurdles still exist. In recent
years, there has been a tremendous interest either in harnessing the immune system or towards plant-derived
immunomodulators as anticancer agents for their efficacy, safety and their targeted drug action and drug de-
livery mechanisms. This review discusses Phyllanthus Schum. & Thonn. their chemopreventive and im-
munomodulatory properties over the past few years. Although, as many as 500 important bioactive phyto-
chemical compounds have been isolated from Phyllanthus their chemotherapeutic, immunomodulatory
properties, molecular targets and modes of action are yet to be enlightened in detail. Hence, the theme of this
review is very useful for further research on Phyllanthus species. because many phytochemicals from these plants

have demonstrated preclinical therapeutic efficacy for a wide range of human diseases.

1. Introduction

Conventional treatment of cancer includes surgery, ionizing radia-
tion, chemotherapy, photodynamic therapy (PDT), or by combining
these modalities (Ali-Seyed et al., 2016). It is been known that metas-
tasis that represents the most elaborate hurdle to overcome in the cure
of the disease (Jessie et al., 2016). Despite advances in technology
which is aiding for various treatments, most cancers still not curable.
Many traditional medicines in use are derived from plants, minerals and
organic matter and many of them have been investigated for their
pharmacological effects in accordance with modern medicine (Daniel
et al., 2012; Arora, 2010). Paclitaxel from Pacific yew (Taxus brevifolia),
capsaicin from chili peppers (Capsicum species), galantamine from the
Caucasian snowdrop (Galanthus caucasicus), vinblastine, vincristine,
their semi-synthetic derivatives from the Madagascar periwinkle
(Catharanthus roseus), are examples of medicines based on plant
bioactive principles. The phytochemicals that served as lead structures
and/or were chemically altered are salicylic acid (acetylsalicylic acid),
camptothecin (topotecan and irinotecan), artemisinin (artemether),

https://doi.org/10.1016/j.bcab.2019.01.008

dicoumarol (warfarin) and morphine (scores of derivatives) (Oberlies
and Kroll, 2004).

The World Health Organization (WHO) has listed nearly 21,000
plants for medicinal purposes around the world. Needless to reiterate
that various traditional medicinal systems practiced in India (Siddha
and Ayurveda), China (TCM), Indonesia (Jamu) and in African coun-
tries (sangoma, n’anga, and inyanga) have proven success in treating
various diseases including jaundice, diabetes, dysentery, tumors, vagi-
nitis, kidney stones, diuretics dyspepsia (Singh et al., 2016) besides,
they have used to treat hepatotoxicity, hepatitis B, and hyperglycemia,
viral and bacterial diseases (Xia et al., 2011; Tewari et al., 2017). Most
of the above countries are the resource of many potential medicinal
plants with the record of as many as 2000 species (Tewari et al., 2017;
Mustafa et al., 2011). In light of these observations, a large number of
patients, especially in developing countries, prefer complementary and
alternative medicines for treating and managing the symptoms of var-
ious diseases including cancer (Arora, 2010). A study by Sirisha et al.
(2010) reported that nearly 17.1% population of developing countries
uses medicinal plants for their health problems, whereas 29.6% of this
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Fig. 1. Exhibits different pharmacological activities of Phyllanthus species.

population consumes herbal products for their health maintenance.

Drug formulations using herbal plants rich in bioactive compounds
with anticancer and immunomodulatory activities attract natural pro-
duct scientists with great interest for their efficacy, low risk of cyto-
toxicity on normal cells as well as minimal side effects. Many ther-
apeutic effects of those compounds have been attributed for their
chemoprotective effects (Ali-Seyed et al., 2016; Pang et al., 2018) and
influence on the human immune system (Pang et al., 2018; van der Nat
et al.,, 1987; Jantan et al., 2014; Yatoo et al., 2018). Despite many
pitfalls, a majority of research and development still focuses on bio-
chemicals, biologics, or single compounds as lead compounds that aim
at particular targets linked with a disease. Although in reality it is
difficult to attain single compound chemicals with high selectivity and
potency, and low toxicity for targeted molecular/cellular targets and
diseases, however, hope remains and gaining interest consistently
(Abbott, 2011; Pan et al., 2013).

Phyllanthus species Schum. & Thonn. belongs to the family
Euphorbiaceae, a small herb well known for its medicinal properties
and widely used worldwide (Lee et al., 1996) and exhibits multiple
pharmacological actions (Fig. 1) and used traditionally for the treat-
ment of various ailments including hepatitis B and many types of cancer
(Foo and Wong, 1992; Chevallier, 2000). This genus, consisting of more
than 700 plus species, classified into 11 sub genera (Unander et al.,
1995; Xia, 1997). The most studied 24 species are primarily belonging
to subgenus Kirganelia, Cicca, and Phyllanthus. Most of these popular
species have different vernacular names and are currently under prac-
tice as traditional medicine by different nationalities (Table 1). More
than 500 bioactive principles have been isolated from Phyllanthus, the

well-characterized ones are flavonoids, triterpenoids, tannins and lig-
nins (Table 2) (Mao et al., 2016).

Phyllanthus elaborates different classes of organic compounds of
medicinal importance including alkaloids, flavonoids, hydrolysable
tannins (Ellagitannins), major lignans, polyphenols, triterpenes, sterols
and volatile oil (Mao et al., 2016). Many lignans were isolated (from P.
amarus, P. fraternus, P. maderaspatensis, P. virgatus, and P. urinaria) viz.,
phyllanthin (a bitter constituent) and hypophyllanthin (a non-bitter
constituent) (Fig. 2) niranthin, nirtetralin, virgatusin, hinokinin and
heliobupthalmin lactone (Jantan et al., 2014; Nahar et al., 2011;
Shanker et al., 2011; Patel et al., 2011) Flavonoids such as rutin,
quercitrin, quercetin, kaempferol, and astragalin (from P. amarus and P.
urinaria) (Foo and Wong, 1992; Nara et al., 1977; Tripathi et al., 2006;
Sharma et al., 2011) and numerous ellagitannins such as geraniin,
corilagin, and phyllanthusiins (from P. amarus and P. urinaria) have
proven to have therapeutic effects in many clinical studies (Etta, 2008).
However, phytoconstituents are yet to be isolated from the following
Phyllanthus species. such as P. ajmerianus, P. kozhikodianus, P. rheedii, P.
rotundifolius, and P. scabrifolius.

The bioactive principles isolated from Phyllanthus species were used
traditionally for the treatment of various ailments including, including
anti-hepatotoxic, anti-lithic, anti-hypertensive, hypoglycemia proper-
ties, anti-HIV, anti-hepatitis B (Bagalkotkar et al., 2011), antitumor
(Islam et al., 2008; Harikumar et al., 2009; Guha et al., 2010;
Abhyankar et al., 2010; Lee et al., 2011) and immunomodulatory ef-
fects (Jantan et al., 2014). However, Phyllanthus derived important
phytochemicals mostly present in the extracts and their anti-tumor,
immunomodulatory properties, molecular targets and modes of action

Table 1
Describes common vernacular names used for Phyllanthus species in various countries.
S. No. Language Vernacular Names Ref
1. Tamil Keelanelli (Keezhanelli) (Divya et al., 2011)
2. Hindi Bhumi amla, Jangli amli (Divya et al., 2011)
3. Bengali Bhui amla (Divya et al., 2011)
4. Rajasthani Gugario (Divya et al., 2011)
5. Oriya Bhuiaola (Divya et al., 2011)
6. Telegu Nela urika (Divya et al., 2011)
7. Kannada Neera-nelli; Kirunelli (Divya et al., 2011)
8. Malayalam Kilanelli (Divya et al., 2011)
9. Sanskrit Bhoomyaamlakee, Bhoodhatree, Tamalakee (Divya et al., 2011)
10. English Black catnip, Carry me seed, Child pick-a-back, Gale of wind, (Duque and Descoteaux, 2014), (Engleman et al., 2004)
11. French Poudre de plomb (ivory coast) (Elisa et al., 2013), (Engleman et al., 2004)
12. America Yerba de la nina 10, Chanca piedra 13, Hurricane weed (Duque and Descoteaux, 2014), (Engleman et al., 2004)
13. Spanish Yerba magica (Duque and Descoteaux, 2014), (Elisa et al., 2013), (Engleman et al., 2004)
14. Malay pokok Dukung Anak (Daniel et al., 2012), (Luo et al., 2016)
15. Thai Chanca Piedra, Quebra Pedra, (Daniel et al., 2012), (Luo et al., 2016)
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Table 2

Lists of Phyllanthus species derived phytochemical extracts and their bioactive principles.

References

Some important Bioactive principles

Structural Description

Phytochemicals

S.No

(Engleman et al., 2004), (Etta, 2008)

Securinine, nor-securinine, epibubbialine, isobubbialine,

dihydrosecurinine.

Alkaloids are a group of naturally occurring nitrogenous organic compounds of plant

origin.

Alkaloids

1.

(Diwanay et al., 2004),(Geetha et al., 2005),

Quercetin, kaempferol, astragalin, quercetin-3-O-glucoside

quercitrin.

Flavonoids are polyphenolic molecules containing 15 carbon atoms and are soluble in

water.

Flavonoids

2.

(Gollnick et al., 2002),(Guha et al., 2010)

Amarulone, geraniin, amariin,

Tannin is a polyphenolic biomolecule that binds to precipitate proteins and various

other organic compounds like amino acids and alkaloids.

Tannins

(Diwanay et al., 2004), (Harikumar et al., 2009)

Phyllanthin, hypo-phyllanthin, 5-dimethoxy-niranthin, nirtetralin,

Plant lignans are also polyphenolic compounds derived from phenylalanine via

dimerization of substituted cinnamic alcohols.

Lignans

4.

phyltetralin, hinokinin, 4-(3,4-diethoxy-phenyl)-1-(7-methoxybenzo[

Amarosterol A,
amarosterol B.

(Diwanay et al., 2004), (Engleman et al., 2004)

Phytosterols, which encompass plant sterols and stanols, are phytosteroid similar to

Sterols

5.

cholesterol, which occur in plants and vary only in carbon side chains and/or presence

or absence of a double bond.

(Diwanay et al., 2004), (Engleman et al., 2004)

Phenazine and phenazine derivatives, 2Z, 6Z, 10Z, 14E, 18E,

Triterpenes are a class of chemical compounds having three terpene units with the

molecular formula C30H48 or consists of six isoprene units.

Triterpenes

(Diwanay et al., 2004),(Engleman et al., 2004),

(Gautam et al., 2004), (Luo et al., 2016)

Linalool,

A volatile oil is a concentrated hydrophobic liquid containing volatile aroma

compounds from plants.

Volatile Oils
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H,CO

H,CO

Phyllanthin

Hypophyllanthin

Fig. 2. Shows the structure and composition of some of the important bioactive
principles of Phyllanthus species.

are yet to be enlightened in detail. Hence, this review discusses Phyl-
lanthus  species  anti-cancerous, chemopreventive and im-
munomodulatory activities. Besides the above, this review also high-
lights some targets, which are involved in modifying immune responses
in the tumor microenvironment. Therefore, the theme of this review is
very useful for further research on this plant as many of the phyto-
chemicals have already shown preclinical therapeutic efficacies for a
wide range of human diseases, including HIV/AIDS and hepatitis B.

2. Chemopreventive potentials of Phyllanthus species

Previous studies (Bagalkotkar et al., 2011; Lee et al., 2011;
Rajkapoor et al., 2007; Ramasamy et al., 2012; Ismail et al., 2012) have
assessed different extracts of the Phyllanthus plants for various antic-
ancer effects and the related mechanisms both in vitro and in vivo.
Preclinical evidence using diverse cancer cell lines to establish that all
cell lines considerably inhibited by P. emblica, P. urinaria, P. polyphyllus,
P. watsonii, and P. pulcher by sparing normal cells. The extracts in-
hibited the growth of cancer cells by DNA fragmentation and dys-
function of mitochondria including up-regulated mitochondrial fission
1 protein and down-regulated optic atrophy type 1 and mitofusin 1
(Huang et al., 2014). Furthermore, the extracts also repressed the
ability of cell invasion, migration, and adhesion. Additional investiga-
tions demonstrated that the fractions induced apoptosis, invasion, and
migration by increasing the expression of various proteins such as
caspase-3, 7,- 8, and p-JNK and decreasing the expression of ERK, p-
ERK1/2, JNK, MMP-2, 9, Wnt, NF-xB, Myc/Max, and hypoxia
((Ngamkitidechakul et al., 2010; Zhao et al., 2015; Tang et al., 2013).
To support the above, Ehrlich ascites tumor model was used for eval-
uating the antitumor activity of P. polyphyllus (Rajkapoor et al., 2007).
This study has demonstrated that oral administration of methanol
fraction of extract (up to 200 mg/kg) significantly reduced the solid
tumor volume. Hematological parameters, protein, packed cellular
volume (PCV), and antioxidant enzymes such as LPO, GPx, GST, SOD,
and CAT were also greatly regulated.

It is well documented that P. amarus extract was found to be rich in
alkaloids, flavonoids, hydrolysable tannins, triterpenoids, lignans,
polyphenols, sterols and volatile oil (Ram et al., 2011) and reported
that the aqueous extract of P. amarus increase the lifespan in rats with
liver tumor as well as effectively inhibited the development of n-ni-
trosodiethylamine (NDEA) induced-hepato-carcinogenesis in animals
(Joy and Kuttan, 1998). In these studies, it was found that the extract
functioned through inhibition of the P-450 enzyme that suppressed the
conversion of NDEA into hepato-carcinogenic active ethyl radical me-
tabolite (Jeena et al., 1999). In addition, the aqueous extract induced
the cell cycle arrest through the suppression of cdc-25 tyrosine phos-
phatase (Rajeshkumar and Kuttan, 2000). To support this, the 70%
ethanol extracts of three Phyllanthus species including P. amarus were
also reported to induce apoptosis in a hepatocellular carcinoma HepG2
cell line in vitro with an increase in caspases 3/7 activity. Besides the
above, Phyllanthus extracts down-regulate the expression of COX2 and
Bcl 2 (anti-apoptotic peptide) up to two-folds that lead to induction of
apoptosis (Sureban et al., 2006).
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In addition, Tang et al. (2010) detected the ability of the aqueous
and methanol extracts of four Phyllanthus species including P. amarus, to
induce apoptosis in skin melanoma MeWo and prostate PC3 human
cancer cells. These extracts exhibited a cytotoxic effect through in-
duction of cell cycle arrest as well as caspase-3 activity with a minimal
necrotic effect. The hairy root methanol extract of P. amarus found to
exhibit an anti-proliferative effect in the MCF-7 cells via induction of
apoptosis by increasing reactive oxygen species (ROS) level as well as
the reduction in mitochondrial membrane potential (AWm) (Abhyankar
et al., 2010). Additionally, Lee et al. (2011) determined the cytotoxicity
and apoptotic activity of P. amarus in MCF-7 and lung cancer A549 cells
alongside with anti-metastasis effect. Aqueous and methanol extracts of
P. amarus induced apoptosis via triggering of caspases activity that was
associated with cleavage of poly ADP ribose polymerase (PARP) and
DNA fragmentation. Previous studies have also demonstrated that the
aqueous extract from the leaves of P. amarus has acted against 20 me-
thylcholanthrene (20 MC) induced sarcoma development through in-
hibition of DNA topoisomerase II and cell cycle regulatory enzyme
tyrosine phosphatase cdc25 of Saccharomyces cerevisiae. The possible
chemoprotective,as well as the mechanism of action of P. amarus/niruri,

Biocatalysis and Agricultural Biotechnology 17 (2019) 529-537

P. emblica, P. urinaria, P. polyphyllus, P. watsonii, and P. pulcheris
described in Fig. 3.

3. Immunomodulatory activity of Phyllanthus species

The immune system broadly categorized into two categories viz. (i)
innate non-specific and (ii) adaptive specific or acquired the immune
system. Immune system maintains normal homeostasis within the body.
Numerous exogenous and endogenous factors influence the function
and efficiency of the immune system, which results in either im-
munosuppressive or stimulatory function (Patil et al., 2012). Immune
modulation well defines any influence that drug or phytochemical
compound will have on immune system responsiveness. Im-
munomodulators are a variety of agents possessing an activity to
modulate or regularize pathophysiological activities (Puri et al., 1994;
Kumar and Kumar, 2017). For example, some bioactive molecule may
stimulate T-suppressor cells (thus reduce immune resistance), and some
may stimulate macrophages and natural killer (NK) cells. Others will
enhance the production of antibodies within acting as antigens them-
selves. Besides the above, any bio-entity of synthetic or natural origin

P. amarus, P.niruri P. emblica, P.
urinaria, P. polyphyllus,
P. watsonii, and P. pulcher
(Phytochemicals: alkaloids, flavonoids,
hydrolysable tannins, triterpenoids, i
.,‘. lienans. nolvnhenols. sterols & volatile oil)

4
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Fig. 3. Depicts the potential targets and possible mechanism of action of Phyllanthus species derived bioactive compounds on various apoptosis signaling pathways as

well as multiple protein regulations in extract treated cancer cells.
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with the capacity of modulating, suppressing or stimulating the com-
ponents of either adaptive or innate immunity are also considered as
immune modulators, restoratives, augmenters, or biological response
modifiers. However, in clinical practice, they generally classified into
immunoadjuvant, immunostimulant, and immunosuppressant
(Ilangkovan et al., 2015; Khandelwal et al., 2016).

The development in clinical and experimental immunology strongly
suggests that many infectious diseases and disorders arise because of
stressful environmental conditions associated with suppression of the
immune system (Stromberg and Carlson, 2010). It is now well re-
cognized that immunomodulation of immune response could provide
an alternative to conventional chemotherapy for a variety of disease
conditions. For example, when the host's defense mechanism needs to
be activated under conditions of impaired immune responsiveness (Luo
et al., 2016) or when a selective immunosuppressant needs to be in-
duced in a situation like autoimmune disorders and organ transplan-
tation (Marta et al., 2014; Singh et al., 2016).

Immunomodulators have potential contributions to the treatment of
various malignancies as they play a central role in supporting immune
cells involved in our immunological defenses (Geetha et al., 2005;
Vesely et al., 2011). It is been suggested that the immune response to
progressive tumors is insufficient due to a deficiency in afferent me-
chanisms responsible for the development of tumor-reactive T cells
(Baxter, 2007). As biological response modifiers, immunomodulators
exert their antitumor effects by improving host defense mechanisms
against the tumor. They have a direct anti-proliferative effect on tumor
cells and enhance the ability of the host to tolerate damage caused by
toxic chemicals (Oliver et al., 2015; Khalil et al., 2016).

Plant-based immunomodulatory therapeutics has gained attention
in recent years. Plant extracts used in traditional therapy have reviewed
for their immunomodulatory activities (Pang et al., 2018). To support
this notion, many herbal preparations from the following flora such as
Tinospora cordifolia, Centella asiatica, Phyllanthus debelis, Trogonella
foenum graecum, Pouteria cambodiana, Panax ginseng, Withania somni-
fera, Mangifera indica Picrorhiza scrophularii have been shown to modify
the immune function and have demonstrated a wide range of im-
munomodulatory effects (Davis and Kuttan, 2000; Makare et al., 2001;
Diwanay et al., 2004; Gautam et al., 2004, Jayathirta and Misra, 2004).

Besides the above, recent innovative technologies and excessive
investigations on immunomodulatory plant-derived natural products/
extracts, and their active moieties with immunomodulatory potential
may provide us with valuable natural entities to develop as novel agents
to act as a counterpart for the current chemotherapeutic agents
(Ilangkovan et al., 2015; Nfambi et al., 2015; Yoshizumi et al., 2017).
Bioactive principles like polysaccharides, diterpenoids, glycosides,
lactones, and alkaloids isolated from several plants have been reported
as potential immunomodulatory agents (Winkler et al., 2004;
Patwardhan and Gautam, 2005; Jantan et al., 2014). Several types of
immunomodulators have also been identified from isolates and extracts
of bacteria and fungi, mammalian proteins such as interferon, inter-
leukins and cytokines and some synthetic chemicals (Schepetkin and
Quinn, 2006), however, still a lot more need to be explored, so this field
of research offers scope for further investigation.

The immunological effects of immunomodulators can be assessed
based on their selective activities on the different components of the
immune system, which comprise specific actions on immune cells, ef-
fector mechanisms, inhibition of nitric oxide (NO) and ROS production,
secretion of inflammatory cytokines, signaling pathways in macrophage
cells and phagocytosis activity (Pang et al., 2018). Several cytokines
also play essential roles in the inflammatory process, especially inter-
leukin-1 (IL-1) and tumor necrosis factor (TNF) (Dempsey et al., 2003).
Both IL-1 and TNF are commonly considered as major mediators of the
biological responses to endotoxin/bacterial lipopolysaccharide (LPS).
Other cytokines and growth factors [e.g., IL-2, IL-6, IL-8, and granulo-
cyte/macrophage colony stimulating factor (GM-CSF)] also contribute
to manifestations of the inflammatory response (Davoine and Lacy,
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2014).

While many plant extracts have shown their therapeutic efficacy,
which is attributed to influence the human immune system including
Phyllanthus species as they have proven for their capacity to modulate,
activate the immune system, evaluated in various clinical trials for the
treatment of various human diseases (Tjandrawinata, 2011;
Tjandrawinata et al., 2017). However, not much detailed information is
available on the immunomodulatory effects of Phyllanthus species.
However, a study by Yuandani et al. (2013) demonstrated that me-
thanolic extracts derived bioactive principles of P. amarus and P. niruri
have exerted their efficacy on chemotaxis, phagocytosis, and chemilu-
minescence of human phagocytes. In that study, they have shown that
extracts have strongly inhibited the migration of polymorphonuclear
leukocytes (PMNs). However, the P. amarus extract from Malaysian
species exhibited only moderate inhibition in case of bacteria engulf-
ment by the phagocytes but demonstrated strong ROS inhibitory ac-
tivity.

In addition, bioactive principles such as phyllanthin and hypo-
phyllanthin have shown relatively strong activity against PMNs che-
motaxis, with lower IC50 values when comparedwith known standard
drug ibuprofen. It is interesting to note that P. niruri has also been re-
ported to improve humoral and cell-mediated immune responses to
pathogens (Sarisetyaningtyas et al., 2006) and offered significant pro-
tection in different models of cancer in murine (Rajeshkumar and
Kuttan, 2000; Yang et al., 2006; Rajeshkumar et al., 2002). On the other
hand, ethanol extracts of P. urinaria and P. amarus established to have
inhibitory effects on the chemotaxis of neutrophils and monocytes with
IC50 values lower than 3 pg/mL. In addition, phagocytic activity and
CD18 expression of neutrophils and monocytes were also down-regu-
lated (Pang et al., 2018). A study using an animal model with oral
administration of P. reticulatus extract demonstrated a significant in-
crease in phagocytic activity, the percentage of neutrophil adhesion,
and white blood cell (Kumar et al., 2004). Based on the above results, it
is believed that most of the beneficial effects attributed to P. amarus and
P.niruri are related to their immunomodulatory properties.

Professional phagocytes such as PMNs and macrophage cells play a
significant role in our innate immune defense against infectious mi-
crobes and aid in antigen presentation (Jantan et al., 2011; Duque and
Descoteaux, 2014). Several sequential steps are involved in phagocy-
tosis, i.e. migration of phagocyte cells to the site of infection or death,
adherence towards vascular endothelial cells, followed by degradation
of the pathogen. Chemotaxis is the movement of phagocytes to the site
of infection or death and is the earliest step of immune responses
(Laarman et al., 2012). The ability of these cells to be chemotactically
attracted to the site of initial microbial invasion or to an inflammatory
focus is fundamental for the full activation of the immune response that
follows. Accumulation of phagocytes at the infection site can be in-
duced by either endogenous chemo attractant such as interleukin 8 (IL-
8), leukotriene B4 (LTB4), platelet activating factor (PAF) or exogenous
chemoattractant of bacterial cell product formyl methionyl-leucyl-
phenylalanine (fMLP) (Jantan et al., 2011).

The leukocytes adhere stably to the endothelium cells because they
possess cell surface expression of all three CD11/CD18 leucocyte in-
tegrin. Binding of a receptor-specific ligand may lead, besides signal-
transduction events, to internalization of the receptor-ligand complex,
which leads to a subsequent down-regulation of surface receptor ex-
pression. Phagocytosis will occur at the site of infection by phagocyte-
ligand interaction leading to a sequence of events known as oxidative
burst (Jantan et al., 2011). The burst involves increased oxygen con-
sumption and generation of highly reactive superoxide anion radical
(0,-), hydrogen peroxide (H0O,) and hydroxyl radicals (OH-). In the
phagosome, H,0, and myeloperoxidase enzyme (MPO) activate a ha-
logenating system, giving rise to hypochlorous acid (HCIO) which is a
potent bactericidal agent (Slauch, 2011). MPO is also involved in the
production of highly toxic NO. Besides the defensive roles during the
infections, the phagocyte-microbe interactions when excessively or
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Phyllanthus species

.

Known biomarkers
(Phytochemicals: alkaloids,
flavonoids, hydrolysable tannins,
triterpenoids, lignans, polyphenols,
sterols & volatile oil)

Up regulated
—  phenotypic and functional maturation of BM-
- DCs
—  BM-DCs antigen-presentation function
—  Promotion of activating specific T-cells
—  responses through an enhanced antigen
—  presentation.
—  CD40 (maturation maker)
—  CD83 (activation maker)
—  CDB86 (costimulatory maker)
- MHC-II
—  expansion of allogeneic T cells
— increased cell proliferation-
—  higher levels of IL-2 production by the T cells
increase antigen-specific T-cell activation
(through enhanced DCs maturation)

Increased
—  increase in phagocytic activity
—  the percentage of neutrophil adhesion
—  white blood cell in mice
—  Maintaining the immune system by increasing T cell
immunity, Stimulating NK cell & interferon
production, inducing cytokine production by
activated target cells.
—  Decreasing or blocking the suppressor activity
Stimulating the NK cell and interferon production as
well as inducing cytokine production by activated
target cells

Inhibitory
—  migration of PMNs & macrophage cells
—  bacteria engulfment by the phagocytes
—  inhibitory activity of ROS
—  chemotaxis of neutrophils and monocytes
— CDI18 expression of neutrophils
monocytes

and

Down regulated
—  suppressor activity
phagocytic activity

Fig. 4. Showing the immunomodulatory activity of Phyllanthus species and their major compounds on multiple protein regulations in immune cells treated with plant

extracts.

inappropriately deployed can damage host tissues and contribute to the
pathogenic conditions of various immune and non-immune chronic
inflammatory diseases, including some rheumatoid disorders. Based on
the above results, various disorders including the inflammatory one can
be treated with inhibitors of phagocyte ROS.

Besides the above, dendritic cells (DCs) are professional antigen-
presenting cells (APCs), which provide a link between the innate and
adaptive immune responses and play important role in surveillance
(Janeway and Medzhitov, 2002). Immature DCs (iDCs) distributed in
peripheral tissues, where they continuously sample the environment for
invading infectious agents by endocytosis (Banchereau and Steinman,
1988). Several studies have demonstrated that supplements and herbal
products can promote or induce the maturation of DCs. This could
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explain some of their pharmacological and therapeutic effects (Wang
et al., 2006; Lee et al., 2008; Liu et al., 2009), which stimulated the
interest in understanding the mechanisms by which the whole extract of
the plant could stimulate the immune system. However, nothing is
known yet on the effect of the herb on the maturation and antigen-
presenting function of DCs, which could also explain most of these
therapeutic values of the herb on the immune system. Nworu et al.
(2010) demonstrated that the aqueous extract of P.niruri enhances the
phenotypic and functional maturation of murine bone marrow-derived
DCs (BM-DCS) and their antigen-presentation function, in vitro. These
activities could be relevant to the antitumor effects and to the enhanced
antibody responses which have also been attributed to the herb, in their
study they show that the aqueous extract of P.niruri promotes structural
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and functional maturation of DCs, which are also more effective in
activating specific T-cells responses through an enhanced antigen pre-
sentation (Yin-Quan et al., 2011).

P.niruri and related species has been the subject of many phyto-
chemical studies and many active metabolites, responsible for the
pharmacological activities, have been identified (Ilangkovan et al.,
2015, 2016). Generally, biologically active lignans, glycosides, flavo-
noids, alkaloids, ellagitannins, and phenylpropanoids have been iden-
tified in the leaf, stem, and root of the plant (Divya et al., 2011). The
phytoconstituent (s) responsible for the effects of P. niruri on DCs ma-
turation has not yet been identified, however, the use of herbs in their
original form with all the metabolites present in the natural balance are
encouraged for reasons of safety and higher therapeutic potency. The
whole aqueous extract of the aerial parts of P. niruri, the predominant
form in which the herb is promoted and used (Nworu et al., 2010).

It is well established that DCs are particularly playing a crucial role
in the initiation of primary T cell-mediated immune responses upon
receiving signal. In this regard, previous reports (Divya et al., 2011;
Watford et al., 2003) have demonstrated that P. niruri has upregulated
the surface expression of structural maturation makers such as CD40;
CD83; CD86 and MHC-II (Tennenbaum et al., 200)). From the me-
chanistic point of view, this type of role by Phylanthus species. to induce
the maturation markers of DCs is very important as it has been well
associated with exhibiting changes in both innate and adaptive im-
munity. Besides the above, this study also highlights the critical role of
IL-12 by portraying as a linker cytokine which links both innate and
adaptive immune systems by stimulating the production of various
cytokines by effectors cells. For instance, IL-12 induces IFN-y produc-
tion in NK and T cells which in turn increases these cells cytolytic ac-
tivity against cancer cells (Watford et al., 2003).

In line with the above, previous studies (Yang et al., 2006;
Rajeshkumar et al., 2002) have demonstrated that P. niruri extracts
have exhibited protective activities against solid tumors as well as viral
infections, where enhanced cell-mediated immunity is particularly im-
portant. These effects could be related to the enhanced DC maturation
and functions induced by P. niruriextract (Rajeshkumar et al., 2002). As
the most potent professional APC, matured DCs play a critical role in
the presentation of engulfed primed antigens to T cells, which in turn
elicits an immune response to that specific antigen (Rossi et al., 2005).
The functional maturation of DCs always serves as a confirmative tool
for antigen-presentation function (Sarisetyaningtyas et al., 2006). In
this study, OT-1 transgenic mouse in which the CD8 + T cells express a
TCR specific for the Ova 257-264 (SIINFEKL peptide) as a source of the
responder T cells was used. When Ova-pulsed and P. niruri -stimulated
BM-DCs were cocultured with the T cells from OT-1 mice in 1:5 ratio,
there was a significantly higher clonal expansion of allogeneic T cells as
shown by increased cell proliferation and higher levels of IL-2 pro-
duction by the T cells. These results indicate that P. niruri can poten-
tially increase antigen-specific T-cell activation through enhanced DCs
maturation. This could be a possible explanation for the reported in-
crease in humoral responses with P. niruri herbal supplementation
(Sarisetyaningtyas et al., 2006). The possible mechanism of action of
Phyllanthus species is described in Fig. 4.

Furthermore, many clinical trials have shown that DCs, when ap-
propriately armed with a tumor antigen (Ag), can promote antitumor
immunity and clinically significant tumor regression. Previous studies
have also shown the benefit of combining intradermal (i.t) injection of
tumor-pulsed DCs (TP-DC) with chemotherapy or radiotherapy (Tong
et al., 2001; Tennenbaum et al., 2003) but are associated with systemic
toxicity and render less immunogenic when tumors treated with UV or
ionizing irradiation, or frozen and thawed tumors (Gollnick et al.,
2002). Moreover, cancer vaccines are the other potent options for
cancer management (Kwak et al., 1992; Bendandi et al., 1999).

Many cancer treatment modalities such as chemotherapy (Palombo
et al., 2014; Simon et al., 2015; Barbara et al., 2018), PDT (Thong et al.,
2007; Ali-Seyed et al., 2011; Elisa et al.,, 2013) and extracts from
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various plants including P. amarus and P. niruri (Shimaa et al., 2018)
have the capacity to induce many types of cell death including apop-
tosis or necrosis, or both and generate immunogenic peptides from
tumor cells. Presentation of these peptides by APCs could lead to the
activation and proliferation of peptide-specific cytotoxic CD8 + T-cell
clones. This process supported the shift from a CD4 + to a CD8 + T-cell
infiltrate in the tumor in the patient. Some clinical findings (Ali-Seyed
et al., 2011) are in agreement with previous animal studies using dif-
ferent photosensitizer for the observation of tumor-targeting CD4 +
and CD8 + T-cell clones, not only at sites that have undergone cancer
treatment but also distant metastatic tumors (Dougherty et al., 1998;
Castano et al., 2006).

Besides the above, these treatments also alter the tumor micro-
environment (Engleman et al., 2004) through the release of pro-in-
flammatory cytokines such as tumor necrosis factor a, interleukin (IL-1)
and IL-6. Thus, this technique represents a useful tool to induce dif-
ferential cell death. Tumor destruction after treatment results from di-
rect cytotoxic effects as well as from the induction of a local in-
flammatory (Ali-Seyed et al., 2011). Based on its unique mechanism of
tumor destruction, treatment modalities have the potential to create an
environment at the tumor site that favors both tumor antigen loading
and activation of various APCs including DCs, key requirements for
induction of anti-tumor immunity by Phagocytosis. Phagocytes play
important roles in recognition of the target structures, and subsequent
engulfment of the TAAs, followed by intracellular destruction (Shimaa
et al., 2018). DCs proven dual role in innate and adaptive immunity led
us to explore their potential utility in tumor immunotherapy in com-
bination with an alternative mode of therapy in the near future. Thus,
the use of whole TP-DCs may represent a promising new approach to
induce a potent immune response against weak antigens such as tumor
proteins.

4. Conclusion

In summary, it is now well recognized that immunomodulation of
immune response could provide an alternative to conventional che-
motherapy for a variety of disease conditions. The present review
suggests that the updated research data available for Phylanthus species
to us warrant more attention by medical practitioners not only to the
tumor-induced imbalance of the innate immune system but also to
other diseases. In fact, the restoration of adequate antitumor immune
response should be an important clinical goal. Immunomodulators
containing extract derived bioactive principles with standardized doses
can be considered as adjunctive therapy when regular treatments are
given for various diseases. For example, this adjuvant therapy may
improve tumor patients' quality of life, which is often, translates into
better outcomes after standard treatment(s) — alone or in combination.
In many cases, this type of combined treatments may be particularly
effective to combat cancer. However, it warrants further validation
with appropriate clinical trials, which are necessary to clarify the
beneficial effect of combination treatments with currently available
immunomodulatory effects of Phyllanthus derived bioactive substances

Conflicts of interest
The authors declare no conflict of interest.
Compliance with ethics requirements

This review article does not contain any studies with human or
animal subjects rather quoted references only.

References

Abbott, R., 2011. Treating the health care crisis. Complemet. Alter. Med. DePaul J. Health
Care Law 14 (1), 35-98.


http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref1
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref1

M.A. Seyed

Abhyankar, G., Suprasanna, P., Pandey, B.N., Mishra, K.P., Rao, K.V., Reddy, V.D., 2010.
Hairy root extract of Phyllanthus amarus induces apoptotic cell death in human
breast cancer cells. Innov. Food Sci. Emerg. Technol. 11, 526-532.

Ali-Seyed, M., Bhuvana, S., Soo, K., Olivo, M., 2011. Photolon (TM) - photosensitization
induces apoptosis via ROS-mediated cross-talk between mitochondria and lysosomes.
Int. J. Oncol. 39, 821-831.

Ali-Seyed, M., Jantan, 1., Vijayaraghavan, K., Bukhari, S.N.A., 2016. Betulinic acid: recent
advances in chemical modifications, effective delivery, and molecular mechanisms of
a promising anticancer therapy. Chem. Biol. Drug. Des. 87, 517-536. https://doi.org/
10.1111/cbdd.12682.

Arora, R., 2010. Medicinal Plant Biotechnology. CAB International, Wallingford, UK, pp.
384.

Bagalkotkar, G., Chuan, T.S., Khalivulla, S.I., 2011. Isolation and cytotoxicity of tri-
terpenes from the roots of Phyllanthus pulcher wall. ex Miill. Arg. (Euphorbiaceae).
Afr. J. Pharm. Pharmacol. 5 (2), 183-188.

Banchereau, J., Steinman, R.M., 1988. Dendritic cells and the control of immunity. Nature
392, 245-252.

Barbara, M., Annunziata, N., Vincenzo, C., Jessica, D.C., 2018. Immunogenic apoptosis as
a novel tool for anticancer vaccine development. Int. J. Mol. Sci. 19 (2), 594. https://
doi.org/10.3390/ijms19020594.

Baxter, D., 2007. Active and passive immunity, vaccine types, excipients and licensing.
Occup. Med (Lond.) 57 (8), 552-556.

Bendandi, M., Gocke, C.D., Kobrin, C.B., Benko, F.A., Sternas, L.A., Pennington, R.,
Watson, T.M., Reynolds, C.W., Gause, B.L., Duffey, P.L., Jaffe, E.S., Creekmore, S.P.,
Longo, D.L., Kwak, L.W., 1999. Complete molecular remissions induced by patient-
specific vaccination plus granulocyte-monocyte colony-stimulating factor against
lymphoma. Nat. Med. 5 (10), 1171-1177.

Castano, A.P., Mroz, P., Hamblin, M.R., 2006. Photodynamic therapy and anti-tumour
immunity. Nat. Rev. Cancer 6, 535-545.

Chevallier, 2000. Encyclopedia of Herbal Medicine: Natural Health, Second ed. Dorling
Kindersley Book, USA, pp. 336.

Daniel, A., Dias, S.U., Ute, R.A., 2012. Historical overview of natural products in drug
discovery. Metabolites 2, 303-336.

Davis, L., Kuttan, G., 2000. Inmunomodulatory activity of Withania somnifera. J.
Ethnopharmacol. 71, 193-200.

Davoine, F., Lacy, P., 2014. Eosinophil cytokines, Chemokines, and growth factors:
emerging roles in immunity. Front. Immunol. 5, 570.

Dempsey, P.W., Doyle, S.E., He, J.Q., Cheng, G., 2003. The signaling adaptors and
pathways activated by TNF superfamily. Cytokine Growth Fac. Rev. 14 (3-4),
193-209.

Divya, K., Ankur, R., Seema, R., Khan, M.U., 2011. Pleiotropic multifaceted therapeutic
potential of Phyllanthus amarus. Int. J. Pharm. Biol. Arch. 2 (2), 610-614.

Diwanay, S., Chitre, D., Patwardhan, B., 2004. Immunoprotection by botanical drugs in
cancer chemotherapy. J. Ethnopharmacol. 90, 49-55.

Dougherty, T.J., Gomer, C.J., Henderson, B.W., 1998. Photodynamic therapy. J. Natl.
Cancer Inst. 90, 889-905.

Duque, A.G., Descoteaux, A., 2014. Macrophage cytokines: involvement in immunity and
infectious diseases. Front. Immunol. 5, 491 (eCollection 2014).

Elisa, P., Valentina, I., Luciana, D., 2013. Immunogenic cell death: can it be exploited in
photo dynamic therapy for cancer? BioMed. Res. Int. 18. https://doi.org/10.1155/
2013/482160. (Article ID 482160).

Engleman, E.G., Brody, J., Soares, L., 2004. Using signaling pathways to overcome im-
mune tolerance to tumors. Sci. STKE. pe28. Review.

Etta, H., 2008. Effects of Phyllanthus amarus on litter traits in albino rats. Sci. Res. Essay
3, 370-372.

Foo, L.Y., Wong, H., 1992. Phyllanthusiin D, an unusual hydrolysable tannin from
Phyllanthus amarus. Phytochemistry 31, 711-713.

Gautam, M., Diwanay, S.S., Gairola, S., Shinde, Y.S., Jadhav, S.S., Patwardhan, B.K.,
2004. Immune response modulation to DPT vaccine by aqueous extract of Withania
somnifera in experimental system. Int. Inmunopharmacol. 4 (6), 841-849.

Geetha, S., Singh, V., Ram, M.S., Ilavazhagan, G., Banerjee, P.K., Sawhney, R.C., 2005.
Immunomodulatory effects of seabuckthorn (Hippophae rhamnoides L.) against
chromium (VI) induced immunosuppression. Mol. Cell Biochem. 278 (1-2), 101-119.

Gollnick, S.0., Vaughan, L., Henderson, B.W., 2002. Generation of effective antitumor
vaccines using photodynamic therapy. Cancer Res. 62, 1604-1608.

Guha, G., Rajkumar, V., Ashok, K.R., Mathew, L., 2010. Aqueous extract of Phyllanthus
amarus inhibits chromium (VI)-induced toxicity in MDA-MB-435S cells. Food Chem.
Toxicol. 48, 396-401.

Harikumar, K.B., Kuttan, G., Kuttan, R., 2009. Phyllanthus amarus inhibits cell growth
and induces apoptosis in Dalton's lymphoma ascites cells through activation of cas-
pase-3 and downregulation of Bcl-2. Integr. Cancer Ther. 8, 190-194.

Huang, S.T., Bi, K.W., Kuo, H.M,, Lin, T.K,, Liao, P.L., Wang, P.W., Chuang, J.H., Liou,
C.W., 2014. Phyllanthus urinaria induces mitochondrial dysfunction in human os-
teosarcoma 143B cells associated with modulation of mitochondrial fission/fusion
proteins. Mitochondrion 17, 22-33.

Ilangkovan, M., Jantan, I., Mesaik, M.A., Bukhari, S.N., 2015. Immunosuppressive effects
of the standardized extract of Phyllanthus amarus on cellular immune responses in
Wistar-Kyoto rats. Drug Des. Dev. Ther. 9, 4917-4930.

Ilangkovan, M., Jantan, I., Mesaik, M.A., Bukhari, S.N., 2016. Inhibitory effects of the
standardized extract of Phyllanthus amarus on cellular and humoral immune re-
sponses in Balb/C Mice. Phytother. Res. 30 (8), 1330-1338.

Islam, T., Selvan, U.K., Mazumder, M., Gupta, S., Ghosal, 2008. Antitumour effect of
phyllanthin and hypophyllanthin from Phyllanthus amarus against Ehrlich ascites
carcinoma in mice. Pharmacologyonline 2, 796-807.

Ismail, M., Bagalkotkar, G., Igbal, S., Adamu, H.A., 2012. Anticancer properties and
phenolic contents of sequentially prepared extracts from different parts of selected

536

Biocatalysis and Agricultural Biotechnology 17 (2019) 529-537

medicinal plants indigenous to Malaysia. Molecules 17 (5), 5745-5756.

Jantan, L., Harun, N.H., Septama, A.W., Murad, S., Mesaik, M.A., 2011. Inhibition of
chemiluminescence and chemotactic activity of phagocytes in vitro by the extracts of
selected medicinal plants. J. Nat. Med. 65 (2), 400-405.

Jantan, L., Ilangkovan, M., Yuandani, Mohamad, H.F., 2014. Correlation between the
major components of Phyllanthus amarus and Phyllanthus urinaria and their in-
hibitory effects on phagocytic activity of human neutrophils. BMC Complement.
Altern. Med. 14https://doi.org/10.1186/1472-6882-14-429. (article 429).

Janeway Jr., C.A., Medzhitov, R., 2002. Innateimmune recognition. Annu. Rev. Immunol.
20, 197-216.

Jayathirtha, M.G., Mishra, S.H., 2004. Preliminary immunomodulatory activities of me-
thanol extracts of Eclipta alba and Centella asiatica. Phytomed 11 (4), 361-365.
Jeena, K.J., Joy, K.L., Kuttan, R., 1999. Effect of Emblica offcinalis, Phyllanthus amarus
and Picrorrhiza kurroa on N -nitrosodiethylamine induced hepatocarcinogenesis.

Cancer Lett. 136 (1), 11-16.

Jessie, L.S.A., Yeung, B.Z., Wientjes, M.J., Ze, Lu, Wientjes, M.Guillaume, 2016. Delivery
of cancer therapeutics to extracellular and intracellular targets: determinants, bar-
riers, challenges and opportunities. Adv. Drug. Deliv. Rev. 97, 280-301.

Joy, K.L., Kuttan, R., 1998. Inhibition by Phyllanthus amarus of Hepatocarcinogenesis
induced by N-Nitrosodiethylamine. J. Clin. Biochem. Nutr. 24 (3), 133-139.

Khalil, D.N., Smith, E.L., Brentjens, R.J., Wolchok, J.D., 2016. The future of cancer
treatment: immunomodulation, CARs and combination immunotherapy. Nat. Rev.
Clin. Oncol. 13 (5), 273-290 (Correction in: Nat. Rev. Clin. Oncol. 13)(6): 394).

Khandelwal, V., Bhati, A.K., Anjana, G., 2016. Inmunomodulatory activity of hot aqueous
extract of Anthocephalus cadamba leaves in albino rats. Adv. Biores. 7 (4), 203-206.

Kumar, S., Sharma, S., Kumar, D., Kumar, K., Arya, R., 2004. Immunostimulant activity of
Phyllanthus reticulatus Poir: a useful plant for infectious tropical diseases. Asian Pac.
J. Trop. Dis. 4 (Suppl. 1), S491-5495.

Kumar, S., Kumar, A., 2017. Immunomodulatory activity of bioactive fraction (PBC) from
Phyllostachys bambusoides. Pharm. J. 9 (6), 786-791.

Kwak, L.W., Campbell, M.J., Czerwinski, D.K., Hart, S., Miller, R.A., Levy, R., 1992.
Induction of immune responses in patients with B-cell lymphoma against the surface-
immunoglobulin idiotype expressed by their tumors. N. Engl. J. Med. 327,
1209-1215.

Laarman, A.J., Mijnheer, G., Mootz, J.M., van Rooijen, W.J., Ruyken, M., Malone, C.L.,
Heezius, E.C., Ward, R., Milligan, G., van Strijp, J.A., de Haas, C.J., Horswill, A.R.,
van Kessel, K.P., Rooijakkers, S.H., 2012. Staphylococcus aureus Staphopain A in-
hibits CXCR2-dependent neutrophil activation and chemotaxis. EMBO J. 31 (17),
3607-3619.

Lee, C.D., Ott, M., Thygarajan, S.P., Shfritz, D.A., Burk, R.D., Gupta, S., 1996. Phyllanthus
amarus down-regulates hepatitis B virus mRNA transcription and translation. Eur. J.
Clin. Invest. 26 (12), 1069-1076.

Lee, J.A., Sung, H.N., Jeon, C.H., Gill, B.C., Oh, G.S., Youn, H.J., Park, J.H., 2008. AIP1, a
carbohydrate fraction from Artemisia iwayomogi, modulates the functional differ-
entiation of bone marrow-derived dendritic cells. Int. Inmunopharmacol. 8,
534-541.

Lee, S.H., Jaganath, 1.B., Wang, S.M., Sekaran, D., 2011. Antimetastatic effects of
Phyllanthus on human lung (A549) and breast (MCF-7) cancer cell lines. PLoS One 6
(6) (Article ID 20994, 2011).

Lu, M., Hwang, S., Chang, F., Chen, Y., Chang, T., Hung, C., Wang, C., Chu, Y., Pan, S.,
Wu, Y., 2009. Immunostimulatory effect of Antrodia camphorata extract on func-
tional maturation of dendritic cells. Food Chem. 113 (4), 1049-1057.

Luo, X., Stephen, D.M., Lonnie, D.S., 2016. Immune Tolerance for Autoimmune Disease
and Cell Transplantation. Annu. Rev. Biomed. Eng. 18, 181-205.

Makare, N., Bodhankar, S.M., Rangari, V., 2001. Inmunomodulatory activity of alcoholic
extract of Mangifera indica in mice. J. Ethnopharmacol. 78, 133-137.

Mao, X., Wu, L.F., Guo, H.L., Chen, W.J., Cui, Y.P., Qi, Q., Li, S., Liang, W.Y., Yang, G.H.,
Shao, Y.Y., Zhu, D., She, G.M., You, Y., Zhang, L.Z., 2016. The genus Phyllanthus: an
ethnopharmacological, phytochemical, and pharmacological review. Evid. Based
Complement. Alterna. Med. 7584952. https://doi.org/10.1155/2016/7584952.
(Published online Apr 20).

Marta, M.T., Ricardo, L.V., Francesc, E.B., 2014. Tolerance in organ transplantation: from
conventional immunosuppression to extracellular vesicles. Front. Immunol. 5, 416.

Mustafa, B., Hajdari, A., Pajazita, O., Syla, B., Quave, C.L., Pieroni, A., 2011. An ethno-
botanical survey of the Gollak region, Kosovo, <http://dx.doi.org/10.1007/s10722-
011-9715-4>.

Nahar, L., Sarker, S.D., Delazar, A., 2011. Phytochemistry of the genus Phyllanthus. In:
Kuttan, R., Harikumar, K.B. (Eds.), Phyllanthus Species: Scientific Evaluation and
Medicinal Applications. Taylor and Francis Group, CRC Press, London, UK, pp.
119-138.

Nara, T.K., Gleye, J., Cerval, E.L., Stanistan, E., 1977. Flavonoids of Phyllanthus niruri,
Phyllanthus urinaria, Phyllanthus orbiculatus. Plant. Méd. Phythér. 11, 82-86.

Nfambi, J., Bbosa, G.S., Sembajwe, L.F., Gakunga, J., Kasolo, J.N., 2015.
Immunomodulatory activity of methanolic leaf extract of Moringa oleifera in Wistar
albino rats. J. Basic. Clin. Physiol. Pharmacol. 26 (6), 603-611.

Ngamkitidechakul, C., Jaijoy, K., Hansakul, P., Soonthornchareonnon, N., Sireeratawong,
S., 2010. Antitumour effects of Phyllanthus emblica L.: induction of cancer cell
apoptosis and inhibition of in vivo tumour promotion and in vitro invasion of human
cancer cells. Phytother. Res 24 (9), 1405-1413.

Nworu, C.S., Aka, P.A., Festu, B.C., Okoy, Esimon, C.O., 2010. Aqueous extract of
Phyllanthus niruri (Euphorbiaceae) enhances the phenotypic and functional ma-
turation of bone marrow-derived dendritic cells and their antigen-presentation
function. Immunopharmacol. Immunotoxicol. 32 (3), 393-401.

Oberlies, N.H., Kroll, D.J., 2004. Camptothecin and taxol: historic achievements in nat-
ural products research. J. Nat. Prod. 67, 129-135.

Oliver, B., Jackson, E., Soliman, H., 2015. Immunostimulators and immunomodulators in


http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref2
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref2
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref2
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref3
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref3
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref3
https://doi.org/10.1111/cbdd.12682
https://doi.org/10.1111/cbdd.12682
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref5
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref5
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref6
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref6
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref6
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref7
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref7
https://doi.org/10.3390/ijms19020594
https://doi.org/10.3390/ijms19020594
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref9
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref9
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref10
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref10
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref10
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref10
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref10
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref11
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref11
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref12
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref12
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref13
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref13
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref14
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref14
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref15
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref15
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref16
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref16
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref16
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref17
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref17
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref18
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref18
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref19
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref19
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref20
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref20
https://doi.org/10.1155/2013/482160
https://doi.org/10.1155/2013/482160
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref22
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref22
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref23
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref23
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref24
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref24
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref24
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref25
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref25
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref25
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref26
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref26
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref27
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref27
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref27
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref28
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref28
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref28
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref29
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref29
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref29
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref29
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref30
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref30
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref30
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref31
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref31
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref31
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref32
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref32
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref32
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref33
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref33
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref33
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref34
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref34
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref34
https://doi.org/10.1186/1472-6882-14-429
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref36
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref36
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref37
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref37
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref38
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref38
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref38
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref39
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref39
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref39
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref40
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref40
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref41
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref41
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref41
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref42
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref42
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref43
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref43
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref43
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref44
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref44
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref45
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref45
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref45
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref45
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref46
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref46
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref46
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref46
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref46
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref47
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref47
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref47
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref48
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref48
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref48
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref48
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref49
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref49
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref49
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref50
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref50
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref50
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref51
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref51
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref52
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref52
https://doi.org/10.1155/2016/7584952
https://doi.org/10.1155/2016/7584952
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref54
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref54
http://dx.doi.org/10.1007/s10722-011-9715-4
http://dx.doi.org/10.1007/s10722-011-9715-4
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref55
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref55
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref55
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref55
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref56
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref56
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref57
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref57
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref57
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref58
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref58
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref58
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref58
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref59
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref59
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref59
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref59
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref60
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref60
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref61

M.A. Seyed

cancer treatment. Biologics, Vaccines and Cancer Therapies. pp. 411-431
(Chapter 17).

Palombo, F., Focaccetti, C., Barnaba, V., 2014. Therapeutic implications of immunogenic
cell death in human cancer. Front. Immunol. 4, 501-506.

Pan, S.Y., Zhou, S.F., Gao, S.H., Yu, Z.L., Zhang, S.F., Tang, M.K,, Sun, J.N., Ma, D.L., Han,
Y.F., Fong, W.F., Ko, K.M., 2013. New perspectives on how to discover drugs from
herbal medicines: CAM's Outstanding contribution to modern therapeutics. Evid.
Based Comple. Altern. Med. https://doi.org/10.1155/2013/627375. (627375
Published online 2013 Mar 24).

Pang, K.L., Vijayaraghavan, K., Al Sayed, B., Seyed, M.A., 2018. Betulinic acid-induced
expression of nicotinamide adenine dinucleotide phosphate-diaphorase in the im-
mune organs of mice: a possible role of nitric oxide in immunomodulation. Mol. Med.
Rep. 17 (2), 3035-3041.

Patel, J.R., Tripathi, P., Sharma, V., Chauhan, N.S., Dixit, V.K., 2011. Phyllanthus amarus:
ethnomedicinal uses, phytochemistry and pharmacology: a review. J.
Ethnopharmacol. 138 (2), 286-313.

Patil, U.S., Jaydeokar, A.V., Bandawane, D.D., 2012. Immunomodulators: a pharmaco-
logical review. Int. J. Pharm. Pharm. Sci. 4, 30-36.

Patwardhan, B., Gautam, M., 2005. Botanical immunodrugs: scope and opportunities.
Drug. Discov. Today 10 (7), 495-502.

Puri, A., Saxena, R., Saxena, R.P., Saxena, K.C., Srivastava, V., Tandon, J.S., 1994.
Immunostimulant activity of Nyctanthes arbor-tristis L. J. Ethnopharmacol. 42,
31-37.

Rajkapoor, B., Sankari, M., Sumithra, M., 2007. Antitumor and cytotoxic effects of
Phyllanthus polyphyllus on ehrlich ascites carcinoma and human cancer cell lines.
Biosci. Biotechnol. Biochem. 71 (9), 2177-2183.

Rajeshkumar, N.V., Kuttan, R., 2000. Phyllanthus amarus extract administration increases
the life span of rats with hepatocellular carcinoma. J. Ethnopharmacol. 73, 215-219.

Rajeshkumar, N.V., Joy, K.L., Kuttan, G., Ramsewak, R.S., Nair, M.G., Kuttan, R., 2002.
Antitumour and antcarcinogenic activity of Phyllanthus amarus extract. J.
Ethnopharmacol. 81, 17-22.

Ram, J., Tripathi, P., Sharma, V., Singh, N., Kumar, V., 2011. Phyllanthus amarus: eth-
nomedicinal uses, phytochemistry and pharmacology: a review. J. Ethnopharmacol.
138 (2), 286-313.

Ramasamy, S., Wahab, N., Zainal Abidin, N., Manickam, S., Zakaria, Z., 2012. Growth
inhibition of human gynecologic and colon cancer cells by Phyllanthus watsonii
through apoptosis induction. PLoS One 7 (4). https://doi.org/10.1371/journal.pone.
0034793.e34793.

Rossi, M., Young, J.W., 2005. Human dendritic cells: potent antigen-presenting cells at
the crossroads of innate and adaptive immunity. J. Immunol. 175 (3), 1373-1381.

Sarisetyaningtyas, P.V., Hadinegoro, S.R., Munasir, Z., 2006. Randomized controlled trial
of Phyllanthus niruri Linn extract. Paediatr. Indones. 46 (3-4), 77-81.

Schepetkin, LA., Quinn, M.T., 2006. Botanical polysaccharides: macrophage im-
munomodulation and therapeutic potential. Int. Inmunopharmacol. 6 (3), 317-333.

Shanker, K., Singh, M., Srivastava, V., Verma, R., Gupta, A., Gupta, M., 2011.
Simultaneous analysis of six bioactive lignans in Phyllanthus species by reversed
phase hyphenated high performance liquid chromatographic technique. Acta
Chromatogr. 23 (2), 321-337.

Sharma, S.K., Arogya, S.M., Bhaskarmurthy, D.H., Agarwal, A., Velusami, C.C., 2011.
Hepatoprotective activity of the Phyllanthus species on tert-butyl hydroperoxide (t-
BH)-induced cytotoxicity in HepG2 cells. Pharmacogn. Mag. 7 (27), 229-233.

Shimaa, 1., Abdelmenym, M., Jantan, 1., Mohd Azlan, N., Mohamed Alj, S., Kok Meng, C.,
2018. Dendritic cells pulsed with generated tumor cell lysate from Phyllanthus
amarus Schum. & Thonn. induces anti-tumor immune response. BMC Complement.
Alter. Med. 18, 232. https://doi.org/10.1186/512906-018-2296-4.

Simon, G., Brent, J., 2015. Concepts and mechanisms underlying chemotherapy induced
immunogenic cell death: impact on clinical studies and considerations for combined
therapies. Oncotarget 6 (39), 41600-41619.

Singh, N., Tailang, M., Mehta, S., 2016. A review on herbal plants as immunomodulators.
Int. J. Pharm. Sci. Res 7, 3602-3610.

Sirisha, N., Sreenivasulu, M., Sangeeta, K., Madhusudhana Chetty, C., 2010. Antioxidant
properties of Ficus species- a review. Int. J. PharmTech Res. 2 (4), 2174-2182.
Slauch, J.M., 2011. How does the oxidative burst of macrophages kill bacteria? Still an

open question. Mol. Microbiol. 80 (3), 580-583.

Stromberg, S.P., Carlson, J.M., 2010. The suppression of immune system disorders by
passive attrition. PLoS One 5 (3), e9648.

Sureban, S.M., Subramaniam, D., Rajendran, P., Ramanujam, R.P., Dieckgraefe, B.K.,
Houchen, C.W., Anant, S., 2006. Therapeutic Effects of Phyllanthus species: induction
of TNF-a-mediated Apoptosis in HepG2 hepatocellular carcinoma cells. J. Pharmacol.
Toxicol. 1 (4), 65-71.

Tang, Y., Jaganath, I.B., Sekaran, S.D., 2010. Phyllanthus spp. induces selective growth
inhibition of Pc-3 and Mewo human cancer cells through modulation of cell cycle and
induction of apoptosis. PLoS One 5 (9), 1-11.

537

Biocatalysis and Agricultural Biotechnology 17 (2019) 529-537

Tang, Y.Q., Jaganath, 1., Manikam, R., Sekaran, S.D., 2013. Phyllanthus suppresses
prostate cancer cell, PC-3, proliferation and induces apoptosis through multiple sig-
nalling pathways (MAPKs, PI3K/Akt, NF B, and Hypoxia). Evid. Based Complement.
Alter. Med (Article ID 609581, 13 pages).

Tennenbaum, S.T., Qiao, L., Rynkiewicz, S., Fumito, L., Davis, M.A., Mcginn, C.J., Chang,
A.E., 2003. Radiotherapy potentiates the therapeutic efficacy of intratumoral den-
dritic cell administration. Cancer Res. 63, 8466-8475.

Tewari, D., Mocan, A., Parvanov, E.D., Sah, A.N., Nabavi, S.M., Huminiecki, L., Ma, Z.F.,
Lee, Y.Y., Horbariczuk, J.O., Atanasov, A.G., 2017. Ethnopharmacological approaches
for therapy of jaundice: Part II. Highly used plant species from Acanthaceae,
Euphorbiaceae, Asteraceae, Combretaceae, and Fabaceae families. Front. Pharmacol.
10 (8), 519. https://doi.org/10.3389/fphar.2017.00519. (eCollection 2017).

Thong, P.S., Ong, K.W., Goh, N.S., Kho, K.W., Manivasager, V., Bhuvaneswari, R., Olivo,
M., Soo, K.C., 2007. Photodynamic-therapy-activated immune response against dis-
tant untreated tumours in recurrent angiosarcoma. Lancet Oncol. 8, 950-952.

Tjandrawinata, R.R., 2011. In: Kuttan, Ramadasan, Harikumar, K.B. (Eds.), Phyllanthus
species: scientific evaluation and medicinal applications. Clinical Trials Involving
Phyllanthus Species CRC Press, pp. 289-314.

Tjandrawinata, R.R., Susanto, L.W., Nofiarny, D., 2017. The use of Phyllanthus niruri L. as
an immunomodulator for the treatment of infectious diseases in clinical settings.
Asian Pac. J. Trop. Dis. 7 (3), 132-140.

Tong, Y., Song, W., Crystal, R.G., 2001. Combined intratumoral injection of bone marrow-
derived dendritic cells and systemic chemotherapy to treat pre-existing murine tu-
mors. Cancer Res. 61, 7530-7535.

Tripathi, A.K., Verma, R.K., Gupta, A.K., Gupta, M.M., Khanuja, S.P.S., 2006. Quantitative
determination of phyllanthin and hypophyllanthin in Phyllanthus species by high-
performance thin layer chromatography. Phytochem. Anal. 17 (6), 394-397.

Unander, D.W., Webster, G.L., Blumberg, B.S., 1995. Usage and bioassays in Phyllanthus
(Euphorbiaceae). IV. Clustering of antiviral uses and other effects. J.
Ethnopharmacol. 45 (1), 1-18.

van der Nat, J.M., Klerx, J.P., vanDijk, H., de Silva, K.T., Labadie, R.P., 1987.
Immunomodulatory activity of an aqueous extract of Azadirachta indica stem bark. J.
Ethnopharmacol. 19 (2), 125-131.

Vesely, M.D., Kershaw, M.H., Schreiber, R.D., Smyth, M.J., 2011. Natural innate and
adaptive immunity to cancer. Annu. Rev. Immunol. 29, 235-271.

Wang, C.Y., Chiao, M.T., Yen, P.J., Huang, W.C., Hou, C.C., Chin, S.C., Yeh, K.C., Yang,
W.C., Shyur, L.F., Yang, N.S., 2006. Modulatory effects of Echinacea purpurea ex-
tracts on human dendritic cells: a cell- and gene-based study. Genomics 88, 801-808.

Watford, W.T., Moriguchi, M., Morinobu, A., O’Shea, J.J., 2003. The biology of IL-12:
coordinating innate and adaptive immune responses. Cytokine Growth Fac. Rev. 14,
361-368.

Winkler, C., Wirleitner, B., Schroecksnadel, K., Schennach, H., Mur, E., Fuchs, D., 2004. In
vitro effects of two extracts and two pure alkaloid preparations of Uncaria tomentosa
on peripheral blood mononuclear cells. Planta Med. 70, 205-210.

Xia, Q., 1997. A Pharmacognostic and Ethnopharmacological Studies of Chinese
Phyllanthus (Ph.D. thesis). Peking Union Medical College, Beijing, China.

Xia, Y., Luo, H., Liu, J.P., Gluud, C., 2011. Phyllanthus species for chronic hepatitis B
virus infection. Cochrane Database Syst. Rev. 13 (4), CD008960. https://doi.org/10.
1002/14651858.CD008960.pub2.

Yang, S.L., Guang, S.H., Zhu, Y.T., 2006. Study of Phyllanthus product inhibition effect on
mice liver cancer. J. Cancer 19 (8), 837-838.

Yatoo, M.L, Dimri, U., Gopalakrishnan, A., Saxena, A., Wani, S.A., Dhama, K., 2018. In
vitro and in vivo immunomodulatory potential of Pedicularis longiflora and Allium
carolinianum in alloxan-induced diabetes in rats. Biomed. Pharmacother. 97,
375-384.

Yin-Quan, T., Shamala, D.S., 2011. Evaluation of Phyllanthus, for its anti-cancer prop-
erties. In: Spiess, Philippe E. (Ed.), Prostate Cancer - From Bench to Bedside. InTech
(ISBN: 978-953-307-331-336). http://www.intechopen.com/books/prostate-cancer-
from-bench-to-bedside/evaluation-ofphyllanthus-for-its-anti-cancer-properties.

Yoshizumi, Y., Yukawa, H., Iwaki, R., Fujinaka, S., Kanou, A., Kanou, Y., Yamada, T.,
Nakagawa, S., Ohara, T., Nakagiri, K., Ogihara, Y., Tsutsui, Y., Hayashi, Y., Ishigami,
M., Baba, Y., Ishikawa, T., 2017. Immunomodulatory effects of adipose tissue-derived
stem cells on Concanavalin A-induced acute liver injury in mice. Cell. Med. 9 (1-2),
21-33.

Yuandani, Ilangkovan, M., Jantan, I., Mohamad, H.F., Husain, K., Abdul Razak, A.F.,
2013. Inhibitory effects of standardized extracts of Phyllanthus amarus and
Phyllanthus urinaria and their marker compounds on phagocytic activity of human
neutrophils. Evid. Based Complement. Altern. Med. 2013, 603634. https://doi.org/
10.1155/2013/603634.

Zhao, H.J., Liu, T., Mao, X., Han, S.X., Liang, R.X., Hui, L.Q., Cao, C.Y., You, Y., Zhang, L.
Z., 2015. Fructus phyllanthi tannin fraction induces apoptosis and inhibits migration
and invasion of human lung squamous carcinoma cells in vitro via.


http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref61
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref61
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref62
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref62
https://doi.org/10.1155/2013/627375
https://doi.org/10.1155/2013/627375
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref64
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref64
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref64
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref64
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref65
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref65
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref65
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref66
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref66
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref67
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref67
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref68
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref68
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref68
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref69
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref69
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref69
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref70
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref70
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref71
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref71
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref71
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref72
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref72
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref72
https://doi.org/10.1371/journal.pone.0034793.e34793
https://doi.org/10.1371/journal.pone.0034793.e34793
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref74
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref74
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref75
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref75
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref76
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref76
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref77
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref77
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref77
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref77
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref78
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref78
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref78
https://doi.org/10.1186/s12906-018-2296-4
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref80
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref80
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref80
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref81
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref81
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref82
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref82
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref83
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref83
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref84
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref84
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref85
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref85
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref85
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref85
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref86
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref86
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref86
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref87
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref87
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref87
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref87
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref88
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref88
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref88
https://doi.org/10.3389/fphar.2017.00519
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref90
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref90
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref90
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref91
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref91
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref91
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref92
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref92
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref92
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref93
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref93
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref93
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref94
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref94
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref94
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref95
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref95
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref95
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref96
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref96
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref96
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref97
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref97
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref98
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref98
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref98
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref99
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref99
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref99
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref100
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref100
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref100
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref101
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref101
https://doi.org/10.1002/14651858.CD008960.pub2
https://doi.org/10.1002/14651858.CD008960.pub2
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref103
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref103
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref104
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref104
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref104
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref104
http://www.intechopen.com/books/prostate-cancer-from-bench-to-bedside/evaluation-ofphyllanthus-for-its-anti-cancer-properties
http://www.intechopen.com/books/prostate-cancer-from-bench-to-bedside/evaluation-ofphyllanthus-for-its-anti-cancer-properties
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref106
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref106
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref106
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref106
http://refhub.elsevier.com/S1878-8181(18)30993-9/sbref106
https://doi.org/10.1155/2013/603634
https://doi.org/10.1155/2013/603634

	A comprehensive review on Phyllanthus derived natural products as potential chemotherapeutic and immunomodulators for a wide range of human diseases
	Introduction
	Chemopreventive potentials of Phyllanthus species
	Immunomodulatory activity of Phyllanthus species
	Conclusion
	Conflicts of interest
	Compliance with ethics requirements
	References




