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Abstract

Phyllanthus (Euphorbiaceae) is a native genus of the American continent representative medicinal
plant with very high number of species (more than 1,000) located in tropical and subtropical countries.
In Brazil, this genus is represented by over than 100 specimens, that are widely distributed in different
environments. In fact, Phyllanthus is present in almost all Brazilian territories. The species of this genus
are extremely used in folk traditional medicine. The species Phyllanthus amarus Schum. & Thonn. and
P, niruri L. have been frequent targets of ethnopharmacological work. However, in the beginning of this
century botanic studies were intensified by using molecular markers for unambiguously identification of
Phyllanthus species and to indicate the significant differences between the specimens of this genus. There
are many differences between P. amarus and P, niruri, and the main of them were found to be in base, seed
and stigma type. Systematic studies at molecular level have been assessed for acute authentication of
plant specimen by using RAPD, ISSR, SCAR, AFLP, ITS, RFLP, ISSR-PCR and PCR-RFLP-ITS markers linked
to a dominant gene. These methods have been assessed to the genus Phyllanthus with highly efficient
results. With respect to phytocomponents of P amarus herb, it is proved that the lignans Phyllanthin and
hypophyllanthin are the main biomarkers. Focusing in one example phytochemical investigations were
conducted with an unambiguous identified P amarus collected from Brazil. Its ethanolic extract, revealed
the presence of six bioactive lignans (phyllanthin, hypophyllanthin, isolintetralin, demethylenedioxy-
niranthin, 5-demethoxy-niranthin, niranthin) and one triterpene (2Z, 6Z, 10Z, 14E, 18E, 22E-farnesil-
farnesol). This rich lignan extract was used in nanoemulsion formulations, an efficient therapeutic
medicine to be applied in the health care. Other polar extracts of P amarus have been encapsulated
by using bio-nanotechnologies and are presented in this review. Technological innovations and recent
progress in the multiple aspects of Phyllanthus’s plant development was reviewed. Today’s current
state of Phyllanthus amarus Schum. & Thonn. is supported by its scientific findings, which has many
applications, of which mainly focusing in the biotechnology field to face the new challenges for this lead
medicinal plant.

Keywords: Phyllanthus; Phyllanthus amarus Schum. & Thonn. Morphology; Herbal Authentication;
Phytochemical and Pharmacological properties; Biotechnological studies

Introduction

Phyllanthus (Euphorbiaceae) is a native genus largely used as antipyretic, antiviral,
antidiarrheal, antispasmodic, antinociceptive, anti-inflammatory, antioxidant, antitumoral,
antigenotoxic, antimutagenic, hepatoprotection, hypoglycemic, hypotensive, diuretic,
antidiabetic, bactericide. It was also efficient for fighting jaundice, hepadnaviral DNA
polymerase, AIDS and kidney disorders [1-10]. Phyllanthus amarus Schum. & Thonn. and
Phyllanthus niruri L. have been frequent targets of ethnopharmacological work all over the
world, mainly in Brazil, U.S.A, Malaysia, Cuba, Peru, Caribbean, China, Nigeria, Africa and India
[8-10]. Despite the large number of literature registers, these species have been published as
being synonymous because of their morphological similarities. Phyllanthus species had been
botanic approached by using several methodologies in the extended period of 2003 to 2011.
Silva et al. [11], pointed out significant differences between P amarus and P, niruri, collected
from Pernambuco state of Brazil. The main differences are indicated on the base, seed and
stigma type [11].
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Because of the folk medicinal importance of P amarus as well
as its previous mistakable identification, some scientific aspects
about this plant such as botanic, ethnobotanic, phytochemical,
pharmacological and biotechnological studies will be highlighted
in this work. P amarus in its extremely dynamic field is notorious.
The folk and scientific medicinal history of this herb thoughtfully
integrated into the nanotechnological considerations in order to
get new therapeutic efficiencies. Physicochemical characteristics
of nanoparticle suspensions, particle size distribution, morphology,
surface charge, drug release profiles and many others are very
important pre-requisites. These pre-requisites can produce high-
performance materials with specific functionality that lead in the
success of any dosage form development.

Materials and Methods

The literature survey for this review was obtained from
different scientific sources such as Web of Science, PubMed, Google
Scholar and the Brazilian virtual library CAPES Periodic Portal
which includes Science Direct and other scientific resources.

Result and Discussion

Specimens of the genus Phyllanthus
traditional medicines and consist of more than 1,000 species found
in tropical and subtropical countries of the world. Phyllanthus
amarus Schum. & Thonn. is well known since ancient times (about
3000 years) [5,8,9]. This plant is a small herb (30cm-60cm)
commonly called stone breaker, wind breaker, carry me seed, and
many other folk designations. The word Phyllanthus means leaf and
flower, mainly because of its appearance, where flower, fruit and
leaf appear to be fused [12]. The taxonomy of the genus Phyllanthus
is the following: Kingdom: Plantae, Division: Angiospermae, Class:
Dicotyledoneae, Order: Tubiflorae, Family: Euphorbiaceae, Genus:
Phyllanthus, and Species: amarus [8,9,12]. The general characters of
this genus are i) Habit: herbs or shrubs, ii) Leaves: small, alternate
and distichous, iii) Branchlets: resembling pinnate leaves with

are widely used as

stipules narrow, iv) Flowers: very small without petals, monoecious,
in axillary clusters or solitary, bracteates, disk in male flowers with
small glands and annular in female flowers with large glands, v)
Lobes: 5-6 imbricated, vi) Stamens: three of which more or less
free or the filaments combined in a column, the others oblong,
didynamous, dehiscing vertically or transversely, vii) Ovary: three
of celled, styles 3, free or connate at base, viii) Fruit: A capsule with
crustaceous or thin 2-valved cocci, and ix) Seeds: trigonal, rounded
at back [8,9,12]. With respect to Phyllanthus amarus Schum. &
Thonn. it shows i) stem angular with numerous distichous, ii)
slender leave bearing branchlets, distichous subsessile with
elliptic-oblong obtuse, rounded base leaves, iii) flowers are axillary
and yellowish, whitish or greenish, and males flowers are in group
of 1-3 whereas females are solitary, iv) fruits are depressed-globose
like smooth capsules present underneath the branches, v) seeds are
triangular, pale brown, 1mm long with 5-6 longitudinal parallel ribs
on the back, and vi) capsules on stalks are 1mm-2mm long, round,
smooth, 2mm wide six seeds. The whole herb shows explosive
seed capsules that propel the seeds some distance from the plant
[8,9,12].

Focusing on the genetic diversity of Phyllanthus species and its
morphological similarities, Sarin et al. [6] described the importance
of this plant genus identification along with pharmacological and
phytochemical studies, as well as appropriate protocols for correct
identification of species [6]. Webster [13] notified that Phyllanthus
niruri L. species had never been confirmed outside the American
continent. So, it was clarified that Phyllanthus niruri is an American
species and not at all found in India [13]. After that, Mitra and
Jain [14] showed all species identified as P. niruri are P amarus,
P. debilis or P. fraternus [14]. In this context, the botanic concept
of Phyllanthus species was approached by several authors along
all the years from 2003 to 2011 [11,14-29]. The genetic diversity
analysis had been performed using random amplified polymorphic
DNA (RAPD) and inter-simple sequence repeat (ISSR) markers as
well as average polymorphism. Species collected from different
geographical locations in India, showed high intrapopulation
variation. The phenomena had been attributed to the cross-
pollination mechanisms in in populations and also because
they grow as weeds without much anthropogenic intervention.
Isozymes also have been used to assess the genetic variability
in south Indian populations of P amarus to identify superior
genotypes aiming to improve drug quality formulation strategies
for in situ conservation and also to sustainable uses [17]. Silva et al.
[11], showed significant differences between Phyllanthus amarus
Schum. & Thonn. and Phyllanthus niruri L. by applying a traditional
morphologic botanic approach. The results showed that P. niruri L.
presents asymmetric base of lamina, capitated stigma and seeds
with many verrucula in longitudinal lines. Meanwhile, Phyllanthus
amarus Schum. & Thonn. has asymmetric base of lamina, but the
stigma is not capitated, and the seeds are striated [11]. Nowadays, it
is clear that P, niruri and P amarus are two different species and the
evaluation of the Phyllanthus niruri L., Phyllanthus amarus Schum.
& Thonn. as well as Phyllanthus sellowianus Mull. Arg. is a difficult
task and does not bring satisfactory results. Indeed, P amarus and
P, sellowianus present the same appearance as well as similarities
on phytochemical and medicinal contents when compared with P
niruri [11]. The analytical techniques, HPTLC (high performance
thin layer chromatography) and HPLC (high-performance liquid
chromatography), of many samples applied simultaneously by
using the same plate also reduces time and cost analysis. Khan et
al. [34] based on morphological aspects assessed 19 populations
of this species collected from different geographical regions of
India. It was found that all of them were different and they had
different phytochemical markers. This assessment was conducted
using HPTLC technique and showed that phytochemical diversity
was found more in leaves followed by seeds, stem and roots from
one geographical region to another one [34]. Nasrulloh et al. [35]
proved that HPLC fingerprint is a precise and accurate method
for the identification and authentication of Phyllanthus species.
They found that the highest amount of the biomarkers phyllanthin
and hypophyllanthin was in P, niruri compared to P. debilis and P
urinaria. Fingerprint chromatogram of the three Phyllanthus species
showed distinct profiles. These profiles may be used to identify
and authenticate each Phyllanthus species [35]. Additionally,
authenticity analysis of Phyllanthus amarus were also performed
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using DNA barcoding coupled with HRM analysis as quality
control in the production of phytotherapeutics [36]. Nowadays,
molecular markers such as RAPD, ISSR, ISSR-PCR (inter-simple
sequence repeat-polymerase chain reaction), SCAR (sequence
characterized amplified regions), AFLP (amplified fragment length
polymorphism), ITS (internal transcribed spacers), and the co-
dominantmarker RFLP (restriction fragmentlength polymorphism)
as well as PCR-RFLP-ITS approach were significantly applied to
Phyllanthus specimens for its unambiguous botanic identification
[17-29]. Taking in account the pharmacological importance of
P amarus and Phyllanthus niruri, they are traditionally taken as
an infusion of the whole plant (in a glass of boiling water). It has
a large therapeutic use in popular medicine for treating kidneys
(fighting cystitis, kidney gravel and expelling stones), viral hepatitis,
epilepsy, flu (intermittent fevers), bronchial infection, asthma,
tuberculosis, constipation, diarrhoea, cramps, jaundice, furuncle,
hypertension, intestinal and genitourinary (vaginitis) infections,
gonorrhoea, menorrhagia syphilis, and malaria. The infusion is also
taken as a muscular relaxing, and to fight diabetes and high levels
of cholesterol. These species also have been cited as astringent,
stomachic, diuretic, febrifuge and antiseptic. They are also used
as antiulcerogenic, antitumoral, hypoglycemic, hypotensive, anti-
inflammatory, analgesic, antioxidant, antibacterial, antimalarial
and antiviral (including AIDS), antimutagenic, antispasmodic,
immunosuppressive, ophthalmopathy, scabies, ant plasmodial,
cardioprotective and wounds [5,8-10,37-66].

More than 510 compounds have been isolated from Phyllanthus
species from which lignans, triterpenoids, flavonoids, and tannins.
Corilagin, geraniin, and gallic acid are three most prevalent
compounds in this genus. The pharmacological researches mainly
focus on phyllanthin, niranthin, and geraniin. Since lignins and
tannins compounds exhibit various activities, they are considered
the most biological active compounds of this genus. In general,
the phytocompounds isolated from organic solvent extracts of
P amarus holds the largest number of phytochemical studies of
this genus followed by P, niruri, P. urinaria, P. emblica, P. flexuosus,
and P sellowianus [5,67]. Concerning to Phyllanthus amarus,
numerous constituents have been reported such as alkaloids,
flavonoids, polyphenolic compounds, and
tetracyclic triterpenoids. Those phytocompound classes establish

tannins, lignins,
the therapeutic importance of this plant. Focusing on tannin
there are phyllanthusiin A, B, C, and D, furosin, elaeocarpusin,
amariinic acid, repandusinic acid A, geraniin acid B, amarulone,
melatonin, isocorilagin, and 1,6-digalloylglucopyranose. Several
bioactive alkaloids are described for this herb such as securinol,
allo-securine, securinine, nor-securinine, dihydrosecurinine,
tetrahydrosecurinine, epibubbialine, iso-bubaline, phenazine
and its semi-derivatives compounds. The flavonoid compounds
are quercetin, quercetin-3-0-glucopyranoside, Gallo catechin,
astragalin, kaempferol, and rutin. Benzenoid compounds are gallic
acid and corrillagin. The constituents of the volatile oil are phytol
and linalool. Amarosterol A and B are present in P amarus as sterols
phytocompounds. The isolated triterpenoids are 2Z, 6Z, 10Z, 14E,
18E, 22E-farnesil farnesol, ursolicand oleanolicacids, phyllanthenol,

phyllanthenone, and lupeol [6,37,68]. Comparative inorganic profile
of leaf-derived in vitro calli and in vivo leaf samples of Phyllanthus
amarus was performed by using ED-XRF spectrometry method
[69]. According to Calixto et al [3], Phyllanthus amarus, Phyllanthus
fratenus, and Phyllanthus maderaspatensis have significantly
different phytochemical characteristics. The findings of this study
showed thatonly P amarus contain phyllanthin and hypophyllanthin
which were correlated with the hepatoprotective activity of this
species [3]. Meanwhile, by using HPTLC methodology, Tripathi et
al. [70], proved that phyllanthin and hypophyllanthin are present
in both herbs P, fratenus and P. amarus, but with different amounts
[70]. A comparative phytocomposition studies among Phyllanthus
amarus, Phyllanthus maderaspatensis, Phyllanthus virgatus and
Phyllanthus urinaria showed that phyllanthin, hypophyllanthin,
niranthin, virgatusin, nirtetralin, and a lactone compound, so called
called heliobupthalmin, present in all studied herbs [71] which
support the previous results. On the other hand, these results have
been contested by other authors who did not find phyllanthin
and/or hypophyllanthin in the Phyllanthus maderaspatensis and
Phyllanthus urinaria [72,73].

In a previous work, a phytomedicinal study of Phyllanthus
amarus Schum. & Thonn. reported thatthis plantwas unambiguously
identified, and then was evaluated for its gastrointestinal activity.
A phytochemical approach applied to the methanol extract of the
whole plant in order to isolate lignans. By using NMR technique, the
presence of phyllanthin and hypophyllanthin was confirmed along
with another 4 bioactive lignans, isolintetralin (2,3-demethoxy-
seco-isolintetralin diacetate), demethylenedioxy-niranthin,
5-demethoxy-niranthin, niranthin, and one triterpene (27, 6Z, 10Z,
14E, 18E, 22E-farnesil farnesol) (Figure 1), [68]. The methanolic
extract was carried out to evaluate in vivo gastrointestinal transit
influence of Phyllanthus amarus, and the main pharmacological
activity was correlated to lignans. The oral administration of mice
(0.1, 0.3 or 1g/kg) with the methanolic extract caused a significant
dose-related reduction of charcoal intestinal transit (6.8+0.4%,
35.6%2.9% and 58.5%6.2%), respectively, compared to the control
vehicle group (IC50=631mg/kg). Atropine used as positive control
reduced this parameter by 80%. These pharmacological results
justify the traditional uses of Phyllanthus amarus Schum. & Thonn.
against gastrointestinal disorders [37].

In general, studies dealing with i) utilization and conservation
of plant, ii) genetic authentication, and iii) genetic diversity
evaluations phylogenetic and
germplasm are strongly important for improvement of herb’s
large-scale production. In fact, for the purpose of metabolic
engineering or plant breeding, scientists are widely using genetic
transformation approaches as a powerful tool to improve signal
transduction, genome organization, pathogenesis process, or even
to modify the secondary metabolic content of human useful herbs.
With respect to Phyllanthus genera, the total number of genetic
diversity investigations are greatly reduced compared to the huge

such as characterization of

amount of phytochemistry, pharmacological and pharmacogenetic
studies. An accurate authentication of Phyllanthus plant specimens
molecular level biotechnology methodologies have been evaluated
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applying some markers linked to a dominant gene. These studies
were conducted by applying genomic DNA through different
procedures. In fact, several authors have been successfully
assessing this biomarker on the genetic variability of P amarus in

order to identify superior genotypes for improving drug quality as
well as for formulation strategies to be used in situ conservation
and sustainable utilization [17-29].

Demethyiensdioxy-niranthin

s CHOCOCH;

T CHOCH

Phyllanthin

Hypophylanthin

Figure 1: Chemical structures of some Phyllanthus amarus bioactive constituents.

Reinforcing the importance of these findings, a study was done
by Inglis et al. [27] who assessed plants of the genus Phyllanthus,
that have been used in Brazilian folk medicine to treat kidney stones
and other ailments, such as P amarus, P. urinaria, P. niruri, and P,
tenellus. This study showed that only P. niruri could be effective
in a clinical setting. The nuclear ribosomal internal transcribed
spacer (ITS1-5.8S rRNA-ITS2), internal transcribed spacer 2,
chloroplasts rbcL, matK, psbA-trnH, trnL, and trnL-trnF were
screened for their potential as DNA barcodes for the identification
of 48 Phyllanthus taxa in Brazilian medicinal plant germplasm
banks and in “living pharmacies”. The markers were also tested
for their ability to validate four Brazilian commercial herbal teas
labelled as quebra-pedra (stone-breaker) by using the criterion of
high clade posterior probability in Bayesian phylogenetic analysis,
such as the internal transcribed spacer, internal transcribed spacer
2, and chloroplast matK, psbA-trnH, trnL, and trnL-trnF markers all
reliably. The results obtained from these commercial herbal teas
showed four different Phyllanthus species. Internal transcribed
spacer and matK showed that the genus is well represented for
these markers in the Gen bank database. Conclusively, in the case
of rbcL, posterior probability for some clades was low, P amarus
and P, tenellus formed monophyletic groups, while P, niruri and P,
urinaria accessions could not be reliably distinguished with this
marker. Packaged dried quebra-pedra herb from three Brazilian
commercial suppliers comprised P. tenellus, but one sample was
also found to be mixed with alfalfa (Medicago sativa). In addition,
a herb marketed as quebra-pedra from a fourth supplier was found
to be composed of a mixture of P. niruri and Desmodium barbatum
[27].

Senapati et al. [28] attempts to identify species by applying
diagnostic markers for some Phyllanthus species using the inter

simple sequence repeat-polymerase chain reaction (ISSR-PCR)
fingerprinting method as well as PCR amplification using seven
ISSR primers. The findings showed that seventeen species-
diagnostic markers were identified for seven species (P. acidus,
P emblica, P. fraternus, P. urinaria, P. rotundifolius, P amarus, and
P angustifolius) while no marker was detected for P. reticulatus,
P nivosus, and P virgulatus. PCR/ISSR resulted in significant
polymorphism among the populations from different species.
According to the results P angustifolius and P. urinaria showed
monomorphic frequency ranging from 63.88% (maximum value)
to 20.64% (minimum value). A maximum of six species-diagnostic
markers were identified for P. acidus and a minimum of only one of
755bp was available for P amarus. Among the seventeen markers,
nine were present in all individuals of species. Conclusively, the
species-specific differences in fragment numbers and sizes could
be used as diagnostic markers to quickly distinguee the Phyllanthus
species [28]. In earlier studies Marimuthu and Antonisamy [29]
compared the phytochemical constituents of Phyllanthus amarus
by using molecular markers (isozyme), in which calli production
and organogenesis were applied to P amarus sample. In this field,
there are few available reports for phytochemical analysis in an
in vitro approach devoted to derived cultures, emphasizing on
biochemical and phytochemical comparative studies focusing on
somaclonal variation under isoperoxidase conditions. The findings
showed equal appearance of bands between the mother plant
and nodal derived plant (directly regenerated ones) proved that
the isoenzyme system successfully reveal the morphological and
biochemical variation of the plant and also reveal the somaclonal
variation very clearly by the banding positions occupied by the calli
mediated plants in the superoxidase gel system. The phytochemical
evaluation confirmed the presence of other alkaloids, saponins,
tannins as well as other compounds from calli and calli mediated
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shoots and roots [29].

Concluding this part or this review it is notorious that the
limitations of chemical and morphological approaches for plant
authentication, had generated the need for newer methods in
quality control of botanicals of which assess of genetic variation
protocols are the most relevant point. In general, the desirable
properties of molecular markers must include the following basic
rules: i) assays should be easy, rapid and available, ii) reproducible
and highly polymorphic, iii) co-dominant inheritance and recurrent
occurrence in genome, iv) selectively neutral to environmental
conditions, and v) valuable advantages and restrictions should
be highlighted in the selection of the ideal approach for a large
scale production. Concerning to Phyllanthus specimens, using
different molecular marker-based it was possible to define
significant variations among them. The genomic DNA technique
proved to be both very reproducible and cost effective [17-29].
The advances in biotechnology studies on genetic diversity such
as RAPD, ISSR, SCAR, AFLP, ITS, RFLP, ISSR-PCR and PCR-RFLP-
ITS markers linked to a dominant gene along with other ones DNA
amplification fingerprinting (DAF), arbitrarily primed polymerase
chain reaction (APPCR), simple sequence repeats (SSRs), sequence
characterized amplified regions (SCARs), cleaved amplified
polymorphic sequence (CAPS), expressed sequence tags (ESTs),
single nucleotide polymorphisms (SNPs) and sequence tagged
sites (STSs). In a general context, for genotypes close related,
genetic variation present in different sources could interfere or
combine with the more or less polymorphic ability. So, the analysis
of variability could require more than one DNA-based technique.
So, best-suited molecular assay for fingerprinting and assessing
genetic relationship among genotypes shows their own advantages
and limitations. In this sense, among the available biotechnological
analysis of plant genetic diversity and DNA fingerprinting still not
available an ideal technique that had yet fulfil all requirements
needed by plant researchers [30-33].

Originally, the growth of the biotechnology industries is
related to the principles of fermentation process that boosted
the very large production of antibiotics, enzymes, amino acids
and improved the application of living biological materials such
as microorganisms to create new relevant technologies process.
Currently, the high biotech engineering is widely associated to the
wealth genetic researches which generates new products as well
as improvement in terms of plant biology, cell biology, molecular
biology, protein, enzymes and vaccines engineering, biochemistry
and its nanotechnologies. Nowadays, there are over then 10,000
pharmaceutical companies producing thousands of pharmaceutical
products. The nanotechnology molecular construction is a science
related to the manipulation of the substances at molecular level
aiming at to create new materials. Nanomaterials with sizes rage
from 0.1nm to 100nm, are similar to many biomacromolecules
and organelles. When the size of material decreases to nanometer
level, the small size effect surface along with quantum size effect
and quantum tunnelling effect will play significant roles, and
consequently enable nanomaterials with new properties, such
as the increasing hardness, super paramagnetic, strong surface

adsorption capacity, chemical reactivity and quantum properties.
In order to infer the feasibility of nanoscience on the therapeutic
efficacies of P amarus, actually few researches are devoted to
achieving bioavailability enhances from this very important
medicinal pant. The efficiency of the poor soluble ethanol extract
(EtOH) of P amarus loaded in a nanoemulsion system was 89% at
optimum concentration (2:18mg/mL of EtOH extratct: olive oil).
This nanocarrier system containing dispersion of EtOH extract
(in an aqueous sodium alginate medium in the presence of olive
oil and Tween 80® as the surfactant solution) was prepared by
emulsion-coacervation method caused, in which alginate shell was
solidified by cross-linking with analytical grade CaCl, and then, the
solvent was removed by evaporation under pressure. Variation
in proportion of P amarus EtOH extract and olive oil afforded
nanocapsules (pH 7) obtained as dispersion in aqueous phase. In
this nanoformulation, the phytoconstituents of P amarus remain
stable and the oral dose (20mg/kg body wt) showed a better
hepatoprotective effect when compared to the unload P amarus
EtOH extract, administered in higher concentration (100mg/kg
body wt). Indeed, this nanoemulsion formulation proved to be
both efficient and safe and no toxicity was evidenced even for the
repeated oral dose [74].

So, this finding, if applied as a commercial medicine for human
treatment, could reduce the dosage and period of treatment
enlarging the safety use of P amarus. Silver nanoparticles
(15.7nm-29.78nm) were synthesized based on the aqueous
extract of P amarus, and then were explored as a potent source
of nanomedicine against multidrug resistant microbes (MDR). The
zone of inhibition increased with increase in the concentration
of silver nanoparticles (12.5ug/mL to 100pg/mL) and the MIC
was observed in the range of 6.25ug/mL to 12.5ug/mL and are
comparable to the standard antibiotics. So, the antibacterial effect
of this P amarus. bionanoformulation against MDR strains gives
insights to be applied in the health care system [75]. Acharyulu et al
[76] performed a green synthesis of CuO nanoparticles with average
particle size of 20nm, developed in the presence of P amarus
leaf extract. The antibacterial activity of these nanoparticles was
tested against various multidrug resistance bacteria such as Gram-
positive (B. subtilis and S. aureus) and Gram-negative (E. coli and P,
aeruginosa) [76].

Mishra et al. [77] compared the hepatoprotective effects of P
amarus the ethanolic extract (PAE) with its nanoparticles (PAN)
formulations on paracetamol induced acute liver toxicity in
Sprague-Dawley rats. An oral dose of PAE at 125mg kg! and 250mg
kg™ and PAN at 25mg kg! and 50mg kg™ showed a significant
hepatoprotective effect relatively to the same extent (P<0.001) by
reducing levels of aspartate aminotransferase, alkaline phosphatase
and bile salts. These biochemical assessments were supported
by rat hepatic biopsy examinations. Moreover, the results also
indicated that the hepatoprotective effect of 50mg kg™ PAN was
effectively better than 125mg kg™ PAE (P<0.001), and an oral dose
of PAN that is five times less than PAE could exhibit similar levels
of outcomes [77].
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In conclusion, it was found that an oral dose of PANs that is
five times less than the oral dose of PAE could exhibit a similar
hepatoprotective effect [77]. In a very recent studyAjitha et al.
[78] reinforce the antimicrobial activity of P amarus leaf extract
nanocarrier on a bio-synthesized AgNPs silver nanoparticle system
approached through an easy, rapid and eco-friendly pathway. The
antimicrobial and catalytic activities of the were carried out and
the results indicated that the concentration of the Ag precursor and
the volume of the leaf extract played key roles in the formation of
the flower-shaped AgNPs. Morphology study confirms the shape
of the obtained bio-AgNPs as flower like structure. This study
also showed the presence of clear capping layers surrounding and
apparently interacting with the AgNPs nanoparticles. Moreover, it
was observed interaction to involve bio-organic capping agents in
the leaf extract. Additionally, this AgNPs bioanalyses showed to be
an excellent microbial active agent against the selected pathogens
and enhanced catalyst of the reduction of rhodamine B [78].

An earlier environmentally friendly approach was employed
to synthesize silver nanoparticles and the results showed that
biomolecules found in plants induce the reduction of Ag* ions
from silver nitrate to silver nanoparticles (AgNPs) and also
produced good antimicrobial activity against common pathogens.
In addition, antioxidant activities were performed by using DPPH
antioxidant assay and hydrogen peroxide assay. Plants during
glycolysis produce a large amount of H* ions along with NAD which
acts as a strong reducing agent; this seems to be responsible for
the formation of AgNPs [79]. Some et al. [80] reviewed the huge
importance of modulating metals into solid nanoparticles (SNPs)
which offer new scientific and industrial applications, including
biomedical products based on P amarus. Pointing out some
advantages of AgNPs, they have been used as i) safe preservatives
due to non-penetrating property to human skin, ii) in agriculture
control an important crop pest and combat several herb diseases,
iii) in chemical industry it preserves the environment acting against
pesticide contamination by mineralization, iv) in biomedicine acts
as antiviral, anti-inflammatory, anticancer, and antimicrobial (B.
subtilis, S. aureus, P. aeruginosa, P pneumonia, and S. Flexneri) [80].

Other contribution in the development of bio-nanotechnologies
of Phyllanthus amarus, consist in a target nanoemulsion system
performed with low concentrations (2.0mg and 5.0mg) of a
hydroalcoholic extract (HAE-PA) of P. amarus. This system was
applied for in vitro evaluation on the culture of ovarian follicles.
The efficacy of the HAE-PA extract loaded into a biocompatible
nanoemulsion system (NE-PA) was evaluated
investigate the cellular viability in the follicular development of pig
ovarian follicles. The diameters of the analyzed pig ovarian follicles
range from 150pm to 600pum which were cultured for 4 days into
a modified «a-MEM (a-MEM*) as cultured control as well as in
the presence of NE-PA. The modified a-MEM culture of follicular
treatment was carried out with the individually follicles incubated

in order to

in 100uL drops under mineral oil. In the NE-PA treatment of
follicular culture, the tested follicles were incubated in 200uL
drops in the absence of mineral oil. The parameters evaluated in
this experiment were the follicular viability rate through vital dyes

(ethidium homodimer and calcein) and follicular diameter. In the
in vitro culture of ovarian follicles, at least 30 follicles per group
were evaluated and there was no statistical difference between the
control group not cultivated and the cultured control one by using
the NE-PA natural bioproduct. Viability data were compared using
Chi-square test, the follicular diameters data were submitted to
ANOVA, and treatments were compared using Student-Newman-
Keuls (SNK) test. The antioxidant activity of the SN-PA formulation
was evidenced by using sequestration of hydroxyl radicals and ion
chelation tests (iron and copper).

In conclusion, the tested extract plant loaded at lower
concentrations in the non-toxic and nutritive NE-PA formulation,
which applied in follicular in vitro culture of pig ovarian follicles,
for a short time, does not require feasibility to damage these
follicles [81]. Focusing on scientific and technological advances in
the interfaces between eco-friendly chemical products, it is well
known that the corrosive materials is one of the main problems
facing industrial process that causes environmental pollution and
extreme financial losses. To examine the corrosion inhibition of P
amarus as an eco-friendly chemical product, the ethanolic extract
of P amarus was put in a microemulsion system (MES-PA) with
saponified coconut oil as surfactant and its corrosion inhibition
efficiency for AISI 1020 carbon steel was studied in 3.5wt.%
NaCl solution by weight loss measurements and potentiodynamic
polarization technique. The MES-PA biofriendly formulation
showed solubility improvement of the poorly water-soluble P
amarus extract with low surfactant concentrations. The results
showed that MES-PA reached maximum inhibition efficiency of
94.8% at 50ppm. The adsorption mechanism was shown the best
fit with the Langmuir isotherm [82]. Finally, we conclude this paper
by highlighting the potential of nanoscience and nanotechnology
in the development of herbs ahead to arrive at high-performance
and specifically functional materials of which nanomaterials-based
drug delivery platforms allow rapid formulation development,
among other advantages. In this context, P amarus comes up with
excellent perspectives of evolutionary scientific and technological
applications.

Conclusion

This review attempted to present an overview of the existing
studies on botanic, pharmacognostics, and phytochemical studies
developed with Phyllanthus amarus Schum. & Thonn. Brings
strong highlights on Phyllanthus genetic diversity species and
phylogenetic relatedness and also drew attention towards plant
conservation strategies as well as new scientific approaches.
These subjects are very important to underlined because there
are no major research discussions on the unambiguous botanic
identification of Phyllanthus specimens before undergoing on
new scientific evaluations. Indeed, the last 20 years over then
1,000 articles were published with P amarus and P. niruri herbs
generally indiscriminately concerning to their botanic differences
and focusing in the unambiguously specimen identification. In the
other hand, despite of the huge previously scientific reports of P
amarus, still demand new pharmacological evaluations before
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commercialization in pharma industry. Hence, modern scientific
protocols were reviewed focusing mainly on Phyllanthus amarus
which is worldwide used in the traditional medicine cares and also
as dietary adjuncts for the treatment of numerous physiological
disorders including hepatic disorders. As a limiting factor due
to the poor water solubility of P amarus its major constituents
such as lignans and flavonoids, shows poor absorption upon oral
administration. Considering this limitation and also the significant
properties of P amarus the last part of this review was devoted to
the description of nanoparticles formulations in order to overcome
the poorly water solubility and to improve its bioavailability, and
furthermore to decrease treatment dosage. In addition to that, it
is well known that nanoencapsulation protocols prolong release
of bio-compounds, protect them from degradation, decrease toxic
or adverse side effects, offers appropriate forms for all routs of
administration, offers systems for combined therapy, and reduce
modern formulations development costs. This revision highlights
Phyllanthus amarus as an emergent herb in the nanoscience field.
Finally, this review may be a useful reference for future exploitation
of new nanoparticulate systems for use of Phyllanthus species in
biomedical applications.
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