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Abstract 

The aim of this study was to identify and quantify some biologically active compounds from the Phyllanthus amarus species, 
followed by the synthesis and characterization of silver nanoparticles. For identification and quantification purposes, different 
methods were used, such as UV-Vis spectrophotometric methods and HPLC-UV-MS method for polyphenols analysis, LC-
MS methods for methoxylated flavonoids and phytosterols analysis. After identification, the following compounds were 
quantified: p-coumaric acid, ferulic acid, isoquercitrin, quercitrin, rutoside, hispidulin, acacetin, casticin, stigmasterol, beta-
sitosterol, and campesterol. To the best of our knowledge, this is the first report on the identification and quantification of 
hispidulin, casticin, acacetin, and ergosterol in Phyllanthus amarus. Furthermore, the extract was used in order to obtain 
silver nanoparticles (AgNPs), which were characterized by UV-Vis spectroscopy, FTIR, TEM, EDX. Additionally, the 
nanoparticles were tested for antimicrobial and antioxidant activities. The results confirmed that Phyllanthus amarus is a 
source of biological compounds that can be used for nanoparticles synthesis, with potential health use. 
 
Rezumat 

Acest studiu a urmărit identificarea și cuantificarea unor compuși biologic activi din specia Phyllanthus amarus, urmate de 
obținerea și caracterizarea unor nanoparticule de argint. Pentru identificarea și cuantificarea compușilor biologici s-au utilizat 
diferite metode, cum ar fi spectrofotometria UV-Vis și HPLC-UV-MS pentru analiza polifenolilor, LC-MS pentru analiza 
flavonelor metoxilate și a fitosterolilor. Dintre compușii identificați s-au cuantificat acidul p-cumaric, acidul ferulic, 
izocvercitrina, cvercitrina, rutozida, hispidulina, acacetina, casticina, stigmasterolul, beta-sitosterolul și campesterolul. În 
prezent, acesta este primul studiu prin care s-au identificat și cuantificat în Phyllanthus amarus hispidulina, casticina, 
acacetina și ergosterolul. În continuare, extractul a fost utilizat pentru obținerea de nanoparticule de argint (AgNPs), care au 
fost caracterizate prin spectroscopie UV-Vis, FTIR, TEM, EDX. De asemenea, au fost testate activitățile antimicrobiană şi 
antioxidantă a AgNPs. Rezultatele au confirmat faptul că Phyllantus amarus este o sursă de compuși biologici care pot 
participa la obținerea de nanoparticule, cu potențial terapeutic. 
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Introduction 

Nanoparticles represent one of the great interest areas 
in the last decade, with applications in medicine, 
biology, electronics, etc. One of the methods used for 
obtaining nanoparticles is represented by the use of 
plant extracts, which is a cost-effective, non-toxic and 
eco-friendly method [36]. 
The Phyllanthus genus (Phyllanthaceae family) includes 
over 800 species of plants widespread in tropical and 
subtropical regions, including China and India [34]. 
Phyllanthus amarus has been used in traditional 

medicine for over 3,000 years for kidney, liver, urinary 
[31] and stomach disorders, asthma, bronchial infections, 
dropsy, jaundice [32], diabetes and intestinal parasites 
[31], chronic dysentery, gonorrhoea, pain [41]. Also, 
this plant is used for the treatment of different 
gynaecological disorders such as breast abscess, 
leucorrhoea and menorrhagia. [41]. 
The biologically active compounds highlighted in 
Phyllanthus amarus belong to the following categories: 
alkaloids, ellagitannins, lignans, volatile oil, triterpenes 
[32, 41], flavonoids, sterols [32]. 
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Phyllanthus amarus extracts exhibit numerous 
pharmacological activities: anti-amnesic [17], anti-
oxidant [25], antinociceptive [16], anti-leptospiral 
[4], anticonvulsant [26], anti-inflammatory [21] and 
analgesic [15], antiulcer [38], anticancer [35], cardio-
protective [34] and antimicrobial activity [32]. 
This paper proposes the identification and quantification 
of some phenolic and sterolic compounds from 
Phyllanthus amarus extract followed by the generation 
and characterization of silver nanoparticles obtained 
by green synthesis. 
 
Materials and Methods 

Plant material and extraction method 
The analysed sample was purchased from retailers 
and was constituted of Phyllanthus amarus aerial 
parts finely pulverized. The extract was obtained by 
ultrasonication in methanol (10% w/v) for 10 minutes, 
and magnetic stirring for another 10 minutes, at room 
temperature followed by filtration. 
Qualitative and quantitative characterization of 
Phyllanthus amarus extract 
UV-Vis spectrophotometric methods were used for 
the determination of total flavonoid (TFC), total phenols 
(TPC) and total phenolic acids contents (TAC), using 
an Able Jasco V550 UV-Vis spectrophotometer (Japan). 
The total flavonoid content was quantified using the 
aluminium chloride colorimetric method [9], and the 
results were expressed as mg quercetin per gram of 
dried plant material (mg QE/g plant). The total 
phenolic acids content was determined by reaction 
with sodium nitrite and sodium molibdate in alkaline 
medium with formation of oximes [9], and the results 
were expressed as mg chlorogenic acid per gram dried 
plant material (mg CAE/g plant). The quantification 
of total phenols content was carried out using the 
Folin-Ciocâlteu method, and the results were expressed 
as mg gallic acid per gram of dried plant material 
(mg GAE/g plant) [9]. 
Determination of polyphenols, methoxylated flavonoids 
and phytosterols was performed by chromatographic 
methods. For separation, an Agilent 1100 HPLC series 
system (Agilent, USA) equipped with a binary pump, 
a degasser, an autosampler, a guard column and a 
thermostated column was used, while for detection, 
an UV detector and a MS detector were used. 
According to Khalaf I et al. [20], the polyphenols 
content was determined by an RP-HPLC-UV-MS 
method. The following compounds were used as 
standards: caffeic, chlorogenic, p-coumaric acids and 
apigenin, fisetin, hyperoside, isoquercitrin, kaempferol, 
quercetin, quercitrin, myricetin, rutin from Sigma 
(Germany), ferulic, gentisic, sinapic acids and luteolin, 
patuletin from Roth (Germany) and caftaric acid 
from Dalton (USA). 
The methoxylated flavonoids content was determined 
according to Mocan et al. [28] by a LC-MS method, 

using as standards: eupatilin and jaceosidin from ALB 
(Technology, China), acacetin, casticin, eupatorin and 
hispidulin from Sigma (Germany). 
The quantification of phytosterols was performed by a 
LC-MS method [19], using as standards: brassicasterol, 
campesterol, ergosterol, β-sitosterol and stigmasterol 
from Sigma (Germany). 
Synthesis and characterization of AgNPs 
The synthesis of AgNPs was realized by mixing 1 mL 
plant extract with 10 mL of 5 mM silver nitrate 
(AgNO3) at 600 rpm for approximately 1 hour at room 
temperature. AgNPs were separated by centrifugation 
at 10,000 rpm for 15 minutes. For purification, AgNPs 
were redispersed in water, followed by centrifugation, 
and the operation was repeated three times. The 
obtained AgNPs were dried in the oven and used 
for characterization. 
The reduction of silver ion was firstly visually 
monitored and then by UV-Vis spectrophotometry in 
the 350 - 600 nm range, using a Jasco V 530 double 
beam UV-Vis spectrophotometer. For the determination 
of hydrodynamic diameter and zeta potential a Delsa 
Nano Submicron Particle Size Analyzer (Beckman 
Coulter, USA) was used. The morphology and size of 
AgNPs were determined using Transmission Electron 
Microscopy (TEM) with a Hitachi High-Tech HT7700 
Transmission Electron Microscope (Japan). Energy 
dispersive X-ray analysis (EDX) was used to determine 
the most important elements constituting the chemical 
composition of AgNPs using an EDX system equipped 
with a Quanta 200 Environmental Scanning Electron 
Microscope (ESEM). FTIR analysis was performed 
with a Bruker Vertex 70 instrument (USA), in the 
range 4000 cm-1 to 310 cm-1. 
Furthermore, AgNPs were tested for antibacterial and 
antioxidant activities, in comparison to those of the 
plant extract. Antibacterial activity was tested by 
the diffusion method [5] using Mueller-Hinton agar 
medium (Oxoid), and the microorganisms used were 
Staphylococcus aureus ATCC 25923 and Pseudomonas 
aeruginosa ATCC 27853. Ciprofloxacin (5 µg/disc) 
was used as positive control. The antioxidant activity 
was determined by DPPH free radical scavenging 
assay [7, 40] and lipoxygenase inhibition assay [6]. 
 
Results and Discussion 

Qualitative and quantitative characterization of extract 
The results indicate the presence of caffeic, chlorogenic, 
p-coumaric, ferulic and gentisic acids, quercitrin, iso-
quercitrin and rutoside in the analysed Phyllanthus 
amarus extract (Figure 1). These results are in line 
with literature data. Thus, among the identified poly-
phenolic compounds found in the literature, we mention 
hydroxybenzoic and hydroxycinnamic acid derivatives: 
β-glucogallin, geraniin, gallic acid, castalin; flavonols: 
quercetin, kaempferol and derivatives, rutin, myricetin, 
quercitrin; flavones: luteolin and derivatives; ellagic 
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acid and derivatives; and other compounds like: quinic 
acid, brevifolin carboxylic acid, phloridzin, pinoresinol, 
ursolic acid [22]. Also, Kumar et al. reported the 
presence of corilagin, protocatechuic acid, p-coumaric 
acid, caffeic acid, syringin, 4-hydroxybenzoic acid; 
flavanone: prunin, eriodictyol, naringenin, gentisic 
acid and their derivatives, gallic acid, quinic acid, 
ferulic acid, chrysin, betulinic acid, oleanolic acid 
[23]. Also, Gunjan Guha et al. has mentioned the 
presence of caffeic acid, chlorogenic acid (caffeoylquinic 
acid), p-coumaric acid, isoquercitrin (quercetin-3-O-
glucoside), rutin (quercetin-3-O-rutinoside) [10]. 

Berezi et al. identified and quantified gentisic acid 
(0.00006 mg %), ferulic acid (0.5958 mg %), caffeic 
acid (22.51 mg %) and chlorogenic acid (9.23 mg %) 
in an aqueous extract of Phyllanthus amarus [2]. 
Apigenin, caftaric acid, fisetin, hyperoside, luteolin, 
kaempferol, luteolin, myricetin, patuletin, quercetin and 
sinapic acid were not present in the analysed extract. 
Among the identified compounds, p-coumaric acid, 
ferulic acid, isoquercitrin, quercitrin, and rutoside were 
quantified (Table I). 

 

 
Figure 1. 

HPLC chromatogram of Phyllanthus amarus methanol extract: 
p-coumaric acid (1), ferulic acid (2), isoquercitrin (3), rutoside (4), quercitrin (5) 

 
Table I 

The concentration of phenolic compounds in 
Phyllanthus amarus (µg/g plant) 

Compound Concentration (µg/g plant) 
Caffeic acid  * 
Caftaric acid - 
Chlorogenic acid * 
p-coumaric acid 8.62 
Ferulic acid 7.09 
Fisetin - 
Gentisic acid * 
Hyperoside  - 
Isoquercitrin 37.41 
Quercitrin 3.65 
Rutoside 29.35 

*compound present in sample (MS qualitative determination, 
UV signal < limit of quantification) 
 
Regarding the analysis of methoxylated flavonoids, 
the major compound in the Phyllanthus amarus 
extract was hispidulin, followed by acacetin and 
casticin (Table II). To the best of our knowledge, 
this is the first report of the identification and 
quantification of hispidulin, casticin, and acacetin 
in Phyllanthus amarus. Eupatilin, eupatorin, and 
jaceosidin were not present. 
 

Table II 
The concentration of methoxylated flavones in 

Phyllanthus amarus (µg/g plant) 
Compound Concentration (µg/g plant) 

Acacetin 2.7396 
Casticin 0.3615 
Hispidulin 6.9216 

 
Hispidulin is 4',5,7-trihydroxy-6-methoxyflavone and 
proved antioxidant, anti-inflammatory, antifungal, anti-
mutagenic and antineoplastic properties [33]. Acacetin, 
5,7-dihydroxy-4'-methoxyflavone showed anti-
inflammatory/antinociceptive activity and can be used 
in the treatment of pain-related diseases [3]. Among 
casticin activities (3',5-dihydroxy-3,4',6,7-tetramethoxy-
flavone) cytotoxic and immunomodulatory properties 
are noted [11, 27]. 
Regarding the sterols category, the literature mentions, 
for Phyllanthus amarus, the existence of amarosterol 
A and B, stigmasterol [30], beta-sitosterol [43] and 
campesterol [30]. In agreement with the literature 
data, stigmasterol, beta-sitosterol and campesterol were 
identified and quantified in the analysed extract. 
Ergosterol was also found in small amounts in the 
Phyllanthus amarus extract (Table III). Brassicasterol 
was not present in the sample. 
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Table III 
The concentration of phytosterols in Phyllanthus 

amarus (µg/g plant) 
Compound Concentration (µg/g plant) 

Stigmasterol 87.28 
β-Sitosterol 568.04 
Campesterol 16.26 
Ergosterol 3.34 

 
The highest amount was obtained for β-sitosterol (24α-
ethyl-cholesterol), which shows anti-inflammatory and 
analgesic activities, hypocholesterolemic, antidiabetic, 
antioxidant, angiogenic effects, induces apoptosis and 
has genotoxic, immunomodulatory, chemoprotective 
and chemopreventive effects [37]. 
Literature also states that, among the three compounds 
mentioned, the most widespread is sitosterol, followed 
by campesterol and stigmasterol. In our case, sitosterol 
was followed by stigmasterol (Δ22-24α-ethyl-
cholesterol), a compound with anti-inflammatory, 
anti-osteoarthritic, anti-hypercholesteraemic, cytotoxic, 
anti-tumour, anti-mutagenic and antioxidant activities 
[18]. Among the activities of campesterol (24α-methyl-
cholesterol), the reduction of carcinogen production, 
can be mentioned leading to the inhibition of cancer 
development [42]. 
The total phenols content in the plant sample was 
5.17 mg GAE/g plant, total flavonoids content 0.11 
mg QE/g plant and total phenolic acids content was 
0.14 mg CAE/g plant. 
The literature provides different values of the total 
phenolic content in Phyllanthus amarus: 21.3 ± 3.6 
mg GAE/g dry extract [8], 171± 15.6 mg GAE/g 
plant extract [24], 1083 ± 66 mg GAE/100 g plant 
material [25]. The values obtained by Kumaran et 
al. for total flavonoids content was 21.7 ± 1.4 mg 
rutin/g plant extract and for flavonols 18 ± 2.4 mg 
rutin/g plant extract [24]. 
Comparing the data obtained from the literature, it 
results that the chemical composition is influenced, 
among others, by the method of drying the plant, the 
extraction method and the extraction conditions used. 
Synthesis and characterization of AgNPs 
AgNPs were synthesized by adding the vegetal extract 
to the silver nitrate solution, under continuous 
stirring; thus, the reduction of Ag+ to Ag0 occurs. 
After the first 10 minutes of mixing the extract with 
silver nitrate, a colour change from yellow to brown 
was observed which turned dark-brown within 20 
minutes. The mixture colour change is a general feature 
of the AgNPs synthesis [1]. 
The synthesis of AgNPs was monitored by recording 
the UV-Vis spectra of the extract, the AgNO3 
solution, the initial mixture and the colloidal solution 
after 10, 20, 30 and 60 minutes (Figure 2). 

 

 
Figure 2. 

UV-Vis spectra of the AgNO3 solution (1), the 
extract (2), the initial mixture (3) and of colloidal 
solution after 10 minutes (4), 20 minutes (5), 30 

minutes (6) and 60 (7) minutes 
 
On the extract, for AgNPs and initial mixture spectra 
no peak is observed in the 300 - 500 nm range. The 
peak can be observed on the colloidal solution spectra 
of the surface plasmon resonance band at 424 nm, 
characteristic of AgNPs synthesis after 10 minutes, 
which demonstrates the start of the reduction process 
of Ag+. When the reaction time increases, a rise in 
absorbance can be observed. After 60’ the peak 
remained unchanged, showing that the process was 
complete. 
TEM method (Figure 3) was used to evaluate the 
shape and dimensions of AgNPs. 

 

 
Figure 3. 

TEM image of AgNPs 
 
The AgNPs are spherical, uniform and show a slight 
degree of agglomeration probably due to the solvent 
evaporation during preparation [14]. The estimated 
size is 10 - 20 nm. Also, AgNPs are surrounded by a 
thin layer of another material, which lies in the bio-
molecules that encapsulated the AgNPs and thus, 
prevented aggregation [14], playing, at the same time, 
the role of stabilizing agents [29]. 
The presence of biomolecules involved in the reduction 
of silver ion and the presence of elemental silver are 
also demonstrated by EDX (Figure 4). 
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Figure 4. 

EDX spectra of AgNPs 
 

Thus, the specific peaks are observed for carbon, 
nitrogen and oxygen, suggesting the presence of bio-
molecules at the surface of AgNPs or in its proximity. 
The significant peak at 3 keV is characteristic for 
elemental silver [13]. 
The size of AgNPs was confirmed by dynamic light 
scattering (DLS), the average size being 10 nm, 
showing a very good correlation with the TEM results. 
Zeta potential of AgNPs (Figure 5) was -27.64 mV, 
demonstrating that the suspension is stable due to the 
capping biomolecules which by negative charges 
determine a rejection between nanoparticles [12]. 

 

 
Figure 5. 

Zeta potential of the AgNPs 
 
By FTIR analysis, the functional groups responsible 
for the reduction and stabilization of AgNPs were 
studied by comparing the Phyllanthus amarus extract 

spectra and the synthesized silver nanoparticles spectra 
(Figure 6). 

 

 
Figure 6. 

Comparative FTIR spectra of Phyllanthus amarus extract and AgNPs 
 
The comparative spectra show a shift in the next 
peaks: 3419 to 3435 cm-1 (OH stretching vibrations), 
2923 to 2919 cm-1 and 2852 to 2850 cm-1 (alkyl C-H 
stretching vibrations bands), 1636 to 1653 cm-1 
(stretching vibrations of C=C absorption), 1448 to 
1458 cm-1 (bending frequency for cyclic (CH2)n), and 
bending CH vibrations of flavonoids), 1026 to 1028 cm-1 

(cycloalkane). The peak from 1273 cm-1 (C-O single 
bonds stretching vibrations) in Phyllanthus extract 
spectra disappears in AgNPs spectra. Moreover, the 
appearance of a peak at 1383 cm-1 in AgNPs spectra 
may be interpreted as an attachment, during the 
synthesis, of some -CH2(CH3) groups on the surface 
of AgNPs. Thus, the biomolecules responsible for 
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obtaining AgNPs may belong to phenols and sterols 
classes. 
The antibacterial activity of the synthesized AgNPs 
compared to that of Phyllanthus amarus extract was 
investigated on both Gram-positive bacterium S. 
aureus and Gram-negative bacterium P. aeruginosa. 
The diameter of the inhibition zones (mm) is shown 
in Table IV. 
The extract exhibits antibacterial activity only against 
Gram-positive bacteria, while AgNPs show activity 
against both Gram-positive and Gram-negative bacteria, 

the effect on S. aureus being higher in comparison 
with the extract. The antibacterial activity of AgNPs 
can be explained by several mechanisms, including 
bacteria attachment to the wall or release of silver 
ions from AgNPs and interaction with thiol groups 
from the respiratory enzymes of bacterial cells [39]. 
The antioxidant activity of the Phyllanthus amarus 
extract and of the synthesized AgNPs was evaluated 
using DPPH free radical scavenging assay and 
lipoxygenase inhibition assay, the results expressed 
as IC50 values being presented in Table IV. 

Table IV 
Antibacterial and antioxidant activities of Phyllanthus amarus extract and AgNPs 

Sample Antibacterial activity 
The diameter of inhibition zones (mm) 

Antioxidant activity 

S. aureus P. aeruginosa DPPH free radical 
scavenging assay 

Lipoxygenase 
inhibition assay 

Phyllanthus amarus extract 10 ± 0 0 12.68 ± 0.01 mg/mL - 
AgNPs 15 ± 0 14 ± 0.5 - 3.82 ± 0.07 µg/mL 

 
It can be noticed that in the case of AgNPs the IC50 
value cannot be calculated for the DPPH free radical 
scavenging assay, while in the case of the lipoxygenase 
inhibition assay IC50 is 3.82 ± 0.07 µg/mL. This fact 
could be explained by the different mechanisms of 
antioxidant activity. Thus, in the DPPH free radical 
scavenging assay, the 2,2-diphenyl-1-picrylhydrazyl 
radical requires compounds with hydroxyl groups (or 
other hydrogen donor groups), which contributed to 
the production of AgNPs, while, in the case of 
lipoxygenase inhibition assay, the AgNPs lipoxygenase 
inhibitory effect can be explained by the high 
dimensions of silver nanoparticles encapsulated by 
biomolecules, preventing in this way the access of 
the substrate to the active centre of the enzyme. On 
the other hand, these nanoparticles could modify the 
three-dimensional structure of the enzyme or the 
three-dimensional structure of its active site. 
 
Conclusions 

Phyllanthus amarus is a medicinal plant widely used 
due to its properties in the traditional medicine. The 
phytochemical analysis of Phyllanthus amarus led to 
the identification of phenolic acids such as caffeic 
acid, chlorogenic acid, p-coumaric acid, ferulic acid, 
gentisic acid, flavones like quercitrin, isoquercitrin, 
rutoside, methoxylated flavonoids like hispidulin, 
acacetin, and casticin. Also, other secondary metabolites, 
like phytosterols (ergosterol, stigmasterol, beta-
sitosterol, and campesterol) were determined. To the 
best of our knowledge, some of these compounds 
were identified and quantified for the first time: 
hispidulin, acacetin, casticin, and ergosterol. 
Moreover, our study shows a simple, fast and eco-
friendly method for obtaining AgNPs. In this 
process, the above-mentioned quantified compounds 
can participate and can also act as stabilizers. The 

characterization of AgNPs was performed by various 
analysis methods. 
This study showed that Phyllanthus amarus is a source 
of bioactive compounds that can be used in the 
AgNPs generation, which represents a valid argument 
for future research. 
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