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The present work illustrates eco-friendly, rapid and cost effective method of AgNPs synthesis using
C. pulcherrima stem extract. Initially, various physico chemical factors were optimized.
Characterization was done by different spectroscopic and microscopic analysis. AgNPs were spherical
in shape with an average size of 8 nm. AgNPs showed good synergistic antimicrobial, antibiofilm and
antioxidant activity. The cytotoxicity effect against HeLa cancer cell line was dose dependent while geno-
toxic study revealed the non toxic nature of AgNPs at lower concentration. The results suggest that AgNPs
from C. pulcherrima stem extract have great potential in biomedical applications.
� 2018 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research & Technology.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
1. Introduction

Nanoparticles, especially metal nanoparticles (silver, gold, cop-
per, zinc, titanium, magnesium) are being applied in numerous
fields because of their unique properties. They possess properties
entirely different from the bulk metal from which they are synthe-
sized. Their application includes diagnosis, wound healing, drug
delivery, molecular imaging, water treatment, catalysis, cosmetics,
clothing, food industry, sunscreens, etc. They also possess proper-
ties like antiviral, antimicrobial, antioxidant, anticancer, antidia-
betic, analgesic, antidandruff, anticoagulant, antiinflammatory,
antihelmintic, antiproliferative activities and also show properties
like antigenotoxic, cytotoxic effect, etc. [13,11].

Today mankind is faced with two grave problems for which the
cure is obscure; multidrug resistant microorganisms responsible
for infectious diseases and oxidative stress generated free radicals
responsible for innumerable diseases and disorders. The occur-
rence of cancer is also increasing steadily. Misuse or overuse of
antibiotics has led to the development of resistance in the microor-
ganisms and even second line of treatment has become question-
able [20]. The cells have antioxidant mechanism to overcome the
free radical generation but when this balance is shaken with over
production of free radicals and reactive oxygen species, stress con-
dition occurs which leads to many diseases and disorders [16].
Drugs are available to treat any of this pathological condition but
their use is being questioned because of many disadvantages they
pose like side effects, harmful nature, low efficiency, etc. Hence the
need of the hour is new entities with novel mechanism of action.
One therapy was the use of natural compounds or medicinal plant
extracts, which proved quite successful but synthesis of metal
nanoparticles using plant extracts is a novel approach to tackle
the infectious disease causing microorganisms or oxidative stress
related diseases or cancer [44].

Synthesis of metal nanoparticles using plant extracts is simple,
easy and eco friendly. In general, the metal salt of a particular
metal is reacted with plant extract and the metals are reduced to
metal nanoparticles with the help of secondary metabolites
present in the plant extract which act both as reducing and stabi-
lizing agents. Any part of the plant can be used for the synthesis for
eg. leaf, stem, flower, fruit, seed, root, bark, etc. [9].

In the present work, silver nanoparticles are synthesized using
Caesalpinia pulcherrima stem extract. Caesalpinia pulcherrima is an
ornamental plant with several medicinal properties and belongs
to Caesalpiniaceae family. C. pulcherrima flower is known for is
antiviral, antimicrobial, antioxidant, analgesic, anti inflammatory,
anthelmintic activities [31]. The leaves are reported for
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antimicrobial, antioxidant, antiulcer properties [23,48,39]. The
stem extract is used for antiplasmodial, abortifacient, emmena-
gogue, cytotoxic activity [26,34].

In the present work, we report biosynthesis of AgNPs using the
stem extract of C. pulcherrima and its various biological activities
(synergistic antimicrobial, antibiofilm, antioxidant, cytotoxic and
genotoxic) is reported perhaps for the first time.
2. Materials and methods

The fresh stem of Caesalpinia pulcherrima was collected from
Rajkot, Gujarat, India. All the chemicals were obtained from Hi
Media Laboratories and Sisco Research Laboratories Pvt. Limited,
Mumbai, India. Ultra purified water was used for all the experi-
ments. Extract preparation and optimization of different parame-
ters was followed as described earlier [31].
2.1. Characterization and biological activity of synthesized silver
nanoparticles

The AgNPs were characterized by FTIR analysis, XRD analysis,
Thermogravimetric analysis, TEM analysis. Antimicrobial activity
was measured by measuring the MIC and MBC values of AgNPs
[36,1], synergistic antimicrobial activity [8,45] and antibiofilm
activity [47] against eleven microorganisms. Four Gram positive
bacteria (Bacillus cereus, Staphylococcus aureus, Corynebacterium
rubrum, Bacillus subtilis), four Gram negative bacteria (Escherichia
coli, Klebsiella pneumonia, Pseudomonas aeruginosa, Salmonella
typhimurium) and three fungi (Candida albicans, Candida glabrata,
Cryptococcus neoformans) were used for antimicrobial activity.
The antioxidant activity of synthesized AgNPs was measured by
five in vitro antioxidant assays. The antioxidant assays evaluated
were 2,2-diphenyl-1-picrylhydrazyl free radical scavenging assay
(DPPH), Superoxide anion radical scavenging assay (SO), 2,20-Azin
o-bis-(3-ethyl)benzothiazoline-6-sulfonic acid radical cation scav-
enging assay (ABTS), Reducing capacity assessment (RCA), Ferric
reducing antioxidant power assay (FRAP). The details of the
method followed are as described earlier [10]. Cytotoxicity by the
MTT assay and genotoxicity by comet assay [31]. Human cervical
cancer cell line (HeLa) were used for MTT assay.
3. Results and discussion

3.1. Optimization of different parameters

Green synthesis of AgNPs, involves addition of plant extract to
silver nitrate solution and incubating the reaction mixture for
definite time at room temperature. The phytoconstituents present
in the plant extract reduce silver to silver nanoparticles. In order
to achieve, good AgNPs, it is essential to optimize different proce-
dure parameters involved like boiling time of extract preparation,
extract concentration, AgNO3 concentration, pH and incubation
time of reaction mixture, etc. These parameters vary with the
plant extract and plant part used; thus it is essential to optimize
these conditions as also reported by other researchers [50,32].
The first indication of AgNPs formation is the colour change that
occurs when plant extract is added to silver nitrate solution due
to surface plasmon resonance. In the present work also, initially
when 6 ml stem extract was added to 40 ml 1 mM AgNO3 and
incubated at room temperature, the colourless solution changed
to brown colour indicating the formation of AgNPs (Fig. 1a).
Moteriya et al. [33] reported such colour change effect for different
plants.
3.2. UV–Visible spectroscopic analysis of AgNPs

UV–Vis spectroscopy is an important tool to study the forma-
tion of metal nanoparticles in aqueous medium. The synthesized
AgNPs show characteristic absorption maxima in the visible region
in the range of 350–750 nm. Further, the peak size and peak inten-
sity clearly indicate the number and size of nanoparticles formed;
broader peak indicates larger particle formation and narrow peak
indicates smaller size of the particles [51] while the intensity of
absorption peak indicates the number of particles formed. In other
words, the peak intensity is directly proportional to number of par-
ticles formed [43]. This selection criterion was used for optimizing
various parameters for synthesizing AgNPs, from stem extract of C.
pulcherrima.

The first parameter optimized was boiling time of plant extract
preparation. The stem extract was boiled for 5, 10 and 15 min. and
then 6 ml stem extract was added to 40 ml 1 mM AgNO3. The
absorption intensity was higher in 10 min boiled stem extract as
compared to 5 and 15 min boiled extract (Fig. 1b). Hence, 10 min
boiling time was finalized for the preparation of the stem extract.
This is in contrast to AgNPs synthesized using flower extract of
the same plant; when flower extract was used for the synthesis
of AgNPs, 5 min boiling for extract preparation gave the best
results [31].

After confirming the boiling time of extract preparation, the
extract concentration was optimized.

The next parameter optimized was by the addition of extract
concentration to the reaction mixture. 10 min boiled different
extract concentration (1.5, 3, 6, 9 and 12 ml) was added to 40 ml
1 mM AgNO3. In 12 ml extract concentration higher absorbance
intensity was observed (Fig. 1c). Absorbance intensity increased
with increasing extract concentration because the availability of
biomolecules required for the reduction of silver ions to silver
nanoparticles is more and results in the formation of more AgNPs.
Elavazhagan and Arunachalam [14] used 15 ml extract while [43]
used 10 ml extract concentration for AgNP synthesis. Hence, 12
ml extract concentration was finalized for the preparation of
AgNPs from the stem extract of C. pulcherrima.

The concentration of silver nitrate also has a tremendous effect
on the size of synthesized AgNPs. 10 min boiled 12 ml extract con-
centration was added to 40 ml different concentrations (0.5 mM, 1
mM, 1.5 mM, 2 mM) of AgNO3. 0.5 mM AgNO3 containing reaction
mixture did not show any peak indicating no formation of AgNPs;
while 1.0, 1.5 and 2.0 mM AgNO3 containing reaction mixtures
showed characteristic peak at 410 nm indicating formation of
AgNPs (Fig. 1d). However there are several reports that higher con-
centration of silver nitrate produces larger particle size [6]. Hence,
1 mM AgNO3 concentration was finalized for the synthesis of
AgNPs pH of the reaction mixture affects and also plays an impor-
tant role in the formation of nanoparticles. In order to evaluate the
effect of pH on AgNPs formation, 12 ml 10 min boiled stem extract
was added to 40 ml 1 mM silver nitrate and the reaction mixture
was adjusted with different pH (6, 7, 8, 9, 10). At pH 6 and pH 7,
the absorbance peak was broader and intensity was less (Fig. 1e),
indicating less number of particle formation with larger size. As
the pH increased, from pH 8 to pH 10, the absorption peak becomes
narrowed and the intensity also steadily increased; again clearly
indicating smaller size and more number of the particles formed.
Best particle formation occurred at pH 10. Using alkaline pH for
AgNPs synthesis is also reported by [22].

The effect of reaction time on the biosynthesis of AgNPs was
evaluated at various time intervals (30 min, 60 min, 2 h and 24
h). The characteristic maximum absorbance peak of AgNPs was
observed at 410 nm at various time intervals. No change in absorp-
tion peak or intensity was found after 24 h (Fig. 1f). Kumar et al. [5]
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and Arunachalam et al. [4] also reported AgNPs formation com-
pleted within 24 h.

Therefore optimum conditions for biosynthesis of AgNPs by C.
pulcherrima stem extract was 10 min boiling time for stem extract
preparation, 12 ml stem extract addition to reaction medium, 1
mM silver nitrate concentration, pH 10 of reaction medium and
reaction time for synthesis of AgNPs is 24 h.

4. Characterization of the synthesized AgNPs

4.1. FTIR analysis

FTIR measurements were carried out to identify the possible
biomolecules in stem extract responsible for reduction, capping
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Fig. 1. (a) Colour change image, (b) Effect of boiling time, (c) Effect of extract amount,
different time interval.
and stabilization of the silver nanoparticles. FTIR spectrum of
AgNPs, recorded in the range of 500–4000 cm�1, showed promi-
nent peaks at 2881.65, 1743.65, 1581.63, 1357.89, 1197.79,
1147.65, 1078.21, 1014.56, 923.90, 854.47 and 669.30 cm�1

(Fig. 2a). The peak at 2881.65 cm�1 corresponds to CAH stretch
of alkanes. 1743.65 cm�1 assigned to the C@O streach of carbonyls.
1581.63 cm�1 peak is due to NAH bend of primary amines.
1357.89 correspond to NAO symmetric stretch of nitro com-
pounds. 1197.79 cm�1 and 1078.21 cm�1 assigned to the CAN
stretching of aliphatic amines. 1147.65 cm�1 and 1014.56 cm�1

correspond to CAO stretch of alcohols. 923.90 cm�1 OAH bend of
carboxylic acids. 854.47 cm�1 indicate the CAH bend of alkenes
group. 669.30 cm�1 assigned to the CACl stretching of alkyl
halides. Similar peaks were reported by [35,2]. It is observed that
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different functional groups such as alkanes, amino, carbonyl, nitro,
alcohols groups etc. are responsible for reduction of silver ions and
stabilization of the nanoparticles.

4.2. Thermogravimetric analysis

The thermal stability and capping action of the biomolecules
present on the surface of AgNPs was confirmed by TGA (Fig. 2b).
The initial weight loss of about 6% at the temperature of 100 �C
was due to loss of water molecules from AgNPs. The second weight
Fig. 2. (a) FTIR spectrum of AgNPs, (b) TG curve of AgNPs, (c) XRD spectrum
loss observed in the temperature range of 300–400 �C was found to
be around 49%. There was a steady weight loss when the temper-
ature was increased up to 800 �C. This weight loss is due to the
degradation of bioorganic molecules present on the surface of
AgNPs [27].

4.3. X-ray diffraction analysis

Crystalline nature of AgNPs was determined using Powder XRD.
Strong diffraction Braggs peaks at 2h degrees of 38.21, 43.77, 64.82
of AgNPs, (d) TEM images of AgNPs, and (e) SAED patterns of the AgNPs.
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and 77.89 which correspond to the (111), (200), (220) and (311)
inter planar reflections of face centered cubic crystal structure
respectively (Fig. 2c). The data matched with the standard data-
base of Joint Committee on Powder Diffraction Standards (JCPDS.
No. 4.0783) file. Aravinthan et al. [3] also found similar peaks in
sunroot synthesized AgNPs.

4.4. TEM analysis

Morphology and particle size of AgNPs was characterized using
TEM. The spherical shape of AgNPs was confirmed by TEM images;
the size ranged from 3 to 15 nm, with an average size of 8 nm
(Fig. 2d). Average particle size of 7 nm is reported in Salmalia mal-
abarica synthesized AgNPs [21]. Crystalline nature of the nanopar-
ticles was further confirmed by selected area electron diffraction
(SAED) patterns with diffraction rings (Fig. 2e). The SAED pattern
suggests the crystalline nature of AgNPs which is in good agree-
ment with the planes (111), (200), (220), and (311) of XRD pat-
terns. Similar diffraction rings are also reported by [41].

4.5. Antimicrobial activity

Silver is one of the most and well known universal antimicro-
bial agent. The individual and combination effect of silver
nanoparticles with two antibiotics (Chloramphenicol and Ampho-
tericin B) was observed against 11 microbial strains evaluated
using micro well dilution method. The MIC and MBC values of
AgNPs alone, AgNPs plus chloramphenicol and their FIC indices
is given in Table 1. The MIC values of AgNPs alone ranged from
0.312 to 2.5 mg/ml for Gram positive and Gram negative bacteria
while it was 2.5 mg/ml for fungi. E. coli, S. typhimurium and K.
pneumoniae were most susceptible bacteria (0.312 mg/ml) fol-
lowed by S. aureus (0.625 mg/ml). The MIC values of AgNPs plus
Chloramphenicol ranged from 0.078 to 0.625 mg/ml for bacteria
and AgNPs plus Amphotericin B was 0.156 mg/ml for fungi. S.
typhimurium was the most susceptible bacteria. The MIC value of
AgNPs plus antibiotic was lower than that of AgNPs alone for both
Table 1
MIC (mg/ml) and MBC (mg/ml) of stem AgNPs, Chloramphenicol and its synergistic effect

Microorganisms Alone Stem AgNPs + Chloramp

MIC MBC MIC M

AgNPs CH AgNPs CH AgNPs CH A

B. cereus 2.5 1.25 5 5 0.156 0.156 2
B. subtilis 2.5 1.25 5 5 0.156 0.156 2
S. aureus 0.625 1.25 >10 5 0.156 0.156 2
C. rubrum 2.5 2.5 5 10 0.156 0.156 2
E. coli 0.312 2.5 2.5 10 0.156 0.156 2
P. aeruginosa 2.5 2.5 10 10 0.625 0.625 1
S. typhimurium 0.312 1.25 2.5 5 0.078 0.078 1
K. pneumoniae 0.312 2.5 5 10 0.156 0.156 2

Table 2
MIC (mg/ml) and MBC (mg/ml) of Stem AgNPs, Amphotericin B and its synergistic effect.

Alone Leaf AgNPs + Amphoteri

MIC MFC MIC M

AgNPs AMP AgNPs AMP AgNPs AMP A

C. albicans 2.5 5 10 >10 0.156 0.156 2.
C. glabrata 2.5 5 10 >10 0.156 0.156 2.
C. neoformans 2.5 5 10 >10 0.156 0.156 2.

Values are expressed in mg ml�1;
P

FIC (Fractional Inhibitory Concentration Index) = F
alone) � 0.5 = synergistic, �0.5–0.75 = partial synergy; 0.76–1.0 = additive >1.0–4.0 = ind
MIC value >10 mg ml�1.
bacteria and fungi. The FIC indices of combination of AgNPs and
Chloramphenicol ranged from 0.124 – 0.562 against Gram positive
and Gram negative bacteria. AgNPs plus Chloramphenicol combi-
nation showed synergistic effect against B. cereus, B. subtilis, S. aur-
eus, C. rubrum and S. typhimurium with FIC indices between 0.124
and 0.373. The combination showed partial synergism against
E. coli, P. aeruginosa, K. pneumoniae with FIC indices between 0.5
and 0.562. The combination effect of AgNPs and Amphotericin B
and their individual activity is given in Table 2. The FIC indices
of combination AgNPs and Amphotericin B ranged from 0.093 to
0.550 against fungi. The combination showed synergistic effect
against C. albicans and C. glabrata while partial synergism against
C. neoformans.

The MBC/MFC values of AgNPs alone ranged from 2.5 to 10 mg/
ml for Gram positive and Gram negative bacteria while AgNPs plus
Amphotericin B was 10 mg/ml for fungi. The MBC/MFC values of
AgNPs plus Chloramphenicol ranged from 1.25 to 10 mg/ml for
bacteria and AgNPs plus Amphotericin B was 2.5 mg/ml for fungi.
The FIC indices of combination of AgNPs and antibiotic ranged
from 0.750 to 2 against bacteria while in fungi not determined
because of high MIC value.

The AgNPs and antibiotics combination showed excellent syn-
ergistic and partial synergy effect against microorganism. Parta
et al. [38] observed enhanced synergistic antimicrobial effect of
antibiotics kanamycin with AgNPs against five food borne patho-
gens and antibiotics Amphotericin B with AgNPs against C. albicans
and C. glochares. Moteriya and Chanda [29], found synergistic
antimicrobial effects of AgNPs with seven different antibiotics
against S. aureus. Yallappa et al. [49] reported 1–2-fold increased
synergistic antimicrobial activity against Gram positive and Gram
negative bacteria with AgNPs and antibiotics Ampicilin and Kana-
mycin. In general, the combination of AgNPs with antibiotics i.e.
synergistic effects were better than AgNPs alone. The reason may
be bonding reaction between antibiotic and AgNPs altered the cell
membrane or cytoplasmic membrane permeability, morphology,
breakdown of DNA and inhibit respiratory activity of microorgan-
isms [15,24].
.

henicol (CH) FIC

BC MIC MBC

gNPs CH AgNPs CH
P

FICI AgNPs CH
P

FICI

.5 2.5 0.062 0.124 0.186 0.5 0.5 1

.5 2.5 0.062 0.124 0.186 0.5 0.5 1

.5 2.5 0.249 0.124 0.373 ND 0.5 ND

.5 2.5 0.062 0.064 0.124 0.5 0.25 0.75

.5 2.5 0.5 0.062 0.562 1 0.25 1.25
0 10 0.25 0.25 0.5 1 1 2
.25 1.25 0.25 0.062 0.312 0.5 0.25 0.75
.5 2.5 0.5 0.062 0.562 0.5 0.25 0.75

cin B (AMP) FIC

FC MIC MFC

gNPs AMP AgNPs AMP
P

FICI AgNPs AMP
P

FICI

5 2.5 0.062 0.031 0.093 0.25 ND ND
5 2.5 0.062 0.031 0.093 0.25 ND ND
5 2.5 0.05 0.5 0.55 0.25 ND ND

ICA + FICB; FICA = (MICA combination/MICA alone); FICB = (MICB combination/MICB

ifferent (non interactive), >4.0 = antagonistic; ND = Note determined because of high
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4.6. Antibiofilm activity

Antibiofilm efficacy was determined using 96 well microtiter
plate method. Antibiofilm activity of AgNPs was evaluated against
four Gram positive, four Gram negative and three fungi using five
different concentrations (2, 4, 6, 8, 10 mg/ml) of AgNPs. In all the
11 microorganisms, biofilm formation decreased with increase in
AgNPs concentration. In Gram positive bacteria, maximum antibio-
film inhibition was observed against S. aureus (83%) followed by B.
cereus (72%) (Fig. 3a). In Gram negative bacteria, maximum anti-
biofilm inhibition was found against E. coli (65%) followed by S.
typhimurium (64%) (Fig. 3b). In fungi, maximum antibiofilm inhibi-
tion was found against C. albicans (70%) followed by C. neoformans
(53%) (Fig. 3c). Antibiofilm activity was found against all the 11
microorganism though their levels varied; maximum antibiofilm
activity was against Gram positive bacteria S. aureus and minimum
against fungi C. glabrata. Barapatre et al. [7] also reported antibio-
film activity against S. aureus followed by E. coli while [12]
observed best antibiofilm activity against E. coli followed by
Fig. 3. % antibiofilm inhibition of AgNPs against (a) Gram po
S. aureus. Several factors like physical properties, chemical proper-
ties and penetration rate of AgNPs are responsible for inhibiting
biofilm formation [37].

4.7. Antioxidant activity

The antioxidant activity of AgNPs was determined using five
different colorimetric assays. DPPH assay is stable, simple and
more feasible assay. The DPPH radical scavenging activity of AgNPs
is given in Fig. 4a. The absorbance at 517 nm decreased when the
concentration of AgNPs increased from 160 mg/ml to 960 mg/ml
clearly indicating increase in free radical scavenging activity. IC50

value of AgNPs was 664 mg/ml. Similar dose dependent DPPH activ-
ity was found in Salicornia brachiata synthesized AgNPs [46].

Superoxide anion is a weak oxidant but it gives rise to the gen-
eration of powerful and dangerous hydroxyl radicals as well as sin-
glet oxygen, both of which contribute to oxidative stress. If not
quenched, they cause damage to DNA and proteins in the living
cells. In the PMS/NADH-NBT system, superoxide anions are
sitive bacteria, (b) Gram negative bacteria, and (c) fungi.
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generated by the oxidation of NADH coupling reaction reduces
NBT. Antioxidants consume superoxide anions and decrease the
absorbance of reduced NBT at 560 nm. At concentrations 30–180
mg/ml, AgNPs showed scavenging rate ranging from 30% to 85%
(Fig. 4b). The IC50 value of standard gallic acid was 185 lg/ml while
that of AgNPs was 72 mg/ml indicating a much better superoxide
anions scavenging ability of synthesized AgNPs. Superoxide anions
are very dangerous radicals and if not quenched will lead to the
formation of other dangerous radicals like singlet oxygen (O2),
superoxide (O2

� ), hydroxyl (OH�), peroxyl (ROO�), Hydrogen perox-
ide (H2O2), peroxinitrite (�ONOO), nitric oxide (NO�) and cyanide
(CN) thus it is noteworthy and appreciable to find a source with
this low IC50 value. Inbathamizh et al. [18] reported superoxide
radical scavenging activity was 34% at 100 lg/ml of M. pubescens
synthesized AgNPs while [25] found superoxide radical scavenging
activity 52% at 100 lg/ml of Abutilon indicum synthesized AgNPs.

ABTS cation radical scavenging activity is given in Fig. 4C. In the
concentration range of 80–480 mg/ml, an inhibition of 20–88% was
envisaged. There was a steady increase in the ABTS cation radical
scavenging activity by increasing the concentration of AgNPs. The
IC50 value of AgNPs was 216 mg/ml. Moteriya and Chanda [30]
and Patra et al. [38] also observed concentration dependent ABTS
cation radical scavenging activity in phytomediated AgNPs.

The reducing capacity of AgNPs is given in Fig. 4d. The reducing
power increased by increasing the concentration of AgNPs. The
increased absorbance at 700 nm indicated an increase in reductive
ability of AgNPs. Kanipandian et al. [19] also reported similar result
in Cleistanthus collinus extract synthesized AgNPs.

FRAP assay is simple and inexpensive procedure to evaluate the
antioxidant capacity of the sample. In the ferric reducing power
assay, the reduction of Fe3+ to Fe2+ occurred in the presence of
antioxidants and the amount of Fe2+ complex monitored by
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measuring the formation of blue colour at 593 nm. Ferric reducing
antioxidant power of AgNPs was 9.32 (M/g). FRAP activity of syn-
thesized AgNPs was also reported by 32.63 ± 0.019 mmol FeSO4/g
sample [40].
4.8. Cytotoxicity study

In vitro cytotoxicity on HeLa cell line was tested using different
(2 lg, 10 lg, 30 lg, 50 lg, 100 lg, 150 lg, 200 lg) concentrations
of AgNPs. The cytotoxic effect on HeLa cell line was dose depen-
dent and cancer cell death increased with increasing concentration
of AgNPs. The cell viability was 100% at lower concentration of
AgNPs and at 50 mg/ml concentration 42% cells were viable. Maxi-
mum inhibition was found at 200 mg/ml concentrations (67%)
(Fig. 5). Rajkuberan et al. [42] also found dose dependent cytotox-
icity against HeLa cell line. Husseiny et al. [17] found IC50 was 121.
23 lg cm�3 of biosynthesized AgNPs against MCF-7 cell line. AgNPs
induce cytotoxic effect due to the physicochemical interaction
between AgNPs and cancerous cells, which results in generation
of reactive oxygen species which damage DNA leading to cell
death.
4.9. Genotoxicity study

The genotoxicity of biosynthesized AgNPs to damage DNA in
the normal human peripheral blood lymphocyte culture was eval-
uated by alkaline comet assay. Lymphocyte culture was treated
with three different concentrations of AgNPs (2 mg, 50 mg and
200 mg) and DNA damage was measured according to comet length
or tail length (Fig. 6). Halo surrounding nuclei was clearly found in
negative control (Fig. 6a). In positive control, cells were treated
with mitomycin C drug (Fig. 6b). 2 mg and 50 mg AgNPs treated cells
showed round and intact nuclei without any fragmented DNA
while 200 mg treated cells, fragmented DNA was found (Fig. 6c–
e). The comet length increased with increasing concentration of
AgNPs in dose dependent manner, maximum comet length was
found at 200 mg concentration but it was less than positive control
(Fig. 6f). The dose dependent genotoxicity of AgNPs is also reported
in bone marrow cells and sperms cells of mice [28].
5. Conclusion

The biosynthesis and characterization of silver nanoparticles
using stem extract of C. pulcherrima was performed and confirmed
by spectroscopic and microscopic techniques. The biosynthesized
AgNPs were spherical in shape and average size was 8 nm. The syn-
thesized AgNPs showed good synergistic antimicrobial, antibiofilm
and antioxidant activity. AgNPs exhibited a strong inhibitory effect
on HeLa cancer cells, with a dose-dependent effect. In vitro geno-
toxic study confirmed that C. pulcherrima stem extract synthesized
AgNPs were not toxic at lower concentration. It is suggested that
further research should be focused on molecular mechanism and
in vivo effects of AgNPs.
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