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ABSTRACT
The present research work focuses on synthesis of silver nanoparticles from callus extract préparetbaf explans of
in vitro grown C. roseusunder controlled conditions. The secondary metabolites presenCinroseugan important
medicinal plant) act as reducing and capping agents by which size of nanoparticles can be reguRéggilation of
shape and size of mmparticles by physiological factors was not studied extensively till date urideritro conditions.
The present study aims to discover cadficient, highly feasible, less time consuming and greener methods to produce
nanoparticles. The callus culture & exposed to varying photoperiods (16/8 hours light and dark: controlled, 16/8
hours dark/light: short days, 20/4 hours light/dark: long days). In another experiment, pH was atéiand callus was
maintained at pH 5.0, 6.5, 7.0 under control light condits. The callus extract was harvested to reduce the silver ion and
form AgNPs. It was observed that under controlled light conditions and at standard pH 5.7, bess$ gedis formed with
optimum pigmentations and synthesized AgNPs from this callus demotatir&ighest antimicrobial activity against six
different microbes. Furthermore, these AgNPs were characterized by using different analysis matizods\Wisible
analysis, XRD, EDX, SEM, TEM, AFM, DLS and FTIR to determine size, morphology, dispéssittiaral groups. This
research work seeks to pioneer in producing nanoparticles through a greener, rapid andeffisient method that can
control the attributes of nanoparticles so they can be developed as a potent weapon against-dnudgi resistant
microbes.
Keywords: Physiological conditionsCallus; characterization; monodispersity; antimicrobial efficacy.
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Introduction

In modern times, silver ranoparticles are being extensively used in food industry, biomedicagriculture
improvement, cosmetics, nanoelectronics and so ofl). The chemical and physical methods to produce
nanopatrticles prove to be expensive and hazardous to environment. Thus tkeis urgent need to choose
biological route which is nontoxic, reliable, high yielding, rapid and feasible and also to identify plants
rich in bioactive compounds. In the present study, AgNPs were developed framvitro grown C. roseus
through callus extact route under controlled conditions. The metabolites (Terpenoidgndole alkaloids
(TIA) : Vincristine, Vinblastine, Ajmalicine, Catharanthine and Serpentine) present @. roseugxtract act
as reducing and stabilizing agents. Different physiological pameters (light and pH) were also applied to
regulate the morphology of nanoparticles. The AgNPs with controlled structures that are uniform irize
and shape and morphology, are successfully used in many biomedical applicatio2s 8. The study also
focuses on polydispersity of synthesized nanoparticles which had always been a challenge.

To determine and confirm the size, morphology, dispersity, purity, composition of different phases,
presence of various functional groups and metal composition of the stfresized nanoparticles, several
characterization techniques were used viz. UVis spectroscopy, XRD, FTIR, DLS, SEM, TEM and AEM (
5, 6).

Previous studies suggested that smaller sized particles are more toxic as compared to bigger pagticl
due to their large surface area.Nanoparticles may overcome limitations of existing antibiotics by
combating multi-drug resistant bacteria. These tiny AgNPs are capable of entering in microbial cells and
rupturing the cell wall, which leads to cell death. AgNPs havkeen used against pathogenic and
multidrug -resistant bacteria, anti fungal agent and also as an anticarcinogenic agent against different
cancerous cells. These AgNPs produce free radicals in bacterial cell and arrest the cell divisiobaafteria
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by binding with biomolecules responsible for cell development. This studfurther test the biosynthesized
silver nanopatrticles to be explored as a potent antibacterial agent against different bacterial sina.

MATERIALAND METHODS

Sample Preparation

For establistment of callus culture, leaf explants were collected fronn vitro developed plantlets ofC.
roseusand cultured on MS media. For the ongoing research, cultivars @atharanthus roseuseeds were
obtained from the local nursery located in Gwalior city, coutry: India. Then the seeds were surface
sterilized and treated with 0.1 % mercuric chloride for 22 min and kept under invitro conditions for 4 -5
weeks and inoculated on MS medium according to the method (7).

Preparation of Media for callus induction

For in-vitro cultivation of seed, MS medium was prepared and its pH was adjusted to 5.7. Then the
solution was autoclaved at 121°C temp. and 15 pounds/inch pressure for approx. 20 min. and filter
sterilized PGR were added into it.

Surface sterilization of Le af Explants

The leaf explants were surface sterilized by treating with 1% Tween 20 and then washed with with 70%
ethanol for around 510 minutes (7). Finally explants were surface sterilized with 0.1% mercuric chloride
for around 8 minutes and then using atoclaved water (8).

Callus Formation

These explants were cut into tiny parts (mm) and then transferred into the MS media having varied/és

of cytokinins and auxins (NAA 1mg/ml + BAP 3mg/ml). After the solution is kept for three weeks,
incubation occurs which is marked by friable greenish and nodular callus (9).

The effect of various physiological conditions such as photoperiods and pH on growth and development
of callus were observed and the best obtained callus was collected for the biosynthesis oENP
Biosynthesis of Ag NPs from callus extract

Firstly, the Callus was dried and finely powdered and then dissolved in 100 ml of sterilized watené
kept overnight (10). Then the filtered extract was centrifuged at 3000 rpm for 20 min at 25°C. Afté¢he
centrifuge is completed, the transparent part which floats above is collected for the synthesis of Ags\
During synthesis of AgNPs, a beaker containing 90 ml of AgNOMM) was taken and 10 ml of the extract
was added to it. The above formed mixture was timeheated at 80 °C for around 30 minutes. After 30
minutes, the appearance of the solution changed from yellowish colour to a dark reddish brown colour
which indicated the formation of AgNPs. Now these freshly prepared nanoparticles were kept overnight
in a cool dark place (11).

Characterization Process of AQNPs

There are multiple physicochemical techniques that are used to determine various physicochemical
attributes of nanopatrticles (12).

UV-Vis spectra analysis: A double beam UWisible spectrophotomeer Shimadzu UV 2450 Japan, was
used to determine absorbance intensity of silver nanoparticles in the SPR band. The results obtained
were in the range of 300- 600 nm.

XRD analysis: X-ray diffractometer, RigakuminiFlex600 was operated at 40 kV and 30 mAat f- tE
angle pattern with scanning range of 20- 800. average particle size is determined by the Deby&cherrer
equation * ra{ 1l > ...'eE

FTIR studies: Perkin- ElImer FTIR105627 USA was used to find out the presence of functional groups
and secondarymetabolites that are present on the surface of nanoparticles. The purified nanoparticles
were mixed with 10 mg of potassium bromide powder and then the mixture was dried to remove the
moisture content and a dried powder sample was prepared for analysis.

DLS analysis: Nano plus — Zetasizer was used to determine polydispersity index (size distribution
profile) *~ —SF ,c<'e>e—Stecatt ofe ' f "—<...ZFe8 wrr JZ ‘" efef ' —c. . ZFe o7 ——('o
with 3 ml of sterilized distilled water. This solution mixture was then poured into the zeta dip céland
intensity was recorded vs time by the instrument whit gave the size distribution of NPs.

AFM analysis: Instrument named NT-MDT, Russia was used to determine the surface topology aneD3
image of synthesized silver nanoparticles. It uses sharp probe for surface imaging at a very high
resolution.

For the anaysis, few drops of silver nanoparticles solution was placed on the glass slide and dried for
around 15 minutes. This develops a thin film of the colloidal solution over the glass slide which is
analyzed by AFM.

TEM and EDX analysis:Model-LV6490, manufactrrer JEOL, was used to determine the size, morphology
and elemental composition of nanopatrticles. In this analysis, few drops of AgNPs solution was plaoced
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the grid (made of copper with carbon coating over it) and dried under a mercury lamp. A thin filrof the

colloidal solution forms and analyzed under EDX and TEM.

Determining Antimicrobial activity of AQNPs

MIC method

Inoculums sized fresh colonies of bacteria having concentrations of I0ra srf,a srif «Z ™It —fetf
and inoculated on MHB. Serially diluted bacterial concentrations were made by mixing 9ml MHB and L m

of 10f+4a srf,a srff ,f..—1"<fZ .lyeandthen’ificubated fof 24f At 3% ™ <c—S trr J% *Z
concentration of AgNPs by the MIC method. The antimicrobial activity of biosynthesized AQNPs on Gram

(H)ve and Gram ¢ "1 ,f ..—F"<f ™fe ti—t"ecett f%ofcoe— trr J% °Z ..'e..ie—"f—c'e ©
The growth curve of bacterial cells in liquid medium containing AgNPs is examined and measured by

taking OD at 590 nm.

Disc Diffusion Method

The antibacterial activity of AgNPs was determined against six different pathogenic bacteria
(Staphylococcus aures 9760 MTCCStreptococcus pyogend®926 MTCCBacillus cereugt30, Pseudomonas
aeruginosaMTCC 424 Proteus mirabilisMTCC 3310 andescherichia colMTCC 40) by the standard disk

diffusion method. Whatman filter paper no.1 disks containing 100, 150 and0® pg/ml of AgNPs

combined with 10pg/ml streptomycin per disk were used for the test. MHA was used for bacterial

growth. The ovi”e<% S— %" ™e f...—1"<fZ ..—Z——"%0-I0LfCFV 4" fIZVZS"$<7——-F1 -
<e...—, f—<«wy=f synergistic antibacterial assay of the AgNPs and streptomycin were measured in

terms of the diameter of ZOI around the filter paper disks.

RESUIT AND DISCUSSION

Callus induction from leaf explants

Effect of different concentration and combination of growth hormones on callus induction

Callus induction is very important part in plant tissue culture and it depends on growth hormones,
explants sizeand culture conditions. In this study, leaf explants were selected for callus induction.
Different concentration of growth hormones was added in MS medium. Without any growth hormone, MS
medium was unable to induce callus. BAP and NAA showed stimulatonfeets on the callus induction
(Table 1; Fig. 1). The highest percentage of callusing response in leaf (90%) was observed at 3:1 fog
BAP and NAA, respectively. Whereas, at a concentration of 4:3 mg/l (BAP and NAA respectively), 50%
callus was observedin explants. Hence, combination of 3:1 mg/l (BAP & NAA) was suitable for the
optimum induction of the callus in MS medium. Similar results were also reported i@urcuma domestica
rhizomes (13).

Effect of different physico - chemical parameters (pH & photope riod) on callus growth

To observe the effect of alteration in pH, callus was incubated on MS media with 3:1 BAP & NAA with
different pH (5.0, 5.7, 6.5, 7.0) (Fig. 2) under control light conditions.

In another experiment, to observe the effect of alteratiorin photoperiods, callus was grown in same
media composition and pH 5.7 but varying photoperiod conditions such as under controlled (16 hrs lig
and 8 hrs dark), SD (16 hrs dark and 8hrs light) and LD (20hrs light and 4 hrs dark).

The calluses were harveed at 7 and 14 days for further investigations (Table 2).

Effect of pH on media for callus development

Plant cells need suitable pH for better growth and development under imitro conditions. The pH of
media can change the nutrient, hormonal and enzyrtia activities as well as solidification of media. The
pH level of media adjusts the cell metabolism and induces the cell division in shoot and root. Afetient
pH condition, the growth of callus was inhibited at pH 5.0; pH 6.5 and pH 7.0 which indicatést high
and low pH inhibit the growth of callus. However, the more inhibitory effect was observed at high pHihe
fresh weight of the callus was recorded twice at pH 5.7 and less at pH 6.5 and pH 7.0 (Fig. 2).n\Noty
differences were observed at pH B.

Pigmentation is also a major morphological character which regulates the colour of callus. ChangeH

of media significantly influenced the pigmentation of callus (Fig. 2). After 180 days of inoculation of
callus on different media, callus was fable and white to light green at pH 5.7, while the yellow pigmented
callus was observed at pH 5.0 after 25 days. At pH 6.5, callus was appearing cream to dark brower 8fd
days and at pH 7.0 faded darks brown of the callus formation after appeared aft&y days of inoculation.
Furthermore, it was observed that pH lower or higher than 5.7 also affected the formation of callfrem
explants cultures. Development of callus from leaf explants takes around 14 days at pH 5.7, 25 ddysH

5, 30 days at pH 6.&and 40 days at pH 7.0. Based on these results, it was concluded that the pH of media is
also responsible for delay in callus formation.

The pH also affects the condition of the solidifying agent in a medium. When the pH > 6, it produees
hardened mediumand if pH < 5, it does not sufficiently solidify the medium.

BEPLS Vol 10 [3] February 2021 94|Page ©2021 AELS, INDIA



Monica Gupta

Effects of different photoperiods on callus development

Light plays a crucial role for growth and development of callus. Table 2 illustrates the effect adrious
light conditions on callus culure growth. Control light conditions were observed to stimulate the
photosynthetic mechanism within the cells of the induced callus and pigments began to produce which
helped them gain autotrophy. Under both light and dark conditions, all essential substegs for plant
growth such as proteins, carbohydrates and various primary and secondary metabolites are being
produced by these cells of induced callus. As far as the callus morphology is concerned, callus grow
under light conditions were found to be muchmore compact than that of callus grown under dark
conditions (Table 2)

The study observes the growth of Callus when exposed to different amount of light for varied time
intervals, viz. under the control condition and followed by SD and LD and duration rging from 7 to 14
days. When exposed to various lighting conditions, significant changes could be observed during the
development of greenish callus. At pH 5.7 in the medium, and comparing all the growth conditions &nd
observation, it was found that at ontrol condition, the growth was rapid and the callus formed was
compact and looked greenish. During SD and LD, the growth of callus was hampered which indicates tha
less and excess exposure to the amount of incident light can inhibit the callus growtthéelfresh weight of
callus was double in case of controlled light conditions as compared to fresh weight of callus inatdxd at

LD and was also greater in amount than that of callus grown in SD. The above conclusion suggests tha
reduction in the amount oflight does not provide favorable atmosphere for the growth and development
of callus.

Altering the light conditions from controlled to SD as well as LD, drastic differences were noticédthe
colour of the pigment generated in the callus (Table 2). After days of treatment, under control
conditions which provided favorable conditions for growth, callus turned greenish in colour which
indicated greater survival. 14 days of treatment of same callus gave similar kind of results. Wheailas
was put in obsenation for 7 days under SD, colour of callus turned to brown and yellow owing to the
accumulation of phenols. When the treatment was increased to 14 days, callus got in decline phase
because of the gradual decrease in photosynthesis reaction. When put unddd for 7 days, callus
appeared brown, and after 14 days, its colour changed into brownish to black type (Table 2). Theab
results suggested that the control condition generated a healthy callus whereas when callus was put
under SD and LD condition, ta phenols started to accumulate and they gave a brown and black pigment
to the callus. The results that we obtained above agree with the work published (14). Their work inoded

the study of induction and growth of callus in various light and dark conditins.

Optimum callus formation from leaf (91%) was observed when the leaf cultures were maintained under
16/8 hrs (light and dark) (Table 2). Exposure to short days had reduced the percentage of callus
formation from leaf from 91% to 79 % whereas on exposw to long days further decreased to 60 %.

A histogram bar graph was generated to analyze the correlation between different light conditions @n
callus growth rate when treated with 7 and 14 days (Fig. 3. A, B, C).

Growth index

Callus tissues were harveste at the age of 7, 14 days and different pH 5.0, 5.7, 6.5 and 7.0 and their

growth indexes were calculated on fresh weight basis (Fig. 3.A,B,C) using following formufal =
Jgl_uwcgefmdgqqg®migraicigefmdgqgqgsc

Mlgraicjgefmdgqgqgsc
To make fresh weight determination, Callus culture was slowly pressed on the Whatman filter paper.fho
to remove extra water. All experiments were replicated three times.
Characterization of AgNPs from callus formed under different photoperiods and pH
UV Spectroscopy Analysis
The U\ Visible spectroscopy is one of the most effective tools to evaluate the size and shape of the AgNPs
(15). Ag NPs were synthesized by using CME incubated at different photojoels at pH 5.7. At 7 days of
incubation, control-CME was mixed with silver nitrate solution, a colour change from transparent
yellowish to light yellow and finally a colloidal light brown was observed (Fig. 4 A). When 14 days
control-CME was mixed with dier nitrate, dark yellow extract changed into dark brown colour
suspension, which proves the formation of AgNPs (Fig. 4 B). Then thismation of AQNPs was examined
by measuring the absorption spectra at regular time intervals. For NPs from 14 days contCME, the
peak was observed at 420 nm and widening of the peak indicated that the particles were monodispersed
On the contrary, inSD and LD cases of 7 & 14 days incubation absorbance peak was found outside the SPR
band (Fig. 4: A&B). When the nanopaxtles synthesis increases, the SPR intensity also increases (16, 17).
Ahmad et al. reported that light is one of the major elicitors which fluctuate morphogenic potential
biochemical reactions and secondary metabolite production (18).
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pH is an important media factor which affect the callus formation, morphology etc due to alternation of
metabolites of callus. Ag NPs were synthesized by using callus mediated extract at different pH 6.8,
7.0. The formation of nanoparticles was confirmed by the changes icolour of CME suspension into
grayish colour, brownish colour and dark grayish colour at different pH. (Fig. 4 C) shows WWsible
spectra analysis in which peaks were observed at 459nm, 454nm and at 452nm at pH 5.0, pH 6.5 and pH
7.0. These peaks wereat found within the SPR band and hence were polydispersed nanoparticles which
were inefficient as antimicrobial agents.

XRD

The crystalline nature of AQNPs was determined by-bay diffraction study. At pH 5.7 and at 7 days,
AgNPs synthesized from contrelCME, showed the XRD at 270932.38, 38.32, 46.34, 54.0, 64.78 and
67.720 which can be indexed to (110), (111), (200), (211), (220), (311) and (222) respectively (Fig. 5 A).
Whereas, at 14 day XRD spectra of AQNPs owed peak at 27,.32.18, 38.24, 46.18°, 54.82, 64.52 and
67.34° corresponding to (110), (111), (200), (211), (220), (311) and (222) respectively (Fig. 5 B). Peaks
and its corresponding angles for SDPCME (7& 14days) and_.D-CME were recordedand average particle
size was calculated usinghe Debye Sherrer'sformula (19, 20). These all peaks were corroborated with
the standard silver nanoparticles (JCPDS file no. 4%93). Similarly, all the results of highest intense
peaks werefound at (111) and (110). The Average particle size of Contr@ME of AgNPs (at 7 & 14 days)
was 32.38 nm and16.09 nm whereas average size of 35.6%m and 16.14 nmwere obtained from 7 & 14
days (SD) of AgNPs. In case of 7 & 14 days (LD) of AgNPs average sizes were 36.11 nm and 16.19 nm,
respectively. The smallessized nanoparticles were found to be in ContreCME based AgNPs.

Fig.5: C represents the XRD pattern of the AgNPs synthesized by callus mediated extract at pH S @&ndl
7.0. The diffraction peaks data found were in accordance with the reports of FCCQustiure from JCPDS file
No. 04-0783. Impurities could be observed (marked by * against the peak) in all the pH (5.0, 6.5, 7.0) in
the formation of nanoparticles (Fig.5: C) and intensity against the peak is also low which indicatéuht
nanoparticles formed by CME at these pH does not exhibit crystalline nature. Hence the best pH was
found to be 5.7 with callus extract under controlled light conditions.

FTIR

Fig. 6 A shows, the FTIR spectra of contr@ME silver nanoparticles indicated peaks at 7 days, arodin
3440, 2924, 1731, 16371384, 1032, 698 and 667m % which correspond to the groups GH stretch, GH
stretch, C=0 Stretch;C=Gstretch, -GH variable, GF Stretch and @l whereas at 14 days AgNPs of
control-CME showed the peak#/hich were close to 7 days resultsThe peaks obtained from SITME and
LD-CME at 7 & 14 days gave peaks which represented the same aforementioned functional groups (Fig. 6:
A&B).

It is thus evident from FTIR spectra of the AgNPs that the bioactive compound such are polyphenols,
flavanoids, flavones, which are earlier reported inZ.mays plays a very significant function in the
stabilization and capping of the AgNPs by reducing Ag metal io21 22, 23). The methyl group and
asymmetric starching band were present in contrelCME Ag NPs24). This is may be due to the strong
binding of amino acids to the AgNPs surfaces and robust capping by the proteins and polysaccharides in
the extract of controrCME.

The FTIR measurements of synthesized silver nanoparticles by using CME for pH 5.0, pH 6.5 and pH 7.0
did not give proper peaks (Fig6 C) because secondary structure of proteins was not affected during the
reaction of silver ion into AgNPs.

EDX

EDX analysis of AgNPs shows the elemental composition of Ag and chlorine (CI) and confirms the
presence of metallic Ag in the biosynthesized APs 17.66 % chlorine and 82.34% silver were reported

in control-CME at 7 days at pH 5.7 (See Fig. 7: Al), whereas 18.09 % chlorine and 81.91% silver were
reported in control-CME at 14 days (See Fig. 7: Bl). In case of SD and LD (both 7&14 days) the
composdtion of silver dropped due to different light treatment on the growth phase of callus (Fig. 7: A2,
B2, A3, B3).

During this phase, bieorganic molecules, such as polysaccharides, phenols, and proteins of callus extract
which act as reducing, stabilizing ad capping agents broke down.

Fig. 7: CiC3 shows EDX image of the biosynthesized AgNPs at different pH 5.0, 6.5, 71.0wer
compositions of silver and higher amount of other undesired elements (impurities) such as C,0O, Siege
found. Lower the silverleast effective would be the formed silver nanopatrticles.

DLS

Fig. 8 shows the particle size of the AQNPs using cont@ME at 7 & 14 days at pH 5.7 which was found to
be 14.11 nm and 15.12 nm respectively (See Fig. 8: A1 & B1). It was clearly indicatealt tfhe obtained
AgNPs are monodispersed in nature. In the case of 8®IME and LECME , the size of AgNPs was obtained
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103 nm and 100 nm respectively (See Fig. 8: A2 & A3). This indicated huge difference in size rarfge o
nanoparticles. Smaller nanoparticleslemonstrated greater antimicrobial efficacy.

Fig. 8: C1C3 shows the DLS data for the AgNPs prepared from CME at different pH 5.0, 6.5, 7.0 under
standard light conditions (16 hr light & 8 hrs dark). Large sized nanoparticles were formed at thegeH

viz 362nm, 318nm, 817nm respectively in comparison to tiny nanoparticles formed at pH 5.7 (14.11nm).
AFM

The AFM 3D images indicate the uniform distribution and topology of synthesized AgNPs. During this
analysis, AgNPs from CME under Control, Short days anchalays was compared only for 7 days and at
pH 5.7 (See Fig. 9: AB, C). Size of nanoparticles were found to be approximately same for 14 daga w
observed under other characterization techniques, hence analysis for 14 days was not consideredhis t
techniqgue. AFM shows the Granularity accumulation distribution (GAD), which gives the particle size
distribution of AgNPs. AFM analysis exhibited the size of the NPs-20 nm for control-CME Ag NPs (Fig.

9: A). Results prove that AgNPs were monodispersed andrhogenously distributed. For SBCME and LB
CME, size of silver nanopatrticles ranged from 10020 nm and 156170 nm respectively (Fig. 9: B&C).
The large diameter as in SD and LD could be due to sedimentation of the particles resulting in arefzse

in absabance (Delay et al. 201). Images revealed smooth surface, needle shape and compact structures.
For SD and LD particles were observed with less concentration of silver nanoparticles and show
heterogeneous size and polydispersity.

Fig. 9 (D, E & F) showanalysis of synthesized AgNPs using callus mediate extract at pH 5.0, pH 6.5 and
pH 7.0. Nanopatrticles have an average diameter of 120 nm, 140 nm and 150 nm for pH 5.0, 6.5 and 7.0
respectively. These large sized nanoparticles were found to be inefficieiar antimicrobial activity.

TEM analysis

The silver nanopatrticles synthesized by contreCME at 7 days formed at pH 5.7 were observed using
TEM and the patrticle size were found at average size of 19.13 nm (Fig. 10:A4) and spherical. For the
synthesized AgNPs using SD 7 days, particles are spherical, but not uniformly distributed and were
agglomerated and also showed sticky nature (Fig. 10: B34). Average size of particles was 68.09 nm. For
the synthesized AgNPs using LD 7 days, the average size of RgMWas measured to be 28.49 nm but the
particles were mostly elliptical in shape and polydispersed in size distribution and observed den$erm
(Fig. 10: C1C4). The size histograms showed a Gaussian distribution.

The SAED patterns of AgNPs further demonste the crystalline nature of NPs which have already been
defined by XRD. The intermittent bright dots arranged in concentric DebySherrer rings can be indexed

to the peaks of XRD as (110), (111), (200), (211), (220), (311) and (222) for all of the sye#ized AgNPs
using 7 days Control, SD and LD. The particles size observed under TEM study is close to that oKRi2
study.

The green synthesized AgNPs using 7 days (control condition) callus extract had a size range fraim 30

nm by applying the histogam data with a Gaussian distribution centered at 19.13 nm with 0.53 nm of
standard deviation (Fig. 10: A4). It has been observed that NPs of small sizes have been recorded in
monodispersed form (Fig. 10: A3). The results of the average patrticle size aridtdbution procured from
TEM analysis matches well with DLS analysis. For crystalline degree of NPs, HRTEM and SAED were done
During the growth phase, small adjacent NPs easily aggregate into large size particles which incectie
thermodynamic stability of NPs. These determine the final shape of the NPs in the process termination
phase @5, 26). However, as the growth phase increases, there are nanoprisms, nanotube, nano
hexahedrons, and other irregularly shaped NPs formed by aggregatio@7, 14). In the end phase, NPs
obtain the most energetically favorable structure, which strongly influences the ability to stabilez metal
NPs during the whole process.

The presence, absence, timing and intensity of light play a significant role in explants morphogesg28)
and directly affects the catalytic and anabolic processes, especially secondary metabolistf, (30). Light
also influences callogenesis (31). Changing period of 16hrs light and 8hrs dark exposure to whitghtiis
superior to a continuous light exmsure (7). Moreover, dark exposure can be related to negative effect in
some speciedNicotiana tabacumanthers produced less callus and fewer embryoids3@, 28).

Antimicrobial activity of silver nanoparticles and synergistic activity

Disk diffusion method by ZOI

The result shows that AQNPs undergo a contact with the bacteria cell and shows a strong and effectiv
antibacterial activity against Gram (+) ve bacteria compared to Gram)(ve bacteria. The formation of a
clean area around the disk exhibits antiacterial activity (Fig. 11) which is termed as ZOI. ContraCME
AgNPs (7 & 14 days and at pH 5.7) at a concentration of 200ug/ml when used individually showed
moderate antibacterial activity against six pathogenic bacteria and produced ZOI of 12.98 diamesand
13.00 mm diameter respectively (Table 3 & Fig. 11 A).
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In this study, SBCME AgNPs (7 & 14 days) showed a very less ZOI against three of the six bacteria and no
inhibitory effect was observed against remaining three (Table 4 A). LBME AgNPs (7 & 14ays) did not
show inhibition zone against any of the six bacteria (Table 4B).

AgNPs synthesized from CME at pH 5.0, 6.5 and 7.0 with controlled light conditions were unable to
demonstrate antimicrobial activity against any of the microorganisms at any coeatrations (Table 5).

The standard antibiotic, streptomycin at concentration 10pg/ml did not show very good activity agast
the tested pathogens. However, the combined effect of antibiotics and AgNPs from control CME 7 & 14
days, displayed strong antibaarial activity against all the tested pathogens at 200 pg/ml, with a ZOI
ranging in diameter from 16.03 to 17.37 mm for 7 days and 16.12 to 17.98 mm for 14 days (Table 3i§. F
11 A). Additionally, at 200ug/ml concentration, the zone of inhibition obtainedagainst grampositive
bacteria (B. cereugtl30 MTCC) was more as compared to gramegative bacteria E. coli4d0 MTCC).

In Case of LBCME AgNPs (7 & 14 days) with antibiotics, they did not show any antibacterial activity
against each bacteria at 200pug/ml, @0ug/ml and 150ug/ml (Table 4B & Fig. 11 C) . Similar results were
obtained for SDCME AgNPs (7 & 14 days) (Table 4A & Fig. 11 B).

Antimicrobial activity by MIC Method

Fig. 12 shows the MIC values of 200ug/ml AgNPs as calculated by optical density at 58Dwavelength.
Higher concentration of AgNPs (Fig. 12-&) was found to inhibit bacterial growth completely than lower
concentrations. Finally, for AQNPs of.roseusthe average MIC value was 200ug/ml for both Gram (+)ve
bacteria and Gram {)ve bacteria. Hbwever, in the present study of 7 & 14 Days treated callus (controlled
light and at pH 5.7), bactericidal activity of AQNPs was higher in Gram (+) ve bacteria compared3iam

(-) ve bacteria. (Fig. 12 A).

This is due to the fact that the cell wall of th&ram-positive bacteria binds the metals in large quantities
as compared to the Grannegative bacteria 83). Smaltsized AgNPs are more bactericidal than the larger
ones. In case of AgNPs from SDME and LBCME, there was no inhibition of bacterial growth gainst any

of the six pathogens.

Figure 1: Callus induction from leaf explants with  the help of NAA and BAP.

pH of media Explants Observation

5.0 Leaf Yellow callus formation
after25 days

57 Leaf White to light green callus
formation after 14 days

6.5 Leaf Cream to dark brown
callus formation afier 30
days
callus formation after 40
days

Figure 2: Growth of callus under different pH.
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Figure 3. Callus weight changes under different Iight and pH conditions. During the (A) 7 Days (B)
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(A) (B) (©)

Callus welght (g FW)
IS

N

16D & 8L AgNPs TDays =—16D & 8L AgNPs 14Days ——pH 5.0
—— 16L & 8D AgNPs 7Days 4 20L & 4D AgNPs 14Days pH 6.5
——20L & 4D AgNPs TDays ~—16L & 8D AgNPs 14Days . Amm\ ——pHT.0
3 0.30
0.25
i g2 £ o
£ < <

| \é\‘sﬂ‘m 015 \—jﬂ
AS!nm::\/ n"i —_\‘_"——E(fim

350 400 450. 500 550 600 350 400 450 500 550 350 400 450 500
‘Wavelength (nm) Wavelength (nm) Wavelength (nm)
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Figure 6: FTIR (A) 7 Days (B) 14 Days (C) Different pH.
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Figure 8: Particle size distribution (A1-A3) 7 Days (B1-B3) 14 Days (C1-C3) Different pH.
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Figure 11: Antibacterial
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activity of 7 & 14 Days treated (A) Control, (B) SD (C) LD AgNPs (100,150
and 200ug/ml) and compared to AQNPs combined with antibiotic

measurement.

- streptomycin (10pg/ml) by ZOI

Figure 12: 7 & 14 Days treated (A) Control, (B) SD (C) LD AgNPs 200ug/ml a gainst microbes (Gram
positive & Gram negative). Results are expressed as Meant S.E.

Table 1.: Standardization of callus induction from leaf explants using different concentration of

BAP and NAA mg/l

Concentration of growth hormones Leaf

BAP NAA % of callus induction Initiation of callus (Days)
0.5 0.5 20% 25

1 1 60% 18

15 2 70% 15

3 1 90% 13

Table 2.: The effects of light exposure on leaf explants, cultured on MS media (1.0 mgL < NAA + 3.0

mgL < BAP) at 25 + 10C.

Light exposure (hrs) Callus
Light dark Explants Observations (%)
16 Leaf Green callus formatiol 91%
8 Leaf Yellow callus formatior 79%
20 4 Black callus formatior 60%
Leaf
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Table 3: Antibacterial activity of synthesized AgNPs and synergistic activity streptomycin against
pathogenic bacteria (Data shown in zone of inhibition in mm.

16hrs Light & 8hrs Dark 7 Days

Bacteria Streptomycin Single AgNPs AgNPs AgNPs
(10ug/ml) Concentration of 100ug/ml 150ug/ml 200pg/ml
AgNPs + + +
200pg/ml Streptomycin | Streptomycin | Streptomycin
P. aeruginosa 11.03 £ 0.0¢ 12.09 £ 0.0: 13. 98 £ 0.0« 14.08 £ 0.1: 15.03 £ 0.8¢
MTCC 424
E. coli 10.07 £ 0.9¢ 12.98 + 1.1¢ 1460+ 0.01 | 15.08 0.0 16.03 £ 0.03
MTCC 40
P. mirabilis 10.88 £ 0.1( 10.59 £ 0.55 10. 72 £ 0.2 11.20£0.12 12.62 £ 0.52
MTCC 3310
S. aureus 11.07 £ 0.0( 11.78 £ 0.0C 12. 14 £ 0.0: 12.53+ 0.1¢ 15.63 £ 0.1¢
MTCC 9760
S. pyogenes 11.09x 2.1° 12.12 £0.17 12. 23 £ 0.0C 13.52 £ 0.0¢ 16.61 £ 0.0¢
MTCC 1926
B. cereus 11.03 £ 0.0¢ 12.88 £ 0.01 13.99 £ 0.0t 15.50 £ 0.0: 17.37 £ 0.4¢
MTCC 430
16hrs Light & 8hrs Dark 14 Days
Bacteria Streptomycin Single AgNPs AgNPs AgNPs
(10ug/ml) Concentration of 100ug/ml 150ug/ml 200pg/ml
AgNPs + + +
200pg/ml Streptomycin | Streptomycin | Streptomycin
P. aeruginosa 11.03 £ 0.0¢ 12.12 £ 0.0: 14.09 £ 0.0¢ 14.15 £ 0.1: 15.30 £ 0.8¢
MTCC 424
E. coli 10.07 £0.94 13.00 £ 1.1¢ 14.80 £ 0.01 15.21 £ 0.0¢ 16.12 £ 0.03
MTCC 40
P. mirabilis 10.88 £ 0.1( 10.91 £ 0.55 11.01£0.22 11.29+£0.12 12.98 £ 0.52
MTCC 3310
S. aureus 11.07 + 0.0( 11.90+ 0.00 12.80 + 0.0: 12.88 + 0.1¢ 15.98 + 0.1¢
MTCC 9760
S.pyogenes 11.09x 2.1° 12.30 £0.17 12.35 £ 0.0C 13.60 £ 0.0¢ 16.68 £ 0.0¢
MTCC 1926
B. cereus 11.03 £ 0.0¢ 12.98 £ 0.01 14.01 £ 0.0¢ 15.98 £ 0.0: 17.98 £ 0.4¢
MTCC 430

Table 4(A): Antibacterial activity of synthesized AgNPs and synergistic ac tivity streptomycin

against pathogenic bacteria (Data shown in zone of inhibition in mm.

16hrs Dark & 8hrs Light 7 Days

Bacteria Streptomycin Single Concentration AgNPs AgNPs AgNPs
(10ug/ml) of AgNPs 100ug/ml 150ug/ml 200pg/ml
200pg/ml + + +
Streptomycin | Streptomycin Streptomycin
P. aeruginosa 11.01 £ 0.0( 10.00 £ 0.0( 10.21 £ 0.1: 11.08 £ 0.1: 11.15 £ 0.0¢
MTCC 424
E. coli 10.74 £ 0.5¢ 8.26 = 0.0€ 10.74 £ 0.54 11.10£ 0.1: 11.15 £ 0.03
MTCC 40
P. mirabilis 10.07 £ 0.0: 0.17 + 005 0.03 +0.0C 0.39+0.3¢ 0.04 £ 0.06
MTCC 3310
S. aureus 11.03 + 0.0« 0.38+0.51 0.12 + 0.0( 0.60+ 0.0: 11.38 + 0.3¢
MTCC 9760
S. pyogenes 11.03 £ 0.0« 10.79 £0.40 11.03£0.04 11.25 £ 0.0( 11.25 £ 0.2¢
MTCC 1926
B. cereus 11.04 + (.04 0.11 + 0.0C 0.14 + 0.0( 0.53+ 0.0« 0.37+0.2¢
MTCC 430
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16hrs Dark & 8hrs Light 14 Days

Bacteria Streptomycin Single Concentration AgNPs AgNPs AgNPs
(10ug/ml) of AgNPs 100ug/ml 150ug/ml 200pg/ml
200pg/ml + + +
Streptomycin | Streptomycin Streptomycin
P. aeruginosa 11.01 £ 0.0( 10.03 £ 0.0¢ 11.16 £ 0.0¢ 11.16 £ 2.1° 11.16 £ 0.0:
MTCC 424
E. coli 10.74 + 0.5¢ 8.26 + 1.05 9.57 +0.16 9.93 + 0.9¢ 10.30 + 1.5C
MTCC 40
P. mirabilis 10.07 £ 0.0: 0.20 + 0.09 0.07+0.01 0.04 + 0.0« 0.04 + 0.06
MTCC 3310
S. aureus 11.03 £ 0.0« 0.12+0.04 0.01 +0.0: 0.10 = 0.0¢ 11.50 £ 0.4:
MTCC 9760
S. pyogenes 11.03 £ 0.0« 10.80 £0.02 11.23 £ 0.0C 11.23+£2.1° 11.46 £ 0.0:
MTCC 1926
B. cereus 11.04 + 0.0« 0.04 + 0.05 0.09+0.0% 0.14 £ 0.0¢ 0.25+0.0%
MTCC 430

Table 4(B): Antibacterial activity of synthesized AgNPs and synergistic activity streptomycin
against pathogenic bacteria (Data shown in zone of inhibition in mm.

20hrs Light & 4hrs Dark 7 Days
Bacteria Streptomycin Single AgNPs AgNPs AgNPs
(10ug/ ml) Concentration of 100ug/ml 150ug/ml 200pg/ml
AgNPs + + +
200ug/ml Streptomycin | Streptomycin | Streptomycin
P. aeruginosa 11.33+ 0.4° 0.00 + 0.0« 0.11+ 0.0 0.20+0.1° 0.07 £ 0.0:
MTCC 424
E. coli 10.07 £ 0.9¢ 0.19+0.15 0.23+0.28 0.27 + 0.2¢ 0.62 +0.52
MTCC 40
P. mirabilis MTCC 11.33+ 1.0t 0.11 + 0.1( 0.03 +0.0C 0.45 + 0.4( 0.04 + 0.06
3310
S. aureus 12.03+ 0.0} 0.38+0.51 0.12 + 0.0( 0.03 + 0.0¢ 0.29+ 0.4.
MTCC 9760
S. pyogenesMTCC 12.36+ 0.4 0.12 +0.17 0.23+0.0C 0.03+0.0: 0.61+0.3.
1926
B. cereus 12.46 + 0.5( 0.11 + 0.0C 0.14 + 0.0( 0.53 + 0.0« 0.37+0.2¢
MTCC 430
20hrs Light & 4hrs Dark 14 Days |
Bacteria Streptomycin Single AgNPs AgNPs AgNPs
(10ug/ml) Concentration of 100ug/ml 150ug/ml 200pg/ml
AgNPs + + +
200pg/ml Streptomycin Streptomycin Streptomycin
P. aeruginosa 11.33+ 0.4° 0.00 + 0.0( 0.11+0.0% 0.20+0.1° 0.07+£0.0:
MTCC 424
E. coli 10.07 £ 0.9¢ 0.10+0.16 0.23+0.28 0.27 + 0.2¢ 0.62 +0.52
MTCC 40
P. mirabilis 11.33+1.0¢ 0.01 + 0.0( 0.03 +0.0C 0.45 + 0.4( 0.04 + 0.06
MTCC 3310
S. aureus 12.03+ 0.0} 0.03+0.04 0.12 + 0.0( 0.03 + 0.0¢ 0.29+ 0.4.
MTCC 9760
S. pyogenes 12.36 + 0.4¢ 0.02 £0.01 0.23+0.0C 0.03 + (.02 0.61+0.3.
MTCC 1926
B. cereus 12.46 + 0.5( 0.01+ 0.0 0.14 + 0.0( 0.53 + 0.0« 0.37+0.2¢
MTCC 430
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Table 5.: Antibacterial activity of AQNPs and synergistic activity with streptomycin against

pathogenic bacteria (Data are shown in the zone of inhibi tion in mm)
pH 5.0
Bacteria Streptomycin Single AgNPs AgNPs AgNPs
(10ug/ml) Concentration 100ug/ml 150ug/ml 200pg/ml
ofAgNPs + + +
200ug/ml Streptomycin Streptomycin Streptomycin
P. aeruginosa 11.33+0.4° 0.00 = 0.0( 0.01 + 0.0: 0.20 £ 0.0: 0.02 + 0.0:
MTCC 424
E. coli 10.07 £ 0.9¢ 0.03 + 0.0( 0.07+£0.0: 0.03 + 0.0¢ 0.12+ 0.1¢
MTCC 40
P. mirabilis 11.33+ 1.0t 0.01 + 0.0( 0.03 + 0.0( 0.02 + 0.0t 0.00 + 0.0(
MTCC 3310
S. aureus 12.03+ 0.0} 0.04 + 0.0¢ 0.04 + 0.0* 0.03 + 0.0¢ 0.03 + 0.0«
MTCC 9760
S. pyogenes 12.36 + 0.4¢ 0.02+0.0: 0.03 + 0.0( 0.03+0.0: 0.05+ 0.0:
MTCC 1926
B. cereus 12.46 £ 0.5( 0.01 + 0.0¢ 0.04 + 0.0( 0.20 £ 0.2¢ 0.10 = 0.0¢
MTCC 430
pH 6.5
Bacteria Streptomycin Single AgNPs AgNPs AgNPs
(10ug/ml) Concentration of | 100pug/ml 150ug/ml 200pg/ml
AgNPs + + +
200ug/ml Streptomycin Streptomycin Streptomycin
P. aeruginosa 11.33+0.4° 0.00 = 0.0( 0.01 + 0.0: 0.20 £ 0.0: 0.02 + 0.0:
MTCC 424
E. coli 10.07 £ 0.9¢ 0.03 + 0.0( 0.07+£0.0: 0.03 + 0.0¢ 0.12+ 0.1¢
MTCC 40
P. mirabil is 11.33+ 1.0t 0.01 + 0.0( 0.03 + 0.0( 0.02 + 0.0¢ 0.00 + 0.0(
MTCC 3310
S. aureus 12.03+ 0.0} 0.04 + 0.0¢ 0.04 + 0.0¢ 0.03 + 0.0¢ 0.03 + 0.0«
MTCC 9760
S. pyogenes 12.36 + 0.4¢ 0.02+0.0: 0.03 + 0.0( 0.03+0.0: 0.05+ 0.0:
MTCC 1926
B. cereus 12.46 £ 0.5( 0.01 + 0.0¢ 0.04 + 0.0( 0.20 £ 0.2¢ 0.10 = 0.0¢
MTCC430
pH7.0
Bacteria Streptomycin Single AgNPs AgNPs AgNPs
(10ug/ml) Concentration of | 100ug/ml 150ug/ml 200pg/ml
AgNPs + + +
200pg/ml Streptomycin Streptomycin Streptomycin
P. aeruginosa | 11.33 £ 0.4° 0.00 = 0.0( 0.01 + 0.0z 0.20 £ 0.0: 0.02 + 0.0:
MTCC 424
E. coli 10.07 £ 0.9¢ 0.03 + 0.0( 0.07+£0.0: 0.03 + 0.0¢ 0.12+0.1*
MTCC 40
P. mirabilis 11.33+ 1.0t 0.01 + 0.0( 0.03 + 0.0( 0.02 + 0.0t 0.00 + 0.0(
MTCC 3310
S. aureus 12.03+ 0.07 0.04 + 0.0¢ 0.04 + 0.0¢ 0.03 + 0.0¢ 0.03 + 0.0«
MTCC 9760
S. pyogenes 12.36 + 0.4¢ 0.02+0.0: 0.03 + 0.0( 0.03+0.0: 0.05+ 0.0:
MTCC 1926
B. cereus 12.46 £ 0.5( 0.01 + 0.0( 0.04 + 0.0( 0.20 £ 0.2¢ 0.10 = 0.0¢
MTCC 430
CONCLUSION

The current research work is an endeavor to biologically synthesize silver nanopatrticles using thallos
of C. roseusinder controlled conditions. This callus based route also provides the availability of sample
material throughout the year. Also critically endangered and medicinally prominent plant species ised.
The growth and development of callus is greatly affected by changes in photoperiod and pH observed v
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two different experiments. The callus was expsed to different photoperiods : Controlled, SD and LD and
kept under observation for 7 and 14 days respectively. Induction and growth of callus and its
pigmentation were found to be greatest at Controlled condition. Growth and development of callus
showed a negative trend for SD and LD. Secondary metabolism processes are directly influenced by
change in photoperiod and pH.

In another experiment, callus was observed at pH 5.0, 6.5 and 7.0. At pH 5.7, the best callus dpredat
and its pigmentations were olserved while at other pH, callus growth was very slow and callus was of
distorted morphology.

Silver nanopatrticles from controlledCME at 7 and 14 days and at pH 5.7 demonstrated highest
antimicrobial activity (in synergy with streptomycin) against all six pathogens at 200ug/ml
concentration. No antibacterial activity was obtained inSD and LDcondition of 7 and 14 days duration
and also for different pH 5.0, 6.5,and 7.0.

TEM analysis showed an average size @B.13 nm of AgNPs. Spherical uniform shape iAgNPs was
achieved only under controlled light conditions. The phytochemicals present in the callus extractrdains
different functional groups which are confirmed by FTIR analysis. The phase composition and purity o
the synthesized AgNPs is revealed bYRD patterns whereas metal composition is determined by EDX
results. Uniform distribution is confirmed by DLS method.

Future prospects

The mass scale production of nanoparticles can be a realistic future due to successful, feasible ecw
friendly synthesis of nanoparticles as confirmed by the results of this study. Moreover, synthesis of metal
nanoparticles by using callus extract under controlled light conditions will be a benefiting factoas it
renders regulation of size and shape of NPs in order taedelop nanoparticles of varied attributes which
shall possess multiple advantages across several commercial industries.

These CME synthesized nanoparticles have attracted attention of scientists, researchers as well as
industrialists worldwide due to their competence for use in diversified fields like therapeutics,
pharmaceuticals industry including cancer treatment drug, drug carriers, biomolecular detection,
agriculture due to the presence of secondary metabolites and antioxidants and variety of commelaiaes
as biosensors, cosmetics, catalysts, medical textiles, naglectronics, UV protection systems etc. Green
synthesized AgNPs may be further explored and develop as a capable antibacterial agent for a vagttya
of infectious microorganisms. This wi also attract development of newer compounds to fight against
multi -drug resistant bacteria and reduce the dependency on synthetic drugs.
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