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ABSTRACT

The lack of a viable vaccine and the emergence of novel Mycobacterium tuberculosis (MTB)
strains that are particularly resistant to treatments, presage a complicated future situation.
Biosynthesized nanomaterials are currently proving to be a viable antibacterial therapeutic
option, including for MTB infection treatment. The goal of this work is to synthesize silver
nanoparticles (AgNPs) from Syzygium aromaticum seeds and investigate their antimicrobial,
anti-tubercular, and cytotoxic properties using zebrafish embryos and Artemia salina. The UV
spectrophotometer, SEM-EDAX, TEM and FTIR measurements were used to characterize the
AgNPs. Antibacterial activity was performed against S. aureus, P. aeruginosa, E. coli and K.
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pneumoniae and exhibited potential inhibitory activity towards the bacterial cultures. The
MABA assay was used to investigate the anti-mycobacterial activity, and the AgNPs showed
the highest percentage of inhibition in both test concentrations (250 and 500 ug/ml).

Introduction

Tuberculosis is a severe public health problem,
with over 2 billion people worldwide afflicted and
over 1.3 million deaths expected in 2019 [1].
Mycobacterium tuberculosis is the pathogen that
causes tuberculosis and is transferred from person
to person by aerosols [2]. They are residues and
multiplies in alveolar macrophages as it has devel-
oped several pathways to evade digestion in acidic
phagosomes and may persist intracellularly in a
dormant phase. In developing countries, including
India, tuberculosis remains a leading cause of mor-
tality [3-5]. In 2019, rifampicin-resistant MTB pro-
duced an estimated 464,000 new cases of human
TB, with 78% of MDR-TB strains resistant to the
two first-line medicines, isoniazid and rifampicin.
However, when compared to the annual total of 1.4
million deaths attributable to tuberculosis in gen-
eral, the number of MDR-TB-related deaths is
minimal [1,6]. The increase in the incidence of

drug resistance TB around the world urges the
need to develop a new drug derived from natural
product such as higher plants to fight against
tuberculosis. Medicinal plants usually have the
property of curing disease for more than centuries.
Usually, plants have been used as traditional med-
icine for the treatment of various diseases. Only
few species of medicinal plants have been investi-
gated for revealing its medicinal properties and
others are yet to be discussed. Syzygium aromati-
cum L., also known as Eugenia caryophyllata L., is
a tropical evergreen tree with crimson blooms that
belongs to the Myrtaceae family [7], endemic to the
Maluku Islands in Indonesia, and is mostly used as
a spice. They are mostly harvested in India,
Pakistan, Indonesia, Madagascar, Zanzibar, Sri
Lanka, and Tanzania for commercial use.
However, the biggest clove buds oil producers are
Indonesia and Madagascar; Buds, leaf, and stem oil
are all used to extract oil [8]. A review of previous
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reports suggests that the Syzygium aromaticum
(Clove) possess biologically active component
which are effective against many types of diseases.
Clove buds were chosen as a ligneous, representa-
tive substrate in this study because of its impor-
tance in traditional medicine,
pharmaceutics, and cosmetics [7,8]. Clove and its
derivatives of have numerous properties such as
antimicrobial activity, anti-viral activity, anti-
inflammatory hepatoprotective activity, chemopro-
tective activity, anti-diabetic and antioxidant activ-
ity, anti-inflammatory, anti-carcinogenic effects
[7,9,10], neuroprotective ability, hypolipidemic effi-
ciency and anti-diabetic activity etc [8,9,11].
Polyphenols present in clove buds have antibacter-
ial and antiviral properties. In recent studies
researchers found that Quercetin has been discov-
ered to have a possible role against coronavirus
disease 2019. Along with the plant extract, nano-
materials are currently showing to be a potential
alternative as antimicrobial treatments, including
the treatment of MTB infection [7]. Nanoparticles
have been extensively used for pharmaceutical and
industrial purposes. As the nature consists of sev-
eral metals, only few of them are used for the
synthesis of nanoparticles [9,10,12,13]. Among
these silver nanoparticles holds a special place
because of their expensive properties which is uti-
lized in many industries such as agriculture, textile
industry, air filtration etc [14]. These silver nano-
particles have the potential to penetrate bacterial
cell walls and affect the shape of cell membranes,
resulting in cell growth inhibition or even cell
death [15,16]. This is due to their nanoscale size
and high specific surface area. Furthermore, bio-
synthesis of AgNPs using various sources such as
microorganisms and plant extracts has been recog-
nized as the green technique and has become an
unavoidable trend when compared to other syn-
thetic methods. Without requiring hazardous sol-
vents or generating detrimental byproducts, the
reducing agents in these green sources would trans-
fer their electrons to reduce silver ions into silver
nanoparticles [17,18]. These biological molecules
would also cover the produced silver nanoparticles
and act as capping agents, preventing agglomera-
tion, reducing toxicity, and improving silver nano-
particle antibacterial activity. Probing deep into
literature, it also proves that these components
flow a unique mechanism to provide a potential
action against Tuberculosis (TB). Therefore, the
nanoparticles of clove will have impact on TB
with unique mechanism. Hence, the present study
was carried out to synthesize silver nanoparticles
from Syzygium aromaticum (Clove) and exploring
its Anti-mycobacterial property.

cuisine,

Materials and methods
Sample collection and extract preparation

The seeds of Syzygium aromaticum (cloves) were pur-
chased from nearby shop in Solinganallur, Chennai,
Tamilnadu. Seeds were washed with tween 20 detergent
followed by distilled water 2 to 3 times to remove the
impurities. Then, they were dried for 24 h under shade.
The dried materials were ground into fine powder using
a mixer grinder. Take 1 g of ground clove powder; add
50 ml of double distilled water. Boil the mixture using a
water bath at 60°C for 10-15 min method proposed by
Krithiga et al. 2015. After cooling down filter the extract
using Whatmann No.1 filter paper. Then, the filtrate
was stored in 4°C for further use [19,20].

Biological synthesis of silver nanoparticles

Two ml of clove extract was added in to 98 ml of 0.1
mM aqueous AgNOj; solutions and kept in a dark
condition at room temperature for about 24 h. The
bio reduction of Ag+ions in aqueous solution was
monitored by colour change from pale yellow to
brown [19]. The solution is centrifuged at 4000 rpm
for 15 min and the pellet was transferred into petri
plates and allowed to dry. The powder was scrapped
and stored in sterile Eppendorf tubes and used for
further characterization and application studies.

Characterization of silver nanoparticles

UV-visible absorption spectroscopy

The nanoparticles synthesized were characterized using
different techniques. X-ray diffraction (XRD) with KaCu
(= 1.5406 A) was utilized to study the crystalline nature
of silver nanoparticles. The Scherer equation KA/BCos0
was used to calculate the size of the silver nanoparticles.
UV - Vis spectrophotometer (Agilent 8453) recorded
absorption spectra. FT-IR spectra were collected between
4000 and 400 cm™" High-resolution scanning electron
microscopy (HR-SEM)/transmission electron micro-
scopy (TEM) was utilized to analyse morphology, size,
and particle size distribution. Image J was used for image
processing and analysis. EDAX was used to determine
elemental composition of silver nanoparticles.

Antimicrobial activity

The agar well diffusion method was used to determine
the antibacterial activity of the extracts prepared from
plant Syzygium aromaticum using different solvents
such as Hexane, Ethyl acetate and Methanol. The test
microorganism Escherichia  coli,
Pseudomonas aeruginosa Klebsiella pneumonia,
Staphylococcus aureus. Nano synthesized silver

used was



samples of Syzygium aromaticum were tested for anti-
bacterial activity. The plates were incubated at 37°C for
16-18 h. The zone of inhibition (mm) was measured,
and the results were tabulated [21,22].

Anti-mycobacterial activity microplate alamar
blue assay (MABA)

Mycobacterium smegmatis was obtained from the
Microbial Type Culture Collection and Gene Bank
(MTCC) India. They were maintained on
Lowenstein-Jensen (LJ) slopes and cultured on
Middlebrook 7H9 broth. Cultures were grown aero-
bically on 7H9 broth at 37°C adjusted spectrophoto-
metrically to a no.1 McFarland tube standard and
further diluted 1:10 in 7H9 broth for the test
(Palomino et al. 2002). Briefly, 100 pL of 7H9 broth
was dispensed in each well of a sterile flat-bottom 96-
well plate and serial twofold dilutions of the crude
extracts and each positive control drug were prepared
directly in the plate. In growth control wells, 100 pl of
Middlebrook 7H9 broth was added. In DMSO control
wells, 100 ul of 10% DMSO containing M7H9 broth
was added. In drug control wells, 100 pl Rifampicin
containing M7H9 broth (2 ug/ml) was added. In test
wells, 100 pl of desired concentration of test samples
was added to the dissolved M7H9 broth. In the nega-
tive control wells, 200 pl of M7H9 broth was added.
Furthermore, 100 pl of M. smegmatis suspension was
added to all the above wells except the negative control
well. The plates were incubated at 37°°C for 24 hr.
After incubation, 32.5 ul of prepared dye was added
to all the other remaining wells. No colour change was
observed, and the plates were further incubated for 24
hr. All the experiments were carried out in triplicates
and were conducted in a Biosafety Level Three (BSL-3)
laboratory [23].

Cytotoxicity assay using zebra fish embryos

Zebra fish embryos were purchased from the zebra
fish aquarium in Kanchipuram district. For toxicity
studies, 20 healthy post hatched zebra fish were
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transferred to the wells of a 24-well plate along with
1 ml of embryo water (60 mg of sea salt/litre of ultra-
pure water). Different concentrations of nano synthe-
sized plant extracts at (5, 10, 25, 50 and 100 pg ml™'
concentration) were added to the wells and incubated
for 72 hr at 28.5°C. Tests were performed in duplicate
and repeated thrice. Mortality of the zebra fish was
noted after 24, 48 and 72hr. The embryos that
appeared opaque and white in colour were observed.
The dead embryos were degraded quickly, whereas the
structures of intact embryos were more visible by 48 hr
that allowed for a clear distinction between the dead
and alive. At the end of the incubation period, the
embryos were photographed using a light contrast
microscope, and the mortality rate was calculated [24].

Cytotoxicity assay using Artemia salina

Artemia salina eggs were purchased from the nearby
aquarium in Kanchipuram district. Dried cysts were
placed in a bottle containing artificial seawater which
was prepared by dissolving 35 g of sodium chloride in
1 litre of distilled water. After 36-48 hr incubation at
room temperature (28-30°C) under conditions of
strong aeration and continuous illuminations, the lar-
vae hatched within 48 hr. The evaluation of cytotoxi-
city of nanoparticles in A. salina was performed
according to the previous methods. The assay was
carried out on larvae of brine shrimp. Around 200ul
of plant extract from each concentration was taken
and added in test wells at 5,25,50,75 and 100 concen-
trations where artificial seawater serves as control.
Twenty nauplii per well was added in all the wells,
including control wells. The plate was incubated at
room temperature under strong aeration. After 24 hr
of incubation, the survival rate of nauplii and the
percentage of lethality were determined using the fol-
lowing. The numbers of surviving nauplii in each well
were counted under a stereoscopic microscope after
24 hr. The experiments were conducted in triplicate
for each concentration [25].

Percentage of lethality = [(Test — control)/control]
x 100

Plant extract + AgNo3

——
_

Betore 24 hours

Figure 1. Visible observation of silver nanoparticles.

After 24 hours
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Results and discussion
Synthesis of silver nanoparticles

Syzygium aromaticum constitutes the taxonomically
most extensive group of plants. The silver nanoparti-
cles were synthesized using a green synthesis
approach. The precursor, silver nitrate, was mixed
with the plant extract and incubated at room tempera-
ture. The colour change was tracked and recorded.
Triplicate reactions were used in the tests. Formation
of nanoparticles is described in Figure 1, and it was
validated by the yellowish-brown colour change. No
colour change was observed in the Control silver
nitrate solution [20].

Analysis of the silver nanopatrticles using UV-
spectrophotometer

A UV-spectrophotometer was used to confirm the
produced silver nanoparticles. With the use of a UV-
vis spectrophotometer, the formation of the silver
nanoparticles was further confirmed. Figure 2 depicts
the UV-Vis spectrum. At 450 nm, Syzygium aromati-
cum displayed a substantial absorption. Surface plas-
mon resonance is the name given to this absorption
band (SPR). Bio-reduction of silver particle was mea-
sured using UV-Visible spectroscopy based on the
surface plasmon resonance leading to an increase in
colour intensity. The UV-visible spectrum of nano-
particles synthesized from Syzygium aromaticum
shows at 450 nm. A similar study was done by
Vijayaraghavan et al., (2012) evaluated that the nano-
particles synthesized from Syzygium aromaticum
showed plasmon excitation at 430 nm [26]. The SPR

is highly influenced by the shape and size of the
nanoparticles [27]. Majeed et al., (201) explained that
the reduction of silver nitrate by Syzygium aromati-
cum extract results in the formation of silver nanopar-
ticles. After 24 hr of reaction, particles ranging in size
from 20 to 149 nm were produced [28].

Fourier transform infrared spectroscopy analysis
(FTIR) of silver nanopatrticles

FT-IR spectroscopic analysis of Syzygium aromaticum
mediated silver nanoparticles is shown in Figure 3.
The results of FTIR analysis of this study show differ-
ent stretches of bonds shown at different peaks;
3608.86 cm™' showed O-H stretch which has medium
intensity, 2883.13 (-C-H alkane stretch), 2812.12 (-C-
H aldehyde weak intensity), 2746.02, 2674.15, 2571.39
cm™' (-O-H carboxylic acids with strong intensity),
1906.94 cm™" (=C-H aromatics), 1797.78 cm™" (=C-
H), 1707.94 (-C=0 ketone), 1422.95, 1029.24 (C-H
alkene strong bend). The analysis was evaluated and
confirmed attachment of the functional group of the
silver nanoparticles. FTIR spectroscopic analysis con-
firmed the reducing and the capping capacity of S.
aromaticum on the synthesis of silver nanoparticles
[22,29]. Our results support the existence and interac-
tion of aromatic compounds such as phenols, flavo-
noids, terpenoids, and others, with silver nanoparticles
derived from Syzygium aromaticum, that contribute to
their potential stabilization. FTIR analysis indicates
that the secondary structure of proteins remains unal-
tered following their interaction with silver ions,
which is consistent with the findings reported in
prior studies [30,31].

‘._. » Soactrum-Al

Wavelength (nm)

Figure 2. UV- Visible spectrum of silver nanoparticles with SPR band at 450 nm.
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Figure 3. FTIR spectroscopic analysis of silver nanoparticles.

XRD of silver nanoparticles

The graph of the XRD spectrum for the silver samples
made from biological extract of clove is shown in
Figure 4. The graph shows the 20 values for crystal-
line planes (111), (200), (220), and (311) facets,
respectively, at 38.34, 44.27, 64.64, and 77.94° that
was identified from the JCPDS card no 89-3722 and
the peaks were consistent with the face centre cubic
(FCC) crystal structure of Ag NPs. With respect to
the Ag structure, the Scherrer’s equation (D =K\/
BcosO) was used to determine the average size of the
particles of silver nanoparticles, and the

2500

nanoparticles size was determined to be 28 nm. The
crystalline substance that was produced in the nm
range, according to the observable lines broadening
of the XRD analysis peaks [31]. The Ag phase, which
indicates that it contains a lot of nano-Ag particles, is
what causes the most powerful peak to be detected at
38. In most cases, particle size effects are to blame for
the widening of the peaks in solids’ XRD patterns.
Broader peaks reflect the influence of the experimen-
tal circumstances on the formation and development
of the crystal nuclei and indicate smaller particle size
[32,33].

111

2000 ~

1500 S

1000 ~

Intensity (a.u)

500

200 311
220

222

0 10 20 30 40

T T T T T —
50 60 70 80 20 100

20 (degree)

Figure 4. XRD of silver nanoparticles.
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Figure 5. a) SEM and b) EDAX of silver nanoparticles.

Figure 6. TEM of synthesized silver nanoparticles.

SEM-EDAX of silver nanopatrticles

The dimensions and form of the silver nanoparticles
were verified by SEM examination. The diameter of
the spherical and uniformly scattered Ag NPs ranged
from 20 to 45 nm (Figure 5a). The sizes and forms of
the Ag NPs produced from Syzygium aromaticum
varied; large and small-sized silver nanospheres are
depicted in Figure 5a. This is explained by the con-
current reduction of Ag NPs caused by the phyto-
chemicals found in S. aromaticum. The regulated NP
agglomeration caused by optimized reaction condi-
tions may be advantageous for long-term storage and
other biological applications. EDAX was used to look
at the elemental makeup of silver NPs, as seen in
Figure 5b. Ag is the only element found, and thus
distinguishes the phase purity of the NPs [34,35].
The oxygen signal suggested that the extracellular

Quantitative results

Weight%

9 FulSca 1655 s Curso 0082 (122t)

organic material was likely adsorbed on the surface
of the Ag NPs, and EDX analysis verified the presence
of silver. Nanoparticles vary in size and shape depend-
ing on the type of plant utilized, the portion employed,
and the phytoconstituents such as alkaloids, flavo-
noids, tannins, and cardiac glycoside involved at the
time of formation [32,36].

TEM of silver nanoparticles

To more clearly identify the crystalline characteristics as
well as the size of the produced nanoparticles, a TEM
investigation was conducted. The SEM results are con-
sistent with the TEM photographs of Ag, which demon-
strated that the particles are largely spherical as shown in
Figure 6. The majority of the Ag NPs are depicted in this
picture to be spherical, with typical particle dimensions
of 100 nm. The results of TEM coincide with the SEM
and XRD analysis that represents the morphological
structure of nanoparticles [22,26].

Antibacterial activity of nano silver particle and
plant extract

The antibacterial effects of nano synthesized com-
pounds and plant extracts on four microorganisms
viz., Staphylococcus aureus, Klebsiella pneumonia,
Escherichia coli and Pseudomonas aeruginosa were
determined using agar well diffusion method are
represented in Figures 7 and 8.

The zone of inhibition representing the antibacterial
activity for nano synthesized compounds on green
synthesized silver nanoparticles of Syzygium aromati-
cum is reported in Table 1. In that, all the organisms
were inhibited at a maximal level. Whereas in crude
extracts of Syzygium aromaticum showed minimal
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Figure 7. Antibacterial activity of plant extract on different microorganisms. a) Pseudomonas aeruginosa b) Staphylococcus aureus

¢) Escherichia coli d) Klebsiella pneumonia

Table 1. Antibacterial activity of synthesized silver nanoparticles.

ZONE OF INHIBITION (in mm)

S.no Plant name Staphylococcus aureus

Escherichia coli

Pseudomonas aeruginosa Klebsiella pneumoniae

1 Syzygium aromaticum 7

5 10 6

Table 2. Antibacterial activity of plant extracts.

ZONE OF INHIBITION (in mm)

S.no Plant name Solvent Staphylococcus aureus Escherichia coli ~ Pseudomonas aeruginosa  Klebsiella pneumoniae
1 Syzygium aromaticum Hexane 4 - 8 6
Ethanol - 2 1 4
Methanol 9 7 8 1

activity against all the pathogens are described in Figure
7 and Table 2. Penicillin streptomycin would be the
control for all pathogens. The antimicrobial activity of
nanosynthesized and crude extracts of Syzygium aro-
maticum showed inhibition ranges from 4 mm to 11
mm with different solvent extracts. The maximum inhi-
bitory activity was observed in methanolic extracts of
Syzygium aromaticum against K. Pneumonia (11 mm)
was reported by Saikumari et al. (2016) [19,37,38].
Prasad and Vyshnava (2013) demonstrated broad-

spectrum antimicrobial activity of AgNPs from
Syzygium cumini against Gram-positive and Gram-
negative microorganisms. The investigation of the anti-
bacterial activity of silver nanoparticles synthesized
with cumini extract against Staphylococcus aureus and
Bacillus licheniformis depicted a high potential as an
antimicrobial agent [39].

It has been hypothesized that silver nanoparticles
obtained from Syzygium aromaticum bind to the outer
membrane of bacteria and increase its permeability,
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Figure 8. Antibacterial activity of silver nanoparticles. a) Staphylococcus aureus b) Escherichia coli c) Klebsiella pneumonia d)
Pseudomonas auroginosa

Dunng Incabation

. 5 :
After adding dve Afler 24 hours b

Figure 9. Antimycobacterial activity of silver nanoparticles and plant extract.



Table 3. Quantitative analysis on antimycobacterial activity and
plant extract.

Antimycobacterial activity

Mycobacterium smegmatis (MIC) In Vitro Activity (ug/mL)

Silver nanoparticles 250
Aqueous extract of Syzygium aromaticum 250

MATERIALS TECHNOLOGY 9

leading to the inactivation of bacterial proteins. Last
but not least, the membrane’s contraction makes it less
likely that nutrients will enter the cell for continued
growth and proliferation. Further studies on the
mechanism of silver nanoparticles need to be analysed
using microscopic studies to confirm the adhering

Figure 10. Zebra fish embryo — morphological change was noticed with high concentration of nanodrug.

resulting in cell death [40,41]. It is commonly accepted
that the interaction of the silver ions with negatively
charged species present in the cytoplasm layer is the
mechanism by which silver exerts its antibacterial
effect [28]. Silver ions are released in the aqueous
solution as the Ag nanostructure is in contact with
the bacteria and preferentially attaches to the cell wall.
Oxygen and hydroxyl groups in aqueous media stabi-
lize silver nanoparticles by having a powerful interac-
tion with the surface metal atoms, in addition to
securely anchoring silver ions onto the cell wall
through ion-dipole interactions [42,43]. According
to this interaction, the cell membrane may contract
or separate from the wall of the cell. As a result of the
cytoplasm membrane contracting or separating from
the cell wall, the DNA molecules become condensed
and lose their capacity to multiply when silver ions are
introduced. Additionally, it has been proposed that the
silver ions may interact with proteins’ thiol groups,

property of silver nanoparticles [31,44].

Antimycobacterial activity - microplate alamar
blue assay

The plant extracts did not show enhanced reduction of
Alamar Blue as compared to the medium control. The
nano synthesized plant extract of Syzygium aromati-
cum at 250 pg/ml showed activity against M. smegma-
tis. The study showed the inhibitory activity at 250 pg/
ml concentration by MABA (Figure 9). It was denoted
by the colour of the dye that remained blue, indicating
their capacity to inhibit the growth of M. smegmatis.
The change of dye colour from blue to pink colour
indicates the growth of M. smegmatis which means no
inhibition. Kaur et al., (2015) determined the anti-
mycobacterial activity of Syzygium aromaticum along
with many other medicinal with an indicator organ-
ism of M. tuberculosis H37RV [15]. The anti-
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Table 4. The cytotoxicity assay of plant extract Syzygium aromaticum was assessed by zebra fish embryo.

Plant name Concentration (ug/mL) No. of survival No. of Death % of Lethality
Syzygium aromaticum 5 9 1 10
9 1
25 8 2 30
6 4
50 5 5 45
6 4
75 3 7 70
3 7
100 2 8 85
1 9
Control 10 0 -
7073 ps 100 =3
3 90 = .
60 ] 3
] 80 =
3 50 3
B % P
5 w0 X
Sl o :
£ 3 g 50
S 4 £ - ®
5 & g
§ 20 30 = .
: 2 3
10 ] o
R 10 =4
0,3 0= Y—r—r—r—TTTTY ——rrTrrTT
1 1 10 100

Concenfration

Concentration

Figure 11. Survival rate and LCso concentration of Artemia salina for silver nanoparticle and plant extract.

mycobacterial activity of Syzygium aromaticum with
an indicator organism such as M. smegmatis, the MIC
of Syzygium aromaticum and silver nanoparticles was
observed to be at 250 ug/ml by MABA as shown in
Table 3 which is similar to the study done by Gupta
et al,, 2018 [23]

These findings suggest that both the aqueous
extracted AgNPs and the clove extract have promising
antimycobacterial properties. Further research and
exploration of these agents could pave the way for inno-
vative approaches in combating mycobacterial infections,
including tuberculosis, a global health challenge.

Cytotoxicity assay on zebrafish embryo and
Artemia salina

In this study, five different concentrations of green
synthesized silver nanoparticles were used from 5,
25, 50, 75to 100 mg/ml concentrations. There is no
significant mortality at 5 and 25 mg/ml than the
other concentrations. Whereas the 50 ug/ml shows

moderate and 75 and 100 pg/ml shows high toxicity
level. Where the silver nanoparticles of Syzygium aro-
maticum showed less toxicity in zebra fish larvae at
minimal concentration represented in Figure 10 and
Table 4 [6,45].

The brine shrimp lethality assay was also used to
determine the toxicity of nano particles. Five different
concentrations of nano synthesized plant extract of
Syzygium aromaticum are screened as shown in
Table 4. A substance with a lower LCs, value is more
toxic than one with a higher LCs, value. According to
the results, the 5 pug and 25 ug concentration have low
toxicity, whereas 50 pg concentration has moderate
toxicity and 75pug and 100 ug concentration have
higher toxicity level. The graph was plotted for calcu-
lating LCs, value of nano synthesized plant extract of
Syzygium aromaticum represented in Figure 11). In
our study, we have analysed the cytotoxicity of the
plant Syzygium aromaticum. Till now, a few studies
have been reported the toxicity effect of nanomaterials
on Artemia salina. Rajabi et al. (2015). Five different



concentrations were used for both test 5 and 25 pg/ml
concentration shows low cytotoxicity. Whereas the 50
pg/ml shows moderate concentration and 75 and 100
ug/ml show high cytotoxicity level. The study done by
Rajabi et al., (2015) used 16 nanoparticles to screen the
lethality. Only two nanoparticles showed strong toxi-
city which is LCsq < 100 ug/ml [24,46].

Conclusion

The flower buds of Syzygium aromaticum have a
potent antimycobacterial and pharmacological
activity. It is recommended to be taken because it
has many beneficial effects in human health such as
it used to be a carminative, to cure dental problems
and fungal infections and to strengthen the
immune system and used to cure respiratory ill-
ness. Further studies can be carried out to separate
potential and pharmacological compounds using
column chromatography, HPLC and NMR spectro-
scopy. The present study could also pave the way
towards the possibility of obtaining anti-mycobac-
terial drugs against other mycobacterial species.
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