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ABSTRACT

The process of producing zinc oxide nanoparticles using Lactobacillus casei and
their subsequent analysis of properties. Structure and morphological measurements

include research that includes measurements with X-ray diffraction, as well as the
use of electron microscopy (SEM) and optical measurements. Optics measurements
include UV-Vis diffusion reflection measurements and Fourier transformation
infrared measurements (FTIRs). In this study, PHA was extracted from L. casei, and
its characteristics were determined using UV spectrophotometers. The techniques
used in this study are FTIR, GC-MS, DSC, and TGA. The blue Nile was used to detect
PHA. In addition, the study examined the cytotoxicity of zinc oxide nanoparticles
(ZnONPs) and nanobiocomposites ZnO/PHA in normal cell lines. The study found
that WRL cells were exposed to ZnO extract and control substances for 24 hours at a
dose of 50 to 400 ml. The biosynthesis of zinc oxide yields the lowest cell performance
(72.84%), with a concentration of 400g/ml. In contrast, the Ambiguous’s control group
had a cell viability of 86.17 percent at the same concentration. However, the results
show that WRL cells are used in the same amount of ZnO / PHA nano biocomposite
extract (Z22) and ambiguous substances used as control when incubated. The ZnO/
PHA nanobiocomposite extracts have the lowest cell survival rates at 400 g/ml and
have a recorded 76.20% percentage. Compared to the Ambiguous, the cell survival
rate was 91.86 percent. At the same concentration, ZnO and ZnO/PHA show mild cell
toxic effects in normal cells. The study studied the cytotoxic effect of ZnONPs) and
nanobiocomposites (ZnO/PHA) in cancer cell lines. The results showed that MCF-7
cells were exposed to ZnO extracts at a dose of 50 to 400 mg/ml for 24 hours, with
an uncertain control. Zinc oxide extraction showed the lowest MCF-7 cell viability at
400 g/ml with a percentage of 43.56 percent. In comparison, the cell viability of water-
represented control groups was 79.89% at the same concentration. However, this
showed that MCF-7 cells incubated at the same dose with ZnO/PHA nanocomposite
extract (Z2) did not have conclusive results compared to the control. ZnO/PHA
extracts have the lowest MCF-7 cell survival rate with a concentration of 400 g/ml and
a percentage of 43.90%. In contrast, the same concentration of control groups treated
with water had a cell survival rate of 85.24 percent. The study showed significant
cytotoxicity of ZnO and ZnO/PHA on cancer cells, as opposed to normal cells.
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INTRODUCTION

Lactic acid bacteria (LABs) and probiotic
bacteria, derived from the Greek words pro and
bio, respectively, play an important role in dairy
technology due to their beneficial and healthy
effects. When given in sufficient quantities and
with strong resistance, probiotics help maintain
the balance and composition of the intestinal
microbes. They also increase the body’s ability to
resist harmful infections and protect the health
of the intestine from various diseases [1, 2].
Zinc oxide nanoparticles (ZnO NPs) have chemical,
physical, optical, and biological characteristics.
Nanoparticles (NPs) have wide applications in
many industries, including the environmental,
catalyst, optical, agricultural, and biological
sectors [3.4]. Zinc oxide nanoparticles (ZnONPs)
are mainly used as antimicrobials for wound
dressings, textiles, and food packaging [5].
Therefore, the effectiveness of ZnO nanoparticles
(NPs) in inhibiting harmful germs in laboratory
conditions has been evaluated against various
dangerous microorganisms [6,7]. The antimicrobial
effect of ZnO nanoparticles depends on their size
and shape. The high volume ratio of the surface
and ZnO nanoparticles improves their reactivity
and, hence, their antibacterial properties [8].
Polyhydroxyalcanoates (PHAs) are highly studied
and commercially used biopolymers [9]. Bacterial
polyhydroxyalkanoates  (PHAs) are  mainly
produced by bacteria as a part of the body and
serve as a storage component of plants [10,11,
12].

Bionanocomposites containing different
amounts of zinc oxide nanoparticles (ZnO) were
created by the solution casting method using
polyhydroxyalkanoates  (PHA).  Nanoparticles
are distributed evenly throughout biopolymers
without the need for surfactants or coupling
agents. The nanocomposites were studied to
analyze their shape, thermal characteristics,
mechanical characteristics, barrier characteristics,
migration  characteristics, and antibacterial
characteristics [13].

MATERIALS AND METHODS
Biosynthesis of ZnO Nanoparticles
Bacteria that are used in Biosynthesis
Lactobacillus casei was selected as a biological
model for the synthesis of nanoparticles of ZnO
from different strains, including L. plantarium, L.
bifidium, L. acidophilus, and L. fermentium. It was
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found that L. casei could synthesize and extract
ZnO nanoparticles from all strains by testing all
strains for the ability to produce nitric acid. It
is naturally isolated from dairy products and is
composed of non-pathogenic bacteria. These
bacteria are identified by microscopic examination
with Gram dye methods and by observing the
morphology of colonies in various media and basic
biochemical tests.

Synthesis of Zinc
Lactobacillus casei

The biosynthesis of zinc oxide nanoparticles
by Lactobacillus casei and the subsequent
characterisation of these nanoparticles are
investigated.  Structure and  morphological
measurements encompass the X-ray diffraction
measurements, scanning electron microscope
(SEM), and optical measurements, including UV-
Vis diffuse reflectance measurements and Fourier
transform infrared (FTIR) measurements, were
conducted in another study.

Oxide Nanoparticles by

Extraction and quantification of PHA

A 10 mL culture was subjected to centrifugation
at a speed of 5,000 revolutions per minute (rpm)
for 15 minutes. The liquid portion was discarded,
and the solid portion was treated with 10 mL of
sodium hypochlorite. The combination was then
kept at a temperature of 30 degrees Celsius for 2
hours. The combination underwent centrifugation
at a speed of 5000 revolutions per minute for
15 minutes. Subsequently, it was subjected to
sequential washes with distilled water, acetone,
and methanol. The pellet was dissolved in 5
ml of chloroform that was heated to its boiling
point. The resulting solution was then poured
onto a sterile glass tray that was maintained at
a temperature of 4 degrees Celsius. The solution
was allowed to evaporate, and the weight of the
remaining substance was measured. The relative
accumulation of PHA by the several isolates was
evaluated to identify the most proficient producer
[14].

Characterization of PHA

The qualitative investigation of PHA involved
the utilization of its chemical structure and thermal
properties as criteria. The characterization and
determination of native PHA-like granules required
precise measurements to analyze their physical
properties. In this study, five main methods were
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used for characterization: infrared spectroscopy
(IR), differential scanning calorimetry (DSC),
thermogravimetric analysis (TGA), UV-visible
spectroscopy, and gas chromatography-mass
spectrometry (GC-MS).

PHA spectrophotometer assay

The polymer (PHA) extract in chloroform is
transferred to a new test tube. The chloroform
was volatilized and 10 ml of concentrated H2S04
were introduced. The tube is sealed with a glass
marble and subjected to heating for 10 minutes
at a temperature of 100 °C in a water bath.
After cooling, the solution is thoroughly mixed,
and a portion is placed in a silica cuvette. The
absorbance at 235 nm is then measured using a
UV spectrophotometer with a sulfuric acid blank
[15,16].

Four transform infrared Spectroscopy (FTIR)

The chloroform extract of PHA (4mg) was
completely combined with KBr (Spectroscopic
grade) and subjected to drying at 100°C for 4
hours. The infrared spectra of the PHA sample
were captured and analyzed using a single-beam
Perkin Elmer Spectrum BX series instrument from
Japan. Using the given scan parameters: The scan
was conducted in the range of 4000-400 cm™ with
a total of 16 scans and a resolution of 4.0 cm™ [17,
18].

GC-MS analysis

A GC-MS-QP 2010 Plus model, equipped
with a capillary Column-Rtx-5 MS (30 m x 0.25
mm i.d. x 0.25 um film thickness), was used to
perform a molecular analysis of pure polymer. The
samples were introduced into the system using
a 3 pl injection in splitless mode. The injection
temperature was set at 260°C, while the column
oven temperature was maintained at 100°C. The
acquired mass spectra were cross-referenced
with the Nist-08 and Willey-08 mass spectral
collections.

Differential scanning calorimetry (DSC)

The thermal characteristics of the polymer were
determined using the Pyris 1instrument, which was
connected to a cooling accessory. Before chilling at
a rate of 5 C/min, the instrument was equilibrated
at ambient temperature and then cooled to -40
C. A quantity of 5 milligrams of polymer was
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enclosed within an aluminium pan and subjected
to a temperature of approximately -40 degrees
Celsius for 1 minute. The sample was then heated
to a temperature of 200 degrees Celsius at a
pace of 5 degrees Celsius per minute. The second
chilling and heating process was conducted in the
same manner, with the exception that the heating
phase began at -40 °C and reached a temperature
of 200 °C. The glass transition temperature (Tg)
and melting temperature

(Tm) were identified based on the DSC
thermogram [19].

Thermogravimetric analysis (TGA)

The thermal stability of the PHA polymer
was assessed using the STA 6000 equipment
manufactured by Perkin Elmer in the United
States. A polymer sample weighing around 10 mg
was placed in an aluminum pan and subjected
to heating from around 4°C to 600°C at a rate of
10°C per minute in a nitrogen environment. This
investigation was conducted to determine the
decomposition temperature (Td) of the polymer
sample, which is defined as the temperature at
which the sample loses 5% of its weight [20, 21].

Qualitative analysis of polyhydroxyalkanoate
granules
Fluorescent Microscope

The bacterial cells were cultivated in MRS broth,
then heat-fixed onto a glass slide and subsequently
inundated with Nile Blue. The sample was treated
with a 1% solution and incubated at 55°C for 10
minutes. Subsequently, the slide was washed with
an 8% acetic acid solution for 1 minute to eliminate
any remaining unstained material. The slide was
flushed with tap water and then placed beneath
a glass cover slip. It was then examined using a
fluorescence microscope with 100x magnification
and oil immersion. The microscope was equipped
with cellSens® Version 1.4 Software.

Preparation of PHA films and PHA-ZnO composite
films

The PHA films and PHA-ZnO composite films
were prepared using the usual solvent-cast process.
PHA films were fabricated by dissolving 0.3 mg of
the extracted polymer in 30 ml of chloroform in a
Schott bottle with magnetic stirring for 30 minutes.
The resulting solution was then placed onto a glass
petri dish with a diameter of 9 cm to serve as the
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casting surface. The petri dishes were sealed with
perforated aluminum sheets and placed in a dark
location at room temperature (30 °C) for 24 hours
to allow the chloroform to completely evaporate.

Solutions and Media Used in the Tissue Culture
Technique

Solutions and culture Roswell Park Memorial
Institute — 1640 Medium (RPMI) media used for
cell culture were prepared according to [22].

The Cytotoxic Effect of Zinc Oxide Nanoparticles
Synthesis from L. casei on Tumor Cell Lines

An in vitro study was conducted to examine
cytotoxic

the potential impact of various

concentrations of ZnO nanoparticles derived from
L. casei on tumor cell lines (MCF-7 and A549) and
a normal cell line, WRL 68.

Cell Line Maintenance

Once the cells in the vessel had formed a
continuous monolayer, the subsequent according
to protocol [22].

MTT Protocol

The cytotoxic effect of ZnO and ZnO/PHA
nanobio composite extract from L. casei was
performed by using an MTT ready-to-use kit
(Intron Biotech).

Fig. 1. L. casei with PHA after growth in MRS under a fluorescent microscope using Nile
blue a stain at 1000x magnification.

Fig. 2. polyhydroxyalkaonate extract from Lactobacillus casei.
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RESULTS AND DISCUSSION
Primary screening of polyhydroxyalkanoates
production by Nile blue stain

The bacteria isolated from dairy starters were
cultivated in the MRS broth tank and shaken for 42
hours at 36 °C. The Nile Blue A was used to quickly
detect and isolate PHA-producing bacteria. Of the
six isolated lactobacillus strains, only three showed
positive results when dyed with a particular Nile
blue colour. The PHA granules bacteria are L. Casei,
L.plantarum and L.fermentum [23,24].In this study,
only L. casei was used because of its superior ability
to enhance the production of PHA compared to
other species. In addition, the colonies generated
in the MRS media were studied under ultraviolet
light (UV) to identify the pink fluorescence in Fig.

1, which acts as an indicator of the existence of the
PHA producer. The user’s text is empty. In blue A
dye of the Nile, colonies containing PHA showed a
bright orange fluorescence when exposed to UV
light. As the PHA level in bacterial cells increases,
the intensity of their fluorescence increases.

Extract of Polyhydroxyalkanoate by Lactobacillus
bacteria

The presence of polyhydroxyalkanoate was
detected in Lactobacillus caesi. Lactobacilli were
kept in MRS broth for 48 hours. Cell biomass
is obtained through centrifugation. The cell
walls were disturbed by sodium hypochlorite.
Polyhydroxyalkanoate ~ was  extracted  with
acetone, methanol, and chloroform. Fig. 2 shows
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Fig. 3. UV-Vis spectrophotometer scanning spectrum of PHA compounds extracted from Lactobacillus
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Fig. 4. FTIR of Polyhydroxyalkaonate extract from Lactobacillus casei.
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a PHA extract from L. Casey observed as white
powder. Studies [25] showed that when specific
plasmid DNA is transferred from the bacterium to
the Escherichia coli, the bacterium that receives
it has a significant increase in PHA production.
[26] stated that PHA accumulation in Azarobacter
vinelandii UWD is related to enzyme functions of
3Kitothiolase and Acetoacetyl-CoA.

Characterization of PHA extract from Lactobacillus
casei
PHA spectrophotometer

UV-Vis scanning of the extracted polymer
showed peaks at 235 nm readings extracted
from L. casei Fig. 3. This peak range indicates the
occurrence of PHA [27].

FTIR of polyhtdroxyalkonate

The extracted PHA samples were analysed using
FTIR analysis to identify their functional groups
(Fig. 4). Among the functional groups found are
hydrogen (-OH), methyl (-CH2), estr carbonyl

(C=0-ester), carbonyl of the amino acid protein
(C=0- amino acid protein), nitrogen-hydrogen
amino acid protein (N-H amino acid protein),
methyl (CH3), ether (-C-O-) and alkyl halides.

The results of the FTIR analysis showed a peak
of approximately 3703 cm™ and showed that the
OH terminal group formed in Lactobacillus casei
generates a strong H bond, which is shown in Fig. 4
below. Other studies [28, 29] also reported similar
results, with peaks of 2927 c¢cm™ attributable to
the expansion of the C—H bonds in the methyl and
methyl groups. The results are similar to those
reported in 29.30. The 1743 cm™ absorption bands
correspond to the PHA marker bands assigned
to the carbon C=0 stretches of the ester group
presentin the highly organized crystal structures of
the chain. The peak observed in the Lactobacillus
casei spectrum is 1458 cm1 and corresponds to —
CH2. The highest peaks of 1261 cm™ and 1159 cm™
correspond to the existence of a-C-O bond polymer
group. The presence of alkylhalides [27] indicates
the extension of additional peak 871.713, 530,

Table 1. GC- Mass analysis of Polyhydroxyalkanoate extract from Lactobacillus casei.

Molecular weight

No Phytochemical name Chemical formula RT(min) g/mol Quality Gas number
1 Undecanoic acid, C11H2202 11.844 186.295g/mol 90 112-37-8
ethyl tridecaoate C15H3002 ’ 242.403 g/mol 80 28267-29-0
) Cyclohexadecane, C16H32 12.782 2127462342 g/:]ooll 53 295-65-8
2-Tetradecenal 1,2- diethyle C12H26 ’ =8 46 64461-99-0
3 Tetradecanoic acid C14H2802 14.010 228.376 g/mol i 544-63-8
4 Oleic acid , C18H3402 16.581 282.468 g/mol 76 112-80-1
Trans -13 octadecenoic acid C18H3402 ’ 282.46 g/mol 62 112-79-8
6 Hexadecanoic acid C16H3202 17.715 257.422 g/mol 90 57-10-3
7 Docosane C22H46 20.014 310.61 g/mol 96 629-97-0
Pentatriacontane C35H72 ’ 492.961 g/mol 94 630-07-9
Cis-10-Nonadecenoic acid , C19H3602 296.495 g/mol 84
. K . 73033-09-7
8 22-Tricosenoic acid , C23H4402 20.459 352.603 g/mol 83 65119-95-1
cycloeicosane C12H22 166.308 g/mol 83
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and 424 cm, and the existence of these different
absorption bands proves that the polymer isolated
from the lactobacillus is polyhydroxyalcanoate.

GC- MS analysis of PHA extract from Lactobacillus
casei

GC-MS analysis helps determine the structure
of the component. The main chemicals of concern
were determined by analyzing their retention

peaks. In MRS media, Lactobacillus casei strains
were grown to produce PHA containing undecanoic
acid and ethyltridecaoate. These compounds were
detected at retention times of 11.844 m, with
molecular weights of 186.295 g/mol and 242.403
g/mol, respectively. This information is shown in
Table 1 and can also be observed in the highest
form of Fig. 5. Decanoic acid is a saturated fatty
acid with a straight chain of 11 carbon atoms. It
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Fig. 5. GC- Mass analysis of polyhydroxyalkanoate extract from Lactobacillus casei.
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exists in human fluids. The other related fatty acid,
Tetratradiolcanoic acid, has a molecular weight
of 288.376g/mol and appears at a specific time
of 14.010 m. Tetradecanoic acid (also known as
Myristic acid) is a 14-carbon-chain, fully saturated
fatty acid. It is often found in animal and vegetable
fats. A prominent peak of 3HB (hexadecanoic acid)
tetramers with a molecular weight of 257,422g/
mol was observed at 16.025 m and 17.715 m.
Hexadecanoic acid (also known as palmitic acid) is
the first synthesis fatty acid and the precursor to
long fatty acids. The analysis found that monomer
chains represent 21-30 percent (molecular) of the
human body and belong to the biodegradable
polyester family [30-32]. GC-MS analysis yielded
comparable results (33). The retention period
and ion fragment patterns at 20.210 min and
20.014 min are the same as those of docosane
and pentatriacontane in this result, indicating the
presence of random molecules. This compound
is probably a product of bacterial growth in MRS
enrichment media. The results are consistent
with the results obtained from GC-MS analysis, as
reported [34, 35].

Thermal properties of Polymer

The thermal characteristics of
polyhydroxyalkanoate extracts of lactobacillus
casei were investigated using differential scanning
calibration (DSC) and thermodynamic analysis
(TGA). The results showed that the melting
temperature (TM) of L. casei. PHA extract
ranged from 153.2 °C to 188.7 °C at the initial

100+

80+

60+

404

WRL Viability%

- Z1

204
= DMSO

0 v

temperature and from 271.2 °C to 297.0 °C at
the offset temperature. The findings have been
documented in previous studies (section 35). TGA
analysis of PHA extracted from the Lactobacillus
casei strain was conducted to evaluate thermal
stability. In Fig. 6, PHA degradation occurred in
three stages. The melting point of the polymer
began at 166.2 °C, indicating a process caused by
the decay of the C- Catom. The second step, which
occurred at 280.1 °C, corresponded to a separate
reaction caused by the release of CO2 gas. The
third stage occurs at 458.78C, the point where the
maximum degradation of the PHA occurs, with a
mass change of 98.7135% between 166.2C and
458.78C. At 600°C, the final polymer reaction
took place. Differential scanning calorimetry (DSC)
analysis was carried out to examine the melting
temperature, glass transition temperature, and
heat associated with the melting process of PHA.
PHA’s melting temperature (Tm) was measured
at 188.7°C, and the melting temperature for the
first peak was determined at 70.93 J/g. The second
peak was 297.0°C and was associated with a
temperature of about 486.38J/g. These results are
supported by existing literature [36].

[37] documented that the degradation of PHA
occurred in two distinct phases and was fully
degraded at a temperature of 300°C. In contrast,
our findings demonstrate that the decomposition
of PHA took place in three stages and remained
intact until reaching a temperature of 320°C.
However, PHA generated from Bacillus shackletonii
K5 was destroyed in two phases, with a maximum

Ambiguous

ICsp 360.3

0.5 1.0 1.5

2.0 2.5 3.0

Log Concentration pg/mL
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3

J Nanostruct 15(2): 446-458, Spring 2025
(@)er |

. 7. Cytotoxic effect of Zno nanoparticles extract from L. Casei on normal cell line.
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temperature of 280°C [38].

Cytotoxic Effect of ZnO NPs (ZnONP) and ZnO/PHA
Nanobiocomposite on normal cell line

The cytotoxic effect of ZnO nanoparticles
and ZnO/PHA nanobiocomposite extract from
Lactobacillus casei on the normal cell line (WRL)
was determined using the 3-(dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium  bromide (MTT)
assay. This experiment was conducted to quantify
the viability of cells and the rate of inhibition
by applying various doses of Lactobacillus casei
extracts on normal cell lines.

The data analysis uses a microgram per
milliliter (g/ml) unit, and the logarithmic value of
g/ml is plotted in GraphPad Prism 6. The diagram
shows the relationship between the inhibitor
concentration logarithm and the response curve.
The most important IC50 values were chosen
according to the best values. The viability of cells

100+

80+

40+

WRL Viability%

- 22
- DMSO

204

0 -

at each time point was evaluated by colorimetric
MTT tests. Table 2 shows the cytotoxicity of ZnO
nanoparticles and ZnO/PHA nanobiocomposite
extracts from Lactobacillus casei on normal cell
lines (WRLs). The results show that certain effects
were observed when WRL cells were exposed to
ZnO extracts and unknown substances as controls
for 24 hours at different concentrations of 50 to
400 g/ml. Cell survival is very low when compared
to cancer cells depending on the dose, and the
concentration of zinc oxide extract (Z1) increases.
ZnO extracts have the lowest cell viability (72.84%)
at 400 g/ml, while control groups (Ambiguous)
have 86.17 percent cell viability at the same
concentration. Since IC50 was calculated, the
inhibition rate of WRL cells between zinc oxide (Z1)
and control groups has not changed significantly.
Zinc oxides (Z1) have the highest cytotoxic activity
and have an IC50 value of 360.3 g/ml. In contrast,
Ambiguous’s IC50 value is approximately 3991.

Ambiguous

ICyo 198.6

0.5 1.0 1.5

2.0 2.5 3.0

Log Concentration pg/mL

Fig. 8. Cytotoxic effect of Zno /PHA extract from L. Casei on normal cell line.

Table 2. Cytotoxic Effect of ZnO NPs ( ZnONP) and ZnO/PHA nanobiocomposite on normal cell line.

Concentration

i

Cellline 400.0 200.0 100.0 50.0 1c50

Zno Ambiguous 86.17+2.163  94.37£0.3983 93.46+1.403 96.180.7227 ~3991
WRL 72.84+2.028 86.03:0.4928  92.13t0.8992  96.18+0.7227 360.3

Z”I_&/P Ambiguous  90.86+0.9979 94.47+1.213 95.3340.6826  95.22+0.4741 ~65572
WRL 76.20+1.853 84.80+0.6955 93.60+1.212 95.33+0.6828 198.6
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The result is shown in Fig. 7 [7].

However, the results of the same table show
that in 24 hours of concentrations of 50 to 400
g/ml, WRL cells were incubated with ZnO/PHA
nanobiocomposite extract (Z2) and unclear
substances as control, and the cell’s survival
gradually declined depending on the dose. Cell
survival decreased with the increase in the
concentration of zinc oxide/PHA (Z2) extracts.
ZnO/PHA nanocomposite extracts were the
lowest in cell vitality (76.20%) at 400g/ml. On the
contrary, in the control group Ambiguous, cell
viability was 90.86% at the same concentration.
IC50 calculating determined no significant changes
in the inhibition rate of WRL cells between the
zinc oxide/PHA nanobiocomposite and the control
group. The nanobiocomposite Z2, composed of
zinc oxide and PHA, showed remarkable non-
cytotoxic activity, as evidenced by its IC50 value of
198.6 g/ml. This conclusion is presented in Fig. 8.

The results demonstrate that the ZnO
nanoparticles and ZnO/PHA nanobiocomposite
have a minimal cytotoxic effect on normal cell lines
compared to cancer cells, which are significantly
affected. The treatment of ZnO nanoparticles
also induces the production of reactive oxygen
species (ROS) in normal cells, however, the level of
generation is relatively lower compared to cancer
cells. This is because normal cells originally possess
a lower amount of ROS and a smaller number of
signaling molecules that can be transformed into
more reactive species. Therefore, the oxidative
stress generated may not be sufficient to induce
cell death, resulting in a comparatively lesser

100+

MCF-7 Viability%

- Z1
20+ = DMSO

cytotoxic reaction. Thus, this could perhaps
explain the specific ability of ZnO NPs to kill rapidly
dividing cells, such as cancer cells [39, 40, 41].

Cytotoxic Effect of ZnONP) and Zno/PHA
nanobiocomposite on cancer cell line

The cytotoxicity of zinc oxide nanoparticles
and ZnO/PHA nanocomposite extracts of
Lactobacillus casei on MCF-7 breast cancer cells
was determined by 3 (dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) tests. This
experiment is used to assess cell survival and
inhibition rates by introducing different amounts
of Lactobacillus casei extracts into the tumor cell
lines. Data analysis is carried out using micrograms
per milligram (g/ml), and the logarithmic values
of g/ml are plotted using GraphPad Prism 6. This
diagram is generated by plotting the logarithmic
ratio of the inhibitor concentration to the
response curve. The most important IC50 values
were chosen based on the best values.

Table 3 shows the cytotoxic effects of ZnO
nanoparticles and ZnO/PHA nanocomposite
extracts from Lactobacillus casei on MCF-7 cells.
The results show that MCF-7 cells are induced to
decrease cell survival when exposed to ZnO extracts
at concentrations of 50 to 400 g/ml for 24 hours.
In other words, the cell’s viability declined as the
concentration of zinc oxide extract (Z1) increased.
The zinc oxide extracts have the lowest MCF-7 cell
activity, with a concentration of 43.56% at 400g/
ml. In contrast, the Ambiguous control group cells
were 79.89% of the same concentration. IC50
calculation determined the significant difference

545.4

ICs0 225.7

0.5 1.0 1.5

2.0 2.5 3.0

Log Concentration pg/mL

Fig. 9. Cytotoxic effect of Zno nanoparticles Extract from L. Casei on tumor cell line.
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in MCf-7 cell inhibition rates between zinc oxide
(1) and control groups. Zinc oxides (Z1) have the
highest cell toxicity, with an IC50 value of 198.6g/
ml. This observation is shown in Fig. 9. However,
the same table shows that the survival of MCF-7
cells decreased with dose-dependent patterns
incubated for 24 hours at concentrations of 50—
400 g/ml of ZnO/PHA nanocomposite (Z2). This
means that the viability of cells decreases as the
concentration of zinc oxides and PHA extracts (Z2)
increases. Zinc oxide extraction showed the lowest
growth rate of MCF-7 cells, recording 43.90% at a
concentration of 400g/ml. Similarly, the control
group using Ambiguous showed a cell viability
of 85.24 percent at the same concentration.
Significant differences in MCf-7 cell inhibition rates
have been observed between zinc oxide/PHA
nanobiocomposite and control groups determined
by IC50 calculation. The Z2 nanobiocomposite,
composed of zinc oxides and PHA, has the highest
toxic activity, with an 1C50 of 95.92g/ml. This result
is shown in Fig. 10.

100+

80+

40+

MCF-7 Viability %

- 72
204 = DMSO

Multiple studies have shown that ZnONP is
preferentially toxic to cancer cells, but the exact
mechanism behind this selectiveness remains
uncertain. ROS may explain why ZnONPs kill
particularly rapidly dispersed cells. Studies show
that, after treatment with ZnO nanoparticles,
cancer cells produce higher levels of reactive
oxygen species (ROSs) than normal cells [42, 43,
44]. ROS and other signal molecules are usually
rich in rapidly expanding cells, such as cancer
cells, because their metabolic rate is higher than
that of normal cells. Furthermore, contact with
PHA nanocomposites can further strengthen the
activity of these chemicals [45, 46, 47]. When
cancer cells are treated with ZnO nanoparticles
(NPs), the redox reaction system of nanoparticles
can interact with the high levels of chemical
substances and nearby signal molecules. This
interaction generates additional reactive oxygen
species (ROSs), causing considerable oxidative
stress within the cell. Finally, this oxidative stress
causes cell death [48, 49, 50].

Ambiguous

ICg0 95.92

0 - -
0.5 1.0 1.5

2.0 2.5 3.0

Log Concentration pg/mL

Fig. 10. Cytotoxic effect of ZnO /PHA extract from L. casei on tumor cell line.

Table 3. Cytotoxic Effect of ZnO NPs ( ZnONP) and ZnO/PHA nanobiocomposite on cancer cell line.

concentration

Cell line
400.0 200.0 100.0 50.0 I1c50
Zn0 Ambiguous 79.8943.818 90.91+0.9537 94.2840.7561 94.0810.7682 ~65572
MCF 43.56+2.773 61.57+3.085 75.6212.005 88.08+1.895 198.6
ZT_&/P Ambiguous 85.24+1.674 91.85+1.591 95.35+0.5397 94.38+1.546 ~8649
MCF 43.90+0.8722 51.85+1.591 68.02+2.239 90.05+1.400 95.92
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CONCLUSION

The current study showed that gram-positive

bacteria, especially Lactobacillus casei, can produce
polyhydroxyalkanoate (PHA) and biosynthesize zinc
oxide nanoparticles. Furthermore, the biological
synthesis of ZnO nanoparticles is more effective,
as shown by low toxicity effects on normal cells.
PHA nanofilms and their composites, including
Zn0 nanoparticles, showed more effective results
against cancer cells than only ZnO nanoparticles.
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