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a b s t r a c t

Based on the recent research, the natural polysaccharide rich biopolymer of chitosan is an important car-
rier molecule for drug loading. In addition, the plant essential oils were another important material that
frequently used to treat various infectious diseases. In addition, the chitosan loaded essential oils were
heightened recent years due to the excellent biomedical properties. In this regard, the current study
result was concentrated with encapsulation of plant essential oils into the chitosan nanoparticles for inhi-
bit against A549 human lung cancer cells. In result, the unique and uniform size morphology of chitosan
was clearly shown in scanning electron microscope (SEM) and transmission electron microscope (TEM).
Further, the IC50 dose of the chitosan loaded essential oils at 1000 lg/mL concentration against A549 lung
cancer cells was confirmed using cytotoxicity assay and this concentration was very effective than chi-
tosan and essential oils alone. At 1000 lg/mL concentration, the high proliferation efficiency with unclear
morphological evidence of A549 lung cancer cells was shown in phase contrast microscope. In addition,
the AO/EB stain result was indicated more death cells with belbing formation of the treated cells were
observed. At 1000 lg/mL of IC50 concentration of chitosan loaded essential oils was damaged the A549
lung cancer cells with high necrotic cells, chromatin condensation, and decreased cell division.
Therefore, all the invitro experiments results were clearly stated that the chitosan loaded essential oils
as more efficient alternative option to inhibit the cancer cells.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Recent years, applications of nanoscience or nanomaterials in
the field of biomedical approaches are called a nanomedicine
(Matshetshe et al., 2018). In addition, the variety of forms includ-
ing nanoparticles, nanoshell, nanobiosensor, nanovaccines,
nanocarriers, nanorobotics and various forms are used in the field
of biomedical applications (Rajkumar et al., 2020). In biomedical
field, it act as a drug delivery system and used as a prolonged time
duration and natural affinity. In drug delivery process, various
format of nanomaterial was used to treat pathogens and their
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infections such as micelles, nanoemulsion, nanocolloids, den-
drimers, nanocarriers and liposomes. The carrier of nanomaterial
used to enhance the drug activity, solubility of hydrocompounds
and other natural products. Also, it is increased the bioactivity,
bioavailability, decreasing the more amount of drug utilization
and decrease the toxicity effect (Esmaeili et al., 2015; Cai et al.,
2021).

Among the various anti-pathogenic molecules, the plant essen-
tial oils are the most important one due to the excessive inhibition
effect than plant extract. In this advantage, the current research is
highly focused on plant essential oils are loaded on chitosan mole-
cules for inhibit the cancer cells. As same as the current research is
highly concentrated with plant essential oils and increased atten-
tion in chitosan loading process (Prasathkumar et al., 2021). In
addition, it is an excellent complementary and alternative drug
for most of the infectious diseases. Essential oils are the factory
of compound producer it arranged in the form of complex chemi-
cals (Taskin et al., 2020). Most of the volatile compounds, hydro-
carbons, enzymes, and other related bioactive compound
synthesized chemical derivatives and their moieties are present
in the complex essential oils (Das et al., 2021; Li et al., 2020).

In this method, sodium tripoly phosphate act as a cross linker
for loaded essential oils, drugs, proteins, amino acids, nutrients
and enzymes (Damasceno et al., 2018; Rajivgandhi et al., 2021).
In the loading process, the ionic interaction between the chitosan
molecules containing amino group with positive charges and neg-
atively charged cross linker of sodium try poly phosphate (Fig. 1).
After this process, the material has the enhanced diffusion abilities,
high dispersion around the target sites and delivered the nano
sized drug in inside of the pathogenic cells. Hence, the current
study is focused on detect the efficiency of obtained essential oils
nature after loaded into the chitosan nanoparticles against A549
human lung cancer cells through various invitro experiment.

2. Materials and methods

2.1. Culture collection and solution preparation

The chitosan loaded essential oils was obtained from School of
Life Sciences, Sun Yat-Sen University, Guangzhou, China. Initially,
the characterization and their anti-biofilm efficacy of chitosan
Fig. 1. Preparation of chitosan nanoparticles loaded with essen

2

loaded essential oils were evaluated and published recently
(Rajivgandhi et al., 2021) In addition; the anti-cancer ability of chi-
tosan loaded essential oils was used in this study to detect the anti-
cancer ability.

2.2. Reconfirmation of chitosan loaded essential oils by SEM and TEM
analysis

In sample preparation, 1 drop of suspended chitosan loaded
essential oils was taken in aluminum plate and kept 12 h in desic-
cator to complete dry. Then, the sample was coated with gold plat-
inum plate, after clear coated the 9 � 10-1 formatted SEM
instrument was used (Valizadeh et al., 2021). As same as, all the
procedure with copper grid coating sample was taken using syr-
inge and the sample was air dried. Without any contamination of
the sample was visualized by TEM (Shimadzhu, Japan). All the
same procedure was applied for chitosan nanoparticles and essen-
tial oils separately.

2.3. anti-cancer activity

2.3.1. Cell viability assay of chitosan loaded essential oils
The viability based cancer cells detection after treatment with

chitosan loaded essential oils was measured under
dimethylthiazol-diphenyltetrazolium bromide (Zhang et al.,
2020a, 2020b). In procedure, the complete medium was added into
the 96-well polystyrene plate with standard procedure and inocu-
lated 2 � 10-4 of 24 h old lung cancer cells, and incubated one day
with 95 % humidity and 5 % CO2. Next, 100–1000 lg/mL concentra-
tion of chitosan nanoparticle, essential oils, chitosan nanoparticle
loaded essential oils were treated properly into the respective
wells. Next day, the MTT solution was inoculated on the 24 h incu-
bated side of the all wells and covered by aluminum foil to avoid
contamination. Next, formazan crystal formation of the MTT added
wells were monitored and noted based on the color formation
using 600 nm O.D value by UV-spectrophotometer. After careful
reading, the IC50 concentrations of the chitosan nanoparticle,
essential oils and chitosan nanoparticle loaded essential oils was
detected using bellowed formula,

Percentage of inhibition = Control result O.D – Test result O.
D X 100,
tial oil through emulsification and ionic gelation methods.



G. Rajivgandhi, S. Kadaikunnan, G. Ramachandran et al. Journal of King Saud University – Science 35 (2023) 102598
2.3.2. Structural differentiation of cancer cells
The complete medium with and without chitosan nanoparticle,

and chitosan nanoparticle loaded essential oils treatment samples
were taken in 6-well plate. A clean, clear cover slip was pressed
slightly into the sample medium and allowed to grown on the
cover slip at 37℃ for 1 day with standard incubator protocol. Then,
formaldehyde (1 %) was fixed on the cover slip and allowed 1 h to
complete fixation. Finally, visualized the morphological differenti-
ation between treated and untreated slide samples using phase
contrast microscopy (Rajivgandhi et al., 2020).

2.3.3. Dual fluorescence staining assay
The protocol of Salehi et al. (2020) helped to done fluorescence

experiment including complete medium with chitosan nanoparti-
cle and chitosan nanoparticle essential oils taken into the 6-well
plat. Followed by clean cover slip pressing procedure in inside of
the complete medium and permit to grow cancer cells on cover
slip. Then, maintained the plate at required standard incubator
procedure. Then, the cover slips were taken out from 6-well plate
and washed by PBS (1x) and then stained by each 10 lg/mL mixed
AO/EB stain combination. Finally, the cover slip was viewed by flu-
orescence microscope for detection of morphological changes into
the cancer cells of treated and untreated cells.

2.3.4. Measurement of damaged parts of mitochondria (DWm)
The experiment was followed the recent report of Rajivgandhi

et al., (2020), and protocol was modified below, after successful
a

c

Clear rock like 
structure of 

 

 

Chi
nanop

Fig. 2. Scanning electron microscope observation for confirmation of obtained chitosan
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completion of incubation period with chitosan nanoparticle and
chitosan nanoparticle loaded essential oils treatment, the cells
were stained by Rhodamine 123 and viewed in fluorescence micro-
scope. In this experiment, the end apoptosis process shown high
release of cytochrome c from mitochondrial region to cytosol.
Before, the harvested cells was treated by trypsinization and
washed by PBS (1 %). Then stained with 10 lg/mL of Rodhamine
123 and waited 30 min and followed by standard incubation. Then,
again washed with 1 % PBS and then dry the sample. Finally, the
sample was viewed by fluorescence microscopy for detection of
mitochondrial variation in treated and untreated cells.

3. Result and discussion

3.1. Morphological evidence of chitosan and chitosan loaded essential
oils by SEM and TEM micrographs

Based on the result, the micrograph of Fig. 2b was exhibited the
completely chitosan loaded essential oils. Because, the image was
entirely varied from native chitosan nanoparticle images of
Taskin et al. (2020). Also, the clear differentiated morphology of
essential oils was shown within the chitosan nanoparticle outer
layer. After seen the microscopic images, the clear rough morphol-
ogy and tightly packed arrangement of the particles with rough
outer morphology were exhibited. Previously, was reported similar
statement with current study result, and also helped to suggest the
present image of Fig. 2a was native chitosan. In addition, the chan-
b
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(a), chitosan nanoparticles (b) and chitosan nanoparticles loaded essential oils (c).
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ged chitosan nanoparticle was shown with single homogeneity
structure with flocculent nature. These changes were suggested
that the chitosan was changed to chitosan nanoparticle with the
help of sodium tri poly phosphate. The Fig. 2b was supported evi-
dence for chitosan nanoparticle, and it proved by recent report of
Esmaeili et al., 2015.

The differentiation of chitosan and chitosan nanoparticles were
seen in the Fig. 2c, and the result was proved that the essential oils
was completely loaded into the chitosan and morphology was
shown very clearly. The oil was precipitate in the rough surface
and morphology was shown with follicle nature. The essential oils
were seen within the chitosan layers and also shown boll like
structure. The highly resembled result of chitosan and chitosan
nanoparticle loaded essential oils were observed in TEM images.
The clear spherical, unique particles, rubble surface morphology
was shown after loaded essential oils. The differentiation of chi-
tosan nanoparticles (Fig. 3a), and chitosan nanoparticles loaded
essential oils (Fig. 3b) were clearly available. In TEM, the chitosan,
chitosan nanoparticles and chitosan nanoparticles loaded essential
oils were exhibited with different morphology. The sticky nature
was shown after loaded the essential oils only and the morpholog-
ical structure exhibited oil covered layer. The oils were shown with
dispersed structure into the chitosan molecules and precipitated.
Based on the TEM result, the current results were suggested that
the plant essential oils were clearly covered by the chitosan layer
and it shown ball like structure. In addition, the TEM result was
highly similar to SEM and both the evidences were proved that
the essential oils were successfully loaded into the chitosan mole-
cules. Kumar et al. (2020) agreed the present result and TEM mor-
phometric was highly similar to essential oil loaded chitosan
structure. Recent report of Taskin et al. (2020) was also more evi-
dent, the chitosan nanoparticle was the better choice to load the
essential oils to perform against various biomedical applications.

3.2. Cell viability assay of chitosan loaded essential oils

In cell viability, the decreased viability was received in increas-
ing concentration of chitosan loaded essential oils, but the com-
plete death cells were observed at very lowest concentration. At
500 lg/mL concentration, the cells were not grown and also fallen
the nutrient depletion and leads to more death cells. After entry of
chitosan nanoparticle loaded essential oils into the cells, it directly
affected the nucleus and promoted the responsible genes for high
number of apoptosis production. The continuous production of
apoptosis may cause bulk amount of cancer cells death were pro-
Fig. 3. Transmission electron microscope observation of chitosan nano
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cessed by chitosan nanoparticles (Fig. 4c). In net result, the viabil-
ity of the cells was decreased and their cell division, growth
promoter genes and other virulence genes were inactivated. Previ-
ously, the inhibition range was started well in 100 lg/mL only,
before we can see the result in 10 lg/mL–100 lg/mL, the death
rate was not shown better and viability was remain withstand in
the culture medium. It expressed the nature of cancer cells and
their effect against human (Kavaz et al., 2019). Apart from this,
we could find the inhibition of cancer cells when treated with chi-
tosan nanoparticle also. Compared with chitosan loaded essential
oils, the chitosan nanoparticle was shown inhibition with high
concentration 100 lg/mL. It was also suggested that the chitosan
has anti-cancer ability against tested A549 lung cancer cells at
increasing concentration. The IC50 dose of the chitosan was derived
from 1000 lg/mL (Fig. 4a). Whereas, the essential oils were also
shown anti-cancer properties against tested A549 lung cancer cells
at increasing concentration. At 1000 lg/mL concentration, the
essential oils were effectively targeted the responsive region and
affected the entire nucleus (Fig. 4b). In this reason, the entire can-
cer cells were lost their effect and conveyed that the plant essential
oils has concentration-dependent inhibitor against A549 lung can-
cer cells. Compared to chitosan loaded nanoparticle, the concentra-
tion was double time lower when use chitosan nanoparticles.
Previously, Wang et al. (2021); Rajivagndhi et al. (2020) reported
that the chitosan nanoparticle has anti-cancer properties against
various cancer cells and inhibition was concentration dependent.
In addition, recent report of Suresh Kumar et al., (2020), the high
level of necrotic formation, increased death cells and chromatin
condensation were shown after treatment with chitosan loaded
essential oils. Finally, the result was concluded that the chitosan
loaded essential oils were shown with more number of death cells
and decreased viability against A549 lung cancer cells. These evi-
dences were clearly indicated in Fig. 4, and it constructed its IC50

dose after the O.D values of all the chitosan and chitosan related
materials.

3.3. External morphological variation using chitosan materials

Based on the IC50 concentration, the changes of outer morphol-
ogy of the A549 lung cancer cells were exhibited in phase contrast
microscope. In result, the original shape was altered and con-
densed structure was observed in the chitosan loaded essential
oils. It clearly confirmed the cell viability assay, the chitosan
nanoparticle loaded essential oils have the ability of anti-cancer
inhibition. The nucleus was compromised to chitosan loaded
particles (a) and chitosan nanoparticles loaded essential oils (b).



Fig. 4. Quantitative measurement of cancer cell viability after treatment with chitosan nanoparticles alone (a), essential oils alone (b) and chitosan nanoparticles loaded
essential oils combination (c).

Fig. 5. Phase contrast images of outer membrane morphology variations of A549 lung cancer cells of control (a) and chitosan nanoparticles loaded essential oils (b).

G. Rajivgandhi, S. Kadaikunnan, G. Ramachandran et al. Journal of King Saud University – Science 35 (2023) 102598
nanoparticle and lost their pathogenicity leads to increase the
apoptosis. Continuous cell death leads to complete the cancer cells
process (Fig. 5b). The viability was altered and complete cell cycle
arrest was not allowed the growth generation. In control, the clear,
well matured, original A549 lung cancer cells structure without
any damages were shown in Fig. 5a. Recently, reported that the
outer morphology of the cancer cells were shown differently after
treated with chitosan loaded nanoparticles.
5

3.4. Internal invasion ability of chitosan nanoparticle loaded essential
oils

After careful view of dual staining images, the treated cells were
shown with irregular size and shape of A549 lung cancer cells. It
was clearly stated that the chitosan nanoparticles loaded essential
oils very effective in proliferation strategies. In Fig. 6b, the nucleus
portion was entirely stained by AO/EB and exhibited internalized
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cells. The irregular shape and corrosion of size were shown after
treat with chitosan loaded essential oils. The internalization pro-
cess was shown with differential morphology compared with con-
trol cells. The control cells were also shown clear, smooth, original
size and shapes (Fig. 6a). Recent report also favored to current
research and AO/EB is the excellent fluorescence dye for use in
the damaged parts of cancer cells. Plant essential oils is an excel-
lent material to eradicate the cancer cells in increasing concentra-
tion and after loaded with chitosan, the efficiency against cancer
cells were shown with high damaged cells in cancer cells. Recently,
Barrera-Martínez et al. (2021) was worked with chitosan nanopar-
ticle loaded chinnamaldehyde against cancer cells very efficiently,
and it supported to current result. Similarly, Almanaa et al. (2021);
Tamer et al. (2017) were reported that the chitosan loaded essen-
tial oils very effective against bacteria and cancer cells. Hence, the
current result was proved that the chitosan loaded essential oils
were very effective drug molecules for multi drug resistant bacte-
ria and cancer cells.
Fig. 6. Inner membrane morphological variation using AO/EB florescence dyes viewed by
and chitosan loaded essential oils (b).

Fig. 7. Complete structure of mitochondrial membrane variation using Rhodamine 1
morphology of untreated control (a) and chitosan loaded essential oils (b).
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3.5. High invasion efficacy of chitosan loaded plant essential oils in
mitochondrial membrane

The morphological variations of cancer cells confirmation using
phase contrast microscope and dual AO/EB dyes results were
proved by mitochondrial membrane alteration result. The result
of Fig. 7b was effectively shown the belbing, high necrotic cells,
chromatin condensation, and decreased cell division after treat-
ment with IC50 dose of chitosan loaded essential oils. In contrast,
clear, original morphology of control cells were shown in full
images (Fig. 7a). In addition, the necrotic lesions, nucleus parts
deformation, irregular structure was seen in fluorescence micro-
scope using Rodhamine 123. The result was clearly and confidently
stated that the chitosan loaded essential oils very efficient against
A549 lung cancer cells. Recently Farrag et al. (2021) reported that
the anti-tumor effect of chitosan loaded essential oils, and it has
more damaged effect than essential oil alone. Also, anti-lung can-
cer effect of Chen et al. (2018); Yee Kuen et al. (2020) were shown
fluorescence microscopy. In result, the original morphology of untreated control (a),

23 florescence dyes viewed by fluorescence microscopy. In result, the original
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more necrotic lesion with sparse arrangement in cancer cells. It
was conveyed to current study result, the chitosan loaded essential
oil was more efficient than essential oil alone. In all the invitro
experiments confirm, the chitosan nanoparticles has better effi-
ciency, biocompatibility and biodegradation ability in various
infections.

4. Conclusion

Obviously, chitosan is an excellent biopolymer and derived from
nature, which has been used for various biomedical applications. As
same as the highly efficient biological properties of the molecules
containing plant essential oils were currently dominant in research
field. In addition, the plant essential oils were high competitor to
antibiotics in the biomedical research field, especially focused in
the area of cancer cells inhibition. The current result of chitosan
loaded essential oils was very efficient against A549 lung cancer
cells in concentration dependent manner. After careful observation
of morphological studies, the treated cancer cells were clearly indi-
cated that the chitosan loaded essential oils damaged the intracel-
lular and extracellular parts. Finally, the result was concluded that
the chitosan loaded essential oils not only inhibit the bacterial
strains, it also very active against cancer cells also.
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