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Introduction

Abstract

Introduction: Cinnamon essential oil (CEO) is a volatile oil,
obtained from Cinnamomum zeylanicum has become one of (o
the most important natural oil due to its antimicrobial activity.
CEO suffers from various limitations such as instability
and skin irritation. This problem has been overcome by
formulating CEO-loaded nanosponges incorporated in
carbopol gel with increased antimicrobial property and
reduced skin irritation.

Methods: The nanosponges were fabricated by solvent
emulsion diffusion method and evaluated for Fourier
transform infrared spectroscopy (FTIR) studies, particle size,
field emission scanning electron microscopy studies (FE-SEM), in vitro dissolution studies, in vitro
antibacterial studies, using agar diffusion method, in vivo antibacterial activity and skin irritation
studies and stability studies.

Results: Nanosponge NS1 batch was found to be in the nanosize range. FTIR studies confirmed the
absence of drug-polymer interaction. NS1 confirmed a porous structure with a uniform spherical
shape using FE-SEM studies. In vitro dissolution studies of optimized NS1 revealed 80% drug
release in 5 h whereas, incorporating the formulation into carbopol gel showed 100% release in
5h from Gl formulation. In vitro antibacterial study of the nanosponge (NS1 and NS3) showed
remarkable antibacterial activity as seen from the zone of inhibition and gel formulation G1 also
showed the highest zone of inhibition with 50+1.2 mm. NS1 and GI1 were stable for 2 months
under accelerated conditions and 3 months under room temperature conditions. Furthermore, the
in vivo and skin irritation studies were performed with selected formulation against Staphylococcus
aureus, where the results confirmed the significant antimicrobial activity with no skin irritation.
Conclusion: Nanosponge carriers can be more therapeutically effective for essential oils which can
further be incorporated into topical gels for convenient application.

Topical gel based
Nanosponge carriers
of cinnamon oil
Casily bind with Drugs
crease solubility
crease bioavailability
~Reduces the irritation of drugs
-Improve solubility, photo-stability

-Improve safety of essential oils

or by using dry distillation. Conventionally, essential

Antimicrobials are the natural or synthetic agents
that hinder the growth of microorganisms or Kkills
microorganisms.' The excess use of antibiotics leads to
antimicrobial resistance.” As synthetic drugs have many
disadvantages such as drug resistance and toxicity so,
natural products or essentials oils can be used to overcome
the side effects. Essential oils (EOs) and Plant extracts
have gained much attention due to their antimicrobial
activity as well as flavoring agent.’ “Essential oil” referred
to as a product obtained from distillation with water/
steam, via mechanical process, vegetable raw material,

oils have bactericidal, fungicidal, virucidal, insecticidal,
antiparasitic, and further therapeutic properties such as
sedative, anti-inflammatory, locally anesthetic remedies,
analgesic, and spasmolytic. The efficacy of natural
products can be determined by its chemical properties
and concentration of the effective component present in
it. Components having antimicrobial properties include
thiosulfinates, glucosinolates, flavonoids, organic acids,
saponins, and phenolics.>® The effectiveness of herbal
compounds has regained the interest of academicians and
researchers for the fabrication of plant-based medicines as
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the plant products are without any side effects, no drug
resistance, easily degradable, and ecofriendly.”* Topically,
aromatherapy EOs causes skin irritation if applied directly
to the skin. Essential oils may lead to serious side effects
when they are applied to broken skin due to their systemic
absorption.’ Being highly volatile, decomposition of EOs
due to direct exposure of heat, light, humidity, and oxygen
tends to occur. Further, these factors lead to isomerization,
dehydrogenation, oxidation, and cyclization reactions
which are triggered either enzymatically or chemically.
These are strongly influenced by the processing conditions
and during the storage of the plant material.'®"! Cinnamon
essential oil (CEQ), a volatile oil which is extracted from
leaves of Cinnamomum zeylanicum has been of great
importance because of its antimicrobial activity. CEO
suffers from various limitations such as instability and skin
irritation. Nanotechnology has received a lot of attention
with enthusiasm because of its future potential. Various
drug delivery systems incorporating cinnamon oil were
developed using nanotechnology principles. Cinnamon
leaf oil nanocream was formulated for topical application,'
chitosan-cinnamon oil nanoparticles were prepared
for enhanced shelf life and controlled release,”” O/W
emulsion of cinnamon oil nanoparticles was formulated
for active food packaging applications'* and liposomes of
cinnamon oil were formulated for methicillin-resistant
Staphylococcus aureus (MRSA) biofilm.*®

Nanosponges are spongy, virus size NPs with an
average diameter (250 nm-1 um in diameter). It can be
incorporated into oral, topical, parenteral or nasal drug
delivery systems. Due to their smaller size and spongy
structure drugs can easily bind with them by enhancing
the solubility and bioavailability of the drug. Nanosponge
reduces the irritation of drugs without reducing their
efficacy. Nanosponges can incorporate lipophilic and
hydrophilic substances®. Researchers studied nanosponge
formulations based on essential oils such as lemongrass
oil was incorporated into NS for anti-fungal activity,'
Babchi oil in CD-NS to improve solubility, photo-stability,
and safety of essential 0il."” To overcome the problems of
cinnamon oil, the research aims to formulate CEO-loaded
nanosponges incorporated in carbopol gel with increased
antimicrobial activity and decreased skin irritation.

Materials and Methods

Materials

Cinnamon oil was obtained from Kanta enterprise Pvt.
Ltd, Noida; Polyvinyl alcohol (PVA), Carbopol 940, and

Table 1. Composition of various nanosponge batches

ethylcellulose (EC) was purchased from Loba Chemie pvt.
Ltd, Mumbai, India.

Methods

Formulation of nanosponge carriers: Nanosponges loaded
cinnamon oil (CO) were fabricated using the emulsion
solvent diffusion technique. The dispersed phase was
prepared by dissolving a specified amount of CO in 10
mL dichloromethane (DCM) having a specific quantity
of ethyl cellulose (EC). The dispersed phase was added
gradually into an aqueous solution of polyvinyl alcohol
with different concentrations (as specified in Table 1)
with continuous stirring for 30 minutes to get 3 batches
of nanosponges (NS1, NS2, and NS3 respectively).'* The
composition of various nanosponge batches is given
below in Table 1.

Formulation of topical gel incorporating nanosponge
carriers

Carbopol 940 (1% w/v) solution was prepared and kept
to swell during all night. Nanosponges were dispersed to
carbopol gel with continuous stirring of 10-15 minutes to
allow integration of carbopol gel into CEO nanosponges
and batches were denoted as G1, G2, and G3. The prepared
gel formulations were kept aside for 15 minutes without
disturbance to emit entrapped air out and were stored in
tightly closed containers at room temperature for further
evaluation.

Evaluation of nanosponge carriers

Fourier transform infrared spectroscopy (FTIR) studies
FTIR studies are carried out for the assessment of drug
excipient interaction, cross-linking, polymerization,
and drug loading in the formulation. The samples were
scanned in the range of 4000- 400 cm™."®

Particle size analysis

Particle size was evaluated using Malvern Zetasizer. The
polydispersity index (PDI) was also calculated. PDI can
range from 0 to 1, where 0 stands for monodisperse system
and 1 for a polydisperse system.'¢

Field emission scanning electron microscopy studies
(FESEM)

The FESEM images were acquired via a Carl Zeiss ultra
55 FESEM.

Evaluation of topical gel
Physical appearance
Color and odor was evaluated visually.

Formulation/Ratio(EC:PVA) Cinnamon oil (pL)

Ethylcellulose (mg) Polyvinyl alcohol (mg)

NS1 (1:1) 200
NS2 (1:2) 200
NS3 (1:3) 200

100 100
100 200
100 300
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Nanosponge based topical gel of cinnamon oil

Determination of pH

It was evaluated using a digital pH meter. The pH of the
gel was measured by dropping the glass electrode into the
formulation.”

Determination of viscosity

The viscosity of the prepared gels was determined using
Brookfield viscometer by using spindle no. 64 at 10 rpm
and temperature of 25°C.%°

Determination of spreadability

It was evaluated via using a glass slide and wooden block
apparatus. The gel formulation (1 g) was kept on a preset
glass slide and another movable glass slide was placed
over the first glass slide and 50g weight was added to the
slide for 5 minutes. The time used for the separation of
slides was noted.”® It can be measured by using the given
formula:

S = MxL/T

Where, S = spreadability in g.cm/s

M = mass in grams

T = time in seconds.

Determination of homogeneity

The homogeneity of formulated gels was evaluated
visually. The formulations were evaluated for appearance
and existence of aggregates.”

In vitro dissolution studies

The in vitro dissolution studies of nanosponges and gels
were carried out on a PERMION diffusion cell apparatus.
Nanosponge carriers containing drug equivalent to 100
uL were introduced into dialysis membrane pouches
and kept in a beaker filled with phosphate buffer (6.8
pH) at 37+0.5°C. Aliquots were withdrawn at periodic
intervals for 5 hours and each time replaced by the same
quantity of dissolution medium. Samples were analyzed
spectrophotometrically at a particular wavelength.'®

In vitro antimicrobial studies

Preparation of agar plates

The agar plates were prepared by dissolving the agar into
the water and were autoclaved for 15 minutes at 121°C.
Then, the agar medium was allowed to cool at 40-45°C. 25
mL of molted agar was poured into the petri dishes. The
agar plates were allowed to solidify under laminar airflow.
Preparation of inoculum

E. coli (Imtech strain- 1687) and S. aureus (Imtech strain-
1430) were used to estimate the antibacterial efficacy of
the topical formulations containing cinnamon oil. The
subcultured microorganisms were kept earlier so that the
microorganisms must be in their log phase of growth and
to ensure the validity of the results.

Inoculation of agar plates

The solidified agar plates were taken and the prepared
inoculum was applied to it by streaking method. The
plates were kept to dry for 5 min at room temperature.

Preparation of agar well diffusion assay

Agar well diffusion assay is done by above-dried plates.
Wells were prepared by using a sterile cork borer by making
holes on the inoculated agar plates. Each well was 5 mm
in diameter. A weighed amount of the formulation (NSI,
NS2,NS3, G1, G2, and G3) was placed into each well. The
plates were incubated at 37°C for 72 hours and observed
for inhibition zones. The area of the inhibition zones was
measured by using a ruler to the nearest millimeter.2*!

Stability studies

The stability of selected nanosponge carriers and
topical gel batch were evaluated for 3 months, under
accelerated conditions of temperature and humidity
(1.e.40+2°C/75£5%RH) and at room temperature
conditions. The formulations were tested for physical
appearance and the drug content at intervals of 15, 30, 45,
60, and 90 days.*

In vivo studies

The organism and preparation of inoculum

Standard strain of S. aureus (1687; Imtech, Mohali) was

used for inoculation and determination of antibacterial

action of Cinnamon oil. The bacterial colony (CFU/mL)
was prepared by the method given below-

* The working culture was taken out from the
refrigerator 30 minutes before testing to acclimatize
with the working environment and place it under
laminar airflow in the culture handling room.

*  Theloop was heated until it gets red hot; a loop full of
culture was taken and inoculated in 25 mL of sterile
Soyabean Casein Digest broth medium.

*  The medium was incubated at 35.2£2.5°C for 24-48
hours for bacterial cultures.

Minimum Inhibitory Concentration (MIC)

MIC was determined by using broth macro-dilution assay.

Cinnamon oil stock solution (30000 ppm) was prepared

in phosphate buffer saline (PBS). The nutrient broth was

prepared by two-fold dilutions (up to 1875 ppm), and an
inoculum of S. aureus (1*10* CFU/mL) was added to each
tube. The tube contents were mixed and incubated (at
35°C) for 18-20 hours and then the turbidity of the tubes
was checked by naked eyes. The last dilution at which the
growth of the organism was inhibited was reported as

MIC of the extract.”

Animals

Inbred adult Wistar rats of weight (250 + 20 g) obtained

from Chitkara College of Pharmacy, Chitkara University,

Punjab India; kept on standard feed and water ad libitum

were used in the current study. The animals were preserved

in the departmental animal house and bare to 12 hr cycle
of light and dark conditions.

Experimental design

Ten adult Wistar rats were indiscriminately selected and

divided into two groups. All the animals were subjected to

the experimental procedure for circular excision wound

Biolmpacts, 2021, 11(1), 23-31 |25
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and skin irritation study.

Circular excision wound model

The rats were anesthetized IP with a chloral hydrate (400
mg/kg). The animal's back was cleaned and hairs were
shaved. Further, the skin was sterilized by povidone-iodine
followed by 70% ethanol solution. A 15-mm circular
excision wound was created on the dorsal inter-scapular
region of every animal. The skin was carefully dissected out
and the wound was left open. Further, rats were inoculated
locally with 1*10* CFU of S. aureus at the wound site. The
optimized formulation was applied topically twice a day
throughout the experiment. Control group animals were
not treated with any other formulation.*

Tissue preparation and culture

After 14 days of applying the formulation; the tissues
were collected from animals. Tissues were weighed and
homogenized in broth media. The mixture of broth and
tissue was used for two 1:10 serial dilutions in Mueller-
Hinton broth and transferred to sterile test tubes at 4°C.
The samples (each 100 pL), including serial dilutions,
were then transferred to tryptone soy agar plates and
incubated (at 35°C) for 24 hours. Colony counts were
considered accurate for numbers from 30 to 300 and were
compared with the serial dilutions and duplicate plates
for reproducibility.>® Colony counts were then translated
to colony-forming units per gram using the following
formula:

cfu/g = Colony counts * 50* Dilution factor/Specimen
weight (g)

Skin irritation test

The irritation effect of gel formulation F1 was evaluated
by Draize patch test. The back of the animal was shaved
before 24 hours of applying formulation and then, Fl
formulation was applied uniformly on the wound site.
The skin was evaluated for any visible changes after 24, 48,

and 72 hours after the application of gel formulation. The
mean erythemal scores were evaluated using grade scores
from 0 to 4.

As per the degree of erythema, the grades were recorded
as follows:
0 for no erythema;
1 for a slight (light pink discoloration of the skin);
2 for moderate (dark pink);
3 for more severe (light red);
4 for severe (dark red).

Hematoxylin & eosin staining

After the 14th day of the treatment with the optimized
formulation and untreated animals, the rat skin was
removed and fixed and entrenched in paraffin wax;
further sliced (coronal sections; 4 pm thick) and stained
with hematoxylin and eosin dye and observed under light
microscopy.***

Statistical analysis

Data obtained from the study was statistically analyzed
using one-way ANOVA followed by Tukey’s multiple
range tests as post hoc analysis. Moreover, analysis of
time-course data of the study was also done using two-
way ANOVA. The threshold value, P<0.05 was considered
to be significant.

Results and Discussion

Evaluation of nanosponge carriers

Fourier transform infrared spectroscopy studies

All characteristic peaks of cinnamon oil were observed
in the IR spectra of nanosponge formulations (Fig. 1).
No significant shifts are observed in the positions of
wavenumbers when compared to pure drug. The data
represents the no interaction of cinnamon oil with
polymers during nanosponge preparation.

RC SAIF PU, Chandigarh

Mdkiet Kaur-1.sp - 3/6/2019 - PD
Mdkiet Kaur-2.sp - 3/6/2019 - NE
Mdkiet Kaur-3.sp - 3/6/2019 - EC
Mdkiet Kaur-4.sp - 3/6/2019 - PVA

Fig. 1. Overlay diagram of FTIR of pure Cinnamon oil, PVA, EC, and Nanosponges formulation (NS1)
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Particle size analysis

The nanosponge formulations (NSI and NS3) were
evaluated for particle size, PDI. The prepared nanosponge
formulations were found to be in nanosize (200-600 nm).
The particle size of nanosponge formulations was found
to be 224.1 of NS1 and 536.6 of NS3 (shown in Figs. 2 and
3). The polydispersity values of nanosponge formulation
were in the range of 0.056-0.330 indicating the narrow
distribution of particle size within the formulation. The
low PDI signifies the uniformity of particle size within the
formulations.

The effect of the drug: polymer ratio on the particle
size of nanosponge was evaluated. As the polymer
concentration increases, the size of particles increases. It
may be revealed that at low polymer concentration and
higher drug ratio, the polymer available to encapsulate the
drug is not sufficient. The thickness of polymer is thereby
reduced which leads to small nanosponges.

Field emission scanning electron microscopy (FESEM)
studies

The prepared nanosponges carriers were observed as
spherical shaped particles porous network. Fine orifices
on the surface of nanosponges may be created via diffusion
of DCM from the surface of the nanocarrier during their
preparation. The FESEM image of NS1 nanosponge is
shown in Fig. 4.

Formulation of topical gel incorporating nanosponge
carriers

Three batches of topical gels were formulated (G1, G2,
and G3) incorporating nanosponge carriers and further
evaluated.

Physical appearance

The prepared topical gels were examined for various
physicochemical parameters and results are depicted in
Table 2.

Results
Size (d.nm): % Number: St Dev (d.n...
Z-Average (d.nm): 224.1 Peak 1: 185.1 100.0 56.63
Pdl: 0.056 Peak 2: 0.000 0.0 0.000
Intercept: 0.947 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number

Size (d.nm)

Fig. 2. The particle size distribution of NS1.

Results
Size (d.nm): % Number: St Dev (d.n...
Z-Average (d.nm): 539.7 Peak 1: 308.1 100.0 192.4
Pdl: 0.322 Peak 2: 0.000 0.0 0.000
Intercept: 0.938 Peak 3: 0.000 0.0 0.000

Result quality : Good

Number (Percent)
3

"

Size Distribution by Number

207 rrreerccnnnn SEEEEETTPRTPPRY e

o®
-
-
-
o

Record 2: F2 2|

Size (d.nm)

Fig. 3. The particle size distribution of NS3.
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In vitro drug release studies

In vitro release profile of various nanosponges and topical
gels is shown in Fig. 5. The drug release from nanosponges
was observed in the order of NSI>NS2>NS3. Maximum
80% drug release was achieved in NS1 formulation. The
nanosponges were further incorporated into carbopol
gel and three gel formulations (G1, G2, and G3) were
evaluated for drug release. The drug release from topical
gels was significantly higher than that of corresponding
nanosponge formulations. The order of drug release was
GI>G3>QG2.

The drug release at higher ratios of PVA was decreased
and it could be due to increased thickness of nanosponge
matrices which leads to increased diffusional distance and
therefore reduced drug release rates.

In vitro antimicrobial studies

The in vitro antibacterial study was performed by
measuring and comparing the diameter of the zone
of inhibition (mm) for the various formulations of
nanosponges (NS1, NS2, and NS3) and gels (G1, G2, and
G3). A weighted amount of cinnamon oil was used as the
control in the study. The antibacterial activity of Cinnamon
oil against S. aureus was significant and is seen in Fig. 6.
The antibacterial activity of cinnamon oil nanosponges
(NS1, NS2, and NS3) and gel formulations (G1, G2, and
G3) was measured against S. aureus and results are shown
in Fig. 7, Fig. 8 and Table 2. The nanosponge NS1 and NS3
showed remarkable antibacterial activity as seen from the
zone of inhibitions while NS2 showed a small zone of
inhibition. The same order of activity against S. aureus was
observed in corresponding gel formulations G1, G2, and
G3. The G1 batch showed the highest zone of inhibition
(5 cm) and based upon these observations (1:1 ratio of

Table 2. Physicochemical characteristics of topical gels

——G1
——G2
——G3
——NS1

——NS 2

—e—NS3

0 50 100 150 200 250 300 350
Time (min)

Fig. 5. In vitro drug release from various nanosponge and Gels formulations.

Agar-well
diffusion method

Agar-disk
diffusion method

Fig. 6. Zone of inhibition of Cinnamon oils.

EC and PVA) was considered to be optimum. The higher
amount of PVA may create a thick layer surrounding
the nanosponges which leads to slow diffusion of active
component to exhibit the antimicrobial effect. This
suggests the antimicrobial potential of cinnamon oil
against specific bacteria and it is also supported by the
literature. The results of 1:2 ratios of EC and PVA are not
clear.

Stability studies

The stability studies of nanosponge and topical gel
formulation were carried out in the stability chamber
(Remi SC-10 [plus]) under accelerated conditions of
temperature (40+2°C) and relative humidity (75%+5)
and room temperature conditions for three months. At
accelerated conditions, topical gel (G1) remained stable
as observed by physical appearance (no viscosity change
and color change) for 3 months and but the nanosponge
formulation (NS1) was stable for 45 days after that it
breaks as observed visually.

Formulation code Appearance Color pH Viscosity (cps) Spreadability (g cm/s) Homogeneity
G1 White Colorless 5.6 35992 44.82 Good
G2 White Colorless 5.3 37072 20 Good
G3 White Colorless 5.2 34973 28.01 Good
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Fig. 7. Zone of inhibition of Nanosponge formulations (NS1, NS2, NS3)
against S. aureus

The topical gel (G1) and nanosponge formulation (NS1)
kept at room temperature conditions remained stable for
3 months.

In vivo studies

Effect of optimized formulation on bacterial load

14" day after bacterial exposure the microbial load was
estimated in both treated and untreated control groups
on the wound site with a cotton swab test. The bacterial
count in two groups i.e. disease control and the optimized
formulation was 5.2 x 10° and 56, respectively. The
optimized formulation has shown a significant difference
(P<0.05) in the bacterial count when compared with
the untreated group. The result of the present study has
revealed that topical gel formulation (G1) at the infected
wound site produces prominent antimicrobial activity
against S. aureus when compared with the untreated
control group.

(©)

Fig. 8. Zone of inhibition of topical gel formulations (G1, G2, and G3)
against S. aureus

Histopathology

There is epidermal remodeling in the disease control
group. Fibroblast proliferation is prominent along with
the infiltration of neutrophils. Foreign body cells were
localized in the dermis. In the treatment group, the normal
texture of the dermis, the epidermis was observed with
very few neutrophils. The cross-sectional skin specimens
of full-thickness from each group were collected and
evaluated for the histopathological alterations, at the end
of the experiment. Samples were fixed in 10% buffered
formalin, processed and blocked with paraffin and cut
into 5 m sections, and further stained with hematoxylin
and eosin (H&E). The histopathological view of disease
control and treatment group is given below in Fig. 9.
Effect of optimized formulation on skin irritation

The skin irritation score was recorded on the 14" day.
Optimized gel formulation of cinnamon oil has shown
no local and systemic effects. Morphological and

Fig. 9. (a) Histopathological view of Disease Control; (b) Histopathological view of treatment Group.

Table 3. Antimicrobial activity of nanosponge carriers and topical gels

Zone of inhibition (mm)

Microorganism
NS1 NS2

NS3 Gl G2 G3

S. aureus 35+ 1.6 20+1.3

35+2.4 50+ 1.2 20+1.6

40+ 1.9

Biolmpacts, 2021, 11(1), 23-31 [29
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Research Highlights

What is the current knowledge?
v Cinnamon oil exhibits significant antibacterial properties
but it cannot be used therapeutically as such due to irritation.

What is new here?

V The current study revealed the formulation of nanosponges
of cinnamon oil for its better antibacterial efficacy which is
revealed in the results of the study.

histopathological evaluation of skin samples applied with
optimized formulation (G1) showed no significant gross
pathological changes, skin irritation, edema, redness, or
toxic effects, and the microscopic evaluation was found to
be unremarkable.

Conclusion

Nanotechnology also plays a vital role in the effective
delivery of essential oils. As essential oils possess various
therapeutic benefits but patient compliance can be
a problem due to its odor and viscosity and stability.
Nanosponges of cinnamon oil prepared with ethyl
cellulose and polyvinyl alcohol using the emulsion solvent
diffusion method were found to be a potential carrier for
the oil as observed from In vitro antibacterial studies as
well as drug release studies. Topical gels incorporating
nanosponges were further observed as an effective,
stable topical dosage form with improved and sustained
release characteristics, which was further proved by In
vivo antibacterial including histopathology studies and
skin irritation studies. A significant In vivo antibacterial
activity was observed in comparison to pure cinnamon
oil. Therefore, essential oils can be better applied as
nanocarriers incorporated in topical gels.
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