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Abstract

To investigate the effects of topical application of turmeric extract nanoparticles
ointment in treatment of infected wounds in mice. Thirty male mice had been divided into two
groups, G1 (control) and G2 (treated). Two circular (0.5cm) full thicknesses skin wounds were
performed on the animal's back. After 24 hours after wounding 0.2 mL of a Pseudomonas
aeruginosa bacterial suspension containing 2x108 CFU/mL of bacteria was injected in the right
wounds to cause infection. The left wounds wasn't injected or treated and consider as a negative
control in the same animal. Wounds of G1 were not treated after receiving a bacterial
inoculation. Infected wounds of G2 were treated with a topical application of 3% turmeric
extract nanoparticle ointment at a dose of 30mg/cm? once daily for seven consecutive days.
Healing was evaluated by measuring the size of the wound and by histopathology samples taken
at 7 and 14 days PI. At the 7" day PI the size of infected non-treated wounds in G1 (129.35%)
was become significantly P < 0.05 larger than the original size, while the treated wounds in G2
were significantly P < 0.05 reduced more than 45.25% in compare with initial wound size. At
the 14" day PI the size of infected non-treated wounds in G1 (174.66%) was significantly P <
0.05 larger than the original size, with no healing, while in G2 the reduction in size become
significantly (32.36%) smaller. The percentage of wound contraction was significantly
increased (P < 0.05) in treated wounds at 7" and 14" days as compared with no wound
contraction (0%) in G1. Histopathologically the infected wounds in G1 at 7" and 14" day P!
exhibit an absence of epithelial layers, suppurative exudate, dead liquefied tissue, and an
abundance of both dead and living neutrophils. G2 at 7" day Pl display, no evidence of
infection, fully epithelialized epidermis, and immature granulation tissue are visible. On the
14" day Pl revealed a well-regenerated epidermis, and mature collagen fibers with
myofibroblast in the dermis. The treatment of infected wounds with turmeric extract
nanoparticles ointment 3% improved the healing process and accelerated the proliferation,
wound contraction, maturation, and remodeling phases of wound healing.
Keywords: Curcumin, curcumin nanoparticles, Pseudomonas aeruginosa, infected wounds,
wound healing.

Introduction bodily, chemical, and physical aggressors. It
The skin, which accounts for 15-20% of is made up of the epidermis, dermis, and

an adult's total body weight (1) and performs  subcutaneous tissue in three layers (2, 3).

numerous essential bodily tasks including

homeostasis and protection, serves as the

body's first line of defense against external, A wound is a separation and

discontinuity in the layers of the skin that
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makes it more susceptible to contamination
and infection. The bacteria already present on
the skin, such as coagulase-negative species
(Staphylococci, Streptococci, Bacillus), and
Corynebacterium  species, can quickly
contaminate and infect open wounds.
Pseudomonas aeruginosa (PA) could be
observed to persist in 50% of chronic
incurable  wounds. The key factors
contributing to the difficulties in treating PA
in wound infections were the emergence of
bacterial biofilms and drug-resistant strains.
New therapeutic strategies are accordingly
needed to locally eliminate PA and remove its
biofilms (4, 5).

Antibiotics are the most dominant
treatment for infected wounds. Antibiotics are
becoming less effective for bacterial wound
infections due to widespread antibiotic misuse
and a growing number of multi-resistant
bacterial species such as Pseudomonas
aeruginosa and methicillin-resistant S. aureus
(6). The therapeutic efficacy of antibiotics is
threatened by antimicrobial resistance, posing
a concern on a worldwide scale and leading to
rising morbidity and mortality (7). The rising
and disseminated resistance to antibiotics
made mandatory the search for new drugs
and/or alternative therapies that are able to
eliminate resistant microorganisms and impair
the development of new forms of resistance
(8).

Turmeric  (Curcuma longa) with
curcumin as an active ingredient, possesses
healing, antibacterial, and natural
photosensitizer properties (9,10,11,12,and
13). It has been shown a variety effects on
wound healing. It has potent tissue healing
modulating properties achieves by working on
the inflammatory,  proliferative, and
remodeling phases of the wound healing
process, thereby shortening the time required
for wound healing (14,15). Also they display
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suppressed the growth of methicillin-resistant
Staphylococcus  aureus (MRSA) and
Pseudomonas aeruginosa in vitro in a dose-
dependent manner, as well as MRSA in vivo
(16). Unfortunately, curcumin's
bioavailability, rapid metabolism, weak
solubility, and light sensitivity restrict its
potential. Novel formulations, such as
nanoparticles, should be investigated in order
to reduce these effects and maximize the
effectiveness of curcumin (5,17). Fortunately
the chemical structure of nanocurcumin was
the same as that of curcumin, and no changes
were made during nanoparticle production
(18). Nanocurcumin was far more efficient
than curcumin against Staphylococcus aureus,
Bacillus  subtilis, Escherichia  coli,
Pseudomonas  aeruginosa,  Penicillium
notatum, and Aspergillus niger (19, 20, and
21). The study aimed to evaluate the topical
application of turmeric extract nanoparticles
ointment for treatment of induced
Pseudomonas aeruginosa infected open
wounds in mice.

Materials and Methods
Ethical approval

The current study protocol was
approved by the College of Veterinary
Medicine, University of Al-Qadisiyah, Al-
Diwaniyah, Iraq

Indian dry turmeric rhizomes (C. longa)
were purchased from Diwaniyah market.
Rhizomes were cleaned, ground into tiny
particles in a dry grinder for 20 minutes. The
powder was sieving with a mesh size of 212
microns. A 50 gram of turmeric powder
placed in the extraction thimble for ethanolic
turmeric extraction by Soxhlet apparatus at
60°C for 8 hours. The ethanolic extract placed
in Petri dishes until the alcohol evaporates at
50°C, then scraped and processed to create the
turmeric powdered extract (22, 23).
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The turmeric extract powder convert to
nanoparticles by ultrasonic method (24), A 10
grams of turmeric extract powder was
dissolved in 100 ml of ethanol, the solution
was filtered three times; two times with a filter
paper and the third time was filtered by
syringe filters (0.22 nm). The filtered solution
was sonicated with Ultrasonic Cell Disruptor
device (Ultrasonic Cell Disruptor: UCD-150;
Ultrasonic Power 150 W, Probe 6mm)
(Faithful Intelligent Ultrasonic Processor),
using wave energy 50 watts for 30 minutes,
where the turmeric particles in the solution
reached 62 nm in size (25, 26). The turmeric
extract nanoparticles solution was dried in
oven (50°C). The dried extract was collected
and grinded to become dry extract
nanoparticles powder.

X-Ray Diffraction (XRD), UV Visible
Absorption Spectroscopy, Scanning Electron
Microscopy (SEM), and Fourier Transform
Infrared (FTIR) spectroscopy, were used to
evaluate the structural analysis of the turmeric
extract nanoparticles (The morphology,
shape, size, and surface area).

Turmeric extracts nanoparticles ointment
preparation

To get fine, homogenized extract
powder particles, the dry turmeric extract
nanoparticles were ground into a powder and
sieved through a 212 micron mesh size sieve.
In order to create the ointment, the base
(Vaseline) was triturated with a mortar and
pestle, combining the extract powder or
extract nanoparticles powder as the active
ingredient (27, 28). In a glass mortar, 97
grams of Vaseline and three (3) grams of
turmeric extract nanoparticles powder were
combined to create a 3% w/w turmeric extract
nanoparticles ointment. Tiny amount of pure
liquid glycerin was put in the mortar, then the
powder was added and well crushed with a
pestle to dissolve the contents. A small
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amount of Vaseline was added, and the
mixture was triturated with a pestle.
Subsequently, gradually adding more base
(Vaseline), and the mixture was again
triturated till all the 97 gm. of Vaseline was
over and the mixture becomes uniform. To
increase the homogeneity of the combination,
the mixture was transferred to a container and
thoroughly stirred by repeatedly inverting it
using a vortex mixer for 10 minutes. The
prepared ointment was then placed in a dark
container and stored in a room temperature till
use (27, 29, and 30).
Experimental design

Thirty adult male mice were utilized.
Two open full-thickness (0.5cm in diameter)
skin incision on the back of the animal were
made. Infection was creating in the right
incisions after 24 hrs. from wounding by
inoculating of 0.2 mL Pseudomonas
aeruginosa bacterial suspension containing
2x108 CFU/mL of bacteria. The left incisions
not inoculated, and left without treatment as
control in the same animal. Animals were
randomly divided into two groups (n 15). G1
(Control group) inoculated with bacteria and
not treated. The infected wounds of G2 treated
with a topical application of 3% turmeric
extract nanoparticle ointment in a dose of
30mg/cm? once a day, for 7 successive days.

Morphometric examination (wound
area (size of wound), and wound contraction)
of wound healing organized by direct
measuring of wound dimensions on the 7" and
14" days post infection (P1). When the wound
is circular; Circular surface area (half
diameter)? x 3.14. When the shape of wound
changed; the surface area = Length x Width.
The wound contraction was calculated by the
following formula: Percentage of wound
contraction = (wound area on day 0 - wound
area on day n /wound area on day 0 x 100) (31,
32).
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Specimens of healed skin (1 cm®) were
collected after 7 and 14 days Pl for
histopathological evaluation of the healing
process.

For wound bacterial count; the
inoculated wounds were swabbed with sterile
cotton swabs on the 3 day after inoculation
(1% day of infection) just before application of
topical treatment, as well as, swabs were taken
at 7" day (PI). Swabs were placed in 1 mL of
diluents containing a 0.1% peptone in 0.85%
normal saline ratio of 1:99. The initial nutrient
broth suspensions and their tenfold serial
dilutions (0.1 mL each) were cultured on
nutrient agar (according to the pour plate
method for bacterial count). Colonies were
counted after a 24-hour incubation period at

Intensity

37 C°. by using Quebec colony counter. The
number of bacterial colonies forming units
(CFU) per mL of sample was calculated by
dividing the number of colonies by the
dilution factor and multiplying the result by
the volume of a specimen placed on liquefied
agar (33).

Results
X-Ray Diffraction (XRD)

The X- Ray diffractogram of turmeric
extract nanoparticles displayed a decrease in
the number of peaks relative to turmeric
extract, indicating a non-crystallized atomic
arrangement and shifting into the amorphous
phase or lower crystallinity turmeric extract
nanoparticles (Fig. 1).

2 0 (Theta)

Fig. (1) X- Ray diffractogram of turmeric extract nanoparticles.

UV-Visible Absorption Spectroscopy

The maximum absorption spectra of the turmeric extract nanoparticles were seen shifted
from 423 nm to 422 nm wavelength. This result primarily confirmed that turmeric extract
nanoparticles were successfully fabricated (Fig. 2).

Fig. (2). UV-Visible results show the peaks of absorption at variable wavelengths. Red
curve; turmeric extract 423 nm. Black curve; turmeric extracts nanoparticles 422 nm.
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Scanning Electron Microscopy (SEM)

The scanning electron microscopic images of the turmeric extract nanoparticles prepared
by ultrasonic technique were found to be smooth amorphous spherical particles in shape ranging
from 52 to 91 nm in size (Fig. 3).

Fig. (3). SEM images of spherical turmeric extract nanoparticles. A. 250X magnification.
B. 16000X magnification. C. 50000X magnification.

Fourier Transform Infrared (FTIR) at 2925 and 2853 cm?, respectively. C—H
Spectroscopy frequency of the aromatic overtone is obtained
The turmeric extract nanoparticles were  at 3009 cm ™. Bands at 1449 and 1377 cm™
analyzed using Fourier Transform Infrared correspond to the aromatic stretching
Spectroscopy (FTIR) at the mid-infrared vibrations of the benzene ring. The intense
region (4000-400 cm™). The broad, intense characteristic band centered at 1721 cm™
band at wavenumber 3384 cm™ corresponds  corresponds to the stretching vibration of the
to the stretching vibration of hydrogen- conjugated carbonyl (C = O). Stretching
bonded O—H present in turmeric extract Vvibrations of double-bonded carbon, Csp2—0O,
nanoparticles. Asymmetric stretching and Csp3—O bonds are shown at 1624, 1588,
vibrations of Csp2—H and Csp3—H are shown and 1165 cm™?, respectively (Fig. 4).
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Figure (4). A- FTIR of turmeric extract at (4000400 cm?), reveal characteristic peaks at
3372.61cm™t, 1732.95cm ™, 1677.33 cm™1, 1280. 65 cm™2, 1029.92 cm ™, 960.48 cm ™%, 811.98
cmtand 717.47 cm™;

B- FTIR of turmeric extract nanoparticles (4000-400 cm™?) the peaks at 3384.03 cm™?, 1721.78
cmt, 1624.77 cm ™%, 1588.67 cm ™, 1277.30 cm L.

Evaluation of antibacterial activity (Wound bacterial count)

Application of turmeric extract nanoparticles against infected wounds at the 1% day Pl
(3" post wounding (PW)) show there was a vast bacterial colonies number (uncountable) on
both groups, and the bacterial colonies number become countable on the third dilution only. At
the 71" day P1 (10" day PW) the bacterial colonies number become countable in G2 from the
first dilution in compare with G1 (Fig. 5).
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Group

G1(1tdayPl) | G2(1stdayPI

Dilution

First Dilution

Amount | Uncountable Uncountable
- P i

Soeocond Dilution

)

G1(7t"dayPl) | G2 (7t dayPI)

Uncountable 18 X10

Amount

Third IDilution

Amount
CFU/ml

1.17X10°

1.46 X 10°

Uncountable Zero

234X 10° Zero

Fig. (5) Antibacterial activity (CFU/mL) of topical application of turmeric extract
nanoparticles against infected wounds via Pseudomonas aeruginosa in mice, at first and
seventh days PI (G1=Control), (G2= Turmeric extracts nanoparticles group).

Morphometric assessment of the wound
healing:
Surface area (size of wound)

The initial size of wound (mm?) on day
zero in treated and control wounds was
(19.62) mm?2. The size of inoculated (infected
non-treated) wounds in G1 (129.35%) were
become significantly P < 0.05 larger than the
original size, while the size of treated wounds
were significantly P < 0.05 reduced more than
45.25% in G2 at 7 days Pl in compare with
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initial size of wound. At 14 days PI the size of
infected non-treated wounds in G1(174.66%)
significantly P < 0.05 larger than the original
size, and the healing did not occur, while in
G2 (32.36%) significantly reduction in size
was occur (table 1) (fig. 6, 7).

The percentage of wound contraction
was significantly increased (P < 0.05) in
treated wounds at 7" and 14" days as
compared with no wound contraction (0%) in
Gl.
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Table (1); Surface area and wound contraction. (G1=Control), (G2= Turmeric extract
nanoparticles group).

|

14 days Gl
G2

LSD(P<0.05)
o Capital letters refers to the vertical statistical comparison, whereas small letters refer to the
horizontal statistical comparison.
o Different letters denote to the significant difference at P<0.05, whereas similar letters refer
to the no significant difference.

Fig. (6): Macro Photographs of control group (G1); (a)Time zero, (three days after inoculation
of Pseudomonas aeruginosa in excional wounds), see the early signs of infection, the wound
become larger, presence of pus flashing bneath the scab. (b) 7 days PI, see more quantity of pus
during reflecting of the scab, the scab became more dry and dark in color. (c) 14 days PI, see a
huge quantity of pus creaming out of the wound.
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Fig. (7): Macro Photographs of nano-turmeric extract group (G2); (a)Time zero, (three days
after inoculation of Pseudomonas aeruginosa in cranial wounds (upper)), see the wound
become larger, and pus was found below the scab. No signs of infection in the caudal wound
(lower) (control wound). (b) 7 days PI and 7 successive days of treatment of the cranial wound
(upper) with nano-turmeric extract ointment topically, get complete eradication of infection,
good epithelialization, and the wound become small in size than before 7 days.The caudal
wound have same size of the cranial, with a thin scab. (c) 14 days PI, see more improvement in
epithelilization of treated (cranial) wound, and the wound become more small in size.

Histopathological assessment of the wound  Infected non-treated wounds in G1
healing The histopathological outcomes show;
Non-infected wounds in G1 absence of epithelial layers, presence of
The histopathological findings of non- suppurative exudate, dead liquefied tissue,
infected (control) skin wounds of G1 at the 7" plenty of dead and live polymorphonuclear
day PI (7" day PI identical the 10" days post  cells (neutrophils) in the center of wound, and
wounding PW) show complete collagen fibers at the periphery of the wound
reepithelization (presence of all layers of near the intact tissue (Fig. 10). While in 14
epidermis), thickening of the epithelial layer days (PI) show_no epithelial layers, no signs
at the periphery of the wound, and noscabwas of the wound healing. The dermis had
found upon the wound. There were dense homogenized field containing massive access
immature collagen fibers and fibroblasts inthe  of dead and live neutrophils (PMNC) and
dermis and no inflammatory cells (Fig. 8). debris tissue. The periphery of the wound
While in (14" day PI) shows complete re- adjacent the healthy tissue had a collagen
epithelization of the epidermis, mature fibers arranged in an uneven manner, and
collagen fibers arranged parallel to the newly formed blood vessels (Fig. 11).
epithelium, and myofibroblasts in the dermis, Infected and treated wounds in G2

also presence of discrete epithelial cells in the The histopathological findings of the
regenerated dermis layer. The panniculus infected wound 7" day Pl show, no infection,
carnosus (PC) muscle was found (Fig. 9). complete epithelialization of epidermis.
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Although absence of infection there was regenerated epidemis, the dermis compose
moderate attendance of inflammatory cells, dense mature collagen fibers  with
immature granulation tissue, and panniculus myofibroblast, and scarce inflammatory cells,
carnosus are seen (Fig. 12) while in 14" day sebaceous glands also seen. Superficail and
Pl show, no signs of infection, well deep dermis (Fig. 13)

Fig. (8); G1; non-infected wound O days PW (7" day PI), shows complete re-epithelization of
the epidermis (EP), thickening of the epithelium at the periphery of the wound and presence of
immature dense collagen fibers (G) and fibroblasts (black arrows) in the dermis, H&E, 10X
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Fig. (9); G1; non-infected wound 17 days PW (14" day PI), shows regenerated thick epieris
(EP), dense mature collagen fibers (G) fibroblasts (black arrows) and myofibroblasts in the
dermis, H&E, 10X. black box H&E, 20X.

S L 1 SR o ?‘.‘.&a—-ﬁ‘fm
Flg (10) G1 mfected wound 7 days PI, show absence of eplthellal Iayers suppurative exudate
(SE), dead liquefied tissue, plenty of dead and live neutrophils (black arrow) in the center of

wound, and collagen fibers (G) at the periphery of the wound near the entire tissue. H&E, 10X.

Fig. (11); Gi mfected wound 14 days PI shows maswe destruction of the tlssue (SE) dead
liquefied tissue, plenty of dead, and live neutrophils (black arrows) H&E, 20X. Dead and live
neutrophils and debris tissue, H&E, 40X (black box).
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Fig. (12); G2; infected wound 7 days Pl show, complete epithelialization of epidermis (EP),
moderate attendance of inflammatory cells (black arrows), immature granulation tissue (G),
and panniculus carnosus (PC) are seen, H&E, 20X.

Fig. (13); G2; infected wound 14 days P1 show,no signs of infection, well regenerated epidemis
(EP), the dermis compose dense mature collagen fibers (G) with myofibroblast (red arrow), and
scarce inflammatory cells (yellow arrows), sebaceous glands also seen (S). Superficail dermis
(SD), and deep dermis (DD). H&E, 20X. black box 40X.
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Discussion

Turmeric (Curcumin's) limited aqueous
solubility and quick degradation profile limit
its use; nanoparticle encapsulation overcomes
this limitation and allows for longer topical
delivery of curcumin (34, 35, and 36).
Nanotechnology has proven to be an excellent
strategy for accelerating wound healing by
inducing proper mobility during various
healing phases (15). Many studies indicating
that curcumin has remarkable anti-
inflammatory, antioxidant, and anti-infective
activity, as well as hastening the healing
process by acting at various stages of the
wound healing process, but its poor
biopharmaceutical properties (low aqueous
solubility and skin penetrability) limit its
therapeutic efficacy for skin applications (18,
37, 38). Therefore, we had to find a way to
speed up its work, so it was converted into
Nano through the sonicator device, where it
was not effect on chemical composition when
it was examined with some tests (18).

The amorphous structure of turmeric
extract nanoparticles shown by the XRD data
indicated a  non-crystallized  atomic
arrangement, indicating successful
conversion of the extract to nanoparticles
which is consistent with earlier researches
(39,40). The smooth and spherical surfaces
turmeric extract nanoparticles ranged from 52
to 91 nm observed by SEM in this study is in
accordance with (39, 41). The UV- Visible
results represented the peaks of absorption of
the turmeric extract at 423 nm wavelength and
the absorption of the Nano turmeric extract at
422 nm wavelength, which indicate the
successful fabrication of turmeric extract
nanoparticles. This result was in consistent
with earlier researches (40, 41). FTIR is a
technique it can indicate a specific attribute of
the chemical bond and molecular structure of
the material. A distinct molecular structures
and chemical bonding's imprint can be found
in the FTIR peaks and spectrum (42, 43).

Results show uncountable number of
bacterial colonies in the first dilution at the 3rd
day PI (First day of treatment) in all treated
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wounds, where it becomes countable only on
the third dilution. At day 7 PI, The bacterial
numbers become zero in G2 since the second
dilution at the 7th day PI. This gain result was
almost identical to what was reached by (44)
who proved the efficiency of Nano-curcumin
in reducing the number of bacteria. The size
of treated infected wound in (G2) At 7 days Pl
was significantly reduced more than 50% than
the original size. At 14 days PI, the reduction
in size become significantly more where it
reach to(32.36)%. While in G1 show No signs
of healing was seen in non-treated infected
wounds (infected control). The wound size
were become significantly P < 0.05 larger than
the original size at 7 and 14 days PI, with no
wound contraction. At the 14 days PI the size
of non-treated infected wounds is 174.66%
significantly P < 0.05 larger than the original
size. The inoculated wounds exhibit pus
discharging at 7 days PI, and the pus become
more worse at 14 days Pl. This result is
according with (45), they found increase the
size of wound, presence of pus and
exaggeration of infection. Infections with
bacteria are very harmful to wound healing,
especially if the wound already has delayed
wound healing (46). Bacterial infections slow
down the wound healing process by
prolonging the inflammatory phase (47).
Results of this study are in line with
those of (19), who exposed that Nano
curcumin aqueous dispersion was far more
effective than curcumin against
Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, Pseudomonas aeruginosa,
and Candida albicans. His findings also show
that particle size reduction up to the Nano
range significantly improves curcumin's water
solubility and antibacterial effectiveness. The
activity of Nano curcumin against Gram-
positive bacteria was stronger than against
Gram-negative bacteria for the selected
species. Furthermore, its antibacterial efficacy
outperformed  its  antifungal  activity.
Transmission electron microscopy (TEM)
research was used to explore the mechanism
of antibacterial action of curcumin
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nanoparticles, which demonstrated that these
particles entered the bacterial cell by fully
shattering the cell wall, resulting in cell death.
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