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Abstract

Background: The Mattan tailam mixture has been extensively used to heal ulcerous
wounds in traditional Siddha practice. The present study aimed to synthesize a Mattan
tailam nanogel and evaluate the enhancement of wound healing potential in an experi-
mental wound model.

Methods: Mattan tailam nanogel was synthesized using the high-energy milling ap-
proach, and characterization of nanogel and potency of wound healing was investigated.
The novelty of this study was the nanogel preparation of Mattan tailam.

Results: As expected, a synthesized novel nanogel of Mattan tailam has a distinct,
prominent peak with a spherical form, is negatively charged and has an average particle
size of 20-30 nm. Mattan tailam nanogel treated rats showed a remarkable reduction
(p<0.001) in the wound area. On the 16" day, 10% Mattan tailam nanogel treatment re-
sulted in a higher percentage of wound contraction. The 10% Mattan tailam nanogel
group exhibited a faster epithelialization time (14.33 days) and a greater hydroxyproline
concentration than the others. The topical application of 10% Mattan tailam nanogel in-
creased tensile strength, signifying a better therapeutic indication.

Conclusion: The present findings prove that polyherbal Mattan tailam nanogel formu-
lation significantly improves collagen production, wound contraction, and tensile
strength.
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Introduction

The wound-healing process is repairing a wound
that has been damaged and inflicted on the skin and
other soft tissues 3. After the injury, there is an in-
flammatory response, and the cells under the dermis
increase collagen production in the connective tissue -
3, Later, the outer skin of the epithelial tissue is regen-
erated 3. Inflammation, proliferation, and remodeling
are the three stages of wound healing #. The prolifera-
tive phase includes angiogenesis, collagen deposition,
granulation tissue formation, epithelialization, and
wound contraction %6, Endothelial cells produce new
blood vessels during the process of angiogenesis 5.
Fibroblasts release collagen and fibronectin to synthe-
size a temporary extracellular matrix in fibroplasia and

Copyright © 2023, Avicenna Journal of Medical Biotechnology. All rights reserved.

granulation tissue 8. Epithelial cells then crawl across
the wound bed to cover it, and the wound is contracted
by myofibroblasts, which grasp the edges of the wound
and contract using a mechanism like that in smooth
muscle cells %1,

Plants or plant-derived chemical entities must be
identified and formulated to treat and manage wounds
1112 Several herbal products are currently being stud-
ied in this direction. Various herbal products have been
used to treat injuries over the years '%!2, Nanogel for-
mulation is a versatile platform for enhancing herbal
properties 3. Herbal nanogels transform natural prod-
ucts into the most suitable drugs for treating various
diseases, including cancer, skin diseases, and diabetes
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1314 Compared with oral medications, herbal nanogel
has fewer side effects relating to the patient's compli-
ance ¥4 Although many natural medicinal products
have been developed, some are highly toxic, interact
with conventional drugs, and have adverse side effects
1314 "In recent years, herbal products have been accept-
ed in modern medical systems, and the quality of herb-
al products needs to be evaluated. Herbal nanogel for-
mulations are expected to provide synergistic effects at
low drug concentrations with no adverse effects in the
pharmaceutical industry 34, Herbal nanogel products
can be a practical new drug carrier system.

Nanogels can meet all the basic requirements of ad-
aptive nanocarrier delivery media. Nanogels are mainly
used in nanomedicine applications as a new drug carri-
er for response-based treatments °. Nanogels are ionic
or non-ionic nanoparticles composed of physically or
chemically cross-linked spolymers, which can be hy-
drophilic, hydrophobic, or amphiphilic 6. The new
drug carrier should have two main features: delivering
the drug at the required rate and effectively delivering
the drug to the site of action. Therefore, nanogels have
many advanced functions, which can be equivalent to
the demand for modern medicines 8°. Nanogels are
used for local and systemic drugs due to their inherent
swelling properties, which are attributed to their chem-
ical modification to help release the drug in the desired
dosage form 2°. Nanogels have important functions,
such as enhancing drug absorption across physiological
barriers and sustained drug release. Nanogels can easi-
ly formulate skin patches, biosensors, and ionic drug
delivery 2.

Mattan tailam, a herbal-mineral classic Siddha for-
mulation, is used to heal suppurating wounds and is
very useful in healing diabetic ulcers 2. Medicated oil
is made by boiling base oil with the juice of prescribed
herbal and mineral medicines for a long time until it is
dehydrated or almost dehydrated. This process results
in the transfer of some therapeutically active ingredi-
ents into the base oil 2223, The traditional method of
tailam preparation ensures that the oil is enriched with
active ingredients 2223, Mattan tailam is a herbal-
mineral Siddha formulation traditionally used for vari-
ous conditions such as eczema, 00zing eczema, itching,
sores, chronic ulcers, bedsores, anal fistulas, ear infec-
tions, carbuncle ulcers in diabetes, anal abscesses, non-
healing external ulcers, folliculitis, alopecia, and burns
22 Therefore, the present study was modernized to pre-
pare the herbal nanogel with a famous traditional Sid-
dha formulation, Mattan tailam, and evaluate the effec-
tiveness of the herbal nanogel against the wound heal-
ing process and compare it with conventional and allo-
pathic formulations.

Materials and Methods
Raw materials
The raw materials, individual ingredients, and tradi-
tional formulation of Mattan tailam were purchased

from the local drug market and identified by Siddha's
physician in August 2019. Aloe vera gel was freshly
prepared using the conventional method. Specimen
copies (#MTPGRIHS/PC0OG/2019/110) have been de-
posited with the Department of Pharmacognosy, Col-
lege of Pharmacy, Mother Theresa Post Graduate and
Research Institute of Health Sciences, A Government
of Puducherry, Puducherry, India for future reference.
Ingredients of a traditional Siddha formulation, Mattan
tailam (Paccai enney), for wound healing are shown in
table 1.

Synthesis of Mattan tailam nanoparticles

Nanoparticles were synthesized using the high-
energy milling method with slight modification 2%,
First, the ingredients of Mattan tailam were well
ground with a blender grinder to make fine powders.
The fine powders obtained were ground for 1 hr using
a 20 mm ball (Zirconia) using a ball mill (PM100;
Retsch, Germany) to obtain nanoparticles. Then, the
obtained nanoparticles (almost 5 mg) were ground in a
ball mill (10 mm balls: 300 rpm) for 15 hr. All nano-
particle samples obtained were used for nanogel prepa-
ration.

Preparation of Aloe vera gel

The previously described procedure was used to ex-
tract Aloe vera gel 2°. Aloe vera gel was prepared from
Aloe vera plant leaves, which were collected and pro-
cessed at the Department of Pharmacognosy, Mother
Theresa Post Graduate and Research Institute of Health
Sciences, Puducherry. The leaves were thoroughly
washed, and the Aloe vera gel was extracted by cutting
through the parenchymal membrane of the leaves. Aloe
vera gel was filtered and refined with glycerine and
triethanolamine, yielding a 95% pure Aloe vera gel.
The resultant gel was then heated for 3 min at 50°C,
cooled, and kept at 5°C for later use.

Formulation of Mattan tailam nanogel

Herbal nanogel was prepared using Mattan tailam
and Aloe vera gel with the modified method 2. In pre-
paring topical nanosuspension-based gel formulation,
5%, and 10% Mattan tailam nanoparticles and 1% Al-
oe vera gel were incorporated into 0.5% carbomer 940
gel base 0.1% sodium salt of methylparaben (as a pre-
servative). The ingredients were mixed under continu-
ous stirring using a high-speed mechanical stirrer

Table 1. Mattan tailam (Paccai enney)-a traditional Siddha formula-
tion for wound healing

Item no Ingredients Quantity
1. Umattai iliac caru 3.500 L
2. Tankayenney 1.400 L
3. Mayil Tuttam 350 gr

Method of Preparation: Dissolve item 3 in item 1, mix with item 2 and boil to
prepare tailam.

Important Therapeutic usage: For external application only in Pun, Pilavai and
Katil pun Cil vatital. While dressing Punkal (ulcer), use a gauze soaked in this
preparation.
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(Remi motor) to achieve the required viscosity. An
aqueous dispersion of 5% and 10% Mattan tailam
nanogel was added gradually to the resulting mixture
with continuous stirring; then the pH of the developed
nanogel was neutralized using a drop of 0.3% ammonia
solution. Based on the dose range-finding pilot study
(not published), 5% and 10% Mattan tailam nanogels
were chosen for the formulation and experimental
analysis. These doses were compared to the wound
healing potential of Mattan tailam.

Characterization of Mattan tailam nanogel

The structural and morphological properties of the
nanogel were analyzed using the following analytical
methods. Ultraviolet-visible spectrometer (BioSpec
Nano, Shimadzu) and Fourier Transform Infrared (FT-
IR) spectroscopy (IR Affinity S1, Shimadzu) was used
to analyze the surface plasmon resonance of the Mattan
tailam nanogel. The Zeta potentials of Mattan tailam
nanogel were measured with a Zetasizer 3000 instru-
ment (Malvern ZEN-1690). X-ray Diffraction (XRD)
patterns of the Mattan tailam nanogel were analyzed
on the X-ray diffractometer (Xpert-Pro). The morpho-
logical properties of the elemental compositions of the
Mattan tailam nanogel, including the size and shape,
the uniformity of the nanogels, and the dispersibility,
were identified by Field Emission Scanning Electron
Microscopy (FE-SEM) (TESCAN MIRA3), Transmis-
sion Electron Microscope (TEM) and Energy Disper-
sive X-ray Analysis (EDAX). All measured variables
were carried out in triplicate at room temperature for
error analysis.

Experimental rats

The study design and experimental protocol con-
form to the Institutional Animal Ethics Committee and
have been approved with an Ethical Clearance Num-
ber: CBLRC/IAEC/04/01-2021. Female albino Wistar
rats weighing 200-220 g were used for this study. All
rats were housed in polypropylene cages, six rats per
cage, and fed a standard pellet diet and water ad libi-
tum. All rats were maintained at a temperature of 23°C,
55-65% humidity, and 12 hr light/12 hr dark with au-
tomated light cycles. All rats were weighed weekly
throughout the experiment. The rats were anesthetized
prior to the infliction of the wounds, and the surgical
procedures were performed in sterile environments. All
rats were closely monitored for infection, and rats
showing signs of infection were excluded from the
study and replaced.

Acute toxicity study

For acute oral toxicity testing, OECD guideline 423
was followed. The rats were fasted overnight and given
unlimited water. Three rats in each group received an
initial dose of 5 mg/kg extract orally. If two or three
rats died, the dose administered was referred to as tox-
ic. The same amount was given to three other animals,
when one rat died to confirm the toxic dose. If no mor-
tality occurred, the treatment was repeated with larger

doses of 50, 300, and 2000 mg/kg body weight. The
rats were observed after administration at least once
during the first 30 min, occasionally during the first 24
hr, with particular attention during the first 4 hr and
daily for the next 14 days. Moreover, cytotoxicity of
the Mattan tailam was performed in our laboratory in
the earlier study 2.

Wound-healing activity

Excision and incision wound models were used to
compare the wound-healing abilities of Mattan tailam
traditional and updated herbal nanoformulations.

Excision wound model

The rats were anesthetized before and during the
creation of the wounds. As described by Morton and
Malone 27, excision wounds were inflicted on the rats.
The rats' back fur was shaved with an electric clipper,
and the expected area of the wound was created as out-
lined on the animals' backs with methylene blue using
a circular stainless steel template. A full-thickness ex-
cision wound with a circular area of 500 mm? and a
depth of 0.2 cm was created along the markers using
serrated forceps, a surgical blade, and sharp-pointed
scissors, and the entire wound was left open.

The rats were divided into five groups of six each.
Group 1 rats received topical application of Aloe vera
gel as a placebo control. Group 2 rats received topical
application of 5% Mattan tailam's nanogel until com-
plete epithelization. Group 3 was treated topically with
10% Mattan tailam's nanogel until complete epitheli-
alization. Group 4 was treated topically with traditional
Mattan tailam until complete epithelization. Group 5
was treated topically with Nitrofurazone ointment
(0.2% wiw). The wound closure rate was determined
by tracing the wound with transparencies and a perma-
nent marker on days 0, 2, 4, 8, 12, 16, 18, and 20 after
the wound was created. Graph paper was used to mea-
sure the wound areas that were recorded. The epitheli-
zation duration was determined by the number of days
it took for the scab to peel off without leaving a raw
wound. Based on the dose range-finding pilot study
(not published), 5% and 10% Mattan tailam nanogels
were chosen for the formulation and experimental ana-
lysis. 10% Mattan tailam topical applications showed
wound healing potential in excision wound model as
compared to 5% Mattan tailam.

Incision wound model

As in the model above, the rats were anesthetized
before and during the creation of the wound. The back
fur of the rats was shaved with an electric hair clipper.
A 6 cm long paravertebral longitudinal incision was
created through the skin and dermal muscle on the
back, as described by Ehrlich and Hunt 28, After the
incision, sutures were placed on the cut skin at 1 cm
intervals. The wounds were left undisguised. The rats
were divided into five groups of six each. Group 1 rats
were treated topically with the Aloe vera gel base as a
placebo control. Group 2 rats were treated topically
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with 5% Mattan tailam's nanogels until complete epi-
thelization. Group 3 was treated topically with 10%
Mattan tailam's nanogel until complete epithelializa-
tion. Group 4 was treated topically with traditional
Mattan tailam until complete epithelization. Group 5
was treated topically with Nitrofurazone ointment
(0.2% wiw).

The sutures were removed eight days after the
wound, and treatment continued. Skin tear strength was
measured on day 10 using the method described by Lee
2. The anesthetized rats were placed on the table, and
on each side of the wound, a line was drawn 3 mm
from the line. This line was grasped at each opposite
end using forceps. One of the tongs was fixed, the oth-
er articulated on a freely suspended light metal plate.
The weight was gradually increased, and the wound's
edges were gradually pulled apart. Weight addition was
stopped when the wound began to open and the
weights added were recorded as a measure of fracture
toughness. Three readings were taken for each incision.
The mean value of the group was taken as the individ-
ual breaking force value. The mean indicates the break-
ing strength for a specific group. Based on the dose
range-finding pilot study (not published), 5% and 10%
Mattan tailam nanogels were chosen for the formula-
tion and experimental analysis. 10% Mattan tailam
topical applications showed wound healing potential in
incision wound model as compared to 5% Mattan
tailam.

Statistical analysis

All data were presented as mean+SEM (n=6). Com-
parisons of determinant variables between all pooled
data for all parameters were analyzed statistically by
one-way ANOVA followed by Tukey-Kramer multiple
comparisons using the SPSS software package, version
15.01 for windows, and statistical significance was
defined as p<0.05, p<0.01, and p<0.001.

Results

Characterization

UV spectroscopic analysis was examined for the
Mattan tailam nanogels in a range of 200-800 nm. FT-
IR was used to identify the structural features and se-
lective phytochemical components. The results have an
estimated range of 4000-400 cm™. Mattan tailam
nanogels were exposed to CuK1 X-ray diffractometer
radiation (A=1.5406 A°) at 40 kV and 30 mA with a 20
range. Mattan tailam nanogels were placed on the
sample holder and sputter-coated with gold. Then, the
average particle size and shape of the Mattan tailam
nanogels were studied by FE-SEM (Japan). The size
and shape of these Mattan tailam nanogels are studied
using a TEM at 100 kV.

UV - Vis spectroscopic analysis

The development of Mattan tailam nanogels was
first analyzed using UV spectroscopy in the 200-800
nm range. The absorption spectra of green-produced

Counts

Mattan tailam nanogels displayed a characteristic peak
of 250, 300, and 300 nm, F-1, F-2, and F-3, respective-
ly.
FT-IR spectroscopic analysis

Mattan tailam nanogels were analyzed using an FT-
IR as an affirmative method, which provides an imprint
of present molecules' vibrational and rotational modes,
assisting in classifying functional and prospective plant
chemicals involved in reducing Mattan tailam nano-
gels. Figure 1 shows the FT-IR graph representing the
functional groups present on the Mattan tailam nano-
gels. The peaks at wavenumber at 3277.06 cm?,
1633.71 cm?, 1105.21 cm?, and 678.94 cm™ were ob-
served. The band around 3277.06 cm* was associated
with the characteristic absorption peak of —CH stretch-
ing. The band around 1633.71 cm™ was associated with
the characteristic absorption peak of —primary or sec-
ondary amide. The band around 1105.21 cm™ was as-
sociated with the characteristic absorption peak of —C—
O stretching. The band around 678.94 cm™ was associ-
ated with the characteristic absorption peak of saccha-
ride structure.

XRD analysis

The structure of the Mattan tailam nanogels was in-
dicated by XRD analysis of the synthesized CuNPs. At
26 values of F-1 (25.5, 28.02, 30.00), F-2 (24.6622,
25.8326, 28.0072, 31.8254) and F-3 (25.00, 67.00,
27.00) degrees, diffraction peaks were observed. Fig-
ure 2 shows the XRD analysis of synthesized nanopar-
ticles.
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Figure 1. FT-IR graph represents the functional groups present on the
Mattan tailam nanogels. The peaks at wavenumber at 3277.06 cm™?,
1633.71 cm'?, 1105.21 cm™, and 678.94 cm'* were observed.
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Figure 2. XRD analysis of synthesized Mattan tailam nanogels.
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EDAX analysis

Figure 3 shows the elemental analysis of the Mattan
tailam nanogels according to the EDAX spectrum of
the FE-SEM image. The molecular mass percentage
and atomic value of elements in the nanogel were con-
sistent. The data generated by EDAX analysis showed
three spectra peaks corresponding to the elements mak-
ing up the true composition of the Mattan tailam nano-
gels. Elemental mapping of a Mattan tailam nanogels
and image analysis confirmed the presence of copper.

ZETA sizer

Synthesized Mattan tailam nanogels performed zeta
size analysis to measure the size of the particles using
the ZETA sizer. The zeta potential mainly depends on
the surface charge, and is critical for the stability of
Mattan tailam nanogels in suspension, and is also a key
determinant in their first adsorption on the cell mem-
brane. After adsorption, the endocytic uptake rate de-
pends on the particle size. Figure 4 shows the corre-
sponding particle size of nanoparticles as visualized by
the ZETA particle size analyzer. The average diameters
of Mattan tailam nanogels compositions were 122+8
and 736+2 nm, respectively. However, Mattan tailam
size significantly increased (p<0.001) when Aloe vera
gel was used at the same weight ratio compared to
Mattan tailam.
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Figure 3. The data generated by EDAX analysis showed three spectra
peaks corresponding to the elements making up the true composition
of the Mattan tailam nanogels. Elemental mapping of a Mattan
tailam nanogels and image analysis confirmed the presence of cop-
per.
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Figure 4. The corresponding particle size of Mattan tailam nanogels
as visualized by ZETA particle size analyzer. The average diameters
of Mattan tailam nanogels compositions were 122+8 and 736+2 nm,
respectively. However, Mattan tailam size significantly increased
(p<0.001) when Aloe vera gel was used at the same weight ratio
compared to Mattan tailam.
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Figure 5. SEM image indicates the formation of variable sizes of
nanoparticles.

FE-SEM analysis

The SEM examination was performed using Schott-
ky FE-SEM (Japan) model TESCAN MIRA3 LMH.
The structure and scale of Mattan tailam nanogels were
determined using FE-SEM analysis. Under the FE-
SEM microscope, Mattan tailam nanogels were found
to be nanoscale (500 nm) in particle size, spherical, and
uniformly dispersed. Figure 5 shows an SEM image
indicating the formation of variable sizes of nanogels.

TEM analysis

Mattan tailam nanogels were examined through
TEM (JEOL 2010, Tokyo, Japan) following the rec-
ommended procedures *°. A drop of Mattan tailam
nanogels was mounted over the carbon-coated copper
grid of TEM. The solvent was air-dried at room tem-
perature, and then the sample was analyzed for its size
and shape at an accelerating voltage of 200 kV (Figure
6).
Excision wound model

A statistically significant increase in wound-healing
activity was observed in the rats treated with the herbal
nanogel compared to the traditional formulation and
nitrofurazone treatment. In the excision wound model,
herbal nanogel-treated rats revealed a significant reduc-
tion in the wound area (p<0.001) (Table 2). The 10%
herbal nanogel exhibited that the percentage of wound
contraction on the 16™ day was higher than the tradi-
tional formulation and nitrofurazone treatment groups.
The herbal nanogel showed a significantly less epithe-
lialization period (14.33 days) in an excision wound
model than the traditional formulation and nitrofura-
zone (Table 2). The epithelialization period following
10% Mattan tailam nanogels treatment was significant-
ly less (p<0.01) as compared to the respective control
group. The epithelization period was also higher in
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Figure 6. The synthesized nanogels were spherical in shape with an
average size of around 19.73 nm, revealed by TEM.

traditional formulation-treated rats, followed by nitro-
furazone-treated rats and 5% nanogel-treated rats.

No statistically significant differences between the
dry weight of tissues among herbal nanogel, traditional
formulation, and nitrofurazone treatment groups were
observed (Table 3). However, the hydroxyproline con-
tent was higher in the 10% herbal nanogel treated

group than in the traditional formulation and nitrofura-
zone treatment groups (Table 3). Figure 7 shows the
photographs of contraction rate and percent wound
contraction area on different post-excision days at dif-
ferent time intervals in rats' excision wound model.

Incision wound model

Table 4 shows the effects of the herbal nanogel and
traditional Mattan tailam on wound tensile strength in
rats inflicted with incision wounds. A significant in-
crease in the wound-breaking strength was observed in
the incision wound model with 10% of the herbal
nanogel as compared to the herbal nanogel.

Histopathological analysis

Histological investigations of excision wound tissue
were done on the 16" day, with histopathological fea-
tures of tissue from all groups of animals shown in
Figure 8 (A-E). Inflammatory cells, collagen fibers
with scar tissue, fibroblast cells, and blood vessels
were seen in Group | rats (Figure 8A). There was less
cellular necrosis in Group 1V rats and more collagen
fibers and blood vessels (Figure 8B). Group V rats
showed prominently increased fibroblast cells, blood
vessels, and well-organized collagen fibers as com-
pared to the control (Figure 8C). Necrotic cells with
fewer collagen fibers and blood arteries were seen in
Group Il rats (Figure 8D). More fibroblast cells with
collagen fibers, blood vessels, and fewer inflammatory
cells were seen in Group Il rats, indicating complete
tissue regeneration (Figure 8E).

Discussion

The present study demonstrated that the herbal
nanogel formulation of Mattan tailam was successful
using a high-energy milling method and natural gel.
All characteristics, including structure, functional
groups, size, shape, charge, and morphology of the
Mattan tailam nanogel, were studied. Mattan tailam
nanogel was shown to have three distinct noticeable
peaks with negatively charged particles, with an aver-
age particle size of 20-30 nm and a spherical shape.

Table 2. Effect of Mattan tailam nanogel and traditional Mattan tailam on % wound contraction and epithelialization period of the wound in an
excision wound model

% Wound contraction

Epithelialization

Groups -
P 4th day gth day 12th day 16t day period (days)
Group | (placebo control) 3.12+0.82 16.62+0.69 24.62+2.56 42.87+0.91 22.16+0.7
Group I1 (5% nanogel) 16.20+0.12 36.42+0.22 52.76+1.36 71.2+0.93 16.12+0.30

Group 111 (10% nanogel) 18.34+0.87 af:bf

Group IV (traditional formulation) 12.81+1.0 @f-bF

Group V (0.2% wiw, nitrofurazone) 14.22+0.34 2F b

48.30£0.40 b1t
24.13+0.83 V-
34.62+1,67

78.38+1.14 #f > 96.10+0.42 = > 14.33+0.4 & b

45,12+0.79 #f-bT.#  §0.21+0.27 #F-bF: 18.31+1.10

55.04+1.10 #f bf: c# 73.51+0.54 T bf 16.66+0.72 *b#

All values are represented as mean+SEM, n=6 animals in each group. Data were analyzed by one-way ANOVA, followed by Tukey-Kramer Multiple Comparisons

Test.

a: significant difference as compared to the vehicle group (group 1); b: significant difference as compared to traditional formulation treated group (group I1); c: signifi-

cant difference as compared to standard group (group I11), and #p<0.01, +p<0.001.
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Table 3. Effect of Mattan tailam nanogel and traditional Mattan tailam treatment on tissue hydroxyproline
content in an excision wound model

Groups The dry weight of tissues Hydroxyproling content
(mg) (ug/100 mg tissues)

Group I (placebo control) 31.1240.12 16.50+0.71

Group 11 (5% nanogel) 34.31+0.80 19.12+0.92

Group 111 (10% nanogel) 35.33+2.04 26.22+0.16 >

Group IV (traditional formulation) 32.1240.12 18.84+1.28 b

Group V (0.2% wiw, nitrofurazone) 31.02+2.10 22.10+0.65 ¥ b

All values are represented as mean+SEM, n=6 animals in each group. Data were analyzed by one-way ANOVA, followed
by Tukey-Kramer Multiple Comparisons Test.
a: significant difference as compared to vehicle-treated (group 1); b: significant difference as compared to standard treated

group (group 1), and #p<0.01, 1p<0.001.

Day Group I Group 11 [ Group 111 Group 1V Group V

N
i

& F1)
N |

1 ‘fk’l p]
m 19

[

Figure 7. Photographic representation of contraction rate showing
percent wound contraction area on different post-excision days at
different time intervals in excision wound model in experimental
groups. Group | placebo control rats. Group Il rats were treated with
5% nanogel, and Group Il rats were treated with 10% nanogel.
Group IV rats were treated with a traditional formulation, and Group
V rats were treated with 0.2 % w/w, nitrofurazone.

Table 4. Effect of herbal nanogel and traditional Mattan tailam on
tensile strength of wound in incision wound model

Wound breaking strength

Groups @n

Group | (placebo control) 138.14+1.22
Group 11 (5% nanogel) 162.44+0.42
Group 111 (10% nanogel) 200.12+3.33 *%:b*
Group IV (traditional formulation) 141.0624.71 3 b#c-
Group V (0.2% wiw, nitrofurazone) 160.24+6.94 2fbf

All values are represented as mean+SEM, n=6 animals in each group. Data
were analysed by one-way ANOVA, followed by Tukey-Kramer Multiple
Comparisons Test.

a: significant difference as compared to vehicle treated group (group I);
b: significant difference as compared to traditional formulation treated group
(group 11); c: significant difference as compared to standard group (group I11),
and #p<0.01, +p<0.001.

Excision and incision wounds were used to assess the
wound healing potential of the Mattan tailam nanogel.
The effcacy of topical therapeutic application of Mat-

Figure 8. Photomicrograph of histopathological section of wound
tissue of rats (stained with Haematoxylin and Eosin, 40x magnifica-
tion). Inflammatory cells, collagen fibers with scar tissue, fibroblast
cells, and blood vessels were seen in Group | (Figure 8A). There was
less cellular necrosis and more collagen fibers and blood vessels in
Group IV (Figure 8B). Group V showed prominently increased fibro-
blast cells, blood vessels, and well-organized collagen fibers as com-
pared to the control (Figure 8C). Necrotic cells with fewer collagen
fibers and blood arteries were seen in Group Il (Figure 8D). More
fibroblast cells with collagen fibers, blood vessels, and fewer in-
flammatory cells were seen in Group Ill, indicating complete tissue
regeneration (Figure 8E). Scale bar: 20 xm in all the figures.

tan tailam nanogel in an excision and incision rat mod-
el was most effective.

Siddha is a herbal-based therapeutic technique that
dates back thousands of years. With recent develop-
ments in biotechnology, traditional Siddha medical
systems have enjoyed a considerable rebirth world-
wide. Hence, we chose a well-established rodent model
to investigate the wound healing ability of the Mattan
tailam nanogel. The novelty of the study in comparison
to the previous research by Arunadevi % was mainly
nanogel preparation of Mattan tailam. Moreover, the
present study was performed with both incision and
excision wound healing experimental and wound dress-
ing designs. Moreover, cytotoxicity of the Mattan
tailam was performed in our laboratory in the earlier
study, which indicates that Mathan tailam is non-
mutagenic and non-cytotoxic, and it is potentially safe
to use 6.
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Nanomedicine is a broad field of drug delivery that
includes a wide range of effective formulations for
treating various diseases 32, Many illnesses necessi-
tate a certain timing for medicine delivery to achieve
maximal effectiveness 332, Due to their unique quali-
ties like selectivity, non-specific target, and minimized
side effects, nanoparticles and nanogels can be critical
tools for overcoming these obstacles and constraints
3334 In the last two decades, the formulation of nano-
gels has been the most promising technology in medi-
cal research 3, According to a recent study, ZnO
nanogels offer many potentials for treating superficial
microbial skin diseases. ZnO nanogels offer unique
qualities such as non-toxicity and low cost, making
them ideal for usage as a gas sensor and energy har-
vesting devices such as solar cells, veristor, pigments,
and cosmetics 3538, Understanding potential toxicologi-
cal effects after exposure require the characterization of
nanoparticles and nanogels. Nanoparticles and nano-
gels must be characterized using proper analytical
methods to determine their size, shape, surface area,
morphology, and charge 182, \We used FTIR, XRD,
ZETA-Sizer, EDAX analysis, FE-SEM, and TEM to
characterize the herbal-based nanogel of Mattan
tailam. The size of the nanogels affects their toxicity,
and the more extensive specific surface area allows
them to enter cells and circulate more quickly. Mattan
tailam nanogel was shown to have three distinct no-
ticeable peaks with negatively charged particles, with
an average particle size of 20-30 nm and a spherical
shape. According to our research, Mattan tailam nano-
gel has suitable drug delivery methods to provide a
platform for successful administration.

Wound healing follows a four-phased process (he-
mostasis/coagulation; inflammation, migration, prolif-
eration; epithelization; and remodeling) *"3¢. The mul-
tifactorial coordination of overlapping cellular process-
es is required for wound healing ¥7*8. These multifacto-
rial activities affect clotting, phagocytosis, chemotaxis,
mitogenesis, angiogenesis, collagen production, extra-
cellular matrix development, and soluble mediators
37.38  Contraction, closure, and re-epithelialization are
all essential steps in wound healing 3%41, The type of
injury significantly impacts how quickly a wound heals
3841 Excision, incision, burn, and dead space wound
models are all affected differently during the healing
process “243, Wound induction is minimal in the exci-
sion wound model, and the percentage of wound con-
traction and duration of epithelialization were meas-
ured #243, In the herbal nanogel-treated rats, we noticed
a substantial reduction in wound area (p<0.001). On
day 16, the percentage of wound contraction was high-
er in the Nitrofurazone treatment than in the traditional
formulation. Numerous studies have found that the
pace of contraction and the duration of epithelization
are essential factors in wound healing 4>*3, These two
factors aid wound closure by lowering the extracellular
matrix and limiting keratinocyte migration distance.

The 10% Mattan tailam nanogel groups, in particular,
had a shorter epithelialization duration (14.33 days).
According to the literature, the epithelization stage
entails migrating new epithelial cells into infected
wound beds 4243, The epithelization period in the 10%
Mattan tailam nanogel groups was brief, possibly due
to the vitality of the epithelial cells. Furthermore, the
wound contraction and epithelialization effects of the
10% Mattan tailam nanogel were accountable for sig-
nificant and influential healing. Based on the dose
range-finding pilot study (not published), 5% and 10%
Mattan tailam nanogels were chosen for the formula-
tion and experimental analysis. 10% Mattan tailam
topical applications showed wound healing potential in
both excision and incision wound models as compared
to 5% Mattan tailam.

Hydroxyproline content measures collagen turnover
throughout the wound-healing process and assesses
wound-healing therapy quality 424445, The hydroxypro-
line concentration in the 10% Mattan tailam nanogel
treated groups was significantly greater than in the
standard formulation and Nitrofurazone groups. In the
proliferation phase of the wound healing process, an
increase in hydroxyproline content is directly propor-
tional to collagen turnover 424445 The presence of a
significant rise in hydroxyproline content in the group
treated with 10% Mattan tailam nanogel could imply
fibroblast proliferation and migration, resulting in
wound constriction and closure.

Despite the lack of advanced treatment and aware-
ness, a 1984 clinical study “® revealed a lot about the
wound healing property of Mattan tailam in diabetic
cases, where the chronic ulcerative wound showed its
quick healing potential ranging from one to three
months depending on the depth and affected area of the
ulcer 2. Another evidence of Mattan tailam's preventa-
tive activity against chronic wounds persists and pro-
gress toward cancer. In addition, the leaf extract effi-
ciently suppresses the mycelia growth of the ringworm
fungi Epidermophyton floccosum, Trichophyton men-
tagrophytes, and Microsporum gypseum. Literature re-
search and traditional claims state that Mattan tailam
possesses antispasmodic, analgesic, and antiseptic pro-
perties 4748,

The wound healing therapeutic efficacy of 10%
Mattan tailam nanogel was further assessed in an inci-
sion model by measuring wound tensile strength. We
found that treatment with 10% Mattan tailam nanogel
increased tensile strength, suggesting a better therapeu-
tic indication than the traditional formulation and Ni-
trofurazone. Previous studies indicate that wound heal-
ing stability or tensile strength mainly depends on col-
lagen turnover and stabilized fibers influenced by hy-
droxyproline content 450, Consistent with these results,
the increased wound tensile strength of 10% Mattan
tailam nanogel directly involved the higher hydroxy-
proline levels in the 10% Mattan tailam nanogel treat-
ed groups.
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Conclusion

In conclusion, the current findings show that Mattan

tailam nanogel formulation developed was successful,
and its properties were investigated (structure, func-
tional groups, size, shape, charge, morphology). The
topical therapeutic applications of Mattan tailam nano-
gel in the excision and incision rat models were most
effective. The extensive pharmacological and biologi-
cal actions of the Mattan tailam nanogels comprised of
polyherbal composition could significantly affect col-
lagen synthesis, wound contraction, and wound tensile
strength. Further research is warranted to enhance ther-
apeutic approaches related to clinical trials.

10.

11.

12.

13.

References

Enyedi B, Niethammer P. Mechanisms of epithelial
wound detection. Trends Cell Biol 2015 Jul;25(7):398-
407.

Leoni G, Neumann PA, Sumagin R, Denning TL, Nusrat
A. Wound repair: role of immune—epithelial interactions.
Mucosal Immunol 2015 Sep 15;8(5):959-68.

Takeo M, Lee W, Ito M. Wound healing and skin regen-
eration. Cold Spring Harb Perspect Med 2015 Jan 1;5
(1):a023267.

Ellis S, Lin EJ, Tartar D. Immunology of wound healing.
Curr Dermatol Rep 2018 Dec 28;7(4):350-8.

Thiruvoth F, Mohapatra D, Sivakumar D, Chittoria R,
Nandhagopal V. Current concepts in the physiology of
adult wound healing. Plast Aesthet Res 2015;2(5):250-6.

Sorg H, Tilkorn DJ, Hager S, Hauser J, Mirastschijski U.
Skin wound healing: An update on the current know-
ledge and concepts. Eur Surg Res 2017;58(1-2):81-94.

Carlson MA, Longaker MT. The fibroblast-populated
collagen matrix as a model of wound healing: a review of
the evidence. Wound Repair Regen 2004 Mar;12(2):134-
47.

Tracy LE, Minasian RA, Caterson EJ. Extracellular ma-
trix and dermal fibroblast function in the healing wound.
Adv Wound Care (New Rochelle) 2016 Mar;5(3):119-36.

Chitturi RT, Balasubramaniam AM, Parameswar RA,
Kesavan G, Haris KT, Mohideen K. The role of myofi-
broblasts in wound healing, contraction and its clinical
implications in cleft palate repair. J Int Oral Health 2015;
7(3):75-80.

Desmouliere A, Darby IA, Laverdet B, Bonté F. Fibro-
blasts and myofibroblasts in wound healing. Clin Cosmet
Investig Dermatol 2014 Nov;301:301-11.

Georgescu M, Marinas O, Popa M, Stan T, Lazar V,
Bertesteanu SV, et al. Natural compounds for wound
healing. In: Worldwide Wound Healing - Innovation in
Natural and Conventional Methods. InTech; 2016.

Thakur R, Jain N, Pathak R, Sandhu SS. Practices in
wound healing studies of plants. Evid Based Comple-
ment Alternat Med 2011;2011:438056.

Sindhu RK, Gupta R, Wadhera G, Kumar P. Modern
herbal nanogels: formulation, delivery methods, and ap-
plications. Gels 2022 Feb 7;8(2):97.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ansari SH, Islam F, Sameem Mohd. Influence of nano-
technology on herbal drugs: A Review. J Adv Pharm
Technol Res 2012;3(3):142-6.

Soni G, Yadav KS. Nanogels as potential nanomedicine
carrier for treatment of cancer: A mini review of the state
of the art. Saudi Pharm J 2016 Mar;24(2):133-9.
Kabanov AV, Vinogradov SV. Nanogels as pharmaceu-
tical carriers: finite networks of infinite capabilities. An-
gew Chemie Int Ed Engl 2009 Jul 13;48(30):5418-29.

Soni KS, Desale SS, Bronich TK. Nanogels: An over-
view of properties, biomedical applications and obstacles
to clinical translation. Control Release 2016 Oct;240:
109-26.

Sinha A, Simnani FZ, Singh D, Nandi A, Choudhury A,
Patel P, et al. The translational paradigm of nanobi-
omaterials: Biological chemistry to modern applications.
Mater Today Bio 2022;17:100463.

Patra JK, Das G, Fraceto LF, Campos EVR, Rodriguez-
Torres M del P, Acosta-Torres LS, et al. Nano based
drug delivery systems: recent developments and future
prospects. J Nanobiotechnology 2018 Dec 19;16(1):71.

Baskar V, Meeran Sl, Subramani A, Sruthi, Ali J, Sha-
beer TK. Historic review on modern herbal nanogel for-
mulation and delivery methods. Int J Pharm Pharm Sci
2018 Oct 1;10(10):1.

Yin'Y, Hu B, Yuan X, Cai L, Gao H, Yang Q. Nanogel:
A versatile nano-delivery system for biomedical applica-
tions. Pharmaceutics 2020;12(3):290.

Arunadevi R, Susila R, Murugammal S, Divya S. Prepa-
ration and standardization of Mathan Tailam: A classical
Siddha formulation for diabetic ulcerative wound heal-
ing. J Ayurveda Integr Med 2020 Jan;11(1):10-5.

Lahorkar P, Ramitha K, Bansal V, Anantha Narayana D.
A comparative evaluation of medicated oils prepared us-
ing ayurvedic and modified processes. Indian J Pharm
Sci 2009;71(6):656-62.

Prasad Yadav T, Manohar Yadav R, Pratap Singh D.
Mechanical milling: a top down approach for the synthe-
sis of nanomaterials and nanocomposites. Nanoscience
and Nanotechnology 2012 Aug 31;2(3):22-48.

Barkat MA, Harshita, Ahmad I, Ali R, Singh SP, Pottoo
FH, et al. Nanosuspension-based aloe vera gel of silver
sulfadiazine with improved wound healing activity.
AAPS PharmSciTech 2017 Nov 5;18(8):3274-85.

Prince C. In-vitro Evaluation of mutagenic and anti-
mutagenic effects of Siddha formulation Mathan thailam.
International Journal of Emerging Technologies and In-
novative Research 2020 May;7(5):663-6.

Morton JJ, Malone MH. Evaluation of vulneray activity
by an open wound procedure in rats. Arch Int Pharmaco-
dyn Ther 1972 Mar;196(1):117-26.

Ehrlich HP, Hunt TK. The effects of cortisone and ana-
bolic steroids on the tensile strength of healing wounds.
Ann Surg 1969 Aug;170(2):203-6.

Lee KH. Studies on the Mechanism of Action of Salicy-
late 11. Retardation of wound healing by aspirin. J Pharm
Sci 1968 Jun;57(6):1042-3.

Avicenna Journal of Medical Biotechnology, Vol. 15, No. 1, January-March 2023



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sakthiganapathi M, et a/

Khan I, Saeed K, Khan I. Nanoparticles: Properties, ap-
plications and toxicities. Arabian Journal of Chemistry
2019 Nov;12(7):908-31.

Kabanov AV, Gendelman HE. Nanomedicine in the di-
agnosis and therapy of neurodegenerative disorders. Prog
Polym Sci 2007 Aug;32(8-9):1054-82.

Rezaei R, Safaei M, Mozaffari HR, Moradpoor H, Ka-
rami S, Golshah A, et al. The role of nanomaterials in the
treatment of diseases and their effects on the immune
system. Open Access Maced J Med Sci 2019 Junl6;7
(11):1884-90.

Patra JK, Das G, Fraceto LF, Campos EVR, Rodriguez-
Torres M del P, Acosta-Torres LS, et al. Nano based
drug delivery systems: recent developments and future
prospects. J Nanobiotechnology 2018 Dec 19;16(1):71.

Su S, M. Kang P. Recent advances in nanocarrier-
assisted therapeutics delivery systems. Pharmaceutics
2020 Sep 1;12(9):837.

Mujahid M, Ahmad L, Ahmad M. Synthesis of ZnO
nanogel for the treatment of superficial skin microbial in-
fections. Journal of Drug Delivery and Therapeutics
2017 Mar 15;7(2).

Huang X, Zheng X, Xu Z, Yi C. ZnO-based nanocarriers
for drug delivery application: From passive to smart
strategies. Int J Pharm 2017 Dec;534(1-2):190-4.

Gushiken LFS, Beserra FP, Bastos JK, Jackson CJ, Pel-
lizzon CH. Cutaneous wound healing: An update from
physiopathology to current therapies. Life (Basel) 2021
Jul 7;11(7):665.

Rodrigues M, Kosaric N, Bonham CA, Gurtner GC.
Wound healing: A cellular perspective. Physiol Rev 2019
Jan 1;99(1):665-706.

Loretelli C, ben Nasr M, Giatsidis G, Bassi R, Lancerotto
L, D’Addio F, et al. Embryonic stem cell extracts im-
prove wound healing in diabetic mice. Acta Diabetol
2020 Jul 2;57(7):883-90.

Elshamy Al, Ammar NM, Hassan HA, El-Kashak WA,
Al-Rejaie SS, Abd-ElGawad AM, et al. Topical wound
healing activity of myricetin isolated from Tecomaria
capensis v. aurea. Molecules 2020 Oct 22;25(21):4870.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Rahman MS, Islam R, Rana MM, Spitzhorn LS, Rahman
MS, Adjaye J, et al. Characterization of burn wound
healing gel prepared from human amniotic membrane
and Aloe vera extract. BMC Complement Altern Med
2019 Dec 3;19(1):115.

Lambebo MK, Kifle ZD, Gurji TB, Yesuf JS. Evaluation
of wound healing activity of methanolic crude extract
and solvent fractions of the leaves of Vernonia auriculif-
era Hiern (Asteraceae) in mice. J Exp Pharmacol 2021
Jul;13:677-92.

Andritoiu CV, Andriescu CE, Ibanescu C, Lungu C,
lvanescu B, Vlase L, et al. Effects and characterization of
some topical ointments based on vegetal extracts on inci-
sion, excision, and thermal wound models. Molecules
2020 Nov 16;25(22):5356.

Preethi KC, Kuttan R. Wound healing activity of flower
extract of Calendula officinalis. J Basic Clin Physiol
Pharmacol 2009 Jan;20(1):73-9.

Bozkirli BO, Giindogdu RH, Ersoy E, Lortlar N,
Yildirim Z, Temel H, et al. Pilot experimental study on
the effect of arginine, glutamine, and B-hydroxy B-
methylbutyrate on secondary wound healing. JPEN J
Parenter Enteral Nutr 2015 Jul 24;39(5):591-7.

Kalavathy N, Rajalakshmi S, Sundharam M, Veluchami
G. A siddha remedy for chronic ulcer. Indian Journal of
Hospital Pharmacy 1984;21(1):30-5.

Bapat AC, Ubale MR, Gaurea SH, Bapat UC, Kartikeyan
S, Malgaonkar AA. In vitro study of anti-dermatophytic
activity of select plant extracts. IOSR Journal of Dental
and Medical Sciences 2017 Jun;16(06):30-3.

Reid KA, Maes J, Maes A, van Staden J, de Kimpe N,
Mulholland DA, et al. Evaluation of the mutagenic and
antimutagenic effects of South African plants. J Eth-
nopharmacol 2006 Jun;106(1):44-50.

Danielsen CC, Gottrup F. Healing of incisional wounds
in stomach and duodenum. Eur Surg Res 1981;13(3):
194-201.

Oxlund H, Christensen H, Seyer-Hansen M, Andreassen
TT. Collagen deposition and mechanical strength of co-
lon anastomoses and skin incisional wounds of rats. J
Surg Res 1996 Nov;66(1):25-30.

Avicenna Journal of Medical Biotechnology, Vol. 15, No. 1, January-March 2023

47



