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Sesamum Indicum As the healing of burn wounds delay that affect the skin and lead to tearing and damage to its parts, as

Plant, Nano Titanium well as the remaining traces and scars on the skin because of exposure to heat, radiation, radioactivity,

Dioxide, Healing Of electricity, friction, or contact with chemicals, it has become necessary to investigate and discover effective

Burn Wound, medicines. Burns that affect the skin have an important purpose, Therefore, it is important to continue

Organism studying and experimenting with new and effective medicines, including effective nanomaterials, to reach
efficient treatments to treat such injuries. In the current study, nanoparticles of titanium dioxide (TiO2)
were prepared, and this material was examined using a device a Field Emission Electron Scanning
Microscope (FE-SEM). The results obtained were on the nanoscale, with sizes ranging from (31.52-69.08)
nanometers. The effectiveness and effect of biosynthetic nanomaterials and sesame seeds were investigated
in vivo at a concentration of 1% TiO2 and 20% sesame oil on burns in the skin of laboratory rats and
compared with a control group of natural skin of the same type of laboratory rats. They were also
compared with rats treated with Mebo ointment. Randomly, 18 rats were put into three equal groups and
treated once daily for 28 days. The results of the study showed effective activity and a noticeable speed in
the healing of burns that affected the skin of laboratory rats using a nano-titanium dioxide preparation
supported by sesame seed extract whose burn mean amounted to 0.005 compared to the control treatment,
whose burn mean was 2.443. According to the current study's findings, using biosynthetic nano-titanium
dioxide and sesame oil together results in better burn wound healing than using each of them separately.

1. Introduction

A burn is an injury affecting the skin or more organic tissues, usually resulting from exposure to heat
or other forms of blunt trauma [1 Thermal burns result from the destruction of skin cells or other
tissues due to exposure to hot liquids or hot solid substances or flame [2]. Burns may be the result of
exposure to radiation, electricity, radioactivity, friction, or contact with chemicals [3]. Burn injuries
typically show variation in depth, often affecting a combination of deep and superficial components
[4]. Accurately determining the depth of a burn wound can be difficult in the early stages due to the
dynamic nature of burn injuries. These wounds have the potential to progress and develop into deeper
tissue damage over time [5]. Dividing the skin burns is according to the depth of tissue injury [6].
Healing potential and the necessity of surgical grafting are largely governed by the burn depth [7].
They are classified into first-degree burns, also known as skin burns [8]. Second degree burns wich
known superficial [9]. Third ones, also known as complete burns [10]. Fourth-degree burns, deep,
severe [11]. The Second are superficial, partial thickness burns affecting both the epidermis and some
dermis and lead to damage to the upper layers of the papillary dermis [9]. Many experimental studies
have described the beneficial effects of treating wounds, especially burn wounds, with natural
materials. Medicinal plants and herbs around the world are valuable materials in the treatment of
various diseases [12], due to their ease of use, effectiveness, and low cost when compared to
expensive chemical treatments [13], as phytochemicals are natural compounds that have enormous
antioxidant potential and are of great importance in providing health benefits against many diseases
[14], and that each part of the plant has its own medicinal properties that possess different types of
Secondary receptors as important in treating different types of diseases [15]. Natural products help in
developing important therapeutic drugs in modern medicine and are a fruitful and logical study
strategy for new analgesic and anti-inflammatory drugs [16]. Sesame (Sesamum indicum L.) is an
oldest crop. Cultivated throughout human history, the most beneficial part of sesame is its seeds, of
which approximately 75% of its mass has fat and protein [17]. It is known that sesame oil has about

5.1% lignans, including toxins and seminols. Also, its seed has vitamin B complex and eight critical
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amino acids, significant fo the function of liver cell as they are significant in cell oxygenation [18].
This substance controls the distinctive physiological and biochemical features of sesame oil, like its
antioxidant, anti-mutagenic, and anti-inflammatory activities. Sesame oil also has an important role
in treating burns and reducing resulting scars in record time because of its antioxidant and anti-
inflammatory properties and effective materials in this aspect. [19]. Titanium is a chemical element
with the symbol (Ti), and it is widely distributed in various living organisms, water bodies, and soil.
It ranks ninth among the plentiful in the Earth's crust, making it an element of great importance [20].
Titanium is known as a metal that is widely used in the medical industry. Titanium has emerged as a
vital material in the field of medicine. Its applications extend to what is Beyond surgical equipment,
orthopedic rods, nails, and plates, making it an indispensable component in various medical
procedures, the human body shows a remarkable ability to tolerate titanium without experiencing any
adverse reactions. In fact, titanium exhibits superior biocompatibility and resistance compared to
many other metals commonly used in medical applications [21]. Titanium dioxide (TiO2) has
exceptional properties that make it versatile and applicable in various industries, the most important
of which are medical and therapeutic applications [20][22]. Hybrid nanomaterials regulate sensing
functions in nanomedicine and the pharmaceutical industries. The mechanical strengths, chemical
stabilities, durability function, and hybrid nanomaterial flexibility make them suitable for developing
healthy human life. Important applications such as drug deliveries, antimicrobial impacts, nutrition's,
orthopedics, dentistry, and innovating antibiotics, antifungals, antioxidants, and wound healing
promotion [23]. The nanoTiOz use healing of wound has received great attention due to its ability to
harness the catalytic effect of photosynthesis, facilitating the generation of reactive oxygen type
specifically targeting bacteria in wound infections [24]. The study aimed to prepare a nanomaterial of
titanium dioxide (TiOz2) onto which the plant extract of the sesame plant is loaded. Study the effect of
nano-titanium dioxide (TiOz) on not only burns wound healing but also conduct in vivo evaluations.

2. Methodology

Investigating the effect of Sesamum indicum extract and titanium dioxide nanoparticle TiO2 on
healing burn wounds and conducting in vivo tests.

Plant collection

Sesamum seeds were collected from the General Directorate of Agriculture in Diyala Governorate
and the herbarium confirmed by its classification by in the College of Education for Pure
Sciences/according to the Flora of Iraq book..

Preparation of the hot alcoholic extract

Sesamum indicum seeds extracted by using the saxolite system , using methanol as a solvent
according to the method which in [25]. 100 grams of sesame seeds were placed in a funnel-shaped
filter paper and tightly closed to avoid the seeds coming out. After that, they were placed in the
saxolite device and placed on it 500 ml of solvent for one day, then we concentrated the solution by
means of a rotary evaporator and separate the solvent, making a thick liquid of a dark greenish-
brown color storing the filtered extract in the refrigerator at 4°C for later use.

Detection of plant-active compounds

The active compounds in Sesamum indicum seeds were detected using alcoholic seed extract gas
chromatography-mass spectrometry (GC-MS).

GC-MASS analysis

The essential oils were evaluated in the laboratories of Basra Oil Company using gas
chromatography with flame ionization detector (FID) and GC-MS using Agilent GC-mass detection
(MSD) system by helium as a carrier gas and then the separation conditions in the device and the
volume of the extract injected were adjusted according to the company's instructions.
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Preparing TiO2-NPs by the sol-gel method

The experiment included preparing TiO2-NPs by the sol-gel, which was a method mentioned by [26].
TiO2-NPs were manufactured using a single-step hydrothermal technique on a transparent glass
substrate coated with FTO under somewhat acidic conditions. A typical preparation involved mixing
DI (10) mL (deionized water) with (10) concentrated HCI mL (hydrochloric acid) solution for
making a total 20 mL, agitated for 10 minutes. To ensure a suitable supply of titanium requires
adding an amount of titanium (IV) isopropoxide to the prior mixture's solution and agitated for 30
minutes. The finished solution was placed in a Teflon-lined stainless-steel autoclave with a two-
thirds volume ratio. Yet, a clean FTO glass substrate piece placed at the autoclave bottom.
Hydrothermal reaction was performed at 180 °C for one, 1.5, two, and three hours. The related
samples are labeled TO-x, with x referring to the time of growth. Then, the reaction was finished,
cooling the autoclave to room temperature. To eliminate contaminants, we rinsed samples with DI
water and ethanol and dried by N2 gas annealed at 350 °C for 60 minutes.

Figurel: Transparent glass substrate coated with FTO.
Preparation of compounds used to treat burn wounds in vivo

The compound used in in vivo experiments was prepared by mixing nanoTiO2 and sesame seed oil at
a concentration of 1% TiO> and 20% sesame oil.

Experimental animals:

This work uses 18 male rats, their weights ranging between 190 and 210 grams. The rats were kept in
clean cages. Each group contains six rats provided with enough food and water. We observed every
ethical standard regarding using laboratory animals. For second-degree burn procedures, general
anesthesia was administered with xylazine 10% (50 mg/kg) and ketamine 2% (5 mg/kg)
intraperitoneally. Next, the dorsal upper layer of the animal was shaved with a hair remover and
made for the burn. All rats had the same burn wounding. It was formed using a hot plate in the same
way and at an identical temperature. Briefly, a heated disc (diameter: 3 cm) was used to create a
deep second-degree burn wounds at a similar temperature (heated by placing it for 5 minutes in hot
water and holding for 10 seconds on the skin with equal pressure).[27]
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Figure2: The process of causing a second-degree burn in a rat.

Statistical analysis:

The data in this work was statistically analyzed by the statistical programs SPSS version 23 and
GraphPad Prism version 10. Quantitative data were in MeanzSt.error format. ANOVA analysis
compared more than two of the studied groups. The Least Significant Difference (LSD) test
compared the burned areas' arithmetic means at a significance level of P<0.05.

3. Results and Discussion

GC-Mass analysis of essential oils:

Computer matching for commercial mass spectral libraries (Wiley GC/MS Library, 3 Mass Finder
Library, and Baser Library) was used to obtain individual seed extracts for endogenous vital oil of
over 3,200 authentic compounds with mass spectra and retention data from the pure so revealing an
active compound in the extract: beta-tocopherol, sesame, gamma-sitosterol, fucosterol, methyl 12-
hydroxy-9-octadecenoate, and tris(2,4-di-tert-butylphenyl) phosphate. As shown in Figure 3. The
results were consistent with the findings of [28].
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Figure3: Shows the results of the GC-Mass analysis of sesame seed extract.
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Tablel. Shows the active components of sesame seed extract.

N compound formula Concegzratlon Structure
1. | beta-Tocopherol | C28H480 | 2.087987639
2
2. | (+) - Sesamin C20 H18 18.06672224
06
3. | gamma- C29H500 | 10.34978171
Sitosterol
4. | Fucosterol C29H480 1.9308161
5. | Methyl 12- C19H360 | 0.186714276
/V\/‘Y\M/‘\/\)’L,}/
hydroxy-9- 3 T
octadecenoate
6. | Tris(2,4-di-tert- | Ca2He304P | 0.205425051 = j{,\,\, = _
butylphenyl) Tt AL =
s | e < =
phosphate e 1< >

Field Emission Scanning Electron Microscopy (FE-SEM) tests:

The TiO2 nanobodies were characterized by a FE-SEM, as Figure 4 shows. The image had a
100,000X magnification, and most of the TiO- particles are dense and shaped like irregular spheroids
with sizes ranging between 31.52 and 69.08 nanometers, as these results were like what was achieved
by [29].
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Figure4: FE-SEM image which shows the morphology TiO2 nanoparticles.
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Results of the effect of titanium dioxide nanoparticles (TiO2-NPs) mixed with Sesamum
indicum seed extract on in vivo burns:

This work shows that there are no statistical differences (P > 0.05) between the average burn areas of
rats exposed to different treatments (MEBO, TiO2, mixture, and S.oil) in the first week of exposure.
In contrast, TiO2 and Mixture recorded the highest therapeutic effectiveness in the second week
(1.110+0.071 and 0.096%+1.314), the third (0.033+£0.398 and 0.066+0.398), and the fourth week
(0.086+0.021 and 0.003+0.005), with statistical differences (p<0.05). (Table 1 and Figure 2). This
gives a clear indication that, firstly, there is a noticeable effect of nano-TiO, on burns wounds healing
in a shorter time than Mebo, and nano-TiO: controls the progress of the healing process by improving
the moisture content and anti-bacterial properties of the skin confirming [30], where the recovery rate
was (99.85%) for one group. The use of nanosized TiO2 in wound healing has received important
attention because it can harness the photocatalytic effect, facilitating the generation of reactive
oxygen specifically targeting bacteria in wound infections [31]. Advances in the use of metal oxide
nanoparticles in uses of the environment have increased the necessity for synthesizing them. The use
of green chemical approaches on ecologically sensitive biological systems [32]. Sesame oil has an
important role in treating burn wounds and reducing the resulting scars in record time because of its
antioxidant and anti-inflammatory properties and effective materials in this aspect [33]. NPs have
been studied for their ability of reducing skin infections and burn wounds. The goal of wound healing
IS an instantaneous recovery with maximum function and minimal scarring [34]. The effective
materials for healing burns found in sesame oil were loaded onto TiO2 nanoparticles. Which is
known as the biosynthesis process, gives much better results in burn wound healing and removing
resulting scars than if each of them were used separately.

Weekl1 Week?2 Week3 Week4

Figure 5: shows healing stages of rats from burn wounds for each treatment group.
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Table2: comparative means of burned area of rats treated with different drugs at four weeks.

Mean Mean
First 2426 0045 2607 0095 2428 0117 2443 0086 2521 0107 . No™
significant
LSD=0.19
second 2997 0037 1000 o9z 110 5071 13140 0006 138 0005
P<0.01%*
LSD=0.24
Third %1 0053 978 0053 939 0033 0308° 0066 877 0049 pegoorr
0.971 0.175 0.086 0.271 -5D=0070
Fourth 091 0osa 017 o3 0086 goo1 o052 0003 P2t 0047 pegoorr

P>0.05 Not significant difference, P<0.05* significant difference, P<0.01** Highly significant
difference, P<0.001*** Very high significant difference, and different lowercase letters indicate
significant differences.

m First week m Second week = Third week ®m Fourth week

Mean of burned area (cm)

Controls MEBO Mixture (TiO2+8S. oil)

Groups

Figure6: comparative means of burned area of rats treated with different drugs at four weeks.
Histological Examination

Hematoxylin and eosin staining revealed that normal rat skin has two thin layers: epidermis and
dermis. The epidermis' keratinized is a stratified squamous epithelial tissue of two to three layers t
linking to the basement membranes. The dermis has dense connective tissues and hair follicles. The
hypodermis, or subcutaneous tissue, is under the dermal layer with loose connective tissue and white
fatty tissue arranged in lobules which are divided by many connective tissue septa. Rat skin is
distinguished from human skin by the panniculus carnosus, a layer of skeletal muscle beneath the
dermal fatty tissue. (Figure 7).

The burn depth reached the deep dermis layer of treated rats, corresponding to the second to third
degree of burns. In the case of untreated rats, they showed severe necrosis and loss in the epidermal

layer on day 7 after burning, reaching none and mild on day 28. There was also disorder and
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disorganization in the dermis with diffuse infiltration around the blood vessels, which began to be
severe until they became mild to nonexistent on day 28. Collagen appeared in the papillary dermis
layer, it was moderate to mild, while the regeneration of the epidermal layers and blood vessels was
slow in this group. These results are similar to what was found [35]. The group treated with MEBO
showed results similar to those seen in the first group, with a slight advantage in renewing the skin
and its layers. The third group treated with nano-TiO. showed a relative advantage over the previous
two groups in that the dermis returned to order and blood vessels appeared in it on day 28. These
results for the nanomaterial appear to be very similar to [35]. While the best results appeared in the
fourth group treated with a biosynthetic mixture of nano-TiO and sesame oil, necrosis, loss of the
epidermis layer, and disruption of the dermis appeared moderate, and slight regeneration of the
epidermis layers began on the seventh day after the burn. Epidermal necrosis, disruption of the
dermis, collagen, and perivascular infiltration disappeared as well. The layers of the skin were
completely regenerated, with the scars disappearing on day 28. As for the fifth group treated with
sesame oil, its readings were remarkably similar to the readings of the third group treated with nano-
TiO2, (Table 1 and Figure 8).

Table 3: Descriptive qualitative and semi-quantitative evaluations for healing process in positive
control-, Mebo, nano-TiO2, and mixture of nano-TiO, and sesame oil-treated groups over 28 days (4
animals per group on 7, 14, 21, and 28 days post experiment).

Items Gl G2 G3 G4

Time lesion D7 [ D14 | D21 |D2§ | D7 | D14 | D21 | D28 | D7 | D14 | D21 | D28 | D7 | D14 | D21 | D28
Epidermal necrosis . e H | 4 H | + +
Epidermal losses. | | | | HE | HE | H | | |+
Disorganization of the dermis. |+ { HE{ £ | £ | H+| H | H | £ | HE | HE| £ H | H
Diffiuse perivascular HE | H |+ Ho A+ 4 | H |+
infilfration.
Collagen degeneration at HEH | E | E | | HE | H |+ H | |+
level of papillary demnis.
Epidermal regeneration. EO I B O L
Basal, granular, spinous, B e e = P T B I SR (TS [ N R
and cormified cell layers.
Vascularizationat the dermal | = | | £ | | |+ | | £ | £ | £ | B | | | | |
subeutaneous interface.

Figure7;Histological analysis of Rat, normal (unburned) skin(x4 magnification H&E
stain).
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Figure8;Histological analysis of Rats evaluations for healing process in positive control-, Mebo,
nano-TiOz, and mixture of nano-TiO2 and sesame oil-treated groups over 28 days (4 animals in each
group on 7, 14, 21, and 28 days posy experiment) (x 4 magnification H&E stain).

Conclusion

The preparation of nanoparticles TiO, produced a nanomaterial having high features and unique
sizes (31.52 to 69.08) nanometers. Which was loaded with the active ingredient of the sesame plant,
Sesamum indicum L., as a compound whose effectiveness and effect on burn wounds affecting the
skin were proven when used in in vivo experiments, where the speed of healing of burn wounds and
the effectiveness of the prepared substance were proven.
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