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Abstract: Introduction: Vitis vinifera L. seed oil, Trigonella foenum-graecum L. seed oil, and the
Olea europaea L. oil macerates of Helichrysum italicum (Roth) G. flowers and Matricaria recutita L.
flowers were used for the preparation of topical wound-healing ointments.

Methods: The ointments basically were prepared by hot-melt blending method and subjected to rheo-
logical tests and texture profile analysis. After characterization of in vitro characterization studies, a
scratch assay was conducted to evaluate the efficacy of ointment formulations. Ultimately, the opti-
mized formulations underwent further testing on an in vivo burn wound model in mice.

Results: Measured viscosity values were F1:382.98 Pa.s and F2:2562.3 Pa.s, respectively, and both of
the formulations created an easy-to-apply, soft, thin adhesive film layer. The fast wound closure was
observed with F1 formulation, and when applied at different doses of 100 nL, 200 pL, and 400 pL,
the 200 pL concentration of F1 formulation was able to heal the wound totally (100 %) at 48"™ hour.

Discussion: The F1 formulation presented lower viscosity than the F2; the increase in the white pet-
rolatum concentration increased the initial viscosity as expected. F1 formulation had higher
phyto-actives and cera alba and lower petrolatum in comparison to F2. The wound healing effects of
both the formulations were synergistic due to their phytoactives content. In in vivo studies, the F1
ointment exhibited faster re-epithelialization with less inflammation compared to the burn control
group.

Conclusion: The best formulation included oils of H. italicum, M. recutita, V. vinifera, and
T. foenum-graecum at a total concentration of 16%, exhibiting appropriate preadability and successful
healing property. Additional research needs to be carried out to shed light on the mechanism

underlying the formulation's healing capabilities.

Keywords: Phytomedicine, wound healing, rheology, texture analysis, scratch assay, in vivo burn model, histological

examinations.

1. INTRODUCTION

In recent years, the integration of medicinal and aromatic
plants, long utilized in traditional therapies, into modern
healthcare has gained considerable prominence. This strategy
builds on the extensive historical use of these herbal re-
sources, which have demonstrated efficacy and safety over
centuries of human application. By employing these
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well-established botanical sources, the time and financial
costs associated with developing novel synthetic compounds
can be mitigated. Furthermore, these plants present a rational
advantage due to their multifunctional therapeutic properties,
arising from a diverse array of phytochemicals. The biologi-
cal activity of these phytochemicals is attributable to the
presence of various chemical classes. Among these, terpenes
and terpenoids have emerged as promising agents in the pre-
vention and treatment of diseases, including inflammatory
disorders, tumorigenesis, and neurodegenerative conditions,
as demonstrated in numerous cell and animal model studies
over several decades. Additionally, polyphenols, including
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tannins, flavonoids, and lignin-carbohydrate complexes, are
renowned for their potent antimicrobial, anti-inflammatory,
and antioxidant properties [1]. A range of medicinal plants,
such as goldenrod [Helichrysum italicum (Roth) G.], cham-
omile (Matricaria recutita L.), fenugreek (Trigonella foe-
num-graecum L.), grape (Vitis vinifera L.), and olive (Olea
europaea L. subsp. europaea), have found utility in both
traditional and conventional medicine. These plants are ei-
ther naturally occurring or cultivated in Tirkiye. Helichry-
sum italicum (golden herb), with high economic value and
primarily distributed across Europe, is traditionally em-
ployed for wounds, burns, and scars, with olive oil macerate
applications extended to cosmetics [2]. Matricaria recutita
L. (chamomile), well-known in cosmetic applications, is
evidenced to possess wound healing and anti-inflammatory
properties when used as an olive oil macerate of its flowers
[3]. The seed oils of Vitis vinifera L. (grape) and Trigonella
Jfoenum-graecum L. (fenugreek) further exhibit antioxidant
properties that support wound healing [4, 5], and olive (Olea
europaea L. subsp. europaea) fruit oil is extensively used in
medicinal and cosmetic formulations, including wound heal-
ing ointments [6]. The European Union's Cosmetics Regula-
tion (EC No. 1223/2009 Annexes), which delineates the le-
gal status of such ingredients based on European Commis-
sion Consumer Safety reports, places no restrictions on the
external use of these botanical components, thereby support-
ing their integration into topical formulations [7]. Numerous
cosmeceuticals and non-prescription products utilize diverse
combinations of herbal ingredients, particularly in skincare,
wound, and burn ointments or creams, with extensive scien-
tific studies corroborating their therapeutic potential [8]. Be-
low stated studies have briefly explained the activity of the
above-mentioned herbal sources in wound healing.

V. vinifera seeds increased TGF-B1 and VEGF expres-
sions, thus accelerating wound healing [9]. In a study con-
ducted on this subject, when the gene secretion of wound
tissues was investigated, an elevation in TGF-f1 expression
was observed in wound tissues treated with V. vinifera [4].
The relative protein secretion of VEGF was enhanced in
wound tissues treated with V. vinifera seeds compared to
untreated wound tissues. In addition, type I collagen in skin
tissue plays an important role in healing connective tissue.
The role of collagen in wound healing is to transport fibro-
blasts to the wound bed. Chronic wounds produce MMPs,
and collagen stops the production of excess MMPs. There-
fore, the upregulation of the relative secretion of type I col-
lagen by V. vinifera seeds can prevent long-term inflamma-
tion and thus promote wound healing. Although studies have
been conducted on seed extract, GC/MS analysis has been
performed for the seed oil content in the extract, which con-
tributes to wound healing and has a synergistic effect. Pal-
mitic, azelaic, and stearic acids were the most abundant SFA
in V. vinifera seed oil. Among the unsaturated fatty acids
(UFAs), 9-hexadecenoic, 9-octadecenoic, and cis-11-
eicosenoic acids were the most abundant monounsaturated
FAs (MUFA). Combined n-2, and n-3 polyunsaturated fatty
acids (PUFA) (18:2, C18:2, and C18:3) contained 9,12-
octadecadienoic acid, 12,15-octadecadienoic acid, and 6-cis,9-
cis,1 1-trans-octadecatrienoic acid, as major ones [4, 10, 11].
Fibrin is an important element in the main stage of skin heal-
ing. It allows fibroblasts to gather at the wound site and

Yapar et al.

stimulates collagen production [12], and when they reach the
wound site, they initiate a prolonged inflammatory phase that
leads to wound remodeling and closure [13]. From day 3
onwards, a proliferative phase is triggered, characterized by
angiogenesis, fibroblast migration, and the formation of
granulation tissue, including collagen synthesis [14]. In the
study by Rekik e al., significant wound healing was ob-
served in the treated groups by Vitis vinifera seed oil from
day 3 onward, with improved re-epithelialization [15]. V.
vinifera seed oil contains significant amounts of polyunsatu-
rated fatty acids (mainly oleic, linoleic, and linolenic acids),
and linoleic acid, the precursor of arachidonic acid, is very
critical in the inflammation pathway (prostaglandins, throm-
boxanes, and leukotrienes) [16]. These phytocompounds
accelerate the inflammatory process. Thus, they elevate local
neovascularization, extracellular matrix remodeling, migra-
tion, and fibroblastic cell differentiation [14], accelerating
wound healing. It has also been reported that fatty acids can
decrease transepidermal water loss, increase skin hydration,
and provide a supportive environment for accelerated skin
wound healing [17]. Furthermore, the wound healing effect
of V. vinifera seed oil can be associated with the synergism
between its antibacterial and antioxidant effects [15, 18].

Recent studies have indicated fenugreek to have antioxi-
dant and anti-inflammatory effects. When applied to a
wound, it accelerates the healing process and reduces in-
flammation. At this point, it is the fatty acids in fenugreek
seeds that support wound healing and maintain skin elasticity
by forming collagen. In particular, polyunsaturated fatty ac-
ids, especially linoleic acid, are effective in wound healing
and provide epidermal healing, i.e., reepithelialization, which
refers to the renewal of skin damaged by wounds or burns
[19-24]. In the study conducted by Ali et al., epithelialization
was revealed to be faster in the group treated with fenugreek
seeds and it increased over time [23]. This indicated rapid
epithelialization and collagenation of the proliferation phase
[25-27]. Phytochemical analysis of fenugreek seed oil ob-
tained by cold pressing method using GC-MS demonstrated
the existence of eugenol, dihydrocoumarin, heptadecanoic
acid, tri- and tetradecanoic acid, and hexadecanoic acid. His-
topathological evaluation of the study conducted using the in
vivo experimental model showed minimal tissue infiltration
with inflammatory cells in animals subjected to fenugreek
seed oil. In addition, TNF-a level in serum was significantly
down-regulated, while SOD and CAT levels were up-
regulated. These results revealed the antiangiogenic activity
of fenugreek seed oil [28].

Preparations containing plants with high anti-
inflammatory capacity are quite useful in the wound healing
process [29-31]. Of these, M. chamomilla was included in
the formulation because of its high wound healing capacity
obtained on both incision and excision animal models. Sig-
nificantly elevated wound closure percentage, faster re-
epithelialization, elevated wound-breaking strength, elevated
hydroxyproline amount, and higher collagen fiber percentage
were exhibited by chamomile-treated groups [32-36]. Clini-
cal studies have also justified the use of Matricaria in wound
healing formulations. Topical application of chamomile ex-
tract [37] showed significantly faster wound healing and
epithelialization in patients undergoing tattoo dermabrasion
compared to the controls. Maiche et al. stated the limited
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subsequent radiation-induced skin reactions in areas treated
with chamomile [38]. Merfort et al. also reported that the
bioactive compounds of chamomile, apigenin, luteolin, and
apigenin 7-O-B-glucoside, can penetrate deeper skin layers
and can be utilized successfully as topical antiphlogistic
agents [39].

Helichrysum species, known as "Heleiochrysos" in Histo-
ria Plantarum (3rd-2nd century BC), can be used in the
treatment of burns (mixed with honey) and stings and bites
of poisonous animals [40]. It has also been reported that Hel-
ichrysum italicum is utilized in inflammatory and allergic
conditions and skin disorders [41, 42]. H. italicum has
gained significant recognition in recent years for its associa-
tion with cell regeneration and anti-aging skincare. It is quite
popular in natural skin care products and can reduce scars
[43]. Helichrysum is known as the "liquid suture" due to its
extraordinary healing properties on the skin surface. The
essential oil of the plant accelerates cell growth and helps
wound healing and skin tissue regeneration [44]. Battaglia
also stated that H. italicum can be used in the treatment of
allergies, eczema, rashes, and psoriasis [45]. H. italicum ex-
tract and its major component, arzanol, inhibited TNF-a-
induced HIV-1-LTR transactivation [46]. The flavonoid frac-
tion of H. italicum flowers was also applied to patients with-
out exposure to UVB radiation to investigate their photopro-
tective and anti-erythematous effects. It was found that both
the crude extract and the flavonoid fraction inhibited the
onset of the erythematous response [47]. The proposed
mechanism of action of the flavonoid fraction may include
inhibition of local prostaglandin production in irradiated
skin, particularly through the luteolin effect [48], and inhibi-
tion of histamine release and radical scavenging activity via
apigenin [49, 50]. H. italicum flavonoids may be useful in
the formulation of products for burn treatment, radioprotec-
tion, and sunscreen effect. The effects of flavonoids were
studied against a chronic inflammation model induced by
multiple applications of TPA, and the most effective com-
pound was found to be tiliroside, the mechanism of action of
which was stated as reducing edema formation and neutro-
phil infiltration [51]. The importance of H. italicum extracts
and isolated components as anti-inflammatory and antimi-
crobial agents has been proven [52, 53].

Olea europaea L. has been proven to possess anti-
inflammatory and antioxidant properties and is, therefore,
widely used in traditional herbal preparations [54]. These
effects are mainly due to the presence of oleuropein. In a
study comparing oleuropein-enriched O. europaea extract
with Madecassol® ointment, it showed significantly higher
wound contraction percentage and significantly higher
wound tensile strength in an animal model of incision [55].
Oleuropein accelerated wound healing, decreased cell infil-
tration in the wound zone, and caused a significant increase
in type 1 collagen fiber deposition and faster repithelializa-
tion [56]. In a similar study conducted by Mehraein et al.,
oleuropein has been shown to have excellent wound healing
potential by accelerating the re-epithelialization process,
increasing collagen fiber production, and elevating blood
flow to the wounded area through up-regulation of vascular
endothelial growth factor protein secretion [57].
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In addition, it should not be overlooked that beeswax in
the formulation was used not only as an emulsifier and
thickener, but also for wound isolation and protection against
microbial infection [58, 59].

In a recent study, a commercially available herbal wound
and burn cream comprising Centella asiatica (L.) Urban was
employed as a reference. Topical herbal formulations of Hy-
pericum perforatum L. olive oil macerate were evaluated for
their diabetic wound healing effects in in vivo rat and mouse
models [60]. Another notable traditional Chinese medicine
ointment, "Jinchuang", widely used at China Medical Uni-
versity Hospital for treating diabetic foot ulcers and pressure
sores, has been found to combine multiple herbal extracts,
including camphor [Cinnamomum camphora (L.) J. Presl],
frankincense (Boswellia serrata Roxb.), dragon's blood
[Daemonorops draco (Willd.) Blume], myrrh (Commiphora
myrrha L.), and catechu [Acacia catechu (L.f.)) Willd.]. In
vitro assays have demonstrated this formulation to promote
wound healing by enhancing cell proliferation, migration,
and angiogenesis [61]. Kampo herbal ointments from Japan
for wound healing are also widespread in this region. Oint-
ments have a common lipophilic base of sesame oil and
beeswax and include drug crudes from the genus of Angeli-
ca, Lithospermum, Curcuma, Phellodendron, Paeonia,
Rheum, Rehmannia, Scrophularia, or Cinnamomum [8]. Ca-
lendula officinalis Linn. extract and white wax combination
is another researched formula for wound healing [62]. Pre-
clinical and clinical studies have also shown preparations
prepared as herbal mixtures to have a wound healing effect
due to synergistic effects [58].

In a study conducted by Akhoondinasab et al., two tradi-
tional herbal ointments (Robacin: Rosa x damascena
Herrm., Calendula officinalis L., and beeswax; Rimojen:
Thymus serpyllum L., macrophyllum, and platonychium) and
Aloe vera (L.) Burm.f. extract were compared with silver
sulfadiazine used in standard treatment for burn wounds.
Compared to silver sulfadiazine cream, a significant decrease
in wound surface area was achieved in rats treated with
Robacin, and the healing rate was also higher than in the
other groups. In terms of wound surface area, maximum
healing was observed simultaneously in second and third-
degree burn wounds in the Robacin group, in second-degree
burns in the Aloe vera and Rimojen groups, and third-degree
burn wounds in the 4loe vera and silver sulfadiazine groups.
Pathologically, epithelialization was more pronounced in
both the scars of the Aloe vera group and third-degree burns
in the Robacin group. Histological examination showed min-
imal angiogenesis and fibrosis rate in the Robacin group,
indicating less scarring in this group. The possible mecha-
nism involved in wound healing can be explained as increas-
ing blood flow in the burn area, reducing inflammatory re-
sponse, and reducing infection rate in the relevant area [63].

The healing effect of a traditional ointment consisting of
olive oil, sheep fat, beeswax, turmeric, salt, henna, egg yolk,
and natural gum on the healing of grade II burn wounds in
mice was compared with an effective agent, silver sulfadia-
zine (SSD). The results were documented on 3 days (days 0,
7, and 14). Half of the mice were selected for histopathologi-
cal and morphometric evaluation and wound size changes on
day 7, and the rest for the same evaluations on day 14. Mi-
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croscopic and macroscopic evaluations showed that the
ointment had the same effect as the SSD cream in reducing
inflammation and enhancing the healing process. There was
no significant effect of this oinment or SSD on the size of the
wounds during the experiment, indicating time to be the only
factor affecting the size of the wound in all groups [64].

In a comparative study conducted using silver sulfadia-
zine (SS) and poly herbal complex (PHC) consisting of
aqueous extracts of Malva sylvestris L. and Solanum nigrum
L. leaves together with oil extract of Rosa * damascena pet-
als, it was observed that although SS showed better wound
healing effect in the first days of treatment, at the end of the
treatment period, PHC had significant potential for burn
wound healing compared to SS. Moreover, histopathological
evaluation showed complete re-epithelialization, well-
formed granulation tissue, and neovascularization, further
strengthening the potential of PHC in burn wound healing.
Antioxidant and antibacterial activities of PHC against
Staphylococcus aureus, a common cause of skin and soft
tissue infections, were also determined; at the end of the
treatment period, a significant improvement in the healing
percentage was observed in PHC-treated rats compared to
the other groups. The wounds healed in PHC-treated animals
contained less inflammatory cells and had desirable re-
epithelialization with remarkable neovascularization. It also
showed antioxidant activity and antibacterial activity against
S. aureus. The activity of the cream was attributed to the
phenolic and tannin phytochemicals it contained [65].

In another study conducted to compare the effectiveness
of thymoquinone (TQ), a traditional St. John's Wort (SJW)
oil macerate, and silver sulfadiazine (SSD) in a rat burn
model, TQ and SJW were applied topically and systemically,
while SSD was applied topically. Epithelialization, inflam-
matory cell response, granulation tissue, vascularization, and
fibrosis were evaluated. Topically applied TQ accelerated
epithelialization in wounds and provided granulation, vascu-
larization, and fibrosis effects. Topically and systemically
applied TQ improved vitamin E levels, but reduced total
antioxidant status (TAS) and 8-hydroxy-deoxyguanosine (8-
OHJAG) levels. Topical SJW decreased granulation and vas-
cularization, while topical and systemic SJW reduced total
oxidant status (TOS), malondialdehyde (MDA), and 8-
OHAG levels. However, it increased TAS and vitamin E lev-
els. Topical SSD decreased TOS, 8-OHdG, and MDA levels.
Topical and systemic TQ strengthened antioxidant defenses,
decreased oxidative damage, and sped up the wound healing
process. In particular, SJW oil increased epithelialization in
topical application, but it was less effective in systemic use.
Although SSD reduced oxidative stress, it was found to be
less effective in promoting wound healing, and delayed
granulation and fibrosis. Thymoquinone showed significant
protective and healing activity, while SJW was found to be
locally effective, but less effective systemically, and it was
suggested that SSD should be used with caution and that it
should be used in combination with antioxidants to reduce its
potential negative effects on wound healing [66].

As observed in the studies mentioned above, ointments
prepared from medicinal plant mixtures were found to be
effective in comparative studies with silver sulfadiazine due
to their effective compounds. Although there is no similar
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study regarding all the plants or ointment formulation used in
our study, our study was planned considering that the plants
may be found effective compared to SS due to the similar
phytochemicals (polyphenolic and terpenic metabolites) they
contain. In our study, within the context of formulation de-
velopment, Vitis vinifera L. seed oil, Trigonella foenum-
graecum L. seed oil, and the Olea europaea L. oil macerate
of Helichrysum italicum (Roth) G. flowers and Matricaria
recutita L. flowers were used as raw materials, and they
were blended with Cera alba (beeswax) and white petrolatum
for the preparation of ointments. The formulations were sub-
jected to rheological property and texture profile analysis to
assess their physical and mechanical properties, enabling the
optimization of composition ratios. Following formulation
optimization, in vitro wound healing (scratch assay) and cy-
totoxicity assays were conducted to evaluate the safety and
efficacy of our distinct ointment formulations. Ultimately,
the optimized formulations underwent further testing using
an in vivo burn wound model in mice [67-70].

2. MATERIALS AND METHODS
2.1. Materials

Standardized Vitis vinifera L. seed oil, Trigonella foe-
num-graecum L. seed oil, and the Olea europaea L. oil mac-
erate of Helichrysum italicum (Roth) G. flowers and Matri-
caria recutita L. flowers were purchased from FitoBio, Is-
tanbul, Tirkiye. Cera alba and petrolatum were purchased
from Merck KGaA, Darmstadt, Germany. All other analyti-
cal materials were obtained from Merck KGaA, Darmstadt,
Germany.

2.2. Preparation of Ointments

In this study, pre-formulation evaluations led to the selec-
tion of two formulations containing botanical raw materials.
The formulations (Table 1) were prepared by hot-melt blend-
ing of an ointment base with phyto-active oils. Specifically,
Cera alba (beeswax) and white petrolatum were combined
via hot melting at 50°C in a steam cup within a water bath,
with continuous stirring to achieve homogeneity. As the mix-
ture's temperature decreased to 40°C, macerates and/or oils
were added, followed by further stirring to ensure uniformi-
ty, thus meeting the structural and consistency requirements
of the ointment.

2.3. Organoleptic Controls

Quality control assessments for colour, odour, appear-
ance, and sensation were conducted on the prepared ointment
formulations.

2.4. Rheological and Mechanical Properties
2.4.1. Viscosity

The flow behaviour of the prepared gel samples was
evaluated by monitoring their viscosities through oscillation
tests across a range of shear rates using a rheometer (Anton
Paar MCR 102). Viscosity measurements were conducted
using a 50 mm diameter parallel plate at a constant tempera-
ture of 32°C, maintaining a | mm gap between the plates. A
0.15 ml volume of each prepared solution was placed on the
measuring plate, and the viscosity was then recorded. The
tests were performed across a shear rate range from 0.01 to
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Table 1. The ingredients of F1 and F2 formulations (% content).
Ingredients % F1 F2 F1 F2
Helichrysum italicum (Roth) G. macerate 16 12
Matricaria recutita L. macerate 16 12
Vitis vinifera L. oil 16 12
Trigonella foenum-graecum L. oil 16 12
Cera alba 2 1
White petrolatum 34 51

100 s, with a total of 50 data points collected for each sam-
ple, allowing a comprehensive analysis of the ointments'
viscosity and flow characteristics under variable shear condi-
tions (Fig. 1).

2.4.2. Texture Analysis

The spreadability of the ointment formulations was as-
sessed by using a texture analyser (TA-XT Plus, TTC
Spreadability Rig HDP/SR) according to the back extrusion
method and the device conditions (Table 2) at room tempera-
ture, as presented in the literature [71-75]. The results have
been presented in terms of firmness and work of shear, as
shown in Fig. (2). The experiments have been performed in
triplicate. Data collection and calculation have been per-
formed using Exponent Connect Software, version 8.0.8.0.

Table 2. Parameters set on the texture analyser using the
back extrusion method.

Parameter Set Value
Test mode Compression
Option Return to start
Pre-test speed 2.00 mm/s
Test speed 2.00 mm/s
Post-test speed 10.00 mm/s
Target mode Distance
Distance 10.00 mm
Trigger type Auto (force)
Trigger force 50g
Break mode Off

2.5. Scratch Assay

Samples of F1 and F2 formulations were studied in the
scratch assay using the HaCaT human keratinocyte cell line
[CLS (Cell Lines Service) cat. no.: 300493] according to the
method stated by Gokge et al. [69]. For the scratch test, P18
HaCaT cells were seeded in 24-well culture dishes at a con-
centration of 5x10° cells/mL and stored at 37°C in a medium
containing DMEM-high glucose, 10% FBS (fetal bovine
serum), 1% L-glutamine, and 0.1% penicillin/streptomycin.

RheoCompass
1000

=]
8

Viscosity nin Pa's
3

10.
Shear Ratein 1/s
Anton Pear

RheoCompass
10000

1000

¢
§
:

Viscosity n in Pa-s

[ )
[ J
3
[

0,0 01 10,0 100,0

10
Shear Rate 7in 1/s
Anton Paar

Fig. (1). Flow rheograms of formulations at 32 °C obtained with a
50 mm diameter parallel plate. The tests were performed across a
shear rate range from 0.01 to 100 s—1, with a total of 50 data points.
Orange: F1, blue: F2. (4 higher resolution / colour version of this
figure is available in the electronic copy of the article).

The cells were cultured in a humidified incubator with 5%
CO,. After the cells covered the entire surface, the wound
was created by scratching them along the midline of the well
with a 200 pL pipette tip. Then, the medium was withdrawn,
and fresh medium was added. Since the samples were
creamy in nature, they could not be applied directly to the
cells. A direct application would have interrupted the interac-
tion of the cells with the medium. Thus, the formulations
were applied to the cells in an apparatus called a PET mem-
brane insert with a 0.4 um pore diameter. In this way, the
content of the product was ensured to mix with the com-
partment containing the cells upon contact with the nutrient
medium. Different doses were applied to the cells. F1 and
F2 formulations were applied to the cells in the initial study
(400 pL). FI1 formulation was applied in different doses
(100 pL and 200 pL) in addition to a 400 pL application.
Scratch distance was measured using the ImageJ program,
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Fig. (2). Photos of A. F1 and B. F2 (left to right on the bottom row) formulations. C. Flow curves of herbal gel samples. (4 higher resolution /
colour version of this figure is available in the electronic copy of the article).

and statistical analysis was performed using the GraphPad
Prism 8 program. The findings obtained are shown in
Figs. (3-5). Fig. (5) shows the change in scratch distance at
different time periods.

2.6. In vivo Wound Healing Assay

In vivo studies were performed according to the Animals
(Scientific Procedures) Act 1986 Amendment Regulations
(ST12012/3039) for the use of animals (supplied with certifi-
cation from Kobay DHL A.S.); this research study adhered
to internationally accepted standards for animal research,
following the 3Rs principle, complying with ARRIVE guide-
lines, and it was approved by Kobay DHL A.S. local ethics
committee with approval no. 658 (date: 10.02.2023).

The CD-1 male mice (24-30 g) aged 8-10 weeks were
divided into 3 groups, with 6 mice in each group:

a) Untreated healthy group
b) Untreated burn group (control)
¢) Treatment group (formulation F1 applied)

In the untreated healthy group, no wound model was cre-
ated. The untreated burn group consisted of animals subject-
ed to the burn model without receiving any treatment. The
mice were anesthetized using ketamine/xylazine (60/8
mg/kg, IM) before the experiments were performed. The
backs of anesthetized mice were shaved, and cylindrical
moulds with a base area of 3.14 cm” were created. Water
with a temperature of 95°C was poured into the mould,
which was then placed on the animals' backs with the upper
and lower parts open for 15 seconds, and the wounds were
closed with sterile sponges.

Once a day, 1 g of F1 ointment was topically applied to
the burned area of the treatment group for 7 days. Tissue
conditions were photographed every day for 7 days, and on
the 8™ day, the tissues of the burned area and the surrounding

connective tissues were separated and then frozen in liquid
nitrogen for histological examination [69].

2.7. Histological Examination

The tissue samples of all groups were histologically ex-
amined according to the literature [69, 76]. The images ob-
tained from the tissue sections were analyzed using a com-
puterized video camera-based image analysis method
(UTHSC Image software) by employing a high-resolution
camera connected to the light microscope [Aver TV Studio
Video Capture {version 4.21.0.0 (software) Aver Media
Technologies, Inc.}].

2.8. Statistical Analysis

All data have been expressed as mean + SD. ANOVA,
followed by Tukey’s multiple comparison test, was per-
formed using GraphPad Prism (GraphPad software, version
5.0 for Mac OS X, San Diego, CA, USA). The value of p <
0.05 was considered significant.

3. RESULTS AND DISCUSSION
3.1. Phytochemical Screening of Essential Oils

As a result of preformulation studies, two optimized for-
mulations were selected and their organoleptic properties
were examined. The ointments were all homogeneous and
had soft sensations. Both formulations had green colour and
herbaceous aromatic odour (Tables 1 and 3).

The viscosity of ointments plays a crucial role in their
formulation, stability, and therapeutic efficacy, particularly
in wound care. It directly influences the ease of application,
uniformity of distribution, and the rate of release from the
base, which are critical for promoting wound healing and
maintaining a moist environment. High-viscosity ointments
provide better adherence to the wound site, enhancing local-
ized delivery and forming a protective barrier. Conversely,
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Fig. (3). Change in wound distance for all groups over different time periods using the HaCaT human keratinocyte cell line. Measurements
were taken at the beginning (Oth hour), and at 6, 12, 24, and 48 hours. C: control **** indicates p<0.0001. The bars show mean + SD values.
(A4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (4). Wound distance changes induced by F1 formulation at different concentrations of 400 pL, 100 pL, and 200 pL for 48 hours using
the HaCaT human keratinocyte cell line. Measurements were taken at the beginning (Oth hour), and at 6, 12, 24, and 48 hours. **** indicates
p<0.0001. The bars show mean + SD values. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (5). Wound distance closure extent and cell migration zone images obtained with phase-contrast light microscopy. Images were taken at
4X magnification. The scale bar was 100 pm. The control group included untreated cells. (4 higher resolution / colour version of this figure is
available in the electronic copy of the article).

Table 3. Organoleptic properties of F1-F2 ointments.

Characteristic F1 F2
Colour Green colour Light green colour
Odour Pungent herbaceous, aromatic fragrance Herbaceous, aromatic fragrance
Appearance Homogeneous Homogeneous
Sensation Soft spreadable Soft spreadable
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lower-viscosity formulations may improve spreadability and
patient comfort, especially on sensitive or irregular surfaces.

Both F1 and F2 formulations exhibited pseudoplastic
non-Newtonian flow characteristics, and the viscosity values
decreased as the shear rate increased. As can be seen in
Fig. (1), F2 formulation presented higher viscosity than the
F1 formulation. In the F1 formulation, the amount of Cera
alba was 2% and that of white petrolatum was 34%; F2 for-
mulation included these ingredients at the concentrations of
1% and 51%, respectively. The increase in the white petrola-
tum concentration led to an increase in the initial viscosity,
as expected; F1: 382.98 Pa.s and F2: 2562.3 Pa.s.

The mechanical properties are among the important pa-
rameters in the performance of semi-solid formulations in
the application area. In terms of mechanical properties, pa-
rameters examined include the ease of removing the oint-
ment from its packaging and its ability to stay in place for a
long time without spreading [77]. The TTC spreadability was
used to determine the work of shear parameter, while the
compression test was used to measure the force of defor-
mation of the samples. The spreadability, which refers to
deformation under an external load, is a more dynamic prop-
erty that has been shown to be related to rheology through a
material’s yield stress, the minimum shear stress required to
initiate flow. Especially, the spreadability is inversely pro-
portional to flow [78-81].

It has been reported that the correlation between spreada-
bility differences and in vivo performance may help establish
reasonable acceptance limits during the evaluation of Q3
equivalence for topical products [82, 83]. The texture analy-
sis results are given in Table 4 and represented in Fig. (2).

Both formulations created an easy-to-apply, soft, thin
adhesive film layer. In terms of spreadability, they were
found to be mechanically advantageous in terms of applica-
tion to burn wounds (Fig. 2 and Table 4).

3.2. Cell Culture Studies

The scratch assay was performed to examine the effects
of ointments on wound healing in vitro. The HaCaT human
keratinocyte cell line was used, and P18 HaCaT cells were
seeded in 24-well culture dishes at a concentration of 5x10°
cells/mL and stored at 37°C in a medium cultured in a hu-
midified incubator with 5% CO,.

Formulations F1 and F2 were applied at 400 pL per well
in the initial cell study. As the contact time increased in the
scratch tests, the differences between groups became more
visible (Fig. 3). In another study, for the first 24 hours, no
wound healing could be seen in both groups for taurine-
incorporated gels, and only traces of cell migration could be
observed. The difference between the examined samples in
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terms of wound closure extent and cell migration zones
could be seen at 72 hours [69]. In our study, at the end of the
24th hour, most of the closure occurred in the F1 formulation
group. Since fast wound closure could be seen with F1 for-
mulation, it was decided to observe the diluted concentra-
tions and their effect on the wound closure in vitro. F1 for-
mulation was applied in different doses of 100 pL and 200
pL, and the effect of dilution on cells was evaluated (Fig. 4).
In the group in which 200 pL F1 formulation was applied, the
wound completely closed (100 %) at the 48™ hour (Fig. 5).

In this study, the formulations were developed using Vitis
vinifera L. seed oil, Trigonella foenum-graecum L. seed oil,
and the Olea europaea L. oil macerate of Helichrysum itali-
cum (Roth) G. flowers and Matricaria recutita L. flowers.
These materials were blended with Cera alba (beeswax) and
white petrolatum for the preparation of ointments. Cera alba
is known for wound healing properties; however, the higher
wound closure effect was obvious with the use of plant mate-
rials in this study. The wound healing effect of the formula-
tions was synergistic due to their phytoactives content. F1
formulation had higher phytoactives and cera alba and lower
petrolatum in comparison to F2 formulation. The phyto-
materials involved were antioxidants and anti-inflammatory
agents. Thus, the synergistic effects could be attributed to
these properties. One important finding of this study was the
effect of the concentration of the F1 formulation applied. In
in vitro studies, a critical concentration was identified at
which the highest wound closure occurred. The same formu-
lation with the highest and the lowest dose failed to close the
wound. However, the F1 formulation applied at a 200 uL
concentration managed to close the wound totally. This re-
sult was also confirmed in in vivo studies.

3.3. In vivo Wound Healing Evaluation and Histopathology
Examination

The wound healing test was conducted using the F1 for-
mulation, and the treatment group showed successful out-
comes, including lighter scarring, accelerated scab removal,
flexible scar tissue, and a light-colored healing tissue appear-
ance compared to the burn control group. It was observed
that the group treated with the F1 formulation healed within
one week without excessive crusting. This effect was be-
lieved to result from the osmoregulatory properties of the
ointment applied to the wound area (Fig. 6).

In the burned but untreated control group, acute inflam-
mation markers and polymorphonuclear cells could be de-
termined.  Necrotic  tissue, haemorrhage, and re-
epithelialization could be observed in the burned but untreat-
ed control group. However, in the treatment group, healthy
skin formation and re-epithelialization could be seen with
less inflammation in the dermis (Fig. 7).

Table 4. Mechanical properties of formulations.
Formulation Firmness (g) Work of Shear (g.sec)
F1 6183.7 3862.6
F2 6145.9 3945.3
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Fig. (6). The skin images of the mice from the 1* day to the end of the gt day according to in vivo experiments. (4 higher resolution / colour
version of this figure is available in the electronic copy of the article).
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Fig. (7). The light microscope images of skin tissue of the burned control group and skin tissue of the treatment group (J1-2). H&E x10. (4
higher resolution / colour version of this figure is available in the electronic copy of the article).
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CONCLUSION

This study demonstrated that the optimized phytochemi-
cal-based ointment (F1), containing the Olea europaea L. oil
macerates of Helichrysum italicum (Roth) G. and Matricaria
recutita L. flowers and the seed oils of Vitis vinifera L. and
Trigonella foenum-graecum L., exhibited enhanced wound
healing properties in both in vitro scratch assays and in vivo
burn models. The formulation provided complete wound
closure within 48 hours at a 200 pL dose in vitro and accel-
erated re-epithelialization with reduced inflammation in vivo.

The rheological and texture analysis confirmed the F1
formulation as suitable for topical application, forming a
soft, thin, and adhesive film beneficial for wound healing.
The findings indicated that the synergistic effects of the phy-
tochemicals contributed to faster wound closure, reduced
inflammation, and improved skin regeneration.

However, while the study confirmed the formulation’s
efficacy, mechanistic insights into the biological pathways
involved were not explored. Future studies should investi-
gate the molecular mechanisms of action (e.g., inflammatory
modulation, collagen synthesis, fibroblast migration) and
compare the formulation with standard wound healing treat-
ments to establish its clinical relevance.

STUDY LIMITATIONS

This study is limited by the use of herbal ingredients con-
taining complex phytochemical mixtures rather than isolated
active compounds. While such formulations may exhibit
synergistic effects, they complicate the elucidation of precise
mechanisms of action. Additionally, determining the release
profiles of active phytocomponents from formulations com-
prising multiple complex herbal ingredients presents another
challenge, limiting the ability to fully characterize their
pharmacokinetics and bioavailability.

AUTHORS’ CONTRIBUTIONS

The authors confirm their contribution to the paper as
follows: conceptualization: E.A.Y.; experimental study:
E.AY., EH.G, EI, S.U.; data curation: EH.G., EAY.,
E.I, L1.T.C.; original draft preparation: E.A.Y., E.H.G., E.L,
S.U., LL.T.C.; writing, review, and editing: E.-H.G., E.A.Y.,
M.K. All authors read and agreed to the published version of
the manuscript.

LIST OF ABBREVIATIONS
FBS = Fetal Bovine Serum
HaCaT = Human Keratinocyte Cell Line

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE

This research study was approved by Kobay DHL A.S.
local ethics committee with (approval no. 658).

HUMAN AND ANIMAL RIGHTS

The study was conducted using institutional guidelines
for UK: the Animals (Scientific Procedures) Act 1986
Amendment Regulations (SI2012/3039).

Current Drug Delivery, XXXX, Vol. XX, No. XX 11

This study adhered to internationally accepted standards
for animal research, following the 3Rs principle. The AR-
RIVE guidelines were employed for reporting experiments
involving live animals, promoting ethical research practices.

CONSENT FOR PUBLICATION
Not applicable.
AVAILABILITY OF DATA AND MATERIALS

All data generated or analyzed during this study are in-
cluded in this published article.

FUNDING

This study was funded by R.T. Bezmialem Vakif Univer-
sity, Tiirkiye Scientific Research Projects Unit with project
(Grant Number: 20230203).

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS
Declared none.
REFERENCES

[1] Milia, E.; Bullitta, S.M.; Mastandrea, G.; Szotakova, B.; Schoubben,
A.; Langhansova, L.; Quartu, M.; Bortone, A.; Eick, S. Leaves and
fruits preparations of Pistacia lentiscus L.: A review on the eth-
nopharmacological uses and implications in inflammation and infec-
tion. Antibiotics, 2021, 10(4), 425.
http://dx.doi.org/10.3390/antibiotics 10040425 PMID: 33921406

[2] Appendino, G.; Taglialatela-Scafati, O.; Minassi, A.; Pollastro, F.;
Ballero, M.; Maxia, A. Helichrysum italicum: The sleeping giant of
mediterranean herbal medicine. HerbalGram, 2015, 105(36), 34-45.

[3] El Mihyaoui, A.; Esteves da Silva, J.C.G.; Charfi, S.; Candela Castillo,
M.E.; Lamarti, A.; Arnao, M.B. Chamomile (Matricaria chamomilla
L.): A review of ethnomedicinal use, phytochemistry and pharmaco-
logical uses. Life., 2022, 12(4), 479.
http://dx.doi.org/10.3390/1ife12040479 PMID: 35454969

[4] Al-Warhi, T.; Zahran, EMM.; Selim, S.; Al-Sanea, M.M.; Ghoneim,
M.M.; Mabher, S.A.; Mostafa, Y.A.; Alsenani, F.; Elrehany, M.A.; Al-
muhayawi, M.S.; Al Jaouni, S.K.; Abdelmohsen, U.R.; Elmaidomy,
AH. Antioxidant and wound healing potential of Vitis vinifera seeds
supported by phytochemical characterization and docking studies. 4n-
tioxidants, 2022, 11(5), 881.
http://dx.doi.org/10.3390/antiox 11050881 PMID: 35624745

[5] Ktari, N.; Trabelsi, I.; Bardaa, S.; Triki, M.; Bkhairia, I.; Ben Slama-
Ben Salem, R.; Nasri, M.; Ben Salah, R. Antioxidant and hemolytic
activities, and effects in rat cutaneous wound healing of a novel poly-
saccharide from fenugreek (Trigonella foenum-graecum) seeds. Int. J.
Biol. Macromol, 2017, 95, 625-634.
http://dx.doi.org/10.1016/j.ijbiomac.2016.11.091 PMID: 27914964

[6] Melguizo-Rodriguez, L.; de Luna-Bertos, E.; Ramos-Torrecillas, J.;
Tllescas-Montesa, R.; Costela-Ruiz, V.J.; Garcia-Martinez, O. Poten-
tial effects of phenolic compounds that can be found in olive oil on
wound healing. Foods, 2021, 10(7), 1642.
http://dx.doi.org/10.3390/foods10071642 PMID: 34359512

[7] Regulation (EC) No 1223/2009 of the european parliament and of the
council of 30 november 2009 on cosmetic products (recast) (Text with
EEA relevance). 2009. Available from:https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX%3A32009R 1223

[8] Paul-Traversaz, M.; Umehara, K.; Watanabe, K.; Rachidi, W.; Se¢ve,
M.; Souard, F. Kampo herbal ointments for skin wound healing. Front
Pharmacol., 2023, 14, 1116260.
http://dx.doi.org/10.3389/fphar.2023.1116260 PMID: 36860294



12

]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Current Drug Delivery, XXXX, Vol. XX, No. XX

Haroon, Z.A.; Amin, K.; Saito, W.; Wilson, W.; Greenberg, C.S.;
Dewhirst, M.W. SU5416 delays wound healing through inhibition of
TGEF-beta 1 activation. Cancer Biol. Ther., 2002, 1(2), 121-126.
http://dx.doi.org/10.4161/cbt.55 PMID: 12170771

Nayak, B.S.; Ramdath, D.D.; Marshall, J.R.; Isitor, G.N.; Eversley,
M.; Xue, S.; Shi, J. Wound-healing activity of the skin of the common
grape (Vitis Vinifera) variant, cabernet sauvignon. Phytother Res.,
2010, 24(8), 1151-1157.

http://dx.doi.org/10.1002/ptr.2999 PMID: 20066659

Shivananda Nayak, B.; Dan Ramdath, D.; Marshall, J.R.; Isitor, G.;
Xue, S.; Shi, J. Wound-healing properties of the oils of Vitis vinifera
and Vaccinium macrocarpon. Phytother Res., 2011, 25(8), 1201-1208.
http://dx.doi.org/10.1002/ptr.3363 PMID: 21305631

Colman, R.; Clowes, A.; George, J. Overview of hemostasis. In: He-
mostasis and thrombosis Basic principles and clinical practice, 5th
Ed; Philadelphia, Pa: USA, 2006.

Albina, J.E. Nutrition and wound healing. JPEN J. Parenter Enteral
Nutr., 1994, 18(4), 367-376.
http://dx.doi.org/10.1177/014860719401800417 PMID: 7933447
Velnar, T.; Bailey, T.; Smrkolj, V. The wound healing process: An
overview of the cellular and molecular mechanisms. J. Int. Med. Res.,
2009, 37(5), 1528-1542.
http://dx.doi.org/10.1177/147323000903700531 PMID: 19930861
Moalla Rekik, D.; Ben Khedir, S.; Ksouda Moalla, K.; Kammoun, N.
G.; Rebai, T.; Sahnoun, Z. Evaluation of wound healing properties of
grape seed, sesame, and fenugreek oils. Evid Based Complement Al-
ternat Med., 2016, 2016, 7965689.
http://dx.doi.org/10.1155/2016/7965689

Fetterman, J.W.; Zdanowicz, M.M. Therapeutic potential of n-3 poly-
unsaturated fatty acids in disease. Am J. Health. Syst. Pharm., 2009,
66(13), 1169-1179.

http://dx.doi.org/10.2146/ajhp080411 PMID: 19535655

Farage, M.; Miller, K.; Maibach, H.I. Degenerative changes in aging
skin. In: Textbook of Aging Skin; Springer: Berlin, Germany, 2010; pp.
23-35.

http://dx.doi.org/10.1007/978-3-540-89656-2_4

Gitea, M.A.; Bungau, S.G.; Gitea, D.; Pasca, B.M.; Purza, A.L.; Radu,
A.F. Evaluation of the phytochemistry—therapeutic activity relation-
ship for grape seeds oil. Life., 2023, 13(1), 178.
http://dx.doi.org/10.3390/1ife13010178 PMID: 36676127

Dixit, P.; Ghaskadbi, S.; Mohan, H.; Devasagayam, T.P.A. Antioxi-
dant properties of germinated fenugreek seeds. Phytother Res., 2005,
19(11), 977-983.

http://dx.doi.org/10.1002/ptr.1769 PMID: 16317656

Toppo, F.; Akhand, R.; Pathak, A. Pharmacological actions and poten-
tial uses of Trigonella foenum-graecum: A review. Asian J. Pharm.
Clin. Res., 2009, 2, 29-38.

Taranalli, A.; Kuppast, I. Study of wound healing activity of seeds of
trigonella foenum-graecum in rats. Indian J. Pharm. Sci., 1996, 53(3),
117-119.

Muhammed, D.; Salih, N. Effect of application of Fenugreek
(Trigonella foenum-graecum) on skin wound healing in rabbits.
DOA4J, 2012, 11(2), 86-93.

Ali, S.H.; Ghani, B.A.; Kamil, N.B. In vivo histological assessment of
local application of fenugreek seed oil on cutaneous wound healing.
Med.-Leg. Update, 2022, 22(2), 167-175.
http://dx.doi.org/10.37506/mlu.v22i2.3245

Kaur, C.; Kapoor, H.C. Anti-oxidant activity and total phenolic con-
tent of some Asian vegetables. Int. J. Food. Sci. Technol, 2002, 37(2),
153-161.

http://dx.doi.org/10.1046/j.1365-2621.2002.00552.x

Poljsak, N.; Kreft, S.; Kocevar Glava¢, N. Vegetable butters and oils
in skin wound healing: Scientific evidence for new opportunities in
dermatology. Phytother Res., 2020, 34(2), 254-269.
http://dx.doi.org/10.1002/ptr.6524 PMID: 31657094

Swaim, S.F.; Hinkle, S.H.; Bradley, D.M. Wound contraction: Basic
and clinical factors. Compend Contin Educ. Pract Vet., 2001, 23, 20-
24.

Muralidharan, P.; Thenmozhi, M.; Prakash, R. Cell proliferative action
of hydroalcoholic extract of trigonella foenum-graecum in rats. ZJPSR,
2016, 7(2), 708.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]
[44]

[45]

[46]

Yapar et al.

Asif, M.; Yousaf, HM.; Saleem, M.; Saadullah, M.; Chohan, T.A.;
Shamas, M.U.; Yaseen, H.S.; Mahrukh, ; Yousaf, M.U.; Yaseen, M.
Trigonella foenum-graecum Seeds Oil Attenuated Inflammation and
Angiogenesis in vivo through Down-Regulation of TNF-a. Anticancer
Agents Med. Chem., 2021, 21(11), 1460-1471.
http://dx.doi.org/10.2174/1871520620666201005100132 PMID:
33019940

Reis, P. E. D. d.; Carvalho, E. C. d.; Bueno, P. C. P.; Bastos, J. K.
Clinical application of chamomilla recutita in phlebitis: Dose response
curve study. Rev. Lat Am Enfermagem, 2011, 19(1), 3-10.
http://dx.doi.org/10.1590/50104-11692011000100002

Curra, M.; Martins, M.A.T.; Lauxen, 1.S.; Pellicioli, A.C.A.; Sant’Ana
Filho, M.; Pavesi, V.C.S.; Carrard, V.C.; Martins, M.D. Effect of topi-
cal chamomile on immunohistochemical levels of IL-13 and TNF-a in
5-fluorouracil-induced oral mucositis in hamsters. Cancer Chemother
Pharmacol., 2013, 71(2), 293-299.
http://dx.doi.org/10.1007/s00280-012-2013-9 PMID: 23096219
Orescanin, V. Treatment of pressure ulcers with bioapifit® wound
healing herbal ointment-a preliminary study. J. Biol. Sci., 2016, 2(10),
1-15.

Shivananda Nayak, B.; Sivachandra Raju, S.; Chalapathi Rao, A.V.
Wound healing activity of Matricaria recutita L. extract. J. Wound.
Care, 2007, 16(7), 298-302.
http://dx.doi.org/10.12968/jowc.2007.16.7.27061 PMID: 17708380
Jarrahi, M. An experimental study of the effects ofMatricaria cham-
omilla extract on cutaneous burn wound healing in albino rats. Nat.
Prod Res., 2008, 22(5), 422-427.
http://dx.doi.org/10.1080/14786410701591713 PMID: 18404562
Martins, M.D.; Marques, M.M.; Bussadori, S.K.; Martins, M.A.T.;
Pavesi, V.C.S.; Mesquita-Ferrari, R.A.; Fernandes, K.P.S. Compara-
tive analysis between Chamomilla recutita and corticosteroids on
wound healing. An in vitro and in vivo study. Phytother Res., 2009,
23(2),274-278.

http://dx.doi.org/10.1002/ptr.2612 PMID: 18803230

Jarrahi, M.; Vafaei, A.A.; Taherian, A.A.; Miladi, H.; Rashidi Pour, A.
Evaluation of topical Matricaria chamomilla extract activity on linear
incisional wound healing in albino rats. Nat. Prod Res., 2010, 24(8),
697-702.

http://dx.doi.org/10.1080/14786410701654875 PMID: 20432150
Duarte, C-M-E.; Quirino, M-R-S.; Patrocinio, M-C.; Anbinder, A-L.
Effects of chamomilla recutita (L.) on oral wound healing in rats. Med.
Oral Patol Oral Cir Bucal, 2011, 16(6), €716-e721.

PMID: 21196867

Glowania, H.J.; Raulin, C.; Swoboda, M. [Effect of chamomile on
wound healing--a clinical double-blind study]. Z Hautkr, 1987, 62(17),
1262-, 1267-1271.

PMID: 3318194

Maiche, A.G.; Grohn, P.; Miki-Hokkonen, H. Effect of chamomile
cream and almond ointment on acute radiation skin reaction. Acta.
Oncol., 1991, 30(3), 395-396.

PMID: 2036252

Merfort, I.; Heilmann, J.; Hagedorn-Leweke, U.; Lippold, B.C. In vivo
skin penetration studies of camomile flavones. Pharmazie, 1994,
49(7), 509-511.

PMID: 8073060

Scarborough, J. Theophrastus on herbals and herbal remedies. J. Hist.
Biol., 1978, 11(2), 353-385.

http://dx.doi.org/10.1007/BF00389304 PMID: 11610437

Peris, J.B.; Stiibing, G.; Vanaclotxa, B.V. Fitoterapia aplicada; Offi-
cial College of Pharmacists: Valencia, Spain, 1995.

Peris, J.B.; Stiibing, G.; Romo, A.M. Plantas Medicinales de la Pen-
insula Ibérica e Islas Baleares; Ed. Jaguar: United States, 2001.

Posti¢, S. V carobnem svetu vonjev; Buca: Ljubljana, 2013, p. 93.
Price, S.; Price, L. Aromatherapy for Health. Professionals, 4th Ed;
Elsevier Health Sciences: London, 2012.

Battaglia, S. The complete guide to aromatherapy; Elsevier Health
Sciences: London, 2003.

Appendino, G.; Ottino, M.; Marquez, N.; Bianchi, F.; Giana, A.; Bal-
lero, M.; Sterner, O.; Fiebich, B.L.; Munoz, E. Arzanol, an anti-
inflammatory and anti-HIV-1 phloroglucinol a-pyrone from Helichry-
sum italicum ssp. microphyllum. J. Nat. Prod, 2007, 70(4), 608-612.
http://dx.doi.org/10.1021/np06058 1r PMID: 17315926



The Influence of Phyto-Active Incorporated Topical Formulations

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Maffei Facino, R.; Carini, M.; Mariani, M.; Cipriani, C. Anti-
erythematous and photoprotective activities in guinea pigs and man of
topically applied flavonoids from Helichrysum italicum G. Don. Acta.
Ther., 1988, 14, 323-345.

Wolfle, U.; Esser, P.R.; Simon-Haarhaus, B.; Martin, S.F.; Lademann,
J.; Schempp, C.M. UVB-induced DNA damage, generation of reactive
oxygen species, and inflammation are effectively attenuated by the
flavonoid luteolin in vitro and in vivo. Free Radic Biol. Med., 2011,
50(9), 1081-1093.
http://dx.doi.org/10.1016/j.freeradbiomed.2011.01.027 PMID:
21281711

Hirano, R.; Sasamoto, W.; Matsumoto, A.; Itakura, H.; Igarashi, O.;
Kondo, K. Antioxidant ability of various flavonoids against DPPH
radicals and LDL oxidation. J. Nutr. Sci. Vitaminol, 2001, 47(5), 357-
362.

http://dx.doi.org/10.3177/jnsv.47.357 PMID: 11814152

Middleton, E.; Drzewiecki, G. Flavonoid inhibition of human basophil
histamine release stimulated by various agents. Biochem. Pharmacol.,
1984, 33(21), 3333-3338.
http://dx.doi.org/10.1016/0006-2952(84)90102-3 PMID: 6208910
Sala, A.; Recio, M.C.; Schinella, G.R.; Mafez, S.; Giner, R.M.; Cerda-
Nicolas, M.; Rios, J-L. Assessment of the anti-inflammatory activity
and free radical scavenger activity of tiliroside. Eur J. Pharmacol.,
2003, 461(1), 53-61.
http://dx.doi.org/10.1016/S0014-2999(02)02953-9 PMID: 12568916
Antunes Viegas, D.; Palmeira-de-Oliveira, A.; Salgueiro, L.; Mar-
tinez-de-Oliveira, J.; Palmeira-de-Oliveira, R. Helichrysum italicum:
From traditional use to scientific data. J. Ethnopharmacol, 2014,
151(1), 54-65.

http://dx.doi.org/10.1016/j.jep.2013.11.005 PMID: 24239849
Guinoiseau, E.; Lorenzi, V.; Luciani, A.; Muselli, A.; Costa, J.; Casa-
nova, J.; Berti, L. Biological properties and resistance reversal effect
of Helichrysum italicum (Roth) G. Don. Microb Path Strat Combat
Sci. Tech. Educat, 2013, 2, 1073-1080.

El, S.N.; Karakaya, S. Olive tree ( Olea europaea ) leaves: Potential
beneficial effects on human health. Nutr. Rev., 2009, 67(11), 632-638.
http://dx.doi.org/10.1111/j.1753-4887.2009.00248.x PMID: 19906250
Koca, U.; Siintar, I1.; Akkol, E.K.; Yilmazer, D.; Alper, M. Wound
repair potential of Olea europaea L. leaf extracts revealed by in vivo
experimental models and comparative evaluation of the extracts’ anti-
oxidant activity. J. Med. Food., 2011, 14(1-2), 140-146.
http://dx.doi.org/10.1089/jmf.2010.0039 PMID: 21128831

Mehraein, F.; Sarbishegi, M.; Aslani, A. Evaluation of effect of
oleuropein on skin wound healing in aged male BALB/c mice. Cell. J.,
2014, /6(1), 25-30.

PMID: 24518972

Mehraein, F.; Sarbishegi, M.; Aslani, A. Therapeutic effects of
oleuropein on wounded skin in young male BALB/c mice. Wounds,
2014, 26(3), 83-88.

PMID: 25860333

Noa, M.; Mas, R. Effect of D-002 on the pre-ulcerative phase of carra-
geenan-induced colonic ulceration in the guinea-pig. J. Pharm. Phar-
macol., 1998, 50(5), 549-553.
http://dx.doi.org/10.1111/j.2042-7158.1998.tb06197.x PMID:

9643449

Carbajal, D.; Molina, V.; Valdés, S.; Arruzazabala, L.; Mas, R. Anti-
ulcer activity of higher primary alcohols of beeswax. J. Pharm. Phar-
macol., 1995, 47(9), 731-733.
http://dx.doi.org/10.1111/j.2042-7158.1995.tb06732.x PMID:

8583384

Altiparmak, M.; Eskitascioglu, T. Comparison of systemic and topical
Hypericum perforatum on diabetic surgical wounds. J. Invest Surg.,
2018, 31(1), 29-37.

http://dx.doi.org/10.1080/08941939.2016.1272654 PMID: 28107097
Ho, T.-J.; Jiang, S.-J.; Lin, G.-H.; Li, T. S.; Yiin, L.-M.; Yang, J.-S.;
Hsieh, M.-C.; Wu, C.-C.; Lin, J.-G.; Chen, H.-P. The in vitro and in
vivo wound healing properties of the Chinese herbal medicine “Jin-
chuang ointment. Evid Based Complement Alternat Med., 2016, 2016,
1654056.

http://dx.doi.org/10.1155/2016/1654056

Gunasekaran, S.; Nayagam, A. A. J.; Natarajan, R. Wound healing
potentials of herbal ointment containing Calendula officinalis Linn. on

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

Current Drug Delivery, XXXX, Vol. XX, No. XX 13

the alteration of immunological markers and biochemical parameters
in excision wounded animals. Clin. Phytosci, 2020, 6(1), 1-8.
http://dx.doi.org/10.1186/s40816-020-00215-7

Akhoondinasab, M.R.; Khodarahmi, A.; Akhoondinasab, M.; Saberi,
M.; Iranpour, M. Assessing effect of three herbal medicines in second
and third degree burns in rats and comparison with silver sulfadiazine
ointment. Burns, 2015, 41(1), 125-131.
http://dx.doi.org/10.1016/j.burns.2014.04.001 PMID: 24907191
Nojani, M. R.; Tabarraei, H.; Tabari, P. Z.; Saberfard, D.; Dineli, A.;
Mosavi, S. S.; Mojtahedzadeh, S. M.; Sabbaghi, S. S.; Jahandideh, A.;
Hassanzadeh, S. Evaluation of the effects of a traditional combined
ointment on healing process of burn wounds in comparison to silver
sulfadiazine. J. Immunol. Immunopath, 2024, 26(1), 49-59.
http://dx.doi.org/10.5958/0973-9149.2024.00005.0

Fahimi, S.; Abdollahi, M.; Mortazavi, S.A.; Hajimehdipoor, H.;
Abdolghaffari, A.H.; Rezvanfar, M.A. Wound healing activity of a
traditionally used poly herbal product in a burn wound model in rats.
Iran Red Crescent Med. J., 2015, 17(9), 19960.
http://dx.doi.org/10.5812/ircmj.19960 PMID: 26473072

Canbaz, Y.; Karakol, P.; Erten, R.; Mercantepe, T.; Alp, H. H.; Turan
Canbaz, E.; Turel, I.; Ragbetli, M. C.; Yiice, S. Comparison of the ef-
fectiveness of thymoquinone, st. john wort oil and silver sulfadiazine
in experimental burn wounds. J. Burn Care Res., 2024, 46(2), 400-
410.

http://dx.doi.org/10.1093/jbcr/irae174

Magdalena, P.; Adnyana, I.M.S.; Sanjaya, I.G.P.H.; Hamid, A.R.R.H.;
Winarti, N.W. Comparison of deep partial thickness burns wound
healing with resveratrol gel and paraffin gauze in wistar rats. Open
Access Maced J. Med. Sci., 2024, 12(1), 29-33.
http://dx.doi.org/10.3889/0amjms.2024.10107

Celen, C.; Kegeciler, C.; Yapar, E.A.; Gokge, E.H.; Nalbantsoy, A.
Evaluation of resveratrol organogels prepared by micro-irradiation:
Fibroblast proliferation through in vitro wound healing. Turk Biyokim
Derg, 2018, 43(4), 385-392.

http://dx.doi.org/10.1515/tjb-2016-0283

Gokee, G.; Karavana, S.Y.; Bagriyanik, H.A.; Pekgetin, C.; Yapar,
E.A.; Tural, G.A.; Gokege, E.H. Design and in vitro, in vivo evaluation
of antioxidant bioadhesive gelsfor burn treatment. Turk J. Biol., 2022,
46(3), 251-262.

http://dx.doi.org/10.55730/1300-0152.2613 PMID: 37529259

Lin, L.X.; Wang, P.; Wang, Y.T.; Huang, Y.; Jiang, L.; Wang, X.M.
Aloe vera and Vitis vinifera improve wound healing in an in vivo rat
burn wound model. Mol. Med. Rep, 2016, 13(2), 1070-1076.
http://dx.doi.org/10.3892/mmr.2015.4681 PMID: 26677006

Sainy, J.; Atneriya, U.; Kori, J.; Maheshwari, R. Development of an
Aloe vera-based emulgel for the topical delivery of desoximetasone.
Turkish J. Pharma Sci., 2021, 18(4), 465-475.
http://dx.doi.org/10.4274/tjps.galenos.2020.33239 PMID: 34496553
Glibowski, P.; Zarzycki, P.; Krzepkowska, M. The rheological and
instrumental textural properties of selected table fats. Int. J. Food.
Prop, 2008, 11(3), 678-686.
http://dx.doi.org/10.1080/10942910701622599

Calixto, L.S.; Infante, V.H.P.; Maia Campos, P.M.B.G. Design and
characterization of topical formulations: Correlations between instru-
mental and sensorial measurements. AAPS Pharm. Sci. Tech., 2018,
19(4), 1512-1519.

http://dx.doi.org/10.1208/512249-018-0960-0 PMID: 29464591

Chow, P.S.; Lim, R.T.Y.; Cyriac, F.; Shah, J.C.; Badruddoza, A.Z.M.;
Yeoh, T.; Yagnik, C.K.; Tee, X.Y.; Wong, A.B.H.; Chia, V.D.; Wang,
G. Influence of manufacturing process on the microstructure, stability,
and sensorial properties of a topical ointment formulation. Pharma-
ceutics, 2023, 15(9), 2219.
http://dx.doi.org/10.3390/pharmaceutics 15092219 PMID: 37765188
Gurer, E.S.; Seker, I.T.; Guzel, L.E.; Yapar, E.A.; Dosler, S. Prepara-
tion and evaluation of a propolis ointment for skin nourishing and
healing. Pak J. Pharm. Sci., 2022, 35(6), 1565-1571.

Wang, P.; Huang, S.; Hu, Z.; Yang, W.; Lan, Y.; Zhu, J.; Hancharou,
A.; Guo, R.; Tang, B. In situ formed anti-inflammatory hydrogel load-
ing plasmid DNA encoding VEGF for burn wound healing. Acta. Bi-
omater, 2019, 100, 191-201.
http://dx.doi.org/10.1016/j.actbio.2019.10.004 PMID: 31586729



14 Current Drug Delivery, XXXX, Vol. XX, No. XX

Yapar et al.

[77] Herbig, M.E.; Evers, D.H.; Gorissen, S.; Kollmer, M. Rational design [81] Siemiradzka, W.; Doliniska, B.; Ryszka, F. Development and study of
of topical semi-solid dosage forms-how far are we? Pharmaceutics, semi-solid preparations containing the model substance corticotropin
2023, 15(7), 1822. (ACTH): Convenience application in neurodegenerative diseases.
http://dx.doi.org/10.3390/pharmaceutics 15071822 PMID: 37514009 Molecules, 2020, 25(8), 1824.

[78] Daubert, C.R.; Tkachuk, J.A.; Truong, V.D. Quantitative measurement http://dx.doi.org/10.3390/molecules25081824 PMID: 32316183
of food spreadability using the vane method. J. Texture Stud, 1998, [82] Kryscio, D.R.; Sathe, P.M.; Lionberger, R.; Yu, L.; Bell, M.A.; Jay,
29(4), 427-435. M.; Hilt, J.Z. Spreadability measurements to assess structural equiva-
http://dx.doi.org/10.1111/j.1745-4603.1998.tb00814.x lence (Q3) of topical formulations--a technical note. AAPS

[79] Kokini, J.L.; Dickie, A. A model of food spreadability from fluid PharmSciTech, 2008, 9(1), 84-86.
mechanics. J. Texture Stud, 1982, 13(2),211-227. http://dx.doi.org/10.1208/512249-007-9009-5 PMID: 18446465
http://dx.doi.org/10.1111/j.1745-4603.1982.tb01396.x [83] Kashyap, A.; Das, A.; Ahmed, A.B. Formulation and evaluation of

[80] Shah, P.; Goodyear, B.; Dholaria, N.; Puri, V.; Michniak-Kohn, B. transdermal topical gel of ibuprofen. J. Drug Deliv Ther., 2020, 10(2),

Nanostructured non-ionic surfactant carrier-based gel for topical de-
livery of desoximetasone. Int. J. Mol. Sci., 2021, 22(4), 1535.
http://dx.doi.org/10.3390/ijms22041535 PMID: 33546426

20-25.
http://dx.doi.org/10.22270/jddt.v10i2.3902

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the
final version. Major publication processes like copyediting, proofing, typesetting and further review are still to be
done and may lead to changes in the final published version, if it is eventually published. All legal disclaimers that
apply to the final published article also apply to this ahead-of-print version.



