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Abstract

Wound healing stays a substantial health affair for a great number of patients globally. Hypoxia plays a decisive role in specifying the
normal successfulness of healing process. Hypoxia-inducible factor-lalpha, plays a critical role in oxygen homeostasis, cell survival and
migration and growth factor release throughout the healing process. The target of this research is to characterize the phytochemical and
antioxidant analysis of the lipophilic extract of Calendula officinalis (C. officinalis) flowers utilizing colorimetric, spectrophotometric, and
chromatographic techniques. In addition, studying the wound healing properties in vivo and in vitro model. Rats were divided into four groups
(six in each group) as follow: Group I: Control rats. Group II: Wounded and untreated rats. Group III: Rats are treated topically with 2.5% of
C. officinalis in gel. Group IV Rats are treated topically with 5% of C. officinalis in gel. Furthermore, Molecular docking study was conducted
to elucidate the mechanistic of C. officinalis wound healing properties through the inhibitory effects of its main components against key
antihealing goals and study the best binding affinity. Using GC-MS analysis seven main different organic classes fatty acid (19.45%), fatty
alcohol (17.54%), sesquiterpene (34.9%), hydrocarbons (20.06%), diterpene (3.9%), phytosterol (2.10%) and alkaloid (0.53%), and 24
components comprising 98.48% of the observed peaks were identified as a consequence. Clearly, 1-heptatriacotanol (16.47%) is the most
abundant fatty alcohol. Additionally, Isochiapin B is a significant sesquiterpene compounds that accounting for 15.91% of all sesquiterpene
compounds. Moreover, this extract exhibited potent antioxidant activity as demonstrated by the ICso. Owing to its high concentration of active
compounds, C. officinalis promoted wound contraction, collagen synthesis, 5' adenosine monophosphate-activated protein kinase (AMPK)
elevation, Hypoxiainducible factor 1-alpha (HIF-1a) elevation and accelerated epithelization with a decrease in matrix metalloproteinases
(MMP-9). Molecular docking revealed that Isochiapin B had better binding affinities than 1-Heptatriacotanol in the interaction with AMPK,
Collagenase, HIF-1a, MMP-9, tumor necrosis factor alpha (TNF-a), and vascular endothelial growth factor (VEGF), and its best binding
affinity was with MMP-9. Obtained results assured that C. officinalis L possesses considerable wound healing activity in wounded rats due to
its potent antioxidant and anti-inflammatory effects.
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1. Introduction

The process of healing a wound is an intricate and
multifaceted one that includes four distinct stages,
namely hemostasis, inflammation, proliferation, and
tissue remodeling [1]. Any of these phases that are
disrupted or irregular will cause poor healing. Long-
term wounds or ulcers, particularly patients with
chronic illnesses including ischemic heart disease,
diabetes mellitus and hypertension, have severe and
complex situations [2]. A disruption in the cell
continuity of the skin's regular anatomical structure
can be caused by mechanical damage (such as
surgery), thermal conditions (such as burns), or
physiological defects (such as diabetes and
malignancy) [3]. Wound healing is considered as the
toughest medical cases for patients [4]. Wound
healing process is intricate and involves several
carefully controlled events. An acute wound becomes

a chronic wound if this process is delayed. Increased
tissue destruction and necrosis rather than healing
arise from the cascade of healing process being
disrupted in severe pathological situations. This is
often linked to oxidative stress and the chronic
inflammation.

In the early stages of inflammation, wound sites are
frequently hypoxic with a disturbance of the
vasculature surrounding the wound, which impairs the
delivery of oxygen, and worsen by the sudden influx
of inflammatory cells which are essential for
granulation and re-epithelialization [5]. Hypoxia
dramatically enhances the proliferation of human
dermal releasing transforming growth factor-f1
(TGFB1). Acute hypoxia therefore causes a brief rise
in cellular replication and aids in the start of the
healing process [6]. In stages of vascular homeostasis,
endothelial cells of different sources express AMP
activated protein kinase (AMPK) [7]. Activated
AMPK supports vascular homeostasis, suppresses
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reactive oxygen species (ROS) and defenses against
apoptosis. Hence, AMPK activation has been linked
to angiogenesis and wound healing [8].

C. officinalis is a native of Mediterranean region. It
is a member of the Asteraceae family. It spreads
widely in a variety of sunny locations with humid
atmospheric conditions [9,10]. C. officinalis is an
annual herb with many different parts, including
flowers and leaves. In Old English, calendula is
known as "gold." The genus of Calendula contains
approximately twenty-five species, C. officinalis, C.
stellata, C. arvensis, C. tripterocarpa, and C.
suffruticose are the most frequent. C. officinalis has
been utilized since the 12th century for medical
purposes [11,12]. Extracts from the flowers of C.
officinalis, also known as pot marigolds, have a long
history in ethnopharmacology [13]. It has been used
in the pharmaceutical industry because of different
ingredients such as flavonoids, saponins, carotenoids,
sterols, phenolic acids, amino acids, carbohydrates,
aromatics, vitamins, minerals, etc. [14,15]. These
ingredients exhibit anti-inflammatory, antioxidant,
antiaging, anti-tumor, gastrointestinal, ulcers diuretic,
and for anemic women, splenic and hepatic
inflammations, mental tension as well as insomnia-
related disorders [16-18]. Other pharmacological

properties of C. officinalis involve antiviral,
antimicrobial,
treatment of breast cancer, and

antiimmunomodulatory effect, treatment of acne,
wound healing properties, anti-gastric ulcer, anti-
bacterial infections in animals, renal protective effect
[19]. In addition, Hexane also effectively extracts
aroma compounds, such as phenylpropenes,
sesquiterpenes, triterpenes, as well as, tocopherols,
and saturated and unsaturated fatty acids, which may
have antioxidant, anti-aging and useful for the healing
of skin wounds; because of their strong anti-
inflammatory properties, they additionally help in the
healing process by lowering inflammation and
creating an environment that is favorable to tissue
repair [20-24].

This study is carried out to evaluate uniquely
phytochemical constituents in lipophilic extract of C.
officinalis flowers and highlight its mechanistic
perspective in wound healing in vivo model and its
antioxidant activity by different models in vitro.
Furthermore, molecular docking investigates the best
binding affinity.

2. Material and methods

2.1. Plant material

Relevant institutional, national, and international
rules and laws are followed in the collecting of plants
and experimental research conducted on the plant
used for the study. The study utilized fresh C.
officinalis (Asteraceae) flowers that were gathered
from the Medicinal Plants Station at the Faculty of
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Pharmacy, Ain Shams University (Cairo) in June
2022. The plant name has been checked with
http://www.theplantlist.org (accessed in April 2024).
The flowers' authenticity was identified by a plant
taxonomist at the Ministry of Agriculture. With
voucher numbers (M227), voucher specimens were
deposited in the National Research Centre herbarium.
The deposit material is accessible to the public
herbarium. The plant material was identified and then
prepared for extraction.

2.2. Preparation and Extraction of Calendula
officinalis

Fresh flowers were washed with flowing distilled
water, left to air-dry at room temperature, Briefly, dry
flowers were powdered by a professional herb’s
grinder and macerated in distilled n-hexane for seven
successive days. After filtration, the extract was
evaporated under reduced pressure at 40°C using a
rotary-type evaporator (Biichi, Switzerland). Before
being used, the resultant crude extracts were collected
and stored at -20°C until needed.

2.3. Determination of dry matter content

By rotary evaporator under vacuum at 40°C, the
extract was concentrated to obtain crude lipophilic
extract. Additionally, the following process was used
to calculate, express as a percentage, and determine
the extract yield. X extract is extraction yield
expressed in % (W/w).

X extract % = [(Weight of dry extract(g)) /
(Weight of dry plant(g)) x 100]

Following that, the C. officinalis lipophilic extract
was kept for later analysis at 4°C.

2.4. Analysis of Phytochemicals

2.4.1. Screening for phytochemicals in a
qualitative methodology

Phytochemical screening of hexane extract of
Calendula officinalis was carried out via standard
procedures according to standard methods to
determine the presence of steroids, terpenoids,
alkaloids, phenols, tannins, flavonoids, saponins,
glycosides, reducing sugars, Quinones and coumarins
according to standard methods of Harborne [25]. A
positive reaction to these tests was characterized as
any color change or precipitate development.

2.4.2. Estimation of total phenolic compound
content

Using gallic acid as a standard, the total phenolic
(TP) of the lipophilic extract was measured using a
spectrophotometer and the Folin-Ciocalteu reagent
test at 760 nm. Gallic acid solution was used to
produce the standard curve, and the amount of gallic
acid equivalent in milligrams per gram of plant dry
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extract (mg GAE/g extract) was used to compute the
TPC [26].
2.4.3. Estimation of total tannin content

Tannic acid was used as a reference to determine
the total tannin (TT) of the extracts using a
spectrophotometer and Folin-Ciocalteu's reagent at
775 nm. According to Tempel [27] approach, total
tannins were quantified as mg of tannic acid
equivalent (TAE)/g of dry extract.

2.4.4. Estimation of flavonoid content

The flavonoid content of the extract was
ascertained using the aluminum trichloride (AICls)
test. At 510 nm, the absorbance was measured. The
standard curve was created using quercetin as a
reference, and the flavonoid content was expressed as
milligrams of quercetin equivalent per gram of plant
dry extract (mg QE/g DE) [28].

2.4.5. Identification of non-polar compound by
gas chromatography/mass spectrometry analysis

The lipophilic extract's chemical constituents were
identified using GC-MS analysis. A computer was
used to determine the percentage composition of each
component based on the entire chromatogram. Using
reference samples and a NIST library search, several
chemicals were found based on their retention time
and peak enhancement [29].

2.5. Evaluation of the antioxidant potential

2.5.1. Free radical scavenging activity (DPPH)

When antiradical substances are present, the free
radical 1,1-diphenyl-2-picrylhydrazyl (DPPH), which
has a violet color, is diminished. The measurements
of absorbance were taken at 517 nm. Butylated
hydroxyl toluene was used as positive controls, or
standard. As a negative control, DPPH solution was
employed. The procedure was carried out in a
triplicate manner, then using the following formula,
the inhibition percentage is determined [30].

DPPH %= [(Abs control — Abs sample/Abs
control) x 100]

The radical scavenging activity (RSA) curve's
slope equation is used to determine the ICsy value,
which is the concentration of the sample that can
block 50% of free radicals.

2.5.2 ABTS* Scavenging Activity

Using the procedure described by Re et al. [31].

ABTS [2,2-azinobis (3- ethylebenzothiozoline-
6sulphonic acid)], a radical cation decolorization
assay, was also utilized to examine the lipophilic
extract's capacity to scavenge free radicals. In this
experiment,
Trolox served as the standard. Using a UV
spectrophotometer, the absorbance of each sample
was measured for potential inhibition at a wavelength
of 734 nm. The calculation of the inhibition
percentage (%) formula.

ABTS™ % inhibition = [(Abs control — Abs

sample/Abs control) x 100]

The ABTS free radical scavenging activity was
reported in terms of ICso (ng/mL).
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2.5.3. Hydrogen peroxide scavenging activity
(H202)

Using the procedure described by Re et al. [31].

ABTS [2,2'-azinobis (3- ethylebenzothiozoline-
6sulphonic acid)], a radical cation decolorization
assay, was also utilized to examine the lipophilic
extract's capacity to scavenge free radicals. In this
experiment,
Trolox served as the standard. Using a UV
spectrophotometer, the absorbance of each sample
was measured for potential inhibition at a wavelength
of 734 nm. The calculation of the inhibition
percentage (%) formula.

ABTS-" % inhibition = [(Abs control — Abs
sample/Abs control) x 100]

The ABTS free radical scavenging activity was
reported in terms of ICso (pg/mL).

2.5.3. Hydrogen peroxide scavenging activity
(H:202)

The method of Ruch et al. [32] was used to
determine the lipophilic extract's capacity to scavenge
hydrogen peroxide (H20;). The positive control was
ascorbic acid. The following formula was used to
determine the extracts' capacity to scavenge H,O: At
230 nm, the absorbance was measured. The following
formula was used to determine the extracts' capacity
to scavenge H,O, and the ICsp values were
determined.

H>0» scavenging activity (%) = [(Abs control —
Abs sample/Abs control) x 100]

2.5.4. Iron chelating assay

Using the method of Dinis et al 1994 [33] the
chelating activity on ferrous ions (Fe?*) was measured
by extract or EDTA solution as a positive control at
varied  concentrations. A spectrophotometric
measurement of the solution's absorbance at 562 nm
was made. Both the ICso and the inhibition % of the
formation of the ferrozine Fe?* complex was recorded.

Chelating rate (%) = [(Abs control — Abs
sample/Abs control) x 100]

2.6. Animals
Twenty-four Wister albino male rats, weighing
between 150 and 170 g each, were taken from the
colony section of the National Research Centre
(NRC), Egypt. Rats were kept at a controlled
temperature and humidity (23 2°C/45-55% relative
humidity). Throughout the trial, they lived in separate,
clean cages and were given access to ad libitum tap
water and pelleted food.
2.7. Chemicals
Skin contents of collagen, matrix metalloproteinases
(MMP9), AMPK and Hypoxia-inducible factor-1
(HIF-1) were evaluated wusing enzyme-linked
immunosorbent assay (ELISA) kits (Sunlong Biotech
Co., Ltd, China).
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2.8. Experimental protocol

The biological evaluation of the topical application
of C. officinalis flowers was performed using a
fullthickness wound model in rats, where, the rats'
dorsal skin was shaved the day before the experiment.
The full-thickness skin excision circular wound (5
mm in diameter) was produced under light anesthesia
using a sterile biopsy punch needle (No.5, Ribbel
International Ltd., India). A flap of skin was removed
from each side of the rats' spine, revealing the
muscular fascia, as previously reported [34]. Rats
were divided into four groups (six in each group) as
follow: Group I: Control rats. Group II: Wounded and
untreated rats. Group III: Rats are treated topically
with 2.5% of C. officinalis in gel (2.5 g extract
incorporated into 100 g gel base). Group IV Rats are
treated topically with 5% of C. officinalis in gel (5 g
extract incorporated into 100 g gel base) [35,36].

All treatments were applied topically, daily for ten
days. In addition, a normal control group and positive
control. Rats sacrificed by cervical dislocation under
anesthesia (ketamine, 70 mg/kg, i.p) once more and
on the tenth day post-wounding. The wounded tissues
were excised and divided into two parts. Part I was
homogenized and the supernatant was evaluated for
further biochemical indices. Part II was fixed in 10%
formol saline.

2.9. Morphology of the wounds

The reduction in wound area was measured at 0, 3,
7 and 10 days after the start of the experiment to
evaluate the wound healing. The following equation
was used to compute the relative reduction in wound

area:
Ao — At

Relative reduction in wound area (%) = 4o X
100
Where, A, and A; are the wound area at zero time and
time (t), respectively. The wound was photographed
with the Huawei FLA-LX1 smart phone camera,
resolution of 8 megapixels) to be evaluated with
ImagelJ (http://rsbweb.nih.gov/ij/download.html) [37].

2.10. Biochemical indices

Wounded skin samples from various groups of rats
were taken 10 days following wounding. In order to
prepare 20% (w/v) homogenates in phosphate buffer
(pH 7.4), a homogenizer (Medical Instruments,
MPW 120, Poland) was employed. To precipitate cell
debris, the homogenates were centrifuged for 10
minutes at 1000 rpm and 4°C using a cooling
centrifuge (2 k15, Sigma, Germany). Supernatants
were collected for evaluating skin content of collagen,
MMP9, AMPK and HIF-1a [38].

2.11. Histopathological examination of skin
samples

Autopsy samples were taken from the skin of rats
in different groups and fixed in 10% formol saline for
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twenty-four hours. Washing was done in tap water
then serial dilutions of alcohol (methyl, ethyl and
absolute ethyl) were used for dehydration. Specimens
were cleared in xylene and embedded in paraffin at 56
degrees in hot air oven for twenty-four hours. Paraffin
bees wax tissue blocks were prepared for sectioning at
4 microns’ thickness by rotary LEITZ microtome.
The obtained tissue sections were collected on glass
slides, deparaffinized, stained by hematoxylin and
eosin stain for examination through the light electric
microscope [39].

2.12. Statistical analysis

For three replications, the mean = SD was used to
express all in vitro data. The data were statistically
analyzed using analysis of variance, and the
significance of the results was determined using the
Duncan test. This allowed for numerous comparisons
of the data to identify the significant differences
among them. Differences were deemed significant if
p< 0.05. The statistical analysis was performed using
SPSS version 19.0.
One-way analysis of variance (ANOVA) and Fisher's
LSD comparison test were used for all quantitative
comparisons in the in vivo investigation (GraphPad
Prism 8.0, USA). The data are presented as the mean
+ SD of six rats, and a significant difference was
identified when the p< 0.05.

2.13. Molecular docking

Molecular docking is a very useful approach in
studying the interaction between a ligand and a
protein by predicting the binding affinity, such that
the lowest generated score (in Kcal/mol) represents
the best the binding affinity [40]. In the current study,
molecular docking was performed to investigate the
binding modes between the two compounds 1-
heptatriacotanol and isochiapin B, and six proteins
AMPK, collagenase, HIF-1a, MMP-9, tumor necrosis
factor alpha (TNF-a), and vascular endothelial growth
factor (VEGF).

2.13.1 Ligand preparation

The 3D structure of 1-Heptatriacotanol was
downloaded from ChemSpider
(http://www.chemspider.com/ accessed on 3 February
2024) (ChemSpider CID: 467776), while that of
isochiapin B was built in GaussView 5.0 software.
The structures were then optimized using
GAUSSIAN 09 software [41] at Molecular Modeling
and Spectroscopy Laboratory, Centre of Excellence
for Advanced Science, National Research Centre,
Egypt. Optimization was done by density functional
theory (DFT) method using the B3LYP functional
[42-44] and the 6-31G (d,p) basis set. The DFT
optimized structures were finally saved in pdb format
to be submitted for the dockings study.
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2.13.2. Protein preparation

The 3D crystal structures of AMPK, collagenase,
HIF-1a, MMP-9, TNF-a, and VEGF were retrieved
from the Protein Data Bank as PDB ID: 4zhx [45],
lcgl [46], 3kex [47], 1gke [48], 2AZS5 [49], and 1flt
[50], respectively. Using BIOVIA Discovery Studio
Visualizer, the structures were prepared by removing
all water molecules then further purified by removing
hetatoms and co-crystallized ligands. The cleaned
structures were then subjected to energy minimization
which was performed in vacuo using GROMOS96
43B1  Force-Field implementation in  Swiss
PdbViewer software (version 4.1.0) [51]. Docking
was then performed using AutoDock 4.2 software
(The Scripps Research Institute, La Jolla, San Diego,
CA, USA) [52]. First, polar hydrogen atoms were
added, nonpolar hydrogen atoms were merged, and
Gasteiger charges were applied. All of the docking
calculations were performed utilizing Lamarckian
genetic algorithm and a total of 100 GA runs for each
calculation. All other parameters were kept as default.
For docking, to cover the active sites the grid box was
generated with the dimensions 50 A x 55 A x 60 A,
centered at (79.551, 13.946, 32.678) for AMPK; 60 A
x 60 A x 60 A, centered at (30.681, 46.555, -0.009)
for collagenase; 60 A x 73 A x 50 A, centered at (-
20.648, 30.887, 8.156) for HIF-10; 45 A x 42 A x 57
A, centered at (64.179, 30.866, 115.866) for MMP-9;
28 A x 26 A x 30 A, centered at (-19.515, 74.840,
33.894) for TNF-o; and 100 A x 60 A x 100 A,
centered at (0.742, -0.592, 16.909) for VEGF. The
molecular docking results were analyzed in BIOVIA
Discovery Studio Visualizer.

3. Results

3.1. Extraction yield

The yield and the percentage mass of lipophilic
extract of C. officinalis is 14.32g and 14.32%. As well
as, we obtained dark orang pigmentations.

Additionally, the crude extract was Waxy texture that
will appear in the final product (Tablel).

3.2. Qualitative phytochemical screening

In the present investigation the qualitative
phytochemical analysis of hexane extract of C.
officinalis is carried out as proved in Table 2.
Terpenoids, steroids, phenols, flavonoids, tannins,
saponins, alkaloids, Quinones and coumarins were
detected in this extract.
3.3. Quantitative phytochemical analysis

C. officinalis flower possessed total phenolic
content (TPC), total tannin (TTC) and total flavonoid
(TFC) was shown in Figure 1, expressed as gallic
acid, tannic acid and quercetin equivalents, were
66.36 +£0.48, 53.57 £1.10 and 45.06 £3.85 mg/ /g dry
extract respectively.

80
70
60
50
40
30
20
10

0
TPC(mg
GAE/kg)

TFC(mg
QE/kg)

TTC(mg
TAE/kg)

Figure 1. Evaluated total phenolic, flavonoid and
tannin contents of the C. officinalis flower extract.
Total phenolic content (TPC), Total tannin (TTC) and
Total flavonoid (TFC). Values represent averages +
standard deviations for triplicate experiments.

Tablel: The yield and the percentage mass of lipophilic extract of C. officinalis

Initial mass(g) Mass (g)

C. officinalis

Mass (%)

Texture Color

100 14.32

14.32 Waxy Dark orange

Table 2: Phytochemical screening of C. officinalis hexane extract. + indicates presence, — indicates absence

Phytochemical compounds

Calendula officinalis

Steroids

Terpenoids

Alkaloids

Phenols

Tannins

Flavonoids

Saponins

| ] ] ]+

Glycosides

Reducing sugar

Quinones

Coumarins
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3.4. GC-MS analysis

The GC-MS analysis of C. officinalis flower
extract (COF) was implemented to assess the
metabolite composition. The GC-MS chromatogram
of the lipophilic extract is shown in Figure 2. The
identification of total 24 compounds from the
representing  99.15% of the total constituents
(Table3).

Seven major organic classes were identified as a
consequence of the lipophilic extract analysis, as
illustrated in Fig.3.These classes include fatty acid
(19.45%), fatty alcohol (17.54%), sesquiterpenes
(34.9%), hydrocarbons (20.06%), diterpenes (3.9%),
phytosterol (2.10%), and alkaloids (0.53%). One of
the most prominent fatty alcohols is clearly 1-
Heptatriacotanol ~ (16.47%)  followed by n-
Hexadecanoic acid (5.98%), 9,12,15-Octadecatrienoic
acid (omega 3) (5.55%), then 9,12-Octadecadienoic
acid (omega 6) (2.35%) were the major fatty acid in
this extract. In addition, many other sesquiterpene as
isochiapin B and Humulane-1,6-dien-3-ol represent
the major sesquiterpene compounds 15.91% and
12.96%, respectively besides other sesquiterpene
Muurolol (2.1 %), a-Cadinene (2.06 %), a-Muurolene
(1.4%), respectively. On the other hand,
Hydrocarbons such as Octacosane (7.78%),

Bsigtve Aoundanc

(a)

(c)

Dotriacontane  (7.78%), FEicosane (3.89) and
Nonadecane (0.61%). Among the active ingredients
Diterpene as Thunbergol (3.36%), phytosterol as
Stigmasterol (2.10%) and alkaloid as Ethyl iso-
allocholate (0.53%). Through this, it is possible to
observe full scan mass spectrometric analysis of
major compounds in the COF (Fig. 3 (a-f)).

£

100062 S8

PP

Figure 2. Gas chromatography-mass spectrometry
total ion chromatogram for the lipophilic extracts
from C. officinalis

-~ (b)

0

s { | P g
ol d A A LGP 098 mem aet  mov  aye
100 u- 300 ldl

(f)

Figure 3. Gas chromatography-mass spectrometry full scan mass spectrometric analysis of compounds in the C.
officinalis of major compounds (a) 1-Heptatriacotanol (b) Isochiapin B (c¢) Humulane-1,6-dien-3-ol (d)

Octacosane (e) Dotriacontane (f) Omega 3 (®3)
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3.5. Evaluation of the antioxidant capacity

The  2,2-diphenyl-1-picryl-hydrazyl  (DPPH),
2'azino-bis  (3-ethylbenzothiazoline-6-sulfonic acid
(ABTS), hydrogen peroxide (H,O:), and metal
chelating activities of C. officinalis flower extract
were used to assess its antioxidant capacity.

3.5.1. DPPH scavenging activity

The results revealed that hexane extract of C.
officinalis demonstrated higher antioxidant activity
73.21+ 0.22 at 160 pg/mL. The antioxidant activity of
this extract showed that it depends on the amount of
dose given (Figure 4a). The standard (BHT) exhibited
significantly higher DPPH radical scavenging
activities than those of C. officinalis extract. The
concentrations of the studied sample extract required
to scavenge 50% of the DPPH radicals (ICsy) were
also determined in this study are shown in Table 4.

The ICso values for extract was 62.13+ 0.37 pg/mL,
However, the ICsy value of the standard (BHT) was
10.60+1.39 pg/mL.

3.5.2. ABTS scavenging activity

The antioxidant activity of the C. officinalis extract
was evaluated depending on the ability to scavenge
ABTS™" radicals. The production of ABTS'™ was
suppressed by the extract and the positive control
Trolox in a concentration-dependent manner (Figure
4b), the results revealed that this extract demonstrated
higher antioxidant activity 77.75 + 0.45% at 160
pg/mL. The ICso values for extract was 42. 18+0.35
pg/mL pg/mL, whereas, the ICso value of the standard
(Trolox) was 13.23 + 1.30 pg/mL are shown in Table
4. The scavenging capacities of extract and Trolox
increased  gradually  with  increasing  their
concentration.

Table 3: Chemical composition and content of GC-MS analysis of fatty acids from lipophilic extracts from C. officinalis

Retention Molecular Molecular Relative
No. time (min) Compound Name weight Formula Compound Type percentile
1 16.52 a-Muurolene 204 C15H24 sesquiterpene 1.4
2 17.11 a--Cadinene 204.35 C15H26 Sesquiterpene 2.06
5 19.94 T-Muurolol 222 C15H260 Sesquiterpene 2.1
6 22.74 Tetradecanoic acid 228.4 C14H2802 Fatty acid 2.14
2-Pentadecanone, .
7 24.16 6,10, 14-trimethyl- 268 C18H360 Sesquiterpene 0.47
8 24.29 Neophytadiene 278 C20H38 Diterpene 0.54
9 25.58 Nonadecane 268 C19H40 Hydrocarbon 0.61
10 26.79 n-Hexadecanoic acid 256 C16H320 Fatty acid 5.98
1 29.77 9,12,15-Octadecatrienoic 278 C18H3002 Fatty acid 5.55
acid(®3)
12 29.88 9,12-Octadecadienoic acid (m6) 298 CI8H3102 Fatty acid 2.35
13 30.34 Octadecanoic acid 284 CI18H3602 Fatty acid 0.89
14 31.50 Arachidonic acid 2.54 C20H3202 Fatty acid 1.83
15 32.06 58,11, 14Eicosatetraenoic 318 C21H3402 Fatty acid ester ~ 0.71
acid, methyl ester
16 32.79 Eicosane 296 C21H44 Hydrocarbons 3.89
17 36.01 Isochiapin B 350 C19H2206 Sesquiterpen 15.91
lactone
18 39.01 Octacosane 380 C27H56 Hydrocarbons 7.78
19 39.92 Thunbergol 290 C20H340 Diterpene alcohol ~ 3.36
20 40.93 Ethyl iso-allocholate 436.6 C26H4405 Alkaloid 0.53
21 41.18 1-Heptatriacotanol 537 C37H760 Fatty alcohol 17.54
22 41.66 Humulane-1,6-dien-3-ol 222 CI15H260 Sesquiterpen 12.96
23 43.30 Dotriacontane 408 C29H60 Hydrocarbon 7.78
24 44.49 Stigmasterol 412 C29H480 Phytosterol 2.10
%Total Identified 98.48
Y%PFatty acid 36.99
%Sesquiterpene 349
%Hydrocarbons 20.06
%Diterpene 39
%Phytosterol 2.10
%Alkaloid 0.53
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Figure 4. Antioxidant activities (a) DPPH radical scavenging activity; (b) ABTS radical scavenging activity; (c)
Hydrogen peroxide radical scavenging activity; (d) Metal chelating activity of COF in comparison to the
synthetic antioxidant. Values represent averages + standard deviations for triplicate experiments. Means with
different letters indicate significant differences (p < 0.05).

3.5.3. Hydrogen peroxide scavenging activity
(H202)

The scavenging ability of C. officinalis and
compared with vitamin C as standards on hydrogen
peroxide were determined as shown in Figure 4C. In
current study, the scavenging activity values on
hydrogen peroxide of 160 png/ mL in the order of
vitamin C and C. officinalis extract were 83.91
+0.23% and 71.32+0.33 with ICso values of 35.07+
1.83 pg/ mL and 62.79 £1.45 pg/ mL, respectively as
can be shown in Table 4.

3.5.4. Iron chelating assay

The chelation power of C. officinalis extract and
EDTA as standard were also analyzed as shown in
Figure 4D. A dose dependent increasing activity was
obtained in metal chelating activity. The results
observed that the hexane extract and EDTA exhibited
significant capacity to chelate ferrous ions with the
value of 86.00+0.51 and 93.24+0.68% at 160 pg/mL
with ICsy values of 42.30+ 0.28ug/ mL and 17.75¢
1.55pg/ mL, respectively as can be shown in Table 4.

Egypt. J. Chem. Vol. 67, SI: M. R. Mahran (2024)

3.6. Effect of C. officinalis on the wound healing
percentage.

Untreated wound group showed a non-healed
contracted wound after 10 days, whereas, topical
application with C. officinalis 2.5% and 5% for 10
days, ameliorated wound by 92% and 96%,
respectively, as compared to untreated group. C.
officinalis 5% treatment had wound closure near to
normal rats (Figures 5 a and b).

3.7. Effect of C. officinalis on oxidative stress in
wound healing model

As shown in Figure 6, wound incision-induced
oxidative stress evidenced by increase of DPPH by
90%, ABTS by 81% and hydrogen peroxide radicle
by 60% as compared to normal rats C. officinalis
2.5% and 5% had scavenging activity values on
DPPH by 5.5-fold and 10 fold, ABTS by 3.9 fold and
4.2 fold, as compared to wounded group skin
homogenate. In the same time C. officinalis 2.5% and
5% had antioxidant against hydrogen peroxide radicle
by 1.2fold and 1.4-fold, respectively, as compared to
wounded group skin homogenate.
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Control C. officinalis (2.5%) C. officinalis (5%)

Day 0

Day 3

Day 7

Day 10

.

Figure 5a. Macroscopic morphology of the healing progress of C. officinalis at 0-, 3-, 7- and 10-days post
wounding

150 —

100 —

Wound healing %
c 8
| l
m

Figure 5b. Effect of C. officinalis on the wound healing %

Data are presented as the mean + SD (n=6) for each group. Statistical analysis was conducted by ANOVA
followed by Fisher's LSD comparisons test. Same letter means non-significant difference, while different letter
means significant difference at p < 0.05.
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Figure 6. Effect of C. officinalis on oxidative potential (ABTS, H>O, and DPPH radical scavenging activities) in

wound healing model.

Data are presented as the mean + SD (n=6) for each group. Statistical analysis was conducted by ANOVA
followed by Fisher's LSD comparisons test. Same letter means non-significant difference, while different letter

means significant difference at p < 0.05.

Table 4: Concentrations necessary for 50% antioxidant inhibition (IC50) (A) DPPH; (B) ABTS;(C) hydrogen
peroxide; (D) metal chelating activity of C. officinalis in comparison to the synthetic antioxidant. Statistical
analysis was conducted by ANOVA followed by Fisher's LSD comparisons test Significantly different from

standard at p<.05.

Material ICso/png/ml (DPPH) ° ICso/ng/ml (ABTS) ICso/ng/ml (H202)  ICso/pg/m (Metal
chelating activity)
C. officinalis 62.13£0.37 ® 42.18+0.35 ° 62.79+1.45 42.30+ 0.28°
BHT Standard 10.60+1.39 2 - - -
Trolox Standard -- 13.23+£1.30 @ - --
VIT C Standard -- -- 3507+ 1.83 2 --
-- -- -- 17.75+ 1.55%

EDTA Standard

Note: Each data represents the meant SD of three independent experiments where means with different letters in

the same column indicate significant differences (p < 0.05).

3.8. Effect of C. officinalis on the expression of
collagen, MMP9, AMPK and HIF-la in wound
healing model

In current study, collagen was significantly
decreased in rats exposed to wound by 59% with an
elevation in MMP9 levels by 175 %, as compared
with normal control group. Topical application with
C. officinalis 2.5% and 5% for 10 days elevated the
skin content of collagen by 59% and 127%
respectively, and decreased MMP9 by 39% and 55%,
respectively, as compared to wounded group. In
addition, treatment with C. officinalis 5% treatments
returned the levels of collagen and MMP9 to their
normal values (Figures 7a and b).
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AMPK was significantly decreased in rats exposed to
wound by 38%, as compared with normal control
group Topical application with C. officinalis 2.5%
and 5% for 10 days elevated the levels of AMPK by
25% and 60% respectively, as compared to control
positive group, moreover, the treatment with C.
officinalis 5% returned it to normal level (Figure 7c).
Moreover, HIfla was significantly decreased in rats
exposed to wound by 53% as compared with normal
control group. Topical application with C. officinalis
2.5% and 5% for 10 days increased the levels of HIf-
la by 38% and 69% respectively, as compared to
control positive group. In addition, the treatment with
C. officinalis 5% returned it to normal level (Figure
7d).
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Figure7. Effect of C. officinalis on the expression of collagen, AMPK, MMP9, HIF-1a in wound healing

model.

Data are presented as the mean = SD (n=6) for each group. Statistical analysis was conducted by ANOVA
followed by Fisher's LSD comparisons test. Same letter means non-significant difference, while different

letter means significant difference at p < 0. 05.

3.9. Histopathological Findings

Normal rats showed no histopathological alteration
and the normal histological structure of the epidermis,
dermis with hair follicles and sebaceous glands and
subcutaneous tissue were recorded in Figures 8a and
b. While experimentally inducted rats (wound)
exhibited Focal ulceration and necrosis were detected
in the superficial layers of epidermis and dermis with
massive inflammatory cells aggregation (Figure &c).
Granulation tissue formation with inflammatory cells
infiltration were detected in the deep dermal layer
(Figure 8d). The subcutaneous tissue showed oedema
and inflammatory cells infiltration (Figure 8&e).
Treatment with low dose of C. officinalis showed
intact epidermis and underlying dermis with hair
follicles and sebaceous glands (Figure 8f). Oedema
and inflammatory cells infiltration with granulation
tissue formation were detected in the deep layer of
dermis (Figure 8g). There were oedema and
inflammatory cells infiltration in the subcutaneous
tissue (Figure 8h). Also, high dose of C. officinalis
showed intact dermis with hair follicles and sebaceous
glands (Figure 8i). There was intact musculature
(Figure 8j) while the underlying subcutaneous tissue
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showed few oedema and inflammatory cells
infiltration (Figure 8k).

3.10. Molecular docking

The DFT B3LYP/6-31G (d,p) optimized structures
of 1-heptatriacotanol and isochiapin B are shown in
Fig. 9. Table 5 demonstrates the resulting values of
binding affinity of 1-heptatriacotanol and isochiapin
B with the designated proteins.

Figure 10 demonstrates the docked complexes of
lheptatriacotanol with AMPK, collagenase, HIF-1a,
MMP-9, TNF-0, and VEGF, displaying the
orientation of the ligand, the sites of interaction and
the key amino acid residues of each protein involved
in interaction. The 2D diagrams of the amino acid
residues of each protein interaction with 1-
heptatriacotanol are shown in Figure 11.

Demonstrated in Figure 12 are the docked
complexes of isochiapin B with AMPK, collagenase,
HIF-10, MMP-9, TNF-a, and VEGF. Figure 13
represents the 2D diagrams of the amino acid residues
of each protein's interaction with isochiapin B. The
active site residues of AMPK, collagenase, HIF-1a,
MMP-9, TNF-a, and VEGF involved in hydrogen
bond interaction with isochiapin B are listed in Table
6.
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Figure 8. Histopathological Findings of skin.

Normal rats showed no histopathological alteration and the normal histological structure of the epidermis, dermis with
hair follicles and sebaceous glands and subcutaneous tissue were recorded in (Fig. a & b). While experimentally
inducted rats (wound) exhibited Focal ulceration and necrosis were detected in the superficial layers of epidermis and
dermis with massive inflammatory cells aggregation (Fig. c¢). Granulation tissue formation with inflammatory cells
infiltration were detected in the deep dermal layer (Fig. d). The subcutaneous tissue showed oedema and inflammatory
cells infiltration (Fig. e). Treatment with low dose of C. officinalis showed intact epidermis and underlying dermis
with hair follicles and sebaceous glands (Fig. f). Oedema and inflammatory cells infiltration with granulation tissue
formation were detected in the deep layer of dermis (Fig. g). There were oedema and inflammatory cells infiltration in
the subcutaneous tissue (Fig. h). Also, high dose of C. officinalis showed intact dermis with hair follicles and
sebaceous glands (Fig. 1). There was intact musculature (Fig. j) while the underlying subcutaneous tissue showed few
oedema and inflammatory cells infiltration (Fig. k).
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Tabel 5: Binding affinities of 1-heptatriacotanol and isochiapin B with AMPK, collagenase, HIF-1a, MMP-9, TNF-
o, and VEGF.

Binding affinity (kcal/mol)

Protein 1-Heptatriacotanol  Isochiapin B
AMPK -2.11 -8.51
Collagenase -3.47 -8.31
HIF-10 -5.5 -8.13
MMP-9 -3.26 -9.15
TNF-a -5.2 -7.91
VEGF -2.31 -7.84

Table 6: Active site residues of AMPK, collagenase, HIF-1a, MMP-9, TNF-a, and VEGF involved in hydrogen
bond interaction with isochiapin B.

Protein Active site residues involved in hydrogen bond interaction
AMPK Argl52, Thr168, Lys170

Collagenase Asnl180, Ala182, Tyr240

HIF-1a His199, GIn239, His279

MMP-9 Leul88, His401, Glu402, His411

TNF-a Ser60, Leul20

VEGF Asn62, Asp63, Glu64, Lys107

Aot et et et e ¥t e ¥ s e ¥ st e et et st et e ¥ e ¥y

1-Heptatriacotanol

Ok
<7 ek giyia

AMPK TNF-a
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Figure 11. 2D diagrams of amino acid residues of AMPK, collagenase, HIF-10, MMP-9, TNF-a, and VEGF interacting
with 1-Heptatriacotanol, showing bond types.
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4. Discussion

Healing wound is integrated sequence of events
that involves the intricate interplay of immune cells,
cytokines, growth factors, and injured skin cells with
tissue sequences like angiogenic responses, cellular
migration, proliferation, and wound tissue fibroplasia.
ROS production is crucial to both healthy physiology
and the development of many diseases. Oxidative
stress might influence the stages of wound healing
[53]. An epidemiological study showed that the
frequency of wounds resulting from various causes is
steadily rising, and annual medical expenses are also
rising [54]. Our results exhibited that wound incision
induced oxidative stress evidenced by increase of
DPPH, ABTS and hydrogen peroxide radicle in the
skin as compared to normal rats. Moreover, wound
incision decreased the skin content of collagen. The
formation of the extracellular matrix (ECM) through
collagen and a-smooth muscle actin (a-SMA) is
promoted by TGF-B1 and VEGF which are included
in healing process via cell proliferation angiogenesis
and re-epithelialization [37]. The shrinkage of the
wound depends on contractile microfilament bundles
known as "myofibroblasts," which are generated by
fibroblasts during the healing process. The expression
of a-SMA characterizes the fully differentiated
myofibroblast. Keratinocytes are also thought to be
important cells in the contraction and healing of skin
wounds [55]. MMP-9 is an important molecular
expression pattern of wound healing-related genes
that possesses main role in extracellular matrix
proteins degradation during organogenesis as well as
normal tissue turnover [56]. Wounded rats in current
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study suffered from an elevation in MMP9 which
may delay wound healing. Furthermore, Huang et al.
[57] have found that HIf-10 is a downstream element
of AMPK which stimulates its pro-angiogenic effects
modulating ROS.HIF-la, in the same time,
upregulates tissue expression of VEGF, which in turn
promote an angiogenic response [58]. Our results
revealed that wound incision provokes decrease in
AMPK and HIFla inhibiting angiogenic process. C.
officinalis has grab more attention as a result of its
antioxidant and anti-inflammatory qualities, and has
benefits as a food additive and for use in cosmetic and
biomedical applications [59]. Our results support
earlier research by Fronza et al. [60] found that
hexane extract from C. officinalis stimulated
proliferation and migration of fibroblasts at low
concentrations. Additionally, our findings are in
accordance with European Medicines Agency (EMA)
which certified its lipophilic and aqueous alcoholic
extract in the treatment of minor skin inflammation
and wounds healing [13]. The most widely used
screening techniques for medicinal plants and in
silico screening often contain a large number of
bioactive phytocompounds and phytochemicals.
Identification of the bioactive compounds responsible
for activity and/or reaction mechanisms is made more
challenging by this multi-composition state.
Therefore, appropriate methods for identifying
bioactive compounds from medicinal plants are
developed with the aid of phytochemical and in silico
bioactivity screening procedures [61].

GC-MS and in silico screening tools for
pharmacokinetic and pharmacodynamic property



GC-MS AND MOLECULAR DOCKING ANALYSES OF PHYTOCHEMICALS FROM CALENDULA OFFICINALIS L. .. 1053

prediction are examples of phytochemical screening
tools. The screening for phytochemicals revealed the
presence of terpenoids, steroids, phenols, flavonoids,
tannins saponins , alkaloids, quinones and
coumarins may be the reason for C. officinalis extract
biological activities [62]. Minor differences were
observed in our study and previous one conducted on
C. officinalis methanolic extract of the phytochemical
screening. The variation may result from variations in
genetic, carcinogenic, morphogenetic, environmental,
and other factors, as well as from environmental
adaptation, organism’s interaction and history
evolution [63]. In addition, the total phenolic,
flavonoid and tannin were found in C. officinalis
hexane extract. Phenolic compounds are well known
for their ability to chelate redox-active metal ions and
stop hydroperoxides from becoming reactive
oxyradicals, which can then inactivate free radical
[64]. Flavonoids' capacity to both scavenge and
inhibit the production of free radicals contributes to
their antioxidant activity [65]. On the other hand,
Rigane et al. [66] reported different total phenolic and
flavonoid values for various parts of the plant as
aqueous methanol flower and leaves. The differences
between our results and other investigators may be
related to the polarity of the solvents [67].

GC-MS analysis revealed the presence of 24
compounds. The phytochemical analysis exhibited
seven main different organic classes were identified
as fatty acid, fatty alcohol sesquiterpene,
hydrocarbons, diterpene, phytosterol and alkaloid.
Most of the identified compounds belonged to fatty
alcohol among which1-Heptatriacotanol is the major
fatty acid compounds followed by n-Hexadecanoic
acid, 9,12,15-Octadecatrienoic acid (omega 3), then
9,12-Octadecadienoic acid (omega 6). In addition,
many other sesquiterpene as isochiapin B and
Humulane-1,6-dien-3-0l  represent the  major
sesquiterpene compounds. A A previous work studied
different of phyto-constituents as GC—MS analysis in
four taxa of this genus as C. officinalis, C.
suffruticosa, C. arvensis and C. suffruticosa hexane
extract [68]. Different secondary metabolites may be
produced in different parts of medicinal plants
through unique regulatory pathways and unique
transport routes according to complexity of
phytochemicals as well as diversity of the plant parts
[63]. Specific tissues and developmental phases have
an impact on the phytochemical biosynthesis-related
gene expression pattern [62]. Antioxidant activity is
a crucial quality requirement for medicinal plants.
Several in vitro antioxidant methodologies can be
used to determine antioxidant activity. A single assay
cannot accurately determine antioxidant capacity
because each has advantages and disadvantages of its
own. It was crucial to evaluate the antioxidant
capacity in the current study employing DPPH,
ABTS, H>0,;, and metal-chelating  assays.
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Antioxidants protect cells from the potential damage
that an excess of ROS can cause by neutralizing
reactive species and halting oxidation processes.
Antioxidant properties are included in several of C.
officinalis extract naturally occurring components.
The C. officinalis flower hexane extract obtained in
this study has a significant antioxidant property in all
assays. Other result supported by AK et al. [69]
found flower extracts of C. officinalis exhibited
stronger ability when compared to roots, on the other
hand C. officinalis leaf extracts showed highest
chelating activity and further support the antioxidant
capacity of formulations prepared with C. officinalis
flowers by Venkatesh et al. [70]. The antioxidant
capacity in C. officinalis flower hexane extract might
be due to the high content of phytochemical
constituents which may be the reason for wound
healing properties, in vivo study, that it acts as a
scavenger of ROS in skin evidenced by inhibition of
DPPH, ABTS and hydrogen peroxide [71] and
increased the synthesis of collagen in wounded skin.
These results suggest its beneficial effect on
cutaneous wound healing due to their fatty acid
content and sesquiterpene lactone. 1-Heptatriacotanol
fatty alcohol has antioxidant and anti-inflammatory
[72]. Additionally, other studies showed wound
healing activity of Omega-3 which has been shown to
aid fibroblasts in synthesizing collagen and modulate
initial phases of wound healing [73,74]. Furthermore,
sesquiterpene  lactone  isochiapin B  possess
antioxidant activity, anti-inflammatory and promotes
wound healing [75,76]. The phytochemical analysis
confirmed the presence of the sesquiterpenes which
may be the reason for the efficiency of C. officinalis
in healing wounds through elevated rate of wound
contraction, cellular proliferation, granulation tissue
formation, and collagen synthesis. Stigmasterol, or
phytosterol, another significant component of C.
officinalis, lowers the generation of ROS [77,78]. In
vitro studies of stigmasterol reduced the release of
pro-inflammatory mediators [79]. Alkaloid as ethyl
iso-allocholate, also, possess antioxidant properties
[80] and promotes the wound healing process [81].

C. officinalis, in current work, reduced MMP-9
inhibiting ECM degradation. These findings may be
due to the presence of octacosane and eicosane that
promote wound healing due to their potent free
radical scavenging and possible interactions with
MMP-9 [82]. This result could also be due to the
presence of isochiapin B since it has also been
reported that isochiapin B has antioxidant activity and
promotes wound healing [75,83]. In a previous work,
C. officinalis reduced MMP-9 levels and stimulated
angiogenesis in a localized wound of diabetic animals
[11]. Belal et al. [2] have previously reported on in
silico MMP9 inhibitor efficacy of the constituents of
Calendula extract in comparison to RND-336 as a
well-known MMP-9 inhibitor. Their results indicated
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that the highest potency against MMP-8 and MMP-9
were attributed to the structures comprising the
benzopyrand-one moiety, thus concluding that
Calendula extract has a potential role in wound
healing via inhibiting both enzymes. C. officinalis
administration, in this study, for the first-time
elevated AMPK and HIF-1lo which in turn enhances
the synthesis of angiogenesis. These results supported
by our histopathological examination that revealed
inhibition of inflammatory cell infiltration and
stimulation of wound contraction, epithelialization,
angiogenesis, and ECM deposition in C. officinalis
group as compared to positive control group.
Previously, C. officinalis flower exhibited an
elevation of VEGF expression levels in C57BL/6
mice lung metastasis [84]. Molecular docking results
showed that the general case is that isochiapin B had
better binding affinities than 1-Heptatriacotanol in the
interaction with AMPK, Collagenase, HIF-1a, MMP-
9, TNF-a, and VEGF.The best binding affinity of 1-
Heptatriacotanol was for its interaction with HIF-1a
with an affinity score of 5.5 kcal/mol, while the least
binding affinity was for its interaction with AMPK
with the affinity score of - 2.11 kcal/mo.

The 2D diagrams of 1-
Heptatriacotanol's interactions with the proteins
indicated that all the interactions are stabilized by van
der Waals interactions as well as hydrophobic
interactions in the form of alkyl and mixed Pi/Alkyl
hydrophobic interactions. The presence of hydrogen
bonds was only noticed in the interaction of
1Heptatriacotanol with collagenase and with HIF-1a.
In the interaction with collagenase, a hydrogen bond
was formed between the oxygen atom of the terminal
hydroxyl group of 1-Heptatriacotanol and Aspl68
amino acid residue, while in the interaction with
HIFla the hydrogen bond was formed with GInl147
amino acid residue [85]. On the other hand, the best
binding affinity of isochiapin B was for its interaction
with MMP-9, with an affinity score of -9.15 kcal/mol,
while the least binding affinity was for its interaction
with VEGF with an affinity score of -7.84 kcal/mol.
This result is in agreement with the results of free
radical scavenging activity of C. officinalis extract
and its possible interactions with MMP-9. The 2D
diagrams of isochiapin B interactions with the
proteins confirmed that the interactions are stabilized
by more hydrogen bonds than in the case of 1-
Heptatriacotanol, which explains the significantly
enhanced binding affinities of isochiapin B to the
designated proteins compared to 1-Heptatriacotanol,
since hydrogen bonds are key interactions in
enhancing the protein ligand binding affinity [86].

Conclusion

C. officinalis treatment has a potent antioxidant
effect and elevates collagen fibrous protein which
essentially contributes to wound strength. It inhibits

Egypt. J. Chem. Vol. 67, SI: M. R. Mahran (2024)

the inflammatory processes and degradation of
extracellular matrix (ECM) via decreasing MMPs
with stimulation AMPK and HIF-la. C. officinalis
may be used as a biomedical skin wounds agent to
treat scar formation.
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