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Abstract: Mediterranean-native perennial plant Antirrhinum majus was scrutinized in this study for
its antioxidant activity and its total phenolic content in order to test for the plant’s wound-healing
capability. The traditional uses of this plant to treat gum scurvy, various tumors, ulcers,
and hemorrhoids were the main idea behind this study. Leaves and flowers of the A. majus were
extracted by maceration. Pilot qualitative phytochemical tests were made to check the presence of
various secondary metabolites. Quantitatively, the flowers” macerate indicated superlative results
regarding antioxidant activity and total phenolic content. However, the in vivo wound-healing
capability study was made using 30 Wistar strain albino rats. This innovative part of the study
revealed that the healing power of the flowers’ extract ointment (5% w/w) was superior compared
to the leaves’ extract (5% w/w) and the positive-control ointments (MEBO) (1.5% w/w) (p < 0.001).
This activity was assessed by visual examination, wound-length measurement, and estimation
of hydroxyproline content. Antirrhinum majus is a promising plant to be considered for wound
healing. However, further testing (including histological examination and high-performance liquid
chromatography (HPLC) analysis) is necessary to understand more about its mechanisms of action.

Keywords: Antirrhinum majus; maceration extraction; antioxidant activity; total phenolic content;
wound healing

1. Introduction

According to traditional European medicine, based on the Hippocratic theory, the human body
consists of a set of elements—humors—that share nature’s principal properties with the human body.
They play a major role in physical and mental health, and can be influenced by individual diet, lifestyle,
geography, and seasons. They neither are true fluids nor can be isolated. These humors are Sanguis,
which stands for the red blood that emerges from lesions and wounds, Phlegm for watery secretions,
Choler for the yellow bile in vomit and pus, and Melancholer, perhaps for the black bile that is
clotted blood in veins and stool [1]. Humanity sought balance between these humors in various ways,
which is where herbal medicine played a major role in keeping that balance as ancient populations and
traditions started the gathering of natural products and plants and testing their healing effects [1,2].

Generally, wounds are classified according to their healing time into acute and chronic wounds.
Acute wounds resolve within less than six weeks and are a result of a physical trauma or surgery,
whereas chronic wounds do not resolve within six weeks, and their causes vary according to genesis,
depth, care received, and, most importantly, the blood supply to the wounded tissue [3]. Normal tissue
response to injury involves three basic phases: inflammation, new tissue formation, and remodeling.
Inflammation starts with the coagulation cascade in order to prevent any excess loss of blood, get rid
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of dead tissues, and neutralize any possible invading pathogen. A platelet plug is formed. Fibrin and
neutrophils are also involved. The second phase, new tissue formation, starts shortly after the
completion of the first one, where migration of keratinocytes and angiogenesis take place and replace
the granulation tissue and the fibrin matrix. The remodeling phase takes place throughout the
downregulation of the inflammatory cascade. Remodeling includes apoptosis of the cells involved in
the repair process from the previous phase, and the replacement of dead cells by collagen and other
extracellular proteins [4].

The use of plants for the stimulation of wound healing has existed since ancient empires. Aloe vera,
for example, is one of the most popular plants and was used as early as 1500 BC by the ancient
Egyptians for the treatment of wounds. The leaves’ gel is thought to assist in the wound-healing
process by keeping the tissue moist, promoting epithelialisation and tissue oxygenation, encouraging
collagen and hyaluronic acid synthesis and deposition, and ceasing inflammation [4]. Various bioactive
plants” metabolites are responsible for wound-healing activity. Polyphenols are thought of being
the key components in wound healing. Polyphenols generally demonstrate antimicrobial activity,
antioxidant properties that enhance cell proliferation, and collagen production [5]. Other components
like alkaloids, saponins, sulphur-containing compounds, fatty oils, phytosterols, proteins, resins,
and many others were also evaluated for their contribution in the wound-healing process [4].

The Antirrhinum genus was originally enlisted under the Scrophulariaceae family tree until 1995
when a study [6] came to reclassify this genus under the Plantaginaceae family [7]. Antirrhinum majus
is a Mediterranean-native perennial plant, which was used historically for inheritance and mutation
studies by Charles Darwin thanks to its ease of cultivation, diploid inheritance, and variation in
morphology and flowers” colors [8,9]. A. majus is used only as a decorative plant for mass display
in Middle Eastern countries [10]. In some traditions, the whole-plant decoction was used for the
treatment of liver ailments and to resolve watery eyes [11,12]. It was also used as a treatment for gum
scurvy and various tumors, ulcers, and hemorrhoids [9].

Analyzing A. majus throughout multiple studies showed the presence of multiple active
metabolites. For example, aurones, minor flavonoids, were found existing in the flowers’ petals
only, giving a bright yellow color and are likely produced from chalcones [13]. Aurones play a
major role acting as antioxidant and antiproliferative agents against reactive oxygen species and
reactive nitrogen species that contribute to aging, mutagenesis, carcinogenesis, and deoxyribonucleic
acid damages by inhibiting oxidase enzymes [14]. On the other hand, multiple aucubin-like
iridoids were found to be produced by A. majus as a defence mechanism against herbivores.
These iridoids were defined as antirrhinoside, antirrhide, 5-glucosyl-antirrhinoside, linarioside,
and chaenorrhinoside [15,16]. Polyunsaturated fatty acids and monounsaturated fatty acids were
found to contribute in high percentages in the seed oil of A. majus. Both can be considered of great
nutritional applications regarding cardiovascular ailments, autoimmune disorders, inflammations,
atherosclerosis, and diabetes. A major phytosterol constituent was reported to be present is
(3-sitosterol, which contributed for 65.3% of the total sterols. [-sitosterol is of great importance
for hypercholesterolemia, lowering low-density lipoprotein, and benign prostatic hyperplasia.
Other uses include rheumatoid arthritis, tuberculosis, hair loss, and cervical cancer. Lipid-soluble,
membrane-localized antioxidants—Vitamin E tocopherols—are also present (tocopherol-x, 3, v,
and ), where y-tocopherol represents about 81% among all [17]. Regarding the alkaloid content
of A. majus, four tertiary alkaloids were qualitatively detected, and one of them was identified to be
4-methyl-2,6-naphthyridine. One water-soluble alkaloid has been identified as choline [12].

Studying the wound-healing activity of new natural products is of great importance as the world
is now moving toward finding novel wound-healing agents and techniques that would lessen any
possible complications with the minimum scarring at the least possible time. To our knowledge, studies
that have been conducted on A. majus so far investigated the main phytochemical classes present.
No research has been done before regarding the wound-healing activity of A. majus. The novelty of
this study lies in scrutinizing the free-radical scavenging activity and wound-healing capabilities of
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the leaves and flowers of A. majus, each alone, which is cultivated in the Middle East. Our hypothesis
is that the biologically active agents of A. majus extracts may improve wound healing by enhancing
the rate of tissue repair.

2. Materials and Methods

2.1. Plant Collection and Extraction

The whole A. majus plantlets were brought from a local arboretum in Jordan in March 2017.
Plant authentication was made by The Royal Society for the Conservation of Nature (RSCN).
Plant aerial parts were separated into flowers and leaves and blended finely using a bar blender
(Waring (BB1050), Stamford, CT, USA). Both blends were soaked in 80% methanol distinctly at room
temperature (RT) in a dark place for 5 continuous days over a magnetic stirrer (Heidolph Instruments
GmbH & Co., Schwabach, Germany). Filtration, evaporation (using rotary evaporator (30 °C, 90 rpm)
(Heidolph Instruments GmbH & Co. (VV2000), Schwabach, Germany)), and lyophilization (Edwards,
Eastbourne, UK) were further performed on each extract. Both the leaves macerate and flowers
macerate dry extracts were kept in glass vials in a freezer labeled as LM and FM, respectively.

2.2. Fractionation

Liquid-liquid extraction of LM and FM extracts was made with the aid of a separatory funnel as
the following:

LM: 8.96 g of LM extract was solubilized in 250 mL distilled water. Fractionation using increasing
polarity solvents of n-hexane, dichloromethane, ethyl acetate, and n-butanol was conducted in thrice.
For each step, 200 mL of each solvent was used, thus 600 mL was their final volume. Evaporation of
the fractionation solvents was done using a rotary evaporator (RT, 90 rpm) (Figure 1). Evaporation of
the n-butanol fraction required the addition of a random amount of anhydrous sodium sulphate and
methanol, as the n-butanol forms an azeotrope with water. Mixing and filtration, then concentration
over a rotary evaporator (40 °C, 90 rpm) was made.

LM extract
8.96 g in 250 mL
distilled water

n-hexane dichloromethane ethyl acetate n-butanol
200 mL X3 200 mL X3 200 mL X3 200 mL X3

Evaporation

Figure 1. Fractionation diagram of leaves macerate extract.

FM: 4.38 g of FM extract was solubilized in 100 mL distilled water. Fractionation using 100 mL
ethyl acetate was conducted thrice. The resulting 300 mL was further evaporated to its final form
(Figure 2).
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FM extract ethyl acetate _
4.38 g in 100 mL 300 mL Evaporation
distilled water 100 mL X3

Figure 2. Fractionation diagram of flowers macerate extract.

2.3. Phytochemical Screening

Both LM and FM crude extracts were prepared as 50 mg/mL in 1:5 dimethyl sulfoxide:methanol.
These solutions were intended to be used for the following qualitative phytochemical screening;:

Flavonoids:

a.  Sodium hydroxide test: Treatment of 0.5 mL of the extract with aqueous sodium hydroxide forms
a yellow-orange colour. Upon the addition of sulphuric acid, this color disappears, indicating
flavonoids presence [18].

b. Lead acetate test: A few drops of 10% lead acetate are to be mixed with alcoholic solution of the
extract. Formation of a yellow precipitate points out the occurrence of flavonoids [19].

Glycosides:

c¢.  Sodium hydroxide test: A small amount of alcoholic extract is dissolved in 1.0 mL water.
Addition of sodium hydroxide solution produces a yellow color that specifies the presence
of glycosides [19].

d. Kellar Killani’s test: Extract is to be dissolved in water with the addition of glacial acetic acid and
ferric chloride and concentrated sulphuric acid. The appearance of a reddish-brown ring at the
junction points out the existence of glycosides [20].

Saponin glycosides:

e.  Froth test: Shake a slight amount of extract with 5.0 mL of water. Persistence of the foam produced
for 10 min authorizes the presence of saponin [21].

f.  Hemolysis test: Add few drops of fresh-cut blood to 1.0 mL of extract in a test tube and mix
gently. Allow the tube to stand for 15 min. Precipitation of red blood cells indicates hemolysis by
saponin [22].

Alkaloids:

g.  Dragendroff’s test: Add a few drops of Dragendroft’s reagent to 1.0 mL of extract in a test tube.
Appearance of orange colour indicates the presence of alkaloids [23].

h.  Picric acid test: Add a few drops of picric acid solution to 0.5 mL of extract. Formation of a yellow
precipitate at the acid layer indicates the presence of alkaloids [24].

Tannins:

i.  Braemer’s test: Mix 0.5 mL of extract solution with 1% ferric chloride solution. Appearance of
blue, green, or brownish green colour indicates tannins [24].

Phenols:

j.- Ferric chloride test: To 0.5 mL of extract solution add a few drops of 5% aqueous ferric chloride.
Formation of deep blue to black color indicates the occurrence of phenols [25].

Anthraquinones:

k.  Borntrager’s test: To 1.0 mL of chloroform extract add 0.5 mL of dilute (10%) ammonia. Formation
of a pink-red colour in the ammonia (lower) layer directs the presence of anthraquinones [26].
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Terpenoids:

1. Liebermann-Burchardt test: Add 0.5 mL of chloroform, 1.0 mL of acetic anhydride, and 1 to
2 drops of concentrated sulphuric acid to 0.5 mL of methanolic extract in a test tube. Appearance
of pink or red coloration points out terpenoids [18].

m. Salkowski test: Add 0.5 mL of chloroform and 0.5 mL of concentrated sulphuric acid to 0.5 mL
extract in a test tube. Formation of reddish brown colour of interface specifies terpenoids [25].

Steroids:

n. Liebermann-Burchardt test: Add 0.5 mL of chloroform, 1.0 mL of acetic anhydride, and 1 to
2 drops of concentrated sulphuric acid to 0.5 mL of methanolic extract in a test tube. Appearance
of dark green colouration points out steroids [18].

2.4. Free-Radical Scavenging Activity by 2,2'-Azino-Bis(3-Ethylbenzothiazoline-6-Sulphonic Acid Cation
(ABTS™) Discoloration

For the determination of the free-radical scavenging activity of the plant’s different extracts,
the ABTS radical scavenging assay method that has been developed by Reference [27] was adopted.
An ABTS* solution was prepared through the reaction of 7.0 mM (3.6 mg/mL) ABTS and 2.45 mM
(662.28 mg/mL) potassium persulphate, which were incubated at RT in the dark for 16 h [28].
The ABTS" solution was then diluted with 80% ethanol to obtain an absorbance of 0.7 £ 0.01 at
734 nm [29]. Stock solutions of 10 mg/mL of LM and FM in 80% ethanol were prepared. Four different
dilutions were then further made from each stock as 2.0, 1.5, 1.0, 0.5 mg/mL. A volume of 3.9 mL of
ABTS* solution was added in duplicate to 0.1 mL of each dilution and mixed vigorously. The reaction
mixture was allowed to stand at RT for 6 min and the absorbance at 734 nm was immediately read
in quartz cuvettes using a spectrophotometer (Dr. Akid SCO GmbH, Dingelstadt, Germany) [28].
A standard curve was obtained using Trolox standard solution at various concentrations ranging from
0 to 15 mM (0 to 3.75 mg/mL) in 80% ethanol [30]. Data are expressed as ABTS* scavenging percentage
according to the following equation [31]:

As

ABTS™ scavenging activity (%) = (1 - A) x 100%
b

where Ag: absorbance of sample at 734 nm; Ay,: absorbance of blank at 734 nm.

2.5. Total Phenolic Content by Folin—Ciocalteu Reagent

To quantitatively determine the total phenolic content in LM and FM extracts, the Folin-Ciocalteu
procedure described by Reference [32] was adopted in this part. A stock solution of 10 mg/mL of both
extracts was prepared in distilled water. Furthermore, 4 different dilutions were made from each stock
as 1.0, 0.5, 0.25, 0.125 mg/mL. Concisely, 12.5 puL of each prepared dilution was mixed with 250 pL of
2% sodium carbonate solution in a 96-well microplate in duplicate. Plates’” contents were allowed to
react for 5 min at RT. Then, 12.5 pL of 50% Folin-Ciocalteu reagent was added and allowed to react
again for 30 min at RT. Reaction-mixture absorbance was read using a plate reader (Biotek (EL-x800),
Winooski, VT, USA) at 630 nm [33]. Gallic acid standard solution at various concentrations ranging
from 0.1 to 1.0 mg/mL in distilled water was used as a reference. Results are shown as equivalent of
Gallic acid (mg) for each mL of each extract [32].

2.6. Wound-Healing Activity

The wound-healing part of this study was applied to 30 Wistar strain albino rats of both genders
aged 8-12 weeks. Average weight was 298.79 + 7.31 g. Rats were obtained from the Animal
House of Applied Science University. They were organized into two groups (15 rats per group)
in metal cages within the Animal House of Applied Science University. Rats were maintained under
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standard environmental conditions (12 h dark/12 h light), and supplied with food and water ad
libitum [34]. Animal care and use were conducted according to standard ethical guidelines, and all of
the experimental protocols were approved by the Research and Ethical Committee at the Faculty of
Pharmacy Applied Science University (Approval code: Pharm-2017-6 (June 2017)).

2.6.1. Ointments Preparation

LM and FM extracts were formulated as 5% w/w ointments. Ointment vehicle alone was used
as a negative control, where 1.5% w/w MEBO was used as a positive control (Table 1) [35]. Gentle
heat was used to melt the white petrolatum. Agitation until an appropriate semisolid texture of the
ointments was endured. Ointments were placed in the refrigerator for the entire study duration.

Table 1. Formula used to prepare the extracts” and the control ointments.

. . . Active Glycerol White Petrolatum Final
Ointment Type Active Ingredient Type Ingredient (44}.’47%) (55.53%) Product
Leaves macerate (LM) LM extract 25¢g 2113 g 26.38 g 50g
Flowers macerate (FM) FM extract 25¢g 2113 g 26.38¢g 50g
Positive MEBO 075¢g 2190 g 2735¢g 50¢g
Negative Nothing 00g 2224 ¢g 2777 g 50g

Moist Exposed Burn Ointment (MEBO) is a petrolatum-based natural preparation. It was
developed in the 1980s by the China National Science and Technology Center. It is extensively
used in Asia and the Middle East in the healing of wounds and burns. 3-sitosterol, a plant steroid,
is the main active ingredient in MEBO that is responsible for the anti-inflammatory effect. Sesame oil
and berberine are also present, providing a moist environment that encourages epithelialization.
Continuous application of MEBO was reported to cease dermal irritation a sensitization, and relieve
pain [36,37].

2.6.2. Rats Wounding

Wound-healing activity was tested according to the method described by Reference [38].
Anesthetization with 350 mg/Kg of 5% chloral hydrate solution intraperitoneally was considered
before the wounding [39]. Rats’ dorsal sides were shaved using a shaving blade and rubbed with 76%
ethanol. Two 2.5 &+ 0.06 cm longitudinal incisional dorsal wounds were made with the aid of a surgical
blade until the deep fascia along the midline for each rat. The wound closer to the head is referred
to as “TOP”, whereas the lower one as “BOTTOM” (Figure 3) [40,41]. Longitudinal incisions were
considered to be made due to the fact that they are more common in our daily life than excisional
wounds. To ensure good closure of the wound, the two edges of each wound were tightened and
stitched with one stitch using a silk surgical thread and a curved needle [42]. Wounds were left
undressed and examined daily for evidence of infection. Use of antibiotics was not considered either
topically or systemically. Rats were housed in individual cages.

,/4
SN , s

Z
N

Figure 3. Illustration of the longitudinal incisional wounds that were made on the dorsal side of
each rat.
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Rats were divided into two groups (1 = 15 per group), active and control groups. The active
group was meant to test the wound-healing activity of extracts, where LM ointment was applied to
the TOP wound, and FM ointment was applied to the BOTTOM one. The control group was meant
to compare the wound-healing activity of the positive and negative controls with that of the extracts,
where the TOP wound was applied with the negative control ointment, and the BOTTOM one was
applied with the positive control ointment. This wound-healing study was held for 12 days, where the
day of wounding was considered as day 1. Ointments were applied in an amount just enough to cover
the wound length once daily with the aid of a metal spatula.

2.6.3. Evaluation of Wound-Healing Activity

Visual Examination

All wounds were examined visually for signs of inflammation and to monitor the healing process
onday 1, 4, 8, and 12. An HTC One E9PLUS phone camera (27.8 mm, 20 megapixels) was used to take
photos of the wounds.

Wound-Length Measurement

Wound length was measured on day 4, 8, and 12 for each wound using a digital caliper (Starrett,
Athol, MA, USA). Length reduction rate (mm/day) was defined as the following equation [43]:

Li—Lt

Length reduction rate (mm/day) = T

where L;: wound length (mm) at day 1; Lt: wound length (mm) at the defined time (days);
T: time (days).

Estimation of Hydroxyproline Content

Hydroxyproline content was estimated according to the method developed by Reference [44].
On day 4 and 8, two rats of each group were sacrificed by inhaling diethyl ether in a well-sealed
desiccator, and on day 12 all the remaining rats were sacrificed in the same way. A full-depth piece of
skin (70 mm?) from the healed wound area was taken using scissors and a surgical blade. The skin
was washed with normal saline and dehydrated in an oven (J.P Selecta, Barcelona, Spain) at 60-70 °C
to a constant weight. The dehydrated skin was then hydrolyzed in 6 N HCI (1 mL HCI/10 mg skin) at
130 °C for 4 h in sealed Pyrex-glass tubes [45,46]. An aliquot of 20 pL of each hydrolysate was added
to a 96-well plate and incubated with 50 pL per well of chloramine T solution (oxidizing agent) for
20 min at RT. Subsequently, the reaction was terminated by the addition of 50 pL of Ehrlich’s reagent
(p-dimethylaminobenzaldehyde) (Sigma-Aldrich, Schnelldorf, Germany) in each well and incubated
for 15 min in the oven at 65 °C. Absorbance was read using a plate reader at 550 nm. A standard
curve was obtained using pure hydroxyproline solution at various concentrations ranging from 0 to
10 pg/mL. Results are expressed as pg/mL of hydroxyproline [47].

Chloramine T solution was prepared according to a formula of 282 mg chloramine T, 2 mL
n-propanol, 2 mL distilled water, and 16 mL citrate-acetate buffer [47]. In contrast, the citrate-acetate
buffer was prepared by mixing 5% citric acid, 7.24% sodium acetate, 3.4% sodium hydroxide and 1.2%
glacial acetic acid [48].

2.6.4. Statistical Analysis

Statistical analysis was done using IBM SPSS Statistics 23. Data are shown as mean + SEM
(Standard Error of Mean). The statistical significance among rats’” groups of wound-healing activity
was determined applying one-way and two-way ANOVA (Analysis of Variance). A p-value < 0.05 was
considered significant.
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3. Results

3.1. Fractionation

8 of 16

Fractions are extracted depending on the fractionation-solvent polarity. Results are shown as
yield (mg) fraction for each gram of extract (mg/g) (Table 2).

Table 2. Yield as mg fraction per 1 g of extract (mg/g) of various fractions of LM and FM extracts.

Extract n-Hexane (mg/g)  Dichloromethane (mg/g) Ethyl Acetate (mg/g)  n-Butanol (mg/g)
LM 199.55 13.39 22.32 306.47
M - - 27.40 —

3.2. Phytochemical Screening

Qualitative phytochemical screening was made as a pilot study about the possible phytoconstituents
existing within A. majus (Table 3).

Table 3. Qualitative phytochemical screening of both Antirrhinum majus extracts.

Test LM M
. Sodium hydroxide + +
Flavonoids Lead acetate + +
. Sodium hydroxide + +
Glycosides Kellar killani + +
Saponin Froth N B
P Haemolysis - -
. Dragendroff’s + +
Alkaloids Hager’s " +
Tannins Braemer’s + +
Phenols Ferric chloride + +
Anthraquinones Borntrager’s + +
Terpenoids Liebermann-Burchardt + +
P Salkowski + +
Steroids Liebermann-Burchardt + +

(+): Positive result, indicating the presence of this certain phytoconstituent; (—): Negative result, indicating the

absence of this certain phytoconstituent.

3.3. Free-Radical Scavenging Activity by ABTS* Discolouration

ABTS radical-scavenging assay was used to generate blue/green ABTS* cation. A concentration
range of 0.5-2.0 mg/mL was examined for LM and FM. Absorbance at 734 nm was read and used
to determine the ABTS* scavenging percentage. FM extract showed the highest ABTS scavenging
activity at all the tested concentrations between 81.64% and 88.13%. The leaves extracts showed very
low ABTS scavenging activity (Figure 4).



Sci. Pharm. 2018, 86, 45 9of 16

100 +
90 -

80 -
70 -
60 -
50 -
LM
40 -
=FM
30 -
20 -
10 -
O n T T T
0.5 1 15 2

Concentration (mg/mL)

ABTS Scavenging %

Figure 4. ABTS" scavenging percentage of LM and FM extracts.

3.4. Total Phenolic Content by Folin-Ciocalteu Reagent

Concentrations in the range of 0.125-1.0 mg/mL were tested for both extracts, LM and FM.
Absorbance at 630 nm was used to express the extracts’ total phenolic content. FM extract indicated
the highest equivalent of gallic acid (mg/mL) in comparison with LM extract (Figure 5).

0.22 -
:ET 0.20 -
= 0.18 -
E016 -
3 0.14 -
<c(> 0.
2012 -
& 0.10 uLM
S 0.08 =FM
5 0.06
g
£ 0.04
& 0.02

0.00 : : :

0.125 0.25 0.5 1

Concentration (mg/mL)

Figure 5. Equivalent of gallic acid (mg) per 1 mL extract of LM and FM extracts.

3.5. Wound-Healing Activity

Wound-healing assessment was conducted for twelve days by making two 2.5 £ 0.06 cm
longitudinal incisional dorsal wounds along the midline of each rat. The duration of this study
was determined by the fastest wound to heal. Ointments of 5% w/w of both extracts were made in
glycerol and white petrolatum. Vehicle alone and 1.5% w/w MEBO were used as negative and positive
controls, respectively. Ointments were applied once daily. Wounds were assessed every four days
visually, via wound-length measurement, and by means of hydroxyproline content estimation.
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3.5.1. Visual Examination

Examining wounds’ signs of inflammation and monitoring the healing process on day 1, 4, 8,
and 12 for each rat was done. FM ointment showed the best results and the fastest healing rate.
On the contrary, LM ointment results and rate of healing were almost the same as the positive control
ointment. However, the negative control ointment was the least effective as granulation of the wound
was still noticed even on the twelfth day of wounding. No signs of complications were noticed
(Figures 6 and 7).

LM

M

A-DAY 1 A-DAY 4

LM

M

A-DAY 8 A-DAY 12

Figure 6. Visual examination of ACTIVE group rats at day 1, 4, 8, and 12, where the TOP wound
represents the LM extract ointment, and the BOTTOM one represents the FM extract ointment.
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Neg. Neg.
Pos. Pos.
C-DAY1
Neg. Neg.
Pos. Pos.

C-DAY 8

110f16

C-DAY 4

C-DAY 12

Figure 7. Visual examination of CONTROL group rats at day 1, 4, 8, and 12, where the TOP wound
represents negative control ointment (Neg.), and the BOTTOM one represents positive control ointment

(MEBO) (Pos.).

3.5.2. Wound-Length Measurement

Length reduction rate (mm/day) was considered to normalize our results (Figure 8). Again,
FM ointment showed the largest length reduction rate, whereas LM ointment results were very
close to those of the positive control ointment. The negative control ointment was the least effective.
A significant difference of p < 0.001 (one-way ANOVA) in the wound-length measurement results
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was found in all four wounds between day 1 and day 12. Another significant difference of p < 0.001
(two-way ANOVA) was found when comparing FM ointment results with the other three tested
ointments. No significant difference (p > 0.05, two-way ANOVA) between the LM and positive control
ointments was found.

2.5 1

2.0

m Leaves Extract 5% w/w

1.5 T T

10 | m Flowers Extract 5% w/w

T = Negative Control
0.5 - Positive Control 1.5% w/w

Significant difference for
leaves and flowers

Length reduction rate (mm/day)

0.0 - extracts, p<0.001
DAY 4 DAY 8 DAY 12 No significant difference
Days Timeline between leaves extract

and positive control, p>0.05
Figure 8. Wound-length reduction rate (mm/day) at day 4, 8, and 12.
3.5.3. Estimation of Hydroxyproline Content

Skin hydrolysate was analyzed for its hydroxyproline content at 550 nm using a plate reader.
Results are expressed as pg/mL of hydroxyproline, where FM ointment showed the highest
hydroxyproline content that indicates high collagen content and, thus, better wound healing. Both LM
and positive control ointment-treated-wounds results were very comparable. The negative control
ointment resulted in the least amount of hydroxyproline (Figure 9). A significant difference of p < 0.001
(one-way ANOVA) in the estimation of hydroxyproline content results was found in all of the four
wounds during the total study duration. Another significant difference of p < 0.001 (two-way ANOVA)
was found comparing FM ointment results with the other three tested ointments. No significant
difference (p > 0.05, two-way ANOVA) between the LM and positive control ointments was found.

9.0
8.0
=70 -
E 7.0
26.0 - T
250 - ® Leaves Extract 5% wi/w
g_ 4.0 - T m Flowers Extract 5% w/w
>
§ 3.0 T = Negative Control
2.0 Positive Control 1.5% w/w
T2
1.0 - Significant difference for
for the four wounds beween
0.0 - day 1 and 12, p<0.001
DAY 4 DAY 8 DAY 12 No significant difference
Days Timeline between leaves extract

and positive control, p>0.05

Figure 9. Hydroxyproline content (ug/mL) at day 4, 8, and 12.
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4. Discussion

Fractionation is a simple and cost-effective method for the partitioning and quantification of
mixtures and extracts. Partitioning is affected by extractant type, the volumes ratio between the organic
and the aqueous phases, and the aqueous phase pH [49]. Multiple immiscible and partially miscible
increasing polarity extractants were used for the process of liquid-liquid extraction. Distribution of the
crude extracts’ components occurred with n-hexane, dichloromethane, ethyl acetate, and n-butanol.
Apparently, FM extract contains a higher quantity of the ethyl acetate miscible components than that
of LM. Qualitative phytochemical screening of both extracts indicated the presence of all the tested
secondary metabolites except for the saponin glycosides.

Quantitatively, FM extract revealed the highest antioxidant activity and total phenolic content.
These results are believed to be due to the flowers” high content of flavonoids and phenolics. The same
effect was seen by References [50,51] studying the total phenolic and total flavonoid contents of
various plants.

The wound-healing capability of A. majus was investigated for both extracts. All three followed
methods for the assessment of wound-healing activity (i.e., visual examination, wound-length
measurement, and estimation of hydroxyproline content) indicated better wound closure and healing
in the active group rather than the control group. This wound-healing effect of the flowers and
leaves of A. majus is related to their antioxidant activity. The interrelation of antioxidant activity and
wound-healing effect was studied recently by Reference [52] on diabetic mice. The study findings
denoted that diabetes leads to depleted levels of proinflammatory cytokines that result in delayed
inflammatory cascade, and thus a slower healing process. Adjunctive administration of antioxidants
during the wound-healing process restored the proper levels of multiple cytokines. More importantly,
this biological effect is probably a result of 3-sitosterol and tocopherol isomers. They both were
identified in the seed oil of A. majus [12,17]. The same finding was a result of a study [53] where it was
agreed that phytosterols are of great importance for efficient wound healing.

5. Conclusions

Five distinct increasing-polarity extractants were used through the whole study. This use of such
wide range of extractant polarity was meant to partition the plant components. Upon qualitative
screening for existing secondary metabolites, saponin glycosides were the only group that was not
detected. Quantitatively, the free-radical scavenging activity and the total phenolic content were
assessed against Trolox and gallic acid standard curves, respectively. FM exhibited the utmost results
because of its noteworthy content of flavonoids and phenols.

Surprisingly, the novelty of this study lies within the wound-healing activity of FM. FM extract
activity was superior to that of LM and the positive control (i.e., MEBO) ointments (p < 0.001).
This superior activity is referenced mainly due to the plant phytosterols and tocopherols content in
addition to the flavonoids and phenols.

We would recommend to test the root of A. majus for its wound-healing and cytotoxic effects,
which may carry immense potential, superior to that of the flowers. Additionally, further testing using
histological examination and high-performance liquid chromatography (HPLC) analysis would help
to provide more insight of the mechanisms of action of this plant.
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