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Abstract

For years, Moringa oleifera has been known for possessing wound-healing properties. This study aimed to investi-
gate the effect of two extracts: aqueous extract (AE) and ethanolic extract (EE) of Moringa oleifera leaves planted
at two regions (Mssisi and Lamta) in Morocco for their anti-inflammatory and healing properties, for which mice
were used as a biological model. Inflammation was monitored by assessing forepaw volume of mice, measured
at O min, 1 h, 3 h, and 5 h, after its induction by carrageenan. Hind paw of mice were treated with extracts of M.
oleifera, at a dose of 50 mg/kg, obtained from Mssisi region. This resulted in reduction of edema by 99.2% with
EE and by 91.8% with AE, compared to controls and the phenolic extract of M. oleifera planted at Lamta region.
Regarding healing of burns induced on rat’s dorsal region; results showed that application of Moringa-based oint-
ment for 14 days, at a dose of 50 mg/kg on wounds, resulted in total healing, compared to controls (negative
control: more than 22 days, and positive control: 22 days). M. oleifera extracts resulted in nearly complete tissue
repair of 98.26% and 95.34% with EE and AE, respectively.
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Introduction different cell types, and their interactions with extracellu-

lar matrix. Wound healing is a continuous phenomenon
Skin scars are phenomena that restore altered skin to programmed over consecutive phases, namely hemosta-
its original characteristics and functions. It is a dynamic sis, inflammation, proliferation, and remodeling (Criollo-
and interactive process that mobilizes soluble mediators, Mendoza et al., 2023). These phases are interdependent
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and overlap without strict separation in time. The dura-
tion and intensity of each phase vary depending on the
wound and the healing method (Kouamo et al., 2022).
The early onset of inflammation is linked to the destruc-
tion of the balance of connective vascular tissue caused
by the wound. This response aims to limit damage
because of tissue aggression during the vascular phase of
inflammation and to ensure cleansing during the cellu-
lar phase (Samarasinghe et al., 2023). The inflammatory
phase begins a few minutes after the trauma and reaches
a maximum limit within 3—5 days. It declines rapidly after
achieving a plateau on day 15, then declines more slowly
(Saravanan et al., 2023). The proliferative phase consists
of reforming new tissues at the edge of the wound level,
and proliferation to provide a stock for the formation of
neoepidermis, which subsequently becomes a functional
epidermis. Contraction begins about 4 days of the ini-
tial injury and generally lasts up to day 21, depending
on wound size. In clinical practice, it is characterized by
rough red tissue in the wound layer. In addition to wound
contraction, this also requires the replacement of skin
tissues and sometimes subcutaneous tissues in deeper
wounds (Dahmani et al., 2020).

Re-epithelialization is a crucial step to restore continu-
ity of the skin so that the skin can restore its protective
capacity to prevent dry skin and other attacks from exter-
nal environment. After repairing all layers of the skin, the
scar continues to remodel itself to increase its strength
and quality during maturation. The latter is dominated
by the remodeling of newly formed connective tissues,
which is associated with changes affecting the epidermis
and epidermal appendages and restores vascularization
and innervation (Fitriani et al., 2023).

Growing interest is observed in the research of plant
extracts with healing properties, although these extracts
are currently used in traditional medicine to treat
wounds. Plant extracts and fractions effectively stop
bleeding from fresh wounds, inhibit microbial growth,
and accelerate wound healing Al-Ghanayem et al., 2022;
Ahmad et al., 2023a; Das et al., 2020; Hayat et al., 2023;
Naveed et al., 2022b, 2023; Yazarlu et al., 2021; Zubair,
2020). The enhanced healing power of various herbal
extracts could be attributed to free radical scavenging
and antimicrobial properties of the phytoconstituents
present in the extract, and a faster healing process could
be a function of the results of individual or synergistic
bioactive molecules (Aziz et al., 2023; Muzammil et al.,
2023; Naveed et al., 2022a; Saleem et al., 2022; Sana et al.,
2022; Waseem et al., 2023; Zahid et al., 2022). The active
constituents promote healing process by increasing the
viability of collagen fibrils, and increasing the strength
of collagen fibres, either by increasing circulation or pre-
venting cellular damage, or by promoting deoxyribonu-
cleic acid (DNA) synthesis (Mssillou et al., 2022).

Wound-healing potential of Moringa oleifera

A total of 4,200 plant species have been identified
in Morocco, with more than 800 are endemic, and
400 species are for medicinal and/or aromatic pur-
poses (Ahmad et al., 2023b; Ammara et al., 2023; Ejaz
et al., 2023; Hussain et al., 2023a, 2023b; Khurshaid
et al, 2023; Rais et al., 2020; Rauf et al, 2023;
Riasat et al., 2023; Shabbir et al., 2023; Shah et al.,
2023). These species represent a plant heritage of great
commercial value and are widely used in various fields,
including pharmacology and cosmetology, where they
have an important socioeconomic function. Plant diver-
sity in Morocco, particularly that of medicinal plants,
is due to its geographical positioning and the presence
of various bioclimatic stages of vegetation in moun-
tainous, desert, and coastal areas, governed by annual
thermal amplitude, which is an important factor in the
distribution of flora globally (Emberger, 1942; Mokhtari
et al., 2014; Stewart, 1969). According to these authors,
the life of plant species takes place between two thermal
poles: average of the minima of the coldest month (m),
and average of the maxima of the hottest month (M),
and these two extreme temperatures play an important
role in the distribution of vegetation. This bioclimatic
diversity allows the acclimatization of numerous plants
from several regions around the world.

M. oleifera is one of the candidate plants targeted by
Moroccan farmers, trying to promote it in one of the
bioclimatic stages of Morocco. The presence of import-
ant phytochemicals in M oleifera is responsible for its
biological properties. According to the literature, phe-
nolic acids, flavonoids, glucosinolates, isothiocyanates,
sterols, and fatty acids are discovered in different parts
of M. oleifera (Singh et al., 2020). Leaves are known to
possess various biological attributes, including hypo-
cholesterolemic, antidiabetic, and hypertensive proper-
ties (Abd Rani et al., 2018), regulate thyroid hormones
(Bayraktar et al., 2023), the central nervous system (Su
et al., 2023), digestive system (Wu et al., 2023), nutri-
tion (Yang et al., 2023), and metabolic process of the
eyes, ears, nose, throat, and the genitourinary system
(Kumar and Karthik, 2023) to treat gastric ulcers (Islam
et al., 2021) and scurvy (Rathore et al., 2023). Studies
have described the plant as having very potent anti-
inflammatory and anti-tumor properties (Chaudhary
et al., 2022). The plant has also been reported to be
hepatoprotective (Saki et al., 2023). M. oleifera is also
studied for its antimicrobial, diuretic (Rode et al., 2022),
antibiotic (Van Den Berg and Kuipers, 2022), and anti-
microbial properties (Anzano et al., 2022). Several
studies have shown that phytochemical constituents
are strongly influenced by geographic location and soil
type (Oldoni et al., 2022). This has led to a great deal
of research in Morocco, where it is necessary to plant
M. oleifera to have a maximum yield of phytochemical
compounds of high added value.
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According to previous studies, several plants used tra-
ditionally in the country for medical or cosmetics were
reported to have great potential applications for wound
healing potentiation and anti-inflammatory effects
because of their rich bioactive compounds, such as
phenolic compounds etc. (Bouchama et al., 2023; El
Massoudi et al., 2023). Thus, the purpose of this work
was to compare the phytochemical constituents of
M. oleifera planted in two climatic areas of Morocco,
notably at Mssisi region, with a southern Saharan climate,
and Lamta (Fez) region, having a semi-arid climate. The
study also investigated the wound-healing potentiation of
phenolic extracts of M. oleifera leaves in mice, used as an
animal model. The results would help to understand in a
better manner the effect of geographical location on phe-
nolic constituents and biological activities of M. oleifera
planted in Morocco.

Materials and Methods
Vegetal material

Plant material used in this study was obtained from a
plantation of Msissi (Southern Morocco) and an exper-
imental farm at Lamta (Central Morocco) (Figure 1). The
leaves of M. oleifera were the studied for research. The
choice of two regions was particularly justified to investi-
gate the effect of climate on the chemical composition of
the bioactive molecules of M. oleifera and their possible
association with the biological activities of the cultivated
plant.

Spain
Mediterranean
sea
Atlantic
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Mssisi
O Algeria
Canary
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O
Qé
Mauritania

Figure 1. Geographical localization of experimental M.
oleifera production sites used in the present study.

Preparation of powder from leaves, flowers, seeds,
and roots

After drying different parts of the plant, the leaves, flow-
ers, seeds, and roots were crunched into a fine powder
using pestle and mortar, and the resulting powder was
stored in paper bags in a dry place for future use.

Preparations of extracts

The extraction method was carried out according to the
protocol described by Autor et al. (2022), with some
modifications. The solvents used were ethanol and water.
The maceration protocol consisted of mixing 5 g of plant
material with 50 mL of solvent for 2 h. This operation was
repeated twice to relieve dry plant biomass of its phenolic
compound content. After filtration using Whatman filter
paper No. 4 (20 cm Circle), the solvent was recovered by
evaporation in a Rotavapor type Buchi R200 (Rotavapor™
R-300; BUCHI Labortechnik AG, Flawil, Switzerland) at
a temperature of 55-100°C (depending on extraction sol-
vent). The extract obtained was stored at 4°C for analysis.

Ointment formulation

The pharmacognosy formulations were developed from
a galenic base containing soft white paraffin and 5% of
M. oleifera extract. Subsequently, 9.5 g of paraffin and
0.5 g of extract were combined to create 10 g of simple
ointment base. Two distinct ethanolic extracts (EE) of M.
oleifera from Mssisi and Lamta were used to make dis-
tinct ointments.

Total phenolic compounds content

Phenolic compounds were determined by Folin—
Ciocalteu reagent according to the method described by
Singleton and Rossi (1965) with modifications. Distilled
water was used as a blank and vanillic acid (VA) to pro-
duce calibration range obtained spectrophotometrically
at a wavelength of 765 nm. The results were expressed
in grams of vanillic acid equivalent (VAE) per 100 g of
extract dry matter (g VAE/100 g DM).

Total flavonoids content

Total flavonoids were measured by the spectrophoto-
metric method described by Zhishen et al. (1999) using
aluminum trichloride (AICL,). The optical density of the
samples was affected at 510 nm against blank containing
distilled water and a calibration range containing differ-
ent concentrations of quercitrin. Results were formulated
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as grams of quercitrin equivalents (QE) per 100 g of dry
matter (g QE/100 g DM).

Total tannin content

Tannins content in M. oleifera extracts was determined
by the Folin—Ciocalteu colorimetric method, as described
by Baa et al. (2010). Distilled water was used as a blank.
Increasing concentrations were built up to build calibra-
tion range. The total tannin content (TTC) was expressed
as milligram of TAE equivalent tannic acid per 100 g of
dry matter (mg TAE/100 g DM).

Gel retardation chromatography

Size of phenolic compounds in different extracts of M. oleif-
era planted at two studied regions (Mssisi and Lamta) was
determined by using retardation chromatography to identify
the monomeric and polymeric forms of phenolic compounds
in analyzed extracts. To provide elements of response to the
obtained results from tests to evaluate anti-inflammatory
and healing activities, phenolic compounds were identified
according to their decreasing molecular weight (MW) using
a glass column (50 cm length x 2.5 cm diameter) contain-
ing Sephadex G50 as a stationary phase and a buffer solution
formed from chloride. Lithium was used as a mobile phase
(5-mM NaOH and 2.5-mM LiCl). Fractions (2 mL) were col-
lected from the chromatography column programmed at a
flow rate of 1 mL/min. Optical density of the fractions was
evaluated using a spectrophotometer (Zuzi 4255/50; Auxilab
S.L., Navarra, Spain) at a wavelength of 380 nm (Ettayebi
et al., 2003). The column was calibrated by phenol (Sigma
Aldrich, Munich, Germany) to locate monocyclic phenolic
compounds and quercitrin to locate peaks of polycyclic phe-
nolic compounds (Sigma Aldrich).

Anti-inflammatory activity evaluation

In vitro anti-inflammatory activity evaluation

The anti-inflammatory activity of M. oleifera leaf extract
was tested by the protein denaturation method with
slight modifications (Alhakmani et al., 2013). Diclofenac
sodium, a potent nonsteroidal anti-inflammatory drug
(NSAID), was used as a positive control. The reaction
mixture consisting of 2 mL of different concentrations
of M. oleifera leaf extract (100-500 pg/mL) or standard
diclofenac sodium (100 and 200 pg/mL) and 2.8 mL of
phosphate buffer (pH 6.4) was mixed with 2 mL of freshly
prepared egg albumin and incubated at 27°C for 15 min.
Denaturation was induced by maintaining the reac-
tion mixture at 70°C in a water bath for 10 min. After
cooling, the absorbance was measured at 660 nm using
double distilled water as a blank. Each experiment was

Wound-healing potential of Moringa oleifera

performed in triplicate and the average was considered.
The percentage inhibition of protein denaturation was
calculated using the following formula:

Ac—-A
¢

% inhibition =

%100, (1)

where
A = absorbance of the tested sample, Ac = absorbance of
control.

In vivo anti-inflammatory activity evaluation

The anti-inflammatory activity was tested by measuring
plantar edema induced by carrageenan (1%) according to
the method described by Davidson (1998). The animals
were divided into six groups, with seven mice in each
group according to the following experimental plan:

(1) NC: negative control mice treated with neutral oint-
ment (petroleum jelly; Griffon Mark)

(2) PC: positive control mice treated with a pharma-
ceutical anti-inflammatory product (diclofenac
sodium 1%)

(3) MMA: mice treated with a 10% aqueous Mssisi-
grown M oleifera extract-based ointment

(4) MME: mice treated with a 10% ethanolic Mssisi-
grown M oleifera extract-based ointment

(5) LMA: mice treated with a 10% aqueous Lamta-
grown M oleifera extract-based ointment

(6) LME: mice treated with a 10% ethanolic Lamta-
grown M oleifera extract-based ointment

Different ointments were formulated by dispersing 10 g
of extract of two Moringa varieties collected from the
two study areas (Mssisi and Lamta) in 100 g of petroleum
jelly (Vaseline). The negative control group was treated
with Vaseline, while the positive control was treated with
diclofenac sodium 1%, an anti-inflammatory widely used
in Morocco.

Approximately 30 min prior to chemical initiation of
inflammation, neutral ointment (Vaseline as a negative
control), diclofenac sodium 1% (as a positive control), and
ointments formulated from EE and aqueous extract (AE)
of two Moringa varieties were applied on paw of the rat
used as a biological model. An injection of 10 pL of carra-
geenan (1%) was given under the hind paw of the plantar
fascia of the rat. Anti-inflammatory activity was assessed
by measuring edema volume of the paw prior to and after
carrageenan injection at 0 min, 45 min, 3 h, and 5 h using
a digital calliper. The extent of edema was assessed by
determining increase in the animal’s leg volume (%PVI)
according to El Massoudi et al. (2023) (Eq. 2):

Pawvolumeat Paw volume before

timet (Vt)  inflammation(V0)

%PVI= x100 (2)

Paw volume before inflammation (VO0)
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Evaluation of burn healing activities

Wistar mice were chosen for wound healing trials because
of their faster epidermal regeneration and matrix pro-
duction, allowing monitoring of wound healing stages,
including dermal recovery (Winter et al., 1962). The
healing effect of a cosmetic formulation containing M.
oleifera leaf extracts was assessed, compared to the con-
trol treatment for burn units (silver sulfadiazine 1%). The
technique used to induce wounds on the dorsa of mice
makes it possible to follow the phases of wound healing,
re-epithelialization, and wound contraction.

Ethical proclamation

The mice were housed in groups of 10 animals in stan-
dard plexiglass cages for a 2-week adaptation period
prior to being used for evaluation of anti-inflammatory
and healing activities. Mice had free access to water and
food and were kept at a stabilized temperature of 23°C
by using an air-conditioner. An ethical proclamation was
maintained during all activities involving these animals.

Preparation of animals

We used mice (males and females) weighing 43.1-45.6 g
as an experimental model to induce thermal burns. These
animals were divided into the following six groups, each
group containing five mice:

(1) Negative control group (NC): mice treated with
white soft paraffin

(2) Positive control group (PC): mice treated with silver
sulfadiazine 1% (known as Flamazine in Morocco)

(3) MME group: mice treated with the ointment for-
mulation containing phenolic compounds extracted
by ethanol from M. oleifera planted at Mssisi

(4) MMA group: mice treated with the ointment for-
mulation containing phenolic compounds extracted
by distilled water from M. oleifera planted at Mssisi

(5) MLE group: mice treated with the ointment formu-
lation containing phenolic compounds extracted by
ethanol from M. oleifera planted at Lamta

(6) MLA group: mice treated with the ointment formu-
lation containing phenolic compounds extracted by
distilled water from M. oleifera planted at Lamta

Execution of burns

Animals underwent general ether anesthesia and burns were
induced on the previously shaved dorsum of each animal.
The burns were caused using a 1-cm diameter metal bar
heated to a temperature of 100°C in boiling water (Cai et al.,
2014). After reaching 100°C, the object was quickly applied
without pressure for 20 s to the dorsal area of animals.

Treatment of burns
The burned mice were treated with the formulated oint-
ment once daily corresponding to their respective group,

while mice in the negative control group received no
treatment. Although wounds created remained uncov-
ered, photographs were taken daily to track the healing
process.

Study of the evolution of scars by digital planimetry

The evolution of healing of burns was studied by digital
planimetry, which comprised photographing wounds and
analyzing their surface using ImageJ version 1.530 soft-
ware (Silva Nunes and Martins Dias, 2017). To enable the
software to measure injuries in square millimeters, a ruler
(20 cm) was introduced as part of the photographs taken.

Percentage of contraction

The wound contraction percentage (WCP) was deter-
mined by calculating the average wound size of five ani-
mals from the same group and comparing it with the
initial burn surface area using the following formula:

WCP < (Initial wound size DO—Wound sizeat Dn)

%100,
Initial wound size DO

(3)

where
WCP = wound contraction percentage; DO = day 0;
and Dn = day n.

Climatological study

Climatic study (Emberger bioclimatic quotient) was
carried out to analyze effect of climate on M. oleifera
plantations at the two sites (stations). We calculated the
Emberger bioclimatic quotient (Q2) according to the for-
mulas given in Table 1.

Statistical analysis

The effect of M. oleifera on wound healing was carried
out by kinetic studies inducing reduction in plantar
edema volume, reduction in wound surface area, and
percentage of wound contraction (WC%). Student’s ¢-test
was used to compare the performance of the healing phe-
nomenon and the means obtained using the treatment
with M. oleifera phenolic compound extracts with those
obtained separately with two control groups (PC and
NC). To compare the mean values obtained from PC, NC,
and treatments with the tested M. oleifera extracts, a one-
way analysis of variance (ANOVA) was applied. The same
procedure was undertaken for biochemical analysis. The
data were processed using the “SYS-TAT 12” software.

Results
Climatology of M. oleifera production sites in Morocco

The Mssisi region is located at a desert climatic veg-
etation region. Annual rainfall is rare in this region.
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Table 1. Methods for assessing Emberger bioclimatic quotient (Q2).
Formulas Climatological parameters References
_2000xP P: annual rainfall in mm/m?/year, where M: maximum Emberger, 1942
T (M2-m2) temperature of the hottest month in ‘K, and m: minimum
temperature of the coldest month in °K
Q- 3.43P Stewart, 1968
~(M-m)

2000p
((M+m+546.4)<(M —m))

P: annual rainfall in mm/m?/year, where M: maximum
temperature of the hottest month in °C, and m: minimum

Mokhtari et al., 2014

temperature of the coldest month in °C

The average temperature is 20.1°C, while the average
annual precipitation is 13.6 mm. Summer begins at the
end of June and ends in September. The summer months
are June—September. Average precipitation of 4.5 mm
makes August the driest month. In October, precipita-
tion is heaviest of the year with an average of 22.6 mm.

Lamta belongs to semi-arid climatic vegetation region.
Precipitation is limited throughout the year. The average
temperature at Lamta is 18.3°C and annual precipita-
tion averages 345 mm. The summer season starts from
June to September, encompassing the months of June—
September. August is the driest month, with an average
precipitation of 6.2 mm. On the other hand, October is
the wettest month, recording an average precipitation of
40.8 mm. The Emberger value (Q2) evaluated by the three
methods (Emberger, 1942; Stewart, 1968; Mokhtari et al.,
2014) showed that they were identical for both regions
when calculated with different methods (Table 2) and
confirmed the bioclimatic vegetation stage of M. oleifera
planted at Mssisi and Lamta.

The average value (1.308) of the Emberger bioclimatic
quotient evaluated by three methods clearly confirmed
that Mssisi is the desert area. On the other hand, the
average value (60.570) of the Emberger quotient evalu-
ated in the Lamta was characterized by semiarid climate.
This showed that bioclimatic conditions were very differ-
ent, and as a result, they could affect the metabolism and
chemical composition of the studied plant.

Analysis of phenolic compounds

Phytochemical analyses, focused on phenolic com-
pounds, flavonoids, and tannins, carried out on the two
studied varieties of M. oleifera (Mssisi and Lamta) are
illustrated in Table 3. Results showed that Morinaga
planted in Mssisi was very rich in phenolic compounds,
flavonoids, and tannins, compared to M. oleifera planted
at Lamta, located near the Fez city (Central Northern
Morocco). These families of molecules were targeted by

Table 2.  Emberger bioclimatic quotient (Q2) values at the studied
regions.

Formulas Q2 value
Mssisi Lamta
Q. _2000<P 1.305 60.504
T (M2-m2)
Q- 3.43P 1.314 60.744
(M—m)
_ 2000p 1.305 60.463
"~ ((M+m+546.4)x(M—m))
Average 1.308 60.570

this study because they made for a key function in heal-
ing and anti-inflammatory phenomena.

The quantitative results obtained on phenolic compounds
matched bioclimatic analysis (Table 2). This quantitative
analysis required a qualitative analysis of phenolic com-
pounds to inquire about secondary metabolism modula-
tions of M. oleifera planted at the two regions targeted in
this study.

Gel filtration chromatography

Sephadex G50 gel exclusion chromatography allowed
simple and rapid separation of phenolic compounds from
plants. The chromatographic results obtained after spec-
trophotometric analysis of the two studied varieties of M.
oleifera (Mssisi and Lamta) are illustrated in Figure 2.

We observed in Figure 2 that rich phenolic compounds,
both quantitatively and qualitatively, were extracted from
M. oleifera planted at Mssisi region, characterized by a
desert climate. While M. oleifera planted at Lamta region
presented a low-amplitude profile with a very low num-
ber of pics at the level of fractions (6—11) rich in polyphe-
nols and the fractions rich in monophenols (pics between

Italian Journal of Food Science, 2024; 36 (1)
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Table 3. Phytochemical characteristics of M. oleifera planted at Mssisi and Lamta regions.

Plant extracts Mssisi EE Mssisi AE Lamta EE Lamta AE
Phenolic compounds (g VAE/100 g DM) 13.48+0.81 10.8610.50 10.4610.50 7.960.50
Flavonoids (g QE/100 g DM) 9.25+0.55 7.48+0.40 6.42+0.40 5.4310.40
Tannin (g TAE/100 g DM) 1.7£0.55 0.9310.55 1.2£0.55 0.7210.55
Note: EE: ethanolic extract, AE: aqueous extract.
3 Polyphenols Monophenols
! |
— 2
g
c
o
3 15
o
a
1
0.5
0 » & @
0 5 10 15 20 25 30 35 40

fractions

Figure 2. Elution profiles from Sephadex G-50 of AE and EE of M. oleifera planted at Mssisi and Lamta regions. Arrows indi-
cate the positions of molecular weight markers used to locate polymeric and monomeric phenolic compounds. MME: phenolic
compounds extracted by ethanol from M. oleifera planted at Mssisi; MMA: phenolic compounds extracted by distilled water from
M. oleifera planted at Mssisi; LME: phenolic compounds extracted by ethanol from M. oleifera planted at Lamta; LMA: phenolic
compounds extracted by distilled water from M. oleifera planted at Lamta.

20 and 36). It should be noted that the aqueous fractions
were very rich in oligophenols (pics of 12-19), while EE
did not present this characteristic. Thus, it was concluded
that climate affects quantitatively and qualitatively (num-
ber of pics) the phenolic compounds of M. oleifera. This
could be explained by change in the expressions of genes
involved in secondary metabolism and more precisely
that of phenolic compounds.

Anti-inflammatory evaluation

In vitro anti-inflammatory activity evaluation

The inhibitory effects of different concentrations of EE
and AE of M. oleifera leaves on protein denaturation are
summarized in Table 4.

Extracts of M. oleifera leaves with concentrations ranging
from 100 pg/mL to 500 pg/mL showed significant inhi-
bition of egg albumin denaturation in a dose-dependent

manner. The in vitro anti-inflammatory activity of the
extract was comparable to that of diclofenac sodium, the
control drug (100 and 200 pg/mL). A notable difference
was observed between the activities evaluated in vitro
of EE and AE obtained from the two-studied Moringa
planted at Mssisi and Lamta. A significant difference in
the inhibition of thermally induced protein denaturation
was observed in all four extracts, compared to the stan-
dard drug at a concentration of 100 pg/mL, although
at a concentration of 200 pg/mL, the inhibition activity
of the extract and diclofenac sodium was more or less
comparable.

In vivo anti-inflammatory activity evaluation

The results of the anti-inflammatory effects of EE and AE
of Morinaga planted at Mssisi and Lamta are presented
in Figure 3.

From the results, it was concluded that the injection
of carrageenan caused a progressive increase in the
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Table 4. In vitro anti-inflammatory effects of M. oleifera leaves extract.

Wound-healing potential of Moringa oleifera

Treatment IPD Mssisi IPD Mssisi IPD Lamta IPD Lamta Diclofenac sodium
Solvent - Ethanol Water Ethanol Water -
EPCC 100 61+3.1 57+4.3 53.43.5 47.4+2.5 86.3+1.8
(Hg/mL)

200 89.5+2.3 89.5+2.3 75.8+1.8 69.8+1.8 108+2.6

500 10242.53 94+2.7 91.7£2.9 88.7+2.9 ND

Note: IPD: inhibition of protein denaturation (%); EPCC: extract phenolic compounds concentrations. Values are mean + SD, n = 3.
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Figure 3. Percentage increase (average t standard deviation) in the plantar paw of mice after carrageenan injection. NC:
negative control; PC: positive control; MME: phenolic compounds extracted by ethanol from Moringa planted at Mssisi; MMA:
phenolic compounds extracted by distilled water from Moringa planted at Mssisi; LME: phenolic compounds extracted by
ethanol from Moringa planted at Lamta; LMA: phenolic compounds extracted by distilled water from Moringa planted at Lamta.

volume of edema in all animals. Indeed, the extracts (EE
of Moringa from Mssisi and Lamta and AE of Moringa
from Mssisi) demonstrated their inhibitory effects on the
formation of edema after 1 h. Animals in the negative
control, positive control, and Lamta aqueous Moringa
extract-treated groups showed the highest paw volume at
3 h, compared to other groups. After 5 h (300 min), the
groups having received the tested extracts and diclofenac
sodium caused a maximum reduction in paw volume.
On the other hand, the negative control group showed a
continuous increase in the volume of the hind leg. These
results (Figure 2) were in agreement with those obtained
by Sephadex G50 gel filtration, where it was found that
the EE contained a large amount of phenolic polymer
compounds. This allowed us to hypothesize that the
anti-inflammatory activity was ensured by at least one
polymeric molecule.

Wound healing activity of M. oleifera

The effectiveness of phenolic AE and EE of Moringa leaves
from Mssisi and Lamta was evaluated with respect to
healing of wounds induced on dorsal regions of animals.
In the treated groups, there was a progressive reduction
in wound surface area over time according to the quali-
tative and quantitative phenolic contents of the extracts
tested (Figure 4). On the first day, wound surfaces of the
six experimental groups were homogeneous and showed
the same signs of inflammation. However, animals treated
with M. oleifera extracts showed significant reduction in
their healing surfaces, compared to the negative and posi-
tive control groups throughout the study.

On day 14, total reduction in wound surface area was
observed in groups treated with EE of Moringa planted
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Figure 4. Variation in mean burn areas (average * standard deviation) of six groups of animals throughout the study. Notes:
NC: Negative control; PC: positive control; MME: phenolic compounds extracted by ethanol from Moringa planted at Mssisi;
MMA: phenolic compounds extracted by distilled water from Moringa planted at Mssisi; LME: phenolic compounds extracted by
ethanol from Moringa planted at Lamta; LMA: phenolic compounds extracted by distilled water from Moringa planted at Lamta.

at Mssisi. On day 19 of the study, the percentage of total
reduction in the burned surface area was identified in
the phenolic extracts of M. oleifera planted at Mssisi and
Lamta. Maximum reduction was observed for the pheno-
lic extracts of M. oleifera planted at Lamta, with almost
complete healing (LME: 1.3% and LMA: 3.2%), with the
exception of the negative control group, which presented
a value of 43%.

The evolution of the contraction percentage of wounds
induced in mice is presented in Figure 5. The obtained
results showed a progressive shrinkage of wounds,

resulting in complete healing of all treated groups (PC,
MME, MMA, LME, and LMA), but the negative control
group presented a lower contraction percentage ranging
from 6.840% to 41.30% from day 6 to day 14, and from
62.1% to 72.% from day 19 to day 22, followed by the pos-
itive control group, which recorded a contraction pro-
portion ranging from 9.6% to 47.50% from day 6 to day
14, and 91.43% to 100% from day 19 to day 22. The evo-
lution of the healing process of the groups treated with
Moringa extracts indicated that the highest percentage of
wound contraction was obtained in the case of wounds
treated with AE and EE of Moringa planted at Mssisi on

120
:\; 100
(0]
8 80 —a— NC
c
3] —— PC
5 60
g8 MME
c
% 40 —s— MMA
2 —— LME
3 2
3 % LMA

0 ®

0 5 10 15 20 25
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Figure 5. Evolution of the average proportion of burn contraction (average * standard deviation) in controls and treated
groups. NC: negative control; PC: positive control; MME: phenolic compounds extracted by ethanol from Moringa planted at
Mssisi; MMA: phenolic compounds extracted by distilled water from Moringa planted at Mssisi; LME: phenolic compounds
extracted by ethanol from Moringa planted at Lamta; LMA: phenolic compounds extracted by distilled water from Moringa

planted at Lamta.
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day 14 at 98.34% and 87.39%, respectively. On day 19, the
group treated with EE of Moringa planted at Mssisi pre-
sented a complete cure (100%). The other treated groups
did not reach complete healing on day 19, with the nega-
tive control showing only 67.2% cure.

The evolution of photographs showing healing during
the application of ointment based on extracts of
M. oleifera (MME, MMA, LME, and LMA), marketed as
“Hemostatic and Healing Ointment” (HEC, in French),
and used as positive control and negative control, are pre-
sented in Figure 6. Concerning the general appearance

Day 1 Day 6

Day 14

Wound-healing potential of Moringa oleifera

and based on the photographs taken on days 1, 6, 14, 19,
and 22 of kinetic study of healing, process of healing was
better using the four Moringa extracts from Mssisi and
Lamt, with a priority for EE, compared to AE, because
EE showed their preliminary effect from days 6 and 14.
Figure 6 clearly shows rapid and almost complete healing
on day 19 for the groups treated with the application of
plant extracts studied.

Results illustrated in Figures 3-6 agreed with those
obtained using Sephadex G50 gel exclusion chromatog-
raphy (Figure 2), where it was found that EE presented

Day 22

Figure 6. Healing evolution activity of M. oleifera extracts in a deep second-degree burn. NC: negative control; PC: positive
control; MME: phenolic compounds extracted by ethanol from Moringa planted at Mssisi; MMA: phenolic compounds extracted
by distilled water from Moringa planted at Mssisi; LME: phenolic compounds extracted by ethanol from Moringa planted at
Lamta; LMA: phenolic compounds extracted by distilled water from Moringa planted at Lamta.
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the contents of polymer compounds with the highest
phenolics. This allowed us to conclude that the anti-
inflammatory activity, a phenomenon strongly linked to
healing, was provided by at least one polymeric or oligo-
meric molecule. These results elicited research questions
focused on the effectiveness of healing potential of EE
of Moringa, which could be mainly due to the richness
of these natural agents in phytochemicals, which, in
turn, act as therapeutic agents for wound treatment and
skin regeneration. In a previous study conducted by our
research group on evaluating the healing potential of AE
of Moroccan henna (Lawsonia inermis) as a source of
phenolic compounds, similar results were discovered for
a well-defined variety of henna (AQ-LI3) (EI Massoudi
et al., 2023). It should be noted that the climate of Mssisi
was identical to that required for henna. On the other
hand, Chelu et al. (2023) reported similar results about
aloe vera-based hydrogels, where the total healing period
was 21 days, a comparable period encountered in the
present study for M. oleifera as well as for certain variet-
ies of henna (AQ-LI 1 and AQ-LI 2) (El Massoudi et al.,
2023).

Discussion

In 1942, Emberger developed a bioclimatic quotient, which
summarizes the main climatic factors that determine the
geographic areas of vegetation. The user-friendliness of
this index has ensured its wide application in silvicultural
management and climate classification of the sites studied
(Abeje et al., 2022; Nikolova and Yanakiev, 2020; Sauvage,
1963). In the present study, we refer to a species intro-
duced in Morocco, Moringa (M. oleifera), to study the cli-
mate favorable for its growth and development. Owing to
its importance, much research has been conducted on the
ecology, physiology, distribution, and genetics of Moringa.
We are convinced about the usefulness of these results as
effective tools to verify the capacity of Moringa to persist
into a new ecological niche.

From this bioclimatic study and the results obtained, we
managed to identify bioecological parameters to provide
the elements of response to the adaptation of M. oleifera
plant at the desert region of Msissi. These qualitative and
quantitative data is used to explain the pharmacologi-
cal and phytochemical analyses of M. oleifera. Important
phytochemicals present in Moringa are responsible for
its beneficial biological activities. According to the litera-
ture, phenolic acids, flavonoids, glucosinolates, isothiocy-
anates, sterols, and fatty acids are discovered in Moringa
leaves. The main phenolic acids identified and quantified
in Moringa are caffeic, chlorogenic acid, and gallic acid
(Meireles et al., 2020). Other studies, such as Rocchetti
et al. (2020), reported the presence of p-coumaric
acid ethyl ester, syringic acid, gallic acid, gallic acid

4-O-glucoside, 3-hydroxybenzoic acid, and feruloylquinic
acid, with a total phenolic acid content of 10.60 mg/g of
dry matter extracted from Moringa leaves using methanol.

The main flavonoids present in Moringa leaves are
myricetin, quercetin, and kaempferol (Cai et al,
2014). Rocchetti et al. (2020) reported the presence
of luteolin, luteolin 7-O-malonyl-glucoside, luteolin
7-Oglucoside, kaempferol 7-O-glucoside, quercetin
3-O-glucosyl-xyloside, quercetin 3-O-xylosyl-rutinoside,
quercetin, and 3-O-rhamnoside in the methanolic
extracts of M. oleifera leaves. In a similar study, Minakshi
et al. (2022) reported the presence of rutin, kaempferol,
rhamnoglucoside, quercetin glucoside, and chlorogenic
acid in Moringa leaves. Some researchers have evalu-
ated tannin content in M. oleifera leaves. Teixeira et al.
(2014) reported the tannin content of 13.2-26.3 mg/g of
dried Moringa leaves. It was described that tannin con-
tent increased throughout the season from 24 mg/g to
29 mg/g in fresh M. oleifera leaves (Du Toit et al., 2020).
Several studies have mentioned the antioxidant activity
of tannins, which form an important group of pheno-
lic compounds. Tannins can chelate metal ions, such
as Fe(Il), and suppress lipid peroxidation by inhibiting
cyclooxygenase (Ben Mahmoud et al., 2022). Some stud-
ies have cited the anticancer, antiatherosclerosis, and
anti-inflammatory properties of tannins (Adedapo et al.,
2015). The antioxidant activity of freeze-dried Moringa
leaves was determined in ethanol and methanol extract,
which exhibited 2,2-diphenyl-1-picrylhydrazyl. (DPPH)
inhibition of 66.8% and 65.1%, respectively. Siddhuraju
and Becker (2003) reported that quercetin and kaemp-
ferol compounds are responsible for antioxidant activ-
ity. An AE of Moringa stenopetala leaves exerted higher
inhibition of DPPH (IC50: 40 pg/mL) than a similar
extract of M. oleifera leaves (IC50: 215 pg/mL). Rutin is
reported as the main antioxidant compound (Oldoni et
al., 2022). The antimicrobial and antioxidant activities of
phenolic compounds (flavonoids, tannins, etc.) ensure
the healing property of Moringa leaves (Emrich et al.,
2022). Rahman et al. (2009) evaluated the antibacterial
properties of Moringa leaf extracts using disk diffusion
and minimum inhibitory concentration (MIC) method
against certain human pathogenic bacteria, where tet-
racycline was used as a control. The study revealed that
EE of Moringa leaves at 175 pg/disc exhibited antibac-
terial activity against Gram-positive bacteria (Bacillus
cereus, B. megaterium, and B. subtilis) and Gram-
negative bacteria (Shigella sonnei, Salmonella shinga, and
Pseudomonas spp., including Pseudomonas aeruginosa).
A study conducted by Gayathri ez al. (2023) evaluated the
antimicrobial activity of Moringa leaf aqueous extracts
by agar diffusion method on plate against S. albus,
P aerogenosa, E. coli, S. aureus, Enterobacter aerogenes,
and Staphylococcus pyogenus at different concentrations
(100-300 pl/mL). Even at a maximum concentration of
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the extract, only moderate activity was observed against
Enterobacter aerogenes. P. aeruginosa, S. albus, S. aureus,
and S. pyogenus were resistant to the mentioned concen-
trations. The highest inhibitory activity was observed at
1,000 pg/mL against E. coli, less than observed by stan-
dard tetracycline (250 mg/mL).

The anti-inflammatory effect of hydro-ethanolic extracts
of Moringa leaves was studied by evaluating NO inhibi-
tion and the expression of pro-inflammatory mediators
in macrophages. The extracts significantly inhibited
the secretion of NOe, tumor necrosis factor-a (TNF-
a), interleukin (IL)-6, IL-1f, and prostaglandin E2.
Furthermore, the bioactive extract induced the produc-
tion of anti-inflammatory cytokine IL-10 in a dose-de-
pendent manner. In this sense, Krawczyk et al. (2022)
observed that isothiocyanates isolated from M. oleifera
leaves at a concentration of 1 uM and 5 puM reduced gene
expression and production of inflammatory markers
in RAW macrophages, mainly through attenuated NO
expression, a decrease in NOe production, IL-1f, and
TNE-a. For the treatment of cryptosporidiosis, an incur-
able disease in immunocompromised patients, Hamad
(2023) used chlorogenic acid, isolated naturally from the
leaves of M. oleifera; this was done to treat immunocom-
promised BALB/c mice infected by Cryptosporidium
parvum. Inflammatory markers interferon gamma (IFN-
y), IL-6, IL-1P, and TNF-a were significantly higher in
the infected control group, and treatment with a dose of
300 mg/kg/day of EE of Moringa leaves or 30 mg/kg/day
of chlorogenic acid significantly decreased the levels of
pro-inflammatory cytokines, compared to the infected
group, although they did not change significantly, com-
pared to the nitazoxanide-treated group. These results
support the traditional use of Moringa as an effective
treatment for inflammatory diseases.

Ethanolic extract, compared to AE, of two Moringa vari-
eties planted under two very different climatic conditions
turned out to heal much more quickly, as confirmed by
the reduced surface area of burns and their contraction.
This improvement is due to the high concentration of
collagen and fiber stabilization (Mathew-Steiner et al.,
2021). The role of antioxidants is well documented;
they accelerate wound healing by reducing the release
of radicals and eliminating the products of inflamma-
tion (Viana-Mendieta et al., 2022). Furthermore, various
phytochemicals, such as flavonoids and tannins, act as
therapeutic agents for treating wounds and skin regen-
eration (Silva et al., 2023). Additionally, flavonoids are
known to reduce lipid peroxidation not only by prevent-
ing or slowing the onset of cellular necrosis but also by
increasing vascularization (capillarization). Therefore,
any drug that inhibits lipid peroxidation increases the
viability of collagen fibrils by improving circulation, pre-
venting cellular damage, and enhancing DNA synthesis

Wound-healing potential of Moringa oleifera

(Getie et al., 2002). Additionally, main flavonoids discov-
ered in Moringa are strongly associated with therapeutic
and healthy properties.

Conclusions

The present study demonstrated that the phenolic extracts
of Moringa leaves planted at two different bioclimatic
vegetation regions (the Saharan Mssisi and the semi-arid
Lamta) possess both anti-inflammatory and healing prop-
erties. This study revealed that these two biological activ-
ities were higher when phenolic extracts were obtained
with ethanol instead of distilled water. Qualitative anal-
ysis of phenolic compounds showed great variability in
molecular weights distribution in EE and AE of the plants
collected from the two regions targeted by this study.
Phenolic compounds and biological activity are strongly
influenced by climatic conditions, which are in favor of
planting Moringa in a desert climate of Mssisi, where the
plant can have a socioeconomic function for the local
population. Moreover, obtained results confirmed the use
of Moringa in traditional medicines and as nutrition in
Morocco to treat various health conditions. The healing
effects are due to bioactive molecules present in Moringa,
such as flavonoids and tannins, which increase antioxi-
dant and antibacterial activities, collagen deposition, and
hydroxyproline formation. Therefore, it is concluded that
the skin healing potential of M. oleifera could benefit ther-
apeutic and cosmetic activities in Morocco.
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