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Abstract: Turmeric and ginger, widely used rhizomes in culinary arts, have several beneficial biologi-
cal activities, such as hypoglycemic, hepato-protective, antimicrobial, and antioxidant properties. This
work investigated the effects of three phenolic extracts isolated from turmeric and ginger rhizomes
on anti-inflammatory and healing properties using the solid-liquid extraction method. Wistar rats
were used as a biological model. The anti-inflammatory activity was evaluated on induced edema in
the rat’s hind paw using carrageenan (1%). Paw volume was measured at 0 min, 45 min, 3 h, and
5 h. Treatment with turmeric and ginger extracts, administered at a dose of 100 mg/kg, revealed
a reduction in edema volume by 98.8%, 94.8%, and 98.3% using an aqueous extract of turmeric,
ethanolic extract of turmeric, and methanolic extract of ginger, respectively. The healing activity
parameters of induced burns on the rat’s dorsal region in nine groups (7 rats each) were monitored
daily throughout the experiment’s duration. Results showed that the application of creams composed
of petroleum jelly dispersing turmeric and ginger extracts to wounds at a dose of 100 mg/kg g
induced complete healing after 19 days while the negative control was only 60% cured. On day 14,
the aqueous, ethanolic, and methanolic turmeric extracts nearly resulted in complete tissue repair
by 95.26%, 98.34%, and 87.39%, respectively. According to the chromatographic analysis (Sephadex
G50 column), there is a variation in the molecular weight distribution of phenolic compounds (poly-
mers, oligomers, and monomers) in the three studied extracts, which has a differential effect on the
anti-inflammatory and wound healing activities of the extracts.

Keywords: turmeric; ginger; phytochemical; rats; healing and re-epithelialization

1. Introduction

The failure of conventional medications has become an absolute public health problem
that is linked to the development of allergies with respect to many natural and synthetic
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chemical compounds. This has led to a trend towards finding new natural sources of
compounds, thus intensifying the need for treatments of certain pathologies using plants
or their extracts [1]. Indeed, the latter are rarely considered effective treatments, so many
herbal remedies do not undergo scientific research. Recently, scientists have been led to
find innovative solutions from medicinal plants and to develop new natural products
to capitalize on the traditional knowledge of using these plants to treat certain current
emerging pathologies (inflammations, chronic diseases, etc.) that are probably associated
with the new lifestyle of Moroccan citizens.

Despite the improvements in modern medicine, chronic wounds are difficult to treat
due to the specific physiologies between patients. Serious injuries negatively affect millions
of people by causing severe consequences in their lifetime [2,3]. Subsequently, appropriate
wound treatment that facilitates healthy healing is reasonable in order to maintain normal
bodily functions and improve patient health [4].

Inflammation serves as a vital protective mechanism within the body, participating
in various acute and chronic diseases. Yet, inadequately managed inflammation can lead
to substantial damage and the development of chronic inflammatory conditions [5]. This
intricate process involves enzyme activation, mediator release, fluid extravasation, cell
migration, and tissue repair [6]. Therapeutic interventions targeting specific phases of the
inflammatory response play a pivotal role in managing disorders like rheumatoid arthritis,
infections, and tissue damage [7].

Traditional wound care and treatment practices have been used for millennia, offering
a wide range of potential wound healing treatments [8]. However, these practices are
limited by the availability of plant or animal resources. This further indicates the importance
and timeliness of identifying potential medicinal resources for wound healing based on
traditional knowledge and usage [9].

The epidermis presents an immediate defense function and has exhibited distin-
guished performances in skin regeneration in large animals [10]. The transmutation of
this phenomenon in the process of wound healing regeneration is intriguingly complex
and involves a number of highly regulated factors working in harmony to restore injured
skin [11]. If the rupture of the epidermis progresses it can further extend to other tissues
such as subcutaneous tissues, muscles, nerves, vessels, and bones. It can be said that skin,
the largest human organ, is particularly exposed to damage because it can be easily burned
or injured by trauma or surgical intervention [12].

The physiology of wound healing is complex and involves the related processes
of tissue repair and regeneration [13,14]. Understanding wound healing physiology is
important since it helps update the clinical management techniques for wounds.

In order to treat different cutaneous pathologies, phytotherapy has been used since
antiquity to treat wounds by natural agents. This is because of scientific progress, improve-
ments in extractive techniques, and the active discovery of new principles, which present
a renewal of interest due to their exploitation in several domains, namely pharmaceuti-
cal, agri-food, and cosmetic industries. In this perspective, we have chosen two spices
belonging to the Zingiberaceae family to evaluate their beneficial effects on the decrease
in inflammation by reducing the volume of paw and wound healing caused by burns on
rat skin.

Curcuma longa L. and Zingiber officinale rhizomes, commonly known as turmeric and
ginger, respectively, are herbaceous perennial rhizomatous plants used in culinary arts
and medicine [15,16]. As culinary products, ginger and turmeric are vital spices that are
commonly consumed and play a key role in disease prevention, especially arthritis [17].
Turmeric (Curcuma longa) is a plant that is commonly used as a spice in food preparation due
to its flavor and color [18]. It is also used as a medicinal plant due to its antioxidant, anti-
inflammatory, antimutagenic, antimicrobial, and anticancer properties [19]. In cosmetology,
ginger is widely valued for its highly appreciated essential oil [20].

Herbal products have been used in the treatment of human and animal diseases since
ancient times because of their easy availability and good therapeutic effectiveness [21]. In
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order to cure various skin-related problems, including wound healing and inflammation,
the present study examined the effect of creams based on turmeric and ginger extracts on
improving anti-inflammatory and wound healing processes.

In Morocco, the two spices (Curcuma longa L. and Zingiber officinale) are used in
traditional cuisine, but they are even better known for their benefits on human health, which
is likely due to their richness in phenolic compounds that are responsible for numerous
biological activities. Thus, this research work aimed at studying the phenolic compounds’
distribution and phytochemical composition of turmeric and ginger to prepare an ointment
based on different extracts, viz., aqueous, ethanolic, and methanolic extracts, in order
to evaluate their effectiveness on inflammation induced by carrageenan and on wound
healing caused by thermal burns on Wistar rat’s dorsal areas.

2. Materials and Methods
2.1. Vegetal Material

Rhizomes of Curcuma longa L. and Zingiber officinale subjected to this study were
purchased from herbalists in Fez city (Northern inland Morocco) in dry form and then
ground into fine powder (particle size < 0.1 mm) using an M 20 Universal mill (IKA model).

2.2. Extracts Preparation

Sample powder (100 g) was added to 3000 mL (3 x 1000 mL) of solvents (distilled
water, ethanol, and methanol) and stirred (100 RPM) for 2 h at room temperature and
filtered (MF-Millipore™ Membrane Filter, 0.45 um-¢ pore size, Merck, Germany). Under
reduced pressure, the filtrate was concentrated into dry extracts using a BUCHI Rotavapor™
R-300 (BUCHI Labortechnik AG, Flawil/Switzerland). Afterwards, extracts were defatted
thrice with hexane and then dried at 45 °C for several days to obtain a homogeneous
powder extract.

2.3. Animal Model

Male rats (Wister strain) were used as animal models, and they possessed a body
weight between 180 and 200 g. The animals were raised in the Fez Faculty of Medicine
and Pharmacy (FFMP) animal house under standard lighting conditions (12 h of white
light/12 h of darkness) at a temperature of 25 + 1 °C and humidity of 55 £ 5%. Each
animal was placed in individual plexiglass cages, received a portion of standard food, and
drank tap water as much as they required.

The rats’ care and handling followed the guidelines provided by international stan-
dards for animal use. The Institutional Animal Care Committee (FFMP) approved the
protocol according to French technical specifications for producing, caring for, and using
laboratory animals at Sidi Mohamed Ben Abdellah University, Faculty of Science and
Technology, Fez, Morocco.

2.4. Biochemical Study

To characterize the obtained extracts, a spectrophotometer (Zuzi 4255/50, Auxilab
S.L., Navarra, Spain) was used. Total phenolic content was determined using the Folin—
Ciocalteu reagent as reported by Atanassova et al. [22], flavonoids were determined using
the aluminium trichloride (AICI3) method as cited by Barros et al. [23], and carotenoid
content was determined according to Lee and Castle’s method [24]. Vitamin C content was
determined using a colorimetric assay, as described by Ahodegnon et al. [25].

2.5. Exclusion Chromatography

To study the molecular weight profiles of phenolic compounds in spice extracts,
exclusion chromatography was used to separate the molecules of turmeric and ginger
extracts in order to explain the difference in the obtained results from the tests carried out
on wound healing and anti-inflammation. The molecules were eluted according to their
decreasing molecular weight (MW) using a glass column (50 cm length x 2.5 cm diameter)
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%PVI =

((Paw volume at time t (Vt) — Paw volume before inflammation (V0))

containing Sephadex G50 as the stationary phase and a buffer solution formed from lithium
chloride as the mobile phase (5 mM NaOH, 2.5 mM LiCl). Milliliter fractions were collected
from the column at a flow rate of 1 mL/min. The isolated fractions were analyzed using
a spectrophotometer (Zuzi 4255/50, Auxilab S.L., Navarra, Spain) at a wavelength of
380 nm [26]. Monocyclic phenolic compounds were localized by phenol as a molecular
weight marker, while polycyclic peaks were positioned using the quercitrin molecule
(Sigma Aldrich, Munich, Germany).

2.6. Effect of Extracts on Acute Inflammation Induced by 1% Carrageenan in Rats

The investigation of anti-inflammatory properties was evaluated by measuring plantar
edema induced by 1% carrageenan according to the method described, in [27]. Rats were
divided into 9 groups of 7 rats each and separated as follows: negative control rats treated
with neutral cream (petroleum jelly: GRIFFON Mark) (NC); positive control rats treated
with a pharmaceutical anti-inflammatory product (Diclofenac 1%) (PC); rats treated with
a 10% aqueous turmeric-extract-based cream (TAE); rats treated with a 10% ethanolic
turmeric-extract-based cream (TEE); rats treated with a 10% methanolic turmeric-extract-
based cream (TME); rats treated with a 10% aqueous ginger-extract-based cream (GAE);
rats treated with a 10% ethanolic ginger-extract-based cream (GEE); rats treated with a 10%
methanolic ginger-extract-based cream (GME).

The creams were formulated by dispersing 10 g of ginger and turmeric extract in 100 g
of valine (petroleum jelly). The negative control group was treated with Vaseline while the
positive control was treated with an anti-inflammatory drug (Diclofenac 1%).

At about 30 min before chemical inflammation application, neutral cream (petroleum
jelly: negative control), diclofenac (positive control), and creams prepared from extracts
were applied to the rat’s paw. An injection of 10 puL of 1% carrageenan under the rat’s plantar
fascia hind paw was induced. The anti-inflammatory effect was assessed by measuring
paw volume edema before and after the injection of 1% carrageenan at 0 min, 45 min, 3 h,
and 5 h using a digital caliper. Edema extent was assessed by determining the animal’s
paw volume increase percentage (%PVI) (Equation (1)) [27]:

1 1
(Paw volume before inflammation (V0)) X100 @

Anti-inflammatory activity was evaluated by calculating the edema inhibition percent-
age (%EIP) according to the following relationship (Equation (2)) [27]:

(%PVTI of control group — %PVI of treated groups)
(%IPV of control group)

%EIP = x 100 )

2.7. Effects of Turmeric and Ginger Rhizome Extracts on Induced Wound Healing in Wistar Rats

A wound is assessed by examining which tissue components are lost and which tissues
are exposed. It is, therefore, necessary to precisely identify the factors involved and take
the necessary measures promptly to prevent and heal wounds. Thus, it is essential to
understand natural human or animal tissues and how they function [28].

Healing activity was performed on 40 Wister rats, which were used as an experimental
model for thermal burn induction. The animals were divided into eight batches with
five rats each as follows: negative control rats treated with neutral cream (petroleum
jelly: GRIFFON Mark) (NC); positive control rats treated with H.E.C. (hemostatic and
healing ointment) (PC); rats treated with a 10% aqueous turmeric-extract-based cream
(TAE); rats treated with a 10% ethanolic turmeric-extract-based cream (TEE); rats treated
with a 10% methanolic turmeric-extract-based cream (TME); rats treated with a 10% aqueous
ginger extract-based cream (GAE); rats treated with a 10% ethanolic ginger-extract-based
cream (GEE), and rats treated with a 10% methanolic ginger-extract-based cream (GME).
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The creams were formulated by dispersing 10 g of ginger and turmeric extract in 100 g
of valine (petroleum jelly). The negative control group was treated with Vaseline while the
positive control was treated with a wound healing drug (hemostatic and healing ointment).

To create wounds, animals were anesthetized via diethyl ether inhalation [29]. The
burns were introduced to the skin dorsal region (aiming to introduce burns easily and for
wound evolution monitoring). Experimental burns were induced using a 1 cm diameter
metal cylinder that was heated in water (100 °C) for 5 min and then applied by lightly
pressing on the shaved skin surface of rats to induce second-degree burns [30]. Treatments
were applied once every 24 h, and wound diameters were measured every day throughout
22 days; wound surface photos were taken to monitor the wound’s evolution using image
processing software (Image]® version 1.530). In order to allow the software to calculate
burn areas, it must be calibrated first using a graduated ruler, which is included in the
photographic frame to enable Image]J calibration. Digital planimetry methods have the
advantage of being fast, precise, and objective.

All animals were monitored regularly until the wounds were completely healed. The
percentage of wound shrinkage (or contraction) was calculated using the following formula
(Equation (3)) [26]:

(Wound area on day 0 — Wound area on day n)

% of ion =
%o of Wound Contraction (Wound area on day 0)

x 100 (3)

2.8. Statistical Analysis

The effect of turmeric and ginger extracts on the healing phenomenon was carried out
by performing kinetics that targeted and induced plantar edema volume reduction, wound
surface reduction, and a percentage of wound contraction (%WC). Student’s test (f-test)
was used to compare the performance of the healing phenomenon and the means obtained
using the treatment with turmeric and ginger extracts to those obtained separately with
both controls (C— and C+). To compare the means obtained between the positive control,
negative control, and the treatments with tested turmeric and ginger extracts, unidirectional
analysis of variance was applied (ANOVA 1). The same procedure was undertaken for
biochemical analysis. Data were processed using the “SYS-TAT 12” software.

3. Results
3.1. Biochemical and Phytochemical Characteristics of the Studied Spice Extracts

The biochemical and phytochemical characteristics of the studied spice extracts are
summarized in the following table (Table 1).

Table 1. Biochemical and phytochemical characteristics of the studied rhizome (Curcuma longa L. and
Zingiber officinale) extracts.

Spice Turmeric Ginger

Extract Aq!  Eth? Meth?3 Aq Eth Meth
Phenolic compounds (mg/100 g DW) 583.33  276.2 167.24 750.1 172.7 177.4
Flavonoids (mg/100 g DW) 116.6 82.42 71.88 63.64 26.12 15.99
Carotenoids (mg/100 g DW) 15.89 77.80 65.84 14.82 52.13 77.88
Vitamin C (mg/100 g DW) 16.56 15.89 15.68 15.05 16.56 16.39
Essential oil yield (%) 1.21 0.74

Note: ! Aq: aqueous; 2 Eth: ethanolic; ® Meth: methanolic; DW: dry weight.

The outcomes of biochemical compositions (Table 1) showed that turmeric and gin-
ger are rich in antioxidants such as phenolic compounds, flavonoids, vitamin C, carotenoids,
and essential oils. The healing effects of flavonoids, polyphenols, vitamin C, and carotenoids
increase antioxidant activity, collagen deposition, hydroxyproline formation, and antibacte-
rial activity [31]. We can therefore conclude the anti-inflammatory and skin wound healing
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potential of turmeric and ginger. Such traits partly motivated the choice of these two spices
in realizing this research study.

3.2. Gel Filtration Chromatography

Phenolic compounds are significant constituents of the studied spice extracts, so their
polymerization profile was analyzed to compare their molecular weights and assess their
potential for anti-inflammatory and wound healing properties. Indeed, polyphenols are
rapidly eluted due to their exclusion by Sephadex gel beads. Monophenols are eluted later
due to their delay in the gel pores, resulting in their slow migration.

The following figure shows the exclusion’s chromatographic results obtained after the
spectrophotometric analysis of turmeric and ginger extracts (Figure 1).

Polyphenols Monophenols
0.40

Y Y

030

0.25 (A)
0.20

0.15

0.10
0.05

o0 (330 nm)

o 10 20 30 40 50 &0 70 B0 20

=#=Turmeric aqueous extract F""““—'I— Ginper aqueous extract

0.50
0.45
0.40
0.30 ( B )
0.20
0.15
0.05

o0 [3%0 nm)

0 10 20 30 40 50 60 T0 80 90
Fractions

—4=—Turmeric ethanolic extract == Ginger ethanolic extract

0.35
N
E_ 0.25
o 0.20
© 015 (C)
0.10
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o 10 20 30 40 30 &0 70 B a0
Fractions
—4—Turmeric methanolic extract —B- Ginger methanolic extract
Figure 1. Elution profiles from Sephadex G-50 of (A) aqueous, (B) ethanolic, and (C) methanolic
extracts of turmeric and ginger. Arrows indicate the positions of molecular weight markers used to
locate polymeric and monomeric phenolic compounds.



Cosmetics 2023, 10, 137

7 of 15

By comparing the phenolic compounds” elution profiles (Figure 1A-C), it can be
observed that the studied extracts, examined using gel filtration, comprise significant varia-
tions in molecular weight distribution. In this elution, we found that phenolic compounds
extracted with water (Figure 1A) exhibit two characteristic peaks of the two large families
of phenolic compounds (polymers (Fractions 5 to 20), oligomers (Fractions 20 to 30), and
monomers (fractions 30 to 42)). On the other hand, the ethanolic (Figure 1B) and methanolic
(Figure 1C) extracts have a significant shortage of polymeric phenolic compounds and an
abundance of oligomeric and monomeric forms. It is also noted that the ethanolic extract is
quantitatively and qualitatively richer in oligomeric and monomeric phenolic compounds
compared to aqueous and methanolic extracts, demonstrating that the ethanolic extract
is the poorest in phenolic polymer compounds. Moreover, extracted curcumin is richer
than ginger in monomeric, oligomeric, and polymeric phenolic compounds. This difference
in distribution is very likely to have consequences on the biological activities targeted by
this study.

3.3. Anti-Inflammatory Activity

The results of the anti-inflammatory effects of turmeric and ginger are shown in
Figures 2 and 3. The injection of 10 pL of 1% carrageenan under the rat’s hind paw plantar
fascia to cause edema increased gradually with time and reached the maximum at 3 h
(180 min). Figure 2 shows the percentages of paw volume increase in rats treated with
aqueous, ethanolic, methanolic extracts, diclofenac (positive control), and untreated rats
(negative control).

200 -

175
o
E 150 -
E ——NC
E 125 - =P
£
= v TEE
@ 75 -
v =—+=TME
E 50 - =r—GAE
]

23 - GEE

GME
0 1

Time [min}

Figure 2. Percentage increase (average + standard deviation) in the plantar paw of rats after car-
rageenan injection. Note: NC: Negative control; PC: positive Control; TAE: turmeric aqueous extract;
TEE: turmeric ethanolic extract; TME: turmeric methanolic extract; GAE: ginger aqueous extract; GEE:
ginger ethanolic extract; GME: ginger methanolic extract.

From the obtained results, it can be disclosed that the carrageenan injection caused a
progressive increase in the edema volume in all rats. Indeed, extracts (ethanolic turmeric,
aqueous, and methanolic ginger) manifested their inhibitory effects on edema formation
after 45 min. Animals from the negative control, positive control, and ethanolic ginger-
extract-treated groups showed the highest paw volume at 3 h compared to the other groups.
At 5 h (300 min), the groups that received tested extracts and diclofenac caused a reduction
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in paw volume. In contrast, the negative control batch showed a prolonged increase
in volume.

100 -

30

80 -
L 70 -
E —4—PC
T 60 -
& 50 - —a—TEE
L
i a |
= s i TME
= ——GAE
X 30

—8—GEE

20 - GME

10 -

0 : ;

o 45 180 300
Time (min)

Figure 3. Anti-inflammatory activity (average I standard deviation) of tested extracts expressed as
the percentage inhibition of edema induced by carrageenan injection. Note: PC: Positive control; TAE:
turmeric aqueous extract; TEE: turmeric ethanolic extract; TME: turmeric methanolic extract; GAE:
ginger aqueous extract; GEE: ginger ethanolic extract; GME: ginger methanolic extract.

From these results, one could calculate the edema inhibition percentage (%EIP) of
carrageenan-induced paw edema in rats using turmeric, ginger extracts, and Diclofenac.
The obtained results are presented in Figure 3, proving that rats treated with plant extracts
have considerable anti-inflammatory activity. At 5 h, the rat’s treatment with aqueous and
ethanolic extracts of turmeric and methanolic extracts of ginger produced a maximum
decrease in edema with an inhibition percentage of 98.8, 94.8, and 98.3%, respectively, when
compared to the positive control treated with diclofenac (86.4%), which was less effective
indeed. However, the lowest anti-inflammatory activity was observed in the group treated
with the ethanolic ginger extract, where the edema inhibition percentage was merely 56.8%.

These results (Figures 2 and 3) agree with those obtained via Sephadex G50 gel
filtration, where it was found that the ethanolic extract had the lowest phenolic polymer
compounds. This lets us hypothesize that anti-inflammatory activity is ensured by at least
one polymeric molecule.

3.4. Wound Healing Activity of Turmeric and Ginger Extracts

This part of the research was undertaken to evaluate the efficiency of aqueous, ethano-
lic, and methanolic turmeric and ginger extracts relative to wound healing in the rats’
dorsal region. Overall, there was a progressive reduction in the wound’s area over time in
different treatments (Figure 4). On day 1, wound surfaces of the eight experimental group
batches were homogeneous and showed the same signs of inflammation. However, the
batch of animals treated with plant extracts showed significant reductions in their healing
surfaces compared to the negative and positive control batches throughout the study. On
day 14, a maximum reduction in wound area was observed in batches treated with aqueous
and ethanolic turmeric extracts (4.7 and 1.6%, respectively). On the other hand, negative
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and positive control groups showed very low wound closure (60.6 and 53.3%, respectively).
On day 19 of the trial, burned surface reduction percentages for all batches were attained
and presented almost complete healing except for the negative control group (41%).

100 - Ry
80 |
—p—NC
E 60 - il P C
[v]
o —i—TAE
1]
E, =i TEE
E 40 - —4~TME
—a—GAE
GEE
20 -
GME
1]}

Time [Days)

Figure 4. Variation in mean burn areas (average + standard deviation) of the eight batches throughout
the experiment. Note: NC: Negative control; PC: positive control; TAE: turmeric aqueous extract;
TEE: turmeric ethanolic extract; TME: turmeric methanolic extract; GAE: ginger aqueous extract; GEE:
ginger ethanolic extract; GME: ginger methanolic extract.

The evolution of wound contraction percentages induced in rats is presented in
Figure 5. The obtained results show a progressive retraction of wounds that resulted in
complete healing for all batches, but the negative control batch presented a lower percentage
of contraction ranging from 6.87 to 39.37% from day 6 to 14 and from 59.08 to 70% from
day 19 to 22, followed by the positive control batch that recorded a contraction percentage
ranging from 5.17 to 46.74% from day 6 to 14 and from 97.41 to 100% from day 19 to 22. The
healing process evolution of batches treated with plant extracts indicated that the highest
percentage of wound contraction was obtained in wounds treated with turmeric extracts
(aqueous, ethanolic, and methanolic) on day 14 at 95.26, 98.34, and 87.39%, respectively. On
day 19, batches treated with aqueous and ethanolic turmeric extracts and aqueous ginger
extracts exhibited complete healing (100%), followed by batches treated with methanolic
turmeric extracts and ethanolic and methanolic ginger extracts ranging from 98.70, 95.16,
and 98.27 to 100% on day 22, respectively. On this date (19th day), the negative control was
only 60% cured.

Wound healing image progressions during the application of turmeric and ginger
extract creams, marketed ointment (H.E.C: “pomade Hémostatique et Cicatrisante”, in French),
and negative control (no treatment) are shown in Figure 6. Regarding overall external
appearance and based on the photos taken on days 1, 6, 14, 19, and 22 of the experiment,
healing quality was better in turmeric and ginger extracts, which showed their preliminary
effect from day 6 to day 14. Figure 6 clearly shows rapid and almost complete healing on
day 19 of the application for groups treated with the plant extracts under study.
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Figure 5. Evolution of the average percentages of burn contraction (average + standard deviation)
in controls and treated batches. Note: NC: Negative control; PC: positive control; TAE: turmeric
aqueous extract; TEE: turmeric ethanolic extract; TME: turmeric methanolic extract; GAE: ginger
aqueous extract; GEE: ginger ethanolic extract; GME: ginger methanolic extract.

These results (Figures 3-5) agree with those obtained using Sephadex G50 gel filtration,
where it was found that the ethanolic extract exhibited the lowest phenolic polymer com-
pounds. This lets us conclude that the anti-inflammatory activity is ensured by at least one
polymeric or oligomeric molecule. These results raise several research questions focused
on the effectiveness of the extract’s healing potential, which may be mainly due to these
natural agents’ richness in phytochemical compounds, which, in turn, act as therapeutic
agents for treating wounds and skin regeneration [32]. In a previous study carried out by
our research group on the assessment of the wound healing potential of Moroccan Henna
(Lawsonia inermis) aqueous extracts, as a source of phenolic compounds, similar results
were found for a well-defined variety of Henna (Henne AQ-LI 3) [26]. On the other hand,
Chelu et al. [33] reported similar results with respect to Aloe vera-based hydrogels where
the total healing period was 21 days, a time which remains comparable to that found in the
present study on ginger and turmeric and also in certain Henna varieties (Henna varieties
AQ-LI1 and AQ-LI 2), as already reported [26].
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Figure 6. Healing evolution activity of turmeric and ginger extracts in a deep second-degree burn.
Note: NC: Negative control; PC: positive control; TAE: turmeric aqueous extract; TEE: turmeric
ethanolic extract; TME: turmeric methanolic extract; GAE: ginger aqueous extract; GEE: ginger
ethanolic extract; GME: ginger methanolic extract.

4. Discussion

Utilizing herbal products to treat human and animal ailments has been a practice
since ancient times due to their wide availability and therapeutic efficacy [21]. Addressing
various skin-related issues, including wound healing and inflammation, the current study
focuses on evaluating the effects of creams containing extracts from turmeric and ginger on
the enhancement of anti-inflammatory and wound healing processes.

To assess non-steroidal anti-inflammatory properties, the carrageenan-induced paw
edema method was employed [34]. Carrageenan, a natural polysaccharide extracted from
red algae, triggers local inflammatory responses that are characterized by five cardinal
signs: swelling, redness, warmth, loss of function, and local hypersensitivity [5-32]. The
formation of edema comprises two phases: an immediate phase (1 h post-carrageenan
injection) marked by mediator release such as serotonin and histamine and a subsequent
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phase (starting after 1 h and lasting 4 h) involving the release of prostaglandin-mediated
pathways, including bradykinin [6,7].

Our trial unequivocally demonstrated that extracts from turmeric and ginger exhibit
potent anti-inflammatory properties at a dosage of 100 mg/kg. Specifically, aqueous and
ethanolic extracts of turmeric, along with methanolic extracts of ginger, remarkably atten-
uated carrageenan-induced edema. These natural agents’ ability to inhibit paw edema,
as observed during experimentation, can be attributed to their richness in bioactive com-
pounds, particularly phenolic compounds such as tannins and flavonoids. These phenolic
compounds play a vital role in suppressing the synthesis of pro-inflammatory media-
tors [35].

Comparable results align with previous research, where hydroalcoholic extracts of
Curcuma longa and Zingiber officinale, as well as their combination, exhibited potent and
dose-dependent anti-inflammatory effects [36]. Earlier studies by Srinivasan et al. empha-
sized the anti-inflammatory prowess of curcuminoids derived from turmeric, demonstrat-
ing their efficacy in mitigating oxidative stress—a primary trigger of inflammation [37].
Furthermore, Prathamesh et al. highlighted the anti-inflammatory potential of aqueous and
methanolic ginger extracts, which, at a dosage of 200 mg/kg, significantly reduced paw
edema percentages compared to standard aspirin, a substance linked to potential gastric
ulcer and hepatotoxicity issues [38].

In this study, anti-inflammatory activity was assessed before evaluating wound healing
activity since the first phenomenon (anti-inflammatory) is one of the mechanisms involved
in wound healing [9]. This anti-inflammatory activity is a very complex phenomenon that
is supported by antioxidant activities strongly correlated with the contents of phenolic
compounds, especially their flavonoids [39]. The involved second mechanism is the antimi-
crobial activity of phenolic compounds, which limits the proliferation of microorganisms
that prevent successful healing [40]. The flavonoids in turn contribute differently because
they improve capillary formation, which supplies wounds with the materials necessary for
the structuring of tissues [41].

Phytochemical compounds, encompassing alkaloids, terpenes, steroids, flavonoids,
and glycosides, function as therapeutic agents by combating free radicals and expediting
the wound healing process [42]. These natural agents, present in plant extracts, effectively
support proper wound healing processes without disrupting the sequence of events. How-
ever, it is important to note that subsequent bacterial infections and immunosuppression
can potentially delay wound healing [43]. In the current study, we observed that control
batches experienced delayed healing as their epidermal layers remained unhealed even
after a 22-day duration. Conversely, turmeric and ginger extracts administered to surgically
induced wounds demonstrated rapid and effective healing, as evidenced by the increase in
wound contraction percentages. This augmentation in wound contraction can be attributed
to the high concentration of collagen and the stabilization of collagen fibers present in the
extracts [44]. Turmeric and ginger are enriched with antioxidants that effectively reduce free
radicals and inflammation products, along with flavonoids that curtail lipid peroxidation
and promote vascularization via capillarization [17,45,46].

Previous studies have consistently affirmed the wound healing potential of turmeric
and ginger extracts. Research by [47] evaluated curcumin’s healing activity and highlighted
its capacity to decrease inflammatory cell counts while promoting fibroblast proliferation.
Another study conducted by [48] showcased the synergistic effect of curcumin conjugated
with hyaluronic acid, exhibiting superior wound healing in comparison to individual
curcumin or hyaluronic acid treatments. Furthermore, ginger-treated rat batches exhibited
accelerated wound closure rates compared to negative control batches, which is attributed
to increased collagen levels; improved fibroblast migration; and enhanced epithelial cell
recruitment [49]. These results collectively underline the consistent positive impact of
turmeric and ginger extracts on wound healing.
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5. Conclusions

In conclusion, the present study establishes that rhizome extracts of Curcuma longa L.
and Zingiber officinale possess both anti-inflammatory and wound healing properties. This
confirms the interest in using plants in traditional medicine to treat various health problems.
This should encourage pharmaceutical industries to think about making remedies based
on these spices and contribute to the socio-economic and environmentally sustainable
commercial exploitation of these natural products. The healing effects are due to bioactive
molecules in the studied spices, such as flavonoids, phenolic compounds, vitamin C, and
carotenoids, which increase antioxidant activity, collagen deposition, hydroxyproline forma-
tion, and antibacterial activity. Therefore, it can be concluded that the skin healing potential
of Curcuma longa L. and Zingiber officinale could benefit therapeutic and cosmetic practices.

Furthermore, the use of phytochemicals as therapeutic agents presents certain dif-
ficulties, such as low solubility and bioavailability, and a lack of clinical research on
the long-term effects of these medicinal agents. Thus, additional testing should be di-
rected at potential healing agents to better understand their specific mechanisms of action
and subsequent physiological effects. This can help develop effective formulations of
these phytochemicals in emerging wound healing knowledge, such as micelles, liposomes,
nanoparticles, and phospholipid complexes.
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