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Abstract: The present study aims at valorizing Moroccan Henna (Lawsonia inermis) by developing
healing formulations for cosmetic and therapeutic uses. For such a goal, the plant was collected from
three locations in Southeastern Morocco (Alnif, Tafraoute Sidi Ali and Tazarine). Phytochemical
analyses of aqueous extracts of Henna leaves was performed by determining phenolic compounds
contents, flavonoids and tannins in the extracts. Then, specific formulations were prepared using
aqueous extracts of L. inermis to assess their in vivo wound healing potential in Swiss Albino mice
as animal model. Results disclosed that phenolic compound contents (13.48%), flavonoids (9.25%)
and tannins (2.57%) are higher in Henna leaf extracts from Alnif, while Tazarine Henna aqueous
extract was found to be richer in saponins (0.32%). Exclusion chromatographic analysis on Sephadex
G50 gel corroborates the obtained results and shows that Lawsone levels (Henna coloring agent) are
higher in Henna collected from Alnif. Aqueous Henna leaf extracts, at a dose of 10% in petroleum
jelly, have been tested for their ability to heal induced burns in mice. Healing monitoring, carried
out with Henna extracts on mice batches and those of two control batches (Mice batch treated with
petroleum jelly alone and batch treated with petroleum jelly containing 1% flamazine), showed a
great reduction in burnt surface with an accentuated contraction percentage (CP) and complete re-
epithelialization duration (CRD) at 21 days in the three studied Henna-based formulations. These
findings suggest the interest of potential development of Henna-based formulations, as source of
phenolic compounds, for further dermatological, cosmetic and therapeutic applications.

Keywords: Lawsonia inermis; Henna; leaves; phytochemical; wound healing activity; Morocco

1. Introduction

Morocco is well recognized for its vegetal biodiversity due to its variation of bioclimatic stages
from desertic South to humid North. Such a diversity offers unequivocally potential benefits in terms
of medicinal plants, which remains nowadays insufficiently exploited. These natural plants are
frequently used for various applications — including primary healthcare, cultural and traditional
practices — due to their low cost and safety in use.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Henna (Lawsonia inermis) is a plant grown in tropical regions commonly used for cosmetic uses.
Henna powder is also frequently used for its healing properties attributed to its active principles,
which may have beneficial implications in wound healing.

Plants have always aroused high interest by civilizations around the world, where people
traditionally used natural products for medicinal and cosmetic purposes to improve their well-being
[1,2]. Thus, certain archaeological sites in Egypt have revealed the presence of cosmetic products of
vegetable or mineral origin, where the inventory included Henna and dental powder [3,4].

A cosmetic product is a substance intended to come into contact with the human body to clean,
perfume, modify and preserve it in good conditions. Natural cosmetic products are becoming
common because of the continuing discovery of their therapeutic uses. Nowadays, over 60,000 plant
varieties exist in Africa, and around 8,000 of them being used in herbal medicine, particularly
cosmetic products [5-7] — thus making apparent their potential socioeconomic and cultural interest,
as well as their environmentally sustainable character.

Primary health care improved security margins and the low cost of traditional medicines make
plants crucial to human daily life and the treatment against numerous diseases. Application of these
plants is also closely linked to the lives of Moroccans for cultural, folkloric, prophetic or religious
reasons [8,9]. L. inermis, commonly named in Arab countries Henna, is the most popular and
extensively widespread in tropical areas [10]. L. inermis belongs to the family Lythraceae whose leaves
play a particularly significant component. They are used in a wide range of industries, including
drugs and cosmetics, due to its abundance of the active Lawsone ingredients [a red-orange dye (2-
hydroxy-1,4-naphthoquinone), also known as hennotannic acid] used in hair, nail, hand and textile
dyeing segments of cosmetic market as antibacterial, antifungal, antioxidant, analgesic and anti-
inflammatory agents [11-13]. Despite all these benefits, L. inermis-based cosmetic sector remains in
an incipient stage, and Morocco is one of the richest countries for the potential advantages of Henna
on a world scale. Plantation is still only present in only a few precarious areas, has little added-value,
and still has not been industrialized, as it is used in other countries such as Iran and India. Despite
the existing research and knowledge on chemical and phytochemical properties of Moroccan Henna,
its cosmetic and functional (biological activity and technological functionality) properties (and other
traits, especially its beneficial effects on human skin) remain poorly known [14].

Overall, this plant possesses curative properties attributed to its active components, which may
potentially have therapeutic implications in wound healing. In this regard, the current research effort
contributes towards in vivo examining our ointment formulations based on an aqueous extract of L.
inermis, collected in three Moroccan areas, to the wound healing against silver sulfadiazine.

Indeed, provided that Henna is traditionally known by healing properties attributed to its active
components, it can potentially has therapeutic applications in wound healing. Therefore, this study
aimed at studying the phenolic composition of Moroccan Henna, collected in three different origins
of the country, to prepare ointment formulations based on Moroccan Henna leaf aqueous extracts,
and finally to assess their in vivo wound healing potential using mice as animal laboratory model.

2. Material and Methods

2.1. Leaves of Lawsonia inermis

Fresh leaves of L. inermis were collected in July 2019 from three different areas in Southeastern
Morocco, chiefly Alnif (LI1), Tafraoute Sidi Ali (LI2) and Tazarine (LI3). Leaves were washed, air-
dried for 21 days at room temperature, and then ground into powder.

2.2. Aqueous extract (AQ) obtention

To obtain the aqueous extract (AQ), leaf powders (10 grams), from the three studied Henna, were
dissolved in distilled water (100 ml). Mixture was then stirred under magnetic agitation at 700 rpm
for 72 hours at room temperature before being filtered. Filtrate was collected and concentrated using
a rotary evaporator under vacuum at a temperature of 40°C. Obtained extract was stored in a clean
airtight container, labeled and kept at a temperature of 4°C until further use.
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2.3. Ointment formulation

The formulations were made using a galenic basis that contains white soft paraffin and a 5%
aqueous extract of L. inermis. Thus, 9.5 g of paraffin and 0.5 g of extract were combined to create 10 g
of simple ointment base. The ointment mixtures were individually transferred to a clean container.
Three distinct Henna aqueous extracts, from Alnif, Tafraoute Sidi Ali and Tazarine, were used to make
distinct ointments.

2.4. Total phenolic compound content

Total phenolic content in extracts was determined by the Folin-Ciocalteu reagent following the
method described by Singleton and Rossi (1965) [15] with adaptations. Distilled water was used as a
blank, and gallic acid was used to produce a standard calibration curve obtained by
spectrophotometry at a wavelength of 765 nm. Results were expressed in grams of Gallic Acid
Equivalent (GAE) per 100 grams dry-matter of extract (g GAE/100 g DM.

2.5. Total Flavonoid Content

Flavonoid content was quantified using the spectrophotometric method described by Zhishen
et al. [16] based on the aluminum trichloride (AlCls) reagent. Absorbance was read at 510 nm against
the blank reagent containing water. Results were expressed in grams of Quercetin Equivalents (QE)
per 100 grams of dry matter (g QE/100 g DM).

2.6. Total tannin content

Tannin content was determined by the colorimetric method of Folin-Ciocalteu, described by Ba
et al. (2010) [17]. Distilled water was used as a blank. Standard tannic acid solutions were prepared
as described above. The total tannin content (TTC) was expressed in mg of equivalent tannic acid
TAE per 100 g of dry matter (g TAE/100g DM).

2.7. Total saponin content

Total saponin content was determined by the spectrophotometric method as described by Hiai
et al. (1976) with modifications [18]. The absorbance was measured at 544 nm, relative to a blank
containing 30% aqueous methanol in place of the sample extract. Total Saponin concentrations (TSC)
were expressed as diosgenin equivalents (DE pg/100 g DM) calculated from a standard calibration
curve.

2.8. Gel filtration chromatography

Since the crude aqueous extract of L. inermis is a complex matrix, it is necessary to proceed with
the fractionations and purification of most of molecules in order to further characterization. Crude
extracts fractionation was performed in an open column of Sephadex G50. This method is a size-
exclusion chromatography allowing molecules to separate based on their molecular size. Sephadex
gel is made up of highly porous microbeads, where molecules with highest molecular weights only
diffuse outside pores beads and exit the column first. In contrast, smaller molecules diffuse inside all
microbeads, are delayed and exit the column afterwards [19].

A column with a diameter of 2.5 cm and a length of 50 cm was used with a flow-rate set at 1
ml/min, based on the method of Siddiqui et al. with some modifications [20]. Twenty grams of
Sephadex G50 were mixed with 150 ml of lithium chloride buffer solution (5 mM NaOH, 2.5 mM
LiCl). Half mg/ml of each extract was fractionated on Sephadex gel, and separated fractions were
collected in test tubes at a volume of 2 ml and analyzed with a spectrophotometer at 380 (for phenolic
compounds) and 490 nm (for Lawsone) [21].
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2.9. Wound healing activity assessment

Swiss albino mice are often chosen for wound healing tests due to their physiological
characteristics rather than experimental reasons. This animal model displays faster regeneration of
epidermis and production of matrix compared to humans, enabling to study all wound healing
stages, including dermal reconstruction, as well as genetic modifications that imitate certain human
pathologies, such as diabetes, immunodeficiency and obesity [22]. The objective of this research is to
investigate wound healing effect of a cosmetic formulation containing L. inermis leaf extracts and
compare it to the control treatment for burn care units (1% silver sulfadiazine). The technique used
to induce wounds on mice's backs allows wound healing phases monitoring, from re-epithelialization
to wound contraction.

- Ethics statement

Swiss albino mice of both sexes were provided by the animal facility of the Faculty of Sciences
and Techniques of Fes. Upon receipt, the animals were housed in groups of five individuals in
standard polystyrene cages for a two-week adaptation period before being used in biological
activities. The animals had free access to water and food and were maintained at a constant
temperature of 23 + 1°C. An ethics statement was obtained for all activities involving animals.

- Animal preparation

We used groups of mice consisting of 10 males and 15 females as an experimental model to
induce thermal burns, with a weight range between 40 and 41,4 g. Each animal was housed in an
individual polystyrene cage with ad libitum access to food and water. The animals were divided into
five groups, each containing 5 mice:

*  Negative control group (NC): mice were left untreated and treated with white soft paraffin;

=  DPositive control group (PC): mice were treated with 1% silver sulfadiazine, also known as
Flamazine;

= LI group: mice were treated with the Alnif ointment formulation;

= LI2 group: mice were treated with the Tafraoute Sidi Ali ointment formulation; and

=  LI3 group: mice were treated with the Tazarine ointment formulation.

Performance of experimental burns

To follow their weight variation during treatment, we weighed the mice of each group at the
beginning of the experiment. The animals underwent general anesthesia with ether, and the burns
were performed on the previously shaved back of each animal, chosen for ease of access. Burns were
induced using a round metal bar with a diameter of 10 mm heated to a temperature of 100 °C using
boiling water [23]. After reaching 100°C , the object was quickly applied without pressure for 20
seconds to the study area.

- Treatment application

Burned mice were treated once a day with a cream corresponding to their respective lot, while
mice in NC group received no treatment. The mice's wounds were left uncovered, but photos were
taken daily to monitor the healing process. The photos were taken at the same angle to avoid wound
size underestimation.

- Study of scar evolution using digital planimetry

The evolution of burn wound healing was studied using digital planimetry, which involves
photographing wounds and analyzing their surface area using Image] software [24]. To enable the
software to measure wounds in square millimeters, a ruler was used during photography.
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- Percentage of contraction

The wound contraction percentage (WCP) was determined by calculating the average wound
size of five mice from the same group and comparing it with the initial burn surface area [25] using
the following Equation 1:

Initial wound size DO — Wound size at Dn

WCP = ( )X 100 @)

Initial wound size

Where :

- WCP : Wound contraction percentage;
- Do:Day 0; and
- Dn:Dayn.

- Epithelialization period

The epithelialization period, characterized by the proliferation of epithelial stem cells, was
evaluated by the number of days required for the dermal damage and complete closure of wound
leaving no remaining injury [26,27].

2.10. Statistical analyses

The obtained results were statistically analyzed to determine intra-variety and inter-variety
variability in three different regions. The data were processed using Minitab version 20.2 software.
Two-factor ANOVA was applied to compare means, and Pearson’s correlation test was used for
quantitative variables.

3. Results and Discussion

3.1. Phenolic compounds analysis

Yield of extraction, total phenolic contentment, flavonoids contents, tannins and saponins results
are illustrated in the table below (Table 1). Data in Table 1 show that Henna from Alnif region is very
rich in water-soluble compounds, phenolic compounds, flavonoids and tannin, followed by Henna
from Tazarine region and, lastly, we found the Henna from Tafraoute Sidi Ali region. These families
of molecules are targeted by this study because they play a very important role in healing
phenomenon.

Table 1. Phytochemical characteristics (mean values and standard errors) of studied Henna aqueous

extract (AQ).
Extracts AQ-LI1 AQ-LI2 AQ-LI3
Aqueous extract (AQ) Yields (%) 50.89+3.05 24.80+1.74 37.41+1.90
Total phenolic compounds (g GAE) /100g DM) 13.484+0.81 6.46+0.50 8.338+0.42
Total flavonoids (g QE/100 g DM) 9.246+0.55 4.425+0.40 5.539+0.28
Total tannin (g TAE/100g DM) 2.57+0.15 1.4284+0.15 0.3865 0.05
Saponins (mg/100 g DM) 291.67+17.50 83.38+5.84 321.5+16.10

Note: AQ-LI 1: Alnif Aqueous Extract ; AQ-LI 2: Tafraoute Sidi Ali Aqueous Extract; and AQ-LI 3:
Tazarine Aqueous Extract.

3.2. Gel filtration chromatography

Gel filtration chromatography, also known as exclusion chromatography or gel permeation
chromatography, allows a simple and rapid separation of molecules that are highly sensitive to
denaturation. Chromatographic results obtained after spectrophotometric analysis of Henna from
Alnif, Tafraoute Sidi Ali and Tazarine are shown in the graphics below (Figure 1).

Chromatogram of L. inermis from Alnif (Figure 1a) reveals a single major peak with an optical
density of 3 for the aqueous extract and 0.7 for Lawsone after an elution time of 20 minutes from the
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15t to the 35t sample tube. The yield of the two curves is 32.7%. The area between the two curves
represents the distribution of 67.3% of the other chemical compounds forming the total phenolic
compounds.

Chromatogram of Henna from Tafraoute Sidi Ali (Figure 1b) shows a major peak with an optical
density of 1.046 for the aqueous extract and 0.355 for Lawsone, after an elution time of 24 minutes
from the 12t to the 24t sample tube. The yield of the two curves is 33.94%. The other chemical
compounds forming the phenolic compounds are represented by 66.06% of the area between the two
curves.

The results of Figure 1c show that the aqueous extract of L. inermis from Tazarine is mainly
composed of a peak at 380 nm with Lawsone after an elution time of 32 minutes from the 18t to the
34t sample tube. The yield of the two curves is 31.41% with a maximum optical density of 2.289 and
0.719, respectively, for the aqueous extract and Lawsone. The area between the two curves represents
the distribution of 68.59% of the other chemical compounds forming the phenolic compounds. Based
on the results in Figures 1a, 1b and 1¢, it can be concluded that the fraction of Lawsone is perfectly
separated by distilled water, and this fraction is composed of a single monophenol peak observed at
490 nm absorbance.

Polyphenols Monophenols
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3
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o 2
©ais
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Figure 1. Molecular weight distribution of phenolic compounds and Lawsone in Alnif (a), Tafraoute
Sidi Ali (b) and Tazarine (c) extracts.

From Figure 1 (a, b and c), it is observed that the aqueous extract of Henna from Tazarine
represents the richest extract in Lawsone, followed by Tafraoute Sidi Ali and then Alnif. Henna from
Tazarine could be valorized within the framework of potential industrialization.

3.3. Evaluation of in vivo wound healing activity

- Epithelialization period

According to obtained results, the average total healing durations of burns from LI1, LI2 and LI3
groups, compared to those of NC and PC groups, showed significant differences in favor of the
treatments with L. inermis ointment formulations (Table 2).
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Table 2. Mean values and standard errors of the epithelialization time periods.

Ointment formulation AQ-LI1 AQ-LI2 AQ-LI3 PC NC
Epithelialization period (day) 20.33+4.65 21.67+5.1 19.33+0.05 30.67+3.63  42.33+24.54
Note: AQ-LI1: L. inermis from Alnif; AQ-LI2: L. inermis from Tafraoute Sidi Ali; AQ-LI3: L. inermis

from Tazarine; TP: positive control; TN: negative control. Values expressed as mean + SE, SE =

Standard error, (n = 5) for each extract.

The latter recorded average durations of complete epithelialization were 19.33 + 0.05, 20.33 + 4.65
and 21.67 + 5.10 days for Tazarine LI, Alnif LI and Tafraoute Sidi Ali LI, respectively, while the PC
group recorded an average duration of 30.67 + 3.63 days. Finally, the untreated mice group (NC) took
42 .33 +24.54 days to completely re-epithelialize the burns. A highly statistically significant difference
was recorded between the different groups of LI1, LI2, LI3, PC, and NC (ANOVA: F=185.53; df=4;
P<0.001).

- Awverage surface and mean percentage of burn contraction

Variations in burning surface and contraction percentage are presented in Figures 2 and 3 below.

300~
-~ NC
- PC

o‘g 2004 -4 AQ-LI1

E ¥ AQ-LI2

©

2 1004 -+ AQ-LI3

0 1 1 1
0 5 10 15 20 25

Treatment days (D)

Figure 2. Evolution of the mean values and standard errors of burn surfaces of AQ-LI1, AQ-LI2, AQ-
LI3, PC, and NC groups. Note: AQ-LI1: L. inermis from Alnif; AQ-LI2: L. inermis from Tafraoute Sidi
Ali; AQ-LI3: L. inermis from Tazarine; PC: positive control; NC: negative control; D: days. Values
expressed as mean + SE to the mean, SE = Standard error; significance threshold at p<0.05 versus
control (n=5).

According to the obtained results, we noticed that burning surface decreased during treatments,
and this surface evolution varied from one group to another. During the first days from D1 to D6
post-burn, which included the healing inflammatory phase, burns of the Tazarine AQ-LI group
recorded the highest reductions in their surface from 240.77 + 2.13 to 126.93 + 2.04 mm?, with a
percentage of contraction of 33.13%, followed by Alnif AQ-LI from 242.63 +2.34 to 164.70 + 2.15 mm?,
with a percentage of contraction equal to 22.77%.
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Figure 3. Evolution of the mean values and standard errors of burn contraction of all groups. Note:
AQ-LI1: L. inermis from Alnif; AQ-LI2: L. inermis from Tafraoute Sidi Ali; AQ-LI3: L. inermis from
Tazarine; PC: positive control; NC: negative control; D: days. Values expressed as mean + SE to the
mean, SE = Standard error; significance threshold at p<0.05 versus control (n=5).

Subsequently, the variety Tafraoute Sidi Ali AQ-LI showed values ranging from 241 + 2.51 to
201.53 +2.27 mm?. However, the lowest reductions burn surface were recorded in NC group, ranging
from 241.33 + 2.86 to 239.73 + 3.07 mm?, with a low percentage of contraction of 14.83%. Statistically,
the percentage of contraction revealed a highly significant effect at the AQ-LI1, AQ-LI2, AQ-LI3, PC,
and NC groups level.

In one hand, starting from day 12, the difference in size between the burns of the groups became
more pronounced, and the groups treated with our formulations maintained significant differences
when compared to PC and NC groups, specifically the Tazarine variety group (AQ-LI3). Thus, all
burns in the AQ-LI1, AQ-LI2 and AQ-LI3 groups have been completely healed after 22 days.

On the other hand, mice treated with Flamazine (PC) healed after only 24 days. The NC group
had the largest average surface area of 163.43 + 2.73 mm? with a contraction percentage of 21.88%,
and the first cases of complete burn healing were observed on the 35 day. The results obtained
(Figure 4) confirm the traditional uses of the leaves of L. inermis species reported by our study. These
results are also in agreement with other studies that have shown that this species is used for the
healing of wounds [28,29] and burns [30].
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Figure 4. Observations of the burns treated with AQ-LI1, AQ-LI2 and AQ-LI3 and controls (TP and
TN, where TP: positive control and TN: negative control) during 30 days. Note: AQ-LI1: L. inermis
from Alnif; AQ-LI2: L. inermis from Tafraoute Sidi Ali; AQ-LI3: L. inermis from Tazarine; PC: positive
control; NC: negative control; D: days. Values expressed as mean + SE to the mean, SE = Standard
error; significance threshold at p<0.05 versus control (n=5).

A research group evaluated the analgesic and anti-inflammatory effects of Lawsone isolated
from Henna leaves (L. inermis) [31]. The results of this study unfolded that the bioactive molecule
Lawsone induced a strong analgesic effect when compared to the positive control with aspirin and
they concluded that Lawsone has analgesic and anti-inflammatory effects, confirming the practical
medical importance of the L. inermis species. This latter is widely used traditionally for its profitability
and safety purposes; however, further studies are necessary to determine the systemic safety of
Lawsone. It should be noted, however, that this is the first time that the healing effect of a galenic
formulation of L. inermis leaf extracts has been studied and compared with silver sulfadiazine (SSD),
the conventional treatment for burns. Silver sulfadiazine (Flamazine) is used against underlying
infections due to its antibacterial activity, but prophylaxis is essential for better wound repair [32]. Its
ease of application is associated with minimal pain and median cutaneous infiltration [33].

Despite these attributes, numerous side effects of SSD have been reported, such as cases of renal
toxicity, which mark its use during long treatment durations and on large wounds [34]. Late cases of
healing and allergic reactions to Flamazine have been reported, limiting its use in certain patients [35]
cited by [36].

To this end, scientists have focused in recent years on studies evaluating the anti-inflammatory
and healing effects of plant extracts. The healing effect of Crocus sativus (commonly known as saffron)
is significantly superior to that of Flamazine [37]. Similarly, the research group conducted a
comparative study of the healing effects of aloe vera and Flamazine, demonstrating that aloe vera
allows for good re-epithelialization of burns compared to Flamazine [36].

The healing effect of our formulated L. inermis was more pronounced during the inflammatory
phase of healing, where wounds from batches AQ-LI1, AQ-LI2 and AQ-LI3 showed very significant
decreases in size when compared to PC and NC batches. This could be explained by its anti-
inflammatory activity. Likewise natural products, healing action of these formulations is due to the
different chemical constituents of their composition. A study revealed that the healing effect of these
natural blends is due to mechanisms such as cell multiplication, activation of collagen synthesis,
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antioxidant power, and antimicrobial and anti-inflammatory effects [38]. In the case of L. inermis, its
richness in bioactive molecules such as fatty acids, triglycerides, saponins, tannins, flavonoids,
polyphenols and others [39,40] has been observed. These compounds contain a hydroxyl function
that allows them to trap free radicals, giving them significant antioxidant power. This may explain
the complete healing of the groups treated with L. inermis formulations in a shorter period than those
treated with NC and PC. Additionally, the abundance of saponins in the extracts of L. inermis leaves
(see biochemical study) could explain the faster healing of burns compared to controls. These results
are consistent with those of Ankita ef al. [41] who evaluated some properties of the Ficus religiosa fruit
and developed a healing ointment, and with their findings concluding the importance of saponins
which are combined with the powder of Ficus benghalensis leaves in stimulating the healing effect as
well as reducing wounds over a period of 18 days. Moreover, the addition of antioxidants to the list
of treatments for burned mice leads to beneficial effects such as a reduction in the impact of wound
damage, and a decrease in the total recovery time compared to other mice treated without the
addition of antioxidants [42].

Indeed, the structure of the epidermis (the upper layers of the skin) is damaged, and the
protective hydrolipidic film of the skin is lost under the effect of the burn. Therefore, the skin does
not act as a barrier, but rather as an entry point for infection and becomes dehydrated [43]. The
protective effect of our formulated treatments on burned skin is directly related to their lipid content.
This has been revealed by El Massoudi et al. who showed that the extracts of L. inermis leaves are
very rich in total lipids [39].

- Variation in weight of mice during treatment

The results shown in Figure 5 illustrate the mice weight variation from each group AQ-LI1, AQ-
LI2, AQ-LI3, NC and PC during treatment.

45-
-~ NC
40+ = PC
@ -4 AQ-LI1
..g, 35= - AQ-L|2
o - AQ-LI3
= Q
30—
25 1 1 || | 1
0 5 10 15 20 25

Treatment days (D)

Figure 5. Variation (mean values and standard errors) in batch mouse weight of studied groups
during treatment. Note: AQ-LI1: L. inermis from Alnif; AQ-LI2: L. inermis from Tafraoute Sidi Ali; AQ-
LI3: L. inermis from Tazarine; PC: positive control; NC: negative control; D: days. Values expressed as
mean * SE to the mean, SE = Standard error; significance threshold at p<0.05 versus control (n=5).

These results (Figure 5) showed that weights decreased during healing for all groups. The most
significant decreases were recorded during the first 12 days. The groups treated with our
formulations lost 6 g, while the NC and PC groups lost 9 g. This difference noted in treated group
with Flamazine may be explained by negative effect of included chemical molecules in this product.

These results also show that just after total healing of burns in groups AQ-LI1, AQ-LI2, and AQ-
LI3 at 22 days, mice were able to return to their initial weight. The analysis of variance related to the
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weight of the mice showed a significant difference between the three groups studied (ANOVA: df =
4; F =2.63; P<0.001).

Weight is among the factors that correlate with wound healing process. Following burn, neuro-
hormonal factors, notably catecholamines, glucocorticoids and humoral mediators such as cytokines
(IL1, IL6, TNF) are generated. This results in a state of hyper catabolism in the patient's body,
characterized mainly by the breakdown of protein and carbohydrate nutritional stores by reducing
insulin secretion and lipid stores requiring increased energy expenditure. These metabolic
consequences are essential to provide the hyperactivated cells with the necessary nutritional elements
(glucose, fatty acids, amino acids) for tissue recovery. The intensity of these processes is related to
the severity of the injury. The results have led to the deduction that L. inermis leaves are an interesting
plant whose leaf extracts could be used in burn treatment. However, pharmacodynamic and
phytochemical studies need to be carried out to establish the mechanism of action of the developed
formulations and recognize the active principles responsible for the healing effect.

4. Conclusion

In conclusion, this study demonstrated that the formulations of L. inermis showed a statistically
significant effect on burn total healing durations and contraction percentage when compared to
control groups (PC and NC). Burns treated with the formulations showed a decrease in burn surface
and a variation in the percentage of contraction, with Tazarine variety (AQ-LI3) showing the most
significant reduction in burn surface area. The traditional uses of L. inermis leaves were confirmed by
the results obtained in the current research study, which is consistent with other studies that have
shown that this species is used for healing wounds and burns.
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