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Introduction

Morocco, country of North Africa, spans from the Mediterranean Sea and Atlantic Ocean. It includes a rich and large nature including mountains areas in the interior body of the kingdom to the Sahara Desert in the south east and the extreme south. This richness of its nature offers a great biodiversity of medicinal and aromatic plants. This biodiversity has opened the field to the development of phytotherapy and aromatherapy in Morocco but also in other countries using these plants.

additionally, this natural richness has contributed to the development of new therapeutic and or preventive strategies with less toxicity.

Mediterranean plants have been used for treatment of several diseases since time immemorial [START_REF] Conway | The Consultation in Phytotherapy E-Book: The Herbal Practitioner's Approach to the Patient[END_REF]. Artemesia herba alba, Nigella sativa, Thymus vulgaris and others were considered as remedies for diabetes mellitus (Eddouks et al., 2002;[START_REF] Kaleem | >Nigella sativa</i> L seeds in diabetic rats[END_REF]. Moreover, different plants were found to have an anti-cancerous activity , such as Olea europae, Salvia officinalis L, Cicer arietinum and Vicia faba that were used for the treatment of lung cancer [START_REF] Alves-Silva | North African Medicinal Plants Traditionally Used in Cancer Therapy[END_REF][START_REF] Chen | Mulberry anthocyanins, cyanidin 3-rutinoside and cyanidin 3-glucoside, exhibited an inhibitory effect on the migration and invasion of a human lung cancer cell line[END_REF][START_REF] Endrini | Anticarcinogenic properties and antioxidant activity of Henna (Lawsonia inermis)[END_REF][START_REF] Marchand | Cancer preventive effects of flavonoids-a review[END_REF].

Among the large list of plants growing in Morocco, Lawsonia inermis L, has drown our attention by its wide spectrum of biological activities. It's a plant widely used in Moroccan traditions especially for cosmetic purpose in all special occasions such as weddings, birth or circumcisions where women get henna on their hair, hands and feet [START_REF] Staats | Ritual, Strategy, or Convention: Social Meanings in the Traditional Women's Baths in Morocco[END_REF].

The origin of this plant is the Babylon region (the Mesopotamia) 3000-1500 before J-C. It was used as a sign of richness in the noble families and especially for the preparation of the bride [START_REF] Aubaile-Sallenave | Les voyages du Henné[END_REF]. Later it was migrated to south Asia especially India and in Egypt where the pharaons used it as a cosmetic agent for dying their feets and hands. The Egyptian Jewish was also using this plant as perfume mixed with oils from other plants.

After the Islam era, the plant was becoming widely used in the Middle East and North Africa. It has several appellations based on the region: in North Africa, it is Henna or Hinna; in India, it is Mehendi; in ancient Egypt, it was pouker, in Hebrew it is kopher, but the common purpose of it usage is its desired dark color used in cosmetic [START_REF] Aubaile-Sallenave | Les voyages du Henné[END_REF]. As previously reported, the responsible compound of the coloring is Lawsone [START_REF] Lee | Hair Dyes Resorcinol and Lawsone Reduce Production of Melanin in Melanoma Cells by Tyrosinase Activity Inhibition and Decreasing Tyrosinase and Microphthalmia-Associated Transcription Factor (MITF) Expression[END_REF]. The concentration of Lawsone in L. inermis L varies from a region to another depending on the conditions of the culture and weather.

Lawsone (Figure 1) is the major compound present in the leaves of L. inermis L responsible for its specific colour used for dying hair, skin and nails [START_REF] Chaudhary | Lawsonia inermis Linnaeus: A Phytopharmacological Review 2, 8. Chemical Composition and Antioxidant Activity of Lawsonia inermis Seed Extracts from Morocco -Issmail Nounah[END_REF]. In addition to the cosmetic use, purified lawsone is also widely used in the coloration of cotton and silk fabric [START_REF] Hasan | Application of Purified Lawsone as Natural Dye on Cotton and Silk Fabric[END_REF]. Phytochemical studies of L. inermis L extract have shown the presence of hundreds of secondary metabolites, of diverse chemical nature, including coumarins, flavonoids, naphthoquinones, quinoids, naphthalene derivatives, triterpenoids, organic acids, xanthones, phenolics, and phenolic glycosides (Ahmed et al., 2000;[START_REF] Badoni Semwal | Lawsonia inermis L. (henna): Ethnobotanical, phytochemical and pharmacological aspects[END_REF][START_REF] Liou | 1,5-Diphenylpent-3-en-1-ynes and methyl naphthalene carboxylates from Lawsonia inermis and their antiinflammatory activity[END_REF][START_REF] Mengoni | SPME-GC-MS analysis of commercial henna samples (Lawsonia inermis L.)[END_REF][START_REF] Singh | Safety and efficacy of hydroalcoholic extract from Lawsonia inermis leaves on lipid profile in alloxan-induced diabetic rats[END_REF]. Among this wide variety of secondary metabolites, several studies focused on naphthoquinone derivatives. This interest stands for the reported anti-microbial effect of Lawone; 2-hydroxy-1,4-naphthoquinone [START_REF] Sauriasari | Cytotoxicity of lawsone and cytoprotective activity of antioxidants in catalase mutant Escherichia coli[END_REF], as well as the leishmanicidal and antiviral agent of Lapachol; 4-hydroxy-3-(3-méthylbut-2-ényl) naphtaléne-1,2dione (ravelo et al., 2003) and finally the antimetastatic melanoma in vitro effect of Plumbagin; 5hydroxy-2-methyl-1,4-naphthoquinone (Alem et al., 2020).

In parallel, its biological activities have been widely described in the literature [START_REF] Badoni Semwal | Lawsonia inermis L. (henna): Ethnobotanical, phytochemical and pharmacological aspects[END_REF][START_REF] Chaudhary | Lawsonia inermis Linnaeus: A Phytopharmacological Review 2, 8. Chemical Composition and Antioxidant Activity of Lawsonia inermis Seed Extracts from Morocco -Issmail Nounah[END_REF][START_REF] Dasgupta | Modulatory effect of Henna leaf (Lawsonia inermis) on drug metabolising phase I and phase II enzymes, antioxidant enzymes, lipid peroxidation and chemically induced skin and forestomach papillomagenesis in mice[END_REF][START_REF] Endrini | Anticarcinogenic properties and antioxidant activity of Henna (Lawsonia inermis)[END_REF][START_REF] Nounah | Chemical Composition and Antioxidant Activity of Lawsonia inermis Seed Extracts from Morocco[END_REF][START_REF] Pour | Lawsonia inermis L. leaves aqueous extract as a natural antioxidant and antibacterial product[END_REF]. Its antioxidant potential has been found to be higher than the Vitamin E and α-tocopherol [START_REF] Endrini | Anticarcinogenic properties and antioxidant activity of Henna (Lawsonia inermis)[END_REF]. The same study showed that L. inermis L extract displayed a cytotoxic effect against liver cancer cell line. Furthermore, this species constitutes a high antibacterial candidate against several pathogens: Staphylococcus aureus, Bacillus cereus, Corynebacterium pseudotuberculosis, Klebsiella pneumonia, Escherichia coli and Salmonella enterica serovar typhi [START_REF] Pour | Lawsonia inermis L. leaves aqueous extract as a natural antioxidant and antibacterial product[END_REF][START_REF] Sauriasari | Cytotoxicity of lawsone and cytoprotective activity of antioxidants in catalase mutant Escherichia coli[END_REF].

The aim of this work is to analyze and quantify lawsone in Moroccan L. inermis L that grows specifically in the south of Morocco and compare its chemical profile with other reported.

Nevertheless, the difficulty in quantifying lawsone is mainly due to the presence of several quinones concurrently in the extract, which leads to an error in estimating the accurate quantity of this compound. Moreover several works had reported this difficulty and tried to estimate the relative error encountered in the quantification of lawsone using LC-UV-VIS [START_REF] Li | Evaluation and correction on quinones' quantification errors: Derived from the coexistence of different quinone species and pH-sensitive feature[END_REF] as an analytical technique or HTPLC [START_REF] Moharana | Comparative Thin-Layer Chromatographic Studies and Development of a High-Performance Thin-Layer Chromatography Method for the Quantification of Lawsone in Natural and Micropropagated Plant Parts of Lawsonia inermis L. JPC[END_REF][START_REF] Patel | Method development for Lawsone estimation in Trichup herbal hair powder by high-performance thin layer chromatography[END_REF]. Another problem in the literature dealt with the quality of the plant after the bleaching operation carried out before use in cosmetics and which can seriously affect the concentration of lawsone [START_REF] Jyotshna | Validated method for quality assessment of henna (Lawsonia inermis L.) leaves after postharvest blanching and its cosmetic application[END_REF].

In this work, a simple and unique specific method is used for the first time to quantify lawsone in Lawsonia inersmis L from four regions renowned to be the leading ones in the production of this plant in Morocco, namely Foum Zguid, Tazarine, Er Rachidia and Zagoura (Figure 2) and to compare them using principal component analysis. The use of tandem mass spectrometry has enabled the development of a specific and sensitive method for the quantification of lawsone in the different samples from the four regions and the correlation of these data with the geographic data that we were able to collect.

Generally, the humidity and temperature as well as the nature of the soil influence the accumulation of secondary metabolites in a plant. In this work, it was demonstrated for the first time that a small change in temperature alone induces a large change in the concentration of lawsone in henna in geographically very close regions.

Material and methods

Chemical and reagents

Analytical grade ethanol and methanol purchased from Sigma Aldrich were used throughout the extraction and analysis process. Lawsone was purchased from Sigma Aldrich Chemical Corp. (Saint-Quentin-Fallavier, France). Ultra-pure watter was obtained with an Elga apparatus.

Plant material and geographical zone of culture

Lawsonia inermis L was kindly provided fresh from certified Moroccan cooperatives: The Tazarine henna was purchased from Ait Matan cooperative, Foum Zguid, Er Rachidia and Zagora samples were purchased from La Batha cooperative. The harvest and drying process were same for all the samples. The choice of geographic areas for growing henna was made based on the popularity of its quality by locals. It is known that these 4 regions are the most producers of the best quality of Henna in Morocco.

Climate data collection

Climate data (temperature and rainfall) were collected from website climate data .org. and distance from ocean was calculated using the web calculator (distance.org -Ressources et information concernant Distance Calculator Resources and Information.). The collected data are showed in table 1 andfigure 3.

Extraction

The henna leaves were freshly harvested, dried and grounded. The ultrasound-assisted extraction was performed at room temperature in an ultrasonic bath device with 46KH3 transducers annealed to the bottom. However, a slight increase of the temperature to reach 37°C was registered due to the ultrasound's frictions. 10 g of dried henna leaves powder were placed in an Erlenmeyer flask (500 mL) and mixed with 100 mL of ethanol and sonicated for 45 minutes. This process was done simultaneously for all the samples to get the same extraction conditions and to avoid the influence of temperature variation. The suspension was recovered and a second extraction was carried out for 45 additional minutes with 100 ml ethanol. Then, the extracts obtained were filtered and evaporated with a rotavapor for 4 hours. Finally, the extracts were lyophilized. The lyophilizate was recovered with mobile phase prior to LC-MS-MS analysis.

HPLC-ESI-QTrap-MS conditions

A Shimadzu gradient LC system (CBM-20A) interfaced to a Qtrap 5500 mass spectrometer equipped with a turboV electrospray source (SCIEX API 5500) was used for LC-ESI-MS/MS analysis. The separation of the compound was carried out on a C18 Phenomenex 100x1mm column with 3 µm particles, 110 Å. The flow rate was 100 µl/min. Henna extract was dissolved in 10/90 (H2O/MethOH). Afterward, 5 µl of sample volume was injected to the HPLC system.

Standard preparation

Standard stock solutions of lawsone were prepared in the mobile phase at the concentration of 1mg/ml, and then several dilutions were done before the analysis: 2.5-5-10-20 µg/mL.

Data Analysis

The analysis was done by extracting the value of area under curve for m/z (175) analyzed in triplicate, then the standard calibration curves were established.

The final content of lawsone was estimated in each sample using the calibration curve equation after validation.

Method validation

The linearity and precision were evaluated by analyzing three samples at each mass concentration.

The precision of the method at each mass concentration was expressed as a coefficient of variation (CV) by calculating the standard deviation of the mean calculated mass concentration.

Statistical analysis:

A one-way analysis of variance (ANOVA) followed by the Tukey post hoc test were used to analyse statistical significance (p < 0.05) using Xlstat software (Addinsoft 2020. XLSTAT statistical and data analysis solution. NEW York, USA). The analysis was carried out at least in triplicate. Principal component analysis (PCA) was performed on lawsone concentration calculated from every individual sample, temperature of the four regions (°C), rainfall parameters (mm) and distance from ocean (km).

Results and discussion

Geographical analysis:

Morocco is characterized by a very marked spatial and temporal variability in precipitation. The northwest is on average more watered than the rest of the Kingdom. Even in this region, the average annual cumulative precipitation varies considerably. For example, it can reach more than 800 mm on the reliefs, while it does not exceed 300 mm on the surrounding plains.

The Moroccan climate is mostly arid. Two exceptions are recorded: the far north where the climate is subhumid, and the Atlas region where the climate is humid. The further we go to the south and south-east of Morocco, the drier the climate is.

This variability in temperature and precipitation is the main source of plant wealth found there. Additionally, we can notice the direct effect that this variability in temperature and humidity can have on the chemical composition, mainly the secondary metabolites of its plant kingdom.

Secondary metabolites are the main source of the pharmaceuticals and additives in all the aromatic and medicinal plants. They also play an important role in the plant defense from biotic and abiotic stress. The biosynthesis of this metabolites is related to the conditions of the growth. Among the influencers on this production there are high temperature, cold, salinity, light, phytohormones [START_REF] Akula | Influence of abiotic stress signals on secondary metabolites in plants[END_REF] The four regions selected for the quantification of lawsone in Lawsonia inermis L, all belong to the central-east region of Morocco (figure 2). Despite this, they all have different mean temperatures and pluviometry; these data were considered to study the influence of the climate on the lawsone content in the different samples.

The climate data for the 4 regions are summarized in Figure 3 andtable 1.

The four regions show very close temperature in the summer season but a very different precipitation during the year. Tazarine is by far the region with the highest precipitation attempting a mean of 70mm in April while Foum Zguid, Er Rachidia and Zagora the mean precipitation value doesn't exceed 20 mm Foum Zguid is the hottest region with a mean value of 35°C (95 °F) in the summer, while Er Rachidia has registered the lowest temperature around 30°C in the summer.

Stability

Before performing the quantitative analyzes in LC-MS-MS, the lawsone stability study was carried out by preparing standard lawsone solutions in an ethanol / water mixture. The solutions were exposed to daylight at room temperature during four days. Meanwhile, daily analysis using the developed method iin HPLC-UV (244nm) indicated that the recoveries of the target peak of lawsone decreased over the time. We noted a decrease in peak area of 25% after 48 hours and 40% after 4 days ( Figure 4). The validation results indicated that the developed method can provide accurate quantification results within 36 hours post-preparation. This stability test allowed us to develop the quantification analysis conditions afterwards with the use of shaded vials and thermostatically controlled autosampler in the HPLC system.

Liquid chromatography optimization

Plant extracts are always very rich in various compounds, including a large number of isomers.

Despite the use of a very specific mass spectrometry method, the development and optimization of a separation method is essential to fill a quantitative analysis.

To optimize the analytical method, we have worked first on HPLC-UV (244 nm) using Lawsone standard solutions, Reverse Phase Chromatography was the preferred mode because of the low polarity of Lawsone.

Initially a column of 50mm was used for the separation, but the shape and retention time of lawsone peak was unsatisfactory (2.5 min), we decided to use a 100 mm column where retention time of lawsone peak was registered at 4.8 minutes.

Following a comparison of the chromatographic efficiency and asymmetry of the lawsone peak, the best compromise between chromatographic resolution, signal intensity, and time of analysis was achieved using a gradient elution composed of MeOH and Water with a gradient slope of 7.8%/min of organic solvent. This program led to narrower peak of Lawsone with higher efficiency than the one that was obtained with a slope of 2.5% (Figure 5).

The gradient elution was set as the following: 0-1min: 70% MeOH and 30% H2O; 1-8 min:100%

MeOH; 8-14 min; 14-15 min: 70% MeOH and 30% H2O and 15-20 min: 70% MeOH and 30% H2O.

Mass spectrometry optimization ions

Due to its high specificity and sensitivity, liquid chromatography coupled to mass spectrometry was used for the quantitative analysis of lawsone using an ESI-QTrap-MS instrument.

To optimize mass spectrometer source parameters, declustering potential, collision energy, and collision cell exit potential (table 1), Lawsone standard solution was injected in the ESI-Qtrap-MS at the concentration of 1. 25 µg/ml.

A simple mass screening, followed by a MS2 analysis was performed to determine different fragments in the positive ionization mode (figure 6).

The multi-reaction monitoring mode (MRM) was also performed and different transition were followed in order to increase the LOD and LOQ.

The signal to noise ratio was calculated experimentally from both chromatogram in MS2 and MRM mode at the lowest concentration from the calibration curve (1. 25 µg/ml), the S/N of the pic at 4. 8 min was found equal to 16 for MS2 and to 23 for MRM (Figure 7).

Calibration curve

The calibration curves were established to quantify lawsone in the four samples of henna leaves harvested from different regions of Morocco.

Three independent calibrators for each concentration level were prepared (1.25-2.5-5-10-25 µg/ml).

The linearity of response of the LC/MS system across the selected concentration range was determined by linear regression analysis in MS2 and MRM modes.

In all cases linear regression analysis of the curves afforded determination coefficients r 2 > 0.96 indicating excellent linearity of the method within the concentration ranges (Supplementary information, graph A). Also, student test on the slope and the origin was validated.

Fisher test on both curves showed a value higher than F0, proving the significance of regression.

Quantification

The LOD and LOQ were determined experimentally using the S/N Ration, we estimated the LOQ to 0. 76 µg/ml in MS2 and 0. 54 µg/ml in MRM.

The calibration curve obtained with the MS2 mode was used for the calculation of the concentration in the four regions. Foum Zguid has shown the highest (0.6%) amount of Lawsone in the extract analyzed (Figure 7). Our results are in accordance with previous study that quantified Lawsone in Henna leaves in Egypt. Six samples were quantified and the range of Lawsone concentration was found between 0.004 and 0.608g/100g of dried material obtained using high performance thin layer chromatography [START_REF] Charoensup | Pharmacognostic Specifications and Lawsone Content of Lawsonia inermis Leaves[END_REF][START_REF] El-Shaer | Determination of lawsone in henna powders by high performance thin layer chromatography[END_REF].

Principal component analysis

The quantitative data were again analyzed using Principal Component Analysis (PCA) with the aim to differentiate the samples from each other and evaluate which variables among temperature precipitation or distance from ocean, influences their location in the 2D space.

The created dataset was composed by 12 observation (4 samples in biological triplicate) and 4 variables (distance from the Ocean, rainfall, mean temperature and content of lawsone). Score Plot obtained is showed in Figure 9, PC1 represents a variability of 70.9% and PC2: 17.04% consequently this PCA shows 87.94% of variability.

As evidenced, samples are separated along first component in two main groups: first group, (in the highest negative values), is composed by samples collected in Errachidia and Tazarine, the second one, (in the highest positive values), by those collected in Zagora and Foum Zguid (Fig. 10 A andB).

In order to evaluate the influence of each variable on the classification of the samples, the loading plot obtained for the same dataset was then studied and results are shown in Fig. 10 C.

As shown, along the highest positive values of PC1 are located the regions with high mean temperature in the space corresponding to the samples collected in Foum Zguid and Zagora that showed. By contrast, the main information able to discriminate samples from Errachidia and Tazarine is due to the variable pluviometry which is located through the direction of the samples.

Quantitative differences in the content of identified lawsone among samples collected in different geographical areas in south east of Morocco was clearly demonstrated and the variable temperature is a critical component that influences the content of lawsone and its concentration in the leaves of Lawsonia inermis L

Conclusion

In this work, the discrimination of lawsone content in Lawsonia inermis L in four regions from South east of Morocco was presented.

A LC-MS/MS targeted quantitative analysis for lawsone estimation on Lawsonia Inermis L samples collected in the different areas. After statistical analyses, important correlation between temperature and lawsone concentration was demonstrated. In particular two regions showed a very high % of lawsone; Foum Zguid and Zagora that were more in the south. In the opposite there was no significant correlation with the precipitation. Samples with very humid climate and high pluviometry showed lower content of Lawsone. 
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Figure 1 :

 1 Figure 1: Lawsone two-dimensional chemical structure and Lawsonia inermis L leaves and powder.

Figure 2 :Figure 3 :Figure 4 :Figure 5 :Figure 7 :Figure 8 :Figure 9 :

 2345789 Figure 2: Map situation of the four South Eastern Moroccan regions where Lawsonia inermis L (Henna) was harvested for this study: Tazzarin, Foum Zguid, Errachidia and Zagora.

Figure 10 :

 10 Figure 10: Loading 2D plot of dataset of 12 observations: 4 samples in biological triplicate and 4 variables (Distance from Ocean, rainfall, mean temperature and quantification of lawsone). In (A) is plotted the variables distribution on the bidimensional plot, in (B) are represented the observations distribution along the two main components F1 and F2 and in (C) is plotted the co-distribution of observations (samples) and variables on the PCA biplot

  

  

Table 2 :

 2 Optimized values of mass spectrometer ionization source parameters in Multi Reaction

		Molecular	Ionisation mode	Parent ion	Product ion
		weight		(ESI)	
	Lawsone	174.15 g/mol		Positive	175	101-77-70
	2-hydroxy-1,4-naphtho-				
	quinone				
	Monitoring mode for the rhree main transitions: 175	101; 175 77; 175 70; where DP:
	Declustering Potential, CE: Collision Energy, CxP: Collision Cell exit Potential

Extract