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Abstract

Anatomical features were highlighted to improve its identification, because although henna has some benefits,
it has a wide spectrum of adverse effects from contact dermatitis to severe angioneurotic oedema and haemolysis.
Serial extractions in petroleum ether, ethyl acetate, ethanol and water were performed on leaves of Lawsonia
inermis and were studied. In these extracts, different chemical families were measured such as polyphenols (Gallic
acid equivalent 71.7-129.6 g/Kg), tannins (Catechin equivalent 31.3-477.9 g/Kg), antocyanins (Cyanidin equivalent
0.75-5.48 mg/Kg) and flavonoids (Quercetin equivalent 16.2-85.6 g/Kg).

This present study reports ABTS/DPPH assay and antimalarial activity. We also checked activity against human
breast cancer cells MCF7.

The best extract with an antioxidant activity (IC,,=6.9 £ 0.1 mg/L) was obtained by ethanol. We found an
antimalarial activity of the petroleum ether extract (27 mg/L) of henna. Henna extracts showed activity against

human breast cancer cells (MCF7) with the ethyl acetate extract (27 mg/L) and petroleum extract (22 mg/L).

Keywords: Lawsonia inermis; Antioxidant activity; Antimalarial
activity; Cytotoxicity MCF7

Introduction

Lawsonia inermis L. (= L. alba Lamk.), belonging to the Lythraceae
family, is a very widespread medicinal plant and natural dye in the
world. This herb which has interesting dyeing properties was used
traditionally for centuries in Asia, in Africa for dyeing hair and painting
skin and nails. Since 1890, it has been widely distributed to Europe and
nowadays available in worldwide market as ingredient in many hair
dyes and hair-care products. Lawsonia. inermis, also called “henna”,
contains many kinds of chemical compounds, such as coumarin,
quinones, flavonoids etc. and has stronger physiological activity. Due
to its natural and harmless characters, the Henna is used as a kind
of natural dye, and is used as a raw material for natural hair dyes. In
addition, Henna can be used as dyes for textile and tattoo material. The
medicinal value of L. inermis is very high and it is used for treatments
of headache, jaundice, leprosy [1]. In addition, Henna was shown as an
unusual cause of children suicide [2].

The phytochemistry of henna was largely studied and revealed
interesting information. Already in 1920 the dye principle was known.
Lawsone, C ;H.O,, the colouring matter contained in henna leaves,
is fixed well by wool, silk and tenaciously by the skin [3]. In 1973,
four fractions with antibacterial activity were isolated by thin-layer
chromatography of the ethanol extract of Lawsonia inermis leaves. 3
of which were identified as gallic acid [149-91-7], lawsone (2-hydroxy-
1,4-naphthoquinone)(I) [83-72-7], and 1,4-naphthoquinone [130-15-
4] [4].

Then in 1976, a coumarin, lacoumarin, was isolated from L. in-
armis. It was then the turn of xanthones; two xanthones isolated from
L. inermis were characterized as 1,3-dihydroxy-6,7-dimethoxyxantho-
ne and 1-hydroxy-3,6-diacetoxy-7-methoxyxanthone and named lax-
anthone I and II, respectively. Another xanthone, named laxanthone
III was identified from chemical and spectral data [5].

Apigenin-7-glucoside, apigenin-4’-glucoside, luteolin-7-glucoside,
and luteolin-3’-glucoside were isolated from leaf extracts of L.
innermis. Its methanol extract yielded [-sitosterol, stigmasterol and
1,2-dihydroxy-4-glucosyloxynaphthalene. The leaves of L. inermis
yielded luteolin, acacetin-7-O-glucoside, glucoside of [-sitosterol
[6]. Two pentacyclic triterpenes isolated from the bark of L. inermis
(henna) were identified as 3[3,30-dihydroxylup-20(29)-ene (hennadiol)
and (20S)-3p,30-dihydroxylupane [6].

In 1992, a sterol, namely lawsaritol, was isolated from the roots
of L. inermis and elucidated as 24f-ethylcholest-4-en-3f3-ol and from
the stem bark of L. inermis 3-methylnonacosan-1-ol [7]. The methanol
extract of the defatted L. inermis seeds has led to the isolation of two
triterpenoids lawnermis acid and its methyl ester [8]. Two pentacyclic
triterpenoids have been isolated from the aerial parts of Lawsonia alba.
The structures of the new constituents, named as lawsonic acid (I) and
lawsonin (II) have been elucidated as 3(-E-ferulyloxy-lup-20(29)-
en-28-oic acid and 3B-E-ferulyloxy-urs-11-en-13B-ol respectively,
through spectroscopic studies [9].

The biological properties of henna were also studied as follows:

Crude ethanol extract of Lawsonia inermis L. produced anti-
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inflammatory, analgesic, molluscicidal, antibacterial and antipyretic
effects. The ethanolic extract of Lawsonia inermis leaves and lawsone
tested for trypsin inhibitory activity showed an IC,  value of 64.87
and 48.6 microg/ml, respectively [10]. Its ethanol leaf extract was
active against a wide range of microbes, such as Staphylococcus,
Streptococcus, Brucella and Salmonella, but was inactive against
Pseudomonas aeruginosa and Candida albicans [4].

Its ethyl acetate extracts exhibit cytotoxic activity [11]. In fact,
Isoplumbagin isolated from the air-dried stem bark of Lawsonia
inermis exhibited cytotoxic activity (against melanoma and colon
cancer cell lines as well as against several of the non-small cell lungs,
colon, CNS and renal cell lines) [12].

As we can see, this plant presents strong potential. That is why
we seek to complement the knowledge of henna with chemical and
biological studies. The aim of our work on Henna was to study to
study its anatomical features, the chemical composition of its extracts
in the chemicals families such as polyphenols, tannins, antocyanins
and flavonoids. The activity of Henna extracts was also evaluated as an
antioxidant and anti-malarial. Finally, the toxicity against cancer cells
of human breast (MCF7) was also studied for these samples.

Materials and Methods
Plant material

Lawsonia inermis L. collected in Morocco during 2009. Voucher
specimens of leaves identified by Professor C. Chatelain and deposited
at the herbarium of the Faculty of Pharmacy in Toulouse.

Preparing slides

Observations are based on microscopic studies of sectioned and
stained material of tissues.

Transverse sections are prepared with a sliding microtome (MSE)
and stained in alun carmine-green combination or Mirande reagent
[13] during 2 to 3 minutes then washed with water. Following staining,
the transverse sections are mounted on glass slides using glycerine
gel. Powder observations were made using Chloral hydrate solution
R [14]. Observations were made with a LEICA Microsystems DMLB
microscope, and pictures were taken with Digital Camera Power Shot
$40 CANON photo-micrographic system. For the description we have
used some help books [15].

Preparation of extracts

Ground leaves from lawsonia (80 g), placed in an open column
chromatography, was first defatted with petroleum ether (0.8 L) at
ambient pressure and temperature. After removal of petroleum ether
under reduced pressure, a dried extract obtained as green residue, with
an extraction yield of 1.12%. Then, the firstly lixiviate oregano powder
was lixiviate with ethyl acetate (0.8 L). After removal of ethyl acetate
under reduced pressure, a dried extract was obtained as white powder,
slightly coloured in yellow, with an extraction yield of 1.23%. Finally,
the last lixiviation was made with ethanol (1.2 L). After removal of
ethanol under reduced pressure, a dried extract obtained as brown
powder with an extraction yield of 15%. For the decoction, 50 g of
henna powder were extracted with boiling water (0.5 L) during 30 min.
After removal of water by lyophilisation, brown powder was obtained
with an extraction yield of 12.2%.

Chemicals

All chemicals used were of analytical reagent grade. All reagents
purchased from Sigma-Aldrich, Fluka (Saint-Quentin France).

Total amount of phenolic compounds

The total phenolic amount of each extract was determined by the
Folin-Ciocalteu method [16]. A diluted solution of each extract (0.5
mL) was mixed with Folin Ciocalteu reagent (0.2 N, 2.5 mL). This
mixture was allowed to stand at room temperature for 5 min and then
sodium carbonate solution (75 g/L in water, 2 mL) was added. After
1 h of incubation, the absorbance was measured at 765 nm against
blank using a Helios spectrophotometer (Unicam, Cambridge, UK). A
standard calibration curve was plotted using gallic acid (0-300 mg/L).
Results were expressed as g of gallic acid equivalents (GAE)/Kg of dry
mass.

Condensed tannin content

Catechins and proanthocyanidins reactive with vanillin were
analyzed by the vanillin method [17]. One milliliter (1 mL) of each
extract solution was mixed in a test tube with 2 mL of vanillin (1% in 7
MH,SO,) in an ice bath. Then the mix was incubated at 25°C. After 15
minutes, the solution absorbance was read at 500 nm. Concentrations
were calculated as g catechin equivalents (CE)/Kg dry mass from a
calibration curve.

Total flavonoids determination

The total flavonoids were estimated according to the Dowd method
as adapted by Arvouet-Grand [18]. A diluted methanolic solution (4
mL) of each extract was mixed with a solution (4 mL) of aluminium
trichloride (AICL) in methanol (2%). The absorbance was read at 415
nm after 15 minutes against a blank sample consisting of a methanol (4
mL) and extract (4 mL) without AICL. Quercetin was used as reference
compound to produce the standard curve, and the results were
expressed as g of quercetin equivalents (QE)/Kg of dry mass.

Determination of total anthocyanin content

Total anthocyanin content was measured with the pH differential
absorbance method, as described by Cheng and Breen [19]. Briefly,
absorbance of the extract was measured at 510 and 700 nm in buffers at
pH 1.0 (hydrochloric acid-potassium chloride, 0.2 M) and 4.5 (acetate
acid-sodium acetate, 1 M). The wavelength reading was performed
after 15 minutes of incubation. Anthocyanin content was calculated
using a molar extinction coefficient (¢) of 29600 (cyanidin-3-glucoside)
and absorbance of A=((A510—Am)pH 1_0—(A510—A700)pH .5)- Results were
expressed as mg cyanidin-3-glucoside equivalent (C3GE) /Kg of dry
mass.

Free radical scavenging activity: DPPH test

Antioxidant scavenging activity was studied using 1,1-diphenyl-2-
picrylhydrazyl free radical (DPPH) as described by Blois [20] with some
modifications; 1.5 mL of various dilutions of the test materials (essential
oil or plant extracts) were mixed with 1.5 mL of a 0.2 mM methanolic
DPPH solution. After an incubation period of 30 minutes at 25°C, the
absorbance at 520 nm, the wavelength of maximum absorbance of
DPPH, were recorded as A . using a Helios spectrophotometer
(Unicam, Cambridge, UK). A blank experiment was also carried out
applying the same procedure to a solution without the test material
and the absorbance was recorded as Ay, .. The free radical-scavenging
activity of each solution was then calculated as percent inhibition
according to the following equation:

A )A

% inhibition=100 (A ;... ~A e

(blank)

Antioxidant activity of essential oil or extracts was expressed as
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IC,, defined as the concentration of the test material required to cause
a 50% decrease in initial DPPH concentration. Ascorbic acid was used
as a standard. All measurements were performed in triplicate.

ABTS radical-scavenging assay

The radical scavenging capacity of the samples for the ABTS
(2,2’-azinobis-3-ethylbenzothiazoline-6-sulphonate) radical cation
was determined as described by Re et al. [21]. ABTS was generated by
mixinga7 mM of ABTSatpH 7.4 (5 mM NaH,PO,,5mM Na,HPO, and
154 mM NaCl) with 2.5 mM potassium persulfate (final concentration)
followed by storage in the dark at room temperature for 16 h before
use. The mixture was diluted with ethanol to give an absorbance of 0.70
+ 0.02 units at 734 nm using a spectrophotometer. For each sample,
diluted methanol solution of the sample (100 pL) was allowed to react
with fresh ABTS solution (900 pL), and then the absorbance was
measured 6 minutes after initial mixing. Ascorbic acid was used as a
standard and the capacity of free radical scavenging was expressed by
IC,, (mg/L) values calculated, denoting the concentration required to
scavenge 50% of ABTS radicals. The capacity of free radical scavenging
IC, was determined using the same previously used equation for the
DPPH method. All measurements were performed in triplicate.

Assays on Plasmodium falciparum in vitro

P. falciparum FcB1-Columbia strain (chloroquine-resistant: IC,
for chloroquine: 186 nM) was cultured continuously according to
Trager and Jensen [22] with modifications described by Benoit et al.
[23]. The IC, value for chloroquine was checked every 2 months, and
we observed no significant variations. The parasites were maintained
in vitro in human red blood cells (O+; EFS; Toulouse, France), diluted
to 4% hematocrit in RPMI 1640 medium (Lonza; Emerainville,
France) supplemented with 25 mM Hepes and 30 mM NaHCO, and
complemented with 7% human AB+ serum (EFS). Parasites cultures
were synchronized by D-sorbitol lysis (5% of D-sorbitol in sterile
water; D-sorbitol) as reported by Lambros and Vanderberg [24]. The
antiplasmodial activities (essential oil, plant extracts) were evaluated
by a radioactive micromethod derived from that of Desjardins et
al. [25] with the modifications reported by Munoz et al. [26]. Tests
were performed in triplicate in 96-well culture plates (TPP) with
cultures mostly at ring stages (synchronisation interval, 16 h) at 0.5-
1% parasitemia (hematocrit, 1.5%). Parasite culture was incubated
with each sample at growing dilution for 48 h. Parasite growth was
estimated by (*H)-hypoxanthine (Perkin-Elmer; Courtaboeuf, France)
incorporation, which was added to the plates 24 h before freezing.
After 48 h incubation, plates were frozen-defrosted and each well was
harvested on a glass fiber filter. Incorporated (*H)-hypoxanthine was
then determined with a betacounter (1450-Microbeta Trilux; Wallac-
Perkin Elmer). IC,, values were determined by linear least square
regression analysis. The control parasite culture, free from any sample,
was referred to as 100% growth. IC, were determined graphically
in concentration versus percent inhibition curves. Chloroquine
diphosphate was used as positive control. The antimalarial activity of
samples was expressed as their 50% inhibitory concentrations (IC,)),
representing the concentration of drug that induced a decrease of 50%
in the parasitaemia compared to the positive control culture referred to
as 100% parasitaemia. The antimalarial activities of plant extracts can
be classified as follow: very active if IC, <5 mg/L, active if IC, between
5 and 50 mg/L, weakly active if IC, between 50 and 100 mg/L and
inactive if IC, >100 mg/L [27]. For each sample, the CAR (cytotoxic/
antimalarial ratio) was calculated. It indicated the specificity of the
antiplasmodial activity.

Evaluation of the cytotoxicity against human breast cancer
cells MCF7

Sample cytotoxicity was studied on MCF7, a human breast cancer
cell line. The cells were cultured in the same conditions as those
used for P. falciparum, except for the 10% human serum, which was
replaced by 10% foetal calf serum (Lonza). For the determination of
cytotoxicity, cells were distributed in 96-well plates at 3x10* cells/well
in 100 pL, and then 100 pL of culture medium containing samples
at various concentrations were added. Cell growth was estimated by
(*H)-hypoxanthine incorporation after 48 h incubation exactly as for
the P. falciparum assay. The (*H)-hypoxanthine incorporation in the
presence of sample was compared with that of control cultures without
sample (positive control being doxorubicin) [28].

Statistical analysis

All data were expressed as means + standard deviations of triplicate
measurements. The confidence limits were set at P<0.05. Standard
deviations (SD) did not exceed 5% for the majority of the values
obtained.

Results and Discussion

Anatomical study of Lawsonia inermis shows the following
elements.

In stem

Lawsonia inermis transverse section, stained with Mirande reagent
shows various characteristic elements from the exterior to the interior.

An epidermis, with striated cuticle, made up of one layer of
isodiametric cellulose thin-walled cells - A Phelloderm made up of a
layer of cellulose thin-walled cells - A Cortical parenchyma made up
of rounded thin-walled cells separated by meatuses and containing
crystals of calcium oxalate. Its internal zone is invaded with laticiferous
surrounded of acicular crystals of calcium oxalate. A pericycle zone
made up of lignified thick-walled fibres clusters with narrow lumen - A
continuous conducting ring made up of secondary phloem composed
of cellulose tabular thin-walled-cells and wood composed of vessels,
often aligned radially, and strongly lignified woody parenchyma.
A PITH made up of polyhedral slightly sclerified thick-walled cells
separated by meatuses, invaded by clusters of crystals of calcium
oxalate (Figures 1-4).

In leaf

Lawsonia inermis (Figures 5 and 6) leaf transverse section, stained
with Mirande reagent shows various characteristic elements from the
superior face to the inferior face.

MIDRIB: An superior epidermis, with striated cuticle, made up of
one layer of isodiametric thin-walled cells- A parenchyma made up
of cellulose rounded thin-walled cells containing by place crystals of
calcium oxalate. An arc shaped with vascular tissue composed with
woody bundle and secondary phloem - An inferior cuticularized with
anomocytic stomata, made up of one layer of cellulose isodiametric
thin-walled cells;

LAMINA: A superior stomatiferous epidermis, with striated cuticle,
made up of one layer of isodiametric (Figure 5), cellulosic thin-
walled cells - An asymmetrical heterogeneous mesophyll made up of
palisade and spongy parenchyma. In the middle, there are secondary
vascular tissues with crystals of calcium oxalate (Figure 6). An inferior
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cuticularized epidermis, with anomocytic stomata, made up of one
layer of cellulose isodiametric thin-walled cells;

Sampling of the inferior epidermis shows anomocytic stomata
(Figure 7).

Chemical composition

As far as we know, this work is the first time that the chemical
composition of aerial part of lawsonia inermis was evaluated (Table
1). Total amount of flavonoids, in henna ethyl acetate extract, was
the higher (85.6 + 3.1 g/kg equivalent Quercetin), while ethyl acetate
extract was the richest on polyphenols (129.6 + 4.1 g/kg eq Gallic acid).
The antocyanins (5.48 + 0.17 mg de Cyaniding/kg) were present in
higher content in ethanol extract. The tannins exist in all extracts with
an amount between 31.3 + 0.8 (decoction) to 477.9 £ 12.9 (ethyl acetate
extract) eq Catechin (g/Kg dry). The chemical composition study of

(x 100)

Figure 1: Stem epidermis: Striated cuticle (SC), Epidermis (E).

(x20)

Figure 2: Vascular bundle: Cortical parenchyma (CP) — Phloem (PH) - Wood
(W).

(x20)

(x 100)

Figure 4: Stem: Crystals of calcium oxalate.

Figure 5: Lamina.

henna extracts allows us to begin to understand its properties, pending
clarifies this work by a structure-activity relationship.

Antioxidant capacity

In our study, the henna antioxidant activity (Table 2) showed
for ethyl acetate extract an IC,; of 29.5 + 0.8 mg/L in DPPH radical
scavenging assay and IC, of 8.6 + 0.2 mg/L in ABTS radical scavenging
assay. The ethanol extract exhibited an IC, of 14.1 £ 0.5 mg/L in DPPH
and with IC, of 6.9 + 0.1 mg/L in ABTS radical scavenging assay.
Petroleum ether extract was the less antioxidant extract. The decoction
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(x 40)

Figure 6: Lamina details: Crystals of calcium oxalate between palisade and
spongy mesophyll.

(x 40)

Figure 7: Sampling of inferior epidermis: Anomocytic stomata. Scale bars: (x
20): 2.3 um, (x 40): 0.5 um, (x 100): 0.07 pm.

Polyphenols Tannins Flavonoids Anthocyanins
Type of extract (eq Gallic (eq (eq (eqc axindin)b
acid)? Catechin)®  Quercetin)? qacy
Ethyl acetate 129.6 +4.1 4779+129 (85.6+3.1 0.75 £ 0.02
Petroleum ether 71.7 + 2.1 3156+11.2 529+1.9 1.98 + 0.06
Ethanol 105.8+4.2 58.1+1.7 33.8+14 5.48+0.17
Decoction 100.2 £ 3.5 31.3+0.8 16.2+0.5 1.86 + 0.05

a: g/Kg dry; ®: mg/Kg dry

Table 1: Chemical composition of Henna extracts.

Type of extract ﬁ:ir(sm Z?E;]y ::():'::(Tn ;75)3 y

Ethyl acetate 8.6+0.2 29.5+0.8

Petroleum ether 738.7+9.6 161.6 +2.3

Ethanol 6.9+0.1 14.1+0.5

Decoction 16.8+0.7 13.0+£0.6

Vit C 1.9+0.1 44+0.2
Table 2: Henna extracts antioxidant activity.

Type of extract I(::)go(:‘);;t)actlwty ﬁ:rzzlzn"::xl)al activity

Petroleum ether 22 27

Ethyl acetate 27 33

Ethanol 34 53

Chloroquine ND 0.031

Doxorubicin 0.218 ND

Table 3: Biological activity of Henna extracts.

was the most antioxidant extract with IC, of 13.0 £ 0.6 mg/L in DPPH
and with IC, of 16.8 + 0.7 mg/L in ABTS radical scavenging assay.
Ethanol extract seems more active than decoction in ABTS radical

scavenging assay, but the decoction was so strong in DPPH radical
scavenging assay. These two forms were used in traditional medicine.

Given its ease of use, this result confirms the traditional use of
“henna” in Morocco, thus highlighting its potential in health.

Cytotoxicity and antimalarial activities

We found an antiplasmodial activity (Table 3) against both
FcB1-Columbia and FcM29-Cameroon strains of P. falciparum of
the petroleum ether extract (27 mg/L) and ethyl extract (33 mg/L) of
Henna. Which places our Henna extracts in the range of plants showing
an interesting activity, knowing that beyond an IC_; of the 35.5 mg/L
antimalarial activity is low. However, this is the first time we tested the
antimalarial activity of Henna.

Henna showed, also for the first time an activity against human
breast cancer cells (MCF7) of the ethyl acetate extract (27 mg/L)
and petroleum extract (22 mg/L). Comparison of the plant extracts
activity with those of chloroquine does not indicate that the bioactive
compounds have a low activity, but were dilute in the whole extracts.

Because of antimalarial, antioxidant and cytotoxic activities of
its extracts, L. Inermis is an interesting natural resource for cosmetic
industry. In conclusion, our study can be considered as a report on
the anatomical features and on antimalarial and antioxidant properties
of extracts prepared from Henna. The present results may explain the
traditional medicinal use of henna in Morocco. It seems interesting to
isolate the molecules responsible for these potentials.
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