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Abstract

The protein glycation inhibitory activity of ethanolic extract of Lawsonia inermis (henna) plant tissues was evaluated n vitro
using the model system of bovine serum albumin and glucose. Protein oxidation and glycation are posttranslational
modifications that are implicated in the pathological development of many age-related disease processes. This study
investigated the effects of Lawsonia inermis ethanolic extract and its components, on protein damage induced by a free radical
generator in iz vitro assay system. We found that alcoholic extract of Lawsonia inermis can effectively protect against protein
damage and showed that its action is mainly due to Lawsone. In addition, the presence of gallic acid also plays an important
role in the protective activity against protein oxidation and glycation. Two known compounds, namely, LLawsone and gallic
acid previously isolated from this plant were subjected to glycation bioassay for the first time. It was found that the alcoholic
extract, lawsone (1) and gallic acid (2) showed significant inhibition of Advanced Glycated End Products (AGEs) formation
and exhibit 77.95%, 79.10% and 66.98% inhibition at a concentration of 1500 wg/mL, 1000 pg/mL and 1000 pM
respectively. Lawsonia inermis, compounds 1 and 2 were found to be glycation inhibitors with ICso 82.06 = 0.13 pg/mL,
67.42 £ 1.46 wM and 401.7 £ 6. 23 puM respectively. This is the first report on the glycation activity of these compounds and
alcoholic extract of Lawsonia inermis.
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temperate region as a hedge plant. In the West and
the Middle East, the leaves are utilized locally for
cosmetic purposes [3]. It highlights hair especially as
tint for hands, feet and nails [4-6] and is also
employed as a deodorant. It is an excellent condition-

Introduction

The accumulation of the reaction products of protein
glycation (nonenzymatic reaction of proteins with
glucose and other reducing sugars) in living organisms

leads to structural and functional modifications of
tissue proteins. Many studies have shown a significant
role for glycation in the progress of normal ageing and
the pathogenesis of age-related diseases, such as
diabetes, atherosclerosis, end-stage renal disease,
rheumatoid arthritis, and neurodegenerative diseases
[1]. The present study was undertaken to find out the
glycation inhibitory activity of the alcoholic suspen-
sion of Lawsonia Inermis and its constituents.
Lawsonia inermis is a shrub of Asian origin,
indigenous to Egypt, Arabia and India [2]. It is
cultivated in many tropical countries and warm

ing agent.and used as an ingredient in shampoos, hair
dyes, conditioners and rinses. The dye is also used to
stain leather and hides in various dye industries for
commercial use.

Medicinally, L. inermis is used as an astringent,
antihemorrhagic, intestinal antineoplastic, cardio-
inhibitor, hypotensive, sedative, anti-inflammatory
and antioxidant [7,8]. It has also been used as a folk
remedy against amoebiasis, soothe fevers, headache,
jaundice, hysteria, nervous disorder and leprosy [4,9—
12]. Henna extracts show antibacterial, antifungal and
ultraviolet light screening activity. It has exhibited
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antifertility activity in animals and may induce
menstruation. In Malaysia, the leaf decoction is used
after child birth and for beri-beri, rheumatism, skin
disorders, stomach disorders and venereal disease
[10]. Some of the tribals are using this plant leaves in a
lower concentration for body pain, skin infections to
reduce the lesions after bee sting, allergy, infections,
inflammations [13]. L. inermis leaves are used as a
remedy in skin diseases in the form of paste or
decoction against boils burns, bruises and skin
inflammation. Leaves in the form of paste are used
as external application in head ache and rubbed over
the soles of the burning feet. Decoction of the leaves is
used as gargle in sore throat [14]. Crude extract of
L. inermis (Linn) leaves shows dose dependent
analgesic, antipyretic effect in rats [15]. Leaves are
also useful to bring down the severity of many medical
problems like dysentery, diseases of the spleen,
lumbago, bronchitis and syphilitic eye infection
[16,17]. Lawsonia shows anticancer against sarcoma
180 in mice and walker 256 carcinosarcoma.

A number of components such as lawsone [18],
xanthones [19,20], isoplumbagin, phenolic glycosides,
coumarins, gallic acid [21], xanthones, quinoids,
organo-chlorine compounds, B-sitosterol glucosides,
flavonoids including luteolin and its 7-O-glycosides,
fats, resinm, henna-tanin. and triterpenoids [22,23]
have been isolated from various parts of the plant.
The leaf was found to contain thirty-six components,
which constituted 80.4% of the oil, were identified.
The major components were ethyl hexadecanoate
(24.4%), (E)-methyl cinnamate (11.4%), isocaryo-
phyllene (8.1%), (E)-B-ionone (5.8%) and methyl
linolenate (4.1%). The flower oil was found to contain
among other secondary metabolites, (Z)-2-hexenol,
linalool and B-ionone [24]. The commercial essential
oil comprised of mainly a-terpineol, terpinolene, 8-3-
carene and y-terpineol [25]. Lawsonia leaves contains a
coloring compound 2-OH-1, 4 naphthaquinone (Law-
sone) 1 in higher concentration [26] which has proved
to have analgesic, genotoxicity [27], anti inflammatory
and antipyretic effects in rat models [16] and also some
inhibitory effect against Proteus and Staphylococcus
aureus [28]. Gallic acid slightly inhibits Streprococcus
aureus. It contributes to significant inhibition of colon,
esophageal, liver, lung, tongue and skin cancers. Based
on these observations, compounds 1, 2 and alcoholic
extract of the aerial parts of Lawsonia inermis were
screened to determine the possible antiglycation
activities.

Materials and methods
General experimental procedures

The mass spectra were recorded on a Jeol HX-110
instrument. The 'H and '>C NMR spectra were
recorded in CDCIl; at 500, 400 and 125, 75 MHz,

respectively, on a Bruker AM-500, 400 NMR
spectrometer. The UV and IR spectra were recorded
on Shimadzu UV-240 and JASCO A-320 spectropho-
tometers, respectively. Optical rotations were
measured on a polatronic D Polarimeter. The purity
of the compounds was checked on TLC (Si-gel,
Merck PFjs4, 0.25mm thickness). Melting points
were determined in glass capillary tubes using a Buchi
535 and a Gallenkamp 30/MF-370 melting point
apparatus. Bovine serum albumin (BSA) was pur-
chased from Research Organics Cleveland, while
others chemicals {glucose anhydrous, trichloroacetic
acid sodium azide, dimethyl sulfoxide, sodium
dihydrogen phosphate, sodium chloride, disodium
hydrogen phosphate, potassium chloride, potassium
dihydrogen phosphate, and sodium hydroxide} were
purchased from Sigma Aldrich. Sodium phosphate
buffer (pH 7.4), was prepared by mixing Na,HPO,
and NaH,PO, (67mM) containing sodium azide
(3mM), phosphate buffer saline (PBS) pH 10 was
prepared by mixing NaCl (137 mM) + Na,HPO,
(8.1 mM) + KClI (2.68 mM) + KH,PO, (1.47 mM).
pH 10 was adjusted with NaOH (0.25 mM), while
BSA (10 mg/mL) and anhydrous glucoses (50 mg/mL)
solutions were prepared in sodium phosphate buffer.

Plant material

L. inermis leaves were collected in summer (April and
May) locally and identified by a taxonomist, Mr. Abid
Askari, PSO at the Botany Section of PCSIR
Laboratories Complex, Karachi. After the species
identification was done, Coimbatore were allowed to
dry in open air in the shaded area for few weeks. Air
dried L. inermis leaves were powdered mechanically. At
first the dried leaf powder was tested for the presence
of contamination before and after autoclaving.

Extraction and isolation

Air-dried powdered aerial parts of L. inermis (20kg
dry weight) were extracted with EtOH (100L). The
EtOH extract was concentrated to a gum (822 gm),
dissolved in distd. water and extracted thoroughly
with pet. ether (45L). The pet. ether soluble portion
was evaporated under reduced pressure to yield a gum
(66.92 gm).

The remaining aqueous layer was acidified with
acetic acid to pH 3, and then extracted with CHCls.
The remaining aqueous acidic layer was made alkaline
with NH,OH to pH 12 and extracted with CHCl;
(40 L). The CHCIlj soluble portion was dried as a crude
mixture (74.96 gm), which was chromatographed on a
si-gel column (Merck, 70—230 mesh, 2015.01 gm).
Elution of this column with 96% CHCI3;-MeOH (15 L)
yielded an impure mixture (11.02 gm, Fr.20-26, each
fraction 500 ml each) containing compounds 1 and 2.
This mixture was chromatographed on a SiO, gel
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column (2.5cm X 70cm, Merck, 70-230 mesh,
322.11 gm) which was first eluted with CHCls. and
then with 5:95 MeOH: CHClIs. Fractions from 55-90
(500ml each), 3.96 gm obtained with 5:95 MeOH:
CHCI; (3 L) were again subjected to CC over silica gel
(70-230 mesh size, 99.24gm). The column
(1.5cm X 50cm) was initially eluted with CHCls-
MeOH (96:4, 9 L) to afford eighteen fractions. These
were combined and further purified by repeated TLC
plates (Merck, PF 254, 0.5 mm) using CHCIl;: MeOH
(92:8) to afford 1 (18.13 mg, 9.0 X 10 >% yield with
Ry = 0.32). Fractions 90-96 obtained on elution with
80:20, 3.5L, CHCI5-MeOH contain 2, which was
purified by preparative tlc plates using 85:15 CHCl;-
MeOH (20mg, 1.0 X 10~ %% yield with Rf = 0.47).

Lawsone (1): Yellow crystals, M. P. 191-193°C,
EIMS: m/z 174.15, UV/vis (MeOH), IR (CHCIl5), 'H
NMR (500 MHz, CDCl5): 8 >C NMR (125 MHz,
CD50D) é&: [29-33].

Gallic acid (2): White powder, EIMS: m/z 170.12,
UV/vis (MeOH), IR (CHCIl5), '"H NMR (500 MHz,
CDCls): 8: >CNMR (125 MHz, CD50D) 8 [29-33].

In vitro glycation inhibition assay

Sample preparation. Samples were prepared in DMSO
for plant extracts (1 mg /mL), for pure compounds
(2mM).

Non-enzymatic glycation of protein. According to the
method of Vinson and Howard, bovine serum albumin
(BSA) (10mg/ml) in 40 pL. phosphate buffer, the

reaction mixture was mixed with an aqueous solution
of test sample. Six concentrations were prepared for
Lawsonia inermis alcoholic extract, its components
lawsone and gallic acid. After incubating at 37°C for
two weeks, the fluorescent reaction products were
assayed on a fluoresence spectrophotometer with an
excitation wavelength of 370nm and an emission
wavelength of 340nm. The data were expressed in
terms of percentage inhibition, calculated from a
control measurement of the flouresence intensity of
the reaction mixture with no test sample.

Methodology. In 96-well plate assays, each well contain
60 pLL reaction mixtures (20 pL.. BSA (10 mg/mL +
20 pLL of glucose anhydrous (50 mg/mL.) + 20 pL test
sample) [34]. Glycated control contain 20 pL
BSA + 20 pLL glucose + 20 wLL sodium phosphate
buffer (pH 7.4, 67 mM), while blank control contains
20 BSA and 40 pL sodium phosphate buffer.
Reaction mixture was incubated at 37°C for 7-days
[35]. After incubation, 6 pLL (100%) of TCA was added
in each well and centrifuged (15,000 rpm) for 4 minutes
at 4°C [36]. After centrifugation, the pellets were
rewashed with 60uL (10%) of TCA [36].
The supernatant containing glucose, inhibitor and
interfering substance was removed and pellet contains
AGE-BSA were dissolved in 60l PBS [28].
Assessment of fluorescence spectrum (ex. 370 nm),
and change in fluorescence intensity (ex. 370 nm to em.
440nm) based on AGEs were monitored by using a
spectrofluorimeter (RF-1500, Shimadzu, Japan) [1]. %

Table I. In vitro quantitative inhibition of glycation by compounds 1, 2 and an alcoholic extract of Lawsonia inermis.
CONCENTRATION
FLURECENCE (uM/ml)
COMPOUND NAME (FU) % INHIBITION (ug/mi) 1C5y VALUE
Lawsonia inermis alcoholic extract 195 FU 77.95 1500 pg 82.06 = 0.13
226 FU 74.28 1000 pg
288 FU 67.32 500 g
296 FU 66.62 250 ng
328 FU 62.62 100 pg
611 FU 36.67 31.25pg
Gallic acid (2) 338 FU 66.98 1000 pM 401.7 £ 6.23
383 FU 58.83 500 pM
535 FU 36.51 250 pM
625 FU 34.88 100 pM
629 FU 30.62 62.5 uM
681 FU 26.87 31.25pM
176 FU 79.1 1000 pM
Lawsone (1) 228 FU 72.9 500 pM 67.42 = 1.46
213 FU 74.7 250 pM
236 FU 72 100 pM
530 FU 37.25 50 pM
594 FU 29.6 31.25uM
STANDARD (1 mM/mL)
RUTIN 127 FU 85.80% 100 pM 41.9 = 2.3 M
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Inhibition was calculated through the following formula.

% Inhibition = [1 — (Fluorescence of sample/

Fluorescence of glycated)] X 100

Results and discussion

In this study we tested Lawsonia inermis plant tissue and
its two constituents Lawsone (1) and gallic acid (2) for
their inhibitory activity on protein glycation. LLawsone
(1) was isolated as a yellow crystalline compound from
the alcoholic extract of leaves of Lawsonia inermis by
column and thin layer chromatography. Compound 1
(C10HgO3) was identified by comparison of its data
with those reported earlier [20]. 'H-NMR and
3C-NMR of compound 1 were the same as reported
previously [29-33]. Compound 2(C;HgOs5) was
isolated as white powder from alcoholic extract of the
same plant. It was identified by comparison of its data
with those reported earlier, which was originally
isolated from Onosma hispidum. The structures were
established by spectroscopic studies [29-33,37-46].
Table I shows the effect of Lawsonia inermis extract and
its components on Advance Glycated ends Product
(AGEs) formation after incubation for 2 weeks.
L. inermis alcoholic extract inhibited the reaction
77.95%, 74.28%, 67.32%, 66.62%, 62.62% and
36.67%, significantly at concentrations of 1500,
1000, 500, 250, 100 and 31.25 pg/mL respectively
and sustained dose dependency. Its IC5, value was
82.06 = 0.13 pg/mL (Figure 1).

Compound 1 inhibited the reaction 79.1%, 72.9%,
74.7%, 72.0%, 37.25% and 29.6%, (Figure 3)
significantly at concentrations of 1000, 500, 250,
100, 50 and 31.25 pM/ml respectively and sustained
dose dependency. Its ICs5y, value was 67.42 =
1.46 uM. Compound 2 inhibited the reaction
66.98%, 58.83%, 36.51%, 34.88%, 30.62% and
26.87%, significantly at concentrations of 1000, 500,
250, 100, 62.5 and 31.25pM/ml respectively
(Figure 2) and sustained dose dependency. Its 1Cs,
value was 401.7 = 6.23 uM.

The most active compound was lawsone. Its 1Cs,
value was 67.42 = 1.46 .M. and approched that

100 ~
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40
30 1
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% inhibition

31.25 100 250 500 1000 1500
Concentration (ug/mL)

Figure 1. Glycation inhibition activity of Lawsonia inermis.
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Figure 2. Glycation inhibition activity of gallic acid.
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Figure 3. Glycation inhibition activity of 2-hydroxy-1,4-
naphthoquinone.

of Rutin at 41.9 = 2.3 uM. L. inermis (leaves) was the
second most bioactive extract followed by gallic acid.
The 1C5( values of these were above 67 WM.
Lawsonia inermis, compound 1 and 2 exhibited iz vitro
glycation activity with ICsq 82.06 = 0.13 puM,
67.42 £ 1.46 pM and 401.7 £ 6. 23 pM respectively.
Runn (ICsq9 41.9 £ 2.3 M) was used as a positive
control [1]. The antioxidant activities of Lawsonia
wermis and compounds 1 and 2 were earlier reported
through pharmacological methods. The glycation
inhibitory activity was significantly correlated with the
antioxidative potency of the extracts. There is growing
interest in natural products with combined anti-
glycation and antioxidant properties as they may have
reduced toxicity. The positive glycation inhibitory and
antioxidant activity of this plant might suggest a possible
role in targeting ageing and diabetic complications.
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