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Summary
Introduction: Manner of preparation is an important factor of herbal remedies processing.

Objective: In this study, the effects of boiling on bioactive constituents, radical scavenging ability and in vitro
antidiabetic potential of fresh and boiled (10 and 15 minutes) leaves of Lawsonia inermis were examined.

Methods: The bioactive constituents, total antioxidant ability, radical hunting capacity, inhibition of
a-amylase and glucosidase were determined using standard protocols.

Results: Total phenol and flavonoid content significantly (p<0.05) increased after boiling, while total
antioxidant potential was high in fresh sample. Radical scavenging ability was indistinguishable in fresh
and boiled leaves of L. inermis. Varying concentrations of fresh, boiled L. inermis leaves similarly inhibited
a-amylase and glucosidase between 80 and 100%.

Conclusion: This study has revealed that boiled leaves of L. inermis are rich in antioxidant and boiling
techniques could be harnessed as one of the processing techniques for preparing L. inermis leaves without
noticeable alteration in its therapeutic function.
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INTRODUCTION

In general, plants are primary sources of dietary
biomolecules such as carbohydrate, protein, lipids,
vitamins which are crucial in maintaining adequate
nutrition. Besides their huge nutritional values, they
also contain biologically active secondary meta-
bolites, capable of modulating biological processes
such as apoptosis induction, inhibition of free
radicals, reduction of inflammatory activity in cells
[1,2]. Natural antioxidants are bioactive compounds
effective in treatment and management of various
diseases [3].

Currently, there is increasing interest in the
application of antioxidants from plant sources in
the treatment and management of diseases owing
to tradition and presumptive belief that herbs from
medicinal plants are natural and safe. Antioxidants
act as quenchers of singlet oxygen, scavengers of
free radicals, decompose peroxides and also inhibit
enzyme activities [4].

Bioactive compounds in medicinal plants
exist in various forms in terms of their structural
arrangements and significantly change when used
in different processing and handling conditions
[5]. Medicinal herbs of plant origin are usually
prepared using different processing methods such as
infusion (as drinking teas), maceration, simmering,
decoction, capsules and tinctures. While some
herbal remedies are prepared fresh, several others
commonly require specific preparatory methods
to produce the desired and most effective results
for a particular condition. The diverse processing
approach are often employed in order to improve
the palatability, nutritional content, antioxidant and
reduce its anti-nutritional factors [3, 6].

Lawsonia inermis (L. inermis) is a tall leafy
shrub with red-coloured yield, native to the tropics
and subtropics, mostly Africa, South Asia and
Northern part of Australia [7]. In Nigeria, henna
leaves are commonly used for dyeing hair, nails
and tattoos. Also diverse health benefits including
antidiabetic, antibacterial, antifungal, anti-in-
flammatory, anti-fertility and wound healing
properties of L. inermis have been reported [8].
The outlined health benefits of L. inermis leaves
come from chemical constituents such as lawsone
(2-hydroxynaphthoquinone), betulin, betulinic
acid, mannite, gallic acid, tannic acid, esculetin,
fraxetin, scopoletin, hennadiol, lupeol, lacoumarin,
laxanthone and triterpenes [9, 10].

Conventionally in Nigeria, L. inermis extract
is commonly prepared by squeezing leaves
between palms or boiling. However, there is lack

of information on the effects of boiling on the
antioxidant properties and in vitro antidiabetic
potential of L. inermis leaf. The current comparative
study was designed to investigate the effect of boiling
durations of Lawsonia inermis leaf on antioxidants
properties and in vitro antidiabetic activities.

MATERIAL AND METHODS

Collection and identification of sample

Fresh leaves of L. inermis were harvested from a gar-
den in Igodan Lisa community, Ondo State, Nigeria.
Confirmation and authentication of specimen was
performed at the herbarium unit, Department of
Biological Sciences, Olusegun Agagu University of
Science and Technology, Okitipupa with voucher
number OAUSTECH/H/0679.

Sample preparation

Freshly harvested Lawsonia inermis leaves were
sorted to remove the damaged (characterized with
yellow colour) leaves and then rinsed in running
water. The leaves were further separated into three
different portions and tagged as freshly harvested
(fresh), 10 minutes boiled (10 min.) and 15 minutes
boiled (15 min.). Freshly harvested sample (150 g)
was homogenized immediately in 1 I of distilled
water using mechanical blender, while aliquot
(150 g) of boiled samples were separately boiled (10
and 15 min.) with equal volumes (1 1) of distilled
water in a regulated water heater up to 85°C. After
boiling, samples were separately homogenized,
dispensed in separate labelled beakers and placed
on orbital shaker for extraction for 24 hours.
Thereafter, samples were filtered using double-
folded cheesecloth, and filtrates were concentrated
using rotary evaporator at 50°C. Crude extracts
were stored at 4°C for further studies.

Estimation of total phenolic content

Lawsonia inermis total phenolic content was
estimated by the spectrophotometric method of
Kim [11]. Solution containing 1 ml of L. inermis
extract (1 mg/ml dissolved in distilled water) and
1 ml of Folin-Ciocalteu (1:15) was incubated for
five minutes. Thereafter, 5 ml of Na CO, (7%) and
6.5 ml of distilled water was introduced to the
solution, mixed thoroughly and test-tubes were kept
in the dark for 90 minutes. Absorbance of sample
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mixtures were taken at 750 nm using UV/VIS
spectrophotometer (BOSCH; 752N UV-VIS).
Analysis was repeated thrice and total phenol con-
centration (expressed as mg (GAE)/g extract) was
extrapolated from gallic acid calibration curve.

Total flavonoids content estimation

The assessment of flavonoid contents in extracts
was performed by the method of Park [12]. Briefly,
reaction medium containing 30% methanol (3.4
ml), 0.3 M AICI, x 6H,0 (0.15 ml), 0.5 M NaNO,
(0.15 ml) and 1 ml of L. inermis extract (1 mg/ml
dissolved in distilled water) was prepared in test
tubes and allowed to stand for five minutes. Next, 1
ml of 0.04 mg/dm*NaOH was introduced to mixture,
shaken vigorously and the absorbance (506 nm)
was taken immediately. Analysis was performed in
triplicate and flavonoid content (mg quercetin/g of
extracts) was extrapolated from quercetin standard
graph.

Total antioxidant capacity

The absolute antioxidant capacity analysis followed
phosphomolybdate principle [13]. Exactly 1.0 ml of
the samples (1 mg/ml dissolved in distilled water)
were introduced to reaction medium containing
fraction (one milliliter) of phosphomolybdate rea-
gent (4 mM ammonium molybdate, 28 mM sodium
phosphate and 0.6 M sulphuric acid). Thereafter,
mixtures were incubated for 1 hour 30 minutes in a
water bath (95°C), cooled to room temperature and
absorbance was measuredat 695 nm against reagent
blank, using UV/VIS spectrophotometer, BOSCH;
752N UV-VIS.

DPPH scavenging activity

Extracts scavenging ability on DPPH radical was
analysed following Gyamfi et al. [14] method.
Exactly, 1.0 ml of varying concentrations of extracts
were introduced into test-tubes containing 4 ml
of freshly prepared DPPH. Mixtures were shaken
thoroughly, kept in the dark for 30 minutes followed
by absorbance (520 nm) reading. Concentration of
1 mg/ml of sample used was dissolved in methanol:
DPPH scavenging ability = [(Abs control - Abs
sample)/(Abs control)] x 100.

Reducing power

The method of Oyaizu [15] was adopted for the
estimation of reducing power in the plant extract.

In a test-tube containing 1.0 ml of extract (0.25-
1.0 mg/ml dissolved in distilled water) and 1 ml
of phosphate buffer (pH 6.6) was added 1 ml of
potassium ferricyanide (10 mg/ml) and incubated
for 20 minutes at 50°C. Thereafter, 1 ml of 0.1 g/ml
TCA was introduced to reaction medium and
centrifuged using table top centrifuge for 10
minutes to obtain the supernatant. Later, 0.2 ml
of 0.1% freshly prepared ferric chloride and 1 ml
of distilled water were added to tubes containing
2 ml of fraction of the supernatants and incubated
for few minutes. Reaction mixture containing
ascorbic acid (1 mg/ml dissolved in distilled
water) without extract was used as standard. The
absorbance of mixture was read at 700 nm and
graph of absorbance against extract concentrations
was plotted.

Analysis of ferric reducing antioxidant power (FRAP)

The method of Benzie and Strain [16] was used
for the estimation of ferric reducing antioxidant
power (FRAP) with slight modification. To 0.3 ml
of newly prepared FRAP reagent (0.3 M acetate
buffer pH 3.6, 0.01 M 2,4,6-tripyridylstriazine in
40 mM HCI, and 0.02 M hydrated ferric chloride in
ratio 10:1:1) 0.2 ml of extracts (200 ug/ml dissolved
in distilled water) was added. Reaction mixtures
were incubated for 30 minutes at room tempera-
ture and absorbance (593 nm) was measured
using UV/VIS spectrophotometer (BOSCH; 752N
UV-VIS). Reaction medium without extract but
with standard ascorbic acid (0.2 mg/ml dissolved in
distilled water) was used as a reference. Calibration
curve was designed using FeSO, and values are
expressed as ymol FeSO /g sample.

Lipid peroxidation assay

Extract’s ability to inhibit lipid peroxidation in
vitro was analysed using egg yolk homogenate and
level of lipid peroxide formed was measured [17].
Briefly, portion (0.5 ml) of 10% egg yolk solution
and 500 ul of extracts (0.1-0.5 mg/ml) making
total of 1 ml with distilled water were introduced to
70 mM Iron IT sulphate to initiate radical formation.
After 30 minutes, 1.5 ml of 20% acetic acid (pH
3.5) and 1.5 ml of TBA-SDS solution (containing
0.8% thiobarbituric acid and 1.1% sodium dodecyl
sulphate) was added. Resulting mixture was then
vortexed and boiled in water bath (95°C) for 60
minutes, followed by cooling. Little volume of
butan-1-ol was added to mixture and centrifuged
to separate the peroxide portion. Absorbance (at
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532 nm) of the supernatant was taken and percentage
inhibition was estimated.

Estimation of nitric oxide (NO) scavenging ability

Nitric oxide scavenging ability was determined
by the method of Mondal et al. [18]° The reaction
mixture (2 ml) containing 1.0 ml of sodium nitro-
prusside (10 mM) in phosphate buffer (pH 7.4) and
1.0 ml of varying concentration (0.2-1.0 mg/ml
dissolved in distilled water) of extract were
incubated at 37°C for 150 min. Thereafter, 1.0 ml of
freshly prepared Griess reagent (1% sulfanilic acid,
0.1% naphthylethylene diamine dihydrochloride in
2% H,PO,) was added to the reaction mixture after
incubation. The absorbance of the chromophore
formed was measured at 546 nm UV/VIS spectro-
photometer (BOSCH; 752N UV-VIS) and percen-
tage inhibition was calculated. Reaction mixture
without extract was used as control.

Inhibition percentage of NO = [(Abs control — Abs
sample) / Abs control] x 100

Determination of a-amylase inhibition

The ability of L. inermis extracts to inhibit a-amylase
was carried out according to Worthington method
[19]. Portion (500 wul) of extract (0.1-0.4 mg/ml
prepared with distilled water) and 500 ul of enzyme
solution (0.5 mg/ml a-amylase prepared in 20 mM
sodium phosphate buffer (pH 6.9) containing
6 mM NaCl) were incubated for 10 minutes at
room temperature. Afterwards, 500 ul of 1% starch
solution (prepared with 20 mM phosphate buffer,
pH 6.9, containing 0.006 M of sodium chloride)
was added and incubated in water bath (25°C) for
10 minutes. The reaction of mixtures was stopped
by adding 1.0 ml (96 mM) of dinitrosalicylic acid.
Mixtures in test tubes were then incubated in a
boiling water bath for 5 min and cooled. Absorbance
of samples and reference control (reaction mixture
without sample) was taken at 540 nm and percentage
inhibition was estimated.

a-glucosidase inhibition analysis

Glucosidase inhibition analysis of extracts was
performed by Apostolidis et al. [20] method.
Exactly 500 ul of varied concentration of extract
(0.1-0.4 mg/ml prepared with distilled water) was
premixed with 1000 ul of a-glucosidase solution
(prepared in 0.1 M phosphate buffer with pH 6.9)
and pre-incubated in water bath (25°C) for 10

minutes. Afterward, 500 ul of freshly prepared
phosphate buffered nitrophenyl-glucopyranoside
(5 mM) solution was added. The reaction mixture
was again incubated at 25°C for 5 minutes and
absorbance of reaction taken at 405 nm and inhi-
bition percentage was determined.

Statistical analysis

Analyses of independent experiments were carried
out thrice and results were presented as mean +*
standard deviation. Descriptive estimation (mean,
standard deviations) was performed using SPSS
version 17 followed by analysis of variance (ANOVA).
Mean difference and level of significance (p<0.05)
were evaluated using LSD post-hoc. Graphical
representations were done with Graph pad 5.0 and
IC,, value to determine extract concentration that
causes 50% inhibition of antioxidant activity was
evaluated using Logarithmic regression graph.

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

The results of investigations of bioactive constituents
and antioxidant capacity in, 10- and 15-minutes
boiled samples of freshly prepared extract of L. inermis
leaves is presented in table 1. Boiled leaves of L.
inermis demonstrated high phenol and flavonoid
content compared to freshly harvested sample, while
total antioxidant capacity was the highest in freshly
prepared sample. The high phenolic and flavonoid
content obtained in this study showed similar
trends when compared to previous studies on other
medicinal plants [3, 21]. Possible mechanisms of
the increase in polyphenolic contents during boiling
could be due to disruption of cellular structures such
as polysaccharides and lignin resulting in the release of
compounds with phenolic structures [22]. In addition,
inactivation of polyphenol oxidase enzymes during
cooking process could also result in the increase in
the concentration of polyphenols [23]. High total
antioxidant capacity observed in freshly prepared
sample could presumably be due to intactness of other
antioxidants (such as ascorbic acid, carotenoids and
tocopherol) in the leaf. Recent studies have revealed
the generation of unique compounds with pro-
oxidant activity and diminution bioactive compounds
such as vitamin c, glutathione and other heat labile
antioxidants in boiled of plants samples [24].

DPPH scavenging ability of fresh sample and
boiled sample are shown in figure 1. Both fresh
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Table 1.

Bioactive constituents and antioxidant capacity of fresh and boiled L. inermis leaves

Sample Total phenol [mg GAE/g] Total flavonoid [mg QE/g] TAC [mg AAE/100 g]
Fresh 18.67+0.40° 8.49+1.99° 1.68+0.01*
10 min. 35.38+2.2° 39.21+1.36° 1.59+0.02°
15 min. 49.89+1.83° 21.78+0.96° 1.43+0.01°

Data represent the concentrations of total phenol, total flavonoid content and antioxidant capacity of L. inermis leaves and are presented as mean +
standard deviation (n=3) of independent experiments. Data with different alphabet (a or b) along the same column are significantly (p<0.05) different,
where GAE - gallic acid equivalent, QE - quercetin equivalent, AAE - ascorbic acid equivalent, TAC - total antioxidant capacity

80+

60+

40

% Inhibition of DPPH

20+

Fresh
10 mins
& 15 mins

Lawsonia inermis extracts

Figure 1.

Percentage DPPH radical scavenging ability of L. inermis extracts (fresh, 10 min. and 15 min.). Bars represent mean
+SD of three independent experiments and bars marked with different letters (a, b) are significantly (p<0.05) different

from the group

and boiled samples (15 min.) showed no significant
difference in DPPH radical scavenging ability while
sample that was boiled for 10 minutes was signi-
ficantly reduced compared to fresh and 15 min.
sample. In addition, this study revealed insignificant
increase in DPPH radical scavenging ability in fresh
relative to leave extract of L. inermis that was boiled
for 15 minutes. The increase in DPPH scavenging
ability observed in fresh sample compared to boiled
samples (10 and 15 min.) confirmed scavenging
activities observed in fresh and boiled leaf of
Amaranthus hybridus [25]. Similar trends were
also observed in leaves of Cassia auriculata, Olax
zeylanica, Centella asiatica, Sesbania granadiflora
[21]. Possible reason for slight increase could be
the availability of other bioactive constituents
(such as ascorbate, tocopherol, carotenoids etc.)
that presumable donate hydrogen atoms to DPPH

radical. Hence, high percentage inhibition was
observed in fresh sample [26].

The ability of analyte(s) with FRAP activity and
reducing power connotes that they have electron
donating potential and can reduce oxidized com-
plexes or intermediates. From this study, there
appeared insignificant difference in the FRAP and
reducing ability of fresh and boiled (10 and 15
mins) samples of L. inermis leaves (fig. 2 and 3).
However, ascorbic acid that was used as positive
control demonstrated more pronounced FRAP and
reducing ability compared to extracts.

Corroborating with the study of Muhamad and
Mat Ali, [27] on effects of boiling on Plectranthus
amboinicus leaves, it is interesting to note that
aquathermal treatment (below 15 minutes) of the
leaves of L. inermis does not disrupt electron flow and
donating capacity hence showcasing its antioxidant

Vol. 69 No. 12023



18

AP. Fapetu, ES. Akintimehin, KO. Karigidi, S. Jibayo, FO. Adetuyi

1504
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FRAP (umol Fe(II)/g extract)

9“ .\Q .\Q
< o o

L. inermis extracts and ascorbic acid
Figure 2.

Ferric reducing antioxidant potential of fresh, boiled
L. inermis leaves and standard antioxidant (ascorbic
acid). Bars represent mean +SD of three independent
experiments and bars marked with different letter (a, b or
c) are significantly (p<0.05) different among the groups

potential. Contrary to previous studies that show
linear relationship between phenolic content and
Fe (III) reducing ability, the insignificant difference
observed in boiled sample (10 and 15 minutes)
as compared to fresh sample could indicate that
polyphenols were likely not to be the only bioactive
compounds that boost the overall antioxidant
activity of the plant [28].

The inhibitory effects of Lawsonia inermis leaves
extracts (fresh, 5 and 10 minutes) on nitric oxide
radical and lipid peroxidation are presented in
figures 4 and 5. Varying concentrations of extracts
(both fresh and boiled) demonstrated progressive
inhibition of NO radical and lipid peroxidation in
concentration dependent manner. The IC, values
of nitric oxide obtained for both fresh and boiled
samples were insignificant among the group (tab. 2).
This could suggest that boiling does not affect
nitric oxide inhibitory potential of the extract. The
inhibitory effects that were noticed in this study
could be linked to the availability of enormous
bioactive constituents in the plant [9, 10, 29]. Despite
the fact that nitric oxide is essential for normal signal
transduction in healthy cells and for high oxygen
level, superoxide radicals demonstrated the reaction
with NO to form highly reactive peroxynitrite anion
(ONOO) increasing its toxicity [30]. One of the
consequences of NO toxicity is the oxidation of bio-
molecules, such as lipids, mitochondria DNA, chain
reactions of highly reactive radicals and oxidative
stress.

The IC_, value (0.25+0.05 mg/ml) of sample
that was boiled for 15 mins for lipid peroxidation
inhibition assay significantly increased when com-
pared to it counterparts. This could presumably
suggest poor inhibitory activity, since lower IC,|
value is an indication of a stronger inhibition.
Furthermore, increasing boiling time during
preparation of L. inermis leaves might have altered
important chemical constituents (such as tocopherol
and vitamin C) that has potentials of arresting lipid

2 Fresh

& 10 mins

-4 15 mins

- Ascorbic acid

0.4
g 0.3
(=)
S
©~
®
g 0.21
=
<
&
2
< 0.11
0.0 . .

N N

Concentration of extract/standard (mg/ml)

Figure 3.

Absorbance of reducing abilities against varying concentration of fresh, boiled L. inermis leaves and ascorbic acid.
Experiments were performed trice and values are expressed as mean +SD
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Figure 4.

Inhibitory effects of fresh and boiled leaves of L. inermis on nitric oxide. Lines in graph represent mean +SD of three
independent experiments
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Figure 5.

Graph represents the mean +SD values (n=3) of percentage inhibition of lipid peroxidation against various
concentrations of L. inermis extracts (fresh, 10 and 15 min. of boiling)

Table 2.

The IC, value of nitric oxide, lipid peroxidation, a-amylase and glucosidase of fresh and boiled L. inermis leaves

Sample NO [mg/ml] LPO [mg/ml] a-amylase [pg/ml] a-glucosidase [pg/ml]
Fresh 0.51+0.11* 0.08+0.05* 63.70+3.81* 105.50+£7.51*
10 min. 0.60+0.05* 0.05+0.04* 69.50+0.58° 99.50%2.89*
15 min. 0.58+0.04* 0.2540.05" 67.00£0.00* 106.50+1.73°

Data represent the IC,  value of nitric oxide, lipid peroxidation, a-amylase and glucosidase of fresh and boiled (10 and 15 min.). L. inermis leaves and
are presented as mean + standard deviation. Data with marked different letters (a or b) in the same column are significantly (p<0.05) different, where:
NO - nitric oxide, LPO - lipid peroxidation
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peroxides. The poor inhibition was observed when
sample was boiled for 15 minutes [24]. Peroxidation
of lipids due to cumulative effect of reactive oxygen
species frequently result in loss of cell membranes
integrity, alterations in fluidity and permeability
functions as well as loss of ion transport, causing
inhibition of metabolic processes [30].

Figure 6 and 7 illustrate the percentage of inhi-
bition of a-amylase and glucosidase by extracts
(fresh and boiled) of L. inermis leaves, respectively.
Varying concentrations of both the fresh and the

100+

boiled (10 and 15 minutes) leaves of L. inermis
strongly inhibited carbohydrate-linked digestive
enzymes in similar patterns. While the IC, values of
amylase obtained for the extracts were insignificant
among the groups, sample that was boiled for 15
minutes demonstrated significant (p<0.05) in-
crease with IC, value of 106.50+1.73 ug/ml for
a-glucosidase. Despite the slight increase observed
in the IC,  of sample that was boiled for 15 minutes,
all the samples inhibited glucosidase over 50%. The
inhibitory potential higher than 50% observed in

801
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% Inhibition of alpha amylase
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Concentration of extract (mg/ml)

Figure 6.

Inibitory potential of fresh and boiled leaves of L. inermis on a-amylase activity. Lines in graph represent mean +SD

of three independent experiments

1007

801

601

404

% Inhibition of alpha glucosidase

-+ Fresh
-+ 10 mins
-+ 15 mins

N oY

N o™

Concentration of extract (mg/ml)

Figure 7.

Inibitory effects of fresh and boiled leaves of L. inermis on a-glucosidase activity. Lines in graph represent mean +SD

of three independent experiments
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this study corroborated with previous studies [10].
Similar trend observed in fresh and boiled sample
of L. inermis leaves could suggest that boiling or
airdrying herbal processing does not cause noti-
ceable alteration in inhibiting both amylase and glu-
cosidase activities. Plants contain several bioactive
compounds that are rich in polyphenols, which can
inhibit enzyme activity [31].

CONCLUSION

The study demonstrates that the leaves of L. inermis
are rich in bioactive constituents and have the
potential to mitigate reactive radicals. Interestingly,
boiling L. inermis leaves up to 15 minutes enhances
total phenol and flavonoid content. Both freshly
prepared and boiled L. inermis leaves similarly
retained the potential radical scavenging ability
of the plant. It is noteworthy that boiling does not
disrupt one of the possible antidiabetic mechanisms
of the plant. However, further study is necessary to
assess probable toxicity that might arise following
the administration of the freshly prepared L. inermis
leaves.

Conflict of interest: Authors declare no conflicts of
interest.
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