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The Inhibitory Effect of Some Algerian Plants Phenolics Extracts on the
o - Glucosidase and a - Amylase Activities and Their Antioxidant Activities
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Abstract: The aim of this study consisted in extracting and quantifying phenolic and flavonoids compounds of five
selected Algerian plants. The second step was devoted to studying the effects of phenolic compounds on the kinetics
catalyzed by two enzymes belonging to the class of hydrolase (the o - amylase and the o - glucosidase) responsible for the
digestion of sugars. Finally, we assessed the potential antiradical of our extracts.

The results indicate that the phenolic extracts from these plants have inhibitory effects on both enzymes, with K; values in
pg/ml range (18.19-72.14 pg / ml) for the a - amylase and (52.26 - 203.90 pg / ml) for a — glucosidase. The antioxidant
activity test shows that our phenolic extracts exhibit good antioxidant capacity comparatively to antioxidants taken as ref-
erence with ICsy values which vary from 0.044 pg / ml to 0.452 pg / ml. This work contributes to understanding the role
of natural polyphenols in the regulation of oxidative stress and normalization of glycemic disorders.
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1. INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolisc disorder
caused by an absolute or relative lack of resistance to insulin.
It is characterized by hyperglycemia and accompanied by
various chronic vascular complications [1-3]. About 171
millions people worldwide have diabetes, which is likely to
be more than double by 2030 and around 3.2 million deaths
every year are attributable to complication of diabetes; six
deaths every minute [4, 5].

The best way to control postprandial plasma glucose
level is with a medication in combination with dietary
restriction and an exercise programme [6]. One of the
therapeutic approaches for the decreasing of postprantal hy-
perglycemia is to retard absorption of glucose by the inhibi-
tion of carbohydrate — hydrolysing enzymes, for example
amylase and glucosidase, in the digestive organs [6-8].

For this reason, postprandial hyperglycemia may be
treated by amylase glucosidae inhibitors, for example, acar-
bose, voglibose and miglitol which are widely used but also
reported to cause various side-effects [1, 8]. Therefore, safer
natural amylase and glucosidase inhibitors have been repor-
ted from plant sources [1, 9-12].

Polyphenols are known to inhibit the activity of digestive
enzymes such as amylase, glucosidase, pepsin, trypsin and
lipases. Synergy between phenolics may play a role in medi-
ating amylase inhibition and therefore have the potential to
contribute to the management of diabetes mellitus [13, 14].

Polyphenols, flavonoids in particular, may act as inhibi-
tors of amylase and glucosidase (similar to acarbose, miglitol
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and voglibose) leading to a decrease in post — prandial hy-
perglycemia [15, 16]. It was suggested that increased reac-
tive oxygen species levels are an important trigger for insulin
resistance in numerous settings, and antioxidant therapy
might be a useful strategy in prevention of DM [17-20].

Our study is in keeping with the general pattern of bring-
ing our contribution to the development of the vegetable
kingdom in the region of Laghouat as a source of natural
bioactive substances. In this context, we are interested in five
local plants; the choice of these plants is based on the fact
that these latter are not known among herbalists in the treat-
ment of diabetes, due to their use at a very small scale, and
because no study has been so far undertaken for the devel-
opment of these plants.

Therefore, in search of new natural inhibitors of amylase
and glucosidase, the present work aims at studying the effect
of phenolics extracts of the five selected plants have on the
reaction of kinetics catalyzed by enzymes belonging to the
class of hydrolases such as o - amylase and a — glucosidase,
using an in vitro spectrophometric model, and to evaluate the
antioxidant activity of these phenolic extracts in order to
discover a relationship between the antioxidant and inhibi-
tors activities.

2. MATERIALS AND METHODS

2.1. Materials

Five plants were evaluated in this study, namely
Agatophora alopecuroide (Chenopodiaceae), Genista cor-
sica (Fabaceae), Hammada elegans (Chenopodiaceae), Heli-
anthemum kahiricum (Cistaceae), Salsola baryosma (Che-
nopodiaceae). The plants were collected from «Sidi — Mak-
hlouf » town, situated 40 Km North of the town of Laghouat
in the steppe region of Algeria, in October 2008, March
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2009, and October 2009, and were kept in dark at room tem-
perature. The plants were identified with the contribution of
the members of the laboratory of Fundamental Sciences,
University of Laghouat and a voucher specimen of each
plant was kept in the laboratory. All chemicals were purcha-
sed from Sigma (USA), Aldrich (Milwaukee, USA) and Flu-
ka Chemie (Buchs, Switzerland). All the solvents used were
of analytical grade.

2.2. Extraction of Phenolic Compounds

The air-dried aerial parts of each plant were finely pow-
dered. Five grams of each powder were extracted for 24 h
with 100 mL of 80/20 (v/v) hydro - alcoholic solvent (metha-
nol/water) at room temperature.

The extract was filtered, then the residue was extracted
for the second time with 100 ml of the same hydrau-
alcoholic solvent for 24 h at room temperature. After rem-
oval of methanol under reduced pressure in a rotary evapora-
tor at 40 °C, the remaining aqueous solution of the extraction
was defatted twice with petroleum ether to remove lipids.
Then, the aqueous fraction was extracted firstly with di-
chlomethan and secondly with ethyl acetate. The organic
fractions were dried with anhydrous sodium sulphate, and
then evaporated to dryness using a rotary evaporator. The
dried residue was dissolved in 10 mL of methanol and kept
at4°C.

2.3. Determination of Total Phenolics Compound

The amount of total phenolics in the samples was deter-
mined with the Folin-Ciocalteu reagent using the method of
Singleton and Ross (1965) [21]. The procedure is as follows:
100 pL of each sample was added to 500 pL of the aqueous
solution of Folin-Ciocalteu reagent at 10%. After 2 min in-
cubation at room temperature, 2 mL of 2% (w/v) sodium
carbonate in water were added. Blanks were prepared by
replacing the reagent by water to correct for interfering com-
pound. After 30 min of incubation in the dark at room tem-
perature, the absorbance of all samples was measured at 760
nm using the Shimadzu 1601 visible spectrophotometer. The
gallic acid was used as a standard and all the assays were
carried out at least in triplicate.

2.4. Quantification of Flavonoids Content

The flavonoids content in the extracts was determined
spectrophotometrically according to Lamaison and Carnat
(1991) [22], using a method based on the formation of the
complex flavonoids-aluminium, having an absorption maxi-
mum at 409 nm. Rutin was used for the calibration curve.
ImL of diluted sample was mixed with ImL of 2% alumi-
num chloride methanolic solution. After incubation at room
temperature for 20 min, the absorbance of the reaction mix-
ture was measured at 409 nm with a Shimadzu 1601 visible
spectrophotometer and the flavonoids content is expressed in
mg per g rutin equivalent (RE) of dry weight material.

2.5. Evaluation of Antioxidant Activity (DPPH Assay)

The free radical scavenging capacity of the phenolics
extracts of our plants was determined using DPPH test.
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Radical scavenging activity of plant extracts against stable
DPPH (2-diphenyl-2-picrylhydrazyl hydrate) was deter-
mined spectrophotometrically according to the method of
Brand Williams ef al. [23], by the slightly modification as
described below.

The solution of DPPH in methanol (250 pM) was pre-
pared daily before measurements. Various concentrations of
100 pL of sample solution diluted in methanol were added to
ImL of the DPPH radical solution. The mixture was then
shaken vigorously and allowed to stand at room temperature
in the dark for 30 min. The decrease in absorption was mea-
sured at 517 nm using the same spectrophotometer. Absorp-
tion of a blank sample containing the same amount of me-
thanol and DPPH' solution was prepared and measured daily.

% Scavenging of the DPPH free radical was measured
using the following equation:

% DPPH radical-scavenging = [(Ag — As) / Ag] x 100,
and the antioxidant activity of the extract was expressed as
an ICsy value defined as the concentration (in mM) of the
extract that inhibited the formation of DPPH radicals by
50%. The DPPH radical scavenging activity obtained for
each plant extract was compared with that of Trolox, vitamin
C and BHA.

Ay : Absorbance of control

A : Absorbance of test Sample

2.6. Assay for Fungal o - Amylase Inhibitory Activity

The fungal o - amylase inhibitory activity was determined
according to a literature method [24], on its substrate starch
using neocuproine as a reagent. The method is based on the
reducing power of the maltose product that reacts with a ba-
sic solution of glycine - copper (A solution) with blue color,
developing a yellow-orange color in the presence of
néocuproine (B solution).

In brief, 200 uL of sodium phosphat buffer containing 6
mM NaCl, (pH = 6,9) was mixed with 100 pL of soluble
starch (0,05%) as a substrate and 100 pL of suitable aliquots
of our phenolic extracts whereas 100 puL of the buffer was
used in the place of the plant extract for the blank sample.
After thoroughly mixing, both sample and blank test tubes
were pre — incubated at 37°C for 10 min, then the reaction
was started by the addition of 100 pL of a — amylase from
Aspergillus oryzae (13 units; one unit of enzyme activity is
defined as the amount of enzyme required to release one
micromole of maltose from strach per minute under assay
conditions). After incubation at 37°C for 5 min, the reaction
was stopped by adding 1 ml of A solution and 1 mL of B
solution. The reaction mixture was incubated at 100°C for 10
min; after that, the tubes were cooled with tap water.

Enzyme activity was quantified by measuring optical
density proportionally to the quantity of the maltose equiva-
lents released from starch at 450 nm, and the inhibitory acti-
vity was calculated using the following formula:

Inhibitory activity (%) = [(Ag— A;) / Ag] x 100
Ay : Absorbance of control without inhibitor

A, : Absorbance of test Sample with inhibitor
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2.7. Assay for Yeast o — glucosidase Inhibitory Activity

Yeast a — glucosidase inhibitory activity was determined
by a method we developed us on its substrate sucrose, using
iodine as an oxydant. The method is based on the oxidizabil-
ity of the aldehyde group of glucose by iodine in the basic
middle.

Each molecule of glucose released in the reaction
mixture reacts with iodine excess causing a decrease in the
concentration inducing a parallel decrease in the intensity of
the brown color characteristic of iodine which is measured at
405 nm after acidification.

To study the inhibitory activity of our phenolic extracts
on the a - glucosidase, 1 mL of the substrate sucrose pre-
pared in phosphate buffer (pH = 7) is mixed with 100 pL of
each phenolic extract diluted in the same phosphate buffer
and then incubated for 10 min at 37°C. The reaction was
started by adding 100 pL of the enzyme followed by an in-
cubation period of 30 min at 37°C. The enzymatic reaction
was stopped by adding 250 pL of NaOH, then 1 mL of the
iodine solution was added. The reaction mixture was gently
agitated and then incubated in the dark for 30 min; after that,
500 pL of HCI solution was added to the mixture. The
absorbance was measured at 405 nm using the same spectro-
photometer used previously against a white. In this method,
a witness was required. The inhibitory activity was calcu-
lated using the following formula :

Inhibitory activity (%) = [(A¢— As) / Ag] x 100
Ay : Absorbance of control without inhibitor

A : Absorbance of test Sample with inhibitor

3. RESULTS AND DISCUSSION

3.1. Total Phenolic Content

The plant polyphenols including flavonoids have proven
beneficial to many diseases, so they are considered therapeu-
tic as a preventive agent from several diseases including
those associated with oxidative stress, such as cancer and
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cardio — vascular diseases [25], and have been extensively
studied as natural powerful antioxidants that can replace syn-
thetic antioxidants [13, 19, 26, 27]. In addition to their bio-
logical properties, they have the capacity to inhibit the activ-
ity of a number of digestive enzymes such as a-amylase, o -
glucosidase, pepsin, trypsin and lipases, in particular flavon-
oids and their sweet derivatives. It is precisely this subject
which was under extensive study [14-16].

The phenolic extracts of five plants were tested for their
antioxidant status and inhibitory activity towards yeast o —
glucosidase and fungal a — amylase. A number of spectro-
photometric methods for quantification of phenolic com-
pound in plant materials were developed. These tests were
based on different principles and were used to determine the
various structural groups present in phenolic compounds
[28]. The phenolic content of each plant extract was esti-
mated by the Folin—Ciocalteu procedure, and the amount of
polyphenols in the plants was calculated from the calibration
curve of gallic acid previously realized and expressed in mil-
ligrams equivalents gallic acid per gram of dry matter, while
the quantification of flavonoids in our extracts was deter-
mined by complexation with trichloride aluminum from the
calibration curve of rutin and expressed in milligrams of
rutin equivalent per gram of dry matter (Table 1).

The content of phenolic compounds (mg/g) in the metha-
nolic extracts, varied between 0.27 and 3.02 mg/g. The high-
est amounts were found in the ethyl acetate fractions while
the lowest amounts were found in dichloromethane fractions.
The plant Helianthemum kahiricum showed the highest val-
ues in total phenols in the two dichloromethane and ethyl
acetate fractions against the plant Salsola baryosma which
showed the lowest value.

The amount of total phenolic compounds in all the tested
plants is less than that in other studies on other plant species
in the region of Laghouat [29], but near to another studies of
Yousfi et al. [30]. This lowness among of our plants may be
related to a poverty of our plant in polyphenols, and proba-
bly to favorable biotic conditions our plants grew in which
did not stimulate the biosynthesis of these molecules. The
content of flavonoids (mg/g), in rutin equivalents varied

Table 1. Total amount of plant phenolics compound and flavonoids.
Name of Plant Total Phenolics (mg GAE/g dw)* Flavonoids Content (mg RE/g dw)”
Dichloromethane fraction
Agatophora alopecuroide 0.27£0.03 N.D
Genista corsica 0.37+0.06 N.D
Hammada elegans 0.96 +0.05 0.20 +0.07
Helianthemum kahiricum 1.00 +0.09 0.74 +£0.03
Salsola baryosma 0.19+0.02 N.D
Ethyl acetate fraction
Agatophora alopecuroide 1.71£0.07 1.55+£0.52
Genista corsica 2.60+0.31 2.56 +0.04
Hammada elegans 1.45+0.14 1.08 £ 0.02
Helianthemum kahiricum 3.02+0.15 1.75+£0.46
Salsola baryosma 1.08 +£0.01 0.77 £0.02

* milligrams of gallic acid equivalent per gram of dry weight of plant.
® milligrams of rutin equivalent per gram of dry weight of plant.
N.D Non Detected.
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from 0.20 to 2.56. The highest amounts of flavonoids were
found in ethyl acetate fractions of Genista Corsica, All the
ethyl acetate fractions showed the presence of flavonoid
while two of the five plants studied showed the presence of
flavonoids in dichloromethane extracts which can be
explained by the fact that the studied plants contained a polar
class of flavonoid; and for that reason the solvent dichloro-
methane, with a low polarity, limited their passage in the
plants: Agatophora alopecuroides, Genista Corsica and
Salsola baryosma.

3.2. Antioxidant Activity by the DPPH Method

Various studies on natural products have proven that
there are particularly phenolic compounds which are respon-
sible for their antioxidant activity [13, 19, 25]. Phenolic
compounds are known as powerful chainbreaking antioxi-
dants and are very important plant constituents because of
their scavenging ability due to their hydroxyl groups. [30]. It
was suggested that the increase levels of free radicals is an
important trigger for insulin resistance [20]. Limit produc-
tion of free radicals represents a therapeutic target for gly-
cemic control [31].

In this context, we evaluated the antioxidant power of our
phenolic extracts in the hope of finding the existence of a
relationship between antioxidant activity and the inhibitory
capacity against the a - amylase and o - glucosidase view that
antioxidant therapy may be a useful strategy in the treatment
of diabetes.

The evaluation of antioxidant activity of our phenolic ex-
tracts was conducted by an in vitro chemical test. In this test,
we were interested in measuring the activity of the free radi-
cal scavenging by the antioxidant fractions of our phenolic
extracts, using the stable radical 1,1-diphenyl-2- picrylhy-
drazyl (DPPH).

DPPH is a stable free radical that can accept an electron
or hydrogen radical to become a stable diamagnetic molecule
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and, because of its odd electron, the methanolic solution
shows a strong absorption band at 517 nm, which decreases
in the presence of free radical scavengers. This scavenging
activity has been largely used as a quick and reliable parame-
ter to assess the in vitro general antioxidant activity of plant
extracts, especially that assigned to phenolic compounds i.e
phenolic acids and flavonoids [26, 32].

In the current study, the scavenging activities of DPPH
exerted by our phenolic extracts as well as that of Trolox,
vitamin C and BHA (Butylated hydroxyanisole) used as syn-
thetics antioxidants and taken as reference, were calculated
from the linear % inhibition — concentration curves. The
concentration of inhibitors was expressed in pg / mL.

The antioxidant efficacy of our extracts was determined
by calculating the ICsy parameter which represents the in-
hibitor concentration (antioxidant) needed to achive 50%
reduction of free radicals. The results are summarized in
(Table 2).

The 1Csy values of the phenolic extracts of our
plants generally vary from 0.044 pg/ml to 0.452 pg/ml. The
highest value was recorded for the extract ethyl acetate of
Salsola baryosma plant, where asthe lowest value was re-
corded for ethyl acetate extract of the plant Agatophora
alopecuroide.

All the plant extracts showed a beneficial effect against
free-radical damage compared to the standards antioxidant,
Trolox, Vitamin C and BHA.

The ethyl acetate extract of the plant Agatophora
alopecuroide is a powerful antioxidant where as the ethyl
acetate extract of the plant Salsola baryosma is a weak anti-
oxidant.

We note that the dichloromethane extracts were less ac-
tive against the DPPH "compared to the ethyl acetate ex-
tracts. Two hypotheses can be put forward to explain their
lesser effect: either that these extracts do not contain enough
polyphenolic compounds due to the little polar character of

Table 2. Free radical (DPPH) scavenging activity of the 5 plant extracts.
Name of Plant ICsy (ng/ml)
Dichloromethane fraction
Agatophora alopecuroide 0.15+0.00
Genista corsica 0.11+0.02
Hammada elegans 0.32+0.04
Helianthemum kahiricum 0.20+0.01
Salsola baryosma 0.27 £0.04
Ethyl acetate fraction
Agatophora alopecuroide 0.04 +£0.00
Genista corsica 0.20+0.01
Hammada elegans 0.10 +0.00
Helianthemum kahiricum 0.10£0.00
Salsola baryosma 0.45+0.01
Antioxidant standards
BHA 9.00 +0.02
Trolox 10.93 £0.33
Vitamine C 9.73 £0.30
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the dichloromethane, or that the polyphenols do not corre-
spond to antioxydants with interesting properties.

The ethyl acetate fractions of Agatophora alopecuroide,
Hammada elegans and Helianthemum kahiricum were the
best inhibitors and their inhibitory effects were almost
10-fold more potent than those of Trolox, Vitamin C and
BHA which is classified as a potent standard antioxidant
[33-38]. Dichloromethane fractions of Agatophora alopecu-
roide, Helianthemum kahiricum and Salsola baryosma had
significant potency and were 5-fold more active than the
standard. Other extracts had a weaker activity 2 and 3 - fold
than that of Trolox vitamin C and BHA.

We note that the increase in the content of phenolic com-
pounds is proportional to the antioxidant activity in acetate
and dichloromethane extracts except for two plants: Agato-
phora alopecuroide and Hammada elegans for the ethyl
acetate extracts and Hammada elegans and Helianthemum
kahiricum for the dichloromethane extracts, while the in-
creasing rates flavonoids is inversely proportional to the an-
tioxidant activity extracted two plants Agatophora alopecu-
roide and Salsola baryosma.

This result shows clearly that the plants containing high
levels of polyphenols have the strongest antioxidant power,
and those which have a high rate in flavonoids have the
lowest antioxidant powers. This implies that there is no
influence of the concentration of flavonoids on the antioxi-
dant activity, but the type of molecules does act on free
radicals. The activity of flavonoids to scavenge radicals
depends mainly on their structure. It is known that only
flavonoids of a certain structure and particularly the hy-
droxyl and double bond positions in the molecule deter-
mine antioxidant properties; in general, these properties
depend on the ability to donate hydrogen, or an electron to
a free radical [39].

We might also note that the ethyl acetate phenolic extract
of plant Helianthemum kahiricum has a near activity to that
of Hammada elegans plant although the percentage of fla-
vonoids in the latter is higher than in Helianthemum ka-
hiricum. On the other hand, ethyl acetate extracts of Genista
corsica, Agatophora alopecuroide, Salsola baryosma and
Hammada elegans plants have the same percentage of fla-
vonoids, but they have completely different ICs, values.
From this, we can conclude that the antioxidant capacity of
these plants could mainly be due to the percentage and / or
the presence of certain molecules potentially active of fla-
vonoids in the phenolic extracts.

A detailed examination of the phenolic composition of
the plant extracts is required for a comprehensive assess-
ment of the individual compound exhibiting antioxidant
activity.
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The results of this study show that these plants can be
used as an easily accessible source of natural antioxidants,
either as a possible food supplement, or in the pharmaceuti-
cal industry.

However, the components responsible for the antioxidant
activity of these plants are currently not known, and further
work should be performed on their isolation and identifica-
tion.

3.3. Inhibition of Fungal a - amylase and Yeast a - gluco-
sidase

In order to find a natural inhibitor against the fungal a -
amylase and yeast a - glucosidase, we studied in vitro the
effects of our phenolic extracts on the activities of the two
enzymes, at varying concentrations of extracts and sub-
strates, to identify plants with inhibitory abilities on the en-
zymes.

The enzymatic activities of o - amylase and o - glucosi-
dase were titrated using starch as a substrate for a - amylase
which releases maltose, and sucrose substrate for o - gluco-
sidase which releases glucose with a spectrophotometer de-
tection after reaction with complexing agents.

The two enzymes show Michaelis kinetics. The kinetic
parameters of both enzyme (Vyax, Kear and Ky) were calcu-
lated using a Lineweaver - Burk plot [1/v = f (1/S)] and the
results are given in Table 3.

To identify plants with inhibitory capacities, we sub-
jected our phenolic extracts to inhibition assay at the same
concentration of extracts. These tests showed that all pheno-
lic extracts had a significant inhibition on both enzymes o -
amylase and a - glucosidase.

To investigate the type of enzyme inhibition and to de-
termine the inhibition constants (K;) for each extract, the
a - amylase and the a - glucosidase, activities were assayed
in the presence of different concentrations of the substrates
(0.4 -1.11 g/l) for a - amylase , (5 - 30 mM) for a - glucosi-
dase and different concentrations of polyphenol extracts (88
- 258 pg/ml). The K; value (18.19 - 203.90 pg/ml), was ob-
tained from a Lineweaver - burk plots (Fig. 1, 2, 3 and 4)
which showed that the inhibition by all the investigated
plants was competitive, mixed and non- competitively mixed
with low K; values of the order of pg/ml. The results are
summarized in (Table 4).

In the Lineweaver — burk graphs, we studied the inhibi-
tory effect of all phenolic fractions, except for the dichloro-
methane fraction of the plant Agatophora alopecuroide
which presented a very low rate inhibition of 2.64% on
a - glucosidase and which prompted us to eliminate the study
of its inhibitory effect.

Table 3. Kinetic parameters of the a - amylase and the o - glucosidase.
Parameters o - Amylase o - Glucosidase
Ky 1.01+£0.2 g/l 10.93 £ 0.25 mM
V max (WM/min) 24.17£0.02 176.04 £ 0.01
Keat (min™) 0.12+0.1 1.01£0.15
Keat /Km 0.14+ 0.5 1 min'g" 0.092+0.6 mM "' min’
1/Keat (min) 8.53+£0.1 0.99+£0.15
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Table4. K, and Inhibitor Type for Total Polyphenol Extracts Obtained for o - amylase and a - glucosidase.
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Name of Plant K (ng/ml) Type of inhibition
Dichloromethane fraction / o - amylase
Agatophora alopecuroide 72.14 Mixed
Genista corsica 46.67 Mixed
Hammada elegans 39.34 Mixed
Helianthemum kahiricum 29.70 Mixed
Salsola baryosma 48.23 Mixed
Ethyl acetate fraction / a - amylase
Agatophora alopecuroide 57.42 Mixed
Genista corsica 42.96 Competitive
Hammada elegans 43.44 Competitive
Helianthemum kahiricum 18.19 Mixed
Salsola baryosma 50.75 Mixed

Dichloromethane fraction / a - glucosidase

Agatophora alopecuroide
Genista corsica
Hammada elegans
Helianthemum kahiricum

Salsola baryosma

Not calculated Not determined
203.90 Competitive
130.08 Mixed

75.30 Mixted
99.32 Mixted

Ethyl acetate fraction / o - glucosidase

Agatophora alopecuroide
Genista corsica
Hammada elegans

Helianthemum kahiricum

125.52 Non compétitive mixed
52.26 Mixed

66.00 Non -competitive mixed
82.72 Non - competitive mixed
87.06 Non - competitive mixed

Salsola baryosma

The best inhibitors were the phenolic extracts of the ethyl
acetate fraction. The best value was recorded for the ethyl
acetate fraction of Helianthemum kahiricum on o - amylase
with a K; value of 18. 19 png/ml and the dichloromethane
fraction of Genista corsica was least potent with a K; value
0f203.90 pg/ml in a - glucosidase.

All the plants showed different values of inhibition con-
stants with the majority being close to each other and all

above 30 pg/ml. This can be explained by the fact that the
two fractions dichloromethane and ethyl acetate may have
phenolic molecules with close chemical structure and were
able to react differently against the two enzymes, and as the
inhibition phenomenon is the result of a synergy between
several molecules [20], these values could be lower if the
molecules responsible for inhibition in the two solvents of
extraction were together in the same reaction medium.



66  Current Enzyme Inhibition, 2014, Vol. 10, No 1

On the other hand, by comparing the values of inhibition
constants obtained after the effects of two fractions on the
two enzymes, it was found that those recorded for the
o - amylase were less than those of a - glucosidase indicating
that the compounds constituting our sample had more affin-
ity for the a - amylase as a - glucosidase.

The inhibitory activity was proportional to the concentra-
tion of phenolic compounds.

Also, it may be thought that the inhibitory potency of the
plant extracts is not limited to the phenolic content but may
be due to the presence of some individual active phenolic
compounds.

Thus the inhibitory potency of an extract cannot be ex-
plained just on the basis of its phenolic content but, also re-
quires its proper characterization. There are several reasons
to explain the ambiguous relationship between inhibitory
potency and total phenolics: total phenolics content did not
include all the possible inhibitors; the synergism among the
inhibitors in the mixture accounted for the inhibition; how-
ever, it was not only dependent on the concentration of indi-
vidual inhibitors, but on the structure and interaction among
them as well.

In the hope to finding a positive correlation between the
inhibitory activities of o - amylase, o - glucosidase and anti-
oxidant activities, we plotted the variation of the inhibition
constants K; and the ICs, values in all the plants studied.

Positive correlations were found in almost all the extracts
with a correlation coefficient of R* > 0.90. All fractions
showed a variation of ICs, inversely proportional to that of
K values reflecting a group of plants with the same trends in
antioxidant, and inhibitory activity may be due to the same
mode of action of phenolic compounds used in the tests, or
to the presence of the same class of substances in each plant
with different strengths. But the curve of the variation of
1Cso and the K; values in the dichloromethane extracts of
a - glucosidase (Fig. 5) showed that for a significant antioxi-
dant activity, there is an increase of the inhibitory activity.

This result informs that the inhibitory activity of a - glu-
cosidase in this case depends on two important factors: the
content of phenolic compounds in each plant and the struc-
ture of individual phenols responsible for this activity.

These results reveal that the inhibitory activity against
the two enzymes (o - amylase and a - glucosidase) depends
on a significant factor which is the content of phenolic com-
pounds and flavonoids in each plant.

In this study, it is difficult to be conclusive about the
most active class of phenolic compounds, and the observed
effect of Helianthemum kahiricum extract is probably due to
the direct effect of some individual phenolic compounds.

CONCLUSION

Herbal medicine has been used for many years by diffe-
rent cultures around the world for the treatment of diabetes.
Many natural resources have been investigated with respect
to the suppression of glucose production from carbohydrates
in the gut or glucose absorption from the intestine.

Khacheba et al.

This study investigated the effect of phenolic extracts
from five local plants gathered around the town of Laghouat
in the steppe region of Algeria, focusing on the inhibitory
effects on a - glucosidase and o - amylase.

The results obtained through this test show that the ma-
jority of these plants have significant inhibitory effects on
both enzymes. The values of the constants (K;), thus ob-
tained, indicate that these plants can be investigated in
Pharmacotherapeutic, including the ethyl acetate fraction of
“Helianthemum kahiricum” which presented the lowest val-
ues of inhibition constant.

Our study is the first report on potential inhibition of
these plants extracts of digestive enzymes, o - glucosidase
and o - amylase. In conclusion, the results from this study
give scientific support to the use of these plants in traditional
medicine for the treatment of diabetes. This study would be
helpful to explain the pharmacological mechanism and also
to develop medicinal preparations, nutraceutical or func-
tional foods for diabetes and related symptoms.

Further isolation of the bioactive compounds responsible
for the inhibition of the two enzymes must be done to eluci-
date their molecular structure and to study their mechanism
of action to confirm their antidiabetic activity. In addition,
more experiments must be carried out in vivo to pave the
way to the development of new agents for the treatment of
diabetes and its complications.

This work provided new knowledge ethnopharmacologi-
cal and phytochemicals about local plants in the region of
Laghouat, and helped to highlight the role of natural
compounds in the regulation of oxidative stress and normali-
zation of blood sugar disorders.
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