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Cistus genus (Cistaceae) comprises several medicinal plants used in traditional medicines to treat several pathological conditions
including hyperglycemia. These include Cistus salviifolius L. (CS) and Cistus monspeliensis L. (CM), still not fully explored as a
source of metabolites with therapeutic potential for human diseases. In this study, the antioxidant a-amylase and a-glucosidase
enzyme inhibitory effects of aqueous and hydromethanolic extracts from the aerial parts of Moroccan CS and CM were investigated.
Antioxidant activity has been assessed using 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS) radicals and ferric reducing/antioxidant power (FRAP) methods. The a-amylase and «-
glucosidase inhibitory activity has been assessed using an in vitro model. Moreover, mineral and phenolic contents of CS and CM
were analyzed. The extracts of both species exhibited potent antioxidant activity in all used systems and possess strong inhibitory
effect towards «a-glucosidase (IC;,: 0.95 + 0.14 to 14.58 + 1.26 ug/mL) and significant inhibitory potential against a-amylase (ICj:
217.10+0.15 to 886.10+0.10 ug/mL). Furthermore, the result showed high levels of phenolic content and unexpectedly some higher
levels of mineral content in CS. The results suggest that the phenolic rich extracts of CS and CM may have a therapeutic potential
against diseases associated with oxidative stress and may be useful in the management of hyperglycemia in diabetic patients.

1. Introduction

Plants have been the basis for medical treatments through
much of the human history. Nowadays, researchers are
increasingly interested in medicinal plants as alternative
medicine, due to their good pharmacological properties,
fewer side effects, and low cost. The genus Cistus L. (Cis-
taceae) comprises many interesting medicinal plants, dis-
tributed primarily in the Mediterranean region. Among
them, twelve species are members of Moroccan flora [1].
Cistus species are frequently used in traditional medicines
for the treatment of hyperglycemia and diabetes [2, 3], peptic
ulcers, and diarrhea and also as general remedies for several
skin diseases and as anti-inflammatory and antispasmodic
agents [4]. Furthermore, phytochemical studies on different
Cistus species have revealed the presence of several phenolic

compounds mainly flavonoids and tannins [5-9]. Those com-
pounds are generally involved in many biological activities,
essentially in oxidative stress prevention.

Diabetes mellitus is a serious chronic metabolic disorder
that causes serious health complications and is a major cause
of mortality [10]. Excessive postprandial glucose excursions
are a known risk factor for developing diabetes [11]. One
interesting approach for limiting the excursion is to inhibit
the activity of digestive enzymes of glucose production such
as a-amylase and a-glucosidase [12].

Despite the great scientific interest in Cistus genus
currently, C. salviifolius L. and C. monspeliensis L., which
are among the most abundant species in Morocco, remain
undiscovered and underinvestigated. To the best of our
knowledge, there are no previous reports of any in vitro a-
amylase and a-glucosidase inhibitory effects and antioxidant


http://dx.doi.org/10.1155/2017/2789482

activities of Moroccan C. salviifolius L. and C. monspeliensis
L. Therefore, the objective of this study was to evaluate the
in vitro antioxidant «-amylase and «-glucosidase inhibitory
potentials of aqueous and hydromethanolic extracts of both
species.

2. Materials and Methods

2.1. Reagents. p-Nitrophenyl-a-D-glucopyranoside (pNPG),
a-glucosidase from Saccharomyces cerevisiae, «-amylase
from Bacillus licheniformis, acarbose, Folin-Ciocalteu re-
agent, rutin, catechin, DPPH, ABTS, 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), butylated
hydroxytoluene (BHT), and ascorbic acid were purchased
from Sigma-Aldrich (France). All other reagents were of
analytical grade.

2.2. Plant Material. Cistus salviifolius L. and Cistus mon-
speliensis L. were collected in April 2015 from Maamoura
Forest, Salé (CS), and Maaziz-Khémisset (CM) in Morocco.
Voucher specimens “RAB 1012176” and “RAB 1012177” for
CS and CM, respectively, were deposited in the Herbarium
of Botany Department of the Scientific Institute of Rabat,
Morocco. The aerial parts were cleaned and dried in the shade
at room temperature until reaching a constant weight and
were then powdered and used for further investigation.

2.3. Preparation of Plant Extracts. For hydromethanolic
extract preparation (hydromethanolic extract of Cistus salvi-
ifolius (CSM) and hydromethanolic extract of Cistus mon-
speliensis (CMM)), 50 g of dried sample was extracted with
500 mL of 80% aqueous methanol at room temperature and
under mechanical stirring for 24 hours. Aqueous extracts of
Cistus salviifolius (CSA) and of Cistus monspeliensis (CMA)
were prepared with the same ratio in boiling water and
allowed to cool for one hour. The extracts were then filtered
on Whatman paper and the filtrate obtained was evaporated
under reduced pressure, using a rotary evaporator.

2.4. Mineral Analysis. CS and CM mineral composition (Ca,
Cu, Mg, Fe, K, Mg, Na, P, and Zn) was determined using
inductively coupled plasma atomic emission spectroscopy
(ICP AES, Jobin Yvon Ultima 2) as previously described [13].
Briefly, 150 mg of the aerial parts powder was etched with
2mL of HNOj acid (70%) mixture in a teflon beaker, before
being incinerated at 110°C. Then, 0.5 mL of hydrofluoric acid
(HF) was added and the covered beaker was placed on a sand
bath. The sample mixture was heated until a clear solution
was obtained. After removing the cover, the mixture was
evaporated until drying. Finally, 2mL of HCl acid was added
and the residue was extracted by 25 mL of 2.0 M HCL

2.5. Determination of Total Phenolic Content. Total phenolic
content of aqueous and hydromethanolic extracts of CS and
CM was determined by the method described by Spanos
and Wrolstad [14] and modified by Lister and Wilson [15]
using Folin-Ciocalteu reagent. The 0.5 mL of sample solution
was mixed with 2.5 mL of Folin-Ciocalteu reagent (previously
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diluted with distilled water 1:10v/v) and 4 mL of sodium
carbonate (75% w/v). The mixture is then incubated in a
water bath at 45°C for 30 min. The absorbance against blank
was determined at 765 nm using a UV-Vis spectrophotome-
ter. Gallic acid (0.487-31.25 ug/mL) was used to perform the
standard curve. The results were expressed as mg of gallic acid
equivalents per gram of extract dry weight (mg GAE/g edw).

2.6. Determination of Total Flavonoid Content. The total
flavonoid content was determined according to the method
described by Dewanto et al. [16]. Briefly, ImL of dissolved
sample was placed in a 10 mL volumetric flask. Distilled
water was added to make the volume reach 74 mL and then
0.3 mL of NaNO, (5%) was added. 0.3 mL of AICl; (10% w/v)
was added 5 min later. After 6 min, 2mL of 1M NaOH was
added and the solution was mixed well and allowed to stand
for 30 min. The absorbance was recorded against a blank at
510 nm. Rutin (50-400 pg/mL) was used as a standard for
constructing the calibration curve. The flavonoid content was
expressed as rutin equivalent per gram of extract dry weight
(mg RE/gedw).

2.7. Determination of Proanthocyanidin Content. The proce-
dure reported by Julkunen-Tiitto [17] was used to determine
the proanthocyanidin content in our extracts. Aliquots of
50 uL of the extract were mixed with 1.5mL of 4% vanillin
solution (prepared with methanol) and then 750 yL of con-
centrated HCl was added. The well mixed solution was
incubated at ambient temperature in the dark for 20 min. (+)-
Catechin (50 p#g-1000 pg/mL) was used to make the standard
curve, and the results were expressed as catechin equivalent
per gram of extract dry weight (mg CE/g edw).

2.8. Antioxidant Activities

2.8.1. DPPH Radical Scavenging Activity Assay. Radical scav-
enging activity of the extracts was measured using the stable
radical DPPH by Huang et al. [18]. A solution of DPPH
(0.2mM) was prepared, and 0.5mL of this solution was
mixed with 2.5mL of the extracts (1.33-1.66 yg/mL). The
reaction mixture was vortexed thoroughly and left in the
dark at room temperature for 30 min. The absorbance of the
mixture was measured at 517nm in a spectrophotometer.
Lower absorbance of the reaction mixture indicated higher
free radical scavenging activity. The BHT (0.48-4.76 ug/mL)
was used as reference compound. The capability to scavenge
the DPPH radical was calculated using the following equa-
tion:

Ay-A
DPPH scavenging effect (%) = ((OA—1)> x 100, (1)
0

where A, is the absorbance of the control reaction and A, is
the absorbance of the sample solution or standard, and the
experiment was carried out in triplicate. Scavenging activity
in this assay was expressed as ICsy, which represents the
concentration of the extract required to inhibit 50% of the
free radical scavenging activity.
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2.8.2. ABTS Radical Scavenging Assay. The ability of our
extracts to scavenge the ABTS radical was determined
according to the previously described method [19]. A solu-
tion of ABTS radical cation (ABTS™") was prepared by the
reaction between 10 mL of 2mM ABTS in H,O and 100 uL
of 70 mM potassium persulphate at room temperature in the
dark for 24 h. The ABTS'" solution was then diluted with
methanol to obtain absorbance of 0.70 at 734 nm. Samples
were prepared in triplicate by diluting 200 yuL of extracts
in 2mL of the ABTS"" solution diluted with methanol and
allowed to react for 1 min. The absorbance was recorded on
a spectrophotometer at 734 nm. The antioxidant activities
of samples were expressed as TEAC values, defined as the
concentration of standard Trolox with the same antioxidant
capacity of the extract under investigation. The results were
represented as Trolox equivalent per gram of extract dry
weight (mg TE/edw).

2.8.3. Ferric Reducing/Antioxidant Power (FRAP) Assay. The
reducing power was assayed as previously described [20] with
some modifications. In brief, the extract (1mL) was mixed
with 2.5 mL of phosphate bufter (0.2 M, pH 6.6) and 2.5 mL of
1% potassium ferricyanide. The mixture was then incubated
at 50°C for 20 min. Then, 2.5 mL of trichloroacetic acid (10%)
was added to the mixture, which was then centrifuged at
3000 rpm for 10 min. Finally, 2.5mL of the supernatant was
mixed with 2.5 mL of distilled water and 0.5 mL FeCl; solu-
tion (0.1%, w/v). The absorbance was measured at 700 nm.
Increased absorbance values indicate a higher reducing
power. The results were expressed as ascorbic acid equivalent
per gram of extract dry weight (mg AAE/g edw).

2.9. a-Amylase Inhibitory Assay. The a-amylase inhibitory
potentials were investigated by reacting different concen-
trations of the extracts with «-amylase enzyme and starch
solution, according to the previously described method [21]
with slight modifications. A mixture of 250 uL of samples and
250 uL of 0.02M sodium phosphate bufter (pH = 6.9) con-
taining the enzyme a-amylase (240 U/mL) was incubated at
37°C for 20 min. Then, 250 uL of 1% starch solution in 0.02 M
sodium phosphate buffer (pH = 6.9) was added to the reacting
mixture. Therefore, the reaction mixture was incubated at
37°C for 15min. Thereafter, ImL of dinitrosalicylic acid
(DNS) was added, and the reaction mixture was incubated
in a boiling water bath for 10 min. Then, the reaction mixture
was diluted by adding 2 mL of distilled water, and absorbance
was measured at 540 nm in the spectrophotometer. Acarbose
was used as positive control.

The results were expressed as percentage inhibition and
calculated using the following formula:

(Ac B Acb) B (As B Asb)
(Ac _Acb)

where A_ refers to the absorbance of control (enzyme and
buffer); A g, refers to the absorbance of control blank (buffer
without enzyme); A, refers to the absorbance of sample
(enzyme and inhibitor); and Ay, is the absorbance of sample
blank (inhibitor without enzyme). Moreover, IC;, values

inhibition (%) = x 100, (2)

TABLE 1: Mineral composition of Cistus expressed as mg/kg.

Minerals Cistus salviifolius Cistus monspeliensis
Ca 3684.32 +30.21° 47532 +5.13°
Cu 84.00 +9.95° 17.68 +0.19*
Fe 2.95+0.17° 29.16 +1.17°
K 287.84 +3.13° 27.87 +0.90°
Mg 785.27 + 14.44° 95.78 + 0.93°
Na 175.97 +1.93° 25.97 +0.27°
P 275.26 + 5.64° 204.75 + 4.13°
Zn 5.90 + 0.30° 17.48 + 0.35°

Data are reported as mean (n = 3) + standard error.
Values in the same row not sharing a common letter (a and b) differ
significantly at p < 0.05.

(concentration of inhibitor required to inhibit 50% of enzyme
activity) were determined.

2.10. «-Glucosidase Inhibitory Assay. The «-glucosidase in-
hibitory activity of the extracts was determined using the
substrate pPNPG according to the method described by Kee et
al. [22], with some modification. Briefly, a mixture of 150 uL
of the samples and 100 L of 0.1 M sodium phosphate buffer
(pH = 6.7) containing the enzyme «-glucosidase solution
(0.1U/mL) was incubated at 37°C for 10 min. After prein-
cubation, 200 uL of 1mM pNPG solution in 0.1M sodium
phosphate bufter (pH = 6.7) was added. The reaction mixtures
were incubated at 37°C for 30 min. After incubation, 1mL of
0.1 M of Na, CO; was added and the absorbance was recorded
at 405 nm using the spectrophotometer.

The a-glucosidase inhibitory activity was expressed as
percentage inhibition, and the ICy, values were determined.
Acarbose was used as positive control.

2.11. Statistical Analysis. Data were indicated as the mean +
standard error. The data were analyzed by one-way analysis
of variance (one-way ANOVA). Post hoc procedure was used
for significance of difference. A difference in the mean values
of p < 0.05 was considered to be statistically significant.
Analysis was performed with GraphPad Prism 6.

3. Results and Discussion

3.1. Mineral Content. Mineral contents in aerial parts of
CS and CM, expressed in mg/kg, are shown in Table 1.
Five macroelements (calcium (Ca), potassium (K), magne-
sium (Mg), sodium (Na), and phosphorus (P)) and tree
microelements (copper (Cu), iron (Fe), and zinc (Zn)) were
analyzed. CS has significantly (p < 0.05) higher contents of
Ca (3684.32 + 30.21 mg/kg), Mg (785.27 + 14.44 mg/kg), K
(287.84 + 3.13 mg/kg), P (275.26 + 5.64 mg/kg), Na (175.97 +
1.93 mg/kg), and Cu (84.00 + 9.95 mg/kg) in comparison to
CM, while CM has significantly higher amounts of Fe (29.16+
1.17 mg/kg); there is no statistically significant difference
between CS and CM in Zn content. The differences in mineral
contents are probably linked to genetic profile and partially
to environmental conditions. The present study revealed that
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TABLE 2: Total phenolic, flavonoid, and proanthocyanidin contents and antioxidant activities of Cistus extracts.

Phenolic content™  Flavonoid content®”  Proanthocyanidin content® ABTS® FRAP® DPPH®
CSA 408.43 + 1.09¢ 140.00 + 1.15° 154.15 + 3.31° 256.82 +0.43° 65026 + 1.76°  4.10 + 0.85"
CSM 336.51 + 1.22° 188.66 + 2.90¢ 168.30 + 3.03° 259.50 + 0.43°  626.00 +0.46°  3.30 + 0.25°
CMA 261.76 +1.93° 78.00 + 1.15° 151.42 +0.94° 253.83+0.72° 52413+ 1.18°  5.11+0.17°
CMM  282.53+0.58" 154.00 + 2.30° 188.99 + 7.13¢ 255.82+0.88°  610.26 +2.26°  4.18 +0.26"

The results are expressed as (l)mg of gallic acid equivalent, (Z)mg of rutin equivalent, ®) mg of catechin equivalent, @ mg of Trolox equivalent, ® mg of ascorbic

acid equivalent per gram of extracts dry weight, and ©1¢s, (pug/mL).
The values are the mean of three determinations + standard error.

Values in the same column not sharing a common letter (a to d) differ significantly at p < 0.05.
CSA: aqueous extract of Cistus salviifolius; CSM: methanolic extract of Cistus salviifolius; CMA: aqueous extract of Cistus monspeliensis; CMM: methanolic

extract of Cistus monspeliensis.

CS and CM are a good source of Ca, Mg, P, Na, and K, which
are very important in human nutrition. To our knowledge,
there is no previous report on mineral content of CS and CM.
Nevertheless, it has been reported that Cistus species (Cistus
ladanifer L. and Cistus libanotis L.) from Morocco showed
high levels of some mineral elements [23].

3.2. Total Phenolic, Flavonoid, and Proanthocyanidin Con-
tents. Total phenolic, flavonoid, and proanthocyanidin
contents are presented in Table 2. The phenolic contents
in aqueous and hydromethanolic extracts of CS were
found to be 408.43 + 1.09mgGAE/gedw and 336.51 +
1.22mg GAE/gedw, respectively, which are significantly
(p < 0.05) greater than the aqueous and hydromethanolic
extracts of CM (261.76 + 1.93 mg GAE/gedw and 282.53 +
0.58 mg GAE/gedw), respectively. Results of flavonoid
and proanthocyanidin contents show that hydromethanolic
extraction resulted in significantly (p < 0.05) higher values of
those compounds in both species. The amounts of flavonoid
and proanthocyanidin in hydromethanolic extracts of CS
and CM, respectively, were 188.66 + 2.90 mgRE/gedw,
168.30 + 3.03 mg CE/edw, 154.00 + 2.30 mg RE/gedw, and
188.99 + 713 mg CE/gedw, while in aqueous extracts they
were 140.00 + 1.15 mg RE/g edw, 154.15 + 3.31 mg CE/g edw,
78.00 £ 1.15mgRE/gedw, and 151.42 + 0.94 mg CE/g edw,
for CSA and CMA, respectively. The interesting phenolic
contents of both plants indicate an important health
promoting activity. Those compounds are secondary plant
metabolites involved in the normal growth and development
and act as defense mechanisms of plants against pathogenic
and parasite infection and free radicals generation. Phenolic
compounds have been reported to have multiple biological
effects and are considered as a major group of chemicals that
contribute to the antioxidant potential of plant extracts.

3.3. Antioxidant Activity. Free radicals and other reactive
oxygen species are constantly formed in the human body.
They have been implicated in various pathological conditions
involving cardiovascular disease, cancer, neurological disor-
ders, diabetes, ischemia/reperfusion, and other diseases and
ageing [24]. Despite the effectiveness of synthetic antioxi-
dants, their use is associated with serious adverse effects on
health [25, 26]; therefore, the use of medicinal plant extracts

as a potential source of antioxidant with limited or no side
effects is an important alternative way to operate.

To investigate the antioxidant activity of our plant
extracts, we evaluated their abilities to scavenge the stable
free radical DPPH and the cation ABTS and their ferric
reducing antioxidant power (FRAP). The DPPH is one of the
stable and commercially available organic nitrogen radicals
and has a strong absorption band at 517 nm [27]. This free
radical converges from purple to yellow by accepting a lone
pair of electrons or hydrogen radical. The scavenging effects
of aqueous and hydromethanolic extracts on DPPH radicals
were expressed by ICs, and illustrated in Table 2. The result
showed that all extracts are likely to have excellent scavenging
effects of DPPH free radicals. The Cistus extracts activity
showed almost similar IC5, to BHT (3.28+0.59 ug/mL) which
is a well known antioxidant. The hydromethanolic extract
CSM (ICs, = 3.30 + 0.25 ug/mL) exhibits significantly (p <
0.05) higher DPPH radical scavenging activity.

In the ABTS assay, the antioxidant reduces the cation
ABTS™ to ABTS resulting in its decolorization. The ability of
the extracts to scavenge ABTS cation was expressed in Table 2.
All tested extracts had a strong capacity to quench ABTS'™;
the extract CSM still had significantly (p < 0.05) the highest
activity (259.50 + 0.43 mg TE/g edw).

Moreover, in the FRAP method, the yellow color of
the test solution changes to various shades of green and
blue, depending on the reducing power of each sample.
The presence of reducers causes the conversion of the
Fe’*/ferricyanide complex used in this method to the ferrous
form [28]. Reducing power of CS and CM extracts was
interestingly considerable compared to ascorbic acid. The
reducing power of hydromethanolic and aqueous extracts is
represented in Table 2. In this assay, the highest activities
were noted for CS extracts, and the aqueous extract of
CSA (650.26 + 1.76 mg AAE/gedw) had the highest activ-
ity followed by hydromethanolic extracts CSM (626.00 +
0.46 mg AAE/gedw), CMM (610.26 + 2.26 mg AAE/gedw),
and CMA (524.13 + 1.18 mg AAE/gedw), respectively. The
differences between extracts are statistically significant (p <
0.05).

Our results showed that the tested plant extracts pos-
sessed strong antioxidant activities. A study of correlation
between total polyphenolic content and DPPH, ABTS radi-
cals scavenging capacity, and ferric reducing ability shows r*
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FIGURE 1: Percentage of a-amylase and «-glucosidase inhibition versus different concentrations of Cistus extracts. CSA: aqueous extract of
Cistus salviifolius; CSM: methanolic extract of Cistus salviifolius; CMA: aqueous extract of Cistus monspeliensis; CMM: methanolic extract of

Cistus monspeliensis.

values of 0.52, 0.55, and 0.82, respectively. The presence of a
high concentration of phenolic compounds in plants extracts
may not always translate a high antioxidant capacity; this
can be explained by several factors, including the presence of
different active compounds that can modify the antioxidant
capacity, the synergistic effects of different compounds, and
also the fact that antioxidant efficiency of the polyphenols
seemed to depend on the position and extent of hydroxyla-
tion and conjugation [29].

3.4. a-Amylase and «-Glucosidase Inhibitory Activities. Sali-
vary and pancreatic a-amylase catalyzes the hydrolysis of
a-1,4-glucosidic linkages of polysaccharide such as starch
and glycogen. Subsequently, the a-glucosidase located in the
brush border surface membrane of intestinal cells hydrolyzes
the resulting oligosaccharides into glucose, which is then
transported into the blood. The inhibition of a-amylase and
a-glucosidase activity in the digestive tract of humans retards
absorption of glucose and therefore can be an important
strategy in the management of postprandial blood glucose
level in diabetic patients [30, 31].

The a-amylase inhibitory property of the aqueous and
hydromethanolic extracts of CS and CM is presented in
Figure 1. The result revealed that the tested extracts inhib-
ited a-amylase activity concentration-dependently (6.66-
1666.66 pg/mL). Furthermore, all extracts showed signifi-
cantly (p < 0.05) better activity than the reference compound
acarbose (IC5, = 311.20 + 1.38 ug/mL) (Table 3). The extract
CSA has the highest inhibitory activity against a-amylase
with IC5, value of 217.10 £ 0.15 pg/mL.

Likewise, the extracts have shown promising and con-
centration-dependent (0.32-83.33 yug/mL) inhibitory effect
on a-glucosidase enzyme (Figure 1).

Interestingly, the IC;, values 0.95 + 0.14 yg/mL, 8.47 +
0.58 yug/mL, 14.58 + 1.26 ug/mL, and 2.67 + 0.50 ug/mL
for CSA, CSM, CMA, and CMM, respectively, indicate that

TABLE 3: IC;, values of CS and CM extracts on a-amylase and «-
glucosidase inhibition.

IC;, (ug/mL)

a-Amylase a-Glucosidase
Acarbose 311.20 + 1.38" 18.01 + 2.00°
CSA 217.10 £ 0.15° 0.95 + 0.14°
CSM 597.10 £ 0.26° 8.47 +0.58°
CMA 886.10 £ 0.10° 14.58 + 1.26°
CMM 706.50 + 0.17¢ 2.67 + 0.50°

The values are the mean of three determinations + standard error.

Values in the same column not sharing a common letter (a to e) differ
significantly at p < 0.05.

CSA:aqueous extract of Cistus salviifolius; CSM: methanolic extract of Cistus
salviifolius; CMA: aqueous extract of Cistus monspeliensis; CMM: methanolic
extract of Cistus monspeliensis.

all tested extracts were significantly (p < 0.05) stronger
inhibitors of «a-glucosidase than the reference compound
acarbose (IC;,= 18.01 + 2.00 ug/mL) (Table 3).

The significant inhibitory effects of CS and CM extracts
against the enzymes a-amylase and a-glucosidase demon-
strate their potential abilities to reduce the postprandial
increase of blood glucose levels in diabetic patients and their
capacities to prevent type 2 diabetes.

Our finding is in accordance with earlier reports that
showed that some medicinal plant extracts have more potent
a-glucosidase inhibitory activities than powerful synthetics
inhibitors such as acarbose [32-34]. Also, the results are in
line with a study performed on another species of Cistus
genus (Cistus laurifolius L.) that showed that ethanolic extract
of this plant is a potent inhibitor of a-glucosidase (ICs,
= 6.3ug/mL) and has a remarkable and dose-dependent
inhibitory effect on a-amylase and also improves hyper-
glycemia in type 2 diabetic rats [35].



Phytochemical studies on CS and CM demonstrated their
abilities to produce a high amount of phenolic compounds
and several flavonoids, including quercetin, myricetin, and
kaempferol. Their glycosylated derivatives were isolated from
the aerial parts of C. salviifolius plants [9]. Also, several
catechin, epicatechin, gallocatechin, and epigallocatechin
and their derivatives were isolated from the air-dried CS herb
[5]. Likewise, catechin-related compounds [6, 8], apigenin
diglucoside, myricetin, gallic and phenolic acids [36], and
numerous diterpenes of labdane and clerodane types [37]
were identified in CM.

A study of the correlation between total phenolic content
and inhibition of a-amylase and a-glucosidase activities by
the investigated extracts had r* values of 0.98 and 0.64,
respectively, indicating that the phenolic compounds present
in the extracts are potentially responsible for the inhibition
of a-amylase and a-glucosidase activity. This is not an unex-
pected finding, since the phenolic compounds are known
by their ability to inhibit the activities of carbohydrate-
hydrolyzing enzymes due to their ability to bind with proteins
[38]. Also, the flavonoids, different types of catechin, and
terpenoids identified in these plants have been known to
possess high inhibitory potential towards a-amylase and «-
glucosidase enzymes activity [39, 40]. Cistus species are used
in many traditional medicines to treat several pathological
conditions, including hyperglycemia and diabetes [2, 3]. In
general, herbal therapy is based on therapeutic action of
complex mixtures of different compounds that often act
in a synergistic mode to exert their full beneficial effects.
This suggests that the biologically active compounds present
in the investigated extracts may be acting in a synergistic
therapeutic fashion to exert their carbohydrate-hydrolyzing
enzymes inhibition activities and antioxidant effects.

Currently, the continuous use of synthetics a-amylase and
a-glucosidase inhibitors such as acarbose is often associated
with undesirable side effects such as abdominal distention,
diarrhea, and flatulence [41, 42]. Additionally, only few of
them are commercially available and their synthesis involves
a tedious multistep procedure. Therefore, the CS and CM
extracts with strong inhibitory activity against a-glucosidase
and significant inhibitory activity on a-amylase enzyme may
be effective therapeutic agents for the control of hyper-
glycemia and offer an attractive target to discover new agents
for treatment of diabetes mellitus with minimal side effects.

4. Conclusion

The aqueous and hydromethanolic extracts of the aerial parts
of Cistus salviifolius L. and Cistus monspeliensis L. presented
high antioxidant effects against the DPPH and ABTS radicals
and a strong ferric reducing power compared to the synthetic
antioxidants analyzed. Those results suggest that the CS and
CM extracts may have therapeutic potential against diseases
associated with oxidative stress. Likewise, the interesting
potential of investigated extracts to inhibit a-glucosidase
enzyme and their significant inhibition of «-amylase indicate
that they may be effective therapeutic agents for controlling
hyperglycemia and bring about some preliminary proofs for

BioMed Research International

their antidiabetic effects. Additionally, it appears that both
plants are a promising source of bioactive compounds, since
those activities seem to be linked to the phenolic content, and
it is noteworthy that the mineral contents of both plants may
contribute significantly to their health promoting properties.
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