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Abstract

a-Amylase inhibitors play a critical role in the control of diabetes and many of medicinal plants have been
found to act as a-amylase inhibitors. Swertia genus, belonging to the family Gentianaceae, comprises
different species most of which have been used in traditional medicine of several cultures as antidiabetic,
anti-pyretic, analgesic, liver and gastrointestinal tonic. Swertia longifolia Boiss. is the only species of
Swertia growing in Iran. In the present investigation, phytochemical study of S. longifolia was performed
and a-amylase inhibitory effects of the plant fractions and purified compounds were determined. Aerial parts
of the plant were extracted with hexane, chloroform, methanol and water, respectively. The components of
the hexane and chloroform fractions were isolated by different chromatographic methods and their structures
were determined by 'H NMR and °C NMR data. a-Amylase inhibitory activity was determined by a
colorimetric assay using 3,5-dinitro salysilic acid. During phytochemical examination, a-amyrin, B-amyrin
and P-sitosterol were purified from the hexane fraction,while ursolic acid, daucosterol and swertiamarin
were isolated from chloroform fraction. The results of the biochemical assay revealed a-amylase inhibitory
activity of hexane, chloroform, methanol and water fractions, of which the chloroform and methanol
fractions were more potent (ICso 16.8 and 18.1 mg/ml, respectively). Among examined compounds,
daucosterol was found to be the most potent a-amylase inhibitor (57.5% in concentration 10 mg/ml). With
regard to a-amylase inhibitory effects of the plant extracts, purified constituents, and antidiabetic application
of the species of Swertia genus in traditional medicine of different countries, S. longifolia seems more
appropriate species for further mechanistic antidiabetic evaluations.
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INTRODUCTION such as improving insulin action, increasing

pancreatic insulin secretion and inhibition of

Diabetes mellitus, a well-known major a-glucosidase and a-amylase enzymes (2). The
health risk in the world, is a chronic a-amylase enzyme has a strategic role in
endocrine disease characterized by persistent digestion of carbohydrates; therefore, its
hyperglycemia along with abnormalities inhibitors (AAI) are important in the treatment
in metabolism of carbohydrates, proteins of diabetes. It has been established that some
and lipids. It is induced by a failure of medicinal plants are capable of controling
insulin secretion and/or increased -cellular diabetes by retarding the absorption of glucose
resistance. In this condition, microvascular and through the inhibition of carbohydrate
macrovascular problems including failure of hydrolyzing enzyme, o—amylase, in digestive
organs especially eyes, kidneys, nerves, heart tract (3). The genus Swertia L. belongs to the
and blood vessels occur (1). Different types of family Gentianaceae, and comprises 170
drugs are used in diabetes management known species worldwide (4). Ninety Swertia
influencing via different mechanisms of action species are cosmopolitan. They have
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distributed in the mountainous parts of tropical
Asia, Europe, America and Africa just like
most species of the Gentianaceae, although
areas around Himalayas are considered as the
main origin. About 40 species of this genus are
known to grow in India. Moreover, 97 Swertia
species have been reported from China (5).
Different plants of Swertia have been
employed in traditional medicine of diverse
countries (6).

A variety of Swertia species are used as
crude drugs in the Indian pharmacopoeia, of
which S. chirayita is commonly available in
India, Nepal and China, and used as the most
important and valuable one (7). This species is
abundantly used in traditional medicine for
treatment of type 2 diabetes mellitus due to
lowering the blood glucose level (8).
Surprisingly, some other Swertia species are
used as substitutes and adulterant of S.
chirayita. For instance, in Pakistan, S.
purpurascens is known as a substitute of S.
chirayita, while S. japonica is an important
species in Japan (4). Furthermore, in Chinese
traditional medicine, about twenty species of
Swertia genus are used for treatment of
choleric, hepatic and inflammatory disorders
(9). Aerial parts of S. corymbosa are used
as a major ingredient for the preparation
of Ayurvedic herbal medicines against
diabetes (10).

According to the importance of Swertia in
traditional medicine, many phytochemical
investigations have been performed on this
genus to find its active constituents. About 200
components with different structural patterns
have been reported from the genus including
xanthones, iridoids, secoiridoids, triterpenoids,
steroids, flavonoids and alkaloids (6).
The only Swertia species that grows in Iran is
S. longifolia Boiss. called “Maryam Koohi”
in Persian.

The plant is found in northern regions of
Iran in mountainous areas (11). Some
phytochemical (12-14) and biological (15,16)
studies have been carried out on the mentioned
species demonstrating that the plant mainly
contains xanthone diglycosides, iridoid and
secoiridoids (12-14).

To the best of our knowledge, there is no
report on the a-amylase inhibitory activity of
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this plant. Thus, in the present work, o-
amylase inhibitory effects of hexane,
chloroform, methanol and water extracts of S.
longifolia as well as some constituents isolated
and identified from these fractions were
investigated.

MATERIALS AND METHODS

Materials

Proton nuclear magnetic  resonance
("H NMR) and carbon-13 nuclear magnetic
resonance (13C NMR) spectra  were
recorded on Bruker Avance 400 & 500
NMR  spectrometers  (Germany)  with
tetramethylsilane as an internal standard.
Chemical shifts are given in 6 (ppm) in CDCls,
pyridine or CD;OD as solvent. Column
chromatography was performed using silica
gel (kieselgel 60, 0.2-0.5 mm, 0.063-0.2 mm,
Merck, Germany) and Sephadex LH-20
(0.025-0.1 mm, Sigma, Germany). Separation
by solid phase extraction (SPE ) was carried
out using silica gel (0.04-0.063 mm, Merck,
Germany). Silica gel 60F,s4 pre-coated plates
(Merck) were used for TLC. The spots on the
plates were detected by spraying a methanol-
H,SO4 10% reagent followed by heating the
plates at 120 °C using a hot plate for 5 min.
PTLC was performed on silica-gel plates
20 x 20 cm. High-performance liquid
chromatography (HPLC) was performed on
HPLC analytical and semi-preparative
instruments from Shimadzu company.

Palnt material

The aerial parts of S. longifolia Boiss. were
collected in July 2010 from the northern parts
of Iran, Mazandaran province, Lavashm
mountains and identified by botanists Dr. A.
Pirani and Dr. H. Moazzeni. A voucher
specimen was deposited at the Herbarium of
Traditional Medicine and Materia Medica
Research Center, Shahid Beheshti University
of Medical Sciences, Tehran, Iran (No. 3058
TMRC).

Extraction and isolation

The aerial parts of the plant (1 kg) were
powdered, and then extracted with maceration
method using hexane, chloroform, methanol
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and water. The extracts were evaporated under
reduced pressure using a rotary evaporator (16).

Purification of compounds from hexane
fraction

A portion (12.0 g) of the hexane fraction
was dissolved in 200 ml of chloroform. The
chloroform solution was washed with 5%
aquous NaOH (4 x 200 ml) to remove
phenolics (12). These were set aside and the
organic solution further washed with water,
dried, and evaporated to dryness. The resulting
fraction (2.5 g) was chromatographed over
silica gel column (0.063-0.200 mm, 3 x 55
cm) using a petroleum ether:CH,Cl:EtOAc
gradient (30:70:0, 20:80:0, 10:90:0, 5:95:0,
0:100:0, 0:95:5, 0:90:10, and 0:80:20,
consequently). The volume was 1000 ml for
each solvent system to give five fractions. The
fractions from petroleum ether:CH,Cl,:EtOAc
20:80:0 (A, 200 mg) and 0:95:5 (A, 30 mg)
contained the major constituents.

Isolation of the main components of fraction
A 1 and A2

PTLC was wused with a mixture of
petroleum ether:CH,Cl, (1:9) as a mobile
phase. Finally, two compounds (1, 8 mg and 2,
4 mg) were purified from fraction A;. In
addition, compound 3 (22 mg) was obtained
by recrystallization of the fraction A, using
petroleum ether.

Isolation of compounds from chloroform
fraction

Chloroform fraction (12 g) was subjected to
silica gel column (0.2-0.5mm, 5 x 90 cm). The
mobile phase was CH,Cly:EtOAc:MeOH
(100:0:0), (90:10:0), (80:20:0), (70:30:0),
(60:40:0), (50:50:0), (40:50:10), (30:50:20),
(20:50:30), (10:50:40), (0:50:50), (0:40:60),
(0:30:70), (0:20:80), (0:10:90), and (0:0:100),
consequently. The volume was 2000 ml for
each solvent system to give nine fractions. The
fractions obtained from CH,Cl,:EtOAc:MeOH
80:20:0  (fraction By, 1 g) and
CH,CL:EtOAc:MeOH 50:50:0 (fraction B,,
3.3 g) were chosen for further purifications.
The fraction B; (1 g) was eluted using silica
gel column (0.063-0.2 mm, 3 x 65 cm)
with CH,CL:EtOAc (95:5, 92.5:7.5, 90:10,
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87.5:12.5, 85:15, 80:20, 75:25, 60:40, 50:50,
40:60, 30:70, and 20:80, consequently). The
volume was 500 ml for each solvent system to
give six fractions. The fractions obtained from
CH,ClL:EtOAc 75:25 (fraction By,, 71 mg) and
CH,Cl,:EtOAc 50:50 (fraction B, 300 mg)
were selected for further purifications. Fraction
Bi. was chromatographed over a silicagel
column (0.043-0.063 mm, 1 x 3cm) using SPE
method and eluted with CH,Cl,:EtOAc¢ (90:10,
80:20, 70:30, 60:40, 50:50, 40:60, 30:70, and
0:100, consequently). The volume was 15 ml
for each solvent system. The fraction obtained
from CH,Cl,:EtOAc 80:20 contained a pure
substance (compound 4, 9 mg).

In order to separate the components of By,
the fraction was added to silica gel column
(0.04-0.063 mm, 2 x 13 cm) with
CH,Cl:EtOAc (95:5, 90:10, 85:15, 80:20,
75:25, 70:30, 60:40, and 50:50, consequently),
and volume was 120 ml for each one. Fraction
obtained from CH,Cl:EtOAc  (80:20)
contained compound 5 (20 mg). The fraction
B, (3.3 g) was purified by a silica gel column
(0.063-0.2 mm, 2.5 x 90 cm) with
EtOAc:MeOH (90:10, 80:20, 70:30, 60:40,
50:50, 40:60, 30:70, 20:80 and 0:100,
consequently), and the volume for each
solvent system was 800 ml. Six fractions were
obtained. The fractions obtained from
EtOAc:MeOH (70:30) (B2a, 600 mg) was
chosen for further purifications. For separating
the main components of the fraction By,
sephadex LH-20 column (2 x 30 cm) was used
with MeOH as the mobile phase. The obtained
fractions were compared by TLC, and finally
fraction Bj, purified by HPLC method. At
first, an analytical HPLC equipped with VP-
ODS column (4.6 x 250 mm, 5 pm) and diode
array detector was used. The mobile phase was
methanol:water (50:50) with isocratic mode.
The flow rate and run time were 0.8 ml/min
and 30 min, respectively. After setting up the
method of separation, a semi-preparative
HPLC  was used  with following
chromatographic conditions: RP-18 column
(20 x 250 mm, 15 pm), UV detector set at 245
nm, methanol:water (50:50) as mobile phase
(isocratic), 5 ml/min flow rate and run time of
30 min. Compound 6 was eluted at retention
time of 13.11 min (4.5 mg).
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a-Amylase inhibition assay

The o-amylase inhibition assay was
performed according to the method proposed
by Giancarlo and colleagues by some
modifications (17,18). The starch solution (1%
w/v) was obtained by boiling and stirring 1 g
of potato starch in 100 ml of sodium phosphate
buffer for 30 min. The enzyme (EC 3.2.1.1)
solution (50 unit/1 ml) was prepared by
mixing 0.01 g of a-amylase in 10 ml of
sodium phosphate buffer (pH 6.9) containing
0.0006 mM sodium chloride. The extracts
were dissolved in dimethyl sulfoxide (DMSO)
to give concentrations from 10 to 50 mg/ml,
while the concentration of 10 mg/ml was made
from componds 3, 5 and mixture of
compounds 1 and 2 in DMSO. Compounds 4
and 6 were purified in small quantities and not
enough for enzyme assay. The color reagent
was a solution containing 0.1 g of 3,5-
dinitrosalicylic acid plus 2.99 g sodium
potassium tartrate in 0.16 g sodium hydroxide
and phosphate buffer (10 ml).

An aliquot of each sample (50 pl) and
portions of each starch solution (150 pl) and
the enzyme solution (10 pl) were mixed in a
96-well plate and incubated at 37 °C for 30
min. Then, 20 pl of sodium hydroxide and 20
pl of color reagent were added and the closed
plate was placed into a water bath set at
100 °C. After 20 min, the reaction mixture was
removed from the water bath and cooled,
thereafter, a-amylase activity was determined
by measuring the absorbance of the mixture at
540 nm in Elisa stat fax 2100 (Awarness
Technology Inc., USA). Blank samples were
used to correct the absorbances of the mixture
in which the enzyme was replaced with buffer
solution.

A control reaction in which the sample had
been replaced with 50 pl of DMSO was also
used, and the maximum enzyme activity was
determined.  Acarbose solution at the
concentrations 1-5 mg/ml was used as a
positive control. The inhibition percentage of
a-amylase was determined by the following
equation:
a-Amylase inhibition %=100 % (AAconwol - AAgample)
TAA congrol

AAcomroletest - ABlank
AAsamplezAtesl - ABlank
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Statistical analysis

Statistical analysis was performed using the
SPSS wversion 21.0. The ICsy values were
estimated by non-linear curve and presented as
their respective 95% confidence limits. Probit
analysis of variance was used to assess the
presence of significant differences (P<0.05)
between the samples.

RESULTS

The present study led to the isolation of six
compounds from aerial parts of S. longifolia,
three of which were triterpenoid, two were
steroid and one was a secoiridoid (Fig. 1). The
structures of these compounds were elucidated
by comparison of their NMR data with those
reported in the literature (19-23). The data of
'H-NMR and “C-NMR of the compounds are
given as follows:

Compound 1: a-amyrin, '"H NMR (CDCls,
400 MHz): 6 0.75 (1H, d, J=11.6 Hz, H-5), 0.82
(3H, s, H-25), 0.82 (3H, s, H-24), 0.97 (3H, s, H-
26), 1.02 (3H, s, H-23), 1.03 (3H, s, H-28), 1.09
(3H, s, H-27), 1.85 (2H, td, J=4.8, 13.6 Hz, H-
16), 1.92 (2H, dt, H-22), 1.99 (2H, td, J=4.4,
13.2 Hz, H-15), 3.23 (1H, dd, J=5.2, 11.2 Hz, H-
3), 5.14 (1H, ¢, J=3.6 Hz, H-12); “C NMR
(CDCl3, 400 NMR): 15.60 (C-24), 15.69 (C-25),
16.87 (C-26), 17.48 (C-29), 18.36 (C-6), 21.41
(C-30), 23.28 (C-27), 23.37 (C-11), 26.62 (C-
16), 27.28 (C-15), 28.11 (C-28), 28.11 (C-23),
28.76 (C-2), 31.26 (C-21), 32.36 (C-7), 33.34
(C-17), 36.66 (C-10), 38.79 (C-1), 38.79 (C-4),
39.62 (C-19), 39.67 (C-20), 41.54 (C-22), 42.09
(C-14), 47.72 (C-9), 55.19 (C-5), 59.07 (C-18),
79.06 (C-3), 124.43 (C-12), 139.59 (C-13).

Compound 2: B-amyrin, '"H NMR (CDCls,
400 MHz): 6 0.72 (1H, d, J=10.4 Hz, H-5), 0.81
(3H, s, H-25), 0.85 (3H, s, H-23), 1.01 (3H, s, H-
24), 1.81 (2H, m, H-16), 1.98 (2H, td, J=4.4,
13.2 Hz, H-15), 1.15 (3H, s, H-28), 1.27 (3H, s,
H-27), 3.24 (1H, dd, J=4.8, 10.8 Hz, H-3), 5.19
(1H, ¢, J=3.6 Hz, H-12); >*C NMR (CDCls, 100
MHz): 15.50 (C-24), 15.63 (C-25), 16.81 (C-26),
18.44 (C-6), 23.54 (C-11), 23.70 (C-30), 25.75
(C-27), 26.16 (C-16), 26.51 (C-15), 27.24 (C-2),
27.98 (C-23), 28.4 (C-28), 31.09 (C-20), 32.66
(C-7), 32.83 (C-17), 33.76 (C-29), 34.74 (C-21),
36.90 (C-10), 37.15 (C-22), 38.59 (C-4), 38.67
(C-1), 40.02 (C-8), 41.54 (C-14), 46.83 (C-19),
47.23 (C-18), 47.64 (C-9), 55.35 (C-5), 79.06
(C-3), 121.73 (C-12), 145.3 (C-13).
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Fig. 1. Structures of the isolated compounds from Swertia longifolia.
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Compound 3: B-sitosterol, 'H NMR
(CDCl3, 500 MHz): & 0.69 (3H, s, H-18), 0.82
(3H, H-26), 0.82 (3H, H-27), 0.86 (3H, H-29),
0.93 (3H, d, J=5.8 Hz, H-21), 1.02 (3H, s, H-
19), 1.08 (2H, m, H-1b), 1.08 (2H, m, H-15b),
1.08 (1H, m, H-17), 1.08 (2H, m, H-22b), 1.16
(2H, m, H-12b), 1.16 (2H, m, H-23), 1.25 (2H,
m, H-16b), 1.25 (2H, m, H-28), 1.48 (2H, m,
H-2b), 1.48 (2H, m, H-7), 1.48 (2H, m, H-11),
1.58 (2H, H-15a), 1.67 (1H, m, H-25), 1.85
(2H, m, H-1a), 1.85 (2H, m, H-2a), 1.85 (2H,
m, H-16a), 1.97 (1H, H-8), 2.02 (2H, m, H-
12a), 2.27 (2H, m, H-4), 3.54 (1H, s, H-3),
537 (1H, s, H-6); °C NMR (CDCl;, 125
MHz): 11.83 (C-18), 11.95 (C-29), 18.75 (C-
21), 19 (C-27), 19.37 (C-19), 19.79 (C-26),
21.05 (C-11), 23.03 (C-28), 24.27 (C-15),
26.02 (C-23), 28.22 (C-16), 29.10 (C-25),
31.60 (C-2), 31.87 (C-7), 31.87 (C-8), 33.90
(C-22), 36.12 (C-20), 36.47 (C-10), 37.22 (C-
1), 39.74 (C-12), 42.25 (C-4), 42.25 (C-13),
4578 (C-24), 56.02 (C-17), 50.09 (C-9),
56.73 (C-14), 71.75 (C-3), 121.68 (C-6),
140.72 (C-5).

Compound 4: Ursolic acid, 'H NMR
(pyridine-d5, 500 MHz): 6 0.88 (3H, s, H-25),
0.94 (3H, d, J=6.2 Hz, H-30), 1.00 (3H, d,
J=6.4 Hz, H-29), 1.02 (3H, s, H-24), 1.05 (3H,
s, H-26), 1.22 (3H, s, H-27), 1.24 (3H, s, H-
23), 2.12 (1H, dt, J=4.2, 13.3Hz, H-16a), 2.32
(1H, dt, J=4.3, 13.1 Hz, H-16b), 2.64 (1H, d,
J=11.1 Hz, H-18), 3.45 (1H, dd, ] = 5.4, 10.2
Hz, H-3), 5.49 (1H, ¢, J=3.6 Hz, H-12); °C -
NMR (pyridine-d5, 125 MHz): 15.68 (C-25),
16.58 (C-24), 17.46 (C-26), 17.52 (C-29),
18.78 (C-6), 21.41 (C-30), 23.63 (C-11), 23.91
(C-27), 24.91 (C-16), 28.13 (C-2), 28.69 (C-
15), 28.81 (C-23), 31.07 (C-21), 33.57 (C-7),
37.28 (C-10), 37.45 (C-22), 39.07 (C-4), 39.39
(C-1), 39.39 (C-20), 39.49 (C-19), 39.97 (C-
8), 42.50 (C-14), 48.05 (C-9), 48.05 (C-17),
53.55 (C-18), 55.82 (C-5), 78.12 (C-3), 125.65
(C-12), 135.80 (C-13), 179.90 (C-28).

Compound 5: daucosterol, 'H NMR
(pyridine-d5, 500 MHz): & 0.64 (1H, s, H-18),
0.84 (1H, d, J=6.5 Hz, H-27), 0.88 (1H, d,
J=3.1 Hz, H-29), 0.89 (1H, d, J=5.6 Hz, H-26),
0.92 (1H, s, H-19), 0.97 (1H, d, J=6.5 Hz, H-
21), 1.00 (1H, H-9), 1.05 (1H, m, H-11b), 1.05
(1H, m, H-14), 1.05 (1H, m, H-22b), 1.07 (1H,
m, H-1b), 1.09 (1H, m, H-15b), 1.21 (1H, H-
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23), 1.65 (1H, m, H-15a), 1.67 (1H, m, H-2b),
1.69 (1H, m, H-25), 1.81 (1H, m, H-16a), 1.84
(1H, m, H-1a), 1.89 (1H, m, H-2a), 1.96 (1H,
m, H-8), 2.12 (1H, m, H-12a), 2.46 (1H, ¢, H-
4b), 2.72 (1H, m, H-4a), 3.93 (1H, H-2"), 3.97
(1H, m, H-5"), 4.05 (1H, ¢, J=8.1 Hz, H-3"),
4.26 (1H, m, H-4"), 4.31 (1H, m, H-3), 4.41
(1H, dd, J=5.1, 11.7 Hz, H-6'b), 4.56 (1H, dd,
H-6'a), 5.33 (1H, H-1'); *C NMR (pyridine-
ds, 125MHz): & 11.97 (C-18), 12.15 (C-29),
19.00 (C-21), 19.2 (C-27), 19.17 (C-19), 19.97
(C-26), 21.27 (C-11), 23.37 (C-28), 24.50 (C-
15), 26.36 (C-23), 28.54 (C-16), 29.44 (C-25),
30.24 (C-2), 32.04 (C-7), 32.16 (C-8), 34.19
(C-22), 36.38 (C-20), 36.91 (C-10), 37.47 (C-
1), 39.32 (C-4), 39.93 (C-12), 42.47 (C-13),
46.02 (C-24), 50.33 (C-9), 56.23 (C-17), 56.81
(C-14), 62.81 (C-6"), 71.67 (C-4"), 75.33 (C-
2", 78.09 (C-5"), 78.48 (C-3"), 78.60 (C-3),
102.56 (C-1"), 121.92 (C-6), 140.80(C-5).

Compound 6: swertiamarin, 'H NMR
(MeOD, 500 MHz): & 1.75 (2H, d, J=13.2 Hz,
H-6a), 1.92 (2H, ddd, J = 5.0, 13.4, 13.6 Hz,
H-6b), 2.92 (1H, dd, J = 1.4, 9.4 Hz, H-9),
3.18 (1H, dd, J=8.0, 8.8 Hz, H-2"), 3.28 (1H,
H-4"), 3.36 (1H, H-5"), 3.40 (1H, H-3"), 3.67
(2H, dd, J=5.6, 12.0 Hz, H-6'b), 3.89 (2H, dd,
J=2, 12.0 Hz, H-6'a), 4.35 (2H, m, H-7a), 4.64
(1H, d, J=8.0 Hz, H-1"), 4.76 (2H, ddd, J=2.8,
11.0, 12.6 Hz, H-2"), .31 (2H, m, H-10), 5.45
(1H, m, H-8), 5.73 (1H, d, J=1.2, H-1), 7.64
(1H, s, H-3); °C NMR (MeOD, 125 NMR):
33.75 (C-6), 51.99 (C-9), 62.59 (C-6'), 64.28
(C-5), 65.96 (C-7), 71.43 (C-4"), 74.47 (C-2"),
77.83 (C-3"), 78.57 (C-5"), 99.09 (C-1), 100.21
(C-1"), 108.93 (C-4), 121.18 (C-10), 133.85
(C-8), 154.77 (C-3), 168.02 (C-11).

The results of biochemical analysis showed
a-amylase inhibitory activity of all plant
fractions (ICsop 16.8 - 37.0 mg/ml) (Fig. 2). As
it is obvious in Fig. 2, methanol and
chloroform fractions showed more enzyme
inhibition than other fractions. Aqueous
fraction was the weakest one for a-amylase
inhibition. In the hexane and chloroform
fractions, the inhibitory effects decreased by
increasing the concentration. In fact, a reverse
concentration-dependent inhibition ~ was
observed for various concentrations of the
extracts.
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Fig. 2. a-Amylase inhibition activity of different fractions of Swertia longifolia.

Among examined pure compounds,
daucosterol showed the highest inhibitory
activity (57.5 £ 3.1% at concentration of 10
mg/ml). Enzyme inhibition percentage of [-
sitosterol and a mixture of a- and B-amyrin
were found to be 25.5 £ 3.5% and 30.1 =4.2%
at concentration of 10 mg/mL, respectively.
Acarbose was employed as a positive control
(ICsp 1.8 mg/ml).

DISCUSSION

Nowadays usage of medicinal plants for
treatment of various disorders especially
chronic disorders such as diabetes has been
increased (24). a-Amylase inhibition has been
considered as one of important mechanisms
involved in controlling diabetes. Several plant
species have been introduced to contain
constituents acting as o-amylase inhibitor and
might be used for control of the diabetes (18).
Swertia species have a long history in control
of diabetes in traditioanal medicine (8).

In the present study, a-amylase inhibitory
activity of S. longifolia extracts and
constituents have been established. The
inhibitory effects decreased by increasing the
concentration of the extract in the hexane and
chloroform fractions. Reverse dose-dependent
activity of an extract might be due to
the conformational changes from binding
of compounds to the enzyme by increasing
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the concentration as has been previously
reported (25).

Methanol and aqueous extracts showed
dose-dependent a-amylase inhibition.
Regarding to the a-amylase inhibitory effects
of all fractions of the plant, it could be
concluded that different compounds with
various structures and polarities are involved
in o-amylase inhibitory properties of S.
longifolia. Therefore, it is suggested that
the whole extract could be used in further
diabetes studies.

Some  phytochemicals from  natural
products are able to control diabetes, of which
triterpenes are well-known to create insulin
like effects and decrease blood glucose, which
is a useful mechanism in treatment of diabetes
(26). Hexane and chloroform fractions of S.
longifolia contained famous triterpenes a- and
B-amyrin, ursolic acid, and also [-sitosterol
and its glucoside, daucosterol, as well as
scoiridoid swertiamarin. All the purified
compounds had terpenoid structure and were
obtained from the plant for the first time
but they had already been isolated from
other species. o-amylase inhibitory activity
of some mentioned compounds has been
already reported.

The comparison of a-amylase inhibitory
effects obtained from different investigations,
helps to observe significant differences in
inhibition percentage for the same compound.
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This is due to various methods for assay of
enzyme inhibition (27,28).

Among the isolated compounds from S.
longifolia in the present study, o- and -
amyrinare are bioactive compounds commonly
found in the leaves, barks and resins of various
plants. Extensive investigations over the last
years have identified o- and B-amyrinin in
some species of Swertia genus including S.
corymbosa, S. chirata and S. paniculata, and
the pure compounds have demonstrated anti-
microbial, anti-inflammatory, and other
interesting biological activities (29-31). But
there is no report on a-amylase inhibitory
activity of these compounds. In the present
study, a mixture of the compounds proved
weak enzyme inhibition (30.1%). S-Sitosterol
is a common steroid, which has been isolated
from S. ciliata, S. przewalskii, S. speciosa, S.
franchetiana, S. chirata and S. bifolia (32). It
is an anti-diabetic (33,34), antioxidant (35),
cytotoxic (36,37), anti-ulcer (38), anti-
inflammatory (39), and analgesic agent (40).
Recent studies demonstrated good a-amylase
inhibitory activity of the compound. In an
investigation, B-sitosterol inhibited the enzyme
with 1Csp 300 pM (41). Kumar and coworkers
demonstrated that the compound had 48.8%
inhibition effects at concentration of 50 pg/ml
(42). Moreover, in silico studies exhibited the
potent inhibition of p-sitosterol on human
pancreatic amylase (43). These results are not
in agreement with the present results that
suggested weak activity for this compound
(25.5% at concentration of 10 mg/ml). The
difference may be due to the enzyme source or
different conditions of experiments. Therefore,
more investigations are recommended to
disclose the real potency of the plant sterols
and triterpenes. Meanwhile, for the future, a
standardized protocol to study potential
inhibitors maybe designed in order to
minimize the differences between the results
obtaining in various studies. Ursolic acid has
been isolated from S. david, S. przewalskii, S.
corymbosa, S. speciosa, and S. thomsonii (32).
This compound can strongly inhibit o-
glucosidase activity (44). The a-amylase
inhibitory effects of the compound has been
already esblished (3). Daucosterol, a
glycosidic form of [-sitosterol, has been
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isolated from S. bifolia (32). Although strong
a-glucosidase inhibitory effect of daucosterol
has already been established (45), a-amylase
inhibitory effect of the compound is now being
reported by us for the first time and was found
to be higher than other tested compounds.
Swertiamarin has been isolated from S.
franchetiana, S. pseudochinensis, S. punicea,
S. davidi, S. mussotii, S. nervosa, S. chirata, S.
binchuanensis, S. delavayi (32), while there
are no report on its a-amylase inhibitory
effect. Regarding the enzyme inhibition of the
plant extracts and some purified compounds, it
is concluded that some synergistic effects may
be involved in a-amylase inhibitory activity of
the plant which have induced desirable a-
amylase inhibition.

Terpenoid compounds in hexane and
chloroform fractions might be considered as
the active components of the extracts for
enzyme inhibition; while, other compounds
such as xanthones which have been already
found in polar fractions (12,13) may be
involved in a-amylase activity of methanol
and  water fractions needing  more
investigation.

CONCLUSION

in the present study, a-amylase inhibitory
effects of hexane, chloroform, methanol and
water extracts of S. longifolia and some of
terpenoid constituents isolated and identified
from these fractions were proved. Therefore,
this plant species could have a good potential
for the treatment of diabetes. However more in
vitro, in vivo and clinical studies are warranted
for further evaluation of antidiabetic activities
of this plant. Indeed, a-amylase inhibition was
a preliminary test for screening the plant
materials for future investigations.

ACKNOWLEDGEMENTS

The authors wish to thank Dr. A. Pirani and
Dr. H. Moazzeni for collecting and identifying
the plant. We also thank Traditional Medicine
and Materia Medica Research Center of
Shahid Beheshti University of Medical
Sciences for financial support (no. 138 and
139 ) of this project. The content of this paper



Swertia longifolia components with a-amylase inhibitory activity

is extracted from the MSc thesis submitted by
Leila Ara.

REFERENCES

1. Rahimi R, Nikfar S, Larijani B, Abdollahi M. A
review on the role of antioxidants in the
management of diabetes and its complications.
Biomed Pharmacother. 2005;59:365-373.

2. DeRuiter J. Overview of the antidiabetic agents.
Endocrine Pharmacotherapy Module. 2003. pp. 1-33.
Available at: http://www.auburn.edu/~deruija/endo
diabetesoralagents. pdf. Jan 2015.

3. Sales PM, Souza PM, Simeoni LA, Silveira D. a-
Amylase inhibitors: a review of raw material and
isolated compounds from plant source. J Pharm
Pharm Sci. 2012;15:141-183.

4. Pant N, Jain DC, Bhakuni RS. Phytochemicals from
genus Swertia and their biological activities. Indian J
Chem. 2000;39B:565-586.

5. Negi JS, Singh P, Rawat B. Chemical constituents
and biological importance of Swertia: A review.
Curr Res Chem. 2011;3:1-15.

6. Bhawana K, Neetu Sh. Phytochemistry, ethnobotany
and pharmacology of Swertia chirata. Int Phytomed
Relat Indust. 2011;3:261-263.

7. Tabassum S, Mahmood S, Hanif J, Hinda M, Uzair
B. An overview of medicinal importance of Swertia
chirayita. Int J App Sci Technol. 2012;2:298-304.

8. Brahmachari G, Mondal S, Gangopadhyay A, Gorai
D, Mukhopadhyay B, Saha S, et al. Swertia
(Gentianaceae): chemical and pharmacological
aspects. Chem Biodivers. 2004;1:1627-1651.

9. lJiyangsu College of New Medicine, Dictionary of
Chinese Traditional Medicine. Shanghai: People’s
Press; 1977. p. 2565.

10. Mahendran G, Thamotharan G, Sengottuvelu S, Bai
VN. Anti-diabetic activity of Swertia corymbosa
(Griseb.) Wight ex C.B. Clarke aerial parts extract in
streptozotocin ~ induced ~ diabetic  rats. J
Ethnopharmacol. 2014;151:1175-1183.

11. Mozaffarian V. A Dictionary of Iranian Pant Names.
Tehran: Farhang Moaser; 2007. p. 530.

12. Hajimehdipour H, Amanzadeh Y, Sadat-Ebrahimi
SE, Mozaffarian V. Three tetraoxygenated xanthones
from Swertia longifolia. Pharm Biol. 2003;41:497-499.

13. Hajimehdipoor H, Dijoux-Franca MG, Mariotte
AM, Amanzadeh Y, Sadat-Ebrahimi SE, Ghazi-
Khansari M. Two new xanthone diglycosides from
Swertia  longifolia  Boiss. Nat Prod Res.
2006;20:1251-1257.

14. Hajimehdipoor H, Dijoux-Franca MG, Mariotte
AM, Amanzadeh Y, Sadat-Ebrahimi SE, Ghazi-
Khansari M, et al. Phytochemical study of Swertia
longifolia Boiss. DARU. 2008;16:245-249.

15. Hajimehdipoor H, Sadeghi Zh, Elmi S, Elmi A,
Ghazi-Khansari M, Amanzadeh Y, et al. Protective
effects of Swertia longifolia Boiss. and its active
compound, swerchirin, on paracetamol-induced
hepatotoxicity in mice. J Pharm Pharmacol.
2006;58:277-280.

31

16. Hajimehdipoor H, Esmaeili S, Shekarchi M,
Emrarian T, Naghibi F. Investigation of some
biologic activities of Swertia longifolia. Res Pharm
Sci. 2013;8:253-259.

17. Giancarlo S, Rosa LM, Nadjafi F, Francesco M.
Hypoglycaemic activity of two spices extracts: Rhus
coriaria L. and Bunium persicum Boiss. Nat Prod
Res. 2006;20:882-886.

18. Nickavar B, Abolhasani L, Izadpanah H. o-Amylase
inhibitory activities of six Salvia species. Iran J
Pharm Res. 2008;7:297-303.

19.Migas P, Cisowski W, Dembinska-Migas W.
Isoprene derivatives from the leaves and callus
cultures of Vaccinium corymbosum var. bluecrop.
Acta Pol Pharm. 2005;62:45-51.

20. Saeidnia S, Manayi A, Gohari AR, Abdollahi M.
The story of beta-sitosterol-a review. European J
Med Plants. 2014;4:590-609.

21. Mouffok S, Haba H, Lavaud C, Long Ch, Benkhaled
M.  Chemical constituents of  Centaurea
omphalotricha Coss. & Durieu ex Batt. & Trab. Rec
Nat Prod. 2012;6:292-295.

22.Goari AR, Saeidnia S, Shahverdi AR, Yassa N,
Malmir M, Mollazade K, et al. Phytochemistry and
antimicrobial ~ compounds of  Hymenocrater
calycinus. Eur Asia J Bio Sci. 2009;3:64-68.

23.Anwar M, Ahmad M, Aslam M, Aftab Kh.
Enicostema littorale: A new source of swertiamarin.
Pak J Pharm Sci. 1996;9:29-35.

24. Chowdhury SS, Islam MN, Jung HA, Choi JS. In
vitro antidiabetic potential of the fruits of Crataegus
pinnatifida. Res Pharm Sci. 2014;9:11-22.

25. Andrade-Cetto A, Becerra-Jimenez J, Cardenas-
Vazquez R. Alpha-glucosidase inhibiting activity of
some Mexican plants used in the treatment of type 2
diabetes. J Ethnopharmacol. 2008;116:27-32.

26. Nagmoti DM, Juvekar AR. In vitro inhibitory effects
of Pithecellobiumdulce (Roxb.) Benth. seeds on
intestinal o-glucosidase and pancreatic o-amylase. J
Biochem Tech. 2013;4:616-621.

27.Miller GL. Use of dinitrosalicylic acid reagent
fordetermination of reducing sugar. Anal Chem.
1959;31:426-428.

28.Fuwa H. A new method for microdetermination of
amylase activity by the use of amylose as the
substrate. J Biochem. 1954;41:583-603.

29. Saraswathy A, Ariyanathan S. 1, 5, 8-Trihydroxy-3-
methoxyxanthone from Swertia corymbosa (Griseb.)
Wight ex.C.B.Clarke. Int J Pharm Life Sci.
2011;2:976-9717.

30. Joshi P, Dhawan V. Swertia chirayita — an overview.
Curr Sci. 2005;89:635-640.

31.Dutt B, Srivastava LJ, Singh JM. Swertia spp: a

source of bitter compounds for medicinal use. Anc

Sci Life. 1996;15:226-229.

Jamwal A. Systematic review on xanthones and

other isolates from genus Swertia. Int J Pharm Chem

Sci. 2012;1:1464-1482.

Jamaluddin F, Mohamed S, Lajis MN.

Hypoglycaemic effect of Parma speciosa seeds due

to the synergistic action of [-sitosterol and

stigmasterol. Food Chem. 1994;49:339-345.

32.

33.



S. Saeidnia et al. / RPS 2016; 11(1): 23-32

34.Radika MK, Viswanathan P, Anuradha CV. Nitric
oxide mediates the insulin sensitizing effects of B-
sitosterol in high fat diet-fed rats. Nitric Oxide.
2013;32:43-53.

35.Vivancos M, Moreno JJ. B-Sitosterol modulates
antioxidant enzyme response in RAW264.7
macrophages. Free Rad Biol Med. 2005;39:91-97.

36.Park C, Moon DO, Rhu CH, Choi BT, Lee WH,

Kim GY, et al. B-Sitosterol induces antiproliferation

and apoptosis in human leukemic U937 cells through

activation ofcaspase-3 and induction of Bax/Bcl-2
ratio. Biol Pharm Bull. 2007;30:1317-1323.

Manayi A, Saeidnia S, Ostad SN, Hadjiakhoondi A,

Shams Ardekani MR, Vazirian M, et al. Chemical

constituents and cytotoxic effect of the main

compounds of Lythrum salicaria L. Z Naturforsch

C. 2013;68:367-375.

38.Moon EJ, Lee YM, Lee OH, Lee MJ, Lee SK,
Chung MH, et al. A novel angiogenic factor derived
from Aloe vera gel: beta-sitosterol, a plant sterol.
Angiogenesis. 1999;3:117-123.

39. Prieto JM, Recio MC, Giner RM. Anti-inflammatory
activity of [-sitosterol in a model of oxazolone
induced contact-delayed-type hypersensitivity. Bol
Latinoam Caribe Plant Med Aromat. 2006;5:57-62.

37.

32

40. Villasenor IM, Angelada J, Canlas AP, Echegoyen

D. Bioactivity studies on betasitosterol and its

glucoside. Phytother Res. 2002;16:417-421.

Rahman AU, Zareen S, Choudhary MI, Akhtar MN,

Kah SN. Alpha-glucosidase inhibitory activity of

triterpenoids from Cichorium intybus. J Nat Prod.

2008;71:910-913.

Kumar S, Kumar V, Prakash O. Enzymes inhibition

and antidiabetic effect of isolated constituents from

Dilleniaindica. Bio Med Res Int. 2013;2013:ID

382063.

Rathinavelusamy P, Mazumder PM, Sasmal D,

Jayaprakash V. Evaluation of in silico, in vitro a-

amylase inhibition potential and antidiabetic activity

of Pterospermum acerifolium bark. Pharm Biol.

2014;52:199-207.

44.Chen B, Zhang Q, Wang W, Huang H, Kang W.
Alpha-glucosidase inhibitory active constituents
contained in nut shell of Trapaacornis. Zhongguo
Zhong Yao Za Zhi. 2012;37:1408-1411.

45.Sheng Zh, Dai H, Pan S, Wang H, Hu Y, Ma W.
Isolation and characterization of an a-glucosidase
inhibitor from Musa spp. (Baxijiao) flowers.
Molecules. 2014;19:10563-10573.

41.

42.

43.



