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Abstract: Medicago sp. are often consumed as vegetable,
salad and herbal tea as a form of fresh leaves and herbs.
It is also very important in animal feeding, because it
contains high percentage of protein and some important
phytochemicals. In addition, traditionally, the leaves
or other parts of the plant were used for treatment and
preventing of kidney disorders, osteoporosis, anemia,
diabetes, ulcer, coronary diseases, some cancers, and
menopausal symptoms. In previous reports, it has been
demonstrated that this plant has scavenging activity of
the free radicals, which are involve in the development
of the hypertension, Ischemia, neurodegenerative and
rheumatoid diseases. In this study, the antioxidant,
enzyme inhibitory activities of M. sativa L. collected in
two growing period and phenolic substances that may be
responsible for these activities were investigated. In this
way, the beneficial effects of the plant will be revealed and
a scientific work will be provided for the evaluation of the
pharmaceutical and food industry.

Keywords: Medicago sativa; different growing stages;
antioxidant; enzyme inhibitory activities.

1 Introduction

Alfalfa (Medicago sativa 1.) belongs to the family of
Leguminosae and is used intensively all over the world
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to feed animals. Alfalfa contains fiber, protein, saponins,
flavonoids, minerals, vitamins and phenolic compounds
that have potential therapeutic benefits [1-4]. In animal
production, rich protein containing foods as well as
effective digestible characteristics are important. Medicago
sativa L. plant has been used as a reference forage in
evaluating the digestibility of diets containing native
shrubs [5]. The plant is used extensively in our country and
all over the world as feeding plant for animals, therefore it
is called as the queen of the forages [6]. Traditionally, the
leaves or other parts of this plant were used for treatment
and preventing of kidney disorders, osteoporosis, anemia,
diabetes, ulcer, coronary diseases, some cancers, and
menopausal symptoms [7-10]. In previous reports, it has
been demonstrated that this plant has scavenging activity
on free radical, which is result in hypertension, Ischemia,
neurodegenerative and rheumatoid diseases [11].
Accordingtothe World Health Organization, traditional
medicine are used as primary health care in developing
countries. The new plants and bioactive compounds that
have therapeutic properties, are important in traditional
medicine [12-13]. Phenolic compounds are known
antioxidants and are helpful in disease resistance [14-16].
The antioxidant molecules improve the body’s cellular
defense system against oxidative damage. The oxygen
free radicals that can oxidize lipids, proteins, and even
DNA, and antioxidant molecules are present in a balance.
If this balance disturbed, the oxidative stress may occur.
As a result of the oxidative stress, various diseases such
as cancer, autoimmune disorders, aging, cardiovascular,
and neurodegenerative diseases may develop [17-18].
Acetylcholinesterase is an enzyme responsible
for acetylcholine hydrolysis by  controlling
acetylcholine concentration in the organism [19-20].
Acetylcholinesterase is known to have a more important
role in the brain, studies conducted in recent years have
shown that butyrylcholinesterase activity is increased and
acetylcholinesterase activity is not altered in AD patients
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[21]. Therefore, cholinesterase inhibitors are used for
treatment of AD. However, cholinesterase inhibitors have
some side effects. In recent years, much more attention has
been focused on researching related biological activity of
medicinal plants. There are some reports of cholinesterase
and butyrylcholinesterase inhibitors from plant origin.

Diabetes mellitus (DM), is a life-long metabolic
disease, develops as the result of insufficient production
of insulin hormone by the pancreas gland in human body
or the inability to use the hormone efficiently. As a result,
people cannot use the sugar that is taken in from the food
and blood sugar increases, suffering from hyperglycemia
[22]. Therefore, regulating glucose level is important for
controlling of the Type 2 diabetes. At present, the use of
carbohydrate hydrolyzing enzymes namely a-amylase
and a-glucosidase is one of the therapeutic strategies
for control postprandial hyperglycemia by reducing the
absorption of glucose [23-24]. However, carbohydrate
metabolic enzyme inhibitors have some side effects such
as vomiting, nausea, cramping, and abdominal pain [25].
Therefore, the effort to find alternative, more effective
enzyme inhibitors without side effects from natural
sources is increasing day by day.

In this study, the antioxidant, cholinesterase and
a-glucosidase enzyme inhibitory activities of M. sativa L.
collected in two growing period and phenolic substances
that may be responsible for these activities were
investigated. In this way, the beneficial effects of the plant
will be revealed and a scientific work will be provided for
the evaluation of the pharmaceutical and food industry.

2 Material and Method

Acetylcholinesterase (E.C.No.3.1.1.7) Type VI-S: from
Electric Eel, Galanthamine, acetylthiocholine iodide,
DTNB (dithiobis nitrobenzoic acid), potassium dihydrogen
phosphate and dipotassium hydrogen phosphate obtained
from Sigma, USA.

2.1 Plant material and preparation of
extracts

The plant material was collected from the locality of
Cumhuriyet University garden, Sivas in June 2016 before
flowering and after flowering at two different season.
The identification of the plant material was undertaken
according to The Flora of Turkey by a senior botanist
Dr. Erol Donmez at Cumhuriyet University [26]. (Davis
1970). Samples are stored in the herbarium of the faculty
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of science and literature, department of the Biology at
Cumbhuriyet University (CUFH: 18051). The leaves, stems
and flowers air-dried separately and ground to a powder
with laboratory type mill, and then each of the parts (10 g)
subjected to cold maceration with 100 mL of 80% ethanol
for 3 times and after filtering concentrated with rotary
evaporator under vacuum.

2.2 Antioxidant assay

DPPH radical scavenging: 100 pL of extracts with
concentrations ranged between 10 and 1000 pg/mL were
mixed with 100 pL of the DPPH radical solution (0.10 mM
in methanol) in 96- well plate [27]. The plate was shaken
with orbital shaker and left to stand for half hour in the
dark at room temperature. The reduction in the color of
purple DPPH solution was measured with Elisa reader at
517nm. Scavenging activity was calculated according to
control absorbance containing only methanol and DPPH
solution without test samples.

ABTS radical scavenging: The ABTS cation
decolorization assay was conducted with the method of Re
etal. [28]. The ABTSe+ working solution was prepared from
the stock ABTS which are produced by reacting 2.46 mM
potassium persulfate and 7 mM ABTS for 12-16 h, by diluting
with methanol to give an absorbance 0.7+ 0.02 at 734 nm.
100 pL of extracts with different concentration was mixed
with 100 pL of ABTSe+ working solution in microwell plate
and incubated at 25°C for 7 min. The absorbance value was
measured at 734 nm with microplate reader.

Total phenolic content: The Folin-Ciocalteu method
was used to determine total phenolic content and
expressed mg of gallic acid equivalents GAE/g of dry
extract [29].

Total flavonoid content: The total flavonoid content
of the extract was determined with the aluminum chloride
colorimetric method and expressed as mg of quercetin
equivalents QE/g of dry extract [30].

2.3 Anti-cholinesterase inhibition assay

Acetylcholinesterase/butyrylcholinesterase  inhibition
assay was performed according to the Ellman method [31].
Briefly, the mixture consisting of 20 pL of test sample/
reference standard of various concentrations, 140 pL of
100 mM phosphate buffer (pH 7.7), 10 pL of DTNB and 20
uL of enzyme (0.22 U/mL for acetylcholinesterase/ 0.1 U/
mL for butyrylcholinesterase) was incubated for 5 min
at 25°C. Following preincubation, 10 pL of the substrate
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(0.71 mM acetylthiocholine iodide/0.2 mM
butyrylthiocholine chloride in phosphate buffer) was
added to start the reaction and incubated again for 10
min. The developed yellow color was measured at 412nm
(Epoch, USA). Galanthamine was used as positive control.

2.4 a-glucosidase inhibition assay

a-Glucosidase inhibitory activity was determined as
previously described [32] by mixing 20 pL extracts in
varying concentration with 20 pL of a-glucosidase (0.1
unit/mL in 250 mM phosphate buffer, pH= 6.8) in 96-
well plate. After incubating at 37°C for 30 min, 40 pL of
0.375 mM 4-nitrophenyl-a-D-glucopyranoside (pNPG)
was added. After incubation period, the reaction was
terminated by the addition of 80 pL of 1M Na,CO,, and
the absorbance was recorded at 405 nm with a microplate
reader. Acarbose was used as positive control.

Ethical approval: The conducted research is not related to
either human or animals use.

3 Results and Discussion

In this study, in vitro antioxidant and enzyme inhibitory
activity of ethanol extract of M. sativa collected at two
different growing stage were evaluated. The yield of
extracts was found as 9.87%, 10.2%, 9.65%, 9.39%, and
748% respectively in leaves, stems before and after
flowering and flower extracts.

The free radical scavenging activity assays reflect the
ability of antioxidants to donate hydrogen. The IC_ value
for DPPH is much higher than for ABTS. According to the
results, the ABTS radical scavenging ability of the extracts
is better than the DPPH radical scavenging activity, this
may be attributed to the predominantly polar compounds
in the extracts. Flavonoids are phenolic compounds,
and are well known to have potent antioxidant activity
on many important chronic diseases, such as cancer,
diabetes, Alzheimer’s disease, and cardiovascular
disease, which are caused by oxidative stress [33-34]. Total
phenolic and flavonoid content was given in Figure 3.
Among the extracts, total phenolic content was highest
in stem extract after flowering (75.89 mg GAE/g extract),
total flavonoid content was highest in stem extract before
flowering (34.6 mg QE/g extract). In previous reports, total
phenolic and flavonoid content for M. rigidula was found
as 79.61 mg GAE/g and 2738 pg QE/g [35].
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Figure 1: DPPH radical scavenging activity of M. sativa L. extracts at
different growing period and standard compound BHT.
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Figure 2: ABTS radical scavenging activity of M. sativa L. extracts at
different growing period and standard compound BHT.

Acetylcholinesterase induces the hydrolysis of
acetylcholine, a neurotransmitter in the brain, to
choline and acetate. Brain degenerative diseases arise
due to the decrease in the amount of acetylcholine.
Alzheimer’s disease (AD) is a neurodegenerative disease
characterized by decline in brain function in old age.
Acetylcholinesterase inhibitors are used in the treatment
of AD disease to prevent hydrolysis of acetylcholine [36].
Acetylcholinesterase and butyrylcholinesterase inhibition
activity results are shown in table 1 with IC, (ug/mL).
Among the extracts, the leaf extract after flowering was
more potent than others. All the extracts have weak anti-
AChE activity except for the post-flowering leaf extract,
compared to standard compound- galanthamine, but for
the anti-BChE activity, all the extract demonstrated very
weak activity, the IC, value was much higher than that of
the standard substance.

The inhibition of a-glucosidase enzyme is an
increasingly effective treatment strategy for diabetes
mellitus. a-glucosidase enzyme inhibition activity
results were given in Figure 4. All of the extract were
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Figure 3: Total phenol and flavonoid content of M. sativa L. extracts

at different growing period.
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Figure 4: a-glucosidase enzyme inhibition activity of acarbose and
M. sativa L. extracts at different growing period.

Table 1: Acetylcholinesterase and butyrylcholinesterase inhibitory

activity of different part extracts of M. sativa L.

AChE
IC,, (ug/mL) R’

BChE
IC,, (ig/mL) R

Plant extracts
and reference

compounds

Leaf 1* 561.29 0.991 1297.83 0.955
Leaf 2* 21.57 0.961 1215.13 0.955
Stem 1* 190.64 0.948 1723.07 0.971
Stem 2* 353.41 0.958 1752.79 0.965
Flower* 499.39 0.977 1794.77 0.934
Galanthamine 32.36 0.958 39.11 0.981

*Not: leaf 1 and stem 1is before flowering, leaf 2 and stem 2 is after
flowering

exhibited concentration dependent inhibition activity on
a-glucosidase, the leaf extract after flowering was more
active than others at the concentration of 2 mg/mL, but
at the lower concentration, the flower extract was more
active. As far as we know, no activity studies of enzyme
inhibition have been done on M. sativa extracts. In this
context our work will be the basis for the work to be
carried out on this species.
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4 conclusion

The capability of alfalfa extracts to scavenge free radicals
as well as enzyme inhibition activity, indicating that they
may be useful in preparing pharmaceutical formulations
to treat various oxidative stress related chronic disease and
diabetes mellitus associated with a-glucosidase as well as
brain degenerative disease related with cholinesterase
inhibition.
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