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In vitro Effects of Certain Plant Extracts on
Acetylcholinesterase (EC 3.1.1.7) Enzyme in Lake Van Fish
Liver and Brain

Van Go6lU Baligi Beyin ve Karacigerindeki Asetilkolinesteraz (EC
3.1.1.7) Enzimi Uzerine Bazi Bitki Oziitlerinin in vitro Etkileri
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ABSTRACT

n this study, the effect of Glycyrrhiza glabra (Leguminosae), Pimpinella anisum (Umbelliferae) and Matricaria

chamomilla (Compositae) extracts on both Lake Van fish (Chalcalburnus tarichi P.1811) brain and liver acetyl-
cholinesterase enzymes (AChE) activity, responsible for transformation of nerve stimulations, has been inves-
tigated. While activating fish liver AChE, these extracts inhibited fish brain AChE activity. The plants usedin the
showed noncompetitive inhibition on the fish brain AChE. I, values were estimated 1.714 mg.mL" for Glycyrrhi-
za glabra, 0.604 mg.mL' for Matricaria chamomilla and 0.394 mg.mL" for Pimpinella anisum. The optimum
temperature for liver and brain AChE was found to be 30°C and optimum pH of 6-8.5 and 6-8 respectively. In

addition, specific activities of fish brain and liver AChE were found 130.5 EU.mg"and 13.59 EU.mg" respectively.
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6z

u calismada; sinir uyarilarinin naklinden gérevli enzim olan Van G6lu baligi (Chalcalburnus tarichi P.1811)

karaciger ve beyin asetilkolinesteraz (EC 3.1.1.7) enzimi izerine meyan [Glycyrrhiza glabra L. (Leguminosae)],
anason [Pimpinella anisum L. (Umbelliferae)] ve papatya [Matricaria chamomilla L. (Compositae)] 6zltlerinin
etkisi arastiriimistir. Bu 6zitler balik karaciger AChE'ni active ederken balik beyin AChE'ni inhibe etmistir.
Kullanilan bitkiler balik beyni AChE Uzerine yarigmasiz inhibisyon gdstermistir. I, degerleri meyan icin 1,714
mg.ml7, anason icin 0,394 mg.ml" ve papatya icin 0,604 mg.ml" olarak bulunmustur. Karaciger ve beyin AcHE
icin optimum sicaklik 30°C ve optimum pH sirasiyla 6-8 ve 6-8,5 olarak bulunmustur. Ek olarak balik beyin ve
karaciger AChE'nin spesifik aktiviteleri sirasiyla 130,5 EU.mg™ ve 13,59 EU.mqg" olarak bulunmustur.
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INTRODUCTION

Izheimer's disease (AD) is commonly in

the elderly because of malfunctioning of
many biochemical pathways [1]. The amount
of acetylcholine in the brain regions related to
memory and learning is decreased in AD patients
[2]. A significant approach to overcome thisillness
is to increase the acetylcholin amount in the brain
by inhibiting acetylcholinesterase (AChE) taking
into consideration the cholinergic hypothesis [3].
Many chemicals and plants have been used
in treatment of AD. Among these, plants are
widely used in traditional medicine. Matricaria
chamomilla is a perennial herbaceous flowering
plant native to Europe, Africa and Asia. It is used
traditionally as a medicinal and pharmaceutical
preparation because of its anti-inflammatory and
antispasmodic features [4].

Pimpinella anisum is a perennial plant with
white flowers indigenous to Near East and
cultivated in the Mediterranean rim including
Turkey, Mexico and Chile [5]. The of seeds this plant
in hot water is applied to the patients suffering from
carminative, antiseptic, diuretic, digestive, insomnia
and constipation [6]. Moreover, several therapeutic
effects, digestive disorders, gynecologic, and as
well anticonvulsant, anti-asthma and dyspnea have
been described for the seeds of Pimpinella anisum
in ancient medical books [7]. Glycyrrhiza glabra is a
ligneous annual shrub cultivating in Mediterranean
region and Asia [8]. It is used in the treatment of
diseases such as lurking cortisone, treatment
of rheumatism, asthma, skin problems and eye
diseases. There are certain effects of this plant
such as softening chest, expectorant, enhancing
the urine, taste correctors [9]. Licorice root also be
used successfully against all cough and bronchial
diseases. In traditional medicine, licorice root, is
used against gastric mucosal inflammation and
stomach ulcers and constipation. In addition, there
are solvent effects cramps [10,11].

Many studies have been done on AChE activity,
but there are not any studies related to in vitro
effects of these plants extracts on AChE enzyme
activity. The main purpose of this study was to
investigate the in vitro effects of Glycyrrhiza glabra,
Pimpinella anisum and Matricaria chamomilla on
both fish brain and liver AChE.

MATERIALS AND METHODS

Materials

All chemicals used in here were of reagent grade
and purchased from Sigma Chem. Co. (St Louis,
Missouri, USA). Determination of sample species
was conducted by Dr. Lutfi Behcet (YYU, Faculty
of Science Department of Biology) and the plant
samples were defined in YYU, Faculty of Science,
Department of Biology, Herbarium of Lake Van
Basin. Glycyrrhiza glabra, Pimpinella anisum and
Matricaria chamomilla were obtained from a local
market.

Extract preparation

Each solution (1g) of Glycyrrhiza glabra, Pimpinella
anisum and Matricaria chamomilla was dissolved
in 50 mM (pH 8.0) sodium phosphate buffer
solution and diluted to 100 mL with the same
buffer. After that, the solutions were centrifuged,
and undissolved content was filtered, dried,
weighed and subtracted from the initial amount
of the weighted plant to obtain the plant solution
with the buffer [12].

Protein determination

Quantitative protein determination was
performed by absorbance measurements at 595
nm with respect to Bradford method with bovine
serum albumin used as a standard protein [13].

Measurement of AChE activity

AChE activity was carried out with the method of
Ellman and co-workers using acetylthiocholine
(ATCl) substrate. The reaction mixture in a
final volume of 3 mL contained 0.1 mL of 10
mM 5,5 -Dithiobis(2-nitrobenzoic acid) (DTNB;
prepared in 50 mM sodium phosphate, pH 7.0) 0.1
mL of fish brain and liver supernatant as enzyme
source and 2.7 mL of buffer (0.05 M sodium
phosphate buffer, pH 8.0). The blank contained
the substrate, DTNB and AChE. The mixture was
pre-incubated for 5 min at 37°C, and the reaction
was started by the addition of 3 mM ATCI. The
mixture was incubated for 10 min and the increase
in absorbance was determined at 412 nm [14].

Kinetic studies of AChE
In this section of the study, in vitro measurements
of the enzyme activity exposed to Glycyrrhiza
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Figure 1. (A) Inhibition% of brain AChE versus Pimpinella anisum concentration graph. (B) Inhibition% of brain AChE ver-

sus Matricaria chamomilla concentration. (C) Inhibition% of brain AChE versus Glycyrrhiza glabra concentration graph.

glabra, Pimpinella anisum and Matricaria
chamomilla extracts were performed so as
to estimate I, values of these extracts. For
this, Glycyrrhiza glabra (88.9-178-260 pg/mL),
Pimpinella anisum (36.3-72.7-109 pg/mL), and
Matricaria chamomilla (42.6-85.2-127.8 ng/mL)
were put on the reaction mixture containing 10
mM DTNB, 0.1 mL enzyme solution in 50 mM
phosphate buffer (pH 8.0). After this, the mixture
was incubated at 37°C for 5 min then 3 mM of ATCI
was added to the mixture and the absorbance
values, which are proportional to the enzyme
activity, were recorded. An experiment cuvette in
the absence of the extracts was used as control
experiment (100% activity).

So as to determine the type of inhibition
and the I, values, five different concentrations
of ATCI (25, 50, 100, 125 and 150 uM) and three
different concentrations of each extracts were
used. Lineweaver-Burk graphs were plotted and
the type of inhibition was determined from this
graph [15].

Optimum pH and temperature determination

The optimum pH of fish liver and brain were
determined using different pH values from 3 to
10 pH of sodium phosphate buffer at constant
temperature 37°C. The mixture was pre-
incubated for 5 min at 37°C, and the reaction

was started by the addition of 3 mM ATCI. The
optimum temperature of fish liver and brain
AChE was found by change range from 10 to 50°C
temperatures at constant pH 8.0.

RESULTS AND DISCUSSION

Herein, the modulating effects of Glycyrrhiza
glabra, Pimpinella anisum and Matricaria
chamomilla on both brain AChE and liver AChE
have beenstudied. The extracts which exhibit both
inhibitor and activator effects on AChE have been

identified in terms of the changing in the activity.

The activity % versus plant extract concentration
was plotted and |, (extract concentration
leading to loss 50% of AChE activity) values of
the extracts were calculated from that graph. I,
values for brain AChE have been found 0.394
mg.mL! for Pimpinella anisum (Figure 1A), 0.604
mg.mL' for Matricaria chamomilla (Figure 1B),
and 1.714 mg.mL" for Glycyrrhiza glabra (Figure
1C). However, these three extracts have shown
the activator effect on liver AChE (Figure 2).
It has been studied in five different substrate
and three different inhibitor concentrations for
determination of the type of the inhibition. The
results indicate that the plant extracts show
non-competitive inhibition on AChE by means of
Lineweaver-Burk graphs (Figure 3).
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Figure 2. (A) Activation% of liver AChE versus Pimpinella anisum concentration. (B) Activation% of liver AChE versus
Matricaria chamomilla. (C) Activation% of liver AChE versus Glycyrrhiza glabra.
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Figure 3. (A) Lineweaver-Burk graph of brain AChE using Pimpinella anisum extract. (B) Lineweaver-Burk graph of brain
AChE versus Matricaria chamomilla concentration. (C) Lineweaver-Burk graph of brain AChE by the extract of dried Gly-

cyrrhiza glabra.

The denaturation of proteins occurs solving
and changing the structure of protein without
hydrolyzing the peptide bounds. Amoung
the denaturating factors, temperature and
strong acids and bases are the most important
parameters affecting enzyme activity [16]. In
the study, the optimum temperature and pH of
AChE of liver and brain homogenate has been

investigated. It was found that the optimum
temperature is 30°C for both brain and liver AChE
(Figure 4), which is different from that reported for
liver and brain AChE purified from Lake Van fish
brain and liver [17,18]. Also, the optimum pH was
found as 7.0 for both brain and liver AChE (Figure
5), different from those reported previously. This
difference is because of the overlap of other
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Figure 4. (A) Brain AChE activity vs temperature graph. (B) Liver AChE activity vs temperature graph.
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Figure 5. (A) Brain AChE activity vs pH graph. (B) Liver AChE activity vs pH graph.

proteins present in the homogenates [17-18]. In described. According to the experimental results,
addition, specific activity for the brain has been these plants inhibit fish brain AChE. Pimpinella
found 130.5 EU.mg" and 13.59 EU.mq" for the liver. anisum exhibits more inhibitor effect than

Glycyrrhiza glabra and Matricaria chamomilla

CONCLUSION taking into consideration their I, values. However,
these three plant extracts activate fish liver AChE.
Inhere,themodulatoryeffectsofGlycyrrhizaglabra While cholinesterase in fish liver homogenate is

Pimpinella anisum and Matricaria chamomilla are pseudocholinesterase, cholinesterase in fish brain
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homogenate is genuine cholinesterase. Therefore,
these isoenzymes showed different effects against
the same modulator compounds.

People with Alzheimer's disease have
decreased brain levels of acetylcholine. The
compounds used for this disease are desired to
inhibit AChE activity, resulting in the increase of
acetylcholine. We believe that these plants will be
useful for the diseases related to the inhibition of
AChE activity. Also, this study can be supported
by in vivo studies.
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