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Alzheimer’s disease (AD), the most common form of dementia, is a neurodegenerative
disease characterized by progressive cognitive deterioration together with declining activities
of daily living and neuropsychiatric symptoms or behavioural changes. The oldest, on which
most currently available drug therapies are based, is known as the “cholinergic hypothesis”
and suggests that AD begins as a deficiency in the production of the neurotransmitter acetyl-
choline. Therefore, acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitors
have gained a great popularity for the treatment of AD. In this study, we screened in vitro
inhibitory activities of a number of phenolic acids (chlorogenic, caffeic, gallic, and quinic
acids) as well as of various flavonoid derivatives (genistein, biochanin A, naringin, apigenin,
quercetin, luteolin-7-O-rutinoside, kaempferol-3-O-galactoside, diosmin, silibinin, and sily-
marin) against AChE and BChE at 1 mg/ml concentration using a microplate-reader assay
based on the Ellman method. Among them, only quercetin showed a substantial inhibition
(76.2%) against AChE, while genistein (65.7%), luteolin-7-O-rutinoside (54.9%), and silibi-
nin (51.4%) exerted a moderate inhibition on BChE.
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Introduction
Xanthones, as a special type of flavonoids, have

been shown to be the potential inhibitors of acetyl-
cholinesterase (AChE) (Brühlmann et al., 2004),
which prompted us to screen a number of flavo-
noids and some other phenolic compounds for
finding new AChE and butyrylcholinesterase
(BChE) inhibitors of natural origin. Hence, our
target was to investigate possible in vitro inhibi-
tory potentials of a number of phenolic com-
pounds including chlorogenic, caffeic, gallic, and
quinic acids along with a range of flavonoid de-
rivatives such as apigenin, quercetin, genistein,
biochanin A, luteolin-7-O-rutinoside, kaempferol-
3-O-galactoside, diosmin, naringin, silibinin, and
silymarin against AChE and BChE at a concentra-
tion of 1 mg/ml using ELISA based on the Ell-
man method.

Materials and Methods
Test compounds

The phenolic compounds tested were obtained
from the respective manufacturers as follows:
chlorogenic acid (Sigma; C3878), caffeic acid
(Dr. Th. Schuchardt & Co.; 822029), gallic acid

0939Ð5075/2007/1100Ð0829 $ 06.00 ” 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D

(Sigma; G7384), quinic acid (ChromaDex; ASB-
D0017175-001), genistein (Sigma; G6776), biocha-
nin A (Sigma; D2016), diosmin (Sigma; D3525),
naringin (Koch-Light Laboratories Ltd.; 4161h),
apigenin (Serva; 13700), quercetin (Serva; 34120),
silibinin (Sigma; S0417), and silymarin (Sigma;
S0292). On the other hand, luteolin-7-O-rutino-
side was previously isolated from Gonocytisus an-
gulatus (L.) Spach. (Fabaceae) (Tosun and Akyüz,
1997), while kaempferol-3-O-galactoside was ob-
tained from Calluna vulgaris L. (Ericaceae) as de-
scribed elsewhere (Orhan et al., 2007a).

Determination of AChE and BChE inhibitory
activities

The modified spectrophotometric method of
Ellman and all the used enzymes and reagents
were employed as described in details in our previ-
ous publications (Ellman et al., 1961; Orhan and
Şener, 2003; Orhan et al., 2004, 2007b).

Statistical analysis of data

Data obtained from in vitro experiments were
expressed as mean standard error (ð SEM). Sta-
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tistical differences between the treatments and the
control were evaluated by ANOVA test. P � 0.05
was considered to be significant [*P � 0.05;
**P � 0.01; ***P � 0.001].

Results and Discussion

In the current study, in vitro inhibitory activities
of four phenolic acids (chlorogenic, caffeic, gallic,
and quinic acids) as well as of various flavonoid
derivatives (apigenin, quercetin, genistein, biocha-
nin A, luteolin-7-O-rutinoside, kaempferol-3-O-
galactoside, diosmin, naringin, silibinin, and sily-
marin) were tested against AChE and BChE at
1 mg/ml using a microplate-reader assay based on
the Ellman method. Quercetin was found to be
the most effective one towards AChE with 76.2%
inhibition, whereas genistein had the highest inhi-
bition (65.7%) against BChE, followed by luteo-
lin-7-O-rutinoside and silibinin (54.9% and 51.4%,
respectively) (Table I). The rest of the flavonoid
derivatives and phenolic acids were either inactive
or insignificantly active. The compounds exerted a
better inhibition on BChE rather than on AChE.

Up to date, quite a lot of studies have reported
affirmative effects of phenolics in neurodegenera-
tive diseases depending upon their antioxidative
properties (Behl and Moosmann, 2002; Ramas-
samy, 2006). However, there has been a small
number of data on AChE and BChE inhibitory
activities of phenolic compounds. For instance,
Wilson and Quan (1958) screened the inhibition
of AChE by a number of (hydroxyphenyl)-tri-
methylammonium derivatives, their dimethyl car-
bamates, and other related compounds and con-

Compound Inhibition (%)

AChE BChE

Chlorogenic acid Ða 30.8 ð 0.81b,***
Caffeic acid Ð Ð
Gallic acid 15.7 ð 1.02*** 48.8 ð 0.88***
Quercetin 76.2 ð 0.99** 46.8 ð 1.35***
Quinic acid Ð Ð
Apigenin Ð Ð
Genistein Ð 65.7 ð 1.24***
Biochanin A Ð Ð
Luteolin-7-O-rutinoside 24.7 ð 0.34*** 54.9 ð 0.98***
Kaempferol-3-O-galactoside Ð Ð
Naringin Ð 13.7 ð 0.56***
Diosmin Ð Ð
Silibinin Ð 51.4 ð 1.05***
Silymarin Ð 43.2 ð 0.78***
Galanthamine 99.8 ð 0.31 80.3 ð 1.14

Table I. AChE and BChE inhibitory activ-
ities of phenolic compounds (1 mg/ml).

a No inhibition.
b Values are expressed as means ð SEM

(n = 3); P � 0.05; *P � 0.05; **P � 0.01;
***P � 0001.

cluded that it was evident that the binding
contribution of a phenolic hydroxy group arises
from hydrogen bonding to a group in the enzyme.
This group can be located so as to satisfy both the
requirements for a hydrogen bond with a hydroxy
group of the best phenol and for a covalent link
with the carbonyl carbon atom of the best di-
methyl carbamate. The atom of the enzyme which
forms a covalent bond with the carbonyl carbon
atom of the carbamates is the basic group of the
esteratic site.

More recently, a few research also reported
AChE inhibitory effects of non-nitrogenous com-
pounds, which have led to the conclusion about
their binding properties since a positively charged
moiety (the nitrogen-containing part), which
played the main role in bonding with the anionic
aspartate residue of the enzyme, can be no longer
responsible for this inhibition (Houghton and
Howes, 2005). In 2004, there was one article point-
ing out to the AChE inhibition of non-nitrogenous
compounds, which sparkled seven xanthone-type
compounds being highly active against the enzyme
by a convenient microtiter plate assay (Brühlmann
et al., 2004). Furthermore, four among these xan-
thones had already been described as monoamine
oxidase (MAO) inhibitors, making them dual
AChE/MAO inhibitors of great interest. Besides,
the effect of tea polyphenols (TP) on cognitive
and anticholinesterase activities was examined in
scopolamine-treated mice by Kim et al. (2004) and
TP exhibited a dramatic inhibitory effect on
AChE. The authors suggested that TP might be
functional in the treatment of Alzheimer’s disease
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(AD). Another study performed on the methanol
extract of Citrus junos had a significant inhibitory
effect on AChE in vitro, in which the active com-
ponent was identified as naringenin, a major fla-
vonone derivative, after sequential fractionations
(Heo et al., 2004). Naringin, the major flavonoid
glycoside in grapefruit which is metabolized to the
flavonone naringenin in humans, was studied
herein for its anticholinesterase effect and showed
no inhibition against both enzymes at all. The rea-
son why naringenin was active while naringin was
completely inactive could be due to the structural
differences and also to their interactions with the
active sites of the enzymes. In our study, two iso-
flavones, genistein and biochanin A, displayed a
contrast effect on BChE. As seen in Table I, while
biochanin A was inactive, genistein had a good in-
hibition on BChE with 65.7%. This may again be
brought about by the structural difference as bio-
chanin A contains a methoxy instead of a hydroxy
group in the C ring, and might diminish the activ-
ity.

On the other hand, quercetin was reported to
have a good anti-BChE activity and a weak inhibi-
tion towards insect AChE and no effect on human
AChE (Sivori et al., 1999; Zhang, 2006; Zhang et
al., 2006), whereas it showed the highest inhibitory
activity against AChE (76.2%) and moderate ac-

Behl C. and Moosmann B. (2002), Antioxidant neuro-
protection in Alzheimer’s disease as preventive and
therapeutic approach. Free Rad. Biol. Med. 33, 182Ð
191.

Brühlmann C., Marston A., Hostettman K., Carrupt
P. A., and Testa B. (2004), Screening of non-alkaloidal
natural compounds as acetylcholinesterase inhibitors.
Chem. Biodivers. 1, 819Ð829.

Ellman G. L., Courtney K. D., Andres V., and Feather-
stone R. M. (1961), A new and rapid colorimetric de-
termination of acetylcholinesterase activity. Biochem.
Pharmacol. 7, 88Ð95.

Heo H. J., Kim M. J., Lee J. M., Choi S. J., Cho H. Y.,
Hong B., Kim H. K., Kim E., and Shin D. H. (2004),
Naringenin from Citrus junos has an inhibitory effect
on acetylcholinesterase and a mitigating effect on am-
nesia. Dement. Geriatr. Cogn. Disord. 17, 151Ð157.

Houghton P. and Howes M. J. (2005), Natural products
and derivatives affecting neurotransmission relevant
to Alzheimer’s and Parkinson’s disease. Neurosignals
14, 6Ð22.

Ji H. F. and Zhang H. Y. (2006), Theoretical evaluation
of flavonoids as multipotent agents to combat Alz-
heimer’s disease. J. Mol. Struct.: Theochem. 767, 3Ð9.

tivity against BChE (46.8%) in our experiment.
Taking flavonoids into consideration from the
point of AChE inhibition view, there has been also
one interesting work by Ji and Zhang (2006). In
that report, the structural requirements for flavo-
noids as inhibitors of AChE and BChE were ex-
amined, and it was stated that the catechol moiety
on ring B has positive effects on the enzyme-inhib-
iting activities of quercetin contributing to its bind-
ing to the enzyme. However, the difference ob-
served between results of our study and the
previous data might result from the source of the
enzyme.

Because of the unclear pathogenesis of AD,
there have been several hypothesis associated with
the disease such as amyloid-� peptide-containing
plaque formation, excess metal ions, oxidative
stress, and reduced acetylcholine levels. As pro-
posed by Zhang et al. (2006), finding more than
one approach with multifunction for AD treat-
ment draws attention to researchers. On the other
hand, plant phenolics are well-known for their po-
tent antioxidant effects and in addition to this
property, the phenolic compounds like quercetin
in this study also possessing an anticholinesterase
effect might be considered to be of therapeutic po-
tential. Obviously, the active compounds, querce-
tin in particular, deserve further molecular dock-
ing and structure-activity relationship studies.
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lugil B., Şener B., and Choudhary M. I. (2007b), Anti-
oxidant and anticholinesterase evaluation of selected
Turkish Salvia species. Food Chem. 103, 1247Ð1254.

Ramassamy C. (2006), Emerging role of polyphenolic
compounds in the treatment of neurodegenerative
diseases: A review of their intracellular targets. Eur.
J. Pharmacol. 545, 51Ð64.



832 I. Orhan et al. · Anticholinesterase Potentials of Phenolics and Flavonoids

Sivori L. J., Casabe N. B., Zerba E. N., and Wood E. J.
(1999), Fenitrothion toxicity in Triatoma infestans syn-
ergized by quercetin or thymol blue. Pestic. Sci. 55,
18Ð26.

Tosun F. and Akyüz C. (1997), Flavonoids of Gonocyti-
sus angulatus. Pharm. Sci. 3, 377Ð378.

Wilson I. B. and Quan C. (1958), Acetylcholinesterase
studies on molecular complementariness. Arch. Bio-
chem. Biophys. 73, 131Ð143.

Zhang H. Y. (2006), Same causes, same cures. Biochem.
Biophys. Res. Commun. 351, 578Ð581.

Zhang H. Y., Yang D. P., and Tang G. Y. (2006), Multipo-
tent antioxidants: from screening to design. Drug Dis-
covery Today 11, 749Ð754.




