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To find new herbal compounds with an acetylcholinesterase (AChE) inhibitory effect, this study focused on
herbal drugs and resins which have been used in Iranian traditional medicine for the treatment of cognitive
disorders. Forty drugs were selected from authoritative written documents of Iranian traditional medicine. Each
drug was extracted by accelerated solvent extraction using dichloromethane followed by methanol. The 80
extracts were screened for AChE inhibitory activity by a TLC bioautography method. The inhibiting effect of
the 32 most active extracts was measured by a microplate colorimetric assay. Due to the best activity, the seeds of
Peganum harmala L. were investigated in detail. From the TLC bioautography assay the alkaloids harmaline
and harmine were identified as active compounds. This result was confirmed by means of HPLC‐DAD. The
IC50 values were 41.2 μg/mL for the methanol extract, 95.5 μg/mL for the dichloromethane extract, 8.4 μg/mL
for harmaline and 10.9 μg/mL for harmine. The concentrations of active compounds in the extracts were
determined by a fast and precise HPLC method. As the amounts of harmaline and harmine in the extracts were
correlated with the IC50 values of the extracts, it can be concluded that these two alkaloids are responsible for
the AChE inhibitory activity of P. harmala. Copyright © 2011 John Wiley & Sons, Ltd.
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INTRODUCTION

Cognitive deficits are one of the most common causes of
mental deterioration such asmemory problems that are the
debilitating consequences of aging in elderly people
(Francis et al., 1999). Most presenile dementia conditions
caused by aging, such as Alzheimer’s disease are char-
acterized by common psychopathological phenomena
(Brewer, 1998).
It has been well indicated that a cholinergic deficit

correlates with the severity of Alzheimer’s disease
(Garcia‐Alloza et al., 2006). Thus, attempts to restore
cholinergic function have been considered as a rational
target to improve the symptoms of Alzheimer’s disease.
The cholinergic function could be enhanced by stimulation
of cholinergic receptors or by prolonging the availability of
the neurotransmitter acetylcholine at cholinergic synapses.
The latter can be achieved by AChE inhibitors which
block this key enzyme in the breakdown of acetylcholine
(Howes and Houghton, 2003).
During the past decade the use of complementary

medicines, such as herbal medicinal substances in de-
mentia therapy, has been studied (Andrade et al., 2000)
based on traditional medicine, which has been practised
in many parts of the world. The knowledge of these
important sources could profitably apply to allopathic
science. Using this knowledge, for example, galantamine
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fromGalanthus nivalis L. (Snowdrop) has been identified
as a potent acetylcholinesterase inhibitor, which today is
one therapeutic option in the treatment of Alzheimer’s
disease (Hostettmann et al., 2006).

Iran is among those countries with a long and rich
history in traditionalmedicine, as shown by ‘TheCanon of
Medicine’ of Avicenna or ‘The Continents’ by Rhazes
(Adhami et al., 2007). Some early Iranian physicians were
already engaged in the study and treatment of cognitive
disorders and successfully used different plants to treat
these diseases.

To find new herbal compounds with anAChE inhibitory
effect, this study focused on drugs which have been used in
Iranian traditional medicine for the treatment of cognitive
disorders.

There are several authoritative written documents of
Iranian traditional medicine such as Al‐Qanun fi‐Tibb,
Al‐Hawi fi‐Tibb, Tuhfat al‐Mu’minin,Makhzan al‐adviyah,
in which a number of chapters is related to cognitive
disorders. Therefore, the herbal drugs for this study were
selected from medicinal plants, the use of which in treat-
ment of memory loss and enhancement of cognitive per-
formance was described in the mentioned documents.
Additionally, folkloric prescriptions were considered.
MATERIALS AND METHODS

Chemicals. Acetylcholinesterase (AChE) from electric
eel, 1‐naphthyl acetate, 5,5′‐dithiobis‐(2‐nitrobenzoic
acid) (DTNB), Tris‐HCl, bovine serum albumin (BSA),
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Table 1. AChE inhibitory activity of medicinal plants from Iranian traditional medicine as determined by TLC bioautography assay

Scientific name Part used
Common Persian

namea Voucher number
DCM
extract

MeOH
extract

Acorus calamus L. (Acoraceae) Rhizome Agir‐e torki PMP‐201 +b ‐c

Aloe littoralis Baker (Aloaceae) Leaves extract Sabr‐e zard PMP‐401 ‐ ‐

Anethum graveolens L. (Apiaceae) Fruit Tokhm‐e shevid PMP‐601 ‐ ‐

Asarum europaeum L. (Aristolochiaceae) Rhizome Āsāron PMP‐202 ‐ +
Astragalus arbusculinus Bornm. & Gauba
(Fabaceae)

Gum‐resin Anzarout PMP‐801 ‐ ‐

Boswellia carterii Birdw. (Burseraceae) Gum‐resin Kondor PMP‐802 ‐ ‐

Bunium persicum (Boiss.) B. Fedtsch
(Apiaceae)

Fruit Zire‐e siyāh PMP‐602 ‐ ‐

Cannabis sativa L. (Cannabaceae) Seed Shāhdāne PMP‐701 + +
Cinnamomum zeylanicum Nees (Lauraceae) Stem bark Dārchin PMP‐901 ‐ ‐

Commiphora mukul Engl. (Burseraceae) Gum‐resin Moql PMP‐803 + ‐

Coriandrum sativum L. (Apiaceae) Fruit Tokhm‐e geshniz PMP‐603 ‐ ‐

Cuminum cyminum L. (Apiaceae) Fruit Zire‐e sabz PMP‐604 ‐ ‐

Cyperus longus L. (Cyperaceae) Tubular root Moshk‐e zamin PMP‐203 ‐ ‐

Dorema ammoniacum D. Don (Apiaceae) Gum‐resin Vashā PMP‐804 + ‐

Echinops cephalotes DC. (Asteraceae) Manna Shekar tighāl PMP‐805 + ‐

Emblica officinalis Gaertn. (Euphorbiaceae) Fruit Āmele PMP‐605 + ‐

Eugenia caryophyllata Thunb. (Myrtaceae) Bud Mikhak PMP‐501 + +
Ferula assa‐foetida L. (Apiaceae) Oleo gum‐resin Ānghozeh PMP‐806 + ‐

Ferula gummosa Boiss. (Apiaceae) Oleo gum‐resin Bārije PMP‐807 + ‐

Iris germanica L. (Iridaceae) Rhizome Rishe‐e irisā PMP‐204 ‐ ‐

Nardostachys jatamansi DC. (Valerianaceae) Hypocotyl Sonboletib PMP‐606 + +
Nepeta menthoides Boiss. & Buhse
(Lamiaceae)

Flowering part Ostokhodus PMP‐301 + +

Nigella sativa L. (Ranunculaceae) Seed Siyāhdāne PMP‐702 + ‐

Orchis latifolia L. (Orchidaceae) Root Tha’lab‐e panjei PMP‐205 + +
Paeonia officinalis L. (Paeoniaceae) Tubular root Oud‐e salib PMP‐208 + +
Peganum harmala L. (Zygophyllaceae) Seed Espand PMP‐703 + +
Piper cubeba L. (Piperaceae) Fruit Kabābe PMP‐607 ‐ ‐

Piper longum L. (Piperaceae) Fruit Dārfelfel PMP‐608 + ‐

Piper nigrum L. (Piperaceae) Seed (peeled) Felfel‐e sepid PMP‐704 + +
Pistacia atlantica Desf. (Anacardiaceae) Oleo gum‐resin Saqqez PMP‐808 ‐ ‐

Pistacia lentiscus L. (Anacardiaceae) Oleo gum‐resin Mastaki PMP‐809 + ‐

Portulaca oleracea L. (Portulacaceae) Seed Tokhm‐e khorfe PMP‐705 ‐ ‐

Semecarpus anacardium L. (Anacardiaceae) Fruit Belādor PMP‐609 + +
Semecarpus anacardium L. (Anacardiaceae) Fruit resin Asal‐e belādor PMP‐610 + +
Sesamum indicum L. (Pedaliaceae) Seed Konjed PMP‐706 ‐ ‐

Terminalia bellirica (Gaertn.) Roxb.
(Combretaceae)

Fruit Balile PMP‐611 ‐ ‐

Terminalia chebula Retz. (Combretaceae) Fruit (unmatured) Halile‐e siyāh PMP‐612 ‐ ‐

Terminalia chebula Retz. (Combretaceae) Fruit (matured) Halile‐e Kāboli PMP‐613 + ‐

Vitis vinifera L. (Vitaceae) Fruit (dried) Maviz PMP‐614 ‐ ‐

Zingiber officinale Rosc. (Zingiberaceae) Rhizome Zanjebil PMP‐206 ‐ ‐

aFor some samples the Persian names are specific for used parts.
b+, active (bands more intense than the one of 24 ng physostigmine).
c ‐, nonactive.
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physostigmineandharmalinehydrochloridedihydratewere
purchased from Sigma (St Louis, USA). Acetylthiocholine
iodide (ATCI) and chelidonine were obtained from Fluka
(Buchs, Switzerland). Fast Blue B salt (FBS), triethylamine
(TEA) and harmine hydrochloride were from Merck
(Darmstadt, Germany). Two different buffer systems were
used. Buffer A: 50 mM Tris‐HCl, pH 7.9 containing 0.1%
BSA; Buffer B: 50 mM Tris‐HCl, pH 7.9 containing 0.1M
NaCl and 0.02M MgCl2.6H2O.

General. A Tecan Genios micro plate reader (Salzburg,
Austria) was used to measure the absorbance. Extraction
Copyright © 2011 John Wiley & Sons, Ltd.
was done with a Dionex accelerated solvent extractor
(ASE) model 200 (Sunnyvale, USA). TLC plates silicagel
60 F254, were purchased from Merck (Darmstadt,
Germany) and 96‐well microplates PS F‐bottom were
obtained from Greiner Bio‐One (Frickenhausen,
Germany). HPLC was performed on a Shimadzu in-
strument with LC‐20AD pump, SPD M20A diode ar-
ray detector and SIL 20AC HT auto sampler (Kyoto,
Japan).

Plant material. Forty drugs were purchased from herbal
shops in different cities of Iran and were identified on
Phytother. Res. 25: 1148–1152 (2011)



Figure 1. AChE inhibition of the most potent extracts at the
concentration of 100 μg/mL. D, DCM extract; M, MeOH extract;
1, Piper longum; 2, Nardostachys jatamansi; 3, Paeonia officinalis;
4, Piper nigrum; 5, Semecarpus anacardium; 6, Dorema ammo-
niacum; 7, Ferula gomusa; 8, Peganum harmala.

Figure 2. TLC of Peganum harmala in comparison with authentic
alkaloids. 1, Peganum harmala (DCM extract); 2, Peganum
harmala (MeOH extract); 3, harmaline; 4, harmine;. (A) Bioautogra-
phy assay. (B) Detection with Dragendorff reagent. Mobile phase:
chloroform–ethylacetate–methanol (90+7+3). This figure is avail-
able in colour online at wileyonlinelibrary.com/journal/ptr
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the basis of anatomical and morphological features by
Dr Gholamreza Amin at the herbarium of the Faculty
of Pharmacy, Tehran University of Medical Sciences,
Tehran, Iran (Amin, 2005; Ghahreman and Okhovvat,
2004; Zahedi, 1959; Issa Bey, 1930). Voucher specimens
are kept in the mentioned herbarium (Table 1).

Extraction. Each drug was ground and then 8 g of each
was extracted by accelerated solvent extraction three
times with 20 mL dichloromethane (DCM), each,
followed by three times with 20 mL methanol (MeOH)
at 40 °C. The extracts of each solvent were combined
and evaporated to dryness under reduced pressure at
40 °C. By this mode of extraction, polar and non‐polar
plant metabolites were enriched in the DCM and
MeOH extracts, respectively. Additionally, by the very
gentle conditions of extraction any decomposition of
sensitive substances could be avoided. A total of 80
extracts was obtained.

TLC bioautography assay. All extracts were examined
by TLC on silica plates by use of adequate mobile
phases for compounds of different polarity. Detection
was performed with anisaldehyde–sulfuric acid reagent
to check the chemical composition of the extracts.
In addition, a screening assay for AChE inhibition was

performed according toMarston et al. (2002). BothDCM
and MeOH extracts were prepared for TLC at concen-
trations of 6mg/mL. 25 μL of each sample was spotted on
the TLC plate. After development in the mobile phase
chloroform–ethylacetate–methanol (90 + 7 + 3) for
DCM extracts and ethylacetate–methanol–water
(100 + 13.5 + 10) for MeOH extracts, the plate was dried
completely and then sprayed with enzyme solution
(6.7 U/mL in buffer A) until saturation. Incubation of
the plate at 40 °C for 20 min in a humid environment
followed. To detect the enzyme activity, 5 mL of a freshly
prepared solution of 13.4 mM 1‐naphthyl acetate in
ethanol and 20 mL of 7.4 mM FBS were used. After
incubation, the TLC plate was sprayed with a mixture
of two solutions and the purple color appeared after
1–2 min while the active fractions remained as white
bands. Chelidonine and physostigmine were used as
positive controls for comparison of the DCM andMeOH
extracts, respectively.
In a semiquantitative TLC approach physostigmine

was used as a standard at 6–42 ng for comparison of the
activity with the different samples. The plates were
developed in themobile phase chloroform–ethylacetate–
methanol (80 + 7+ 3).After detection, the intensity of the
white bands in the different samples was compared with
the standard bands of physostigmine. In this way all
samples showing bands more intense than that of 24 ng
physostigmine were identified as active (+).

Microplate assay. The AChE inhibitory activities of the
samples were measured by a quantitative colorimetric
assay based on Ellman’s method (Rhee et al., 2001). In a
96‐well plate, 25 μL of 15 mM ACTI, 125 μL of 3 mM
DTNB in buffer B, 50 μL of buffer A and 25 μL of
sample (10 mg/mL in DMSO diluted with buffer A to a
concentration of 1 mg/mL) were mixed and the
absorbance was measured at 405 nm five times every
15 s. Then 25 μL of AChE (0.22 U/mL in buffer A) was
added and the plate was incubated at 25 °C for 10 min.
Then the absorbance was measured again eight times
Copyright © 2011 John Wiley & Sons, Ltd.
every 15 s. Each assay was repeated five times. To avoid
any increase in absorbance due to the color of the extracts
or spontaneous hydrolysis of substrate, the absorbance
before addition of the enzyme was subtracted from the
absorbance after adding the enzyme. The assay was
validated by measurement of different concentrations of
physostigmine as a positive control. The percentage of in-
hibition was calculated by comparing the absorbance of
sample to blank (10% DMSO in buffer A).

HPLC. The DCM and the MeOH extracts of Peganum
harmala were analysed by HPLC based on Wang’s
method (Wang et al., 2008). HPLC was performed by
isocratic elution on a Hypersil BDS‐C18 column
(250 × 4 mm i.d.) at 25 °C. The mobile phase was a
solution of MeOH and 0.1% TEA (70:30 v/v) at a flow
rate of 1 mL/min. The eluents were monitored at 320 nm.
Phytother. Res. 25: 1148–1152 (2011)



1151AChE INHIBITION BY PLANTS FROM IRANIAN TRADITIONAL MEDICINE
The calibration curves for harmaline andharmine covered
concentrations between 0.02 and 0.2 mg/mL.
RESULTS AND DISCUSSION

Forty drugs used in Iranian traditional medicine for the
treatment of amnesia and memory improvement were
selected for testing of AChE inhibitory activity. Based
on the TLC screening of 40 DCM and 40 MeOH
extracts, the most potent (21 DCM extracts and 11
MeOH extracts) were selected for a quantitative
determination of their AChE inhibitory activities in a
microplate assay (Table 1). Physostigmine served as a
positive control and the IC50 value for this compound
was determined as 0.8 μg/mL (2.9 μM) which is in
accordance with published values (Carpinella et al.,
2010; Mukherjee et al., 2007).
Due to the best AChE inhibitory activity in both the

DCM andMeOH extracts (Fig. 1), the seeds of Peganum
harmala L. were investigated in detail in this study.
Figure 3. Comparison of the HPLC chromatograms of (upper image) Me
harmine. This figure is available in colour online at wileyonlinelibrary.co

Copyright © 2011 John Wiley & Sons, Ltd.
P. harmala is a wild‐growing flowering plant from the
Zygophyllaceae family. It is abundantly found in the
Middle East and North Africa and the seeds have a long
history in traditional medicine (Zargari, 1989; Adhami
et al., 2007). New research has shown many biological
activities for this drug such as antibacterial (Shahverdi
et al., 2005), antifungal (Nenaah, 2010), MAO inhibitory
(Herraiz et al., 2010), antinociceptive (Monsef et al., 2004),
antiprotozoal (Arshad et al., 2008), antitumour (Li et al.,
2007) and antioxidant (Moura et al., 2007). Reduction of
spermatogenesis (El‐Dwairi and Banihani, 2007) was
shown as well. Themost important secondarymetabolites
of Peganum harmala are alkaloids (2% to 6% in seeds,
Blaschek et al., 2007).

From the TLC bioautography assay the alkaloids
harmaline and harmine were identified as the most
active compounds (Fig. 2). The AChE inhibitory effect
of these alkaloids has recently been deduced (Zheng
et al., 2009) in a study of another Peganum species,
namely Peganum nigesllastrum Bunge, from a TLC
bioautography assay, only. The IC50 values of the
extracts or the isolated alkaloids were not determined
OH extract of Peganum harmala and (lower image) harmaline and
m/journal/ptr
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in this investigation. In our study, the seeds of P. harmala
were investigated by both TLC bioautography and
microplate colorimetric assays. The IC50 values, as
determined for the first time by a microplate assay,
were 41.2 μg/mL for the methanol extract, 95.5 μg/mL
for the dichloromethane extract, 8.4 μg/mL (39.2 μM)
for harmaline and 10.9 μg/mL (51.6 μM) for harmine.
Additionally, the extracts were analysed by HPLC

and the percentages of the active compounds in the
extracts were determined by a fast and precise
method, which was optimized and validated for the
major alkaloids harmaline and harmine (Fig. 3). Due
to the optimization of the sta-tionary phase it was
possible to decrease the retention times of harmaline
and harmine approximately to one half in comparison
with the published method (Wang et al., 2008). The
content of harmaline and harmine was determined by
external standardization. Over the selected range,
peak areas of both analytes were linearly dependent
on concentrations with correlation coefficients of
R2 = 0.9930 for harmaline and R2 = 0.9942. The con-
centrations of harmaline in DCM and in the MeOH
Copyright © 2011 John Wiley & Sons, Ltd.
extract were 0.8% and 2.8%, respectively. Values of
4.0% and 14.6% harmine were determined in DCM
and MeOH extract, respectively. The total amounts of
these two alkaloids in the seeds were 0.41% harmaline
and 2.04% harmine.

From the correlation of IC50 values of the extracts
with the concentrations of harmaline and harmine in the
respective extracts, it can be concluded that these two
alkaloids are the major AChE inhibitory compounds in
Peganum harmala.
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