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Abstract
The crude methanolic extract and chloroform, ethyl acetate and n-butanol fractions of Teucrium royleanum were examined
as inhibitors of actylcholinesterase, butyrylcholinesterase, lipoxygenase and urease. A significant enzyme inhibition activity
(52–83%) was shown by the crude methanolic extract and its fractions against acetylcholinesterase, while low to outstanding
enzyme inhibitory activity was shown (19–93%) against butyrylcholinesterase. The crude methanolic extract and its various
fractions demonstrated low activity against lipoxygenase and inactive against urease.
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Introduction

Cholinesterase inhibitors exert their effects by

inhibiting acetylcholinesterase and thereby increasing

the concentration of endogenous acetylcholine in the

vicinity of cholinoreceptors [1] According to the

cholinergic hypothesis, memory impairment in

patients with senile dementia of Alzheimer’s type

results from a deficiency in cholinergic function in the

brain [2] Hence the most promising therapeutic

strategy for activating central cholinergic functions has

been the use of cholinomimetic agents. The enzyme

acetylcholinesterase (AChE) has long been an

attractive target for rational drug design and discovery

of mechanism-based inhibitors. Because of its role in

the hydrolysis of the neurotransmitter acetylcholine

[3] the inhibition of the enzyme is considered as a

promising approach for the treatment of Alzheimer’s

disease (AD) and for other therapeutic applications in

the treatment of Parkinson’s disease, ageing and

myasthenia gravis and glaucoma [4,5,6].

Butyrylcholinesterase (BChE) is produced in the

liver and enriched in the circulation. The exact

physiological role of this enzyme is still elusive, but it is

generally viewed as a back up for the homologous

AChE [7]. Although the role of butyrylcholinesterase

(BChE) in the normal ageing and diseased brain is still

unknown, recently it has been found that BChE

inhibition may also be an effective tool for the

treatment of AD and related dementias [8].

Plant background

Species of the Teucrium genus are bitter, astringent,

antirheumatic herbs that reduce inflammation, stimu-

late the digestion and have been used as herbal

medicines for coughs and asthma since ancient times.

Several studies on the bacteriostatic, spasmolytic,

antioxidant, antinflammatory and antifungal activity

of Teucrium species have been reported in the literature

[9–12]. As a folk medicine, Teucrium royleanum is used

as an antispasmodic, astringent, antipyretic, and for

skin rashes [13]. The plant exhibits aromatic or bitter-

aromatic, stimulant, astringent, tonic and diaphoretic

properties

The constituents of Teucrium montanum are mon-

tanins A, B, C and D; teucrins A and E are from

Teucrium chamaedrys; 6-ketoteuscordin and teuscordi-

nin are from Teucrium scordium [14]; and fromTeucrium

fruticans are the neo-clerodanes, namely 7b-hydroxy-

fruticolone, 11-hydroxyfruticolone, deacetylfrutico-

lone and 6- acetyl-10- hydroxyteucjaponin B [15].
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Interest in the phytochemical exploration of

Teucrium royleanum began in 1992 when Mashooda

Hassan isolated triterpenoids, aliphatic, steroidal and

acidic compounds, a mixture of triaocontane and

hentriacontane, lupeol and b-amyrin, hexacosianic

acid and stigmastatrien-3-ol [16]. Since then keeping

in view its uses as a folk medicine, this plant, although

deserved, has not been extensively subjected to

phytochemical and pharmacological investigation.

Here, we examine its inhibitory properties towards a

number of enzymes i.e, Ache, Bche, lipocygenase and

urease.

Methods and materials

Plant material

Teucrium royleanum (Labiatea), as a whole plant, was

collected from the Dir district, N.W.F.P (Pakistan) in

June-August 2004 and identified by Professor

Dr. Jahander Shah, Plant Taxonomist, Vice Chancel-

lor, University of Malakand, Chakdara Dir. A voucher

specimen (CA-013) has been deposited in the

herbarium of the University of Malakand.

Extraction

The shade dried plant material was chopped into

small pieces and pulverized into a fine powder. The

plant material (12 kg) was soaked in methanol with

occasional shaking, at room temperature. After

15 days, the methanol soluble material was filtered

off. The filtrate was concentrated under vacuum at

low temperature (408C) using a rotary evaporator.

A blackish crude extract (350 g) was obtained.

Fractionation

The crude methanolic extract (350 g) was suspended

in distilled water (500 mL) and sequentially parti-

tioned with n-hexane (3 £ 500 mL), chloroform

(3 £ 500 mL), ethyl acetate (3 £ 500 mL) and

n-butanol (3 £ 500 mL) to yield n- hexane (41 g),

chloroform (83 g), ethyl acetate (88 g), n-butanol

(54 g) and aqueous (67 g) fractions, respectively.

In vitro cholinesterase inhibition assay

Acetylcholinesterase and butyrylcholinesterase inhi-

biting activities were measured by slightly modifying

the spectrophotometric method previously developed

by Ellman et al. [17]. Electric-eel AChE (type VI-S,

Sigma) and horse-serum BChE (Sigma) were used as

source of both the cholinesterases and acetylthiocho-

line iodide and butyrylthiocholine chloride (Sigma),

respectively, were used as substrates of their reactions.

5, 5 - ithiobis (2-nitrobenzoic acid) (DTNB, Sigma)

was used for the measurement of cholinesterase

activity. Briefly, 140mL of 100 mM sodium phosphate

buffer (pH 8.0), 10mL of DTNB, 20mL of the test

samples solutions and 20mL of acetylcholinesterase/

butyrylcholinesterase solution were mixed and incu-

bated for 15 min at 258C. The reaction was then

initiated by the addition of l0mL acetylthiocholine /

butyrylthiocholine, respectively. The hydrolysis of

acetylthiocholine and butyrylthiocholine was moni-

tored at a wavelength of 412 nm by the formation of

the yellow 5-thio-2-nitrobenzoate anion as the result

of the reaction of DTNB with thiocholine, released by

the enzymatic hydrolysis of acetylthiocholine and

butyrylthiocholine respectively. The samples and the

control were dissolved in 50% ethanol. All the

reactions were performed in triplicate.

In vitro lipoxygenase inhibition assay

Lipoxygenase inhibiting activity was conveniently

measured by slightly modifying the spectrometric

method previously developed [18]. Lipoxygenase

(1.13.11.12) type I-B and linoleic acid were purchased

from Sigma (St. Loius, MO) and were used without

further purification. All other chemicals were of

analytical grade. Briefly 160mL of 0.1 mM sodium

phosphate buffer (pH 7.0), 10mL of the sample

solution and 20mL of lipoxygenase solution were

mixed and incubated for 5 min at 258C. The reaction

was initiated by the addition of 10mL linoleic acid

solution (substrate), with the formation of (9Z, 11E)-

13S)-13-hydroperoxyoctadeca-9, 11-dienoate, and

the change in reaction was followed for 10 min. The

test sample and the control were dissolved in 50%

ethanol. All the reactions were performed in triplicate.

The IC5o values (concentrations of sample causing

50% reduction in activity relative to the control) were

then calculated using the EZ-Fit Enzymes kinetics

programme.

Results and discussion

Plants, over the years, provided nutritional as well as

medicinal uses to the living creatures of this universe.

Here the invitro enzyme inhibitory activitiesof the crude

methanolic extract and subsequent fractions ofTeucrium

royleanum were examined against acetylcholinesterase,

butyrylcholinesterase, lipoxygenase and urease and the

results are presented in Figures 1 and 2

The results obtained with the crude extract of

Teucrium royleanum exhibits moderate enzyme inhibi-

tory activity against acetylcholinesterase (52.4%),

butyrylcholinesterase (39.6%) and lipoxygenase

(55.13%). The chloroformfractionexhibited significant

enzyme inhibition activity (70.5%) against acetylchol-

inesterase and moderate activity against butyrylcholi-

nesterase (51.41%) and lipoxygenase (39.22%).

The ethylacetate fraction showed outstanding inhibi-

tory activity against acetylcholinesterase (83.62%) and

butyrylcholinesterase (93.5%), but low activity against

Teucrium royleanum extracts as inzyme inhibitors 731
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lipoxygenase (23.14%). The n-butanol fraction also

showed moderate activity against acetylcholinesterase

(59.55%) and low activity against butyrylcholinesterase

(19.11%). But was inactive against lipoxygenase. The

crude extract and all the fractions were inactive against

urease.

As shown in Figures 1 2, it can be seen that the

crude extract and subsequent fractions of Teucrium

royleanum are strong potential inhibitor of acetylchol-

inesterase and butyrylcholinesterase and provide an

opportunity for the isolation of active medicinal agents

for the treatment of various diseases.
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Figure 1. Acetylcholinesterase Inhibition by the crude extract and

subsequent fractions of Teucrium royleanum 40mg/200mL.

Figure 2. Butyrylcholinesterase Inhibition by the crude extract

and subsequent fractions of Teucrium royleanum 40mg/200mL.
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