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Abstract

The topical anti-inflammatory activity of Thymus willdenowii Boiss (Labiatae) leaves, a herbal

drug used in Moroccan folk medicine, has been studied using the croton oil ear test in mice. A

bioassay-oriented fractionation procedure showed that the activity concentrates in the

chloroform extract, which has a potency similar to that of indometacin, the non-steroidal anti-

inflammatory drug used as reference (ID50 (dose giving 50% oedema inhibition) ¯ 83 µg cm−2

and 93 µg cm−2, respectively). The main compounds responsible for the anti-inflammatory

activity of T. willdenowii are ursolic acid and oleanolic acid. The flavonoids luteolin-3«-O-

glucuronide and eriodictyol-7-O-glucoside were found for the first time in the genus Thymus.

Introduction

Many species of Thymus (Labiatae), and particularly Thymus communis L., are

widespread aromatic plants of the Mediterranean flora, commonly used as

flavourings and medicinal remedies against a variety of diseases (Hernandez et al

1987; Corticchiato et al 1995). The biological activity of some members of the

Thymus genus are well known and their extracts have been studied for spasmolytic

(Van Den Broucke & Lemli 1981; Van Den Broucke et al 1982) and antioxidant

activity (Miura & Nakatami 1989) ascribable to their flavonoid content, while

thyme essential oils possess antimicrobial activity (Lattaoui et al 1993; Lattaoui &

Tantaoui-Elaraki 1994) due to their monoterpenic content. However, despite

extensive searching, neither phytochemical nor pharmacological investigation was

found in the literature on T. willdenowii Boiss, a typical species endemic to Morocco

and Tunisia, with the trivial name z’itra. Since the leaves of the plant are currently

employed in traditional medicine as an anti-inflammatory remedy against bron-

chitis, colitis and rheumatism (Bellakhadar et al 1991; Thiri 1996), as a part of our

program on Moroccan medicinal plants, a leaf extract was submitted to a

phytochemical and pharmacological study to verify its therapeutic potential. A

bioassay-oriented fractionation of T. willdenowii leaves was carried out using the

croton oil ear test in mice as a model of acute inflammation (Tubaro et al 1985).

This in-vivo inflammatory model possesses the advantage of using very small

amounts of extracts or pure compounds and, consequently, is particularly suitable

for bioassay-oriented fractionation studies.

This procedure has shown that the anti-inflammatory activity was concentrated

in the T. willdenowii chloroform extract, which accounted for the total activity
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of the plant. Bioactivity-directed screening and frac-

tionation of the chloroform extract has led to the

identification of ursolic and oleanolic acids as its active

anti-inflammatory principles. Furthermore, some flavo-

noids, never previously reported in the genus Thymus,

were isolated from the methanol extract.

Materials and Methods

Instruments

A Bruker DRX-600 spectrometer operating at

599.2 MHz for 1H and 150.9 for 13C, using the UXNMR

software package, was used for NMR measurements

in CD3OD solutions. 1D and 2D NMR spectra were

obtainedby employing the conventional pulse sequences

as previously described (Saturnino et al 1997). Optical

rotations were measured on a Perkin-Elmer 141 polar-

imeter using a sodium lamp operating at 589 nm in 1%

w}v solutions in methanol. Fast atom bombardment

mass spectra (FABMS) were recorded in a glycerol

matrix in the negative ion mode on a VG ZAB in-

strument (XE atoms of energy of 2–6 KV). HPLC

separations were performed with a Waters model 6000A

pump equipped with a U6K injector and a Model 401

refractive index detector.

Plant material

T. willdenowii Boiss was collected in April 1998 in the

region I Franc, Morocco. The plant was identified by Dr

Ibn Tatou and a voucher specimen was deposited at

the herbarium of the Scientific Institutes, Universite!
Mohammed V, Rabat, Morocco.

Chemicals

Croton oil and indometacin were Sigma products (St

Louis, MO). The standards of ursolic and oleanolic

acids were supplied by Indena S.p.A. (Milano, Italy)

and Roth (Karlsruhe, Germany). Ketamine hydrochlo-

ride and TLC plates were purchased respectively from

Virbac S.r.l. (Milano, Italy) and Merck (Darmstadt,

Germany).

Fractionation procedure

The air-dried leaves of T. willdenowii (417 g) were

chopped into small pieces, defatted with n-hexane, and

then consecutively extracted by maceration with chloro-

form, chloroform–methanol (9 :1) and methanol. The

extracts were filtered and concentrated in vacuum to

give dry hexane, chloroform, chloroform–methanol

(9 :1) and methanol extracts, respectively.

Part of the methanol extract (7 g) was chromato-

graphed on a Sephadex LH-20 column (100¬5 cm;

Amersham Pharmacia Biotech, Uppsala, Sweden)

eluted with methanol. Fractions of 8 mL were collected,

checked by TLC (Si gel plates in n-butanol–acetic acid–

water 60:15:25 and chloroform–methanol–water

80:18:2) and combined to give three main fractions: A

(0.84 g), B (4.95 g) and C (1.21 g) (Figure 1). Part of

fraction B (100 mg) was subjected to RP-HPLC sep-

aration on a µ-Bondapak C-18 column (30 cm¬7.8 mm

i.d., flow rate 1.5 mL min−1 ; Waters Corporation,

Milford, USA) with methanol–water (4 :6) as a solvent

system, whereas part of fraction C (100 mg) was sepa-

rated using methanol–water (1 :1) as a solvent system.

Four pure compounds were isolated from fraction B

(rosmarinic acid, luteolin-3«-O-glucuronide, luteolin-7-

O-glucoside and eriodyctiol-7-O-glucuronide), whereas

three pure compounds were isolated from fraction C

(luteolin, eriodyctiol and thymonin). They were identi-

fied by their experimentally derived NMR, MS and UV

spectra in comparison with literature data (Hernandez

et al 1987; Tomas-Barberan & Wollenweber 1990;

Mahmood et al 1993; Corticchiato et al 1995; Encarna-

cion et al 1999; Heitz et al 2000).

Part of the chloroformextract (0.84 g)was partitioned

by consecutive extractions between ethanol–water con-

taining 1% NaOH (100:250 mL, 5¬). The organic

layer was dried in vacuum giving fraction I. The com-

bined alkaline aqueous layers were acidified with

acetic acid to pH 5 and then re-extracted with ethanol

(5¬) ; the combined ethanol layerswere dried in vacuum

to give fraction II (Figure 1). To isolate the pure

compounds, part of fraction II (30 mg) was separated

by HPLC on a µ-Bondapak C-18 column (30 cm¬
7.8 mm i.d., flow rate 1.5 mL min−1), with methanol–

water (9 :1) as a solvent system, obtaining oleanolic acid

and ursolic acid, identified by their experimental derived

NMR spectra in comparison with literature data

(Doddrell et al 1974; Seo et al 1975).

Topical anti-inflammatory activity

The topical anti-inflammatory activity was evaluated as

inhibition of the croton-oil-induced ear oedema in mice

(Tubaro et al 1985). All experiments complied with the

Italian D. L. n. 116 of 27 January 1992 and associated

guidelines in the European Communities Council Di-

rective of 24 November 1986 (86}609 ECC).
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T. willdenowii leaves
(417 g)

n-hexane

ResidueHexane extract
(2.4 g; 0.6%)

Residue

Residue
Chloroform–methanol

extract
(4.1 g; 1.0%)

MeOH

ResidueMethanol extract
(8.4 g; 2.0%)

Fraction B
(70.7% of methanol

 extract)

Fraction A
(12.0% of methanol

 extract)

Fraction C
(17.3% of methanol

 extract)

CC on Sephadex LH-20

Fraction I
(17.4% of chloroform

extract)

Fraction II
(80.1% of chloroform

extract)

Chloroform extract
(6.9 g; 1.7%)

CHCl3

Et2O/H2O with 1%
NaOH

CHCl3–MeOH(9:1)

Figure 1 Fractionation procedure for T. willdenowii leaves.
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MaleCD-1mice, 28–32 g (Harlan-Italy,Udine, Italy),

were anaesthetised with ketamine hydrochloride

(145 mg kg−1, i.p.). Cutaneous inflammation was in-

duced on the inner surface of the right ear (surface:

about 1 cm2) of anaesthetised mice by application of

80 µg of croton oil dissolved in an appropriate vehicle,

as reported below. Control mice received only the ir-

ritant solution, whereas the other mice received both the

irritant and the test substances. The following vehicles

were used: acetone (for hexane, chloroform and chloro-

form–methanol extracts, fractions I and II, pure com-

pounds and the relevant controls), acetone–ethanol (1 :1

v}v) (for total extract and its controls), 42% aqueous

ethanol (v}v) (for methanol and its controls). At the

maximum oedematous response, 6 h later, mice were

sacrificed and a plug (6 mm Ø) was removed from both

the treated (right) and the untreated (left) ears. The

oedematous response was measured as the weight dif-

ference between the two plugs. The anti-inflammatory

activity was expressed as percentage of the oedema

reduction in treated mice compared with the control

mice. As a reference, the non steroidal anti-inflam-

matory drug (NSAID) indometacin was used.

Statistical analysis

Pharmacological data were analysed by Student’s t-test,

and a probability level lower than 0.05 was considered

as statistically significant. ID50 values (dose giving 50%

oedema inhibition) were calculated by graphic inter-

polation of the dose–effect curves.

Results

Bioassay-oriented fractionation

The leaves of T. willdenowii were successively extracted

with solvents of increasing polarity as reported in Figure

1, to give hexane, chloroform, chloroform–methanol

(9 :1) and methanol extracts in the amounts of 2.4, 6.9,

4.1 and 8.4 g (0.2, 1.7, 1.0 and 2.0% with respect to dry

plantmaterial), respectively. Each extractwas submitted

to the croton oil ear test for a preliminary screening of

its anti-inflammatory activity.

Screening of the anti-inflammatory activity

The anti-oedematous effect of the extracts, administered

at a dose of 300 µg cm−2, is reported in Table 1. All the

extracts exerted some anti-inflammatory activity, in-

ducingoedema inhibition in the rangeof 20%(methanol

extract) to 92% (chloroform extract).

Table 1 Anti-inflammatory activity of T. willdenowii extracts after

6 h induction of croton oil mouse ear dermatitis.

Substance Dose

(µg cm−2)

No. of

mice

Oedema

(mg)

Oedema

reduction

(%)

Control – 10 7.5³0.3 –

Hexane extract 300 10 3.4³0.3* 55

Chloroform extract 300 11 0.6³0.1* 92

Chloroform–methanol

extract

300 10 5.0³0.4* 33

Control – 10 6.6³0.4 –

Methanol extract 300 10 5.3³0.5* 20

Oedema values are expressed as mean³s.e. *P! 0.05, using Student’s

t-test, as compared with the respective controls.
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Figure 2 Dose-dependent inhibition, by T. willdenowii chloroform

extract and indometacin, of oedema induced by croton oil in mouse

ear (data represent the mean³s.e.).

The dose–activity relationship of the most active

extract (chloroform) was compared with that of the

reference drug indometacin. The extract provoked a

dose-dependent oedema inhibition similar to that in-

duced by indometacin (ID50 (dose inducing 50%

oedema inhibition)¯ 82 and 93 µg cm−2, respectively

(Figure 2)).

The effect of the chloroform extract was compared

with that of a virtual total extract, prepared as the pool

of hexane (11.0%), chloroform (31.7%), chloroform–

methanol (18.8%) and methanol (38.5%) extracts, ac-

cording to the respective extraction yields. As reported
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Table 2 Anti-inflammatory activity of the total and the chloroform

T. willdenowii leaf extracts after 6 h induction of croton oil mouse ear

dermatitis.

Substance Dose

(µg cm−2)

No. of

mice

Oedema

(mg)

Oedema

reduction

(%)

Control – 10 7.1³0.4 –

Total extract 300 9 3.7³0.5* 48

Control – 11 7.6³0.2 –

Chloroform extract 100 11 3.8³0.1* 50

Oedema values are expressed as mean³s.e. *P! 0.005, using

Student’s t-test, as compared with the respective controls.

in Table 2, 300 µg cm−2 of total extract or a corre-

sponding amount of chloroform extract (100 µg cm−2)

exhibited similar activity (48 and 50% oedema inhi-

bition, respectively). Therefore, the anti-inflammatory

effect of the chloroform extract is greater than the

activity of the hexane, chloroform–methanol and meth-

anol extracts, and these extracts act without synergistic

effects.

Phytochemical analysis of the chloroform
extract

TLC analysis of the chloroform extract, being the most

active, revealed the presence of triterpenic acids as its

major constituents. Therefore, it was subjected to a

preliminary separation to obtain a triterpenic-acid-

enriched fraction. By means of repeated partitions be-

tween diethyl ether–water containing 1% NaOH, two

main fractions were obtained: fractions I (0.14 g) and

II (0.67 g), which represented 17.4% and 80.1% of the

parent extract, respectively (Figure 1).

Separation of fraction II by reverse-phase HPLC

followed by 1H NMR analysis revealed ursolic and

oleanolic acids as its only components, in the ratio

35:65 (Doddrell et al 1974; Seo et al 1975).

Anti-inflammatory activity of the partially
purified fractions I and II

Fractions I and II were evaluated for their anti-inflam-

matory activity at the respective doses of 52 and 240 µg

cm−2, calculated on the basis of the fractionation yield

and corresponding to 300 µg of the parent chloroform

extract. Fraction II reduced the oedematous response

by68%, showing anactivity greater than that of fraction

I, which provoked only 30% oedema reduction (Table

Table 3 Anti-inflammatory activity of fractions I and II from the T.

willdenowii leaf chloroform extract after 6 h induction of croton oil

mouse ear dermatitis.

Substance Dose

(µg cm−2)

No. of

mice

Oedema

(mg)

Oedema

reduction

(%)

Control – 20 7.6³0.3 –

Chloroform extract 300 10 1.3³0.3* 83

Fraction I 52a 11 5.3³0.4* 30

Fraction II 240a 10 2.4³0.5* 68

Oedema values are expressed as mean³s.e. *P! 0.001, using

Student’s t-test, as compared with controls ; adose of the fraction

equivalent to 300 µg of the chloroform extract.

3). Therefore, fraction II, containing ursolic and oleano-

lic acids and representing 80% of the parent chloroform

extract, accounts for almost all its activity, and for that

of the whole plant.

Anti-inflammatory activity of ursolic acid and
oleanolic acid

The two constituents of fraction II, ursolic and oleanolic

acids, were submitted to the anti-inflammatory activity

assay, and a significant dose-dependent inhibition of the

oedematous response was induced by both the com-

pounds (Figure 3). Ursolic acid was more potent than

oleanolic acid (ID50¯ 56 and 132 µg cm−2, correspond-
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Figure 3 Dose-dependent inhibition, by ursolic and oleanolic acids,

of oedema induced by croton oil in mouse ear (data represent the

mean³s.e.).
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ing to 0.12 and 0.29 µmol cm−2, respectively), as well

as indometacin (ID50¯ 93 µg cm−2 corresponding to

0.26 µmol cm−2). The activity shown by these triterpenic

acids accounts for the oedema inhibition observed with

fraction II, containing oleanolic and ursolic acids

(65:35).

Phytochemical analysis of the methanol extract

TLC analysis of the T. willdenowii leaf methanol extract,

the most abundant one, revealed the presence of flavo-

noids as its major constituents. This extract was sub-

jected to a preliminary fractionation on Sephadex LH-

20 column to give fractions A, B and C (Figure 1). The

most representative fractions were fraction B (70.7%)

containing flavonoid glycosides, and fraction C (18.1%)

containing flavonoid aglycones. In particular, RP-

HPLC separation of fraction B gave luteolin-3«-O-

glucuronide (Rt ¯ 15 min; isolated amount, 8 mg),

luteolin-7-O-glucoside (Rt ¯ 19 min; isolated amount,

15 mg) and eriodictyol-7-O-glucoside (Rt ¯ 25 min; iso-

lated amount, 9.1 mg) as its major constituents, besides

rosmarinic acid (Rt ¯ 12 min; isolated amount, 4 mg).

The main components of fraction C were luteolin (Rt ¯
15.5 min; isolated amount, 3.7 mg), eriodictyol (Rt ¯
20.1 min; isolated amount, 2.5 mg) and thymonin (Rt ¯
30 min; isolated amount, 1.8 mg). Among these com-

pounds, the flavonoids luteolin-3«-O-glucuronide and

eriodictyol-7-O-glucoside were found for the first time

in the genus Thymus.

Rosmarinic acid (Mahmood et al 1993), luteolin-3«-
O-glucuronide (Heitz et al 2000), luteolin-7-O-glucoside

(Hernandez et al 1987), eriodictyol-7-O-glucoside

(Tomas-Barberan & Wollenweber 1990), luteolin

(Hernandez et al 1987; Corticchiato et al 1995), erio-

dictyol (Corticchiato et al 1995; Encarnacion et al 1999)

and thymonin (Hernandez et al 1987; Tomas-Barberan

& Wollenweber 1990) were identified by their exper-

imentally derived NMR, MS and UV spectra in com-

parison with literature data.

Discussion

Although the leaves of Thymus willdenowii are empiri-

cally used in Moroccan folk medicine, this is the first

study on their pharmacological property as well their

chemical composition. In particular, following a bio-

assay-oriented fractionation, the topical anti-inflam-

matory property of some extracts obtained from T.

willdenowii leaves were demonstrated. The most active

extract was the chloroform, which antiphlogistic po-

tency was slightly higher than that of the NSAID

indometacin (ID50¯ 82 and 93 µg cm−2, respectively).

Moreover, the antiphlogistic effect of the T. willdenowii

leaf chloroform extract apparently accounts for the anti-

inflammatory activity of the whole herbal drug.

Phytochemical and pharmacological investigation of

this extract allowed identification of the triterpenes

ursolic and oleanolic acids as its anti-inflammatory

principles. Indeed, the strong activity of ursolic and

oleanolic acid (ID50¯ 0.12 and 0.29 µmol cm−2), about

two fold higher or similar to that of indometacin (ID50

¯ 0.26 µmol cm−2), accounted for the global effect of

the parent extract and also for the total extract.

A topical anti-inflammatory activity of these triter-

penic compounds has already been reported (Huang et

al 1994; Recio et al 1995a, b) and, interestingly, ursolic

acid has been found to be the main anti-inflammatory

principle of another species belonging to the Labiatae

family, Salvia officinalis L. (Baricevic et al 2001). More-

over, these compounds are also reported to be active

after oral or intraperitoneal administration, as observed

in carrageenan-induced rat paw oedema (Kosuge et al

1985; Singh et al 1992; Kapil & Sharma 1995; Recio et

al 1995a, b). Therefore, their effect is not only limited to

a topical action, but can also be obtained after systemic

administration. Consequently, it can be hypothesized

that ursolic and oleanolic acids can contribute to the

systemic anti-inflammatory properties of T. willdenowii.

In fact, a decoction of leaves of this plant is traditionally

used in Morocco to alleviate some inflammatory-based

diseases, like bronchitis, colitis and rheumatisms

(Bellakhadar et al 1991; Thiri 1996).

The hydrophilic methanol extract is the most abun-

dant one, representing about 40%of the total extraction

products obtained from T. willdenowii leaves. Its phyto-

chemical characterization revealed, besides rosmarinic

acid, the presence of the flavonoids luteolin, eriodictyol

and thymonin, and, in higher amounts, the flavonoid

glycosides luteolin-3«-O-glucuronide, luteolin-7-O-glu-

coside and eriodictyol-7-O-glucoside.

Flavonoids are known to possess in-vitro biological

properties related to an anti-inflammatory effect. In

fact, some of them are able to inhibit the enzymes

involved in arachidonic acid metabolism and, in par-

ticular, luteolin-3«-O-glucuronide has been reported to

possess antioxidant activity (Okamura et al 1994), to act

as a lipid peroxide formation and lipooxygenase in-

hibitor (Kubo et al 1992a, b), and, like other natural

glucuronides, to inhibit β-glucuronidase (Narita et al

1993). Other flavonoids, like apigenin, luteolin and

kaempferol derivatives, are reported also to possess

topical anti-inflammatory activity (Della Loggia et al

1986; Tubaro et al 1989). Generally, the aglycones of
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flavonoids are more potent than the respective glyco-

sides in these in-vivo effects (Della Loggia et al 1986).

However, despite these properties of flavonoids, T.

willdenowii methanol extract, containing such com-

pounds, does not give a significant contribution to the

whole topical anti-inflammatory activity of the plant.

This could be explained by the relatively high content of

flavonoid glycosides in the extract (about 70%), which

can be expected to be less active than their aglycones.

Moreover, due to the metabolic fate of flavonoids after

oral administration (Hollman & Katan 1999), it can be

hypothesized that the flavonoidic component of T.

willdenowii does not significantly contribute to the sys-

temic anti-inflammatory effect of its leaf decoctions.

It has to be emphasized that, among the flavonoid

glycosides, luteolin-3«-O-glucuronide and eriodictyol-7-

O-glucoside have been identified for the first time in a

Thymus species, even though they have been isolated

from other species of the Labiatae family, such as

Rosmarinus officinalis (Okamura et al 1994) and Mentha

spicata (Nair & Gunasegaran 1981).

In conclusion, the obtained results demonstrate the

anti-inflammatory property of Thymus willdenowii, at-

tributed to the triterpenes ursolic and oleanolic acids,

providing a support to the traditional use of the plant in

the folk medicine of Morocco and Tunisia against

inflammatory-based disorders.
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