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Abstract

Salvia lavandulaefolia Vahl. (Spanish sage) essential oil and individual monoterpenoid

constituents have been shown to inhibit the enzyme acetylcholinesterase in-vitro and in-vivo.

This activity is relevant to the treatment of Alzheimer’s disease, since anticholinesterase drugs

are currently the only drugs available to treat Alzheimer’s disease. Other activities relevant to

Alzheimer’s disease include antioxidant, anti-inflammatory and estrogenic effects. Results of

in-vitro tests for these activities are reported here for S. lavandulaefolia extracts, the essential

oil and its major constituents. Antioxidant activity (inhibition of bovine brain liposome

peroxidation) was found in the EtOH extract of the dried herb (5 mg mL−1) and the

monoterpenoids (0.1 M) α- and β-pinene and 1,8-cineole. Thujone and geraniol had lower

antioxidant effects, while camphor had no antioxidant effects. Possible anti-inflammatory

activity (eicosanoid inhibition in rat leucocytes) was found in the EtOH extract (50 µg mL−1) and

was shown by the monoterpenoids α-pinene and geraniol (0.2 mM), but not 1,8-cineole,

thujone or camphor. Possible estrogenic activity (via induction of β-galactosidase activity in

yeast cells) was found in the essential oil (0.01 mg mL−1) and the monoterpenoid geraniol

(0.1–2 mM). 1,8-Cineole, α- and β-pinene and thujone did not exhibit estrogenic activity in this

analysis. These results demonstrate that S. lavandulaefolia, its essential oil and some chemical

constituents have properties relevant to the treatment of Alzheimer’s disease and provide

further data supporting the value of carrying out clinical studies in patients with Alzheimer’s

disease using this plant species.

Introduction

At present, the only drugs licensed to treat Alzheimer’s disease in Western medicine

are tacrine, donepezil, rivastigmine and galantamine. These are anticholinesterases,

which have a limited dose range (Small et al 1997; Tariot et al 2000). The continuing

search for novel anticholinesterases from plants as therapeutic agents for dementia

and other CNS disorders is based on the need for agents targeted to brain areas

affected, with reduced toxicity and side-effects. Additional therapeutic strategies

currently being explored include the protective role that oestrogen may play in

neurodegeneration and limiting the role of free radical and inflammatory damage.

In recent years, oxidative stress and}or a failure of defence mechanisms have been

described in the pathological changes that occur in Alzheimer’s disease (Murray

and Lynch 1998; Pratico & Delanty 2000). For example, alterations in the content
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and metabolism of phospholipids is associated with the

pattern of neuronal death in Alzheimer’s disease (Fro$ -
lich & Riederer 1995). There is also a suggested role of

oxidants in the cross-linking process of β-amyloid (Aβ)

aggregation and Aβ itself may promote free radical

damage (Carr et al 1997; Varadarajan et al 2001).

In-vitro studies have shown that the antioxidant

α-tocopherol (vitamin E) reduced the toxicity of Aβ

protein in nerve culture systems (Murray & Lynch

1998). This was supported by a clinical study where the

progression of disease in patientswithmoderately severe

impairment from Alzheimer’s disease was significantly

reduced when they were treated with vitamin E (Sano

et al 1997).

Of particular relevance to this study, where a plant

extract is involved, are the recent reports of well-

designed controlled trials involving patients with

Alzheimer’s disease who were treated with a

standardized Ginkgo extract (an extract of the leaves of

Ginkgo biloba) and who showed a significant improve-

ment in cognitive performance, memory and social

functioning compared with those receiving a placebo

(Kanowski et al 1997; Le Bars et al 1997; Brautigam et

al 1998). The beneficial effects observed were ascribed to

the antioxidant di- and sesquiterpenes present, such as

bilobalide and the ginkgolides. However, it should be

noted that flavonoids and organic acids are also present,

which also have an antioxidant effect and, in addition,

inhibit eicosanoid synthesis. Thus, an overall effect may

be owing to several types of constituents acting in

different ways.

The contribution of inflammatory damage to

degeneration in Alzheimer’s disease has been supported

by results of epidemiological studies providing evidence

that non-steroidal anti-inflammatory drugs (NSAIDs)

may be beneficial and even protective to patients with

Alzheimer’s disease (Aisen 1996; Breitner 1996; Cooper

et al 2000). There has been controversy over potential

bias and confounding variables in these epidemiological

findings. However, it is clear that patients suffering from

rheumatoid arthritis and who have taken NSAIDs have

a decreased risk or a decrease in the progression of

Alzheimer’s disease, and in one study showed a re-

duction in the number of Aβ plaques (Breitner 1996). In

addition, a variety of cells involved in the inflammatory

response have been reported to be elevated in

Alzheimer’s disease (Rogers 1995; de Vries et al 1997;

Cooper et al 2000).

A further line of therapy that is currently being

explored involves the possible protective role of estro-

genic agents in preventing or delaying neuro-

degeneration in Alzheimer’s disease (BirkHa$ user et al

2000). Some studies have shown that post-menopausal

women are more likely to develop Alzheimer’s disease

than men, and that women on hormone replacement

therapy (HRT) are reported to have a decreased (40%)

riskofdevelopingAlzheimer’s disease (Green et al 1998).

However, some, but not all, clinical studies have shown

estrogen to be ineffective in halting the cognitive decline

of, for example, mild to moderate Alzheimer’s disease in

older women (Mulnard et al 2000).

Among European medicinal plants, the traditional

uses of sage (Salvia species) indicate that it may have all

the above properties. Salvia officinalis L. is widely used

commercially in foodstuffs for its antioxidant properties

(Aruoma 1996; Culvelier et al 1996). Many Salvia

species and their constituents are reputed to have anti-

inflammatory action (Bingol & Sener 1995) and Salvia

has been reported for centuries to have oestrogenic

properties (Bartram1995). Thepresent studywas under-

taken to investigate the antioxidant, anti-inflammatory

and estrogenic effects of S. lavandulaefolia in vitro.

Estrogenic activity has not been scientifically investi-

gated in this species until now.

Materials and Methods

Materials

S. lavandulaefolia essential oil was obtained from

Baldwins & Co. (London, UK). The gas chromato-

graphy profile showing the main constituents of the

essential oil is shown in Figure 1 (Alltech fused silica

capillary column, 20  Carbowax; 60–279°C at 2°C
min−1­80 min; injection and FID temperature,

290°C; injection volume, 0.1 µL). Cotswold Health

Products Ltd (Tabernacle Road, Wotton-under-Edge,

Gloucestershire, UK) kindly donated dried authenti-

cated S. lavandulaefolia grown organically in the Murcia

region of Spain. The herb (200 g) was extracted using

vacuum-liquid chromatography in 96% EtOH and this

extract was evaporated and partitioned between CHCl3
and H2O. The major monoterpenoid constituents of the

essential oil borneol (camphor, 1,8-cineole, geraniol,

linalool, α­β pinene and thujone) were obtained from

Sigma (Poole, Dorset, UK) and Aldrich Chemical Co.

(Gillingham, Dorset, UK).

Antioxidant assay

Antioxidant activity of the essential oil and mono-

terpenoids was assessed using membrane lipid peroxi-

dation according to the method of Aruoma et al (1996).

Peroxidation in ox brain phospholipid liposomes was
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Figure 1 Gas chromatography profile and content of major

constituents of S. lavandulaefolia essential oil (BN 25).

induced by the addition of the Fe3+ and ascorbate. The

extent of peroxidation in the presence of the test sub-

stances was detected by addition of thiobarbituric acid

(TBA) to produce the TBA}2-malondialdehyde adduct

and the amountof this chromogen formedwasmeasured

by absorbance at 532 nm. Extracts and the mono-

terpenoids α- and β-pinene, 1,8-cineole, camphor,

geraniol and thujone, of S. lavandulaefolia essential oil

(in 96% EtOH) were tested at final concentrations of

! 0.1  (monoterpenoids) and 5 mg mL−1 (extracts).

The results are presented as percent inhibition relative

to the control in the absence of any antioxidant and

compared with inhibition by the known antioxidant

propyl gallate.

Table 1 Percentage inhibition of bovine liposome lipid peroxidation

by crude extracts and commercially obtained constituents of S.

lavandulaefolia essential oil and the synthetic antioxidant propyl

gallate.

Extract/compound Percentage

inhibition

Ethanol extract of S. lavandulaefolia (5 mg mL−1) 77³8*

Aqueous fraction from ethanol extract of

S. lavandulaefolia (5 mg mL−1)

78³6*

Chloroform fraction from ethanol extract of

S. lavandulaefolia (5 mg mL−1)

72³8*

Camphor (4) (100 m) ®37³20a

Camphor (4) (10 m) ®10³5a

α-Pinene (5) (100 m) 67³12*

β-Pinene (6) (100 m) 38³4*

1,8-Cineole (7) (100 m) 42³3*

Geraniol (8) (100 m) 29³20

Thujone (9) (100 m) 22³4

Thujone (9) (10 m) 3³1

Propyl gallate (positive control) 10 µ 100

Data are mean³s.d, n¯ 6. aPro-oxidant activity. *P! 0.05

significant difference compared with control.

Assay to examine anti-inflammatory activity

Inhibition of the formation of pro-inflammatory eico-

sanoids, thromboxane B2 (TXB2) and leukotriene

B4 (LTB4) (measured by radioimmunoassay) derived

from the cyclooxygenase and lipoxygenase pathways of

arachidonate metabolism, respectively, was carried out

using calcium-ionophore-stimulated rat leucocytes. The

method used was a modification of that of Moroney et

al (1988), which has been used for several other types of

plant constituents. The EtOH, CHCl3 and H2O extracts

and the monoterpenoids camphor, 1,8-cineole, geraniol,

α-pinene and thujone of S. lavandulaefolia essential oil

were tested in EtOH at a final concentration of 200 µ

(pure compounds) and 50 µg mL−1 (extracts). The

data are presented as the mean (mean³s.d., n¯ 3)

percentage inhibition of the control (A23187), where

! 50% was considered active inhibition and 50–70%

was considered weak inhibition.

Assay to examine binding to estrogen
receptor

The method of analysis, a recombinant estrogen-

inducible screen developed in yeast (Saccharomyces

cerevisiae), was a modification of that described by

Routledge & Sumpter (1996). The yeast genome
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Figure 2 Anti-inflammatory (5, 9, 10), antioxidant (1, 2, 3, 5, 6, 7, 8) and oestrogenic (8) constituents of Salvia species.

contained an integrated human estrogen receptor

(hER) and expression plasmids containing estrogen-

responsive sequences (ERE). ERE control the expres-

sion of the gene lac-Z, which encodes the enzyme

β-galactosidase. Thus, in the presence of an active

ligand, the hER interacts with transcription factors

to modulate gene expression and β-galactosidase is

secreted into the medium, where it metabolizes a

chromogenic substrate (chlorophenol red-β--galacto-

pyranoside) into a red product measured by absorbance

at 540 nm. 17β-Estradiol was used as a positive control

(62–1000 n). The volatile monoterpenoids (α- and

β-pinene, 1,8-cineole, geraniol and thujone; final

concn 0.001–2.25 m) and essential oil (final concn

0.01–1.25 µL mL−1) of S. lavandulaefolia were added

to the well already containing 200 µL yeast culture ;

extracts (in 96% EtOH) were tested at a final concen-

tration of 1–5 mg mL−1. The data are presented as the

mean³s.d. relative to the control for yeast cells with

EtOH and yeast alone.
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Statistics

All results are presented as the mean³s.d. of three or

more experiments. Student’s t-test was used to assess the

significance of differences between control and test

activities and P! 0.05 was regarded as being statisti-

cally significant.

Results

Antioxidant assay

The EtOH extract, the H2O and CHCl3 layers of the

EtOH extract (5 mg mL−1) and the monoterpenoids

(0.1 ) α and β-pinene (10–15% of essential oil), 1,8-

cineole (17% of essential oil), geraniol and thujone

(! 1% of essential oil) showed significant antioxi-

dant effects in protecting bovine liposome peroxidation

(P! 0.05) (Table 1). Camphor (27% of essential oil)

exhibited pro-oxidant activity in this analysis (Figure 2).

Propyl gallate gave 100% inhibition at 10 µ.

Assay for eicosanoid synthesis inhibition

The total oil was not soluble enough to be used in the

test system. The EtOH extract and the CHCl3 layer of

the dried S. lavandulaefolia herb were selective for LTB4

over TXB2 (with 50 µg mL−1 giving 60³5.6 and

78³4.6% inhibition of the control, respectively) (Table

2). The effect of the total oil would therefore be expected

to be weak, but in favour of inhibition of 5-lipoxygenase

Table 2 Eicosanoid production in rat leucocytes by extracts and commercially obtained constituents of

S. lavandulaefolia essential oil.

Extract/compound Percentage LTB4 released

by A23187 alone

Percentage TXB2

released

by A23187 alone

Ethanol extract of S. lavandulaefolia

(50 µg mL−1)

73³4 39³3*

Aqueous fraction from ethanol extract of

S. lavandulaefolia (50 µg mL−1)

71³6 22³2*

Chloroform fraction from ethanol extract

of S. lavandulaefolia (50 µg mL−1)

83³8 61³8*

Camphor (4) (200 µ) 96³2 97³17

α-Pinene (5) (200 µ) 93³7 51³10*

1,8-Cineole (7) (200 µ) 101³3 105³13

Geraniol (8) (200 µ) 52³6* 112³4

Thujone (9) (200 µ) 95³4 89³6

Indometacin (positive control) (5 µ) 99³2 6³1*

ZM211965 (positive control) (5 µ) 5³1* 100³2

Note: a low value indicates strong inhibition. Data are mean³s.d., n¯ 6. *P! 0.05, significant difference

compared with control.

inhibition, since α-pinene (200 µ ; 5% of essential oil)

showed weak selectivity for LTB4, giving 48³15.5%

inhibition of the control, whereas geraniol (200 µ ;

! 1% of essential oil) showed weak selectivity for

TXB2 giving 46³7.8% inhibition of the control. The

monoterpenoids 1,8-cineole, thujone, and camphor (at

200 µ) and the H2O layer of the EtOH extract did not

show significant inhibition of either eicosanoid in this

analysis.

Estrogenic assay

The essential oil demonstrated weak estrogenic activity

over a range of concentrations tested in the same assay,

although higher concentrations killed the yeast cells as

shown by a decrease in absorbance at higher concen-

trations (Tables 3, 4). The estrogenic activity of the

essential oil was not significant compared with the

control since the variation in activity between cells was

high and dose-dependent activity could not be obtained.

There was weak, but significant (P! 0.02), estro-

genic activity by 1.25 mg mL−1 of the EtOH extract of S.

lavandulaefolia, although the highest concentration

affected cell growth. There was also weak significant

estrogenic activity at the highest concentration of the

H2O layer of the EtOH extract (P! 0.003). No

significant estrogenic activity was shown by the CHCl3
layer of the EtOH extract and all concentrations tested

affected cell growth.

Of the five monoterpenoid constituents of S.
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Table 3 Binding to estradiol receptors in yeast by extracts and essential oil of S. lavandulaefolia as shown

by induction of β-galactosidase activity.

Extract/compound Concentration Absorbance at 540 nm

Ethanol extract of S. lavandulaefolia 5 mg mL−1 0.096³0.011

2.5 mg mL−1 0.146³0.004

1.25 mg mL−1 0.149³0.030*

1 mg mL−1 0.125³0.010

Aqueous fraction from ethanol extract 5 mg mL−1 0.156³0.005*

of S. lavandulaefolia 2.5 mg mL−1 0.121³0.007

1.25 mg mL−1 0.107³0.006

1 mg mL−1 0.111³0.002

Chloroform fraction from ethanol 5 mg mL−1 0.002³0.003

extract of S. lavandulaefolia 2.5 mg mL−1 0.045³0.001

1.25 mg mL−1 0.101³0.001

1 mg mL−1 0.096³0.002

Essential oil 1.25 mg mL−1 0.096³0.070

0.625 mg mL−1 0.142³0.035

0.313 mg mL−1 0.217³0.130

0.25 mg mL−1 0.162³0.061

0.125 mg mL−1 0.092³0.013

0.0125 mg mL−1 0.224³0.104

1.25 µg mL−1 0.181³0.081

0.125 µg mL−1 0.112³0.071

Estradiol (positive control) 62 n 0.275³0.002

1000 n 0.342³0.001

Data are mean³s.d., n¯ 3. *P! 0.05 significant difference compared with control.

lavandulaefolia essential oil screened, only geraniol

(0.1–2 m ; ! 1% of essential oil) exhibited estrogenic

activity (P! 0.001) in this analysis, which was weak in

comparison with 17β-estradiol (1000 n). The highest

concentrations of all themonoterpenoids interferedwith

cell growth.

Discussion

Antioxidant activity

The results confirm the reputed antioxidant effects of

Salvia in the species S. lavandulaefolia (Huang et al

1996). Antioxidant effects were present in the EtOH

extracts and five out of the six monoterpenoids tested in

this analysis (Table 1). Since the concentration of

extracts and monoterpenoids were high (5 mg mL−1 and

0.1 , respectively), the inhibition can be considered

weak, but significant (P! 0.05), in comparison with the

synthetic antioxidant propyl gallate (100% inhibition at

10 µ). However, more potent compounds may be

present in small quantities. Given that the mono-

terpenoids with antioxidant activity in this study are

present in the essential oil at a slightly higher relative

percentage (collectively over 30%) than camphor (27%

of essential oil), the pro-oxidant activity of camphor

may not have an effect if the whole essential oil were

tested, but any synergistic effects are unknown.

Although the constituents responsible for the anti-

oxidant activity of the extracts tested here remain to be

identified, carvacrol has been reported to be an anti-

oxidant agent present in S. lavandulaefolia (ssp.

oxyodon) (Dorman et al 1995; Adam et al 1998). Salvia

constituents such as flavonoids (e.g. salvigenin; 1),

diterpenoids (e.g. carnosic acid; 2) (Graven et al 1992;

Dorman et al 1995) and monoterpenoids (e.g. linalool ;

3) (! 1% of essential oil) have previously been shown

to be antioxidants and these could be present in the

ethanolic extract (Aruoma et al 1996; Culvelier et al

1996; Kang et al 1997). The monoterpenoid camphor

(4) (27% of the essential oil) exhibited pro-oxidant

activity on bovine liposomes, whereas α- and β-pinene

(5 and 6, respectively), 1,8-cineole (7), geraniol (8) and

thujone (9) (collectively 35% of the essential oil)

exhibited antioxidant activity. Further structure–

activity relationships of the constituent monoter-

penoids of the essential oil of S. lavandulaefolia are

required. It would also be important to establish their
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Table 4 Binding to estradiol receptors in yeast by major constituents

of the essential oil of S. lavandulaefolia as shown by induction of

β-galactosidase activity (n¯ 3).

Compound Concentration (m) Absorbance

at 540 nm

α-Pinene (5) 0.001 0.161³0.010

0.01 0.115³0.009

0.1 0.160³0.001

0.2 0.107³0.004

2.25 0.002³0.000

β-Pinene (6) 0.001 0.108³0.009

0.01 0.095³0.005

0.1 0.090³0.000

0.2 0.108³0.002

2.25 0.003³0.003

1,8-Cineole (7) 0.001 0.135³0.002

0.01 0.116³0.002

0.1 0.148³0.001

0.2 0.120³0.003

2.25 0.118³0.001

Geraniol (8) 0.001 0.146³0.004

0.01 0.132³0.008

0.1 0.282³0.104*

0.2 0.465³0.171*

2.25 0.008³0.007

Thujone (9) 0.001 0.008³0.004

0.01 0.155³0.001

0.1 0.107³0.003

0.2 0.100³0.120

2.25 0.006³0.006

Estradiol (positive 62 n 0.279³0.003

control) 1000 n 0.343³0.002

Data are mean³s.d., n¯ 3. *P! 0.001 compared with control.

activity in different oxidative systems to determine other

possible mechanisms of action, such as protection

against oxidative DNA damage (Halliwell 1995), since

compounds may exhibit antioxidant activity in one

system, but show pro-oxidant activity in others (Masaki

et al 1995; Aruoma et al 1996).

Anti-inflammatory activity

Many Salvia species and their constituents are reputed

to have anti-inflammatory activity and these results

support the use of Salvia species in traditional medicine

to treat inflammation (Bartram 1995; Hernandez-Perez

1995). The S. lavandulaefolia extracts showed only weak

inhibition of eicosanoid synthesis, although there may

bemorepotent constituentspresent inminutequantities.

Whereas geraniol (! 1% of the essential oil) showed

weak selectivity for TXB2, the EtOH and CHCl3 extracts

and α-pinene (5% of the essential oil and previously

reported to show anti-inflammatory action; Bingo$ l &

Sener 1995), showed weak selectivity for LTB4. LTB4 is

produced via the enzyme 5-lipoxygenase, the gene of

which is up-regulated during neurodegeneration, and

although the role of this inflammatory mediator in

Alzheimer’s disease is not entirely apparent, selective

inhibition over cyclooxygenase may be therapeutically

relevant (Sugaya et al 2000). The three other mono-

terpenoids tested (collectively 44% of essential oil) did

not show anti-inflammatory activity in this analysis.

The compounds responsible for the inhibition of

eicosanoid synthesis shown by the EtOH and CHCl3
extracts tested in this study remain to be identified.

Most of the anti-inflammatory activity of plants, so far

reported, has been attributed to the presence of

phenolics, which are widely distributed in nature. Anti-

inflammatory constituents of Salvia species, so far

identified, include flavonoids (e.g. luteolin; 10) and

terpenoids (e.g. carvacrol, rosmarinic acid andα-pinene,

a number of which are present in S. lavandulaefolia

(Wager et al 1986; Bingo$ l & Sener 1995; Cuvelier et al

1996). Many essential oils have been used for the treat-

ment of rheumatism and inflammation and some mono-

terpenoids have been found to inhibit cyclooxygenase

(Wagner et al 1986). Wagner et al (1986) and Bingo$ l &

Sener (1995) concluded that for anti-inflammatory ac-

tion there has to be at least 1 hydroxyl group. In this

study geraniol, but not α-pinene, contains a hydroxyl

group. It is of interest that this structural requirement is

also important formanynaturally occurring antioxidant

and oestrogenic actions (Bouchet et al 1998). Further to

this, anti-inflammatory flavonoids containing hydroxyl

functions have been shown both to scavenge reactive

oxygen species and to promote their formation,

depending on the experimental conditions (Abelson &

Simon 1994). Screening in other anti-inflammatory

assays, which may use other inflammatory mediators,

may determine other mechanisms of action that target

mechanisms specific to inflammation in Alzheimer’s

disease, such as complement Aβ interactions (Santos &

Rao 1997).

Estrogenic activity

Estrogenic activity was present in the EtOH extract

and the essential oil of S. lavandulaefolia (Table 3). No

dose–response activity was obtained from the essential

oil. An explanation may lie in the volatility of com-

ponents of the oil that may have evaporated and spread

their activity to surrounding cells across the plate. Thus,

it was interesting to note significant estrogenic activity

in those wells surrounding the higher concentrations of
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geraniol (data not shown), a monoterpenoid present

only in small amounts in the essential oil (Figure 1). The

highest concentration of geraniol affected cell growth,

causing lysis of cells (Table 4) ; however the growth of

cells surrounding this concentration produced estro-

genic activity (data not shown). It can be suggested that

a quantity of geraniol was transferred (owing to its

volatility) into surrounding cells that originally con-

tained no geraniol. This could also be seen at the lower

concentrations of geraniol where the estrogenic activity

in surrounding cells was also affected by the nearby

concentration of geraniol. Repeat and carefully con-

trolled experiments would be necessary to confirm the

activity of the essential oil, extracts and geraniol and to

determine, for example, dose–response activity. It is

interesting that geraniol is a recruiting pheromone for

honeybees that can be detected over 7 miles away and

that pheromones act synergistically to produce their

effect (Harborne & Tomas-Barberan 1991).

The mechanism of action of estrogenic agents has

been related to a phenolic ring in the molecule and many

plant extracts exhibit estrogenic action because they

contain isoflavonoids. However, it is unlikely that flavo-

noids are present in the essential oil. Studies have

shown a structure–activity association between the

most effective (neuroprotective) effects of estrogen

(specifically β-estradiol) with the hydroxyl groups (2, 3

or 4) on the steroid A-ring (Simpkins et al 1997; Xiao &

Becker 1998). Although not phenolic in nature, of the

monoterpenes tested here, only geraniol contains a

hydroxyl group and, in addition, it lacks the cyclic ring

structure present in the four other monoterpenoids

tested (α- and β-pinene, 1,8-cineole and thujone). It

would be of interest to test other monoterpenoid

structures to establish any structure–activity relation-

ships. The results obtained here would also need further

assessment in other estrogenic assays, such as one

using human cells (Littlefield et al 1990), to determine

their mechanism of action in more detail. Compounds

that produce estrogenic activity via the hER developed

in yeast may not produce activity in an in-vivo en-

vironment (Green et al 1998) where compounds can be

metabolized and the metabolites can have more, less,

no, or different effects (such as through regulation of

post-transcriptional events and other non-genomic

events).

It is known that stimulation of estrogen receptors

can produce different pharmacological effects (Jordan

1998) and thus potential estrogenic agents may also

have other activities. In addition, the antioxidant effect

(against Aβ, hydrogen peroxide and glutamate damage)

of β-estradiol (which is also dependent on the presence

of the hydroxyl group) is independent of an activation

of estrogen receptors (Behl et al 1997), and estrogens

have been found to stimulate prostaglandin biosynthesis

(via cyclooxygenase) (Gambassi et al 1996). Thus, it is

becoming increasingly evident that there may be a

possibility of a combined or even synergistic biological

effect from many of the plant-derived chemicals that

exhibit antioxidant, anti-inflammatory and estrogenic

actions, which may be associated with the presence of a

ring structure (especially if it is phenolic in nature) and

the presence of hydroxyl groups (Jime!nez et al 1995;

Green et al 1998).

Conclusions

It is evident that further investigations are required on

the pharmacology of individual, combined mono-

terpenoids and essential oils to clarify their bioactivity.

S. lavandulaefolia extracts and}or individual mono-

terpenoid constituents have anticholinesterase, anti-

oxidant, anti-inflammatory and estrogenic effects and

these activities are relevant to current Alzheimer’s dis-

ease therapy. There are many other pharmacological

targets that might be relevant to therapy in Alzheimer’s

disease, for example, enhancing other cholinergic targets

such as choline acetyltransferase and cholinergic

receptors, targeting the process involved in Aβ aggre-

gation and other transmitter systems that are affected in

Alzheimer’s disease. With the growing wealth of phar-

macological evidence for the reputed traditional uses of

Salvia (S. lavandulaefolia), the absence of any reported

adverse effects from its long use in food flavourings and

that it has biological effects relevant to the cholinergic

and other systems pertinent to Alzheimer’s disease, a

controlled clinical study of the essential oil from this

species should now be undertaken to determine whether

it has effects relevant to the treatment of Alzheimer’s

disease.
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