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Introduction

More than 25 million people in the world today are affected by
dementia, most suffering from Alzheimer’s disease (AD) [1]. The
risk of AD grows exponentially with age, doubling approximately
every 5 to 6 years. Doubling times of AD incidence rates are not
statistically different among populations throughout the world [2].
In addition to its substantial economic impact, AD has devastating
effects on the lives of affected individuals, their caregivers, and
society. AD begins with gradual memory loss and progresses to
personality change, behavioral disturbance, loss of executive func-
tion, and loss of the ability to perform basic activities of daily living,
including eating, walking, dressing, and grooming. These impair-
ments strain families and create challenges to the care and safety
of the patient as well as threaten the health and well-being of the

caregiver [3].

© 2011 Blackwell Publishing Ltd

SUMMARY

Introduction: The limitations of current Alzheimer’s disease (AD) therapeutics have
prompted investigation into innovative therapeutics focused on antiinflammatory, antioxi-
dant, and neuroprotective agents including those from medicinal plants. Numerous plants
have been tested for their potential for alleviating symptoms of AD. Aims: Zataria multiflora
Boiss. (ZM) a member of Lamiaceae family has been used in Iranian traditional medicine for
its beneficial effects on mental abilities. Therefore, the effect of its essential oil was evalu-
ated in a rat model of AD. Methods: Amyloid -protein (Af) fragment 25-35 was injected
bilaterally in the CA1 region of rats hippocampus and the effect of different doses of ZM
essential oil (50, 100, or 200 uL/kg) on cognitive function was investigated in the Morris
water maze. Acute toxicity of the essential oil was also studied. Results: The results showed
increases in escape latency, traveled distance, heading angle, and decreases in target quad-
rant entries in AB-received groups as compared to the control group. This impairment was
reversed by ZM essential oil. The results of acute toxicity testing revealed that the calculated
LD50 (1264.9 pL/kg) is much higher than the therapeutic dose (100 uL/kg). Conclusions:
It seems that antioxidant, antiinflammatory, and anticholinesterase activities of ZM or its
main constituents might contribute to its beneficial effects in this model. Our findings sug-
gest that ZM may be a potentially valuable source of natural therapeutic agents for the
treatment of AD. However, further investigations are necessary to establish its clinical effi-
cacy and potential toxicity, before any recommendations concerning its use as a medication
in the treatment of AD.

The neuropathologic features of the disease are extracellular de-
position of amyloid B-protein (AB) surrounded by dead or dying
neurons and inflammatory cells, intracellular formation of neu-
rofibrillary tangles, basal forebrain cholinergic deficit, and exten-
sive neuronal loss and synaptic changes in the entorhinal cortex
and hippocampus portions of the brain related to memory [4].
Considerable evidence suggests increased A levels correlate with
declines in cognition and may be the initiator in a cascade of events
that leads to cognitive decline observed in AD [5,6]. Neuroinflam-
mation [7] and oxidative stress [8] are also processes associated
with the development and progression of the disease.

Although much progress has been made in understanding
the pathogenesis of AD, the current therapeutic approaches are
merely symptomatic, intended for the treatment of cognitive
symptoms, such as disturbances in memory and perception [9,10].
Two classes of medications have been approved by the US FDA for
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the treatment of AD: the acetylcholinesterase inhibitors (AChEIs)
(tacrine, donepezil, rivastigmine, galantamine), mostly for mild-
to-moderate AD, and the noncompetitive N-methyl-d-aspartate
(NMDA) receptor antagonist memantine for the moderate-to-
severe stages of AD [9,11]. While ameliorating symptoms, these
drugs are not able to modity the course of disease progression, du-
ration of their efficacy is limited, and also have been shown to pro-
duce some undesired effects such as gastrointestinal side effects of
AChETIs, for example, nausea, diarrhea, vomiting, and weight loss.
The side effects that may occur during the treatment with meman-
tine are constipation, dizziness, headache, and confusion [12].

The limitations of current AD therapeutics have prompted in-
vestigation into innovative therapeutics over the last two decades.
Research approaches are focusing on disease-modifying and/or
preventive agents [9]. Huge efforts are being made to iden-
tify drugs able to reduce AS accumulation through interfering
with proteases regulating A formation and drugs that increase
its clearance. These drugs include compounds that stimulate
alpha-secretase, the enzyme responsible for nonamyloidogenic
metabolism of amyloid precursor protein (APP), inhibitors of beta-
secretase, the enzyme that regulates the first step of amyloido-
genic APP metabolism and inhibitors of gamma-secretase, the
pivotal enzyme that generates AS. However, all these therapeutic
approaches await clinical trial completion and approval [13,14]. At
present, until a therapy is developed that can prevent or reverse
the disease, the optimal goal for effective AD management is to
develop a treatment regimen that will yield maximum benefits for
individual patients across multiple domains, including cognition,
daily functioning, and behavior [15]. Thus, therapeutic strategies
have been focused on antiinflammatory, antioxidant, and neuro-
protective agents including those from medicinal plants and health
promoting foods that may protect against AD, possibly through
scavenging of reactive oxygen species, cytokine downregulation,
and strengthening the neurons antioxidant defense [16].

Numerous plants and their constituents have been used in tra-
ditional medicine to enhance cognitive function and to alleviate
other symptoms of AD [17-19]. Recently, many medicinal plants
have been tested for their potential for reducing symptoms of
AD or for affecting the disease mechanism in animal and cellu-
lar models of AD and in clinical trials with AD subjects. Several
species have shown in vitro or in vivo activities relevant to de-
mentia (e.g., anticholinesterase, antiamyloid, antiinflammatory,
antioxidant, neuroprotective, and memory enhancing). The most
frequently reported are Ginkgo biloba, blueberry, cannabis, club
moss, curcumin, garlic, ginseng, green tea, pomegranate, ginger,
ginkgo, and rhubarb [18,20-24].

In Iranian traditional medicine, beneficial effects of some plants
consumed as food, spice, or natural remedies on mental abilities
have been mentioned. Zataria multiflora Boiss. (ZM) a member of
Lamiaceae family is one of these plants, which is widely distributed
in Iran, Afghanistan, and Pakistan [25]. It has been used as a
preservative or flavoring agent and also for its antiseptic, analgesic,
and carminative properties [26]. This plant has been evaluated for
its therapeutic effects in various studies. It has shown antibacterial
[27,28], antifungal [29-31], and antiparasitic [32] activities both
in vivo and in vitro. Antinociceptive [33,34] and antiinflammatory
[33,35] properties were also reported from the essential oil or ex-
tracts obtained from ZM. Furthermore, in different studies, ZM ex-
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hibited remarkable antioxidant activity [35,36]. The composition
of the essential oil of ZM was studied by gas liquid chromatogra-
phy (GLC), column chromatography, nuclear magnetic resonance
(NMR), and GLC/Mass spectrometry. The main constituents of the
dry plant were carvacrol (61.3%) and thymol (25.1%), while the
main constituents of the fresh plant were thymol (48.4%), car-
vacrol (12.6%), p-cymene (13.5%), linalool (5.2%), and gamma-
terpinene (3.9%). The structures of the major components were
confirmed by Infrared spectroscopy and NMR [37,38]. In 2007, a
study on Thymus vulgaris, another member of Lamiaceae family,
showed anticholinesterase effect of thymol and carvacrol. It is in-
teresting that the AChE inhibitory effect exerted by carvacrol was
10 times stronger than that exerted by its isomer thymol, although
thymol and carvacrol have a very similar structure [39].

The above mentioned pharmacologic activities of ZM encour-
aged us to evaluate the ability of its essential oil against AS-
induced cognitive deficits in a rat model of AD.

Materials and Methods
Subjects

Male albino Wistar rats (200-250 g at the time of surgery) and
male NMRI mice (25-30 g) (for LD50 determination) bred in the
Pasteur Institute of Iran were used. They were housed four per
cage in a constant temperature room (24 + 1°C), under a 12-h
light/dark cycle (lights on at 07:00 h). All of the animals had free
access to food and water throughout the experiment. The exper-
imental procedures were carried out in accordance with interna-
tional guidelines for care and use of laboratory animals and all
efforts were made to minimize animal suffering and to reduce the
number of animals used in the experiments.

Intrahippocampal Injection of Ap (25-35)

Ap Fragment 25-35 (Sigma, St. Louis, MO, USA) was dissolved
in sterile deionized water (vehicle) at a concentration of 5 ug/uL
(4.7 mM) and incubated at 37°C for 4 days to obtain the aggre-
gated form. Animals were anesthetized with a combination of Ke-
tamine (50 mg/kg, i.p.) and Xylazine (5 mg/kg, i.p.) and placed in
a stereotaxic apparatus (Stoelting, Wood Dale, IL, USA). One mi-
crolitre AB or vehicle (control group) were infused bilaterally into
the CALl region of the hippocampus (5 pg/side equivalent to 4.7
nmol/side) using a 1-uL Hamilton microsyringe with the following
coordinates according to the rat brain atlas of Paxinos and Watson
[40]: AP —3.80 mm from bregma, ML + 2.2 mm from midline, DV
—2.7 mm from the skull surface. The incisor bar was lowered 3.3
mm below horizontal zero to achieve the flat skull position. The
rate of injection was 0.5 uL/min. After completion of the infusion,
the needle was left in place for 3 min to allow diffusion of the drug
from the needle.

Plant Material and Essential Oil Preparation

Dried leaves of ZM were obtained from a local market. The plant
was authenticated at the Department of Pharmacognosy, School
of Pharmacy, Shahid Beheshti University of Medical Sciences,
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Tehran, Iran. A voucher specimen for this plant was deposited at
the Herbarium of that department (No. 619). The essential oil was
prepared by hydrodistillation for 4 h by using a Clevenger appa-
ratus with 1-2% v/w yield. Essential oil was kept protected from
light and stored at 4°C until use.

Essential Oil Administration

Seven days after surgery, rats were subjected to Morris water maze
training. They were placed in groups of 10 (n = 10) and received
different doses of ZM essential oil (50, 100, or 200 xL/kg), or equal
volume (2 mL/kg) of the vehicle (5% v/v Tween 80, Merck, Ger-
many). All injections were made i.p. 30 min prior to testing in
Morris water maze each day. One ApB-injected group was tested
without any injections.

Morris Water Maze Task

The water maze system and the procedure were described previ-
ously [41]. In short, animals received a block of four trials during
five daily sessions. During the first 4 days, the platform, situated
in the center of the southwest quadrant, was submerged 1.5 cm
below the surface of water and therefore invisible, for testing spa-
tial learning. The platform position remained stable over 4 days
and acquisition of this task was assessed. On day 5, the platform
was elevated above water level, covered with a piece of aluminum
foil, and placed in the center of the southeast quadrant. This as-
sessed motivation and sensorimotor coordination toward a visible
platform. A trial was started by placing a rat into the pool, facing
the wall of the tank. Each of four starting positions (north, east,
south, and west) was used once in a series of four trials; their or-
der was randomized. Each trial was terminated as soon as the rat
had climbed onto the escape platform or when 90 seconds had
elapsed. A rat was allowed to stay on the platform for 20 seconds.
Then it was taken from the platform and the next trial was started.
Rats that did not find the platform within 90 seconds, were put on
the platform by the experimenter and were allowed to stay there
for 20 seconds. After completion of the fourth trial, rats were gen-
tly dried with a towel, kept warm for an hour, and returned to
their home cage. The path of each rat on each trial was automat-
ically recorded by a computerized system and then analyzed by
computing several parameters, for example, latency to find the
platform, traveled distance, heading angle (the angle between a
line intersecting rat’s position after 50 cm and the start point and
a line intersecting this point and the center of the platform), and
percentage of quadrant entries as well as the swim speed. All tests
were conducted between 08:00 and 10:00 h.

Acute Toxicity Test

Acute toxicity of ZM essential oil was investigated using a total of
13 mice according to the procedure described by Lorke in 1983
[42]. The study was carried out in two phases. In the initial phase,
the range of doses producing toxic effects was determined. The
animals were divided into three groups (n = 3) and received i.p.
administration of 10, 100, or 1000 uL/kg of essential oil. They

© 2011 Blackwell Publishing Ltd

Antiamyloid Effects of Zataria multiflora in Rats

were observed for signs of toxicity and death within 24 h. In the
second phase, four more mice were administered different doses
of essential oil, which were chosen based on the results of the
first phase and the treated animals were again monitored for 24 h.
Then, the highest nonlethal dose and the lowest lethal dose were
obtained and the LD50 was calculated as the geometric mean of
these values [42].

Statistical Analysis

The data of first four training days with hidden platform were ini-
tially subjected to a one-way analysis of variance (ANOVA) for
repeated measures, followed by post hoc analysis, Tukey’s honestly
significant difference. Data of the fifth day with visible platform
were analyzed by one-way ANOVA. In all comparisons, P < 0.05
was used as the criterion for statistical significance.

Results
Morris Water Maze Task

There was significant difference in escape latencies as well as trav-
eled distances among the groups during the 4 days with invisible
platform (latency: Fss4 = 12.746, P < 0.0001; distance: F5 54 =
11.553, P < 0.0001). Post hoc analysis showed that Ap significantly
increased escape latency (P < 0.01) and traveled distance (P <
0.01) compared to the control group. Administration of ZM essen-
tial oil at doses of 100 (P < 0.001) or 200 uL/kg (P < 0.01) atten-
uated the effects of A on both parameters. (Figures 1 and 2; open
bars). Escape latencies and traveled distances on day 5 with visible
platform were not significantly different compared to the control
group (latency: Fss4 = 0.743, n.s.; distance: F5 54 = 1.076, n.s.)
(Figures 1 and 2; filled bars).

During days 1-4 a significant effect of groups was found in head-
ing angles to locate the hidden platform among the groups (Fs 54 =
6.861, P < 0.0001). Tukey test showed that the heading angle sig-
nificantly differed for the AB group compared to the control group
(P < 0.01). The effect of A on heading angle was also overcome
by ZM essential oil at doses of 50 (P < 0.05) or 100 uL/kg (P <
0.001). (Figure 3; open bars). There were no significant changes
induced by A or essential oil heading angles on day 5 with visible
platform (Fss4 = 1.798, n.s.) (Figure 3; filled bars).

There was also significant difference in percent of entries into
the target (Fss4 = 10.515, P < 0.0001) and opposite (Fss54 =
8.020, P < 0.0001) quadrants. The number of entries of the
groups, which had received A into the target quadrant was signif-
icantly lower (P < 0.05) compared to the control group. A signif-
icantly increased the number of entries into the opposite quadrant
(P < 0.01). This effect was also reversed by administration of ZM
essential oil at doses of 100 (P < 0.001) or 200 uL/kg (P < 0.01).
(Figure 4).

Swimming speeds did not significantly differ among the groups
neither during the four days with hidden platform (Fss4 =
1.311, n.s.) nor on the fifth day with visible platform (Fss4 =
1.692, n.s.) (data not shown).
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Figure 1 Mean escape latencies in seconds to find the platform in a water
maze. On days 1-4, rats learned to reach an invisible platform (data were
averaged to obtain a mean performance for each animal; open bars). On
day 5, the platform was visible (filled bars). Six groups (n = 10) were tested:
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Figure 2 Mean traveled distances in centimeters to find the platform in a
water maze. On days 1-4, rats learned to reach an invisible platform (data
were averaged to obtain a mean performance for each animal; open bars).
On day 5, the platform was visible (filled bars). Six groups (n = 10) were
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Figure 3 Mean heading angles in degrees for finding the platformin a water
maze. On days 1-4, rats learned to reach an invisible platform (data were
averaged to obtain a mean performance for each animal; open bars). On
day 5, the platform was visible (filled bars). Six groups (n = 10) were tested:

Acute Toxicity Test

The result of the acute toxicity studies is shown in Table 1. Doses of
600, 1000, 1600, or 2900 uL/kg were chosen based on the results
of the first phase. The LD50 of the essential oil was found to be
1264.9 uL/kg.

298 CNS Neuroscience & Therapeutics 18 (2012) 295-301

AB+Tween

AB+Tween

AB+Tween

N. Majlessi et al.

OHidden Platform
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control; AB; AB + Tween; AB + Zataria multiflora (ZM) essential oil (50, 100,
or 200 pL/kg). Error bars indicate + SEM. ** P < 0.01, *** P < 0.001 versus

control; ## P < 0.01, ### P < 0.001 versus AB.

OHidden Platform
M Visible Platform

###

AB+ZM 50 AB+ZM 100 AB+ZM 200

tested: control; AB; AB + Tween; AB + Zataria multiflora (ZM) essential oil
(50, 100, or 200 pL/kg). Error bars indicate & SEM. ** P < 0.01, *** P < 0.001
versus control; ## P < 0.01, ### P < 0.001 versus AB.

OHidden Platform
H Visible Platform

#H##

AB+ZM 50 AB+ZM 100 AB+ZM 200
control; AB; AB + Tween; AB + Zataria multiflora (ZM) essential oil (50, 100,
or 200 uL/kg). Error bars indicate = SEM. **P < 0.01 versus control; #P <

0.05, ###P < 0.001 versus AB.

Discussion

The Ap-related neuropathological features of the AD brain can
be mimicked by intracerebral or intracerebroventricular infusion
of AB peptides of different lengths in the rodent brain. Infu-
sion of AB peptides can lead to AD-related behavioral alterations
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Table 1 Acutetoxicity testof Zataria multiflora essential oil. LD50 = (1000 x
1600)1/2 = 1264.9 puLikg.

Dose Number of death at 24 h
(likg) after treatment per group
Phase |

10 0/3

100 0/3

1000 13
Phase Il

600 on

1000 on

1600 11

2900 m

learning and memory deficits, and disruption of cholinergic func-
tion [43]. The AB model, as a complementary alternative model to
transgenic animals, provides insight into the cellular and molecu-
lar pathways induced by amyloid and AD-related memory deficits.
Data obtained from this model make it a particularly valuable tool
for screening new therapeutic strategies and preclinical evaluation
of drugs targeting AB [43,44].

In this study, we assessed the effects of ZM essential oil on AB-
induced cognitive impairment in rats. Our results showed that
Ap administration in the CAl region of rat hippocampus signif-
icantly impaired the ability of rats to locate the hidden platform.
Because AB did not change the swimming speeds of the animals
and ability of rats to find the visible platform, the observed ef-
fects are unlikely to be associated with changes in locomotion or
sensorimotor coordination and can be attributed to spatial perfor-
mance. The AB-induced learning deficits were reversed by admin-
istration of ZM essential oil. On the other hand, the results of
acute toxicity testing of ZM essential oil revealed that the calcu-
lated LD50 (1264.9 pL/kg) is much higher than the therapeutic
dose (100 uL/kg), which appears to reflect its safety.

Evidence gathered over the last two decades suggests that the
gradual accumulation of soluble and insoluble AS peptide species
triggers a cascade of events that leads to the clinical manifestation
of AD. AS accumulation has also been associated with the cholin-
ergic dysfunction observed in AD [45]. The hippocampus is espe-
cially susceptible in AD and early degenerative symptoms include
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significant deficits in the performance of hippocampal-dependent
cognitive abilities such as spatial learning and memory. Recent ex-
perimental evidence suggests that Ap disturbs NMDA receptor-
dependent long-term potentiation induction in the CA1 and den-
tate gyrus both in vivo and in vitro. [46].

Neuroinflammation is considered to play a key role during the
development of AD and has been associated with the formation
of amyloid plaques and neurofibrillary tangles [7,47]. Increased
levels of inflammatory markers have been correlated with an ad-
vanced cognitive impairment [48]. Oxidative stress and impaired
mitochondrial function are also processes that always accompany
AD [8,49]. Increased amounts of A peptide was shown to in-
duce elevated reactive oxygen species production [50,51]. A re-
cent study has demonstrated that mitochondria-targeted antioxi-
dants could prevent A toxicity in AD neurons [52].

Although a number of drugs, including several AChEIs and an
NMDA receptor antagonist, have been approved for use, they
provide only modest symptomatic relief without any disease-
modifying activity [15,53]. Furthermore, it should be considered
that medication adherence in AD is not high and good adherence
is essential for attempting to slow disease progression and improve
or stabilize quality of life [9].

Recently, drug discovery strategies based on natural prod-
ucts and traditional medicines are reemerging as attractive op-
tions [54]. A variety of plants and their active constituents have
been used in traditional medicine, for their reputed cognitive-
enhancing and anti-Alzheimer’s effects. They have shown phar-
macological activities including enhancement of cholinergic
function in the central nervous system, antiinflammatory, and an-
tioxidant effects that may be relevant to the treatment of neu-
rodegenerative disorders such as AD [17]. Some natural prod-
ucts have been evaluated for their ability to protect neuronal cells
from direct AS insult. Ginkgo biloba extract and red wine-derived
polyphenols were shown to protect rat hippocampal cells against
toxic effects of AB peptides and oxidative stress [21]. Curcuma
longa (turmeric) has also been reported to protect PC12 and HU-
VEC cells from AB (1-42) insult. [55]. Zingiber officinale (gin-
ger) extracts, Cinnamum cassia (Chinese cinnamon), Rheum core-
anum (Korean rhubarb) [23], and Lycium barbarum (Wolfberry)
[56] have demonstrated the same ability.

In this study, we observed that pretraining i.p. administration
of ZM essential oil could reverse the learning deficits caused by
AB.ZM, a member of Lamiaceae family, has been used in Iranian
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traditional medicine for its beneficial effects on cognitive function.
It has demonstrated antiinflammatory [33,35] and antioxidant ac-
tivities [35,36] in different studies. Numerous plants and plant
constituents have demonstrated antioxidant or antiinflammatory
properties and therefore are suggested to have favorable effects in
AD [17,48,53,57]. The observation of ZM ability in ameliorating
Ap-induced cognitive impairment could be partially attributed to
its antioxidant and antiinflammatory activities.

The main constituents of the dry plant essential oil have been
reported to be carvacrol (61.3%) and thymol (25.1%) [37,38].
Carvacrol and thymol both have shown AChEI effect, the activ-
ity of carvacrol being stronger than thymol [39]. AChEIs are the
mainstays of current pharmacotherapy for AD [11]. A potential
source of AChEISs is certainly provided by the plant sources in na-
ture [19]. Most of the current AD medications with AChEI activity
were originally isolated from plants. For example, physostigmine,
galantamine, and huperzine A were obtained from Physostigma
venenosum, Galanthus nivalis and Huperzia serrata, respectively
[17,19]. In addition, numerous plants have been investigated for
their effects on AChE and have shown inhibitory activity. For
example, extracts or essential oils of Ginkgo biloba [19], Salvia
species (S. officinalis L., S. lavandulaefolia Vahl. and S. miltiorrhiza
Bung.) [19,58], Melissa officinalis, and Rosmarinus officinalis [17]
have been reported to inhibit AChE. Because current therapeutic
strategy in AD patients is to restore cholinergic function through
inhibition of AChE and thereby facilitating cholinergic neurotrans-
mission, it seems that the AChEI activity of carvacrol and thymol
as the major constituents of ZM essential oil might contribute to
its beneficial effects in this study.

Medicinal plants are the source of a large number of essential
drugs and are the basis of herbal medicine, which is not only the
primary source of health care for most of the world’s population
living in developing countries but also enjoys growing popularity
in developed countries [59]. A range of herbal preparations, either
single herbs or herbal mixtures, are potentially beneficial for the
improvement of cognitive function in various age-related demen-
tias [18]. In AD animal and cellular models, herbal extracts appear
to have fewer adverse effects than beneficial effects on cognitive
function [20,54]. It should be considered that medicinal and aro-
matic plants are intimately linked with human health and culture

N. Majlessi et al.

[60]. Because most of these compounds are part of routinely used
traditional medicines, their tolerance and safety are relatively bet-
ter known than synthetic chemicals [54].

In conclusion, this study provides preliminary positive evidence
for the effectiveness and safety of ZM essential oil for AS toxic-
ity management. Our results suggest that ZM may be a potentially
valuable source of natural therapeutic agents for alleviating cog-
nitive symptoms of AD. While AD cannot be cured, disease pro-
gression can be delayed and quality of life improved with benefi-
cial complementary and alternative medicinal tools. Due to their
small molecular size and lipophilicity, volatile constituents of es-
sential oils are likely to readily cross the blood-brain barrier [58]
and exert their therapeutic actions effectively. Because ZM has
been consumed as a spice and natural remedy for years, its tox-
icity is probably less than unknown substances. However, further
investigations are necessary to establish its clinical efficacy and po-
tential toxicity, before any recommendations concerning its use as
an antidementia treatment. We are going to assess the protective
ability of ZM essential oil and its main constituents in cellular mod-
els of AD and then study its potential therapeutic effects in clinical
trials.
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