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ABSTRACT

An important marker in neurodegenerative Alzheimer’s disease (AD) is abnormal production of amyloid beta (Ap)
peptide leading to formation of plaques in the brain. Through decreasing Af aggregates, anti-inflammatory agents,
phagocytosis, and proteolytic enzymes are known to decline risk of AfS plaque formation. In the previous study we
showed that aqueous extract of Lavandula angustifolia (lavender), with known anti-inflammatory effects, improves
memory deficits in animal model of Alzheimer. Here, we assess if lavender play a role in clearance of Af plaques in the
hippocampus. The Alzheimeric animals were created with intracerebroventricular injection of Af 1-42. To confirm for-
mation of Af plaques, brain sections were stained by Congo red method. Twenty days post-injection they were
administered with different doses (50, 100 and 200 mg/kg) of the aqueous extract of lavender for duration of 20 days.
Our results demonstrated that 50 mg/kg of lavender not effectively influenced the Af plaques. On the other hand, the
herbal medicine at the doses of 100 and 200 mg/kg markedly decreased the extent of Af aggregates. We concluded that
the lavender extract dose dependently underlies elimination of Af plaques. The exact mechanism by which the herbal
medicine removes the A aggregates needs to be elucidated.
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1. Introduction plaques by microglia can restrict its accumulation in the
brain [13]. Microglia also secrete proteolytic enzymes
that degrade A, such as insulin-degrading enzyme, ne-
prilysin, matrix metalloproteinase 9, and plasminogen,
further suggesting a neuroprotective role for these cells
in AD [14,15]. However, persistent Af accumulation de-
spite increasing microglial numbers suggests that the
ability of microglia to clear Af may decrease with age
and progression of AD pathology [13].

Experiments tracing the catabolism of radiolabeled AfS
in brain and by reverse genetics studies confirm that
neprilysin is a rate-limiting peptidase participating in AfS
catabolism [16,17]. Neprilysin is particularly low in

AD progression. One of the mechanisms in removing AB rggions vulnerable to §enile plaque development, such as
is mediated by liver and low-density lipoprotein receptor- hippocampus and mldtemporal gyrus [18’19]' Recent
related protein (LRP-1) [8,9]. LRP-1 is a receptor for reports demonstrated that immunotherapy is effective at
uptaking A through hepatic [10]. Another mechanism prevent.ing or remf)Vir}g Ap dep(?SitS in 'the mouse models
that provokes clearance of Af is accumulation of micro- [20]. Single application of antiamyloid-f antibodies to
glia. Microglia through expression of some classes of the surface of the brain in these mice led to clearance of
receptors like class A scavenger receptor and CD36 de- existing senile plaques in the remarkably short time

lay AD progression [11,12]. Also phagocytosis of ApS fram.e Of 3 - 8 days [20’2.1]' Al_l approach involving im-
munization of PDAPP mice with Af was shown to be

“Corresponding author. effective at prevention of plaque deposition [22]. Brain-

Alzheimer’s disease (AD) is a progressive dementia dis-
order in elderly population. AD has a multifactorial pa-
thology including accumulation of Amyloid f-peptide
(Ap), neuroinflammation and oxidative damage in the
brain [1,2]. The Ap derive from proteolytic cleavage of
amyloid precursor protein by secretases family. Accu-
mulation of aggregated Af is a major cause of cognitive
disfunction in AD [3,4]. The hippocampus and neocortex
are the main targets for Af aggregates [5]. Many studies
showed that i.c.v. injection of Af cause memory deficit
in animals [6,7].

Clearance of Ap is a therapeutic method for delaying
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to-blood A/ efflux transport across the blood-brain barrier
and Ap degradation by protease have been reported as
cerebral Af clearance mechanisms [23,24].

Evidence indicates that long term treatment with some
nonsteroidal anti-inflammatory drugs (NSAIDs) reduce
the risk for AD, delay its onset, and slow the progression
of the disease [25].

Lavender family is generally known for their multi-
ple pharmacological effects such as anticonvulsant, seda-
tive, antispasmodic, analgesic, antioxidant and local an-
esthetic activity [26]. Lavandula angustifolia (lavender),
known as “Ostokhoddus” in Iran, is a strongly aromatic
sub-shrub at the Mediterranean region. It grows to ap-
proximately 0.9 m high with leaves evergreen. Fresh
flower tops of lavender are used for extract preparation
[27,28]. The main compositions of lavender are linalool
and linalyle acetate [29,30]. Additionally, lavender ex-
tracts inhibits glutamate-induced neurotoxicity and pro-
motes anti-AchE activity enhancing the level of Ach in
brain [31,32]. It is reported that lavender is an effective
medical plant in treating inflammation, depression, stress
and headache [28,33]. Lavender also is a strengthens of
nervous system [34]. Aromatherapy effect of lavender in
alleviation agitated behaviors is an aspect of treatment in
patient with dementia [29]. These features can be impor-
tant to treat dementia disorder such as AD. In our previ-
ous work we demonstrated that aqueous extract of lav-
ender considerably influences the cognitive function of
an Alzheimeric model of rats [27]. The present study
aimed to evaluate if the positive effect of lavender treat-
ment underlie clearance of beta amyloid plaques.

2. Materialsand M ethods
2.1. Animals

Experiments were conducted on adult male Wistar rats
weighing 220 - 280 gr. The subjects were housed on a 12
hr light/dark schedule with lights on at 06:00 h and had
food and water ad libitum. They were kept under a con-
stant temperature (21°C £ 2°C) and a humidity of 55% =+
5%.

Five groups of rats (n = 9 in each group) were intro-
duced to behavioral experiments (for a spatial memory
task) prior to histological assessments [27]. The animals
were divided into control (CON) and Alzheimer disease
(AD) groups. The AD group was further subdivided into
4 subgroups (AD, AE50, AE100, AE200; see below for
more explanation). The animals were used in accordance
with the guidelines of the Deputy of Research of the Ka-
shan University of Medical Sciences.

2.2. Animal Model of Alzheimer

Rats were anesthetized with intraperitoneal injection of
ketamine (70 mg/kg) and xylosine (10 mg/kg) and fixed
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on a stereotaxic instrument. The injection site was deter-
mined according to the Stereotaxic atlas [35]. A 4 mm
stainless steel needle was implanted to the lateral ventri-
cles (AP = Bregma, LR = 1.5 mm, D = 4 mm) as the can-
nulaes for the injection of Af 1-42. Injections were done
using a 5-pul Hamilton syringe.

Animal model of AD was created by intracerebroven-
tricularly injection of 10 pg/2ul aggregated Af 1-42 pep-
tide (Sigma Aldrich, St. Louis, MO, USA). The stock
solution of A 1-42 (1 mg/200ml) was prepared in dis-
tilled water. The solution was incubated at 37°C for 1
week before use. The CON rats received a same volume
0f 0.9% NaCl injection. The injection site was confirmed
by co-application of trypan blue.

2.3. Preparation of Lavender Extract

For extraction, 250 g dried flowers of Lavandula angus-
tifolia (herbarium of Shaheed Beheshti University of
Medical Sciences, Tehran, Iran) was mixed with 1000 ml
of boiled water. After stirring 4 hr in a fully packed con-
tainer, the mixture filtered and concentrated by vaporiz-
ing. The plant specimen was identified by Pharmaceutics
Faculty of the University, where voucher specimens (1092)
were kept.

2.4. Extract Administration

The concentrated aqueous extract of lavender was sus-
pended in distilled water. The three groups of Alz-
heimeric rats were intraperitoneally received the aqueous
extract of lavender with doses of 50, 100 or 200 mg/kg
(named AE50, AE100 and AE200 subgroups, respect-
tively). The CON and AD animals received distilled wa-
ter. All the animals were injected at a volume of 0.4
ml/kg body weight. The treatments were began 20 days
after i.c.v. injections and continued once per day for 20
consecutive days.

2.5. Histological Observations

Twenty days after injection of the vehicle or Af the ani-
mals were killed and their brain was removed for histo-
logical evaluations. The Af treated animals were asses-
sed for Af plaque formation. Samples for standard fixa-
tion were immersed in the appropriate fixative (formalin)
for 48 to 72 h prior to processing. Overnight processing
(including dehydration, clearing, and paraffin embedding)
was performed using a Tissue Tek VIP5 automated pro-
cessor (Sakura Finetek, Torrance, CA).

2.6. Staining

Sections were stained by Congo red method as reported
previously [36]. Briefly, the rehydrated sections were
incubated in alkaline saturated NaCl solution for 20
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minutes, and then immersed in alkaline Congo red solu-
tion for 30 minutes. After staining, the sections were de-
hydrated and fixed with Entellan. As shown in Figure
1(B), the staining confirmed the formation of Af plaque
in the brain of AfS-treated animals.

3. Resaults

This study focused on histological modifications of hip-
pocampus as a core region of brain involved in memory
consolidation. The animals treated by Af peptide showed
areas covered by Af plaques. The Af plaques were ap-
peared as red islets scattered irregularly in the brain. Our
criterion for the Anti-Af effect of aqueous extract of
lavender was the change in the extent of areas covered by
Ap plaques in the graphs taken from the rats receiving
different doses of the herbal medicine.

3.1. The CON and AD Animals

Comparison of the sections from the CON and Ap treated
animals indicated an obvious difference between the two
hippocampi. Whereas the CON hippocampus showed to
be clean of the red areas (Figure 1(A)) the Ap injected
rats (AD) developed Ap red plaques, confirming that the
Ap treatment left the animals Alzheimeric (Figure 1(B)).

3.2. The Effect of Aqueous Extract of Lavender
on the Ag Plaquesin the Hippocampus Area

When formation of the AfS plaques was confirmed the
experiments were continued on the Af treated animals
receiving different doses of the lavender extract to evalu-
ate if the herbal medicine underlies the strength of the
plaques. The sections prepared from Af treated AES0
rats resembled those from the AD animals. The plaques
are comparatively visible in the hippocampus of the
AES50 group, indicating that the dose 50 mg/kg of the
aqueous extract not effectively influence removing the
Apf plaques (Figure 1(C)). Twenty days treating the
AE100 group with 100 mg/kg of the plant extract con-
siderably cleared the hippocampal sections from the ApS
plaques (Figure 1(D)). Concerning the red areas an ob-
vious different is evident between the photomicrograph
prepared from the AE100 animals compared to both the
AD and AES0 groups. Increasing the concentration of the
extract to 200 mg/kg further eliminated the AfS plaques
from the hippocampus of AE200 group (Figure 1(E)),
indicating that the herbal extract dose dependently influ-
ence the Ap clearance.

4. Discussion

Accumulation of neurotoxic Af peptide in the brain acts
as the most important pathogenic marker contributing to
neurodegeneration [37,38]. The levels of Af in the brain
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are controlled by its rates of production from the larger
Ap-precursor protein and the rates of clearance [14,39].
The “CNS clearance hypothesis” is explained by entry of
anti-Af antibodies into the brain where they bind A and
remove the Af plaques [40].

The present work demonstrated that aqueous extract of
lavender effectively remove Af aggregates from the
brain of an Alzheimeric model of rat. In our previous
work we showed that the herbal medicine efficiently im-
proved impaired spatial memory in the Alzheimeric ani-
mals [27]. Interestingly, both aspects of the extract action,
including the Af clearance as well as the spatial memory
improvement, occur in the same dose.

What are the mechanisms by which the lavender
extract treats Af plaques? We administered the lavender
extract intraperitoneally. Hence, the function of the
extract could be appeared systematically. It is reported
that a reduction in the plasma Af clearance by systemic
organs is associated with an increased Af accumulation
in the brain [13,23]. Although the animals were received
Ap intracerebroventricularly, however, via plasma clear-
ance of Ap, the extract can help to decrease the Af level
in brain. Since systemic clearance of Af, especially by
the liver, could determine the plasma levels of Af avail-
able for transport into the brain across the blood-brain
barrier [9,15] it can be concluded that the lavender may
undergo the liver clearance of Af. However, probable
direct effect of the medicine on the Af plaques in the
brain requires crossing the blood-brain barrier.

It is demonstrated that Af exhibit inflammatory effects
in brain [1,41]. There are evidences for a direct role of
NSAIDs on amyloid pathology [4,42]. Also, medium
from microglia stimulated with Af but treated with
NSAIDs displayed a protective effect in neurons [25].
Anti-inflammatory action of lavender is already proved
[43]. Consequently, through clearance of Af plaque, the
herbal extract may display its anti-inflammatory action.

Some endogenous agents are involved in clearance of
Ap from brain. Af-degrading enzyme neprilysin is main-
ly detected presynaptically on or around axons in the
hippocampal formation [44]. Neprilysin is suggested to
regulate Af concentration around presynaptic sites so
that a reduction of neprilysin activity may lead to local
elevation of Af concentration in the extracellular space
close to synapses, possibly affecting the local pathology
during the course of AD development [45,46]. If some
constituents of the lavender extract acts as an Af de-
grading itself or promote the function of some agents like
neprilysin needs more study.

Our findings indicated that the lavender extract dose
dependently influences the Af plaques elimination. Thus,
higher concentrations of the extract probably further
promote Af clearance. On the other hand, in the present
work the extract treatment lasted for 20 days. Therefore,

NM



Clearance of Amyloid Beta Plaques from Brain of Alzheimeric Rats by Lavandula angustifolia 365

K [ e

Figure 1. A: Control hippocampus, indicating no beta amyloid plaquesin the brain 52 x 39 mm (300 x 300 DPI); B: Hippo-
campusin the animals 20 days after intracerebroventricular injection of beta amyloid indicating an obvious different between
the beta amyloid and vehicle treated hippocampi 52 x 39 mm (300 x 300 DPI); C: Hippocampus of the Alzheimeric rats after
20 daystreatment with 50 mg/kg of the aqueous extract of lavender. The beta amyloid plaques arefairly observable so that the
differ ence between this micrographs and the that of the Alzheimeric hippocampus are har dly distinguishable 52 x 39 mm (300
x 300 DPI); D: Hippocampusof the Alzheimericratsafter 20 daystreatment with 100 mg/kg of the aqueous extr act of lavender.
A clearance of beta amyloid plaquesis evident when compared with the micrograph taken from the Alzheimeric hippocampus
52 x 39 mm (300 x 300 DPI); E: Hippocampus of the Alzheimeric rats after 20 days treatment with 200 mg/kg of the aqueous

extract of lavender. Asis observable this dose of the extract further disappeared the beta amyloid plagues from the brain 52 x
39 mm (300 x 300 DPI).
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it seems that a longer duration of the lower doses of lav-
ender may be good enough to influence the A plaques
clearance. Whether or no pre-emptive application of the
lavender extract helps to prevent Af plaques formation
needs further investigation.
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