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Abstract

Our study aimed to investigate the im-
pact of purslane (P. oleracea) and zinc as a ther-
apeutic approach to physiological and biochem-
ical alterations induced by Alzheimer disease
(ALZ) in rats. For this purpose, 18 males albino
Wistar rats were randomly divided into 4 groups
(n=6); healthy rats (Control), untreated Alzhei-
mer rats (Exp ALZ), Alzheimer rats treated with
aqueous purslane extract (APE) and Alzheimer
rats treated with purslane extract and zinc (PE-
Zn).Various neurological and biological param-
eters were estimated and brain Histopathology
was observed. Results of study showed an al-
teration in passive avoidance learning (PAL) and
a significant increase in AChE activity (P<0.01)
and protein, WBC, Monocyte, LYM, platelet and
MDA levels and decreasing the GSH levels,
GST and SOD activities in Exp ALZ group com-
pared to control. In the other hand, histopatho-
logical analysis recorded a deep modification in
brain tissues of Alzheimer rats group compared
to control. However, the treatment of ALZ rats
by APE and zinc ensured a partial amelioration
and correction of the previous parameters. We
conclude that the use of purslane seems to be

the powerful limited of Alzheimer disease devel-
opment or its complications.

Key words: Alzheimer, Purslane, Zinc, HPLC-
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Introduction

Alzheimer disease is an age-related
neurodegenerative disorder, which progressive
by nature, where the symptoms of dementia
continue to increase and quality of life deterio-
rates gradually over a number of years (1). The
amyloid hypothesis proposes B-amyloid (AB)
among the major pathological hallmark of AD
of the disease and suggests that misfolding of
the extracellular AB protein accumulated in se-
nile plagues and the intracellular deposition of
misfolded tau protein in neurofibrillary tangles
cause memory loss, confusion and result in
personality and cognitive decline over time (2).
The disordered functioning of neurotransmit-
ters in brain, including acetylcholine (Ach), also
belongs to AD pathological (3). Many of recent
landmarks in scientific research have shown
that in human beings, oxidative stress is an im-
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portant factor causing physiological alterations
and various diseases in the body (4). The oxida-
tive stress may be a crucial link in AD initiation
and development. The imbalance between the
generation and elimination of reactive oxygen
species (ROS) can cause extensive and lasting
damage in the central nervous system (CNS),
which finally accelerates the occurrence and
development of AD (5). The medicinal plants
have been reported to enhance the memory
and learning process that normally decline with
AD. The phytochemicals have been clinically
proven the significant potentials anti-AD by dif-
ferent mechanism of action (6). Purslane (Por-
tulaca oleracea) listed in the World Health
Organization as one of the most used medici-
nal plants (7). It possesses a wide spectrum of
pharmacological properties such as neuropro-
tective, antioxidant, anti-inflammatory, and an-
ticancer activities (8). Zinc known as potential
metal involved in metabolic organism regula-
tion, where the zinc is considered as one of the
most promising and magic materials because of
its unique catalytic properties as well as its ex-
tensive applications in diverse biological areas
(9). Due to the complexity of Alzheimer disease
and inability researchers to obtain an appropri-
ate and effective treatment, the present study
was carried out to investigate the therapeutic ef-
ficiency of purslane and zinc against metabolic,
physiological and histological alteration induced
by experimental Alzheimer disease in rats.

Materials and Methods
Plant material and extract preparation

The purslane (Portulaca oleracea L.)
was collected in August from a village in Toug-
gourt of Ouargla state, Algeria. The leaves were
washed with distilled water, and then dried at
room temperature. The completely dried purs-
lane leaves was powdered by using a mechan-
ical grinder. The powder stored at room tem-
perature in the airtight containers until the use.
Aqueous extract was preparing by putting 10 g
of dried leaves powder of Portulaca oleracea L
with 100 ml of distilled water was boiled over low

heat (50 c°) for 2 hours. After cooled and macer-
ated to room temperature for 24 hours, then fil-
tered through Whatman filter paper, the extract
was then evaporated using a rotary evaporator
and was drying using oven.

HPLC-QTOF-MS/MS analysis

The HPLC analysis was conducted on
an Agilent 1290 UHPLC system (Waldbronn,
Germany) hyphenated with a G1316A ther-
mostatted column compartment, a G4226A
auto-sampler, a G1330B thermostat and a
G1312B binary pump. The HPLC separation
was achieved on an XBP phenyl column (c18
(100mmx3mm, 2.7um); Venusil, Agela Tech-
nologies, Tianjin, China). The mobile phase,
which consisted of a 0.1% formic acid aqueous
solution (A) and a mixture of acetonitrile meth-
anol (1:1, viv; B), was delivered at a flow rate
of 0.4ml/min under the following gradient pro-
gramme: 10-35% B for 0—25 min, 35-40% B for
25-35 min, and 40-85% B for 35—40 min. Mass
spectra are obtained from a TripleTOF 5600+
system (Applied Biosystems Sciex, Framing-
ham, MA, USA) equipped with an ESI interface
in positive ionisation mode. The parameters of
the “TOFMS” scan type were as follows: source
temperature, 550°C; ion source gas 1 and ion
source gas 2, 50 psi; curtain gas, 35 psi;
ion spray voltage,5500 V; collision energy, 10
V; declustering potential, 80 V. In the “product
ion” scan type, the parameters were the same
as those of the “TOFMS” scan type ex-
cept that collision energy was set as 35 V
with a collision energy spread of 15 V. Data ac-
quisition and processing were performed by us-
ing Peakview® software (version 2.0, Applied
Biosystems Sciex) (10).

Animals care and experimental design

In this study, thirty-six males albino
Wistar rats at the age of 8 weeks old, weight-
ing 131.28 + 5.58 g, obtained from the Institute
Pasteur of Algiers, and were housed in plastic
cages at animal room of molecular and cellular
biology department, of nature and life sciences
faculty, in Echahid Hamma Lakhdar-EI-Oued
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University, Algeria. With a temperature of 25 +
2°C, the rats were given a free access to their
standard diet and tap water during the study.
The animals were adapted to an inverse 12:12
h light/dark cycle. All experimental procedures
employed, as well as rat care and handling,
were in accordance with guidelines provided by
ElI-Oued University Committee of Animal Care
and Use. This study was carried out in compli-
ance with the Animal Research: Reporting of In
Vivo Experiments (ARRIVE) guidelines.

After two weeks of acclimatization, the
animals were divided into six groups, 6 in each
of, Alzheimer disease was induced by oral ad-
ministration of 200 mg/kg b.w in drinking wa-
ter for 76 days, the rats treated during 21 days
as following: Group 01 (Control): Healthy rats
received distilled water. Group 02 (Exp Alzhei-
mer): Experimental Alzheimer rats received dis-
tilled water. Group 03 (APE): Experimental Alz-
heimer rats treated orally by aqueous extract of
P.oleracea. Group 04 (PE-ZnNPs ): Experimen-
tal Alzheimer rats treated orally by P.oleracea +
zinc

Alzheimer state was induced by oral
administration 200 mg/kg b.w of both aluminum
trichloride (AICI,) and D-galactose in drinking
water during 76 days (11). The doses of Pol-
eracea (400mg/kg b.w) (12) and zinc (7Tmg/Kg
b.w/wk) (13) by oral for 21 day.

At the end of each treatment, and after
12 hours of fasting, animals were anesthetized
by inhalation of isofurane (2%) for 2 min and
dissected immediately to obtain the blood by
cardiac puncture and the brain. blood samples
were transferred into EDTA tubes to carried the
hematological parameters and dry tubes previ-
ously labeled and numbered for each rat. The
blood was separated by centrifugation for 3000
revolutions/min during 15 min, the obtained se-
rum stored at -20°C until the use for biochemical
analysis; fasting blood glucose level obtained
by glucometer for each rat. Brain was careful-
ly removed, rinsed in NaCl 0.9% then weighed.
Also, the organs stored in the freezer at -20°C

until the preparation of homogenates for the de-
termination of neurotransmitter and oxidative
stress parameters.

Behavioural analysis
Passive avoidance training

During the treatment period, the con-
trol and experimental groups were subjected to
passive avoidance learning which mainly de-
pend on the shuttle box (PAL apparatus) that
has two chamber light and dark with transparent
and dark opaque plastic walls, respectively has
a same size (30 x 20 x 20 cm each) which sep-
arate by an opaque door a rectangular open-
ing between these two compartments. The dark
chamber has a floor contained a very cold water
(fig.1A). After five second, from placing the sub-
ject rodent in the light chamber, the door was
opened until the entrance of rat to the dark side
it closed, the rat passed into the floor possessed
a very cold water. Subsequently, 60 seconds lat-
er the rat was delivered to the cage. In the next
day of training if, the animal didn’t enter the dark
in 120 seconds, a successful acquisition of a
passive avoidance behavior (14).

Retention test

Twenty-four hours following PAL acqui-
sition, similar to what we did in Passive avoid-
ance training but with one deferent which to
keep the door opened after five seconds from
placing the animal in the light chamber (fig.1B).
Step-through latency; STL (the latency to enter
the dark side) and time spent in the dark cham-
ber (TDC) were reported for up to 120 seconds
if the rodent last in the light compartment in 120
second, the retention test was ended, and the
maximum score of 120 seconds was reported
(14).

(B)

Fig. 1. Step-through passive avoidance, Train
(A) and Test (B).
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Biological and Oxidative stress parameters Statistical analysis

analysis .
The results obtained are expressed as

About 1g of heart was homogenized the mean + standard error of the mean (Mean +
in 9 ml of buffer solution of Tris buffer saline SEM). The analysis of the data was carried out
(PH=7.4). Homogenates were centrifuged at by application of the Student’s T test, which is
4000xg for 20 min +4C° and the obtained su- based on the comparison between two means,
pernatant was used for the determination of using the MINITAB software (Version 13) and
amyloid protein, acetyl choline esterase and EXCEL (Version 2019) which helps us to do the
oxidative stress markers levels. AChE activity tests and the curves.
was determined by the method of Ellman et al.,
(15). Protein AB was determined in the brain
tissue homogenate using ELISA Kit. MDA was HPLC-QTOF-Mass spectroscopy of pursu-
measured according to the method described |3pne alkaloids
by Yagi et al., (16). The level of reduced Glu-
tathion is determined according to Weckbecker The structural information of all peaks
& Cory (17). About the assay method of SOD in the HPLC chromatograms (figure2). In the
activity which using the NBT by the superoxide Purslane leaves, the presence of the following
anion (02.), is used as a basis for detecting of alkaloids was classified depending on the po-
presence of SOD by measuring the spectropho- larity into positive such as Betaine, Trigonelline,
tometrically absorbance at 560 nm (18). The L-Phenylalanine, Galactaric acid and Citric acid,
method used in this study to measure the GSTs  N-Acetyl-L-phenylalanine, according to nega-
is that of Habig et al., (19). The determination of tive polarity as what presented in table 1.
hematological parameters performed using fully  |«Eem
Auto Blood Cell Counter (ERMA). ‘

Results and Discussion

Brain histopathological study

After the sacrifice of rats, brain and liver @) —
were removed and immersed for 48 hin a
fixative solution (solution 4% formaldehyde,
in phosphate buffer, pH=7.6), dehydrated
in ascending graded series of ethanol, cleaned I
with toluene, immersed in paraffin, and colored T IRl ST G0 e e DL LR G0 ARG Sae ) i
with hematoxylin and eosin. Histopathologi- Fig. 2. LC-Q-TOF-MS(B) chromatogram in pos-
cal evaluation was performed with a light micro-  itive ion (A) and negative ion (B) mode for tenta-
scope. tive assigned alkaloids compounds

Table 1. Different of positive and negative alkaloids existed in purslan aqueous extract

Polarity Retention Time (min) Name Formula Structure
1.209 Betaine C5H12NO2 an o
HA(:\N‘/
n;('/ b
1.276 Trigonelline C7HBNO2 g
O)kc,
v
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1599

2.733 L-Phenylalanine | COH11NO2
[¢]
OH
NH;,
Positive 3.027 L-Phenylalanine | COH11NO2
o]
OH
NH,
4.495 L-Tryptophan C11H- i
12N202 o
\ NH,
4.506 Indole C8H7N
0
N
H
5.511 Phe Glu C14H- o
6.651 Norharman C11H8N2 =
N
H
7.024 Ofloxacin C18H20F-
N304 . o o
| OH
7.431 L-Phenylalanine | COH11NO2
(e]
OH
NH>
12.015 Sildenafil C22H- 9
30N604S o HN\)EN_\
Sjes
N o0
15.719 PGF1a Alcohol | C20H3804 o
MCW
16.735 19(R)-hydroxy- | C20H3206 o
PGE2 ) \/H/“
Positive
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18.102 Phytosphingo- C18H-
sine 39NO3 i\//\/\/\:\/i/\
Y Y OH
oM N,
22.957 Phthalic acid C16H2204 0
Mono-2-ethyl-
hexyl Ester 8;\(\/\
CHj
o]
31.754 Dioctyl phtha- | C24H3804 o
late NN NN
[¢]
O
I
o
1.2 Galactaric acid | C6H1008 OH OH O
Ho\”/\)\‘)\OH
O OH OH
Negative 1.504 Citric acid C6H807 o () OHO
Homw
OH
7.738 N-Acetyl-L- C11H- o)
13NO3 —
phenylalanine NH
@]
OH
22.779 3-hydroxy-te- | C14H2803 o
tradecanoic o
acid

Step-through latency and time spent in the
dark compartment

The step-through latency (STL) results
illustrated in figure 18, which revealed that there
were significant decrease in STL level (P<0.001)
in experimental Alzheimer group as compared
to control group. However, we consulted a very
high significantly increased (P<0.001) of STL
in the different treatment groups in comparison
to experimental Alzheimer rats. Time spent in
the dark compartment (TDC) for experimental
Alzheimer, PE-Zn group were significantly in-
creased (P<0.001) as compared to the control.
In the other side, the comparison with Alzheimer
disease rats scored a significant decrease in

1
=)
8 2

I latency (seconds)

-

MFE FEIn

£
w

100
80
0

0

Control Exp—\LE APE

TDCs for APE (P<0.001) and PE-Zn (P<0.001)
treated animals (figure 3).

Fig. 3. STL and TSD in control and experimental
groups. * p<0.05, ** p<0.01, *** p<0.001: signifi-
cantly different from control group. ¢ p<0.001 :
significantly different from Exp Alzheimer group.
Values are mean = SEM, n=6
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Determination of brain protein AB level and
acetyl cholinesterase activity

" ool EBpMZ  APE PEDs

5 T o 1
: e 08
E T 3 -
1 3f
CE o4
Cantrol

Fig. 4. Brain protein AB concentration and Ace-
tyl cholinesterase activity in control and exper-
imental groups. ** p<0.01, *** p<0.001: signifi-
cantly different from control group. b p<0.01, c
p<0.001: significantly different from Exp Alzhei-
mer group. Values are mean + SEM, n=6

As shown in figure 4; in the brain, as
compared to the control the experimental Alzhei-
mer and PE-Zn groups presented a significant
increase in protein levels (P<0.001) of Alzhei-
mer disease rats (P<0.001). In addition, a signif-
icant decrease of brain protein concentration in
PE-Zn (P<0.001) rats as compared to Alzheimer
group. The results illustrated in figure 4 demon-
strated that, there were a significant increase in

acetyl cholinesterase (AChE) activity for the ex-
perimental Alzheimer animals (P<0.01) and the
treated group by PE-Zn (P<0.05) compared to
the control. However, the APE groups present-
ed a very high significantly decrease in AChE
activity (P<0.001) compared to control and Exp
Alzheimer rats.

Hematological parameters

Hematological parameters illustrated
in table 2 showed that, there were a signifi-
cant raise (P<0.01) of white blood cell (WBC),
lymphocytes (Lymph), monocytes (Mono) and
platelet levels and no significant change of
red blood cell (RBC), hemoglobin (HBG) and
basophile (BASO) in Alzheimer disease rats
compared to the control . In the other hand all
experimental treatment rats showed significant-
ly reverse change (P<0.001) in WBC. Wheth-
er treatment with Zn significantly decreased
(P<0.001) Lymph, Mono levels, however Plate-
let levels was significantly decline (P<0.001) by
Zinc. Additionally, the treatment by APE were
significantly reduced (P<0.01) the Lymph, Mono
and Platelet levels as compared with Alzheimer

group.

Table 2. Erythrocyte and Leukocyte line in blood of control and experimental groups

Parameters Control (n=6) Exp ALZ (n=6) APE (n=6) PE-Zn (n=6)
Red blood cell (108/pl) 10.01 £ 0.08 10.07+ 0.1 10.27 £ 0.19 9.77+0.04™"
Hemoglobin (g/dl) 15.27+0.24 15.66 £ 0.2 15.20 £ 0.42 14.87 + 0.11
Platelet (10%/pl) 959 +29.4 1020.3 +5.1™ 775,8 £65.1™® 915.5 £5.48™
White blood cell (103/ul) 4.84 £ 0.255 7.01 £0.63" 5,61 +0,26™ 4,23 +0,36°
Lymphocytes (10%/ul) 2.60+0.23 5.000 £ 0.56™ 3,89 £ 0,25™® 2,86+ 0,20°
Monocytes (10%/pl) 0.06 + 0.009 0,25+ 0,04™ 0,13+0,03™ 0.09 £ 0.02°
Basophyle (10%/pl) 0.0025+0.001 0.004 + 0.001 0.008+0.001™2 0.002+ 0.001

Values are mean + SEM. * p<0.05, ** p<0.01, *** p<0.001: significantly different from control
group. a p<0.05, b p<0.01, c p<0.001: significantly different from Exp ALZ group.

Brain oxidative stress parameters

In comparison to control group, the results
demonstrated that there were a significant in-
crease (P<0.05) of MDA level and a significant
decrease of GSH, GST and SOD activities in

Exp ALZ group. In addition as compared to Exp
ALZ rats, a significant decrease (P<0.05) of
MDA level was observed in APE groups and no
significant change of GSH level, GST and SOD
activities in treatment groups (fig.5).
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Fig. 5. Brain MDA, GSH, GST and SOD levels
in control and experimental groups *** p<0.001:
significantly different from control group. a
p<0.05, b p<0.01, c p<0.001: significantly differ-
ent from Exp Alzheimer group. Values are mean
+ SEM, n=6

Histological analysis

Performed the histopathological stud-
ies to determine the severity of Exp ALZ and
neuroprotective effects of P.oleracea aqueous
extract, copper and zinc oxide nanoparticles.
Microscopic examination of the brain tissues
representing normal histological structure in the
control while a huge alteration from hemorrhag-
ic, inflammatory to degeneration cells in brain
tissue structure of Exp ALZ rats. Furthermore,
the treatment by APE, and PE+Zn improved
that these histological alterations had a struc-
ture not far from the control (figure 6).

APE PE-Zn

Fig.6. Photomicrographs of brain section of all
experimental groups stained with hematoxylin
and eosin (H&E), (A): x 40 n: necrosis; h: hem-
orrhage; i: inflammation

Discussion

The alkaloids compounds have a highly
beneficial effect that according to their natural
chemical compounds. HPLC-MS/MS meth-
od has become a rapid, sensitive, precise and
convenient way to analyze chemical constitu-
ents such as alkaloids (20), which have been
isolated from the plant. From the LC-Q-TOF-MS
chromatograms and by comparing to previous
reports the trigonelline, N-acetyl- L —phenylala-
nine, betaine (21), L-Phenylalanine and Norhar-
man (22) are isolated from Chinese P.oleracea
. Nevertheless citric acid is extracted from purs-
lan of Greece and Pakistan (23, 24). However,
each of indole, ofloxacin, sildenafil, PGF1a alco-
hol, (25) (R)-hydroxy-PGE2, phytosphingosine,
phthalic acid mono-2-ethylhexyl ester, dioctyl
phthalate, Galactaric acid and 3-hydroxy-tetra-
decanoic acid are new alkaloids, which not de-
termined yet in this plant.

In order to investigate the phyto and
metallotherapy treatment to improve behavior
and learning-memory. The performance of ani-
mals in the step through show that the Exp Alzhei-
mer rats and our experimental treatment groups
demonstrated a remarkable difference. Various
study(26, 27) revealed that the test of passive
avoidance learning (PAL) was assessed by the
time spending in a dark compartment (TDC), a
high score showed in the Exp Alzheimer rats
comparatively with the control group. While, the
opposite is observed in the step-through laten-
cy (STL) results a similar finding with Haider
et al., which confirmed the decreased learning
and memory ability in Exp Alzheimer group (28).
However, the treatment with P. oleracea amelio-
rate the memory of rats through the significantly
change of (STL) and (TDC) when compared to
Exp Alzheimer group. These results are consis-
tent with the studies of Tabatabaei et al., (29)
and Hafez & Gad (30). Therefore, the combi-
nation administration of AEPo, and Zn allows
the beneficial effect, which presented in PE+Zn
group. Short term memory is generally asso-
ciated with the levels of acetylcholine (ACh)
(31), which is the key neurotransmitter involved
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in the learning and memory processes and
the alterations on the cholinergic activity is the
main event in the neurochemical changes of AD
(32). Data from our study showed a significant-
ly increase of brain AChE activities for the Exp
Alzheimer rats. AD causes disturbances in cho-
linergic neurotransmission, which may be
associated with altered memory and learning
processes (33), in the other hand the increase
of AChE activities has been linked to the genet-
ic overexpression through oxidative stress (34).
Portulaca oleracea leaves aqueous extract sig-
nificantly decreased the activity of AChE, which
reflect to their alkaloids compound, especially
the indole and trigonelline has been considered
as inhibitor of AChE (35). However, Zn appar-
ently increased the AChE activity (36). Thus,
due to the combination effect of the compounds
existed in PE+Zn approach; the activity of this
enzyme is decreased, according to down-reg-
ulation of its expression or by affecting the ste-
reometric active site. The increase level of AB
protein in Exp Alzheimer due to hyperphosphor-
ylation and abnormal aggregation of tau protein
as confirmed by Chiroma et al., an abnormally
high expression of amyloidogenic proteins such
as APP, B-secretase, y-secretase and AB (37).
Moreover, the presence of the two compounds
together may inhibit the aggregation of ABR. A
significant decrease of AB protein level is a ben-
eficial result of PE+Zn, which make it possible
to say that this new approach may be has the
ability to suppression the aggregation of AR and
tau protein. That probably by a specific interac-
tion with it, or by inhibition of the enzymes that
responsible of its synthesis or activate the spe-
cific proteolytic system.

Besides the brain’s innate immune
system, the resident microglia, peripheral mac-
rophages (monocyte) as well as cells from the
adaptive immune system (lymphocyte T), are
increasingly recognized as being involved in AD
pathology (38). Suggested that the abundance
of leucocytes in general and lymphocyte in par-
ticular is a prominent response of body tissues
facing injurious impact of AICI3 (39). Addition-

ally, immuno imbalance occurs mainly due to
oxidative damage, which is responsible for ROS
generation by enhancing the inflammatory re-
sponse (40). The information obtained from
Jarosz et al. suggest that zinc supplementation
may lead to down-regulation of the inflammato-
ry cytokines (IL-1B and TNF-a) through up-reg-
ulation A20 to inhibit induced NF-kB activa-
tion (41). The immunoregulated of WBC effect
shown by PE+Zn approach, which probably
due to its anti-inflammatory activity through the
inhibition of cytokines either by decrease their
synthesis or decrease their concentration in free
active form or block their interaction with specif-
ic receptors. The AB promotes oxidative stress,
which is known to play an important role in the
pathogenesis linked to the etiology of Alzhei-
mer’s disease (42). In this study, the oxidative
stress was highly remarked in Exp Alzheimer
group by the decrease in SOD activity and GSH
level. From all of this, we can say that the two
nano-compound associated with an natural an-
tioxidant power of plant in PE+Zn approach can
give an ideal reduction, due to the presense of
Zn as a cofactor of SOD enzymes. This serves
as a first line of the antioxidant defense system,
which converts superoxide anion to hydrogen
peroxide (H202) and oxygen (43).

Additionally, the Zn2+ were shown to
suppress the activity of y secretases that, along
with beta- site APP cleaving enzyme 1 (BACE1),
are involved in the formation of AR (44), which
can contribute to a reduction in the formation of
this peptide that may explicate the reduction of
oxidative stress. Our histological results indicat-
ed that there is a necrosis, hemorrhage and in-
filtration of immune cells in brain section of Exp
Alzheimer group, similar finding with (45). This
revealed that AD mediates progressive alter-
ations, including neurons degeneration, apop-
totic changes and necrosis, which related to
oxidative damage of brain cells via free radical
production (46). The ameliorative effect of our
new approach PE+Zn may appear distinctly in
its histological section, whether the presence of
the three compound together may enhance ei-
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ther its anti-inflammatory activities by inhibition
the pro-inflammatory substances or inhibit the
amyloidogenic activity and probably affect the
BBB by decreasing vascular permeability.

We conclude that the treatment with
purslane enriched with zinc could significantly
rescue the impairment of spatial and negative
avoidance memory in rats. It also reduces ex-
cess protein AB and improves acetylcholine
performance. It is suggested that this therapy
has potential therapeutic effects for neurode-
generative diseases, such as Alzheimer’s dis-
ease. Further investigation is needed to extend
these findings.
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