Effect of phosphatidylserine on memory in
patients and rats with Alzheimer’s disease
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ABSTRACT. The aim of this study was to investigate the effect
of phosphatidylserine (PS) on memory of patients and rats with
Alzheimer’s disease (AD). In total, 57 AD patients were recruited from
our hospital, and were divided into two groups: 25 in the control group
and 32 in the observation group. Next, 300 mg/d of PS was given to
the rats in the observation group for 12 continuous weeks based on the
control group. AD rats were divided into three groups: control group,
PS 30 mg/kg group, and PS 15 mg/kg group. Learning memory ability
and free radical levels in the brain were detected after treatment. In AD
patients, vocabulary and picture matching scores in the two treatment
groups increased after treatment (P < 0.05). Moreover, the scores in
the treated group were significantly greater than the control group (P
< 0.05). In AD rats, PS treatment reduced the escape latent period of
AD rats, increased SOD and OH-, and decreased acetylcholinesterase
levels (P <0.05). Compared with PS 15 mg/kg, PS 30 mg/kg group was
significantly more efficacious (P <0.05). Compared with the AD model
group, hippocampal cells showed normal arrangement, karyopyknosis
decreased, and the pathological changes in the two PS groups were
considerable. In conclusion, PS decreased cholinesterase, improved
memory, and improved hippocampal inflammation injury in AD brains
by increasing SOD and OH- levels.
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INTRODUCTION

Alzheimer’s disease (AD) is the most common progressive neurological disease in
elderly patients. The early clinical manifestations include impaired memory, disorientation,
understanding difficulties, and analysis and calculation function decline. Generally, these pa-
tients can look after themselves in their daily lives. However, patients experience memory and
analysis obstacles during middle and advanced periods, and the most severe suffers cannot
look after themselves, which puts a tremendous burden on the patients, their families, and
society. Therefore, AD has become a disease that seriously threats the lives and health of the
elderly second only to cardiovascular and cerebrovascular diseases, and cancer (Ballard et al.,
2011; Izzo et al., 2014). This aging problem has become increasingly prominent in our country
at present, and the incidence of AD is increasing year by year. Treatments to delay or improve
clinical symptoms of AD are therefore particularly urgent.

There is no specific drug for AD; drugs to enhance cholinergic neurotransmitters is only
used for maintenance at present, and their efficacy is unsatisfactory (Cagnin et al., 2014; Hou et
al., 2014). Phosphatidylserine (PS) was extracted from bovine brains and quantified by Jordi Folch
for the first time in 1942. It exists in nerve cells in the brain. PS can not only nourish the brain,
but can also enhance brain function, relieve mental pressure, and improve cognition, memory, and
reaction force. Therefore, it is also known as a “brain nutrient”. In 1986, Delwaide first reported
that bovine brain derived PS (300 mg/d) was orally administered to AD patients. Their results
showed that PS could significantly improve cognitive function. A large number of European and
American studies have also confirmed the efficacy of PS (Nair et al., 2014; Meng et al., 2014).
However, there are few domestic studies on PS for AD. Therefore, in this study, the effect of PS
on memory of AD patients was investigated, an AD rat model was established, and the possible
mechanisms underlying the effect of PS on memory improvement in AD patients was studied.

MATERIAL AND METHODS
Subjects

In total, 57 patients admitted to our hospital and diagnosed with AD were recruited be-
tween September 2010 and January 2014. Exclusion criteria were as follows: vascular demen-
tia, senile depression, hysteria or insane; severe heart, liver and kidney dysfunction; abnormal
eyesight, failing to complete simple cognitive tasks or simple instructions; without treatment
and incomplete data. The subjects were randomly divided into two groups: 25 in the control
group and 32 in the observation group. All patients provided, signed informed consent. There
was no significant difference in the general characteristics of the two groups (Table 1). This
study was conducted in accordance with the Declaration of Helsinki and with approval from
the Ethics Committee of Qigihar Medical University.

Treatment method

All patients were given conventional AD treatment. Blood pressure and blood glucose
were controlled. PS soft capsules (Nuotianyuan Trade Co., Ltd., batch 20100101, size 300
mg/particles) were administered orally in the observation group (300 mg once a day for 20
continuous weeks).
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Table 1. Comparison of patients’ general data in two groups.

Items Control group Observation group t/y? P
Cases 25 32 - -
Male:Female 12:13 16:16 0.0 >0.05
Age 753+ 11.8 749 +18.2 0.1 >0.05
BMI (kg/m?) 20.1+0.8 204 +1.1 1.1 >0.05
Course of disease (years) 54+33 6.0+4.5 0.6 >0.05
Complications Hypertension 12 15 0.0 >0.05
Coronary disease 8 10 0.0 >0.05
Diabetes mellitus 5 8 0.2 >0.05
Others 3 3 0.1 >0.05
Level of education < junior middle school 15 14 1.5 >0.05
> senior middle school 10 18
Degree of dementia Mild 8 5 23 >0.05
Moderate 14 21

Index detection

Patient memory was investigated by semantic memory test before and after treatment.
The semantic memory test is the relevant matching test developed in accordance with Chinese
culture and the Beijing Normal University Cognitive Neuroscience and Learning Institute. It
is composed of a combined set of 70 pictures and words. The content is derived from seven
categories including animals, tools, vegetables, fruits, operable/inoperable objects, faces, and
movements. Ratings were either 0 or 1. The time for each question was limited to within | min,
and a higher score was suggestive of stronger recall ability.

Experimental animals

In total, 70 elder SPF level Wistar rats, 35 males and 35 females, weighing 500-550
g, were purchased from the experimental animal center at Harbin Medical University. The
animal Certificate No. was SCXK (black) 2006-010. Housing temperature was 24°-28°C and
the relative humidity was 45-65%. The animals were housed in 12-h light/dark cycles. The
rats were given adaptive feeding for 7 days before the experiment. This study was performed
in strict accordance with the recommendations in the Guide for the Care and Use of Labora-
tory Animals of the National Institutes of Health, 8th Edition, 2010 (Bethesda, MD, USA).
The animal use protocol was reviewed and approved by the Institutional Animal Care and Use
Committee (IACUC) of Qiqihar Medical University.

AD modeling and grouping

Overall, 64 rats with memory conformity were screened using the MT-200 type Mor-
ris water maze experiment (Taimeng Technology Co., Ltd., Chengdu, China). First, the rats
were anesthetized by chloral hydrate, placed in a stereotaxic apparatus, and fixed. Next, their
skin was disinfected and incised. A craniotomy was performed 3.30 mm behind the anterior
fontanelle incisor hook plane and 3.30 mm under the interaural line plane, and the cerebral
dura mater was exposed. A needle was then inserted 3.0 mm into the subdural space with a
microsyringe, namely in the bilateral hippocampi. Next, 5.0 uL aff1-42 solution was slowly
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injected into each side of the rats in each group with a speed of 1.0 uL/min. After injection,
the needle hole was filled with denture powder and the incision was sutured. Five drops of
gentamicin was dripped into the incision (30 mg/kg) to prevent infection. After the cerebral
dura mater was exposed in the control group, disinfection and suturing was performed, and
gentamicin was injected. AD rats were randomly divided into three groups (16 rats/group; 8
male and 8 female rats). The treatment dose in the PS high dose group was 30, and 15 mg/kg in
the PS low dose group. The rats in the model group and the control group were given distilled
water for 30 continuous days instead of PS.

Detection of learning memory

Positioning navigation memory learning ability was determined in rats of each group
by using the Morris water maze test. Briefly, the rats were placed into water from the second,
third, and fourth quadrants of place of entry facing the pool wall. The time it took for the rat to
find the platform within 2 min was recorded. The testing lasted for 4 days.

Levels of free radicals in the brain

After the last treatment, half of the rats were euthanized; the heads were broken on a
glacial table and their brains were removed. Next, 10% brain tissue homogenate was prepared.
SOD activity, hydroxyl radical inhibition rate, and cholinesterase levels were detected; the
other half of the rats underwent immunohistochemistry detection. The brain was removed and
fixed in paraformaldehyde, embedded in paraffin, stained, and observed under a microscope
(Olympus, Tokyo, Japan).

Statistical analysis

All rat and patient data were input in the SPSS13.0 software package (SPSS Inc.,
Chicago, IL, USA). Data that conformed with normal distribution are reported as means +
standard deviation. Comparisons between groups were performed using analysis of variance,
and o = 0.05 was used as the test level. P < 0.05 was considered to be statistically significant.

RESULTS
Comparison of memory test scores between the two groups

There was no significant difference in vocabulary-picture matching scores between
the two groups before treatment (P > 0.05). Vocabulary-picture matching scores in two
groups significantly increased after treatment compared to before treatment (P < 0.05).
Compared with the control group, scores were significantly higher in the observation group
(P <0.05; Table 2).

Effect of PS on the escape latency of AD rats induced by Ap

1-42

During the experiment, the rats were generally in good condition in the control group,

Genetics and Molecular Research 14 (3): 9325-9333 (2015) ©FUNPEC-RP www.funpecrp.com.br



Effect of phosphatidylserine on memory in AD 9329

while those in the model group were dispirited, moved slowly, ate less, and experienced weight
gain. Compared with control group, the escape latency in the AD model group was obviously
prolonged, SOD and OH- were significantly decreased (P < 0.05), and cholinesterase was
significantly increased (P < 0.05), suggesting that the AD model was successful. PS treatment
significantly decreased the escape latency of AD rats, increased SOD and OH-, and decreased
acetylcholinesterase (P < 0.05). Compared with the low dose group, high doses significantly
reduced the escape latency time, increased SOD and OH-, and decreased acetylcholinesterase
(P <0.05; Table 3).

Table 2. Comparison of memory test score in two groups.

Groups Cases Vocabulary matching score (x10") Picture matching score (x10™")
Before treatment
Control group 25 8.8+0.8 8.9+0.7
Observation group 32 8.7+0.5 8.8=0.6
t 0.6 0.6
P >0.05 >0.05
After treatment
Control group 25 9.3 +0.9% 9.3+0.5%
Observation group 32 9.7+0.5% 9.7+0.7*
t 2.1 2.4
P <0.05 <0.05

Table 3. Effect of PS on the escape latency, SOD and OH" of AD rats induced by AB, ,, (N = 15).

Groups Dose Escape latency SOD (U/mg prot) OH- (U/mg prot) Cholinesterase
Cases 16 8 8 8
Control group - 126 +7.2 1052+ 16.2 71.5+14.7 16.8 +5.7
AD model group - 89.7 +15.6* 534+9.7* 284 +£5.7* 69.7 + 11.4*
PS low dose group 15 52.4 +18.4% 75.6 +14.8% 45.8 £10.4% 42.1+17.6%
PS high dose group 30 21.1 +5.6% 92.4+11.3% 582+ 13.3% 29.7 + 8.7%
F 117.7 22.8 20.2 59.6

P <0.05 <0.05 <0.05 <0.05

Model group compared with control group, *P < 0.05. PS group compared with the model group, P < 0.05.
Compared with low dose group, “P < 0.05.

Effect of PS on pathological tissue in AD rats

Compared with the control group, hippocampal cells were disordered and a large
number of karyopyknosis were evident in the model group. Conversely, hippocampal cells
were arranged in order and karyopyknosis was significantly reduced in the PS group. These
pathological changes were equivalent in the high and low PS dose groups (Figure 1).

DISCUSSION

The AD prevalence of residents over 60 years in domestic communities is more than
20%, and the fatality ratio of AD is 47% in the United States each year. According to epidemiolog-
ical predictions, one new case of AD will be diagnosed every 30 s in 2050. Thus, the occurrence
of or death from AD has become a social problem (Cong and Jia, 2011; Penolazzi et al., 2014).
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Figure 1. Effect of PS on pathological tissue of DA rats (Magnification 200X). A. Control group. B. Model group.
C. PS low dose group. D. PS high dose group.

PS is an important substance in brain cell membranes, and is involved in brain cell
membrane fluidity, and transmission of brain cell activity and neural information. With in-
creasing of age, PS levels gradually decrease, thereby affecting memory and cognitive ability.
PS supplement significantly enhances brain cell membrane fluidity, promote glucose metabo-
lism in brain cells, and improves the physiological activities of protein kinase C, acetylcholin-
esterase, tyrosine hydroxylase, and Na'-K*-ATP enzymes in the brain, and maintains the nor-
mal information transmission between nerve cells. Thus, brain cells are more active and brain
structural deficiency due to brain fatigue and malnutrition were prevented with PS treatment
(Manor et al., 2012; Hirayama et al., 2014; Schmid et al., 2014). The present results showed
that AD patients taking 300 mg PS/day for 20 continuous weeks significantly improved vo-
cabulary and picture scores, which is consistent with clinical trial results showing that taking
PS can improve memory in many healthy or memory impaired subjects. Dr. Crook from the
Memory Assessment Clinics performed a cooperation development trial with 149 healthy sub-
jects. The results showed that, compared with the placebo group, the daily use of PS for 12
weeks significantly improved the ability to remember names and faces, recalling names and
faces, and recognizing faces. Among these patients, 57 with severe memory barriers (average
age 64.3 years) took PS orally, remembering their phone number, recalling misplaced objects,
attention during reading, talking, and working improved significantly. Zanotta et al. (2014)
performed a double-blind test on 170 volunteers whose average age was 65.7 years old and
who took 300 mg PS/day for 3 continuous months. The results showed that, compared with
the placebo group, attention and vigilance test results significantly improved. A long-term
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study showed that 425 subjects over 65 years of age with moderate to severe cognitive func-
tion degradation took 200 mg/day of PS for continuous 6 months and processing information,
recalling digital images, and emotion significantly improved. Finally, a diet containing PS for
60 continuous days significantly improved the cognitive scores of AD patients (Sato et al.,
2010; Grimm et al., 2013; Zanotta et al., 2014).

PS has been studied substantially with respect to its impact on intelligence; however,
its mechanism of action is unclear. Studies have shown that AP aggregation is one of the
underlying causes of AD (Canale et al., 2013). In the present study, Ap was administered via
intracerebral injection to rats to induce AD. Our results show that the escape latency of AD
rats in the water maze test was significantly prolonged following this treatment. The rat brain
can generate a large amount of oxygen free radicals, which induce nerve cell degeneration
and central nervous system inflammatory responses. It is clear that AD development is related
to peroxidation of brain cells damaged by free radicals, obvious inflammatory reaction, and
increased acetylcholine, which is consistent with the clinicopathological features of AD pa-
tients. AD rats given PS (15 or 30 mg/kg) showed significantly decreased escape latency in the
Morris water maze and increased levels of SOD in the brain and improve hippocampal area
pathology, which is consistent with results in the literature (Liu et al., 2012). Therefore, PS has
an antioxidant function. Clinical trials have shown that PS can decrease the increase in mito-
chondrial membrane permeability in AD patients caused by non-steroidal anti-inflammatory
drugs (Maiese and Chong, 2004), which further demonstrates the antioxidant efficacy of PS
in animals and patients with AD. In AD patients, the brain cholinergic system is damaged and
the level of synaptic acetylcholine is reduced. Acetylcholine is closely related to human learn-
ing and memory function, and AD rats given PS showed decreased levels of cholinesterase in
the brain. Our in vitro experiment showed that PS significantly increased acetylcholine levels
in the brain. Cholinesterase can hydrolyze acetylcholine into choline and acetic acid thereby
reducing acetylcholine levels. Thus, it is clear that PS increases the level of acetylcholine in
the brain by inhibiting acetylcholinesterase. Although acetylcholine is a neurotransmitter, it
cannot be synthesized by nervous tissue.

The predecessor of acetylcholine is choline. Choline is derived from food and is trans-
ported to neurons by blood. Choline can then be translated into acetylcholine for utilization
in the brain. As a supplement, PS entering into cholinergic neurons can decarboxylate into
phospholipids ethanolamine (PE). PE is then methylated to form phosphatidylcholine (PC).
Wollen (2010) proved that PS protected neuronal cells by inhibiting AB and inflammation
(Wollen, 2010).

The limitations of this study include the fact that the source of PS used in our study
included both animal brain and soybeans. It is controversial whether the pharmacological ef-
ficacy and safety of the two sources of PS are consistent. Richter et al. (2013) proposed that PS
extracted from the bovine cerebral cortex can be added for an extended period of time, which
has the obvious advantage of increasing the cognitive function of AD patients, and its safety
is guaranteed. Suzuki et al. (2001) reported that PS derived from soybeans improve cognitive
function, and can be used in the market. Richter et al. (2013) also reported that PS derived
from soybeans can be used as a supplement to PS obtained from the bovine brain. However,
the safety of PS derived from soybeans remains unknown. Wollen (2010) mentioned in his re-
view that a reliable conclusion as to whether a PS derived from soybeans improved cognitive
function tests without a positive control was difficult to obtained. PS used in the paper was
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derived from soybeans and no obvious adverse reactions occurred after continuous adminis-
tration for 20 weeks. Moreover, the memory of AD patients significantly improved. Thus, the
safety and effectiveness of short-term PS treatment was confirmed. However, AD patients re-
quire lifelong medication and the safety and effectiveness of PS over the long-term has not yet
been proven. Second, there were no abnormalities around the blood vessels and white matter
in rats receiving either PS doses of 15 or 30 mg/kg. However, there were calcifications around
the blood vessels and/or white matter in three rats in the AD model group. The pathological
properties of brain atrophy in AD patients is different from white matter calcification, and a
correlation between calcification in the brain and AD has not been found. Therefore, whether
these lesions are associated with AD, memory reduction in AD, or just spontaneous lesions, is
unknown, and requires further investigation.

In conclusion, the application of PS can improve memory function in AD patients,
reduce the levels of brain cholinesterase, improve SOD and hydroxyl free radical inhibition
rate, and improve hippocampal inflammatory. However, the underlying mechanisms of these
actions require further investigation.
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