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Abstract

The effects of phosphatidylserine (PS) were studied in rats treated with reserpine (1 mg,/kg) immediately after training in the passive
avoidance task. In experiment |, phosphatidylserine (25 mg/kg) was administered 30 min before or immediately after training. Acute pre-
or post-treatment with phosphatidylserine was effective in reversing the amnestic effect of reserpine in test trials performed 24 h and 1
week after training. Experiment |1 was performed to determine if the long-term pretreatment with phosphatidylserine (25 mg/kg) for 7
days is able to protect the rats against the amnestic effects of reserpine in this task. The data show that phosphatidylserine reverses the
impairment induced by reserpine in trials performed 24 h and 1 week after training. These results indicate that the memory deficits
associated with catecholamine depletion caused by reserpine can be attenuated by acute pre- or post-training or by long-term pretreatment
with this phospholipid. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Phosphatidylserine (PS) is an acidic phospholid that is a
natural component of the brain cephalic fraction and repre-
sents the major phospholipid of brain synaptic membranes
(Breckenridge et al., 1972). Phosphatidylserine appears to
be located on the outer membrane surface (Smith and Loh,
1976). Phosphatidylserine can modify glucose metabolism
(Bruni et d., 1976), catecholamine (Toffano et al., 1976)
and acetylcholine release (Mantovani et a., 1976), NMDA
receptor density and function in animals with age-related
deficits (Cohen and Miller, 1992) and can increase the
muscarinic acetylcholine receptor density (Gelbmann and
Miller, 1991). These effects have been correlated to the
behavioral changes observed following chronic and acute
administration of this compound. Particularly with respect
to memory, acute administration of phosphatidylserine an-
tagonizes scopolamine-induced amnesiain adult rats tested
in a passive avoidance situation (Zanotti et al., 1986).
Moreover, phosphatidylserine administration facilitated the
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acquisition of active avoidance behavior in aged rats sub-
mitted to the shuttle-box and pole jumping test (Drago et
al., 1981). Phosphatidylserine administration during post-
natal development also improves memory in adult mice
tested in a passive avoidance task (Fagioli et al., 1989).
Besides, phosphatidylserine attenuates scopolamine-in-
duced amnesia in a discriminative avoidance task in mice
(Claro et al., 1999).

Catecholamine participation in the events of memory
processes is well known, showing that the dopaminergic
system plays an important role in these processes (Packard
and White, 1991; Goldman-Rakic, 1998).Thus, dopaminer-
gic manipulations have a modulatory effect on the memory
process, perhaps during the consolidation phase (Mc-
Gaugh, 1989). On the one hand, this evidence is based on
studies of facilitation of memory retrieval under the action
of a number of dopaminergic stimulating agents (Packard
and White, 1991; Bevilagua et al., 1997). On the other
hand, the catecholamine depletion induced by reserpine
causes deficits in the performance of shock-avoidance
tasks. Walsh and Palfai (1978) showed that reserpine,
when administered after the training trial, is able to pro-
duce retrograde amnesia in animals submitted to the avoid-
ance task.
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Reserpine interferes with the storage of monoamines in
intracellular granules, with monoamine depletion in nerve
terminals (Carlsson, 1975) and induction of transient hy-
polocomotion and muscular rigidity, thus providing a phar-
macological model of Parkinsonism (Colpaert, 1987). The
cognitive decline occurring in Parkinson’s disease is recog-
nized as a frequent and important feature of the illness.
The present experiments were carried out to evaluate the
effects of PS in rats treated with reserpine immediately
after the training tria in the passive avoidance task.

2. Materials and methods
2.1. Animals

Male Wistar rats from our colony aged 3 months at the
beginning of the study were randomly housed in groups of
five in polypropylene cages at 20-23°C, on a 12-h light—
dark cycle (lights on 7:00 am.) with free access to food
and water. The animals used in this study were maintained
and handled according to the guidelines of the Committee
on Care and Use of Laboratory Anima Resources, Na-
tional Research Council, USA.

2.2. Drugs

Phosphatidylserine S (BROS®) purified from bovine
brain was kindly provided by TRB Pharma (Brazil) and
was dissolved in distilled water and sonicated. The PS
suspension was injected intraperitoneally (i.p.) at a dose of
25 mg,/kg. According to Fidia's Technical file on BROS®,
the main fatty acids present in the preparation are C16:0
(2.7%), C18:0 (39.5%), C18:1 (35.3%), C20:1 (6.1%),
C22:1 (6.4%), C24:1 (3.3%) and C22:6 (6.7%), and their
purity is 92%. Saline (0.9% NaCl) was used as the control
solution for PS. Reserpine, 1 mg/kg (Sigma), was dis-
solved in 50 w! of glacia acetic acid and distilled water
and administered i.p. The control solution for reserpine
(vehicle) consisted of the same amount of acetic acid and
water as used in the reserpine solution. All solutions were
injected in a volume of 1 ml /kg.

2.3. Procedures

2.3.1. Experiment |

The following drug administration schedules were car-
ried out. (1) Pre-training administration: Phosphatidylser-
ine or saline was administered 30 min before training in
the passive avoidance task. Immediately after training the
rats received reserpine or vehicle and were returned to
their home cages. (2) Post-training administration: The
animals were submitted to training and received phos-
phatidylserine or saline injection immediately after, all
animals were treated with reserpine or vehicle 30 min

later. In both cases, the test trial was performed 24 h and 1
week after training.

2.3.2. Experiment 11

The rats were treated with phosphatidylserine or saline
for 7 days, and on the 8th day were submitted to the
passive avoidance task (training). Immediately after shock
exposure, an injection of reserpine or vehicle was adminis-
tered. The test trials were performed 24 h and 1 week after
training.

2.4. Apparatus

Memory and learning were assessed in the Gemini
Avoidance apparatus (San Diego Instruments, San Diego,
CA). The principle of this task is that animals exposed to
aversive stimulation (mild electric shock) in a particular
place will avoid going there on a second occasion (passive
avoidance). The apparatus employed was a two-way shut-
tle-box with a guillotine door placed between the two
modular testing chambers. One chamber was illuminated
by a 40 W light while the other remained dark. In the
training trial, the animals were individually placed in the
illuminated chamber facing the closed guillotine door.
After the animal turned around 180°, the door was opened
and the latency to enter the dark chamber was computed.
When the rat entered the darkened chamber, the door was
noiselessly lowered and a 0.6 mA foot shock was applied
through the grid floor for 2 s. After the exposure to shock,
the rat was immediately removed from the apparatus and
then returned to its home cage. Retention trials (without
the foot shock) were performed 24 h and 1 week after the
training trial. Finaly, the latency to enter the dark com-
partment in the test sessions (24 h and 1 week after
training) was considered as a retention score and a ceiling
of 600 s was imposed.

2.5. Satistical analysis

Theinhibitory avoidance data were analyzed by one-way
Kruska-Wallis analysis of variance (ANOVA) followed
by the Mann—Whitney U-test. To evaluate the inter-trials
variation, Friedman ANOVA followed by the Wilcoxon
test was used.

3. Results
3.1. Acute PS treatment

3.1.1. Pre-training administration

There was a significant difference between groups in
the 24 h (H(358) =9.29; P<0.025) and 1 week
(H(3,58) =8.44; P <0.037) trids (Fig. 1). Reserpine
(sdline + reserpine) had an amnestic effect represented by
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Fig. 1. Effects of acute PS (25 mg/kg ) pre-training administration on reserpine-induced impairment in the passive avoidance task for rats. Data represent
the median (+interquartile range) latency (s) to enter the dark compartment in the test session. €y P < 0.05 compared to the saline + vehicle group;

* P < 0.01 compared to the saline + reserpine group.

a significant impairment in the avoidance response (de-
creased latency) in comparison to control animals (saline
+ vehicle) in the 24 h (U =60.0, P=10.049) and 1 (U =
46.50, P < 0.05) week trials. On the other hand, phos-
phatidylserine administered 30 min before training attenu-
ated the reserpine-induced amnestic effects, so that the
median values of latencies of the PS + reserpine group did
not differ from the control group (saline + vehicle) both in
the 24 h (U=920, P=0.40) and 1 week (U= 67.5,
P = 0.06) trials. In addition, the latencies of the rats treated
with phosphatidylserine + reserpine were significantly
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higher than those of the rats of the saline + reserpine group
inthe 24 htrial (U =55.0, P < 0.01). There was a signifi-
cant difference in the latencies of the saline + vehicle and
saline + phosphatidylserine groups at 1 week (U = 46.5,
P = 0.03) but not at 24 h (U = 76.5, P = 0.48). There was
a significant difference between phosphatidylserine +
vehicle and saline + reserpine (U =43.5, P=0.012) in
test trials performed at 24 h but not at 1 week. Finaly,
there was a significant difference for al groups between
the training and the trials at 24 h and 1 week. However,
only in the saline + phosphatidylserine group was a signif-
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Fig. 2. Effects of acute PS (25 mg,/kg ) post-training administration on reserpine-induced impairment in the passive avoidance task for rats. Data represent
the median (+interquartile range) latency (s) to enter the dark compartment in the test session. €y P < 0.05 compared to the saline+ vehicle group;

% P < 0.01 compared to the saline + reserpine group.
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Fig. 3. Effects of long-term pretreatment with PS (25 mg,/kg for 7 days) on reserpine-induced impairment in the passive avoidance task for rats. Data
represent the median (+interquartile range) latency (s) to enter the dark compartment in the test session. €y P < 0.001 compared to the saline + vehicle;

* P < 0.01 compared to the saline + reserpine group.

icant difference observed between the 24 h and 1 week
trials (z= 3.059, P = 0.002).

3.1.2. Post-training administration

There was no difference in the latencies of animals
which received phosphatidylserine immediately after train-
ing (H=6.86, P=0.07) in the training session (Fig. 2).
Conversely, there was a significant decrease in the latency
of the rats treated with reserpine (saline + reserping) when
compared to control (saline + vehicle) in the 24 h (U =
36.0, P < 0.001) and 1 week (U =47.0, P <0.01) trids.
On the other hand, phosphatidylserine-treated rats (phos-
phatidylserine + reserpine) showed latencies that did not
differ from those of the control group (saline + vehicle) in
the 24 h (U =110.0, P=0.91) and 1 week (U = 102.0,
P=0.67) trids. Additionally phosphatidylserine-treated
rats differed significantly from the reserpine group (saline
+ reserpine) in the 24 h (U = 47.0, P = 0.006) but not in
the 1 week trial (U =57.5, P =0.02). Finally, there was
no difference in the latencies of the saline + vehicle and
saline + phosphatidylserine groups (24 h: U = 108.5, P =
0.86; 1 week: U =103.0, P = 0.69).

3.2. Long-term PS pre-treatment

Fig. 3 shows the effects of phosphatidylserine (25
mg/kg, i.p.) administered for 7 days on reserpine-induced
impairment in the passive avoidance task. Long-term treat-
ment with phosphatidylserine or saline did not induce any
difference in avoidance latency in the training session
among groups (H = 0.806, P = 0.84). On the other hand,
the reserpine group (saline + reserpine) showed impair-
ment in the 24 h (U=24.0, P<0.001) and 1 week

(U=34.0, P<0.003) trials. The animas that received
prolonged phosphatidylserine treatment (phosphati-
dylserine + reserpine) did not differ from the control group
(saline + vehicle) in the 24 h (U =920, P=0.78) and 1
week (U =685, P=0.27) trids.

Moreover, the latencies of rats treated with phos-
phatidylserine + reserpine were significantly higher than
those of the rats of the reserpine group (saline + reserpine)
in both trials sessions (24 h: U = 15.5, P < 0.001; 1 week:
U =285, P <0.001). Findly, there was a significant dif-
ference for all groups between the training session and the
24 h and 1 week trids. On the other hand, only the
saline + phosphatidylserine group showed a significant dif-
ference between the 24 h and 1 week tridls (z= 2.36,
P <0.0D).

4. Discussion

The present results show that acute administration of
phosphatidylserine (pre- or post-training) was able to an-
tagonize for up to 1 week the amnestic effects of reserpine
after the training session. As can be observed in Figs. 1
and 2, treatment with reserpine induced an impairment in
the passive avoidance task. Phosphatidylserine (reserpine
+ phosphatidylserine) administered pre- and post-training
produced a significant increase in the latencies compared
to saline + reserpine rats. However, phosphatidylserine per
se did not produce a significant difference in this parame-
ter, so that no difference was found when the saline +
phosphatidylserine group was compared to the saline +
vehicle group. Thus, it was observed in the pre-training
study in phosphatidylserine + vehicle treated rats that the
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retention scores of this group at 1 week were significantly
lower than at 24 h. One possible explanation for this point
is that the animals that received phosphatidylserine learned
that, in retest situations, they would not receive the shock.
Although that data from the passive avoidance test are
usually dispersed (see for example, Angelucci et al., 1999),
in the present study, the values for the saline + vehicle
controls during the pre-training and post-training did not
differ statistically (U = 132.0; the two-tailed P = 0.2517,
Mann—-Whitney test). In this study post-training phos-
phatidylserine administration was restricted to no more
than 2 min after training and reserpine was aways admin-
istered 30 min after training. Previous studies have shown
that drugs administered after a training session of a mem-
ory task can enhance storage by improving the memory
consolidation process. In this case, the later the drug is
administered after the end of the training session, the lower
is its effect. In the present study, phosphatidylserine re-
versed the memory impairing effect of immediate post-
training reserpine administration even when administered
30 min after training. This result suggests that the effect of
phosphatidylserine could be even greater if the drug was
administered few minutes after training. More recent stud-
ies have shown that some drugs affecting, for example,
intracellular hippocampal cAMP levels, present peaks of
effects on memory storage, the first appearing immediately
after training and the second appearing hours after training
(Bevilagua et al., 1997). This suggests that phos-
phatidylserine can reverse the amnestic effects of reserpine
by acting on later events occurring in the memory consoli-
dation processes.

These results suggests that even in the acute treatment,
phosphatidylserine reverses the effects of reserpine in the
memory consolidation process. Mazzari et al. (1982)
demonstrated that **C-phosphatidylserine is able to cross
the brain blood barrier, and despite its limited penetration,
0.25% of total radioactivity was recovered in the brain
between 5 and 30 min when *C-phosphatidylserine was
injected intravenously, most of it (90-95%) as authentic
phosphatidylserine. The cited study indicates that phos-
phatidylserine can be present in the brain within this time
range, which was similar to that used in the present study.

The results of long-term phosphatidylserine administra-
tion were similar to those of acute treatment (Fig. 3).
Again this phospholid was able to antagonize the amnestic
effects of reserpine on the passive avoidance task in both
trials. This effect was evident for up to 1 week and the
animals recovered memory spontaneously because the dif-
ferences observed between vehicle- and reserpine-treated
rats were not evident at 2 weeks after training (data not
shown).

Catecholaminergic neurons play an important role in
learning and memory, as shown by the finding that
dopamine depletion induced by 6-hydroxydopamine causes
impairment of performance in maze learning and condi-
tional discrimination (Heffner and Seiden, 1983; Archer et

al., 1988). In this respect, many authors have demonstrated
that reserpine induced retrograde amnesia in a variety of
paradigms (Weiskrantz and Wilson, 1956; Dismukes and
Rake, 1972; Rake, 1973; Allen et da., 1974). Despite the
behavioral effects produced by reserpine administration,
such as ptosis, diarrhea and hypokinesia, the test trial
performed 24 h after administration of the drug showed
that the rats are capable to cross from the illuminated
compartment of the avoidance apparatus to the dark side.
Similar findings were reported by Kurtz and Palfai (1977),
who used a discriminative escape situation and found that
reserpine impaired retention when given immediately but
not 90 min following the training session. Moreover, they
found that reserpine did not produce state-dependent learn-
ing in the passive avoidance task. This is an important
issue since reserpine may cause norepinephrine release that
is known to cause state dependency (Castellano et al.,
1993). In the present study, as done in the study by Kurtz
and Palfai (1977), reserpine was always administered after
training and thus could not cause state-dependence. Thus,
this drug treatment resulted in retrograde amnesia for both
passive and active avoidance training (Rake, 1973; Kurtz
and Palfai, 1977). Therefore, as suggested by Walsh and
Palfai (1978), reserpine injection might alter neurobiologi-
ca mechanisms critically involved in the formation of
long-term memory. In this respect, the results of the
present study suggest that reserpine produced amnesia 24 h
after the training session and this effect was observed up to
1 week later. In addition, our data showed that this amne-
sia was transient in both experiments and the animals
recovered spontaneously. According to Sahgal (1993) some
authors have extended the basic procedure by re-testing the
same animals not only at 24 h, but for several subsequent
days thereafter. No additional shock trials are given, and
the aim appears to be to obtain a forgetting curve of
reentry latencies plotted against days. On the first retention
test day, the subject seems to have learned that shock is ho
longer present, and this suggests that retention data may be
contaminated during the subsequent days. As a whole, the
above facts seem to suggest that catecholamines, mainly
dopamine, have an important role in cognitive function.
The effect of phosphatidylserine on learning and mem-
ory is well known and some authors have demonstrated
that the effects of phosphatidylserine in behavioral or
neurochemical studies are related to cognitive function.
Chronic treatment with phosphatidylserine (50 mg/kg a
day for 7-12 weeks) improved both spatial behavior and
passive avoidance retention of aged impaired rats (Zanotti
et al., 1989). Moreover, Drago et al. (1981) have demon-
strated that i.p. (5,10 and 20 mg/kg) or i.c.v. (5, 10 and
20mg/2ul) injections of phosphatidylserine facilitated the
acquisition of active avoidance behavior in the shuttle-box
and pole jumping test situations, with a consequent im-
provement in the retention of active and passive avoidance
responses. In addition, the postnatal administration of
phosphatidylserine (50 mg/kg to mothers for 30 days) to
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C57BL /6 mice resulted in improvement of memory pro-
cesses in adulthood, as assessed in the passive avoidance
task (Fagioli et al., 1989). Likewise, Zanotti et al. (1986)
demonstrated that phosphatidylserine antagonizes scopo-
lamine-induced amnesia in adult rats tested in a passive
avoidance condition. These effects have been related to the
behavioral changes observed following acute and chronic
administration of this compound. It seems relevant to point
out that no substantial difference was observed between
phosphatidylserine treated and control rats in the respon-
siveness to electrical footshock (Drago et a., 1983).

The mechanism(s) of action of phosphatidylserine in
reversing reserpine-induced amnesia in the passive avoid-
ance task is unknown, although several hypotheses can be
proposed. The one possible mechanism of action may
involve the effects of phosphatidylserine on the increase of
some neurotransmitter systems related to cognitive func-
tion. Intravenous injection of phosphatidylserine increases
the in vivo turnover rate of norepinephrine in the hypo-
thalamus and of dopamine in the striatum (Toffano et al.,
1978). Thus, phosphatidylserine (15 mg/kg for 30 days)
was also able to restore the age impairment in dopamine
turnover in both striastum and limbic area. In this way,
Mazzari and Battistela (1980) verified that the release of
dopamine due to removal of external K* is enhanced by
the preincubation of striatal synaptosomes of rats with
phosphatidylserine and suggested that the effect of phos
phatidylserine could be due to an increased rate of Ca?*
influx, which then results in enhanced dopamine release.
Moreover, chronic treatment with phosphatidylserine (15
mg,/kg for 30 days) increased the K *-evoked release of
dopamine in the striatum and in the cerebral cortex of old
animals. This effect seems to be selective since nor-
epinephrine and serotonine rel ease was not affected (Raiteri
et al., 1989). Considering that reserpine interferes with
dopamine, norepinephrine and serotonine storage, and these
neurotransmitters are related to cognitive function, the
above facts suggest that probably dopamine is the main
catecholamine restored by phosphatidylserine. In addition
to effects on the dopaminergic systems, phosphatidylserine
aso affected the cholinergic systems (Mantovani et al.,
1976). Thus, it is not clear how phosphatidylserine can
ameliorate the amnesia induced by reserpine but it may be
possible that this effect is partially mediated by the en-
hancement of acetylcholine levels in the cerebral cortex of
rats and/or by glucose accumulation, as proposed by
Maggioni et al. (1990). Moreover, Gelbmann and Milller
(1991) have demonstrated that a 21-day treatment with
phosphatidylserine partialy restored the density of mus-
carinic acetylcholine receptors in several regions of the
aged (18 months) mouse brain. This effect was dose-de-
pendent with a 15—-28% increase of receptor density for
i.p. phosphatidylserine doses between 10 and 40 mg/kg.
However, athough alterations in cholinergic and dopamin-
ergic systems are probably related to the improving effects
of phosphatidylserine on memory, the participation of

other neurotransmitters cannot be ruled out. For instance,
NMDA receptor-mediated glutamatergic neurotransmis-
sion is also important for learning, memory and cognitive
function as reported by many authors (I1zquierdo and Med-
ing, 1997). As demonstrated by Cohen and Muller (1992),
chronic phosphatidylserine ameliorates age-associated
deficits of the NMDA receptor in the forebrain of aged
mice. Phosphatidylserine produced a positive alosteric
modulation of NMDA receptor function and a partia
increase in receptor density. Thus, considering that these
neurotransmitter systems play an important role in differ-
ent steps of memory processes, it is reasonable to attribute
the reversal of the amnestic effects of reserpine by phos-
phatidylserine to a restoration of the levels of one or more
of the above neurotransmitters.

It is interesting to note that reserpine administration to
rats and mice is used as a anima model of parkinsonism
(Colpaert, 1987; Gerlach and Riederer, 1996). Besides the
locomotor symptoms of Parkinson’s disease, memory im-
pairment is frequently found in these patients (Valldeoriola
et d., 1997). The amnestic effect of reserpine could be a
behavioral approach to the study of this cognitive symp-
tom of Parkinson's disease. In this sense, the present
results suggest that phosphatidylserine could be a potential
drug treatment for Parkinson’'s disease memory deficits.
This proposal is in accordance with the cholinergic,
dopaminergic and glutamatergic effects of phosphatidylser-
ine, since these neurotransmitters play an important role in
the pathophysiology of Parkinson's disease (Gerlach and
Riederer, 1996).

In conclusion, the results obtained in the present experi-
ments provide suggestive evidence that phosphatidylserine
can attenuate cognitive disfunction in a simple rat model
of amnesia. It is therefore plausible to suggest that this
amnesia is related, in a consistent manner, to certain
degenerative diseases of the central nervous system that
occur in humans. The mechanism underlying the effects of
phosphatidylserine on memory remains to be investigated.
Further experiments, now in progress, might help to under-
stand these facts.
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