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Abstract

Lepidium meyenii Walp. (Brassicaceae), known as Maca, is a Peruvian hypocotyl growing exclusively between 4000 and 4500 m alti-
tude in the central Peruvian Andes, particularly in Junin plateau. Previously, Black variety of Maca showed to be more beneficial than
other varieties of Maca on learning and memory in ovariectomized mice on the water finding test. The present study aimed to test two
different doses of aqueous (0.50 and 2.00 g/kg) and hydroalcoholic (0.25 and 1.00 g/kg) extracts of Black Maca administered for 35 days
on memory impairment induced by scopolamine (1 mg/kg body weight i.p.) in male mice. Memory and learning were evaluated using the
water Morris maze and the step-down avoidance test. Brain acetylcholinesterase (AChE) and monoamine oxidase (MAO) activities in
brain were also determined. Both extracts of Black Maca significantly ameliorated the scopolamine-induced memory impairment as mea-
sured in both the water Morris maze and the step-down avoidance tests. Black Maca extracts inhibited AChE activity, whereas MAO
activity was not affected. These results indicate that Black Maca improves scopolamine-induced memory deficits.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The increase in life expectancy during the 20th century
had concomitantly increased the number of people suffer-
ing of age related diseases. Particularly, the older people
show a greater deficit in cognitive function (Halbreich
et al., 1995) being the Alzheimer’s disease (AD) the most
common cause of progressive loss of memory (Lee et al.,
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2006) and dementia in the elderly (Heikkinen et al.,
2004). Similarities in the memory impairments between
Alzheimer patients and scopolamine-treated animals have
been reported, and it has been proposed that scopolamine,
a muscarinic cholinergic receptor antagonist, could serve as
a useful pharmacological tool to produce a partial model of
the disorder (Bartus, 2000).

AD is clinically characterized by a progressive loss of
cognitive abilities. The pathophysiology of AD is complex
and involves several different biochemical pathways
(Kang et al., 2005). The key symptoms of AD are primar-
ily caused by cholinergic dysfunction (Wang et al.,
2006). It is known that acetylcholine (ACh) is an impor-
tant neurotransmitter related to memory and learning.
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Acetylcholinesterase (AChE) modulates ACh to proper
levels by degradation; accordingly, excessive AChE activ-
ity leads to constant ACh deficiency, memory, and cogni-
tive impairments (Yamada et al., 2004). In fact, it has
been demonstrated that there is a specific deficiency in
Ach, cholinacetyltransferase, and an increase in AChE
in autopsy material from patients with Alzheimer’s disease
(Davies and Maloney, 1976). Currently, AchE inhibitors
(AChEI) are the first group of compounds for AD treat-
ment. Until now, four AChEI have been approved by
the FDA for the treatment of AD: tacrine (Cognex�),
donepezil (Aricept�), rivastigmine (Exelon�), and galanta-
mine (Reminyl�) (Lahiri et al., 2002). However, AChEI
presents some limitations as their short half-lives and
excessive side effects caused by activation of peripheral
cholinergic systems, as well as hepatotoxicity, which is
the most frequent and important side effect of tacrine
therapy (Farlow et al., 1992; Knapp et al., 1994; Rogers
et al., 1998). For this reason, alternative and complemen-
tary therapies are needed. Several studies have shown the
neuroprotective and/or cognition-enhancing properties of
natural products and their components using different ani-
mal models (Lee et al., 2003; Yan et al., 2004; Houghton
et al., 2004; Yamada et al., 2004; Kang et al., 2003, 2005;
Yu et al., 2005; Wang et al., 2006).

Lepidium meyenii Walp. (Brassicaceae), known as Maca,
is a Peruvian plant growing exclusively between 4000 and
4500 m altitude in the central Peruvian Andes, particularly
in Junin plateau. Previous studies were focused to demon-
strated the traditional fertility-enhancing properties of the
hypocotyls of Maca (Cobo, 1956) in animal models (Zheng
et al., 2000; Gonzales et al., 2001a, 2004; Cicero et al.,
2001; Ruiz-Luna et al., 2005; Chung et al., 2005; Rubio
et al., 2006a) and humans (Gonzales et al., 2001b).

Different biological properties have been observed
among different varieties of Maca. In comparison to Yel-
low and Red Maca, the Black Maca presented the greatest
effect on sperm production in male rats (Gonzales et al.,
2006) and on latent learning in ovariectomized female mice
(Rubio et al., 2006b). Red Maca significantly reduced pros-
tate size in rats (Gonzales et al., 2005).

To our knowledge, nothing is known about the effect of
Maca on memory using male animal models. For such
reason, we evaluated the effect of two different doses of
aqueous and hydroalcoholic extracts of Black Maca on
male mice with memory impairment induced by scopol-
amine using the water Morris maze (Morris, 1984) and
the step-down avoidance test (Luo et al., 2003a). In addi-
tion, the brain activities of AChE and MAO were assessed.

2. Materials and methods

2.1. Animals

Three-month-old male mice from the Kunming strain (25.68 ± 0.15 g)
obtained from the Laboratory Animal Center of the Chinese Academy of
Medical Science (Beijing, China) were used for the study. Mice were
maintained at ambient temperature (23.0 ± 2.0 �C) with a 12:12 h light/
dark cycle in the animal house of the Institute of Medicinal Plant
Development (IMPLAD). Mice were provided with laboratory chow and
tap water ad libitum. All animal experiments were conducted in compli-
ance with ‘‘Guide of the care and use of laboratory animals’’ (National
Research Council, 1996).

2.2. Preparation of aqueous and hydroalcoholic extracts of

Black Maca (L. meyenii)

The dried hypocotyls of Black Maca were obtained from Carhuamayo,
Junin at 4000 m altitude. Biological activity of the plant is located in the
hypocotyls that are consumed by natives after being naturally dried
(Gonzales, 2006). Irma Fernandez, who is a Botanist of the Department of
Pharmaceutical Sciences, Universidad Peruana Cayetano Heredia,
authenticated the identity of the plant. The voucher number IFV 1885 was
deposited at the Department.

The aqueous extract of the hypocotyls were boiled according to the
traditional method. After boiling, the aqueous preparation was left
standing to cool, filtered, freezed at �70 �C and lyophilized (Lyophilizer
freeze Mobile12). One gram of dried Black Maca hypocotyls produced
0.46 g of lyophilized Black Maca. The lyophilized aqueous extract of
Black Maca was further diluted in distilled water to obtain different
concentrations in 1 ml. Solutions were placed in vials and kept in a
refrigerator at 4 �C until use.

Hydroalcoholic extract of Black Maca were prepared with aqueous
ethanol (60%, v/v) by percolation at room temperature for 24 h and
concentrate at low pressure to constant weight. The extract was prepared
by Eng. Alfonso Higa from Agroindustrial Chanchamayo (Lima, Peru).
One gram of dried Black Maca hypocotyls produced 0.22 g of hydroal-
coholic Black Maca. This extract was further diluted in distilled water to
obtain different concentrations in 1 ml. Solutions were placed in vials and
kept in a refrigerator at 4 �C until use.

2.3. Treatments

In all experiments a feeding needle no. 18 (Fisher Scientific, Pittsburgh,
PA) for oral administration was used to administer aqueous (0.5 and
2.0 g/kg) or hydroalcoholic (0.25 and 1.0 g/kg) Black Maca or vehicle by
oral route for 35 days. Mice were weighed twice week. No differences
between groups regarding to body weight were observed at the beginning
of the experiment (data not shown).

Animals were randomly divided in the following groups (10 animals
each): control (distilled water), scopolamine (1 mg/kg), two doses of
hydroalcoholic extract of Black Maca (0.25 and 1.00 g/kg) and two doses
of aqueous extract of Black Maca (0.50 and 2.00 g/kg). Scopolamine
(scopolamine hydrobromide, Merck KGaA, Germany) and Maca groups
received the drug (1 mg/kg i.p.) 30 min before each session of the Water
Morris maze and 10 min before training session in step-down avoidance
task. Control group received vehicle (i.p.) in the same way as mentioned
above. The purpose of the present study was to evaluate the effect of Black
Maca under experimental pathological conditions such as memory
impairment induced by scopolamine using experimental models previously
described (Yamada et al., 2004).

2.4. Water Morris maze

This task was adapted for mice from the paradigm originally described
by Morris (Morris, 1984). The water maze was a circular pool (65 cm in
diameter, 25 cm high), filled with water (26 ± 1 �C) and made opaque with
black ink, to the depth of 20 cm. The pool was divided into four quad-
rants. An escape platform was placed in the middle of one quadrant,
1.0 cm below the water surface, equidistant from the sidewall and middle
of the pool. The platform providing the only escape from the water was
located in the same quadrant on every trial. Three different starting points
for mice were placed around the perimeter of the pool. On each of the four
training days, all three start points were used once each in a pseudo-
random sequence. All assessments were performed using a CRE camera
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that was suspended over the center of the pool. The swimming behavior
for each mice was recorded using an automated tracking system (devel-
oped by China’s Cosmonaut training Center and Institute of Medicinal
Plant Development, Liu et al., 1998) coupled to a personal computer. The
water maze was always located in a large room with a number of extra-
maze visual cues including (lights, desks, personal computer and video
equipment, etc.). The experimenter was always sat at the same position.
All experiments (from day 23 to day 26) were carried out between 10:00
and 16:00.

A trial began by placing the animal in the water facing the wall of the
pool at one of the starting points. If the animal failed to escape on the
platform within 120 s, it was gently placed there by the researcher and
allowed to stay for 15 s. The inter-trial interval was 5–10 min. Three
escape trails were given to all mice per day for four consecutive days. The
escape latency (s), swimming distance (cm) and average speed (cm/s) to
reach the platform were recorded.

2.5. Step-down avoidance test

The apparatus consisted of a 27 · 15 · 12 cm3 plastic box whose floor
was made of parallel bronze bars. The left end of the grid was occupied by
a 4 cm diameter, 5 cm high wooden platform. The behavior of each mice
were recorded in a personal computer using an automated tracking system
(developed by China’s Cosmonaut training Center and Institute of
Medicinal Plant Development, Liu et al., 1994) coupled to a infrared
sensor located in the apparatus. The experiments were carried out between
10:00 and 14:00.

The step-down avoidance test was performed 7 days after the Morris
Water maze as previously described (Luo et al., 2003a). Before the
beginning of the training session, mice were placed on the apparatus to
adapt for 3 min. In the training session (day 34), mice were put on the grid
floor and then a continuous electric shock was delivered to the grid floor
by an isolated stimulator. When the electric shock was delivered, mice
escaped from the grid floor back up onto the platform. The duration of
training test was for 5 min and the shock was maintained for this period.
In this session, the time that animals used to reach the shock-free zone was
recorded for 5 min. Twenty-four hours after training, mice were placed on
the platform for the retention test (day 35). The electric shocks were still
delivered for 5 min. Step-down latency (time to find the platform) and the
number of errors were recorded with improved retention reflected by
increased latency and a reduction in errors.

2.6. Biochemical determination of AChE and MAO activities

At the end of the experiments, mice were sacrificed by decapitation and
the brains were dissected out. The brains were homogenized in 10.0 ml of
Saline (NaCl 0.9%), centrifuged at 3500 · g for 15 min and the superna-
tant obtained for biochemical determinations (AChE and MAO
activities).

The determination of the activity of AChE and MAO in brain was
performed using commercial kits (Nanjing Jiancheng Bioengineering
Institute, Nanjing City, PR China). All samples were run in a same assay
to avoid between-assay variation. Data were referred by mg of protein.
Protein concentrations were determined by the Lowry method (Lowry
et al., 1951) using bovine serum albumin as a standard.

2.7. Statistical analysis

Data were analyzed using the statistical package STATA (version 8.0)
for personal computers (Stata Corporation, 702 University Drive East,
College Station, TX, USA).

Data are presented as mean ± standard error of the mean (SEM) or
median and interquartile range. Homogeneity of variances was assessed
using a Bartlett test. If variances were homogeneous, differences between
groups and treatment were assessed by one-way or two-way analysis of
variance (ANOVA). If the P value in the ANOVA test was significant, the
differences between pair of means were assessed by the Scheffé test. One-
way ANOVA was used to analyzed data from AChE and MAO activities;
meanwhile, data obtained from the water Morris maze (swimming dis-
tance, escape latency and average speed) were analyzed using two-way
ANOVA.

When variances were not homogeneous, the Kruskal–Wallis test was
used to assess differences between groups. If the result was statistically
significant differences between groups were assessed using the methodol-
ogy described by Siegel and Castellan (1988) for nonparametric analyzes.
Data from the Step-down avoidance test (latency and number of errors)
were analyzed using the nonparametric tests mentioned above.

A value of P < 0.05 was considered to be statistically significant.
3. Results

3.1. Effect of aqueous and hydroalcoholic extracts of Black

Maca on spatial memory in the water Morris maze

Fig. 1a and b shows the swimming distance to reach the
platform of mice with memory impairment induced by sco-
polamine (1 mg/kg) and treated with 0.25 and 1.00 g/kg of
hydroalcoholic extract of Black Maca (Fig. 1a) and 0.50
and 2.00 g/kg of aqueous extract of Black Maca (Fig. 1b).

Two-way ANOVA revealed an effect of the number of
days (F3,57 = 38.53, P < 0.05) and groups (F5,57 = 15.52,
P < 0.05). Swimming distance was increased by scopol-
amine administration with respect to the control group
in all days of evaluation (F1,78 = 42.17, P < 0.05). In fact,
scopolamine-treated mice did not learn the fixed position
of the platform during all days of evaluation (P:NS);
meanwhile, mice from control group showed shorter swim-
ming distance during training days (F3,36 = 4.80, P < 0.05).
The effect of scopolamine on swimming distance was
observed in mice treated with the two extracts of Black
Maca (both doses) during the first day by increasing signif-
icantly this parameter with respect to the control group
(F5,53 = 4.16, P < 0.05). From day 2 to day 4, mice treated
with aqueous and hydroalcoholic extracts of Black Maca
showed a reduction in the swimming distance to reach
the platform than scopolamine-treated mice (F4,142 =
19.25, P < 0.05). In addition, swimming distance was
shorter in mice treated with 0.25 and 1.00 g/kg of hydroal-
coholic extract of Black Maca and 0.50 and 2.00 g/kg of
aqueous extract of Black Maca from day 1 to day 4
(F3,36 = 13.97, P < 0.05; F3,36 = 11.79, P < 0.05; F3,36 =
30.18, P < 0.05; F3,36 = 13.31, P < 0.05; respectively). No
differences in swimming distance were observed between
Black Maca-treated groups (Hydroalcoholic vs. aqueous
extracts, P:NS).

Fig. 1c and d shows the effect of hydroalcoholic (0.25
and 1.00 g/kg) and aqueous (0.50 and 2.00 g/kg) extracts
of Black Maca on escape latency of mice with scopol-
amine-induced memory impairment, respectively.

Two-way ANOVA revealed an effect of the number of
days (F3,57 = 26.20, P < 0.05) and groups (F5,57 = 6.94,
P < 0.05). During all sessions, scopolamine increased the
escape latency with respect to control group (F1,78 =
16.97, P < 0.05). Mice treated with scopolamine did not
show differences in escape latency from day 1 to day 4
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Fig. 1. The effect of aqueous and hydroalcoholic extracts of Black Maca on scopolamine-induced memory impairment on swimming distance (in cm) (a,
b) and escape latency (in s) (c, d) in the Morris Water maze. Each day mice received by gavage distilled water (Control and SCOP groups), aqueous (0.50
and 2.00 g/kg) or hydroalcoholic (0.25 and 1.00 g/kg) extracts of Black Maca. All animals were tested for spatial memory 30 min after the injection of
vehicle (control group) or scopolamine (1.00 mg/kg, in SCOP and Black Maca-treated groups). Values show are the mean total distance (cm) or escape
latency (s) ± SEM. *P < 0.05 respect to Black Maca-treated groups and sP < 0.05 respect to SCOP group.
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(P:NS). The lower doses of aqueous and hydroalcoholic
extract of Black Maca (0.50 and 0.25 g/kg, respectively)
reversed the negative effect of scopolamine on escape
latency from day 2 to day 4 reaching similar values than
control group (F3,113 = 12.92, P < 0.05). Animals treated
with 1.00 g/kg of hydroalcoholic extract of Black Maca
showed a lower escape latency on days 2 and 4 when com-
pare to scopolamine group (F2,27 = 3.62, P < 0.05;
F2,27 = 3.75, P < 0.05; respectively); meanwhile, the higher
dose of aqueous extract of Black Maca (2.00 g/kg) reduced
the escape latency only on day 4 (F2,27 = 4.72, P < 0.05).
No differences were observed in escape latency when Black
Maca-treated groups were compared (P:NS).

Average speed was no affected by any treatment during
all days of evaluation (data not shown).

Fig. 2a–f shows the schematic representation of swim-
ming paths at day 4 in mice treated with vehicle (a), scopol-
amine (b), 0.25 and 1 g/kg of hydroalcoholic extract of
Black Maca (c and d, respectively) and 0.50 and 2.00 g/
kg of aqueous extract of Black Maca (e and f, respectively).

As mentioned previously, higher swimming distance and
escape latency in mice treated with scopolamine correlates
with the higher rate of time the mice spent near the wall of
the pool. At day 4, control mice and Black Maca-treated
mice showed similar patterns of swimming paths.
3.2. Effect of aqueous and hydroalcoholic extracts of

Black Maca on step-down latency

Table 1 shows the effect of aqueous (0.50 and 2.00 g/kg)
and hydroalcoholic (0.25 and 1.00 g/kg) extracts of Black
Maca on number of errors and latency in the step-down
avoidance task in the test session. Data obtained from
the test session was evaluated using Kruskal–Wallis and
Mann–Whitney U-nonparametric tests.

Scopolamine (1 mg/kg) increased the number of errors
with respect to control group (P < 0.05). Treatment with
0.50 and 2.00 g/kg of aqueous extract of Black Maca
reduced the number of errors in the test day with respect
to mice from the scopolamine group (P < 0.05). Regarding
to mice treated with hydroalcoholic extract of Black Maca,
only mice treated with 0.25 g/kg of this extract showed a
reduction in the number of errors with respect to scopol-
amine group (P < 0.05). Mice treated with 1.00 g/kg of
hydroalcoholic extract of Black Maca presented similar
values in the number of errors when compared to scopol-
amine group (P:NS).

Step-down latency was reduced in mice from scopol-
amine group (P < 0.05). The treatment with both extracts
(both doses) of Black Maca reversed the effect of scopol-
amine in step-down latency (P < 0.05). No differences were
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Fig. 2. Representation of swimming paths during the water Morris maze
in the last day of evaluation (day 4): (a) Control (distilled water); (b)
scopolamine (1 mg/kg); (c) 0.50 g/kg aqueous extract of Black Maca; (d)
2.00 g/kg aqueous extract of Black Maca; (e) 0.25 g/kg hydroalcoholic
extract of Black Maca; (f) 1.00 g/kg hydroalcoholic extract of Black Maca.

Table 2
The effect of aqueous and hydroalcoholic extracts of Black Maca on
AChE and MAO activity on mice brain treated with scopolamine

Treatment Dose AChE activity
(U/mgprot)

MAO activity
(U/h/mgprot)

Control – 7 ± 1 15 ± 0.6
Scopolamine 1.00 mg/kg 11 ± 2* 15 ± 1

Hydroalcoholic
extract of Black
Maca

0.25 g/kg 5 ± 0.4a 17 ± 1
1.00 g/kg 5 ± 0.3a 15 ± 1

Aqueous extract of
Black Maca

0.50 g/kg 5 ± 0.4a 17 ± 1
2.00 g/kg 5 ± 0.8a 18 ± 0.5

Values are presented as mean ± SEM.
* P < 0.05 respect to control group.
a P < 0.05 respect to scopolamine group.
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observed when Black Maca-treated groups were compared
(P:NS).
3.3. Effect of aqueous and hydroalcoholic extracts of
Black Maca on brain AChE and MAO activities

The effect of aqueous and hydroalcoholic extracts of
Black Maca in brain AChE and MAO activities are shown
Table 1
The effect of aqueous and hydroalcoholic extracts of Black Maca on scopolam
latency (s) in the step-down avoidance test

Control Scopolamine Hydroal

0.25 g/k

Step-down latency 217� (152–256) 36* (26–168) 210� (15
Gamma value �0.67 0.68
P 0.001 0.001
Number of errors 3 (1–5) 5* (4–8) 3�,a (0–4
Gamma value 0.71 �0.79; 0
P 0.000 0.000; 0

After daily oral treatment with distilled water (Control and SCOP groups) a
extracts of Black Maca, animals were tested in the step-down avoidance tas
(1.00 mg/kg, in SCOP and Black Maca-treated groups) 30 min before the trai

* P < 0.05 respect to control group.
� P < 0.05 respect to scopolamine group.
a P < 0.05 with respect to hydroalcoholic extract of Black Maca.
in Table 2. Differences between groups regarding to AChE
and MAO activities were analyzed using one-way
ANOVA.

Scopolamine administration resulted in significant
increase in the AChE activity (1.50-fold with respect to
control group). Meanwhile, aqueous and hydroalcoholic
extracts of Black Maca reduced AChE activity reaching
similar values to control group. Black Maca had values
of AChE representing 46.01% and 48.23% (0.50 and
2.00 g/kg of aqueous extract, respectively) and 47.61%
and 46.10% (0.25 and 1.00 g/kg of hydroalcoholic extract,
respectively) than that observed in the scopolamine-treated
group (Table 2). These results show that administration of
Black Maca suppressed the increase of AChE activity by
scopolamine administration.

Finally, MAO activity was not affected by any treatment
(Table 2).
4. Discussion

Maca is naturally present in different varieties which are
characterized by their external color (Tello et al., 1992;
Yllescas, 1994). Recently, different biological effects were
ine-induced memory impairment on the number of errors and step-down

coholic extract Aqueous extract

g 1.00 g/kg 0.50 g/kg 2.00 g/kg

3–254) 243� (151–284) 201� (74–251) 263� (149–291)
0.80 0.62 0.76
0.000 0.002 0.000

) 5 (3–8) 3�,a (1–4) 2�,a (0.8–4)
.62 �0.90; �0.68 �0.83; �0.63

.004 0.000; 0.003 0.000; 0.003

nd aqueous (0.50 and 2.00 g/kg) and hydroalcoholic (0.25 and 1.00 g/kg)
k. Mice received an injection of vehicle (control group) or scopolamine
ning session. Values are presented as medians and interquartile ranges.
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described when Yellow, Red and Black Maca were assessed
(Gonzales et al., 2006, 2005). For instance, Black Maca
presents the greatest effect on latent learning in ovariecto-
mized mice (Rubio et al., 2006b), a model used to represent
the impairment of cognitive function due to estrogen defi-
ciency in post-menopausal women (Monteiro et al., 2005).

In this study, memory was assessed using the water
Morris maze and the step-down avoidance test. The effect
of Black Maca on memory impairment induced by scopol-
amine in male mice was performed by using aqueous and
hydroalcoholic extracts. Scopolamine interferes with mem-
ory and cognitive function in humans and experimental
animals by blocking muscarinic receptors (Kopelman and
Corn, 1988). This experimental animal model of scopol-
amine-induced amnesia has been extensively used in
research to screen for drugs with potential therapeutic
value in dementia (Bejar et al., 1999; de Angelis and Fur-
lan, 1995; Hiramatsu et al., 1998; Mishima et al., 2003;
Rubaj et al., 2003). Here, mice treated with scopolamine
showed larger swimming distance and escape latency
(water Morris maze) and shorter step-down latency (step-
down avoidance test) than mice from control group. These
results are in accordance with those described in previous
studies (Kang et al., 2003; Yamada et al., 2004).

Both aqueous and hydroalcoholic extracts of Black
Maca showed inhibitory effects against scopolamine-
induced memory impairment in the water Morris maze;
that is, mice treated with either aqueous or hydroalcoholic
extracts of Black Maca showed shorter total swimming dis-
tance and escape latency than mice treated with scopol-
amine. Moreover, values in Black Maca-treated mice
were comparable to those of non scopolamine-treated
mice. It is important to notice that the water Morris maze
investigated spatial learning and memory (D’Hooge and
De Deyn, 2001) and it is especially sensitive to impaired
cholinergic hippocampal function (Gage and Bjorklund,
1986). The latter suggests that Black Maca improved spa-
tial learning and memory in male mice treated with
scopolamine.

In the step-down avoidance test, Black Maca extracts
exhibited an increase in the step-down latency with respect
to scopolamine-treated mice. Also, a reduction in the num-
bers of errors during the test session was observed in Black
Maca-treated mice. The step-down avoidance test is used
to measure the three stages of memory (learning acquisi-
tion, memory retention, and retrieval) process depending
on drug-treated period (Luo et al., 2003b). In this test,
administration of scopolamine 30 min before the training
session is related to learning acquisition. From these out-
comes, it is suggested that Black Maca extracts improve
learning acquisition reaching similar values to those of con-
trol group.

As mentioned above, special attention has been given to
drugs with AChE inhibitory activity. Actually, the syn-
thetic medicines: tacrine and donepezil, and the natural
product-based: rivastigmine and galantamine are com-
monly used to treat cognitive dysfunction and memory loss
associated with AD (Oh et al., 2004). These approved drugs
are limited in use due to their adverse side effects (Small
et al., 1997; Melzer, 1998; Schulz, 2003). For this reason,
it is necessary to search long-acting AChEI with minimal
clinical side effects. Results from the present study showed
that the AChE activity of control mice increased 1.50-fold
by scopolamine administration. Black Maca extracts
decreased AChE activity to more than 45% of scopol-
amine-treated mice. These results showed the relation
between the inhibitory effect on AChE activity of Black
Maca and learning and memory improvement in male
mice. In addition, previous studies did not show any toxic
effect during short- and long-term administration with
Maca (Chung et al., 2005; Gonzales et al., 2006). In fact,
others authors showed a nutritional effect of Maca on mice
(Canales et al., 2000) and rats (Gonzales et al., 2004).
Although the purpose of the present study was to evaluate
the effect of Black Maca under experimental pathological
condition such as memory impairment induced by scopol-
amine, one limitation could be the lack of a group of mice
treated only with Black Maca especially for interpreting the
AChE activity.

The primary role of MAO lies in the metabolism of
monoamines and in the regulation of monoamine neuro-
transmitter levels in brain and in the systemic circulation
(Holschneider et al., 1998). The results from the present
study show that Black Maca extracts did not alter MAO
activity at any dose tested. From this, it is suggested that
the neuroprotective effect of Black Maca do not result from
direct MAO inhibition. Similar effects were observed
with P10358 (1-[(3-fluoro-4-pyridinyl)amino]-3-methyl-1(H)-
indol-5-yl-methyl carbamate, a reversible AChEI) and
TV3326 (N-propargyl-(3R)-aminoindan-5-yl-ethyl methyl
carbamate, an aminoindan derivative of the selective irre-
versible MAO-B inhibitor, rasagiline) (Smith et al., 1997;
Weinstock et al., 2000). Despite Black Maca did not mod-
ify directly MAO activity, an effect on monoamine neuro-
transmitter should not be ruled out. For instance, it was
suggested that P10358 alters striatal dopamine metabolism
as a direct consequence of cholinergic stimulation and does
not interfere with MAO activity or possess dopamine
depleting properties (Smith et al., 1997).

These findings are important since it has been suggested
the possibility that (1R,3S)-1-methyltetrahydro-beta-carb-
oline-3-carboxylic acid, a molecule which is reported to
be present in Maca, may affect negatively the central ner-
vous system (Piacente et al., 2002). Tetrahydro-b-carbo-
lines arises from a Pietet–Splenger condensation between
L-tryptophan and aldehydes and this reaction, occurring
in different foods, is temperature and pH-dependent (Her-
raiz and Ough, 1993). The latter makes possible to suggest
that the traditional preparation of Maca may be not
related to the occurrence of tetrahydro-b-carbolines in
the aqueous extract. Further research is needed to confirm
this suggestion. Moreover, as active principle of Maca act-
ing on learning and memory is occurring in aqueous extract
in which possibility to find alkaloids is limited, then it is
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suggested that aqueous extract of Black Maca is devoid of
activity that could be dangerous for the brain. On the
contrary, data from this study and that from previous
(Rubio et al., 2006b) suggest that Black Maca may be
neuroprotective.

The compounds in Black Maca related to its neuropro-
tective effect have not been elucidated yet. However, it was
suggested that the effect of Black Maca on learning and
memory may be due to the presence of polyphenolic com-
pounds such as quercetin and anthocyanins on Black Maca
hypocotyls (Rubio et al., 2006b). In fact, previous studies
indicate that quercetin and anthocyanins has neuroprotec-
tive role (Singh et al., 2003; Naidu et al., 2004; Ramirez
et al., 2005; Andres-Lacueva et al., 2005). In addition, it
has been demonstrated that polyphenolic compounds
have an inhibitory effect on AChE activity (Kim et al.,
2004). Some novel compounds have been recently identi-
fied, as two new imidazole alkaloids (lepidine A and B)
(Cui et al., 2003). Also, a benzylated product, named
Macaridine, derivative of 1,2-dihydro-N-hydroxypyridine,
together with the benzylated alkamides (Macamides),
N-benzyl-5-oxo-6E,8E-octadecadienamide and N-benzyl-
hexadecanamide, as well as the acyclic keto acid, 5-
oxo-6E,8E-octadecadienoic acid have been described
(Muhammad et al., 2002). However, the effect of these
compounds has not been assessed for any of the biological
effects described for Maca including learning and memory
and AChE inhibitory activity.
5. Conclusion

In summary, Black Maca inhibits the scopolamine-
induced memory impairment.
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