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a b s t r a c t

Ethnopharmacological relevance: Lepidium meyenii (Maca) is traditionally employed in the Andean region
for its supposed fertility benefits. This study investigated the effect of Maca on the serum pituitary
hormone levels during the pro-oestrus phase.
Materials and methods: Maca powder was made from the tubers of Lepidium meyenii Walp collected,
dried, and reduced to powder at the plantation in Junín Plateau and was purchased from Yamano del
Perú SAC. The Maca powder was identified by chemical profiling and taxonomic methods. Two groups of
female Sprague-Dawley rats were provided feed with normal feed containing 5%, 25%, or 50% Maca
powder ad libitum for 7 weeks. At 1800 h of the proestrus stage, the rats were euthanised, and blood
samples were collected for serum isolation. The serum pituitary hormone levels were measured using
enzyme-linked immunosorbent assays (ELISAs).
Results: No significant differences in feed intake or growth rate were observed among the rats. During
the pro-oestrus stage, a 4.5-fold increase (Po0.01) in luteinising hormone (LH) and a 19-fold increase
(Po0.01) in follicle-stimulating hormone (FSH) were observed in the sera of rats fed with 50% Maca
powder compared with the control rats. No significant differences were observed in the levels of the
other pituitary hormones, including growth hormone (GH), prolactin (PRL), adrenocorticotropic
hormone (ACTH), and thyroid-stimulating hormone (TSH). A dose-dependent increase of LH serum
levels was observed within the range of 3–30 g Maca/kg. Furthermore, the enhancement of the LH serum
levels was specific to the pro-oestrus LH surge.
Conclusions: The present study demonstrates that Maca uniquely enhances the LH serum levels of
pituitary hormones in female rats during the pro-oestrus LH surge and acts in a pharmacological, dose-
dependent manner. These findings support the traditional use of Maca to enhance fertility and suggest
a potential molecular mechanism responsible for its effects.

& 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Lepidium meyenii is an herbaceous biennial plant of the Brassi-
caceae family that is native to the high Andes of Peru. Peruvians
have used the root of Lepidium meyenii, known as Maca, for
centuries as both a nutritious food and fertility medicine for
humans and animals. In randomised clinical trials, Maca showed a
positive effect on mild erectile dysfunction (Zenico et al., 2009), and
it has been shown to improve sexual desire in healthy menopausal
women (Brooks et al., 2008). These studies provide preliminary
evidence supporting the effectiveness of Maca (Shin et al., 2010).
Biological and pharmacological studies of Maca using animal

models have reported various health-related properties, such as a
fertility-increasing effect (Ruiz-Luna et al., 2005) and positive effects
on sexual performance (Cicero et al., 2001; Zheng et al., 2000),
spermatogenesis (Chung et al., 2005; Gonzales et al., 2004, 2006),
osteoporosis (Zhang et al., 2006), neuronal function (Pino-Figueroa
et al., 2010), memory impairment (Rubio et al., 2006a, 2007, 2011),
chemical and physical stress responses (Gonzales-Castaneda et al.,
2011; Lopez-Fando et al., 2004; Rubio et al., 2006b), prostatic
hyperplasia (Gasco et al., 2007), and locomotion (Cicero et al., 2001).

Fertility is based on the physiology of the hypothalamic-
pituitary-gonadal (HPG) axis. A pro-oestrus LH surge from the
anterior pituitary triggers ovulation and the development of the
corpus luteum, which is required for fertility. The hormone level of
the proestrus LH surge is influenced by genetic background,
environment, and physical condition. Traditionally, Maca has been
used to promote fertility in a harsh environment, at an altitude
over 4000 m. However, no significant alterations in the serum

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/jep

Journal of Ethnopharmacology

0378-8741/$ - see front matter & 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.jep.2013.11.058

n Corresponding author at: Department of Nutritional Sciences, Graduate School
of Nutritional Sciences, Nakamura Gakuen University, 5-7-1 Befu, Jounan-Ku,
Fukuoka 814-0198, Japan. Tel.: þ81 92 851 2598; fax: þ81 92 841 7762.

E-mail address: uchiya-f@nakamura-u.ac.jp (F. Uchiyama).

Please cite this article as: Uchiyama, F., et al., Lepidium meyenii (Maca) enhances the serum levels of luteinising hormone in female rats.
Journal of Ethnopharmacology (2013), http://dx.doi.org/10.1016/j.jep.2013.11.058i

Journal of Ethnopharmacology ∎ (∎∎∎∎) ∎∎∎–∎∎∎

www.sciencedirect.com/science/journal/03788741
www.elsevier.com/locate/jep
http://dx.doi.org/10.1016/j.jep.2013.11.058
http://dx.doi.org/10.1016/j.jep.2013.11.058
http://dx.doi.org/10.1016/j.jep.2013.11.058
mailto:uchiya-f@nakamura-u.ac.jp
http://dx.doi.org/10.1016/j.jep.2013.11.058
http://dx.doi.org/10.1016/j.jep.2013.11.058
http://dx.doi.org/10.1016/j.jep.2013.11.058
http://dx.doi.org/10.1016/j.jep.2013.11.058


levels of pituitary hormones containing LH were detected in
previous studies using Maca or its ingredients (Gonzales et al.,
2009); therefore, the molecular mechanism of the effect of Maca
cannot be accessed via its target proteins.

The present study investigated the effect of Maca on the LH
serum levels during the LH surge in female rats.

2. Materials and methods

2.1. Plant material

Lepidium meyenii Walp was harvested from the Junín Plateau
area (the Central Andean Region of Peru at altitudes between
4200 and 4500 m) in 2010. The tubers of Lepidium meyenii were
collected, dried, reduced to powder at the plantation in Junín
Plateau, and made commercially available as Maca. The Maca
power was purchased from Yamano del Perú SAC.

A voucher specimen (MG-2A/YDP-S002-2011) was deposited at
the San Marcos University Natural History Museum's herbarium
where the powder was identified as Lepidium meyenii Walp with
a taxonomic position based on the Cronquist classification method
by Dr. Betty Millán Salazar.

2.2. Solvents and chemicals

Acetonitrile, EDTA dipotassium salt (EDTA-2K), petroleum
ether, and trifluoroacetic acid were purchased from Wako Pure
Chemicals (Osaka, Japan).

2.3. The preparation of Maca petroleum ether extracts

The Maca powder was extracted using petroleum ether based
on the method employed by McCollom and colleagues (McCollom
et al., 2005). A 10.0-g portion of dried Maca was extracted using
50 ml of petroleum ether by incubating it at 20 1C for 24 h, shaken
at 150 rpm. After filtration, the supernatants were evaporated,
providing 43.0 mg of residue. The residue was resolved using 1 ml
of acetonitrile. Prior to the HPLC-UV-MS/MS analysis, all samples
were filtered using a 0.45-μm PTFE syringe filter from Millipore.

2.4. Analytical HPLC

The HPLC experiments were performed using a Shimazdu
LC-30A HPLC system equipped with a UV–vis detector. The
macamides were qualitatively and quantitatively analysed using
an Inertsil ODS-3 column (250�4.6 mm2 id, 5-μm particle size;
GL Sciences, Tokyo, Japan). The solvent system consisted of
(A) water with 0.005% trifluoroacetic acid and (B) acetonitrile with
0.005% trifluoroacetic acid using a gradient of 20:80 (A:B) to 0:100
over 24 min. The flow rate was set at 0.8 ml/min. The column oven
was set to 40 1C, and 5 μl of sample was injected. The macamides
were relatively quantified using peak area calculations at detection
wavelengths of 210 nm and 280 nm. The macamides were quali-
tatively analysed by comparing the retention times, UV/vis-spectra
ratio, and MS analysis with the data reported for authentic
samples (Ganzera et al., 2002; McCollom et al., 2005).

2.5. The MS/MS analysis of macamides

A HPLC-MS/MS system consisting of a Shimazdu LC-30A HPLC
system equipped with an automatic sample injector, bi-pump, UV–
vis detector, and a Thermo Fisher Scientific series Q-Exactive MS/
MS (Yokohama, Japan) was used with the following parameters:
high voltage capillary, 4500 V; capillary exit, 143.6 V; skimmer 1,
31.1 V; trap drive, 44.2; scan range (m/z), 150–800. The mass

spectrometer was operated in positive ion detection mode. The
HPLC conditions applied in the MS/MS analysis were identical to
those used for the analytical HPLC.

2.6. Feed and animals

CE2 laboratory chow was purchased from CLEA Inc. (Fukuoka,
Japan) and used as the control feed. The 5%, 25%, and 50% Maca
feed were prepared by adding 5%, 25%, and 50% (w/w) Maca
powder to CE2, respectively, and swirling the mixture 100 times in
a nylon bag. The CE2 and Maca powder were stored at room
temperature.

Two-week-old female Sprague-Dawley rats (Charles River
Laboratories, Tokyo, Japan) were purchased from Oriental Yeast
Co., Ltd. (Tokyo, Japan) and kept for 8 weeks in the animal facility at
Nakamura Gakuen University. The rats were maintained individu-
ally in stainless-steel wire-mesh cages at room temperature (25 1C)
with a 12-h light/12-h dark cycle (0600 h/1800 h). The rats were
provided with feed and tap water ad libitum and bred for 7 weeks.
The Animal Ethics Committee of Nakamura Gakuen University
approved the animal manipulations described in this paper.

The rats were habituated to the animal facility for 1 week prior
to the start of the experiments. The rats were randomly divided
into three test groups and one control group: the first group
received 5% Maca feed (n¼10 rats), the second received 25% Maca
feed (n¼10 rats), the third received 50% Maca feed (n¼20 rats),
and the fourth received the control feed (n¼20 rats). Body weight
and feed intake were monitored every other day from 0815 h to
0900 h for 7 weeks. The residual feed was weighed every other
day. The feed intake was calculated by subtracting the residual
feed from the total feed. Feed efficiency was indexed as feed intake
(g)/body weight (kg).

2.7. Oestrous cycle

The oestrus cycle was monitored via vaginal smears taken daily
for 2 weeks. Each vaginal smear was taken between 0830 h and
0900 h. The smears were stained with Giemsa Stain Solution (Merck
Japan Ltd., Osaka, Japan) for microscopic examination. Oestrus was
characterised using the ratio of the number of nucleated epithelial
cells to the number of cornified cells. The numbers of nucleated
epithelial and cornified cells were determined under a microscope
using a Burker–Turk haemocytometer. Blood samples were obtained
from the rats that displayed 4-day oestrous cycles based on this
criterion.

2.8. Euthanasia and sampling

All samples were obtained via decapitation at 1630 h or
1800715 h during the pro-oestrus stage. Trunk blood was col-
lected into tubes with or without EDTA-2K and then centrifuged at
3000 rpm for 10 min. The resulting serum and plasma were stored
at �80 1C for subsequent analyses. The organs were dissected free
of fat and weighed.

2.9. Hormone assays

The serum concentrations of LH, FSH, GH, and TSH were mea-
sured using enzyme-linked immunosorbent assay (ELISA) with the
Libss Rat LH ELISA kit, Libss Rat FSH ELISA kit, Libss Rat GH ELISA
kit, and Libss Rat TSH ELISA kit (Shibayagi Co., Ltd., Gunma, Japan),
respectively. PRL serum concentration was measured using enzyme
immunoassay (EIA) with the Pana-tests Rat PRL EIA kit (Panapharm
Laboratories Co., Ltd., Kumamoto, Japan). ACTH plasma concentration
was measured using chemiluminescence enzyme immunoassay
(CLEIA) with the Siemens-Immulyzes ACTH II (Siemens Healthcare
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Diagnostics K. K., Tokyo, Japan). All procedures were performed
according to the manufacturer's instructions.

2.10. Data analyses

The data are presented as the mean7standard deviation (SD)
and analysed using a one-way analysis of variance followed by
Student's t-tests for two-group comparisons using IBM SPSS
(Statistical Package for the Social Sciences) Version 19 (IBM Japan
Ltd., Tokyo, Japan). A value of po0.01 was considered significant.

3. Results

3.1. Maca quality assessment via chemical profiling

Macamides are a distinct class of secondary metabolites and
useful marker compounds for the quality control of Lepidium
meyenii products (Ganzera et al., 2002; McCollom et al., 2005).
We extracted Maca powder with petroleum ether to give a yield of
0.460% w/w and performed an HPLC-UV-MS analysis. The mole-
cular ion peaks in the mass spectra, comparative retention times,
and UV–vis ratios for twelve macamides detected in the extracts
(Table 1) were identical to those in the chemical profile reports
of Lepidium meyenii Walp (Ganzera et al., 2002; McCollom et al.,
2005). To confirm the identification of the macamides, we
detected fragment ion peaks from the macamides via MS/MS
analysis. The individual fragments of m/z 91.05 and m/z 121.06
were detected as corresponding to benzyl ions (C7H7

þ) and
methoxybenzyl ions (C8H9Oþ) from seven and five macamides,
respectively (Table 1). The major components of the extract were
linoleic acid and linolenic acid, which was initially determined by
MS analysis (Table 1). These results demonstrate that the Maca
powder used could be chemically identified as the tubers of
Lepidium meyenii Walp and using the plant taxonomy described
in the experimental section.

3.2. General observations in the rat experiments

Significant differences were not observed in the intake of feed
with or without Maca powder (Fig. 1a) or the growth rate (Fig. 1b)
of the rats throughout the study. The feed intake was constant at
15 g/day after 38 days of age and could be used in experiments of
the Maca dose-response relationship. Moreover, significant differ-
ences were not observed between the test and control groups with
regard to the organ weights of the ovary, uterus, hypothalamus,
pituitary gland (Table 2), or other organs (data not shown). Maca
intake did not significantly alter the weights of the HPG axis
organs.

Because circadian rhythm (McCormack and Sridaran, 1978),
ovulation cycle (Cooper et al., 1980), and stress (Krulich et al., 1974)
strongly influence LH secretion, the sample collection was strictly
controlled under a time course based on ovulation. The time of
ovulation was determined by vaginal smears. All rats used showed
a pattern characteristic of a typical 4-day oestrus cycle (Fig. 2).

3.3. The effect of Maca on serum pituitary hormone levels during
LH surge

The 4-day oestrus cycle was subdivided into pro-oestrus,
oestrus, metoestrus, and dioestrus (Fig. 2). Because the maximum
concentration of LH in the preovulatory LH surge occurs at 1800 h
of the pro-oestrus stage (Cooper et al., 1980), the rat sera were
collected at 1800715 h of the pro-oestrus stage. The rat sera were
analysed for pituitary hormones using ELISA. The serum levels of
LH (22.1 ng/ml vs. 4.9 ng/ml, po0.001) and FSH (9.5 ng/ml versus

0.5 ng/ml, po0.01) significantly increased among the test group of
rats fed with 50% Maca powder compared with the control group
(Table 3). The other pituitary hormones, GH, ACTH, TSH, and PRL,
did not show significant differences between the test and control
groups (Table 3). These results showed that the LH serum levels
exhibited a 4.5-fold increase (po0.001) in the pro-oestrus stage
after feeding with the 50% Maca powder in female rats.

The vaginal smear test indicated that ovulation was the same
across the normal 4-day oestrus cycle in the test and control
groups. Because the timing of the LH surge is critical for ovulation,
we investigated the timing of the LH enhancement and subse-
quent FSH after Maca intake. The initiation time of the LH surge
was measured using serum collected before 1800 h in the pro-
oestrus stage. The initiation of the LH surge showed the same
pattern in the test and control groups, with the LH serum levels
beginning to elevate at 1730 h (Fig. 3). Therefore, no significant
between-group differences were observed in the initiation time of
the LH surge. Because the FSH serum levels presumably represent
the initial phase according to the HPG axis pathway (Butcher et al.,
1974), the rats fed with 50% Maca powder showed an FSH
elevation at the same time as those in the control group (Fig. 3).
These results demonstrate that Maca intake can enhance LH serum
levels among the pituitary hormones with respect to the timing of
a normal LH surge pattern.

The production of LH involves different mechanisms between
the LH surge and pulsate phases. The LH increase in the LH pulsate
phase is associated with menopause and not with an improvement
in triggering ovulation. To investigate the effect of Maca on the LH
pulsate phase, blood was collected at 1630 h in the pro-oestrus
stage. The LH concentration in the blood was determined. The
results were used to compare the LH serum levels obtained at
different blood collection times (Fig. 4). The time of 1630 h in the
pro-oestrus stage represented the LH pulsate phase because the
LH serum levels in the control group were low (1.8 ng/ml) but
elevated approximately 1 h later (6.6 ng/ml, po0.01; Cooper et al.,
1980). Significant differences were not observed between the test
(2.2 ng/ml) and control (1.8 ng/ml) groups with regard to the LH
serum levels in the LH pulsate phase (Fig. 4). These results show
that the LH-enhancing effect due to Maca intake is a specific action
regarding the timing of the LH surge and normal physiological
processes in the HPG axis.

3.4. Dose-response of the LH-enhancing effect

To evaluate the dose-response relationship of the increase in LH
serum levels, rats were fed with feed containing 5%, 25%, or 50%
Maca powder. Because the amount of feed intake was constant
across all rats older than 38 days (Fig. 1A), each concentration of
Maca powder in the feed corresponded to an oral administration of
3.0, 15, or 30 g of Maca/kg weight, respectively. Sera were collected
from 10-week-old rats at 1800715 h in the proestrus stage, and the
LH concentrations in the sera were subsequently measured via
ELISA. The results revealed a dose-dependent relationship between
LH serum levels and amount of Maca intake (Fig. 5). The LH-
enhancing effect in the serum was sustained at an intake of greater
than 15 g Maca/kg/day, which corresponded to feeding with 25%
Maca ad libitum.

4. Discussion

Previous studies of Maca have successfully identified its various
health-promoting activities (Gonzales, 2012). However, previous
experiments had not found an alteration of the LH serum levels,
which play a key role in fertility through the HPG axis. The present
study is the first to demonstrate that Maca intake enhances LH
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serum levels during the LH surge but not the pulsate phase in
female rats. This increase is evident for the traditional claims that
Maca is an aphrodisiac in enhancing sexual drive and female
fertility in humans and domestic animals.

Clinical studies of the effects of Maca on sexual function have
investigated low doses of up to 3.5 g/day of Maca (Gonzales et al.,
2003; Meissner et al.; 2006b; Shin et al., 2010). In those doses,
Maca did not affect serum reproductive hormone levels in
humans. In previous animal experiments, Maca was reported to
show increased plasma levels of oestradiol for the single dose of
7.5 g/kg Maca powder in rats (Meissner et al., 2006a). Similarly, a
high dose of Maca powder provided nutritional value: the total
serum proteins and albumin were significantly superior in the
mice fed 30% Maca (Canales et al., 2000). The changes of biomar-
kers in serum levels occur just in the high doses of Maca intake in

rodents. The present study showed that the LH-enhancing effect
appeared for higher intakes of more than 15 g/kg of Maca powder.
Traditionally, the natives in Junín still consume Maca meal two to
three times per week and around 50 to 100 g per person per meal
(Hermann and Bernet, 2009). Moreover, Valerio and Gonzales
reported that most of the natives in the central Andes had used
Maca in daily amount more than 100 g per day (Valerio and
Gonzales, 2005). Although the daily intake of Maca in humans
has changed along the times, Maca intake of high doses had been
used in the Andean diet which the Spaniards found to attribute
well-fed and tall adults in the high Andes (Sanchez Leon, 1996).
Maca intake in the rats in the present study is consistent with the
traditional intake in humans in the Andes. Therefore, high dose
intake of Maca may be necessary for fertility in humans or rats in
an environmental condition.

Table 1
Chemical profiling of macamides identified by HPLC-UV-MS/MS analysis of extracts of the Maca powder.

Compund Number Identified Chemical Structure Retention Time
(min.)

[M-H]þ Main Fragment Ions Relative amount
(%)

CV%

1
H
N

O

15.8 332.3 MS2 [332.3]: 91.1 0.19 11.2

2
H
N

O

18.2 346.3 MS2 [346.3]: 91.1 13.56 4.4

3
H
N

O

20.8 360.3 MS2 [360.3]: 91.1 0.10 10.8

4
H
N

O

12.4 368.3 MS2 [368.3]: 91.1 4.73 5.7

5
H
N

O

15.2 370.3 MS2 [370.3]: 91.1 5.73 0.8

6
H
N

O

18.7 372.3 MS2 [372.3]: 91.1 2.28 8.3

7
H
N

O

23.4 374.3 MS2 [374.3]: 91.1 3.37 9.7

8
H
N

MeO

O

17.6 376.3 MS2 [376.3]: 121.1 4.82 4.3

9

MeO
H
N

O

12 398.3 MS2 [398.3]: 91.1, 121.1 0.82 7.9

10

MeO
H
N

O

14.7 400.3 MS2 [400.3]: 91.1, 121.1 0.46 3.1

11
H
N

O

18.1 402.3 MS2 [402.3]: 91.1, 121.1 o0.10 NC

12

MeO

H
N

O

22.6 404.4 MS2 [404.4]: 91.1, 121.1 3.37 3.5

13

HO

O 10.3 279.2 35.40 1.5

14 O

OH

12.9 281.2 25.16 1.3

The compound numbers 1–12 are macamides. Mean relative amount of compounds in the extracts and coefficient of variation (CV) are shownwith the percentage (%) in four
tests of the analytical HLPC. NC stands for not calculated.
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The present study demonstrated that the specific increases in
LH serum levels among the pituitary hormones, the timing
associated with the LH surge, and the subsequent FSH-releasing
initiation exemplified the actions of Maca. These effects promote
ovulation via the pituitary function of the HPG axis. Gonadotropin-
releasing hormone (GnRH) regulates the mechanism of LH secre-
tion. Environmental, nutritional, and physical conditions strongly
influence the pro-oestrus LH surge. This information is integrated
in the hypothalamus to signal LH secretion from the pituitary
gland (Levine, 1997). Our findings indicate that the enhancement
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intake and body weight are represented in the control group (n¼20 rats) and the
groups received 5% (n¼10 rats), 25% (n¼10 rats), and 50% Maca feed (n¼20 rats)
after 7-week-old. Data are the means7SD.

Table 2
Final body and absolute organ weights of 10-week-old rats fed with or without 50%
Maca powder (n¼10/group).

Weight (g or mg) Control group 50% Maca group

Body weight (g) 260.0720.7 237.6716.1
Pituitary (mg) 14.3172.60 15.7172.44
Hypothalamus (mg) 90.68719.21 88.58713.14
Right ovary (mg) 9.6271.23 11.2673.73
Left ovary (mg) 10.7871.48 11.6074.40
Uterus (mg) 34.3874.44 34.4073.41

All values represent mean7SD.
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Table 3
Serum levels of pituitary hormones at 1800715 h of the pro-oestrus stage in
10-week-old rats fed with or without 50% Maca powder.

Pituitary hormones Control group 50% Maca group

GH (pg/mL)a 1231.07725.5 1912.671717.9
LH (ng/mL)a 4.973.5 22.1710.7nnn

FSH (ng/mL)a 0.671.0 9.45711.1nn

PRL (ng/mL)a 18.8712.7 26.376.9
TSH (ng/mL)a 2.471.8 2.773.7
ACTH (pg/mL)b 57.4725.9 119.4753.2n

All values represent mean7SD.
a n¼10/group.
b n¼5/group.
n Po0.05 vs. Control.
nn Po0.01 vs. Control.
nnn Po0.001 vs. Control.
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of LH serum levels occurs during the normal menstrual cycle due
to the pro-oestrus LH surge, and the menstrual cycle showed the
same time course between the test and control groups (Fig. 3). The
results of the present study might be useful for the study of the
Maca response pathway by focusing on LH and its related proteins.

In conclusion, the traditional use of Maca for fertility was
validated with respect to the enhancement of LH serum levels in
female rats. The present study demonstrates that Maca (at the
tested doses) enhances LH serum levels in the pituitary hormones
of female rats during the LH surge and in a pharmacological, dose-
dependent manner. These findings support the traditional use of
Maca to enhance fertility and suggest a potential molecular
mechanism responsible for its effects.

Acknowledgements

We are grateful to the Institute of Preventive and Medicinal
Dietetics at Nakamura Gakuen University for their financial assis-
tance. The authors thank Dr. H. Nakano and Mr. Y. Tanaka at
Nakamura Gakuen University for their technical advice and
assistance with animal care, respectively.

References

Brooks, N.A., Wilcox, G., Walker, K.Z., Ashton, J.F., Cox, M.B., Stojanovska, L., 2008.
Beneficial effects of Lepidium meyenii (Maca) on psychological symptoms and
measures of sexual dysfunction in postmenopausal women are not related to
estrogen or androgen content. Menopause (New York, NY) 15, 1157–1162.

Butcher, R.L., Collins, W.E., Fugo, N.W., 1974. Plasma concentration of LH, FSH,
prolactin, progesterone and estradiol-17beta throughout the 4-day estrous
cycle of the rat. Endocrinology 94, 1704–1708.

Canales, M., Aguilar, J., Prada, A., Marcelo, A., Huaman, C., Carbajal, L., 2000.
Nutritional evaluation of Lepidium meyenii (Maca) in albino mice and their
descendants. Arch. Latinoam. Nutr. 50, 126–133.

Chung, F., Rubio, J., Gonzales, C., Gasco, M., Gonzales, G.F., 2005. Dose-response
effects of Lepidium meyenii (Maca) aqueous extract on testicular function and
weight of different organs in adult rats. J. Ethnopharmacol. 98, 143–147.

Cicero, A.F., Bandieri, E., Arletti, R., 2001. Lepidium meyenii Walp. improves sexual
behaviour in male rats independently from its action on spontaneous locomo-
tor activity. J. Ethnopharmacol. 75, 225–229.

Cooper, R.L., Conn, P.M., Walker, R.F., 1980. Characterization of the LH surge in
middle-aged female rats. Biol. Reprod. 23, 611–615.

Ganzera, M., Zhao, J., Muhammad, I., Khan, I.A., 2002. Chemical profiling and
standardization of Lepidium meyenii (Maca) by reversed phase high perfor-
mance liquid chromatography. Chem. Pharm. Bull. 50, 988–991.

Gasco, M., Villegas, L., Yucra, S., Rubio, J., Gonzales, G.F., 2007. Dose-response effect
of red Maca (Lepidium meyenii) on benign prostatic hyperplasia induced by

testosterone enanthate. Phytomed. Int. J. Phytother. Phytopharmacol. 14,
460–464.

Gonzales-Castaneda, C., Rivera, V., Chirinos, A.L., Evelson, P., Gonzales, G.F., 2011.
Photoprotection against the UVB-induced oxidative stress and epidermal
damage in mice using leaves of three different varieties of Lepidium meyenii
(Maca). Int. J. Dermatol. 50, 928–938.

Gonzales, C., Rubio, J., Gasco, M., Nieto, J., Yucra, S., Gonzales, G.F., 2006. Effect of
short-term and long-term treatments with three ecotypes of Lepidium meyenii
(Maca) on spermatogenesis in rats. J. Ethnopharmacol. 103, 448–454.

Gonzales, G.F., 2012. Ethnobiology and ethnopharmacology of Lepidium meyenii
(Maca), a plant from the Peruvian highlands. Evidence-based Complement.
Altern. Med. eCAM 2012, 193496.

Gonzales, G.F., Cordova, A., Vega, K., Chung, A., Villena, A., Gonez, C., 2003. Effect of
Lepidium meyenii (Maca), a root with aphrodisiac and fertility-enhancing
properties, on serum reproductive hormone levels in adult healthy men. J.
Endocrinol. 176, 163–168.

Gonzales, G.F., Gasco, M., Cordova, A., Chung, A., Rubio, J., Villegas, L., 2004. Effect of
Lepidium meyenii (Maca) on spermatogenesis in male rats acutely exposed to
high altitude (4340 m). J. Endocrinol. 180, 87–95.

Gonzales, G.F., Gonzales, C., Gonzales-Castaneda, C., 2009. Lepidium meyenii (Maca):
a plant from the highlands of Peru—from tradition to science. Forsch. Komple-
mentarmedizin (2006) 16, 373–380.

Hermann, M., Bernet, T., 2009. The transition of maca from neglect to market
prominence. Bioversity International, p. 21 (Chapter 3).

Krulich, L., Hefco, E., Illner, P., Read, C.B., 1974. The effects of acute stress on the
secretion of LH, FSH, prolactin and GH in the normal male rat, with comments
on their statistical evaluation. Neuroendocrinology 16, 293–311.

Levine, J.E., 1997. New concepts of the neuroendocrine regulation of gonadotropin
surges in rats. Biol. Reprod. 56, 293–302.

Lopez-Fando, A., Gomez-Serranillos, M.P., Iglesias, I., Lock, O., Upamayta, U.P.,
Carretero, M.E., 2004. Lepidium peruvianum chacon restores homeostasis
impaired by restraint stress. Phytother. Res. 18, 471–474.

McCollom, M.M., Villinski, J.R., McPhail, K.L., Craker, L.E., Gafner, S., 2005. Analysis
of macamides in samples of Maca (Lepidium meyenii) by HPLC-UV-MS/MS.
Phytochem. Anal. 16, 463–469.

McCormack, C.E., Sridaran, R., 1978. Timing of ovulation in rats during exposure to
continuous light: evidence for a circadian rhythm of luteinizing hormone
secretion. J. Endocrinol. 76, 135–144.

Meissner, H.O., Kedzia, B., Mrozikiewicz, P.M., Mscisz, A., 2006a. Short and long-
term physiological responses of male and female rats to two dietary levels of
pre-gelatinized maca (lepidium peruvianum chacon). Int. J. Biomed. Sci. 2,
13–28.

Meissner, H.O., Mscisz, A., Reich-Bilinska, H., Kapczynski, W., Mrozikiewicz, P.,
Bobkiewicz-Kozlowska, T., Kedzia, B., Lowicka, A., Barchia, I., 2006b.
Hormone-balancing effect of pre-gelatinized organic Maca (Lepidium per-
uvianum Chacon): (II) Physiological and symptomatic responses of early-
postmenopausal women to standardized doses of Maca in double blind,
randomized, placebo-controlled, multi-centre clinical study. Int. J. Biomed.
Sci. 2, 360–374.

Pino-Figueroa, A., Nguyen, D., Maher, T.J., 2010. Neuroprotective effects of Lepidium
meyenii (Maca). Ann. New York Acad. Sci. 1199, 77–85.

Rubio, J., Caldas, M., Davila, S., Gasco, M., Gonzales, G.F., 2006a. Effect of three
different cultivars of Lepidium meyenii (Maca) on learning and depression in
ovariectomized mice. BMC Complement. Altern. Med. 6, 23.

Rubio, J., Dang, H., Gong, M., Liu, X., Chen, S.L., Gonzales, G.F., 2007. Aqueous and
hydroalcoholic extracts of black Maca (Lepidium meyenii) improve
scopolamine-induced memory impairment in mice. Food Chem. Toxicol. Int. J.
Publ. Br. Ind. Biol. Res. Assoc. 45, 1882–1890.

Rubio, J., Riqueros, M.I., Gasco, M., Yucra, S., Miranda, S., Gonzales, G.F., 2006b.
Lepidium meyenii (Maca) reversed the lead acetate induced damage on
reproductive function in male rats. Food Chem. Toxicol. Int. J. Publ. Br. Ind.
Biol. Res. Assoc. 44, 1114–1122.

Rubio, J., Yucra, S., Gasco, M., Gonzales, G.F., 2011. Dose-response effect of black
maca (Lepidium meyenii) in mice with memory impairment induced by ethanol.
Toxicol. Mech. Methods 21, 628–634.

Ruiz-Luna, A.C., Salazar, S., Aspajo, N.J., Rubio, J., Gasco, M., Gonzales, G.F., 2005.
Lepidium meyenii (Maca) increases litter size in normal adult female mice.
Reprod. Biol. Endocrinol. 3, 16.

Sanchez Leon, A. 1996. Qui rica maca! Somos 495, 34–36.
Shin, B.C., Lee, M.S., Yang, E.J., Lim, H.S., Ernst, E., 2010. Maca (Lepidium meyenii) for

improving sexual function: a systematic review. BMC Complement. Altern.
Med. 10, 44.

Valerio Jr., L.G., Gonzales, G.F., 2005. Toxicological aspects of the South American
herbs cat's claw (Uncaria tomentosa) and Maca (Lepidium meyenii): a critical
synopsis. Toxicol. Rev. 24, 11–35.

Zenico, T., Cicero, A.F., Valmorri, L., Mercuriali, M., Bercovich, E., 2009. Subjective
effects of Lepidium meyenii (Maca) extract on well-being and sexual perfor-
mances in patients with mild erectile dysfunction: a randomised, double-blind
clinical trial. Andrologia 41, 95–99.

Zhang, Y., Yu, L., Ao, M., Jin, W., 2006. Effect of ethanol extract of Lepidium
meyenii Walp. on osteoporosis in ovariectomized rat. J. Ethnopharmacol. 105,
274–279.

Zheng, B.L., He, K., Kim, C.H., Rogers, L., Shao, Y., Huang, Z.Y., Lu, Y., Yan, S.J., Qien, L.C.,
Zheng, Q.Y., 2000. Effect of a lipidic extract from lepidium meyenii on sexual
behavior in mice and rats. Urology 55, 598–602.

50

38

2525

1313

00
0 3 15 30 (g/kg)30 (g/kg)

L)
/m

L
ng

/
n 

(n
at

io
n

nt
ra

ce
n

on
c

m
 c

ru
m

se
r

LH
 

L

0 3 15

Dose of MacaDose of Maca
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