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Maca is a traditional Andean crop used as a nutraceutical for the fertility-
enhancing properties that are linked with antioxidant activity. The aim of this
study was to evaluate, for the first time, the potential beneficial effects of oral
Maca (Lepidium meyenii or Lepidium peruvianum) supplementation in improving
reproductive performance in male dogs. Forty-eight male dogs of different breeds
were enrolled in the study, fed the same maintenance diet, and exposed to the
same environmental conditions. The subjects were divided into four groups of
12 dogs each: Subfertile treatment group, Subfertile control group, Normofertile
treatment group, and Normofertile control group. The dogs in the treatment
groups received Lepidium meyenii in their diet in a capsule formulation [75mg/
kg Maca extract 10:1, thickening agent (hydroxypropyl methylcellulose), ground
rice], while the control groups received placebo capsule (starch). For each subject
included in the study, the spermiogram was analyzed at three time points of the
sperm cycle: at day O (T,), day 31 (Tsy), and day 62 (Ts,). Dietary supplementation
with Maca in subfertile subjects resulted in a significant increase in ejaculate
volume and total sperm count compared to the control group. This increase was
also observed in normofertile subjects in the treatment group. In addition, total
and progressive motility as well as sperm morphology were significantly improved
in the groups treated with Maca compared to the control groups. The results thus
highlight, for the first time, the potential efficacy of supplementation with 75mg/
kg of Maca extract daily in improving semen quality in dogs.

KEYWORDS

Lepidium meyenii, Maca, reproductive performance, Canine semen, dietary
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Introduction

Male infertility is a widespread problem in dog breeding and can have serious financial
implications (1). Infertility can be defined as the inability to mate or failure to fertilize after
mating several fertile females (2). Such failure may be due to a lack of ejaculation or incomplete
ejaculation caused by inadequate coital locking due to anxiety and discomfort during mating
or sperm collection, or poor sperm quality (3).
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Poor sperm quality can be caused by both congenital and acquired
factors. Congenital factors, which are present from birth, are less
common than acquired factors and are referred to as disorders of sexual
development (DSD) (4). Acquired disorders, which develop during the
dog’s lifetime (5, 6), can be the result of various factors including
hormonal disorders, infectious diseases, stress, hyperthermia, nutritional
deficiencies, exposure to toxins and autoimmune disorders (1, 3, 5-7).

During spermatogenesis and steroidogenesis, sperm accumulate
reactive oxygen species (ROS) (8). Their activity is one of the major
threats to sperm quality both in vivo and in vitro (9). Sperm function
is not impaired when ROS and antioxidant levels are balanced, as this
ensures that no significant damage occurs. However, metabolic
oxidative stress caused by excessive ROS production or low antioxidant
status, or both, can lead to impaired sperm function. Therefore, it is
crucial to ensure low levels of ROS for proper fertilization, particularly
for capacitation, hyperactivation and the acrosome reaction (10).
Tafuri et al. (9) observed in stallions that Maca has a high antioxidant
capacity that protects sperm and keeps ROS levels low.

Lepidium meyenii, commonly known as Maca, is a plant of the
Brassicaceae family that is widely distributed in Peru, North America and
Europe (11). It has become very popular due to its pharmacological
properties, including antimicrobial, antioxidant, and anti-inflammatory
activities (12, 13). In traditional medicine, this plant is known for its
stimulating properties on fertility and sexual function, which is why it is
often called the “Andean Viagra” (14). Maca is rich in valuable nutrients,
including proteins, carbohydrates, essential amino acids, lipids, free fatty
acids and various secondary metabolites such as macamides, alkaloids,
and glucosinolates (14). The macamides and glucosinolates found in the
plant reduce free radicals and protect cells from oxidative stress (15).

The effects of Maca on sperm quality, spermatogenesis, sperm
count and sperm motility in different species have been described in
several studies (16—18). These effects have been observed both in
healthy animals (14, 16, 17, 19) and in animals with induced
subfertility (20, 21).

Although much research has been carried out on the oral
supplementation of Maca in different species, including humans (22,
23), its effects on the canine species have not yet been studied.

The aim of this study was to evaluate, for the first time, the
potential beneficial effects of oral Maca supplementation in improving
reproductive performance in male dogs.

Materials and methods
Ethical approval

All treatments, housing and animal care were in compliance with
EU Directive 2010/63/EU on the protection of animals used for
scientific purposes. The Ethics Committee of the Department of
Veterinary Medicine and Animal Productions at the University of
Messina, Italy (prot. no. 09/2023 ter), approved the protocol and
procedures. Informed consent was obtained from each dog owner
before its inclusion in the study.

Animals and study design

A total of 48 client-owned healthy male dogs, heterogeneous in
breed and age, were included in the study, which took place between
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April and November 2023. The subjects lived at home with their
owners, were aged between 2 and 6years, with a mean age of
3.84+ 1.19years, and their weight ranged from 25 to 62 Kg, with a mean
of 35.95+10.94Kg. Inclusion criteria for the animals were based on
clinical history, physical examination, reproductive ultrasound of the
prostate and testes, and semen parameters such as ejaculate volume,
total sperm concentration, total and progressive motility and
morphology. To minimize defects in semen stored in the epididymis,
such as reduced motility and increased debris, a preliminary semen
collection was performed 48h prior to the examination. Subjects had
to be free of clinically relevant systemic and reproductive disorders, fed
a specific commercial diet free of additives such as L-arginine and/or
vitamins and antioxidants in doses that could interfere with the study.
The maintenance diet for adult dogs had chicken as the first ingredient
and its formulation was characterized by digestibility and palatability
due to the inclusion of fresh meat. This diet contained 26% crude
protein, 2.2% crude fiber, 14% crude fat, 6.5% crude ash, 1.2% calcium,
1% phosphorus, 0.7% n-3 fatty acids and 5.2% n-6 fatty acids. Finally,
the animals had to be housed in rooms with adequate natural light.

Subjects who had semen parameters incompatible with adequate
reproductive capacity and who had experienced at least one
reproductive failure in the 6 months prior to the study, either by
natural mating or artificial insemination, were classified as subfertile
(n=24).

Subjects with semen parameters compatible with adequate
reproductive capacity and a normal reproductive history in the
6 months prior to the study, with numerically representative litter size
by both natural mating and artificial insemination, were classified as
normofertile (n=24).

Subjects in both subfertile (n=24) and normofertile (n=24)
groups were further divided into a control group (n=12) and a
treatment group (n=12). The subjects were then divided into a
subfertile control group (SC group; n=12), a subfertile treatment
group (ST group; n=12), a normofertile control group (NC group;
n=12) and a normofertile treatment group (NT group; n =12).

Subjects in the treatment groups (ST and N'T groups) received an
oral Maca supplement in capsule form at a dose of 75 mg/kg [Maca
extract 10:1, thickening agent (5 gr of hydroxypropyl methylcellulose),
1 mg of ground rice]. The galenic preparation of the maca extract
dietary supplement for canine use was carried out using crude black
maca extract powder (Erbavoglio™). This extract is obtained by
crushing and pulverizing the root of the plant. Subjects in the control
groups (SC and NC groups) received a placebo consisting of a starch-
only capsule.

Three semen samples were collected from each subject to assess
ejaculate volume, total sperm concentration, total and progressive
motility and morphology at three time points of the sperm cycle, for
a total of 144 samples throughout the study. Samples were collected
immediately before the start of oral supplementation (T,), after 31 days
(T5;) and after 62 days (Tg,).

Sampling procedures and semen analysis

Sperm collection was performed in a quiet and appropriate
environment with a non-slip floor, by manual collection and in the
presence of a teasing bitch, after removal of the extragonadal reserve
to minimize defects of sperm stored in the epididymis, such as
reduced motility and increased debris.
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The ejaculate was fractionated by discarding the third fraction and
immediately examining the first two fractions. Motility was assessed
both by light microscopy, using a slide on a thermostat with a 100x
objective on which 10 pL of ejaculate was deposited, and by CASA
software. Sperm concentration was assessed freshly with an SDM1
photometer (MiniTube™), by placing 10pL of ejaculate in the
appropriate loggia of the instrument’s analysis microscope. The
analysis was performed with the following parameters: frame acquired
30, frame rate 60 Hz, minimum cell contrast 75, minimum cell size 4
pixels, straightness threshold 75%, path velocity threshold
100 pm/s — 1 average path velocity (VAP) cut-off 9.0 pm/s — 1, medium
VAP cut-off 20 pm/s — 1, head size non-motile 4 pixels, head intensity
non-motile 80, static head size 0.44-4.98, static head intensity 0.49-
1.68 and static elongation 17-96%. After staining with eosin/nigrosine,
cell morphology was assessed by examining at least 200 spermatozoa
per slide.

Statistical analysis

Two-way repeated measures analysis of variance (ANOVA) was
applied to determine significant effect of supplementation (ST, SC, NT
and NC groups) and time (T, T;, and T¢,) on studied parameters.
p-value <0.05 was considered statistically significant. Bonferroni’s
multiple comparison test was applied for post-hoc comparison. Data
were analyzed using statistical software Prism v. 5.01 (Graphpad
Software Ltd., United States, 2007).

Results
Quantitative parameters

The ejaculate volume at T, of the subfertile subjects in the
treatment group and in the control group was similar, with values of
3.57+1.30mL and 3.40+0.69mL, respectively. This parameter
remained constant in the treatment group after oral Maca
supplementation and showed a slight increase, reaching values of
4.17+1.19mL at T;, and 4.42+ 1 45 mL at T, (p <0.05). In the control
group, on the other hand, this parameter did not change significantly,
maintaining values of 3.35+0.63mL at T;, and 3.36+0.59mL at Ty,
(Figure 1).

At the beginning of the experimental design, the total sperm
count of the two groups was also comparable. After oral Maca
supplementation, the treatment group showed a significant increase
from 196.87 +134.13 x10° spermatozoa (T,) to 632.21 +330.94 x10°
spermatozoa (Tey; p<0.05). In the control group, the total sperm count
remained essentially unchanged (208.43 +57.42 x10° spermatozoa at
Ty 206.34+£52.34 x10° spermatozoa at T;; 207.66+54.56 x10°
spermatozoa at T¢,; Figure 2).

The ejaculate volume at T, was also similar in subjects with
normal fertility in the treatment and control groups, being
4.14+0.65mL and 3.58+1.22mlL, respectively. This parameter
remained constant in the treatment group after oral Maca
supplementation and showed a slight increase, reaching values of
4.51+0.67mL at T3, and 4.77 +£0.56 mL at Ty, (p <0.05). In the control
group, on the other hand, this parameter did not change significantly,
remaining at 3.82+ 1.23mL at T, and 3.65+1.13mL at T, (Figure 1).
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In normofertile subjects in the treatment group, after oral Maca
supplementation, the total sperm count showed a significant increase
from 718.91+377.48 x10° spermatozoa (T,) to 1301.52 £467.92 x10°
spermatozoa (T¢,; p<0.001). In the control group, the total sperm
count remained essentially unchanged (706.01+516.18 x10°
spermatozoa at T,; 820.41+589.15 x10° spermatozoa at Ts and
701.15+400.88 x10° spermatozoa at T¢,; Figure 2).

Statistical comparison of ejaculate volume between the two
treatment groups showed no significant difference at the three time
points considered. However, the comparison of total sperm count
showed a statistical difference at T, (p<0.01) and at T, and T,
(p<0.001).

Motility and morphology

The total motility at T, of the subfertile subjects in the treatment
and control groups was similar, at 55.75+11.4% and 55.75+ 10.65%,
respectively. This parameter showed a significant increase in the
treatment group after oral Maca supplementation, reaching values of
74.66+7.8% at Ty, (p<0.001) and 83.41 +8.44% at Ty, (p<0.001). In
the control group, however, this parameter did not change significantly,
remaining at 55.66 £ 10.69% at T;, and 55.91 £10.92% at T¢, (Figure 3).

The progressive motility at T, of the subfertile subjects in the
treatment and control groups was similar, with values of 53.16 +11.45%
and 54.09 +10.71%, respectively. This parameter showed a significant
increase in the treatment group after oral Maca supplementation,
reaching values of 69.5+8.98% at T, (p<0.001) and 78.33£9.61% at
T, (p<0.001). In the control group, however, this parameter did not
change significantly, maintaining values of 53.80+10.01% at T5, and
53.68+10.29 at T, (Figure 4).

At the beginning of the experimental design, the percentage of
morphologically normal spermatozoa of the two groups was also
comparable. After oral Maca supplementation, the treatment group
showed a significant increase from 48.58 + 15.87% (T,) to 86.08 +4.58
(Te p<0.001). In the control group, on the other hand, the
percentages of morphology remained essentially unchanged
(49.81+8.05% at Ty; 50.09+6.24 at T,; 48.86 +8.19% at Tey; Figure 5).

In subjects with normal fertility in the treatment and control
groups, total motility was also similar at T, with values of
79.91+3.26% and 81.75 +6.0%, respectively. This parameter showed
a slight increase in the treatment group after oral Maca
supplementation, reaching values of 83.91+1.88% at T; and
89.75+3.43% at Te,. In the control group, on the other hand, this
parameter did not change significantly, maintaining values of
73.66+16.97% at T, and 76.91 +14.93% at Ty, (Figure 3).

In the normofertile subjects of the treatment and control groups,
progressive motility was similar at T,, with values of 77.58 +2.77% and
73.33+15.90%, respectively. This parameter showed a slight increase
in the treatment group after oral Maca supplementation, reaching
values of 80+2.55% at T;, and 82.41+3.31% at Te,. In the control
group, on the other hand, this parameter did not change significantly,
maintaining values of 73.66+16.97% at T, and 76.91+14.93% at Ty,
(Figure 4).

In normofertile subjects in the treatment group, after oral
supplementation with Maca, the percentage of morphologically
normal spermatozoa showed a slight increase from 88.16 +5.73% (T,)
t0 90.91+4.66% (Ts,). In the control group, on the other hand, the
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morphology values remained essentially unchanged, with a slight
increase (85.33+3.74% at T,; 85+4.89% at Ts;; 86.33+4.83% at Ty
Figure 5).

The comparison between the two treated groups showed a
statistically significant difference in total motility at T, (p <0.001) and
T;, (p<0.05), but not at T¢,. In contrast, the comparison of progressive
motility showed a statistically significant difference at T, (p <0.001)
but not at T, and Ts,. Finally, the comparison of morphology showed
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a statistically significant difference at T, and T, (p<0.001), but
not at T¢,.

Discussion

The three main ecotypes of Lepidium meyenii are Yellow Maca,
Red Maca and Black Maca, each of which has a different chemical
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normofertile treatment group (n = 12), and normofertile control group (n =12; *p < 0.05).

composition and manifests different biological effects and medical
applications. For example, Red Maca has been shown to reverse
benign prostatic hyperplasia and osteoporosis experimentally induced
in mice (24) and is effective in increasing sperm concentration (25).
However, the most significant benefits on spermatogenesis were
observed with the use of black and yellow maca. These two ecotypes
were also effective in improving memory, with increased learning in
mice (26). In addition, the use of black maca was associated with a
reduction in glucose levels and a decrease in blood pressure (27).
Several studies, both in vivo and in vitro, have evaluated the
antioxidant activity of Maca on different cell cultures, including
macrophages, hepatocytes, and neurons. These studies have shown
that Maca reduces free radicals, thus providing cytoprotection during
oxidative stress (28-31). Although the mechanism of action of Maca
is not fully understood, its protective role is probably due to increased
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superoxide dismutase enzyme activity (32). In a previous study, Vecera
et al. (33) demonstrated a positive effect of Maca on systemic
antioxidant status, with an improvement in ROS scavenger enzyme
activity (superoxide dismutase, glutathione peroxidase and
glutathione). An improvement in systemic antioxidant capacity after
Maca supplementation explain the beneficial effect on fresh
sperm quality.

Both yellow and black Maca improves male fertility by increasing
sperm count and motility (27, 34) and promoting spermatogenesis
(35, 36) without affecting hormone levels (17, 23). However, some in
vivo studies in rats have reported an increase in testosterone levels
after dietary supplementation with a powdered hydroalcoholic extract
of Maca (37). The effect of Maca administration on the animal’s
reproductive system and fertility has been associated with the plant
lipid fraction, which contains macamides and primarily fatty acids
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(38, 39). Macamides may act directly on the reproductive tract by
influencing the antioxidant balance (40).

The effects of using a maca plant powder or extract as a food
supplement for humans have been studied in recent years, looking at
the effects on reproductive traits in both men and women (22, 23).
There is also growing interest in this product in veterinary medicine.
Several studies have investigated its effects on ruminants (35, 36),
showing that the administration of Maca extract as a dietary
supplement induced an increase in semen quality and the number of
copulations and ejaculations. Other similar studies have been carried
out in stallions (17), rabbits (41), poultry (42, 43) and mice (16,
20, 21).

In mice and rats it has been found to increase male libido (39, 44),
while in men it has shown promise in improving sexual desire without
affecting hormone levels (45). Furthermore, a study in breeding bulls
(46) showed positive results in both motility and sperm count after
supplementation with Maca. Other research suggests that Maca may
increase sperm production in men (11), increase testicular and
epididymal weight in rats (16) and attenuate spermatogenetic
disorders induced by high altitude conditions in rats (47). In addition,
Maca
spermatogenesis following damage from malathion poisoning (48).

supplementation has shown potential to improve

The aim of this study was to evaluate, for the first time, the
potential beneficial effects of oral Maca supplementation in improving
reproductive performance in male dogs.

Ejaculate volume increased slightly and remained almost constant
in the treatment groups during the experimental period. In contrast,
total sperm count, total and progressive motility and morphology
increased significantly at both T; and T, particularly in the
subfertile group.

Total sperm production was approximately three times higher
(p<0.05) in subfertile subjects and two times higher (p<0.001) in
normo-fertile subjects at the end of the supplementation period than
at the beginning. This result is in line with the literature, where this
parameter was increased in studies conducted in stallions (17), adult
rats (24, 25), peripubertal bulls (35) and men (11).
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In both groups supplemented with Maca, increased total and
progressive motility was observed, as well as increased
morphology. This increase was not statistically significant in the
normofertile group but was particularly marked in the subfertile
group. The increases recorded allowed the subjects in the
subfertile group to reach the physiological species ranges typical
of the subjects in the normofertile group. This normalization is
confirmed by the reduction in the statistical difference in the
three parameters between the two treatment groups at different
times. Total motility increased progressively, reaching the limit
of statistical significance at T; and normalization at Te,.
Morphology increased more slowly. It remained within the limits
of statistical significance until T;, and normalized at Te,.
Progressive motility, on the other hand, increased sharply,
reaching normalization at T5,.

Although it was therefore necessary to reach T, for all three
parameters to reach physiological values overlapping with those
recorded in subjects in the normofertile group, it is important to
emphasize that progressive motility had already reached these
values at Tj;.

The increase in sperm parameters in the normofertile subjects,
although not statistically significant, and the normalization in the
hypo-fertile subjects toward the physiological ranges of the species,
confirm the effectiveness of oral Maca supplementation in improving
reproductive performance.

Limitations of our study include the lack of assessment of
hormonal levels in the experimental design to investigate the specific
effects of Maca on these parameters, as well as the lack of specific tests
to assess oxidative stress.

Further research is needed to verify and quantify the oral
absorption of Maca in dogs and to clarify the mechanisms of
Lepidium meyenii’s effects on sperm production. Future studies
should evaluate the effects on additional sperm parameters such as
membrane integrity and DNA fragmentation. They should also
evaluate different times of treatment and different doses
of supplementation.
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Conclusion

Lepidium meyenii has been used as a dietary supplement for its
nutritional and therapeutic properties in several species, including
humans. In the present study, we have shown for the first time that
oral supplementation with 75mg/kg of Maca extract in dogs can
improve semen parameters such as ejaculate volume, total sperm
count, total and progressive motility and morphology, resulting in
improved reproductive performance.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The animal studies were approved by Ethics Committee of the
Department of Veterinary Medicine and Animal Productions at the
University of Messina, Italy (prot. no. 09/2023 ter). The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent was obtained from the
owners for the participation of their animals in this study.

Author contributions

DG: Conceptualization, Methodology, Writing - review & editing.
AP: Methodology, Writing - review & editing. CI: Writing - original
draft. MR: Formal analysis, Writing — review & editing. MT: Formal
analysis, Writing - review & editing. EG: Conceptualization,

References

1. Memon MA. Common causes of male dog infertility. Theriogenology. (2007)
68:322-8. doi: 10.1016/j.theriogenology.2007.04.025

2. Zdunczyk S, Domoslawska A. Effect of drugs on fertility in male dogs: a review.
Reprod Domest Anim. (2022) 57:949-56. doi: 10.1111/rda.14173

3. Romagnoli S. Two common causes of infertility in the male dog. Proceedings of
World Small Animal Veterinary Association, Prague (2006) p. 687-690.

4. Meyers-Wallen VN. Gonadal and sex differentiation abnormalities of dogs and cats.
Sex Dev. (2012) 6:46-60. doi: 10.1159/000332740

5. Gobello C, Corrada Y. Acquired infertility in male dogs with normal libido.
Compendium of Continuing Educ Practising Vet. (2004) 26:18-27.

6. Fontbonne A. Infertility in male dogs: recent advances. Revista Brasileira de
Reprodugio Animal. (2011) 35:266-73.

7. Domoslawska A, Zdunczyk S. Clinical and spermatological findings in male dogs
with acquired infertility: a retrospective analysis. Andrologia. (2020) 52:e13802. doi:
10.1111/and.13802

8. Mathur PP, D’Cruz SC. The effect of environmental contaminants on testicular
function. Asian ] Androl. (2011) 13:585-91. doi: 10.1038/aja.2011.40

9. Tafuri S, Cocchia N, Carotenuto D, Vassetti A, Staropoli A, Mastellone V; et al. Chemical
analysis of Lepidium meyenii (Maca) and its effects on redox status and on reproductive
biology in stallions. Molecules. (2019) 24:1-12. doi: 10.3390/molecules24101981

10. Bardaweel SK, Gul M, Alzweiri M, Ishagat A, Alsalamat HA, Bashatwah RM.
Reactive oxygen species: the dual role in physiological and pathological conditions of
the human body. Eur ] Med. (2018) 50:193-201. doi: 10.5152/eurasianjmed.2018.17397

11. Gonzales GE, Cordova A, Gonzales C, Chung A, Vega K, Villena A. Lepidium
meyenii (Maca) improved semen parameters in adult men. Asian ] Androl. (2001)
3:301-3.

Frontiers in Veterinary Science

10.3389/fvets.2024.1375146

Methodology, Writing — review & editing. SC: Writing — review &
editing. CR: Writing - review & editing. MQ: Conceptualization,
Writing - review & editing. VZ: Conceptualization, Formal analysis,
Writing - original draft.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors acknowledge support from the University of Messina
through the APC initiative.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

12. Péttorak A, Marcinkowska-Lesiak M, Lendzion K, Moczkowska M, Onopiuk
A, Wojtasik-Kalinowska I, et al. Evaluation of the antioxidant, anti-inflammatory
and antimicrobial effects of catuaba, galangal, roseroot, maca root, guarana and
polyfloral honey in sausages during storage. LWT. (2018) 96:364-70. doi: 10.1016/].
Iwt.2018.05.035

13. Mohammadbeigi M, Alimoradi S, Hashemi SR, Meskini M. Evaluation of
antibacterial and antifungal activities of Lepidium meyenii (Maca). Infection Epidemiol
Microbiol. (2019) 5:35-40.

14. Canales M, Aguilar ], Prada A, Marcelo A, Huamén C, Carbajal L. Nutritional
evaluation of Lepidium meyenii (MACA) in albino mice and their descendants. Arch
Latinoam Nutr. (2000) 50:126-33.

15. Long-Bo Z, Zhi-Lai Z, Qing-Xiu H, Min C, Li-Ping K. Research progress on
chemical constituents and bioactivities of Lepidium meyenii. Zhongguo Zhong Yao Za
Zhi. (2019) 44:4142-51. doi: 10.19540/j.cnki.cjemm.20190419.202

16. Gonzales G, Ruiz A, Gonzales C, Villegas L, Cordova A. Effect of Lepidium meyenii
(Maca) roots on spermatogenesis of male rats. Asian J Androl. (2001) 3:231-3.

17. Del Prete C, Tafuri S, Ciani F, Pasolini MP, Ciotola F, Albarella S, et al. Influences
of dietary supplementation with Lepidium meyenii (Maca) on stallion sperm production
and on preservation of sperm quality during storage at 5 °C. Andrology. (2017) 6:351-61.
doi: 10.1111/andr.12463

18. Aoki Y, Tsujimura A, Nagashima Y, Hiramatsu I, Uesaka Y, Nozaki T, et al. Effect
of Lepidium meyenii on in vitro fertilization via improvement in acrosome reaction and
motility of mouse and human sperm. Repro Med Biol. (2019) 18:57-64. doi: 10.1002/
rmb2.12251

19. Inoue N, Farfan C, Gonzales GE. Effect of butanolic fraction of yellow and black
Maca (Lepidium meyenii) on the sperm count of adult mice. Andrologia. (2016)
48:915-21. doi: 10.1111/and.12679

frontiersin.org


https://doi.org/10.3389/fvets.2024.1375146
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.theriogenology.2007.04.025
https://doi.org/10.1111/rda.14173
https://doi.org/10.1159/000332740
https://doi.org/10.1111/and.13802
https://doi.org/10.1038/aja.2011.40
https://doi.org/10.3390/molecules24101981
https://doi.org/10.5152/eurasianjmed.2018.17397
https://doi.org/10.1016/j.lwt.2018.05.035
https://doi.org/10.1016/j.lwt.2018.05.035
https://doi.org/10.19540/j.cnki.cjcmm.20190419.202
https://doi.org/10.1111/andr.12463
https://doi.org/10.1002/rmb2.12251
https://doi.org/10.1002/rmb2.12251
https://doi.org/10.1111/and.12679

Gattuso et al.

20. Onaolapo AY, Oladipo BP, Onaolapo OJ. Cyclophosphamide-induced male
subfertility in mice: an assessment of the potential benefits of Maca supplement.
Andrologia. (2018) 50:€12911. doi: 10.1111/and.12911

21. Valdivia Cuya M, Yarasca De La Vega K, Lévano Sanchez G, Vasquez Cavero J,
Temoche Garcia H, Torres Torres L, et al. Effect of Lepidium meyenii (Maca) on testicular
function of mice with chemically and physically induced subfertility. Andrologia. (2016)
48:927-34. doi: 10.1111/and.12682

22. Stojanovska L, Law C, Lai B, Chung T, Nelson K, Day S, et al. Maca reduces blood
pressure and depression, in a pilot study in postmenopausal women. Climacteric J.
(2015) 18:69-78. doi: 10.3109/13697137.2014.929649

23. Melnikovova I, Fait T, Kolarova M, Fernandez EC, Milella L. Effect of Lepidium
meyenii Walp. On semen parameters and serum hormone levels in healthy adult men:
a double-blind, randomized, placebo-controlled pilot study. Evid Based Complement
Alternat Med. (2015) 2015:324369. doi: 10.1155/2015/324369

24. Gonzales GE, Villaorduna L, Gasco M, Rubio ], Gonzales C. Maca (Lepidium
meyenii Walp), una revision sobre sus propiedades biologicas. Rev Peru Med Exp Salud
Publica. (2014) 31:100-10. doi: 10.17843/rpmesp.2014.311.15

25. Gonzales C, Rubio J, Gasco M, Nieto J, Yucra S, Gonzales GF. Effect of short-term
and long-term treatments with three ecotypes of Lepidium meyenii (MACA) on
spermatogenesis in rats. J Ethnopharmacol. (2006) 103:448-54. doi: 10.1016/j.
jep.2005.08.035

26.Rubio ], Dang H, Gong M, Liu X, Chen SL, Gonzales GF. Aqueous and
hydroalcoholic extracts of black Maca (Lepidium meyenii) improve scopolamine-
induced memory impairment in mice. Food Chem Toxicol. (2007) 45:1882-90. doi:
10.1016/j.fct.2007.04.002

27. Gonzales GF, Gonzales-Castaneda C, Gasco M. A mixture of extracts from
Peruvian plants (black maca and yacon) improves sperm count and reduced glycemia
in mice with streptozotocin-induced diabetes. Toxicol Mech Methods. (2013) 23:509-18.
doi: 10.3109/15376516.2013.785656

28. Sandoval M, Okuhama NN, Angeles FM, Melchor VV, Condezo LA, Lao J, et al.
Antioxidant activity of the cruciferous vegetable Maca (Lepidium meyenii). Food Chem.
(2002) 79:207-13. doi: 10.1016/S0308-8146(02)00133-4

29. Valentova K, Buckiova D, Kren V, Peknicova J, Ulrichova ], Simanek V. The in vitro
biological activity of Lepidium meyenii extracts. Cell Biol Toxicol. (2006) 22:91-9. doi:
10.1007/s10565-006-0033-0

30. Pino-Figueroa A, Nguyen D, Maher TJ. Neuroprotective effects of Lepidium
meyenii  (Maca). Ann N Y Acad Sci. (2010) 1199:77-85. doi:
10.1111/j.1749-6632.2009.05174.x

31. Pino-Figueroa A, Vu H, Kelley CJ, Maher TJ. Mechanism of action of Lepidium
meyenii (Maca): an explanation for its neuroprotective activity. Am J Neuroprot
Neuroregen. (2011) 3:87-92. doi: 10.1166/ajnn.2011.1035

32.Rodriguez-Huaman A, Casimiro-Gonzales S, Chavez-Perez JA, Gonzales-
Arimborgo C, Cisneros-Fernandez R, Aguilar-Mendoza LA, et al. Antioxidant and
neuroprotector effect of Lepidium meyenii (maca) methanol leaf extract against
6-hydroxy dopamine (6-OHDA) -induced toxicity in PC12 cells. Toxicol Mech Methods.
(2017) 27:279-85. doi: 10.1080/15376516.2016.1275908

33. Vecera R, Orolin ], Skottova N, Kazdova L, Oliyarnik O, Ulrichova J, et al. The
influence of maca (Lepidium meyenii) on antioxidant status, lipid and glucose

metabolism in rat. Plant Foods Hum Nutr. (2007) 62:59-63. doi: 10.1007/
s11130-007-0042-z
Frontiers in Veterinary Science

08

10.3389/fvets.2024.1375146

34. Gonzales GF, Vasquez VB, Gasco M. The transillumination technique as a method
for the assessment of spermatogenesis using medicinal plants: the effect of extracts of
black maca (Lepidium meyenii) and camu camu (Myrciaria dubia) on stages of the
spermatogenic cycle in male rats. Toxicol Mech Methods. (2013) 23:559-65. doi:
10.3109/15376516.2013.802830

35. Clément C, Kneubiihler J, Urwyler A, Witschi U, Kreuzer M. Effect of maca
supplementation on bovine sperm quantity and quality followed over two spermatogenic
cycles. Theriogenology. (2010) 74:173-83. doi: 10.1016/j.theriogenology.2010.01.028

36. Clément C, Witschi U, Kreuzer M. The potential influence of plant-based feed
supplements on sperm quantity and quality in livestock: a review. Anim Reprod Sci.
(2012) 132:1-10. doi: 10.1016/j.anireprosci.2012.04.002

37.Ohta Y, Yoshida K, Kamiya S, Kawate N, Takahashi M, Inaba T, et al. Feeding
hydroalcoholic extract powder of Lepidium meyenii (maca) increases serum testosterone
concentration and enhances steroidogenic ability of Leydig cells in male rats. Andrologia.
(2016) 48:347-54. doi: 10.1111/and.12453

38. Hudson T. Maca: new insights on an ancient plant. Integrative Med: Clinician's J.
(2008) 7:54-7.

39. Zheng BL, He K, Kim CH, Rogers L, Shao Y, Huang ZY, et al. Effect of a lipidic
extract from Lepidium meyenii on sexual behavior in mice and rats. Urology. (2000)
55:598-602. doi: 10.1016/s0090-4295(99)00549-x

40. Melnikovova I, Russo D, Fait T, Kolarova M, Tauchen ], Kushniruk N, et al.
Evaluation of the effect of Lepidium meyenii Walpers in infertile patients: a randomized,
double-blind, placebo-controlled trial. Phytother Res. (2021) 35:6359-68. doi: 10.1002/
ptr.7287

41.El-Sheikh TM, Abuoghaba AA, Ma KG, Wadeaa MK. Impact of maca
administration on the conception rate and reproductive performance of rabbit does of
different breeds. Egypt ] Nutr Feed. (2019) 22:589-96. doi: 10.21608/ejnf.2019.79449

42. Korkmaz S, Eseceli H, Omurtag Korkmaz I, Bilal T. Effect of Maca (Lepidium
meyenii) powder dietary supplementation on performance, egg quality, yolk cholesterol,
serum parameters and antioxidant status of laying hens in the post-peak period. Eur
Poult Sci. (2016) 80:1-9. doi: 10.1399/eps.2016.147

43. Turgud FK, Naring D. Influences of dietary supplementation with Maca (Lepidium
meyenii) on performance, parameters of growth curve and carcass characteristics in
Japanese quail. Animals (Basel). (2022) 12:318. doi: 10.3390/ani120300318

44. Cicero AFG, Bandieri E, Arletti R. Lepidium meyenii Walp. Improves sexual
behaviour in male rats independently from its action on spontaneous locomotor activity.
] Ethnopharmacol. (2001) 75:225-9. doi: 10.1016/S0378-8741(01)00195-7

45. Gonzales GE, Cérdova A, Vega K, Cheng A, Villena A, Géiez C, et al. Effect of
Lepidium meyenii (maca) on sexual desire and its absent relationship with serum testosterone
levels in adult healthy men. Androl. (2002) 34:367-72. doi: 10.1046/j.1439-0272.2002.00519.x

46. Matos TW. Efecto de la maca (Lepidium meyenii Walp.) en la presentacién de celo
en vaquillas Holstein en el establo “Chacra Valdivia” Matahuasi-Concepcion. Thesis
Universidad Nacional del Centro del Pert, Huancayo, Peru (1995).

47. Gonzales G, Gasco M, Cordova A, Chung A, Rubio J, Villegas L. Effect of Lepidium
meyenii (Maca) on spermatogenesis in male rats acutely exposed to high altitude (4340
m). ] Endocrinol. (2004) 180:87-95. doi: 10.1677/joe.0.1800087

48. Bustos-Obregon E, Yucra S, Gonzales GE Lepidium meyenii (maca) reduces
spermatogenic damage induced by a single dose of malathion in mice. Asian J Androl.
(2005) 7:71-6. doi: 10.1111/j.1745-7262.2005.00006.x

frontiersin.org


https://doi.org/10.3389/fvets.2024.1375146
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1111/and.12911
https://doi.org/10.1111/and.12682
https://doi.org/10.3109/13697137.2014.929649
https://doi.org/10.1155/2015/324369
https://doi.org/10.17843/rpmesp.2014.311.15
https://doi.org/10.1016/j.jep.2005.08.035
https://doi.org/10.1016/j.jep.2005.08.035
https://doi.org/10.1016/j.fct.2007.04.002
https://doi.org/10.3109/15376516.2013.785656
https://doi.org/10.1016/S0308-8146(02)00133-4
https://doi.org/10.1007/s10565-006-0033-0
https://doi.org/10.1111/j.1749-6632.2009.05174.x
https://doi.org/10.1166/ajnn.2011.1035
https://doi.org/10.1080/15376516.2016.1275908
https://doi.org/10.1007/s11130-007-0042-z
https://doi.org/10.1007/s11130-007-0042-z
https://doi.org/10.3109/15376516.2013.802830
https://doi.org/10.1016/j.theriogenology.2010.01.028
https://doi.org/10.1016/j.anireprosci.2012.04.002
https://doi.org/10.1111/and.12453
https://doi.org/10.1016/s0090-4295(99)00549-x
https://doi.org/10.1002/ptr.7287
https://doi.org/10.1002/ptr.7287
https://doi.org/10.21608/ejnf.2019.79449
https://doi.org/10.1399/eps.2016.147
https://doi.org/10.3390/ani120300318
https://doi.org/10.1016/S0378-8741(01)00195-7
https://doi.org/10.1046/j.1439-0272.2002.00519.x
https://doi.org/10.1677/joe.0.1800087
https://doi.org/10.1111/j.1745-7262.2005.00006.x

	Influence of dietary supplementation with Lepidium meyenii (Maca) on sperm quality in dogs
	Introduction
	Materials and methods
	Ethical approval
	Animals and study design
	Sampling procedures and semen analysis
	Statistical analysis

	Results
	Quantitative parameters
	Motility and morphology

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

