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Simple Summary: Alpaca is one of the main South American Camelids as well as the economic base
of Peru. The spermatozoa from male alpaca adults have been characterized as having bad
freezeability; this problem has molecular, genetic, and physiological basis. In this sense, semen
processing during cryopreservation must be the least harmful aiming to maintain sperm
functionality for posterior use in reproductive biotechnologies such as artificial insemination, in
vitro fertilization (IVF) and/or intracytoplasmatic sperm injection (ICSI). Oxidative, osmotic and
thermic stress are the main injuries during freezing/thawing process. Bioactive metabolites from
natural extracts of black Maca, which has highly protective and antioxidant properties, was
evaluated as supplement of the cryopreservation medium in three concentrations 10mg/ml,
20mg/ml and 30mg/ml. Sperm parameters were analyzed before and after cryopreservation, the
impact on oxidative stress was also observed through the analysis of DNA fragmentation, lipid
peroxidation and total emission of sperm Reactive Oxygen Species (ROS). The results showed that
the supplementing the cryopreservation medium with black Maca at 20mg/ml improved sperm
parameters and decreases the total emission of ROS.

Abstract: The objective of this study was to evaluate the effect of the addition of atomized black
Maca in the cryopreservation medium of epididymal spermatozoa of alpaca species. Fifteen pares
of testes and epididymis from alpacas in reproductive age were collected from a local
(Huancavelica) slaughterhouse and transported in NaCl 0,9% at 10°C to the laboratory. Each sample
of epididymal sperm were divided in six groups: 1) Fresh, 2) Yolk medium (YM), 3) YM+10mg/ml
Maca, 4) YM+20mg/ml Maca, 5) YM+30mg/ml Maca, and 6) YM+ Resveratrol (antioxidant positive
control). Sperm cryopreservation was performed through the slow freezing method. Markers
associated with functionality such as motility, vitality and plasma membrane integrity. Cellular
markers associated with oxidative damage such as DNA fragmentation, total ROS production and
lipid peroxidation were analyzed before and after freezing. The results showed that the
supplementation with black Maca at 20mg/ml improved the sperm motility, viability and integrity
of the membrane. Similarly, total ROS production decreased with Maca at 10 mg/ml (25 + 2.23%)
and 20mg/ml (20 + 2.52%) (P<0.05). However, DNA fragmentation and lipid peroxidation was
similar in all groups. These results suggest that Maca at 20mg/ml has a protective effect during
freezing/thawing process of epididymal sperm of alpaca species.
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1. Introduction

Peru is the world's leading producer of alpacas (Vicugna pacos) and the second of llamas (Lama
glama). [1]. Due to the economic importance that these species represent several groups have focused
the on the conservation and freezing of semen of South American camelids in Peru. Specifically, the
alpaca species has been used as a model for cryopreservation of semen, in vitro fertilization (IVF),
and artificial insemination s; however, the expected outcomes have not been reached such as in other
domestic species [2]

Gamete freezing, specifically cryopreservation of mammalian spermatozoa, is an important tool
in assisted reproduction, safeguarding the species' genetic pedigree, it allows long-term preservation
of genetic resources, and/or preservation of endangered species [3]. Nevertheless, cryopreservation
of alpaca spermatozoa has not been used extensively because of its limiting step of semen collection
and poor freezability [4]. associated with specific semen characteristics, such as low sperm count, a
high percentage of abnormalities, and the viscosity of seminal plasma [5].

During cryopreservation, the sperm are exposed to different stressors, such as the formation of
ice crystals, toxicity of the cryoprotectants and changes of temperature during chilling, freezing, and
rewarming [6]. These changes lead to osmotic and thermal shock and oxidative stress, which are
among the main biophysical factors affecting sperm viability [7]. Oxidative stress refers to the
increase of intracellular concentrations of reactive oxygen species (ROS) [8]. Spermatozoa are
susceptible to oxidative stress through all semen processing, which is why it is considered one of the
main factors associated with fertilization failures [9].

Although a controlled ROS production is essential for activation of sperm motility, capacitation,
and fertilization [10]. During a pathophysiological imbalance, however, ROS accumulate and react
with biomolecules (i.e., membrane phospholipids, enzymes, chromatin), impairing structure and
cellular functions [8,11]. ROS can induce lipid peroxidation and DNA fragmentation, affect sperm
motility and their ability to fertilize [10]. Lipid peroxidation associated to OS decrease sperm motility
and viability, acrosome integrity, and mitochondrial function [12].

However, it has been shown that detrimental effects of ROS imbalance can be partially
prevented by adding antioxidants during in vitro manipulation of spermatozoa [13]. Therefore,
antioxidant therapy by the addition of antioxidants to semen extenders has been a strategy to
improve the quality of frozen-thawed sperm [14]. For instance, methionine, vitamin C (ascorbic
acid), and vitamin E (a-tocopherol) have been used in semen extenders to protect the cells against
cryoinjury [15]. However, dilution or cooling of these antioxidants during the cryopreservation
process could reduce their benefits related to antioxidant defense.

In this scenario, a natural source of additives to preserve and enhance sperm function during
semen storage is plant extracts [16]. Plants produce a wide range of chemical compounds with
bioactive properties, including alkaloids, phenolic compounds, and terpenoids. For instance,
resveratrol, a natural polyphenolic compound, has been extensively used as a suitable antioxidant
supplement for semen extenders in human and domestic species [17]. Furthermore, these natural
metabolites can have antimicrobial activities and act as ROS scavengers. Therefore, plant extracts
represent a good alternative to conventional antioxidants used for cryogenic storage of semen.

Maca (Lepidium meyenii Walpers or Lepidium peruvianum Chacon), from the Brassicaceae family,
it is a native Peruvian plant that grows in the Central Andes between 4,000 to 4,500 meters above sea
level. The root of this plant has been used as folk medicine to increase fertility due to its high sucrose
content [18] and phytochemicals [19-21] Several health benefits have been reported to its bioactive
compounds, such as improving sexual performances in animals [22] and in humans [23],
spermatogenesis [21,24], energizing anti-stress and antioxidant effects [25-27], natural cytoprotection
[28,29] and cytoprotection against oxidative stress conditions [25,30].

In addition to the high concentration of antioxidants, L. meyenii contains several secondary
metabolites that help keep ROS levels low, which is why the cytoprotective effects of Maca are
associated with its antioxidant activity by increasing the enzymatic activity of superoxide dismutase.
and through the direct elimination of free radicals [31]. Studies have shown that Maca secondary
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metabolites participate in the hydroxyl radical scavenging and free radical scavenging capacity of
2,2-diphenyl-1-picrylhydrazyl, thus increasing superoxide dismutase and glutathione activity [32].

Thus, regarding the valuable cytoprotective and antioxidant capacities of Maca, the purpose of
this study was to evaluate the effects of atomized extract of Maca during cryopreservation of
epidydimal alpaca spermatozoa.

2. Materials and Methods

2.1. Sample Collection

Fifteen pairs of alpaca testicles and epididymal of alpacas from between 4 to 6 years old were
obtained from the Municipal slaughterhouse, Huancavelica (3000-3700 m.s.n.m) Peru. The samples
were stored in 0,9% NaCl at 10°C and transported for 22 hours to the laboratory. The sample
collections were carried out once every two weeks for four months.

2.2. Obtaining the Epididymal Sperm

At the laboratory, we proceeded to isolate from the epididymal tail region, which tail regions
were used, which were removed and cut into small pieces in 1ml of 0,9% NaCl 9% at 37°C. Then the
suspension containing the spermatozoa was transferred to 1.5 ml plastic tubes, and they were placed
in an incubator at 37°C for fifteen minutes to allow the spermatozoa to recover. After this time, the
sample will be separated into two parts. The first was to determine the conventional parameters such
as motility, viability and integrity of the plasma membrane; then, the sample was washed with PBS
using centrifugation to remove tissue remains, leaving only the sperm. To carry out the
cryopreservation of the spermatozoa, the exclusion criterion was that the motility value was more
significant than or equal to 70%.

2.3. Sperm Cryopreservation and Maca Supplementation

The medium used for cryopreservation was Tris Yolk Medium (YM) with 10% fetal bovine
serum (FBS) containing 0.25M Fructose and 10% Dimethyl sulfoxide additionally it was
supplemented with the atomized hydroalcoholic (methanolic) extract of commercial black Maca
powder (JUVENS® Cayenatur, Lima, Peru) as described by the Research Circle of Plants with Effect
on Health (Grant no. 010-2014-FONDECYT). This medium was made into four treatments where
black Maca was added at three concentrations of 10mg/ml, 20mg/ml and 30mg/ml, and 5mg/ml
Resveratrol (Sigma, St. Louis, MO, USA) as antioxidant control.

2.4. Evaluation of Sperm Parameters

2.4.1. Sperm Motility

Sperm motility was evaluated according to the criteria of the World Health Organization [33].
10ul of the sperm sample was placed on a slide previously tempered at 37°C and observed under a
field microscope. Rapidly plus slowly progressive motility with forward movement was considered
Progressive motility. The values were expressed in percentages based on 100 spermatozoa from the
observed field.

2.4.2. Sperm Viability

On a slide previously tempered at 37°C, 5ul of the sperm sample was analyzed and then 5ul of
eosin Y (tempered at 37°C) was added, both drops were mixed, and the viability was evaluated after
2 minutes. It was placed on a coverslip and observed under a light microscope at 400X magnification.
It was carried out using the vital dye Eosin Y at 0.5% to evaluate the viability of the spermatozoa and
find the ratio of live and dead (orange head) spermatozoa.


https://doi.org/10.20944/preprints202305.1336.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 May 2023 doi:10.20944/preprints202305.1336.v1

2.4.3. Plasma Membrane Integrity

The evaluation was through the hypoosmotic test, also known as the HOST test, a hypoosmotic
solution was prepared with a final osmolarity of 100mOsm. 30ul of the sperm preparation was
incubated with 270ul of the hypoosmotic solution for 30 minutes at 37°C. The proportion of
spermatozoa showing the typical curling of the tail (caused by swelling) concerning the total number
of spermatozoa evaluated was evaluated. The result was expressed as a percentage of spermatozoa
with an intact membrane, that is, the percentage of spermatozoa that responded to the hypoosmotic
test.

2.5.1. Sperm Mitochondrial Activity

It was analyzed using Nitro Blue Tetrazolium (NBT) to measure mitochondrial activity. A 10uL
drop of spermatozoa homogenate was mixed with 10uL of 1X NBT on a slide pre-heated to 37°C on
a heated stage. The oxidation-reduction system was placed in an anaerobic chamber for 45 minutes
at 37°C. Spermatozoas were evaluated under a microscope with the immersion objective 100X; the
mitochondrial activity was determined according to the classification in percentages proposed by
Hrudka [34].

2.5.2. DNA Fragmentation Analysis

The evaluation was carried out using the commercial terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labelling (TUNEL) kit (In situ cell death detection Kit, Fluorescein Roche®
Mannheim, BW, Germany). The sample's treatment was described by Santiani [35] with some
modifications. A sperm suspension of 2x106 spermatozoa /ml was used to be then fixed in 4%
formaldehyde for 15 minutes at 4°C. Subsequently, two washes were carried out with phosphate
saline solution (PBS). Next, the samples were permeabilizated, resuspending in 100ul with 0.5%
Triton X-100 diluted in 0.1% Sodium Citrate for 30 minutes at room temperature. The
permeabilization solution was removed by washing by centrifugation in PBS.

The samples under study were resuspended in 50pl of TUNEL working solution and incubated
for 60 minutes in a humid and dark chamber at room temperature. After this time, they were
resuspended in 500ul of PBS and washed at 500 g for 6 minutes. The pellets were resuspended in 400
ul of PBS and 2ul of propidium iodide (2.4mM stock solution). The samples were conserved in a dark
chamber at 4°C before being evaluated by fluorescence microscopy. The fragmentation index was
defined as live fluorescent spermatozoa were counted for TUNEL over spermatozoa without
propidium iodide fluorescence (Figure 1).

2.5.3. Evaluation of ROS Production

The evaluation of the intracellular ROS using the reactive oxygen species assay kit (Beyotime
Institute of Biotechnology) was applied to measure the level of intracellular ROS following the
manufacturer's instructions. 2',7'-Dichlorofluorescein diacetate (H,DCFDA) is a cell-permeable, non-
fluorescent reagent deacetylated by cellular esterases to a non-fluorescent 2',7'-dichlorofluorescein
(H.DCF) after diffusion into the cell. ROS then oxidizes the H,DCF to a highly fluorescent 2',7'-
dichlorofluorescein (DCF). The samples were conserved in a dark chamber and evaluated by
fluorescence microscopy [36].

2.6. Cryopreservation Method

The straws were sealed and placed in the Thermo-controlled freezing system using the
CRYOBATH system directed by the Cryogenesis Version 4.0 (Cryologics) software, the freezing
protocol being as follows: The initial temperature was 4°C, the samples were kept at that temperature
for five minutes. The second period was the drop in temperature from 4°C to 2°C at a rate of 3°C/min,
maintaining 2°C for one minute. The third period was from 2°C to -30°C with a freezing rate of
5°C/min and finally from -30°C to -80°C with a cool rate of 8°C/min. After this point, the straws were
placed in liquid nitrogen until thawed [37].
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2.7. Statistical Analysis

Data were analyzed using the Shapiro-Wilk test and ANOVA for distribution. Data (mean + SD)
were compared using multiple comparisons t-test (non-parametric test). The Wilcoxon Test was used
to analyze the NBT data that did not present a normal distribution. Statistical analysis and graphical
representation were performed using R version R-studio 1.4.17173

Results

3.1. Effect of Maca on Sperm Parameters

Sperm motility, membrane function, viability, acrosome integrity as well as DNA integrityy,
lipid peroxidation and total levels of ROS are showed in Table 1.

3.2. Effect of Maca on Sperm Motility

First, we evaluated how sperm motility was affected by the cryopreservation process and Maca
supplementation. The addition of 10 mg/ml and 20 mg/ml of Maca concentrations improved sperm
motility compared to the control group (YM). Sperm motility at 20mg/ml of Maca was greater (40 +
2.45%) than Resveratrol (27 + 1.20%) (P<0.05).

3.3. Effect of Maca on the plasma membrane integrity

The membrane integrity was significantly affected by the cryopreservation process (Fig 1); the
addition of 10 mg/ml, 20 mg/ml, and 30 mg/ml of Maca improved the plasma membrane integrity
compared to fresh samples. Moreover, 20mg/ml of Maca increased the viability after thawing
(58.33+7.78%) compared to the control Tris-Yolk medium (P<0.05), but at levels similar to the group
supplemented with Resveratrol (57.08 + 2.57%) (Table 1).

3.4. Effect of Maca on Sperm Viability

Sperm viability was also affected by the cryopreservation process Table 1. Spermatozoa
cryopreserved in YM supplemented with 20 mg/ml showed similar viability after thawing (54.58 *
5.41%) to the group supplemented with Resveratrol (55.83 +8.75%). In addition, 20 mg/ml of Maca
and Resveratrol increased viability when compared with the control Tris-Yolk Medium (TYM)
(p<0.05). Finally, fresh semen had the highest proportion of viable sperm (Table 1).

3.5. Effect of Maca on Sperm Oxidative Stress Activity

Total reactive oxygen species (ROS) emission from alpaca spermatozoa (Figure 1), increased
after cryostorage in YM (40+12.6%) with respect to the initial pre-freezing (fresh) samples (29.2+10.7
%) (P<0.05). The group treated with Maca at 20mg/ml showed a significant decrease in total sperm
ROS emission of (19.2 +7.33%) with values similar to resveratrol used as positive control (22.5+7.23%).

Table 1. Sperm parameters before (Fresh) and after freezing/thawing (*).

DNA Mitochondrial
Groups Motility % Viability % HOST% fragmentation = ROS % activity
index index
Fresh 75+£2.672 61.25+829%  69.16 +8.21- 1.64 +0.83¢ 2921070 0.892+0.2552
0,910 +0,2772

*YM 25+1.49° 46.25+5.69° 51.25+7.72° 4.47 +3.102 40 +12.6°

* a
Maca o) o1 71c 47.08+6.89°  50.08 +6.20° 455+191s  258+7.93 5260255
10mg/ml
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* a
Maca 0 04505458541 5833+ 778 3954188  192+733 202+ 0171
20mg/ml
Maca 0,765+ 0,1882
22.5+1.83" 4833 +6.850  52.91 + 3.34b 416+1770 30+ 148
30mg/ml

*Resveratrol 27 +1.20> 55.83 +8.75¢  57.08 +2.57¢ 490+265  225+7.23< 0.872+0.0982

Significant difference P<0.05; between the control and each treatment group. YM: Tris-Yolk medium. Trist-Yolk
medium without and supplement with different concentration of Maca (*). »><d Different letters between rows

indicate significant between groups.
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Fresh Yolk Medium Maca 10mg/ml Maca 20mg/mi Maca 30mg/mi Resveratrol
Groups

Figure 1. Effect of Lepidium meyenii on sperm oxidative stress (ROS) activity. Percentage of sperm with
a high amount of ROS. Fresh, Yolk medium (YM), YM supplemented with Maca 10mg/ml, YM
supplemented with Maca 20mg/ml, YM supplemented with Maca 30mg/ml and YM supplemented
with resveratrol . Significant difference; *: p <= 0.05, **: p <= 0.01, **: p<=0.00 between Control and

each treatment group.

3.6. Effect of Maca on Sperm DNA Fragmentation

DNA fragmentation (Figure 3) was increased after freezing/thawing when compared to the Yolk
medium supplemented with Maca or with the Resveratrol, which shows damage at the DNA level
as a result of cryopreservation. After freezing, no significant differences (P >0.05) were observed
among groups (Table 1 and Figure 2)
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Figure 2. Relative DNA fragmentation by treatment Percentage of index DNA fragmentation per
treatment. Fresh, Yolk medium, Maca 10mg/ml, Maca 20mg/ml, Maca 30mg/ml and resveratrol.
Significant difference; *: p <= 0.05, **: p <= 0.01, ***: p<=0.00 between Control and each treatment

group.

(a) (b) (c)

Figure 3. DNA fragmentation of frozen/thawed epididymal alpaca sperm. (a) Bright field. (b)
Fragmented TUNEL-positive spermatozoa (intense green), (c) Sperm positive for propidium iodide
(red). Total magnification: 400x.

3.7. Effect of Maca on Lipid Peroxidation

Mitochondrial activity index and function for each sample were assesed based on the
classification of formazan deposits (Figure 4), obtained from the number of cells classified in each
category (Compact: number of cells classified in each category (Compact: “C”, Subcompact: “SC”,
Focal: “F”, Residual: “R”). No significant differences (P>0.05) were found among all groups.
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Figure 4. Cytochemical reaction of endogenous reductases in the middle sperm piece. Four formazan
deposits were identified. A) C (Compact), B) Sc (Sub-compact), C) F (Focal), and D) D (Diffuse) in
alpaca sperm mitochondria visualized with NBT technique. Photographs taken by 800X optical
microscopy.

3.8. Effect of Maca on Cytochemical Activity of Oxidoreductases

Cytochemical activity rates were identified according to the amount of formazan deposited in
the mitochondrial sheath (Fig. 4), where the Compact (strong and uniform staining) and Subcompact
(medium to strong deposit) patterns were associated with the standard and substandard rates.
Respectively, both were classified as Intensive Reactions. On the other hand, Focal (few localized
deposits) and Diffuse (weak and/or absent reaction) patterns were related to Low and Residual rates
as reduced reactions. The results of the comparison of sperm cytochemical activity percentages are
summarized in Table 2. Among the treatments with Maca, an intensive reaction was found at
10mg/ml (61.6%), close to the values of the fresh group (70.2%) and Maca 30mg/ml (51.3%). Maca at
20mg/ml presented (38.2%), similar to the positive antioxidant control (35%), this being the lowest
value (P<0.05).

On the other hand, the post-freezing groups, Yolk medium, Maca at 10mg/ml and 30mg/ml,
showed a significant increase in the average Reduced Reaction (0.65%), (0.55%) and (0.608%), a higher
value was found with the positive antioxidant control (2.217%) respectively about the other groups,
Maca at 10mg/ml and 20mg/ml presented values of (0.55% and 0.408%) respectively, evidencing poor
mitochondrial function. (P<0.05).

Table 2. Rates of Cytochemical Activity of Oxidoreductases on the fresh and freezing/thawing (*).

Rate of Activity (%)
Intens.lve Reduced
. Reaction X
Standar  Sub-standar Low Residual Reaction
(St + Sub-
(Low + Res)
st)
Fresh 38+19.4 13.5£9.42  0.900 +0.65 0 51.52 0.92
*TYM 442+328  260+19.2 0.500+0.79 0.150+0.28 70.2b 0.65P
*Maca 10mg/ml 479+321 13.7+950 0.550+1.50 0.008 +0.03 61.6° 0.55¢
*Maca 20mg/ml 21.3+5.61 16.9+224 0.375+0.45 0.033+0.12 38.2¢ 0.408¢
*Maca 30mg/ml 403+21.2 11.0+x844 0.525+0.73 0.083+0.15 51.32 0.6084
*Resveratrol 23.5+12.4 11.5+9.66 2.22 +0.46 0.017+0.06 35¢ 2.217¢

abede Different letters between rows indicate significant between groups.
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4. Discussion

The present study showed the effects of the supplementation of cryopreservation media with
Maca (L. meyenii) on the functionality parameters of frozen epididymal alpaca sperm. Several studies
have shown that Maca improved seminal quality in humans and stallions related to its high
antioxidant power [38].

In spermatozoa, the plasma membrane, the mitochondrial membrane and the acrosomal
membrane contain polyunsaturated fatty acids and are, therefore, very susceptible to stressors,
especially during freezing procedures. Cryopreservation is one of the factors that increase cell
damage by ROS and have negative effects on sperm parameters [39]. Also, during cryopreservation
and thawing, and even during storage in liquid nitrogen, there is damage to the sperm due to the
biophysical changes that occur in this process [40]

The components of black Maca have been extensively studied in recent years due to their
antioxidant capacity. The presence of glucosinolates and macamides allows Maca to protect cells from
oxidative stress damage [41]. In addition, there are various factors, such as the Maca hypocotyls
colour or the use of different cryopreservation methods, processing and types of extraction
(methanol, chloroform, DMSO and water) of Maca that can modify the concentrations of bioactive
metabolites and influence its antioxidant capacity [42]

In this study, sperm motility was significantly affected by the cryopreservation process.
However, adding Maca to the media at concentrations of 10 mg/ml, 20 mg/ml, and 30 mg/ml
improved sperm motility. In addition, the alpaca spermatozoa recovered from the epididymis and
post-freezing have low motility in relation to ejaculated semen. Various works on epididymal sperm
cryopreservation have shown variable values of sperm viability from 21 to 32% post-thawing
[4,37,44]. It has been observed that alpaca spermatozoa, whose initial motility was 46%, decreased to
24% after the freezing process, with motility being the most affected parameter in this process [37,44].

However, some researchers have chosen to study the phosphorylation pattern of spermatozoa,
and it is speculated that immediately after thawing, cryopreserved semen would show a
phosphorylation pattern similar to that observed in fresh semen subjected to capacitation, so it could
also be an additional factor for increased sperm motility [45].

The in vitro protective effect of Lepidium meyenii on frozen-thawed bovine spermatozoa was
studied, and it was found in terms of the morphology and motility test that these improved at
concentrations of 1 and 10 pg/mL, respectively, but an adverse effect was also observed in
morphology at the highest concentration of 100 ug/ml. However, the best activity of the Maca extract
was observed on sperm DNA integrity, which was effective at the three concentrations evaluated
after 24 h of incubation [46].

According to the results of the DNA fragmentation of the alpaca spermatozoa, there were no
differences between the media with post-freezing black Maca. In addition, a study was observed in
male rats, with damage induced in spermatogenesis by acetate, and these were treated with Maca
and showed an improvement in spermatogenesis, as well as an increase in the motile sperm count
and a sperm count with normal morphology. On the contrary, they found an effect in the
concentration of 100 pg/mL in TUNEL, which would show a hormetic effect of the extract on these
parameters [29].

Hormesis is defined as an adaptive response to stressors that results in a biphasic dose-response
relationship, such that low-dose stimulation results in a beneficial adaptation while high-dose
stimulation produces a toxic effect. [47]. Furthermore, this deleterious effect could be followed by an
excess concentration of antioxidants that reduce too many oxidants that, in low concentration, are
necessary for sperm functions [48].

Regarding lipid peroxidation, no significant differences were found between the post-freezing
treatments. Similar results were observed in horses fed with Maca in a period between 30 and 120
days; the spermatozoa were stored at 5C and later evaluated at 24, 48, and 72 hours. Even when other
sperm parameters did decrease, no difference was detected. significant increase in lipid peroxidation
[49].
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Accordingly, the loss of motility in equine spermatozoa after freezing was observed, but without
significant differences in lipid peroxidation. This is because damage to the biological membranes of
spermatozoa can cause fusion and loss of saturated and unsaturated fatty acids, which could explain
the lower presence of peroxidized lipids [50]. Regarding lipid peroxidation and fragmentation, its
positive relationship with sperm motility and ROS emission is still not clear. However, for the success
of in vitro and in vivo fertilization, good sperm motility is crucial for reproductive success.

5. Conclusion

In conclusion, the supplementation with 20mg/ml of black Maca in the media improves sperm
parameters such as sperm motility, sperm viability and membrane integrity, it also decreases the
emission of total sperm ROS after freezing showing the natural antioxidant property of Black Maca.
Thus, Maca rises as a valid alternative as a cytoprotective supplement for the cryopreservation
medium of epidydimal sperm of alpaca species. Further studies will be focused on the use of Maca-
supplemented cryostored sperm on fertility capacities using either, in vitro (IVF) or in vivo (AI)
models.
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