
ORIGINAL RESEARCH
published: 09 December 2021

doi: 10.3389/fvets.2021.692874

Frontiers in Veterinary Science | www.frontiersin.org 1 December 2021 | Volume 8 | Article 692874

Edited by:

Manuel Alvarez Rodriguez,

Linköping University, Sweden

Reviewed by:

Pier Paolo Claudio,

University of Mississippi, United States

Ali Shalizar-Jalali,

Urmia University, Iran

*Correspondence:

Veronica Palumbo

veronica.palumbo@unina.it

Specialty section:

This article was submitted to

Animal Reproduction -

Theriogenology,

a section of the journal

Frontiers in Veterinary Science

Received: 09 April 2021

Accepted: 17 November 2021

Published: 09 December 2021

Citation:

Greco A, Del Prete C, De Biase D,

Palumbo V, Albanese S, Bruzzese D,

Carotenuto D, Ciani F, Tafuri S,

Meomartino L, Mancini M, Paciello O

and Cocchia N (2021) Effects of Oral

Administration of Lepidium meyenii on

Morphology of Mice Testis and Motility

of Epididymal Sperm Cells After

Tetrahydrocannabinol Exposure.

Front. Vet. Sci. 8:692874.

doi: 10.3389/fvets.2021.692874

Effects of Oral Administration of
Lepidium meyenii on Morphology of
Mice Testis and Motility of
Epididymal Sperm Cells After
Tetrahydrocannabinol Exposure
Adelaide Greco 1,2, Chiara Del Prete 3, Davide De Biase 4, Veronica Palumbo 3*,

Sandra Albanese 2, Dario Bruzzese 5, Domenico Carotenuto 6, Francesca Ciani 3,

Simona Tafuri 3, Leonardo Meomartino 1, Marcello Mancini 2, Orlando Paciello 3 and

Natascia Cocchia 3

1 Interdepartmental Center of Veterinary Radiology, University of Naples Federico II, Naples, Italy, 2 Institute of Biostructures

and Bioimaging of the National Council of Research, Naples, Italy, 3Department of Veterinary Medicine and Animal

Production, University of Naples Federico II, Naples, Italy, 4Department of Pharmacy, University of Salerno, Fisciano, Italy,
5Department of Public Sanity, University of Naples Federico II, Naples, Italy, 6Universidad Nacional Mayor San Marcos, Lima,

Peru

Background: Tetrahydrocannabinol (THC) administration is associated with testicular

damage and reduced semen quality. Oral administration of Lepidium Meyenii

(maca) improves spermatogenesis and sperm motility and count and reduces

spermatogenic damage.

Objectives: The aim of this study was to evaluate the effect of administration of THC,

maca, and their combination on testicular tissue and semen parameters.

Materials and Methods: Thirty-six-week-old male mice were classified into control,

THC, Maca, and THC + Maca groups. The mice were subjected to Eco Color Doppler

ultrasound examination of the testicles before and after treatment. After euthanasia,

the epididymis, testes, liver, and kidney were collected for histological examination. For

morphometry of the testis, tubular diameters and seminiferous epithelium height were

measured. Sperm concentration and spermmotilities were assessed. Differences among

the groups were assessed using the Kruskal–Wallis and Dunn’s post-hoc test.

Results: In all the groups, there were no significant changes in testicular morphology

before and after treatment. Histological assessment of the testes showed no alterations

in control, no significant alterations in Maca, mild to moderate alterations in THC,

and mild alterations in THC + Maca groups. Histological examination of the other

organs showed no significant differences among the groups. Tubular diameter showed

significantly increased thickening for THC and THC+Maca compared with that for Maca

and control. Moreover, seminiferous epithelium height decreased for THC compared

with that in the control, Maca, and THC + Maca groups. No statistically significant

reduction in the spermatogenic index was observed for THC comparedwith that for Maca
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FIGURE 1 | Representative Longitudinal Scan of mouse testis with color Doppler HFUS image. Images of pre-treatment and post-treatment mice testis with (A) 10

mg/kg THC, (B) 50 mg/Kg maca, and (C) 10 mg/kg 1
9-THC and 50 mg/Kg maca. After 30 days of treatment, the THC group showed more intense vascularization

than the baseline. In contrast, the Maca and Maca + THC groups showed less differences in pre- and post-treatment vascularization.

Semen Parameters
Semen evaluation was performed on the 24 treated mice and in 6
untreated c57/BL/6 mice used as controls. Significant differences
in all semen-related variables were found among the groups
(Figure 4). The THC group showed a significantly lower semen
concentration (23 [20; 26.5] × 106 spz/ml) than the Maca group
(36.5 [31.5; 43.2] × 106 spz/ml; p = 0.015), THC + Maca (52
[46.5; 62.5] × 106 spz/ml; p < 0.01) and control groups (53
[43.5; 56.2] × 106 spz/ml; p < 0.001). Maca administration
resulted in lower semen concentrations in the THC + Maca
group (p= 0.032).

Total motility was significantly reduced in the THC group [34
(30; 35.5)] and Maca group [55.5 (50.2; 60.8)] compared with
that in the control group (75 [75; 80]; p < 0.001 and p = 0.036,
respectively). The THC group also showed a significantly reduced

total motility compared to the Maca group (p= 0.018) and THC
+Maca group (80 [75; 83.5]; p < 0.001).

The percentage of rapid progressive motile sperms was
significantly reduced in the THC group (15 (10, 23)) and
Maca group (39 [34; 41.5]) than in the control group (70
[65; 71.2]; p < 0.001 and p = 0.004, respectively). The
THC group showed a significantly reduced percentage of
rapid progressive motile sperm with respect to the Maca
(p = 0.019) and THC + Maca group (50 [47.5; 56.5]; p
< 0.001).

With respect to slow progressive motile sperms (%), both
the control (5 [5; 6.2]) and THC groups (5 [5; 6.5]) showed
significantly reduced percentages when compared with the Maca
(13.5 [10; 20.8]; p < 0.001 for both) and THC + Maca (15 [11;
15.5]) groups (p= 0.006 and 0.003, respectively).
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FIGURE 2 | Percentage of vascularization from color Doppler images. Boxplot showing the distribution of post-treatment PV (%) stratified by experimental groups.

Boxes represent the 25th to 75th percentile, the line represents the median and the whisker represents the min and max aside outliers that are reported outside the

whiskers.

FIGURE 3 | Mouse testis from control and experimental groups. (A) Testes from mice of the control group showed normal histoarchitecture with uniform,

well-organized seminiferous tubules, and complete spermatogenesis. (B) In experimental group 1, no severe and significant alterations were observed in testicular

parenchyma nor in spermatogenesis. (C) In experimental group 2, transverse sections of the testis showed scattered mild to moderate alterations, which were present

mostly in the multifocal detachment of germinal epithelium, irregular and buckled basement membrane, tubular deformation and degeneration, shrunken seminiferous

tubules, and increased luminal diameter. (D) In experimental group 3, mild alterations such as the detachment of germinal epithelium and reduced population of

mature spermatozoa are shown. Hematoxylin and eosin, original magnification 40×.

DISCUSSION

Studies on human reproduction are challenging, given ethical

considerations, and the results on the impact of marijuana are
confounded by socioeconomic factors and drug variability (9).

Strong efforts have been made during the years to elucidate the
effect of marijuana on reproduction in human and animalmodels
(9, 30). One of the purposes of this study was to verify the effect of

THC administration in vivo on the characteristics of epidydimal
mouse sperm cells.

Furthermore, studies in humans have suggested that dietary
supplementation with antioxidants reduces seminal oxidative
stress and improves semen quality, particularly in subfertile males
(9, 31–33). Many studies have focused on the use of natural
antioxidants from terrestrial plants to prevent sperm damage
caused by reactive oxygen species (ROS) (34–36). Maca is a
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TABLE 1 | Morphometry of the testis of control and experimental group 1 (THC), group 2 (Maca), and group 3 (THC + Maca).

Parameter Control Group 1 (THC) Group 2 (Maca) Group 3 (THC + Maca)

Seminiferous tubular diameter 215.05 ± 27.6a 167.8 ±27.4b 178.8 ±15.2b 209.3 ±29.5a

Seminiferous epithelial height 72.35 ± 9.87a 43.16 ±0.69b 59.8 ±2.7a 66.15 ±3.4a

Different subscript letters indicate significant differences between groups (p < 0.05).

FIGURE 4 | Semen parameters in control and experimental groups. Boxplot showing the distribution of semen parameters stratified by experimental groups. Semen

concentration (A), total motility (B), the percentage of rapid and slow progressive motile sperm (C,D). Boxes represent the 25th−75th percentile, the line represents

the median and the whisker represents the min and max aside outliers that are reported outside the whiskers.

traditional Andean crop used as a nutraceutical for the fertility-
enhancing properties associated with its antioxidant activity
(37, 38). Moreover, horses with maca dietary supplementation
showed an improvement in semen quality during cooling by
protecting testicular cell membranes and mitochondria from
oxidative stress (9). To date, the in vivo effects of THC combined
with maca have not been explored. Ultrasound examination is
the imaging technique of choice to explore in vivo morphology
and vascularization of soft tissue (39), including the testis, in
experimental animal models of disease (7, 40).

In our study, in vivo ultrasound examination showed the
absence of grossly morphologic alterations in mice treated
with THC, maca, and the combination of the two treatments.
However, we found a significant improvement in the percentage
of vascularization in mice treated with THC. This could

be attributed to the vascular congestion in the seminiferous
tubules of testes, also reported by others (41). We speculate
that the administration of THC in animal models leads to
an early stage of vascular congestion and subsequently, to
vascular damage, especially for a prolonged administration of
up to 6 months. However, the increase in the percentage
of vascularization by itself can induce hyperthermia and
consecutively hypofertility. The PV % decreases when mice are
treated with maca, and this is even more evident when mice
are treated with THC and maca. Maca is confirmed to have
a beneficial effect related to the decrease in oxidative stress,
which could explain the improvement of the fertility of mice
treated with both maca and THC. Finally, maca used alone did
not demonstrate the same effect in improving vascularization
in vivo (42).
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Histological evaluations was performed in order to identify
possible alterations subsequent to the oral administration of
THC and/or maca. The analysis of the selected organs other
than testis did not reveal any abnormalities. The effect of THC
and Maca on spermatogenesis were evaluated by morphometric
parameters and morphological evaluation of testis histology
using tubular spermatogenesis index, already reported in
literature (26, 27). Those analysis revealed very mild to moderate
alterations in parenchymal cytoarchitecture and spermatogenesis
in experimental groups compared to the controls. The
administration of THC affected the spermatogenesis mostly
at the stage of spermiation, showing detachment of the germinal
epithelium, exfoliation of spermatocytes, multifocally increased
luminal diameter, and a slight reduction in spermatogenesis.
However, maca administration seems to reverse the effect of
THC on spermatogenesis. Similar results were found after
administration of lead acetate plus maca (21).

In line with the morphometric evaluation of seminiferous
tubules, the in vitro semen evaluation showed a drastic reduction
in semen concentration and a loss of sperm motility, confirming
the negative effect of THC on male fertility. Despite a large
number of recent studies, the results of whether THC affects
the ability of sperm to fertilize and generate embryos remains
unclear, and the effects of cannabinoids are controversial. The
association between the chronic use of THC and abnormalities
in sperm count, concentration, motility, and morphology, as well
as structural changes in the testis in humans, has been widely
reported and reviewed in the literature (9, 43, 44). However, a
recent study conducted in male mice showed opposite results,
with no negative effect of THC on the male reproduction
process (45). Furthermore, the reduction in motility and ATP
in sperm treated with THC was dose-dependent (45–48). The
mechanism by which THC induces sperm damage is still under
investigation. THC activates cannabinoid receptors, which are
part of the endogenous endocannabinoid system. This system is
a relatively novel system located in the hypothalamus, pituitary,
and gonads in both sexes and is involved in spermatogenesis
and sperm function (44, 49). The negative effects of THC
on testicular morphology and spermatogenesis may depend
on the modulation of cannabinoid receptors that are present
on Sertoli and Leydig cells and that modulate the balance of
molecular signaling and nurturing the microenvironment (50).
Modulation of cannabinoid receptors such as CB1 (on Leydig
cells) and CB2 (on Sertoli cells) have been suggested to induce
local reduction of testosterone production and apoptosis of
Sertoli cells, respectively, hence affecting sperm development
(51, 52). In the last few years, a growing amount of data
has underlined the potential role of oxidative stress in the
mechanism of action of THC (53, 54). The risk of stroke in young
Cannabis users has recently been correlated with the generation
of reactive ROS, leading to oxidative stress (53). Moreover, a
recent study conducted in vivo on rats showed that THC induced
cerebral mitochondrial dysfunction and increased hydrogen
peroxide production (54). Since oxidative stress is involved in
male infertility, different studies have examined the role of
this stress in Cannabis-associated sperm alterations (55, 56).
These studies confirmed the implication of oxidative stress in

Cannabis-induced spermatotoxicity (55, 56). In our study, oral
administration of maca (group 2) and the combination of THC
and maca (group 3) interestingly showed little to no pathologic
effect on testis and spermatogenesis. However, these data were
not completely corroborated by the in vitro evaluation of semen,
which revealed a harmful effect of maca on SC and sperm
motility. Indeed, other investigators have observed a beneficial
effect of maca administration on spermatogenesis in mice,
improving sperm count and motility (7, 9, 16, 57). Meanwhile,
the use of only maca reduced sperm motility and concentration,
and the supplementation of mice receiving THC with maca
improved sperm characteristics.

Based on results, authors can hypothesize different
mechanisms used by Maca to reverse the deleterious effect
of THC. Since mice treated with THC plus Maca have similar
histological results to control group, maca could protect the
testis from spermatogenic disruption caused by THC preventing
apoptosis of the developing germ cells and improving the
number of cells progress through the spermatogenesis. Previous
study suggests that Maca reversed deleterious effects due lead
acetate on spermatogenesis by protecting onset of mitosis and
spermiation (21).

Positive effect of Maca is correlated with its antioxidant effect
that reduces THC-associated sperm damage caused by oxidative
stress. Similar ameliorative effects in Cannabis sativa-associated
spermiotoxicity were reported with the use of other antioxidants,
such as a combination of melatonin and vitamin C (15, 55).
The negative effect of the administration of maca on semen
can be due to an alteration of the endogenous antioxidant
systems by this antioxidant. Oxidative stress caused by ROS
is physiologically balanced by endogenous antioxidant systems.
The authors’ hypothesis is that in these mice, under physiological
conditions, antioxidant supplementation is not necessary because

the balance between pro-oxidants and antioxidants is already
in place for the natural evolution of sperm physiology. The
addition of antioxidants in the diet or in the semen-targeted
improvement of semen production and quality should take into
account the endogenous production of antioxidants, which varies

greatly between individuals (9, 58, 59). There is a limitation of
the study and potential bias caused by the subjective evaluation
of sperm motility.

In conclusion, this study confirmed that the oral

administration of maca prevents the harmful effect of THC

on mouse spermatogenesis and spermatozoa features, and it
lends further credibility to the hypothesis that Maca could be
an alternative treatment for male infertility. In order to evaluate

the biological activity of maca during oral supplementation,
successive studies should be carried out on redox status
measurements and reproductive hormonal modifications in
treated mice.
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