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Formaldehyde (FA) is an oxidative stress inducer and a known carcinogen. Hedeoma drummondii has been shown to have
potential as a chemopreventive agent. The aim of this study was to assess the protective effect of H. drummondii on FA-induced
genotoxic damage, sperm quality parameters, and histological changes of the testis. The maleWistar rats used were divided into the
following groups: (G1) 100mg/kg H. drummondii; (G2) 10mg/kg FA; (G3) 100mg/kg H. drummondii+ 10mg/kg FA; (G4)
phosphate-buffered saline; (G5) 100mg/kg α-tocopherol; (G6) 100mg/kg α-tocopherol+ 10mg/kg FA; and (G7) soybean oil.
The results showed a sperm concentration of 23.66Æ 1.52 versus 33.67 cells/mL (p¼ 0:02), and a percentage of motility of
29.66Æ 1.51 versus 33.33 (p¼ 0:620), for groups G3 and G6, respectively. Histopathological (H&E) and immunohistochemical
analysis of superoxide dismutase showed damage in the germinal epithelium (GE) in G2. While in groups G3 and G6, the
histological structure was preserved. A protective effect on sperm DNA fragmentation was also observed for treated groups
(G3 and G6, p<0:0001 vs. G2). While in groups G3 and G6 the histological structure was preserved. A protective effect on sperm
DNA fragmentation was also observed for treated groups (G3 and G6). In conclusion, FA exposure significantly reduces sperm
quality parameters, causes sperm DNA damage, and alters GE in the testis, whileH. drummondii has a protective effect against FA-
induced sperm genotoxic damage, similar to α-tocopherol.

1. Introduction

Formaldehyde (FA) is a chemical product mainly used for
resins, wood, plastics, coatings, and textile productions [1]. It
is an environmental pollutant classified as carcinogenic to
humans since its inclusion in the 14th report about carcinogens

in 2016. Abnormalities in sperm quality and male fertility are
strongly associated with environmental pollution [2]. Studies
about occupational exposure to FA have reported low sperm
motility in exposed workers [3], and some other animal studies
have shown negative effects on sperm quality, atrophy and
decreased testicular weight, differences in serum testosterone
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levels, and deteriorations in tubular diameter and height of the
seminiferous epithelium, after FA exposure [4–8]. Likewise,
studies in rats exposed intraperitoneally to FA found changes
in cells of the germinal epithelium (GE), decreasedmotility and
sperm concentration, and increased sperm DNA fragmenta-
tion [9–11]. Furthermore, it has been reported that FA can
increase reactive oxygen species production; molecules that
play a central role in oxidative stress induction and cell damage
[12–14]. Oxidative stress plays a critical role in testicular damage,
however, one alternative for its prevention is the increase of die-
tary intake of antioxidants through the consumption of herbal
infusions, mainly those obtained from the infusion of herbal
species belonging to the Lamiaceae family. These are character-
ized by having a large number of antioxidants such as phenols
and flavonoids [15, 16]. These compounds could be responsible
for modulating and protecting against testicular damage induced
by chemical agents [17]. Little is currently known about some
species from the Lamiaceae family, such asHedeoma drummon-
dii; an aromatic plant with a strong and pleasant mint flavor
consumed in infusions and as a soups and meats seasoning by
people from northeastern Mexico and southern USA [18].

In recent years, FA has generated great controversy due
to the large number of harmful health effects that have been
reported [19]. As an alternative to reduce FA toxicity, the use
of extracts obtained from natural products has been pro-
posed. For example, it has already been reported that the
ethanolic extracts ofMatricaria chamomilla and Ganoderma
lucidum attenuate the damage induced by FA in neurons and
hepatocytes [16, 20], while themethanolic extract of Syzygium
cumini fruits showed a potent anti-inflammatory effect
induced by the toxicant [21]. Likewise, the protective effect
of the extracts of common fig (Ficus carica) leaves has already
been reported on sperm and testis parameters of FA-intoxicated
mice [22]. Broccoli methanolic extract, ginger, and origanum
aqueous extracts are other natural extracts reported with rel-
evant activity to protect testicular function by antioxidant-
related mechanisms [23–25].

Previously, we reported the chemopreventive potential of
H. drummondii; the proven extract exhibited relevant anti-
oxidant activity and antiproliferative effect on tumor cell
lines [26, 27]. Therefore, in this study, we assessed the pro-
tective effect ofH. drummondii on testicular damage induced
by FA through sperm quality parameters, sperm DNA frag-
mentation, and histological and immunohistochemical anal-
ysis in testicular tissue of Wistar rats.

2. Materials and Methods

2.1. Plant Collection. Poleo (H. drummondii, Lamiaceae), was
collected from May to July of 2020 from Atongo de Abajo in
the municipality of Allende, Nuevo León, Mexico (25°21ʹ9ʺN,
99°59ʹ22ʺW) by a random sampling of a 100× 100m area.
The taxonomic identification was carried out by Dr. Marcela
González Álvarez, from the herbarium of the Faculty of Bio-
logical Sciences of the Autonomous University of Nuevo León
(voucher number: 024244).

2.2. Plant Extraction. Once the aerial part of H. drummondii
was dried and crushed, it was subjected to a solid–liquid

extraction with 70% ethanol (ETOH) using the maceration
technique at room temperature. A 1 : 10 ratio of plant mate-
rial/solvent was used, including solvent changes every 24 hr
for three consecutive days. Subsequently, the extract was
filtered using Whatman grade 1 filter paper, then the organic
solvent was removed from the filtrate using a rotary evapo-
rator at reduced temperature and pressure. Finally, the resid-
ual water was removed by lyophilization. Previous studies
by our group characterized components of H. drummondii,
where themain antioxidant compounds isolated and identified
were rosmarinic acid, chlorogenic acid, and caffeic acid [27].

2.3. Animals and Treatments. Twenty-one adult male Wistar
rats (215–230 g) were used. Rats were provided by the bioter-
ium of the Faculty of Medicine at the Autonomous University
of Coahuila and were kept under controlled temperature con-
ditions (25–26°C), with a light–dark cycle of 12 hr, and receiv-
ing food and water ad libitum.

The rats were divided into seven groups of three animals
each, with the following treatments: Group 1 (G1) orally
received 100mg/kg of H. drummondii dissolved in phosphate-
buffered saline (PBS) 1%, every third day for 15 days. Group 2
(G2) intraperitoneally administered with 10mg/kg of FA (Sig-
ma–Aldrich, St. Louis, USA), every third day for 15 days; Group
3 (G3) orally received 100mg/kg ofH. drummondii dissolved in
PBS 1%, every third day during 15 days, after an intraperitoneal
administration of 10mg/kg of FA, every third day for 15 days.
Group 4 (G4) orally received 1% PBS every third day for
15 days. Group 5 (G5) orally received 100mg/kg of α-tocoph-
erol (Sigma–Aldrich T3251, St. Louis, USA) dissolved in soy-
bean oil, every third day for 15 days. Group 6 (G6) orally
received 100mg/kg of α-tocopherol dissolved in soybean oil
every third day for 15 days, after an intraperitoneal administra-
tion of 10mg/kg of FA. Group 7 (G7) orally received soybean oil
every third day for 15 days. After the exposure period, the
animals were sacrificed by cervical dislocation carried out by a
certified veterinary (certification card MR-0716-33-001-16).
The testicles were removed and fixed in fresh Bouin’s solution
for subsequent histopathological analysis, and sperm cells were
obtained from the epididymis.

2.4. Spermatozoa Extraction from the Epididymis and Sperm
Quality. The epididymis was punctured, and the content was
eluted with 4mL of physiological solution to obtain the sper-
matozoa. Ten microliters of the obtained suspension were
placed on a slide and observed at 40× magnification, where
200 cells per sample were analyzed and the motility percent-
age was obtained. The sperm count was measured according
to the described in the Manual of the World Health Organi-
zation [28].

2.5. Sperm DNA Fragmentation Analysis. For this analysis,
we follow the technique called sperm chromatin dispersion
described by Fernández et al. [29]: 1× 105 spermatozoa sus-
pended with 1% of low melting point agarose were placed on
a pretreated slide (with 0.65% normal melting point agarose),
followed by a 25min treatment in a lysis solution (0.4M Tris,
0.8M DTT, 1% SDS, 50mM EDTA, 2M NaCl), two conse-
cutive washing periods with Tris-borate-EDTA solution for
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2min each, and 70%, 90%, and 100% ethanol washes for
2min each. Finally, slides were stained with Wright stain,
and analyzed under bright field microscopy at 100×
magnification.

2.6. Histopathological Analysis. Testicle tissues were processed
using the conventional histological technique, included in par-
affin blocks, subsequently cut into 5 µm sections, stained with
Hematoxylin and Eosin (H&E) and finally analyzed under
light microscopy.

2.7. Immunohistochemical Expression of Superoxide Dismutase
in the Testis. Analysis of superoxide dismutase (SOD 1)
expression was carried out on paraffin sections using the
methods described by the Dako LSAB System-HRP from
Leica and the Cu/Zn SOD (rat) Polyclonal Antibody (No.
10011387) from Cayman Chemical. Histological sections of
5 µm thickness were mounted on silanized slides previously
deparaffinized with xylene, followed by dehydration through
an ethanol gradient and incubated in recovery solution at pH
9.0. Subsequently, immunohistochemical staining was per-
formed following the manufacturer’s instructions (Dako
North America, Inc). Finally, a hematoxylin counterstain
was performed, followed by a 2-min wash in deionized water
and dehydration in ethanol and xylene series. Negative and
positive controls for SOD 1 antibody were added to each slide.

2.8. Ethical Considerations. A veterinary certified by the
SAGARPA (Servicio Nacional de Sanidad, Inocuidad y
Calidad Agroalimentaria, key code: MR-0716-33-001-1), was
responsible for the proper animal care. This study was assessed
according to the Official Mexican Standard NOM-062-ZOO-
1999, for the production, care, and use of laboratory animals.
The protocol was approved by the CICUAL (Comité Interno
para el Cuidado y Uso de los Animales de Laboratorio,
SAGARPA-key code: AUT-B-C-0318-042) from the School
of Medicine of the Autonomous University of Coahuila.

2.9. Statistical Analysis. Analysis was performed in the SPSS
statistical package version 22.0 for Windows. Data are shown
as mean and standard deviation, ANOVA analysis was
performed with Tukey as a post hoc test, all values were
statistically significant with p<0:05.

3. Results

3.1. Plant Material. A green residue (extract) was obtained
after plant material processing with a yield of 13.5% in dry
weight.

3.2. Sperm Quality

3.2.1. Sperm Concentration. Epididymal spermatozoa were
analyzed, the concentration was expressed in 1×106 cells/mL.
After analysis, we found that FA significantly reduces sperm
concentration. Besides, we obtained homogeneity in the sperm
quality parameters between negative-damage control groups
(G1, G4, G5, and G7; Table 1), on the other hand, the treatment
withH. drummondii (G3)was not effective on spermparameters
(p¼ 0:989) as α-tocopherol (G6) that showed a protective effect
against the FA-induced damage in contrast to the damage group
(G2) (p<0:01). Figure 1 shows comparisons between the stud-
ied groups.

3.2.2. Sperm Motility. Regarding the percentage of sperm
motility, we observed a similar trend to that of the sperm
concentration (Figure 2), since no significant differences

TABLE 1: Sperm quality parameters among the groups.

Group Sperm concentration (1× 106/mL) Sperm motility (%)

G1 (Hedeoma drummondii) 39.66Æ 2.08 40.66Æ 1.15
G4 (PBS) 37.66Æ 2.51 36.55Æ 1.52
G5 (α-tocoferol) 42.33Æ 2.51 41.33Æ 2.08
G7 (soyabean oil) 35Æ 2 36.6Æ 3.21
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FIGURE 1: Comparison of sperm concentrations between groups:
meanÆ standard deviation. In contrast to: (∗) G1 with p<0:0001
(+) G2with p<0:01, (●) G3with p<0:005, and (¥) G5with p<0:005.
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FIGURE 2: Comparison of motility percentages between groups:
meanÆ standard deviation. In contrast to: (∗) G1 with p<0:05,
(+) G2 with p<0:05, (●) G3 with p<0:05, and (¥) G5 with p<0:05.
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were obtained between negative damage groups (G1, G4, G5,
and G7). However, no significant differences were found
between the percentages obtained for G3 versus G2 (p¼
1:000) and G6 versus G2 (p¼ 0:702).

3.3. Sperm DNA Fragmentation. Figure 3 shows sperm cells
with fragmented DNA (black arrow) and unfragmented DNA
(asterisk). Figure 4 shows percentages of DNA-fragmented
sperm cells, 0% indicates that chromatin is intact in all the
cells. In group 2 (G2), treated with FA, the percentage of
fragmentation was 72.25Æ 3.84, while in groups 3 (G3) and
6 (G6) the values were 8.6Æ 0.38 and 0.25Æ 0.25, respectively,
being statistically significant compared to G2 (p<0:0001);
indicating an important protective effect in the group treated
withH. drummondii and α-tocopherol. Wemust highlight the
importance of these results since the H. drummondii extract
used was an alcoholic extract and not a pure compound.

3.4. Histopathological Analysis. Effect of FA on tissue. The
histopathological analysis of the liver, kidney, brain, and
lungs from the various experimental groups did not reveal

any significant histological damage. However, systemic vas-
cular congestion was observed in the groups treated with
different concentrations of FA, as compared to the organs
from the controls. However, the testicular tissue was notably
sensitive to the toxic effect of FA. Mild to moderate morpho-
logical alterations were observed in animals treated with 5
and 10mg of FA/kg body weight, while a marked decrease in
sperm count and altered morphology of most seminiferous
tubules were found in animals treated with 30mg of FA/kg
body weight (Figure 5). Figure 5 provides a detailed descrip-
tion and highlights representative morphological findings of
the toxic effect of FA on testicular tissue.

A normal structure of the seminiferous tubules with an
intact basement membrane (BM), GE layers with normal
maturation, Leydig cells (LC) between each tubule, and an
adequate amount of sperm cells (∗) in the tubular lumen (L),
was observed in control group (Figure 5(a)). The same was
found for the group administered with H. drummondii
(Figure 5(b)), in which preserved structures of the seminif-
erous tubules with adequate maturity of the GE and sper-
matogenesis were observed. On the contrary, in the group
treated with FA (Figure 5(c)), cellular atypia and disorgani-
zation of the GE, presence of several large vacuoles (V),
intraluminal necrotic cells (arrowheads), decrease in the
diameter of the lumen of the tubules, and a considerable
decrement of sperm cells was observed. The administration
of the ethanolic extract of H. drummondii after treatment
with FA prevented the morphological damage to the testicu-
lar tissue induced by FA, as compared to the control group
without treatment. GE with adequate maturity, preserved
spermatogenesis, and an adequate number of intraluminal
spermatozoa can be observed in the group treated with
H. drummondii+ FA (Figure 5(d)). Figure 5(e), shows the
normal germinal epithelial layers and an adequate number
of spermatozoa in the tubular lumen, observed in the group
treated only with α-tocopherol as a control. On the other
hand, a protective effect was also observed in the group trea-
ted with α-tocopherol+ FA (Figure 5(f)). However, the pro-
tective effect was lower compared to the H. drummondi. This
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FIGURE 3: DNA fragmentation in rat sperm. (a) Fragmented sperm DNA and (b) unfragmented sperm DNA. Wright’s stain, 100×
magnification.
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is because small abnormal vacuoles were observed at the BM
(arrows), as well as a greater separation space (E) between the
seminiferous tubules in all the α-tocopherol treated groups.
Regardless, the maturity of the germ cells layers of the epithe-
lium inside the tubule besides the spermatogenesis were pre-
served in both groups.

3.5. SOD 1 Immunohistochemical Analysis in the Testis.
Figure 6 shows the findings from the immunohistochemical
analysis, where a deleterious effect of FA can be observed in
contrast to the control groups which show normal structures as
well as those treated only with the extract of H. drummondii.
The control group without treatment (PBS) (Figure 6(a)) shows

the normal structure of the seminiferous tubules with their
intact BM and negative staining. A negative staining is also
observed in the H. drummondii group (Figure 6(b)). On the
contrary, FA positivity (+++) is observed in the cytoplasm of
GE cells, as well as the persistence of intraepithelial vacuoles
(V) (Figure 6(c)). Moreover, H. drummondii+ FA group
showed GE with adequate maturity, but weak (+) staining
was present (Figure 6(d)). A negative stain was observed for
the α-tocopherol control group (Figure 6(e)) and for the
group previously treated with α-tocopherol (Figure 6(e)). In
the group previously treated with α-tocopherol (Figure 6(f)),
the protective effect against FA toxicity at the administered
dose was lower compared to H. drummondii, since SOD
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FIGURE 5: Histological section of the testis. (a) PBS, (b) 100mg/kg Hedeoma drummondii, (c) 10mg/kg formaldehyde, (d) Hedeoma
drummondii+ FA, (e) α-tocopherol, and (f ) 100mg/kg α-tocopherol+ FA (40× magnification, H&E stain).
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expression was moderate (++) and persisted small abnormal
vacuoles (V) at the junction of the BM.

4. Discussion

FA is a genotoxic agent that induces oxidative stress followed
by DNA damage [19, 30]. Occupational exposure is one of
the main exposure types to FA due to its use in many indus-
tries [1, 31]. In the present study, the protective effect of
H. drummondii on altered sperm parameters, sperm DNA
fragmentation, and germinal epithelial degeneration pro-
duced by intraperitoneal intoxication with low doses of FA
was demonstrated in a rat model. Previous studies have

reported about negative effects of FA on sperm quality
parameters, for instance, a reduction in concentration and
spermmotility [32–34]. In this experiment, the group treated
with FA had lower sperm concentration and decreased
motility percentage. Dietary inclusion of natural products
or natural origin commercial supplements with antioxidant
properties is very common nowadays because it has been
shown that numerous diseases can appear due to the oxida-
tive stress process. For example, vitamin E has been proposed
as a beneficial food supplement to counteract the FA-
induced effects or by other xenobiotics due to its multiple
antioxidant qualities [35]. Some authors have published
important findings about vitamin E, highlighting its effect
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FIGURE 6: SOD 1 immunohistochemical analysis in testicle tissue of treated groups. (a) PBS, (b) 100mg/kgHedeoma drummondii, (c) 10mg/kg
formaldehyde, (d) Hedeoma drummondii+ FA, (e) 100mg/kg α-tocopherol, and (f ) α-tocopherol+ FA.
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on sperm parameters improvement (motility, viability, and
concentration) [36–38]. A similar effect was found in this
study since α-tocopherol treatment resulted in the highest
concentration and sperm motility.

Previous studies have shown that FA causes damage
because of oxidative stress production, therefore, the use of
natural extracts with antioxidant potential can be useful as a
treatment, due to its capacity to reduce damage caused by
genotoxic agents [39, 40]. A study carried out by Bakar et al.
[41], evaluated the protective effect of proanthocyanidins
(PA) compared to vitamin E treatment on FA-induced rat
kidney damage. PA significantly decrease total sialic acid
levels, malondialdehyde, and alterations in the SOD 1 and
myeloperoxidase activity, compared to vitamin E treatment.

On the other hand, because of FA-generated damage is
strongly related to oxidative stress [42], SOD has been shown
to play a key role in the removal of intracellular superoxide
anion [43]. The superoxide anion generated by the inner
mitochondrial membrane is metabolized to hydrogen perox-
ide by Mn-SOD present in the mitochondrial matrix and by
Cu/Zn-SOD in the cytosol. In turn, hydrogen peroxide is
removed by GPX [44]. Therefore, tissues with high levels
of SOD would be subjected to strong damage generated by
oxidative stress, so that in those tissues where this effect was
attenuated, levels close to basal levels would occur.

In this study, the activity of SOD 1 in testicular tissue was
measured. Interestingly, the H. drummondii treatment after
FA exposure resulted in a greater protective effect compared
to the group treated with α-tocopherol (Figure 6).

Other studies report adverse effects due to the adminis-
tration of natural extracts. For instance, Atere and Akinloye
[45], reported a higher cadmium-induced damage in the rat
group treated with the higher dose of Costus afer (CAME),
due to the effect of this extract over the antioxidant system
(GST, GSH, CAT). However, in the group treated with the
lowest dose, CAME extract was harmless. In addition, no
difference was found between the control group and the
group treated only with CAME. Similarly, we found that
the ethanolic extract of H. drummondii counteracted the
deleterious effect of FA, and the group treated only with
this extract showed no adverse effects on the evaluated
parameters. Likewise, we can attribute the induced damage
to the oxidative stress pathway activated by FA [14] and
highlight the fact that the H. drummondii extract compo-
nents were able to protect the testicular epithelium since not
damage was observed.

In another study published by David et al. [46] where
they evaluated the anti-infertility effect finding that the
methanolic extract of Asplenium dalhousiae Hook, signifi-
cantly decreased the activity of CAT and SOD, negatively
impacting viability and sperm motility. Besides, this effect
was dosage dependent. In our study, the evaluation shown in
Figure 6 demonstrates that the damage caused by AF may be
due to oxidative stress production, since the group treated
with this xenobiotic showed a +++ staining of SOD 1, while
the ethanolic extract administered previously to the FA
showed antioxidant potential. In agreement with our find-
ings, a group of researchers found an improvement in sperm

quality parameters and fertility in senescent rats treated with
an Alchornea cordifolia extract [47]. It has been reported the
therapeutic effect of curcumin and pumpkin seed oil on the
oxidative damage caused in male Albino–Wistar rats and
Swiss Albino mice, respectively, after FA exposure. Curcu-
min reduces FA-incremented serum levels of MDA [48],
while pumpkin seed oil reduces FA-incremented brain, liver,
and kidney levels of MDA [49]. These findings are similar to
those obtained in this study, in which a protective effect of
H. drummondii was observed, possibly due to the presence of
caffeic and rosmarinic acids, which can provide an antioxi-
dant effect [26].

The identification of human health problems associated
with occupational or environmental exposure has been
strongly supported by studies carried out on experimental
animals. This enables the proposal of novel strategies for
treatment. For example, Aydin et al. [50], experimented
with Sprague rats—Dawley exposed to different inhaled
doses of FA to evaluate the effect of carnosine on oxidant
and antioxidant levels in serum, kidney, and lung tissues.
They found that carnosine can reduce oxidative stress and
restore histopathological and biochemical damage. One
important finding in our study was the protective effect of
H. drummondii on testicular tissue compared to α-tocoph-
erol (Figure 1). It has been reported the effect of vitamin E on
FA-altered SOD, GSH-Px, and GSH levels, on the improve-
ment of sperm parameters, and on the histological changes,
also induced by FA exposure. Some histological abnormali-
ties reported were atrophy of the seminiferous tubules, germ
cells degeneration and azoospermia. In the group treated
with vitamin E+ FA, the seminiferous tubules had partially
recovered. However, the number of spermatozoa in the
lumen was lower than in the control group [36]. Similar
results were obtained in the present study, where sperm
quality parameters (concentration and motility) showed bet-
ter results in the group administered with α-tocopherol+ FA
compared to the group treated with FA alone, although his-
tologically, we observed a greater protective effect in the
H. drummondii treated group (Figure 5).

In the present study, the α-tocopherol treated group was
selected as the reference control group, since some authors
demonstrating its protective effect against damage induced
by different xenobiotics at a reproductive level [37, 38, 51]. In
a similar approach, other authors have studied the effects of
different antioxidants, such as vitamin E (α-tocopherol) and
different natural products on testicular tissue damage. For
instance, in the study carried out by Jahan et al. [52], the
effect of vitamin E, sulforaphane, and the extract of Ficus
religiosa was evaluated in cadmium-intoxicated rats. They
found that exposure to cadmium caused a significant
decrease in antioxidant enzymes (CAT, POD, SOD, GSR)
in addition to dystrophy in the GE. While treatments with
antioxidants turned out to be effective in reversing this Cd-
induced toxicity, being a possible therapeutic agent against
this xenobiotic. In another study, the protective effect of rose
oil against the testicular damage induced by FA vapors was
evaluated in a rat model. This resulted in increased testoster-
one serum levels, sperm count, and motility compared to the
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FA group. Histologically, in the FA-exposed group, an
increased number of LC with damaged nuclei was observed
compared to the group treated with rose oil. The authors
concluded that rose oil has protective effects against FA-
induced damage [53]. Being similar to our findings using
H. drummondii extract.

5. Conclusion

FA exposure resulted in reduced sperm quality, sperm DNA
damage, and altered structure of the GE in Wistar rats.
Administering an extract of H. drummondii has a protective
effect against FA-induced genotoxic damage in sperm cells,
similarly to α-tocopherol, and in the level expression of
superoxide dismutase. The pleasant aroma and flavor of
H. drummondii could help its easy incorporation into a com-
plementary therapy aimed at the prevention and/or treat-
ment of people exposed to FA, thus giving value to the
commercialization and use of the natural resource.
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