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Protective effect of Urtica dioica L against nicotineinduced damage on sperm parameters, testosterone
and testis tissue in mice
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Abstract
Background: Nicotine consumption can decrease fertility drive in males by
inducing oxidative stress and DNA damage. Urtica dioica L (U.dioica) is a
multipurpose herb in traditional medicine for which some anti-oxidative and antiinflammatory properties have been identified.
Objective: The main goal is to investigate whether the U.dioica could inhibit
nicotine adverse effects on sperm cells viability, count, motility, and testis histology
and testosterone hormone.
Materials and Methods: In this study, hydro-alcoholic extract of U.dioica was
prepared and various doses of U.dioica (0, 10, 20, and 50 mg/kg) and U.dioica plus
nicotine (0, 10, 20, and 50 mg/kg) were administered intraperitoneally to 56 male
mice for 28 consequent days. These mice were randomly assigned to 8 groups (n=7)
and sperm parameters (sperm cells viability, count, motility, and morphology), testis
and prostate weight, testis histology and testosterone hormone were analyzed and
compared.
Results: The results indicated that nicotine administration (0.5 mg/kg) significantly
decreased testosterone level, count and motility of sperm cells, and testis weight
compared to control group (p=0.00). However, increasing the dose of U.dioica
significantly boosted motility, count, normal morphology of sperm cells,
seminiferous tubules diameter, and testosterone in all groups compared to control
(p=0.00) and testis weight in 20 and 50 mg/kg doses in comparison with control
group (p=0.00).
Conclusion: It seems that U.dioica hydro-alcoholic extract administration could
increase the quality of spermatozoa and inhibits nicotine-induced adverse effects on
sperm parameters.
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nfertility is a health issue that has
adverse effects in personal, social, and
economic domains and is observed in
10-15% of the couples (1). About 40% of
infertility problems are associated with men
(2). Infertility in males is mostly due to sperm
cells dysfunctions such as low sperm cells
count, immaturity, abnormality, and lack of
motility (3).
Various
studies have shown
that
consumption
of
nicotine-containing
compounds decrease the sperm cells count
and motility (4). Nicotine is a highly toxic

organic compound containing nitrogen and
alkaloid which is mostly found in tobacco (5).
Nicotine can easily pass through the cell
membrane and react to tubulin protein present
in the cytoplasm of multiplying cells and cause
cell division disorder (6). Some of studies
have indicated that nicotine can damage
sperm cell membrane and DNA and induce
apoptosis in interstitial cells in testis (7).
Urtica dioica (U.dioica), in folk medicine, is
used as an agent causing excessive secretion
of urine, setting the operating cycle, as well as
an astringent, an adrenal tonic, and gland
balancer and anti-inflammatory agent (8).
Gülçin et al showed that U.dioica infusion
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exhibits
antioxidant
capacity
against
phospholipids oxidation and acid linoleic
resulting from iron (9). U.dioica is a plant
containing essential amino acids, vitamins,
and numerous nutrients (10). İşler et al has
reported the anti-oxidant properties, antimutation and anti-tumor effects for U.dioica
(11). One of the most important compounds
and anti-oxidant of U.dioica root is
flavonoides. This family of compounds have
anti-oxidant activities and can modify some
specific enzymes, so they can inactive some
agents such as nitrite peroxide and hydroxide
radical (12).
Therefore, the present study was
conducted to analyze protective effect of
U.dioica on damage induced by nicotine in
sperm parameters such as motility, count,
viability, morphology, and also testis tissue,
seminiferous
tubules
diameter,
and
testosterone in male mice.

normal saline to prepare different doses. The
nicotine solution (C 10 H 14 N 2 ) was purchased
from Merk Company (Merk-Germany). This
solution was diluted by normal saline for
administration.
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U.dioica L and Nicotine preparation
In this experimental study, U.dioica is a
plant belonging to Urticaceae plant family. Its
seeds are widely used in folk medicine in
many parts of Iran. This plant was purchased
from a traditional medicine center and
identified and authenticated by a botanist.
Extraction method was described previously
(13-15). In this method, U.dioica leaves (200
g) were dried, grinded and powdered. The
powder was dissolved in 400cc Ethanol 70%
(C 2 H 5 OH). The obtained solution was
preserved in the hot water bath 35oC under
dark condition.
Then, the solution was gradually poured
onto Buchner funnel filter paper and cleared
by vacuum pump. It was then transferred to
the rotary machine to be concentrated and to
remove the extra solvent. Separation process
was continued until the concentrated extract
was obtained. The obtained extract weighted
8.5 g. The obtained extract was diluted by
85T
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Animals
This experimental study was conducted
under approval of Ethics Committee of
Kermanshah University of Medical Sciences.
(Certificate No.91175). In this study fifty six
BALB/c male mice with weight range of 25-30
g were purchased from Tehran Razi Institute.
Animals were kept in the temperature of
22±2oC, under controlled environmental
conditions, 12/12 h light/dark cycle and free
access to water and food (13).
The mice were randomly assigned to 8
groups (n=7). The control group was
administered
saline
(1
ml/kg)
and
experimental groups were administered
nicotine (0.5 ml/kg), U.dioica (10, 20, and 50
mg/kg) and U.dioica (10, 20, and 50 mg/kg)
plus nicotine (0.5 ml/kg) interaperitoneally (IP)
for 28 consequent days (14, 15).
85T
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Analysis of testis weight and testosterone
hormone
The testes were carefully removed, washed
in normal saline solution (0.9%), blotted, and
weighed separately and the average weights
were used. The collected blood was
centrifuged at 25oC for 10 minutes with 4000
rpm to obtain the serum. The serum samples
were then kept in deep freezer (-18oC). The
blood testosterone level was analyzed by
ELISA (Abcam 108666, USA) method (13).
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Evaluation of spermatozoa characteristics
Briefly, both cauda epididymis from each
rat were placed in 2 ml of normal, prewarmed, 37oC saline. Small cuts were made
in both cauda epididymis where the
spermatozoa were obtained and suspended in
the medium DMEM/F12 containing FBS 5%
which had been previously balanced in the
P
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incubator with the temperature of 37oC and
CO 2 5% (13). The prepared suspension was
used for the analysis of sperm parameters
including: sperm progressive motility, count,
and morphology.
The sperm motility was assessed in 4
levels according to certain criteria: (a) quick
progressive motility in direct line, (b) slow
progressive motility in direct or indirect line, (c)
no progressive motility and (d) no motility (16).
To count the sperm cells, a small amount of
the diluted suspension was transferred to both
chambers of a Neubauer haemocytometer
using a Pasteur pipette by touching the edge
of the cover slip and allowing each chamber to
be filled by capillary action. To examine the
sperm cells morphology, smear was prepared
from the samples and was stained and
investigated by Papanicolaou method (13,
17).
To determine the motility, one drop of the
sperm cells suspension was placed on the
chamber and the motile and immotile sperm
cells were analyzed by microscope with
magnification 40x (16, 18).
P

R

(ANOVA) followed by LSD post-hoc test were
performed to determine the statistical
significance between different groups using
SPSS software (Statistical Package for the
Social Sciences, version 16.0, SPSS Inc,
Chicago, Illinois, USA). P<0.05 was
considered significant.
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Histological analysis
The testes were preserved in neutral
buffered formalin 10% and embedded in
paraffin. Five-micron thick sections were
prepared and stained with hematoxylin and
eosin (HE). The specimens were examined
under Olympus/3H light microscope. More
than 20 sections were prepared from each
block. The sections numbered 5, 10, 15, and
20 were selected and photographed
separately from three random views.
Seminiferous tubules diameter was measured
by Motic camera and software (Moticam 2000,
Spain). The mean of seminiferous tubules
diameter (µm) was determined for each testis
(13).

Results
Weight of testis
In the present study, the effective dose of
nicotine (0.5 ml/kg) caused a significant
decrease in the testis weight of the mice
compared to control (saline) group (p<0.001).
Testis weights were significantly increased in
treated animals with U.dioica in 20 and 50
mg/kg doses in comparison with control
(saline) group (p<0.001). Further, higher
doses of U.dioica-nicotine caused a significant
increase in testis weight in all treated groups
in comparison with control group (nicotine)
group (p=0.04) (Figure 1).
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Sperm count, motility and morphology
The mean of sperm progressive motility,
count, and normal morphology of sperm cells
decreased significantly in Nicotine (0.5 ml/kg)
treated group compared to control (saline)
group (p<0.001).
However, motility, count and normal
morphology of sperm cells were significantly
increased in all treated (U.dioica) (p<0.001)
and (U.dioica-nicotine) groups in comparison
with control group (Nicotine) (p=0.04) (Figure
2).
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Histological study
The nicotine administration (0.5 ml/kg)
caused a significant decrease in the
seminiferous tubules diameter in comparison
with control (saline) group (p<0.001). The
higher doses of U.dioica extract (p<0.001) and
U.dioica-nicotine caused a significant boost in
seminiferous tubules' diameter in all groups
(p=0.05) (Figure 3).
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Statistical analysis
All the quantitative data were presented as
mean±SD. One-way analysis of variance
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Testosterone hormone
Nicotine (0.5 ml/kg) caused a significant
increase in the testosterone hormone
compared to control (saline) group (p<0.001).

Increasing the dose of U.dioica extract
(p<0.001) and U.dioica -nicotine revealed
significant growth of testosterone hormone in
all groups (p=0.04) (Figure 4).
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Figure 1. Correlation analysis between treatment groups ( Nicotine, U.dioica, and U.dioica-nicotine) in Balb/c mice and testis
weight. CON (n): effect of nicotine (0.5 ml/kg) on testis weight considered as control for U.dioica-nicotine group as well. CON (s):
control group with saline administration.* Significant decrease of testis weight in nicotine group compared to saline group (p<0.001).
** Significant increase in all groups compared to control group (p<0.001). *** Significant increase in 20 and 50 mg/kg groups
compared to control group (p=0.04).
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Figure 2. Correlation analysis between treatment groups ( Nicotine, U.dioica, and U.dioica-nicotine) in Balb/c mice and normal
morphologh. CON (n): effect of nicotine (0.5 ml/kg) considered as control for U.dioica-nicotine groups as well. CON (s): Control
group with saline administration. *Significant decrease in nicotine group compared to saline (p<0.001). ** Significant increase in all
groups compared to control group (p<0.001). *** Significant increase in all groups compared to control group (p=0.04).
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Figure 3. Correlation analysis between treatment groups (Nicotine, U.dioica, and U.dioica-nicotine) in Balb/c mice and seminiferous
tubules diameter. CON (n): Effect of nicotine (0.5 ml/kg) considered as control for U.dioica -nicotine groups as well. CON (s):
Control group with saline administration. *Significant decrease in nicotine group compared to saline group (p<0.001). ** Significant
increase in all groups by increasing the dose (p<0.001). ***Significant increase in all groups by increasing the dose (p=0.05).

Figure 4. Correlation analysis between treatment groups ( Nicotine, U.dioica, and U.dioica-nicotine) in Balb/c mice and testosterone
hormone level. CON (n): Effect of nicotine (0.5 ml/kg) considered as control for U.dioica -nicotine groups as well. CON (s): Control
group with saline administration. *Significant decrease in nicotine group compared to saline group (p<0.001). ** Significant increase
in all groups by increasing the dose (p<0.001). *** Significant increase in all groups by increasing the dose (p=0.04).

Discussion
The results of our experimental study
revealed that administration of nicotine
promoted male reproductive toxicity in mice.
In the present study, the intraperitoneal
injection of nicotine resulted degenerative
changes in the seminiferous tubules and
reduction in sperm count and motility,
decrease of testosterone hormone and testis
weight, and impairment of sperm cells
evidence for this toxicity. This is in agreement
with results of Sankako et al who reported
residual damage on sperm concentration,

motility, and morphology after cigarette smoke
exposure (19).
Neuropeptides such as neuropeptide Y and
peptides hormones such as leptin could be
involved in feeding-related actions of nicotine.
Neuropeptide Y is a potent stimulator of
feeding and could be decreased by nicotine.
In contrast, leptin act as a signaling molecule
and relates to the level of body fat which
reserves in the hypothalamus and it could be
increased by nicotine (20, 21). In addition,
nicotine can also increase the release of
neurotransmitters, including dopamine and
serotonine, which are inhibitors food intake
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(22). The reductions of relative weights of
testis probably occurred due to these groups'
body weight increase. Also, testis weight
growth might be associated with the appetite
decreasing effects of nicotine that is overcome
by U.dioica appetizing property (23).
The results showed that U.dioica caused a
significant change in these indices and
inhibited the harmful effects induced by
nicotine in reproductive parameters. These
days, medicinal plants have numerous
applications and one of the target tissues for
plant extracts is reproductive organs such as
testis and sperm parameters (13). The
detrimental effects of nicotine exposure on
seminiferous tubules might be due to
overproduction of reactive oxygen species
(ROS) that leads to excessive lipid peroxidation. This process might eventually result
in structural damage and dysfunction of the
cell. As a result of excessive ROS, mutations
in mitochondrial genome might occur and
could disturb the formation of morphologically
and functionally mature spermatozoa (24).
However, it seems that U.dioica recover of
some parameters occurred during a complete
spermatic
cycle
and
progressive
morphologically normal sperm. Since U.dioica
plant contains various minerals such as iron
and vitamins A, which is known for regulating
the differentiation of epithelial cells. It seems
that the parietal cells of sperm tubules in
groups receiving the extract are rapidly
differentiated and released from tubules (25).
Therefore, the diameter of seminiferous
tubules increased after treatment with U.dioica
extract.
It seems that U.dioica increases the count
and motility of normal sperm cells in treated
groups by enhancing the anti-oxidant defense
of the body (26). In fertile individuals, sperm
motility levels, especially progressive sperms,
are directly related to the ability of fertilization.
U.dioica can act as an anti-oxidant and
improve the sperm cells quality and count by
increasing the expression of anti-oxidant

406

genes in comparison with nicotine group (27).
The findings obtained in this study are in line
with the results of the study conducted by
Matsingou et al. in which they investigated the
relative per-oxidative and anti-oxidant effects
of U.dioica on the nicotine-induced toxic fatty
tissue. They reported that U.dioica can
decrease the toxicity induced by nicotine in
the fatty tissue (28).
High levels of unsaturated fatty acids
collected in the spermatogenic cells results in
several dual links creation in plasma
membrane which causes a decrease in
cytoplasmic antioxidants, so spermatogenic
cells become sensitive to oxidative damage.
Therefore, oxidation of the membrane fatty
acids will result in the loss of membrane
fluidity and will decrease the activity of
enzymes and ion channels of sperm cells
(29). With regard to the fact that nicotine is
one of the producers of reactive oxygen
species, it seems that clearing oxidative
agents by chemicals like U.dioica can help
cure and prevent the incidence of the
diseases associated with sperm cells. The
results of the present study confirm the
findings of Inić et al that indicated U.dioica can
be used as a potent anti-oxidant substance
against oxidative stress and subsequent
effects (30).
Sperm cells motility is an important factor in
natural fertility and low sperms cells motility is
the cause of most of infertilities (31). On the
other hand, increasing sperm cells motility by
U.dioica in the present study may be due to
the inhibition of cannabinoids’ activity, which
decreases sperm cells motility by activating
CB1 receptors in mature sperm cells, by
U.dioica. The activity of these factors is
probably increased by nicotine (32). On the
other hand, sperm motility is often used as a
marker of chemical-induced testicular toxicity,
therefore, our experimental results suggest a
gonadotoxic potential of U.dioica (33).
One of the reasons for this effect can be
explained on the basis that, ciprofloxacin
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interferes with the energy production process
required for sperm vitality and motility. Due to
these properties, it has been proved that
U.dioica is able to reduce sperm parameter
damage. This would suggest that U.dioica has
potential healing properties against the toxic
effects of nicotine.

gonadotropins and alteration of testicular antioxidant
status. Toxicol Sci 2010; 116: 647-659.
6. Li S, Lu D, Zhang Y, Zhang Y. Long-term treatment
of hydrogen-rich saline abates testicular oxidative
stress induced by nicotine in mice. J Assist Reprod
Genet 2014; 31: 109-114.
7. Arabi M. Nicotinic infertility: assessing DNA and
plasma membrane integrity of human spermatozoa.
Andrologia 2004; 36: 305-310.
8. Di Lorenzo C, Dell'Agli M, Badea M, Dima L,
Colombo E, Sangiovanni E, et al. Plant Food
Supplements with Anti-Inflammatory Properties: A
Systematic Review (II). Crit Rev Food Sci Nutr 2013;
53: 507-516.
9. Gülçin I, Küfrevioglu OI, Oktay M, Büyükokuroglu
ME. Antioxidant, antimicrobial, antiulcer and
analgesic
activities
of
nettle
(UDL.).
J
Ethnopharmacol 2004; 90: 205-215.
10. Aksu Mİ, Kaya M. Effect of usage Urtica dioica L. on
microbiological properties of sucuk, a Turkish dryfermented sausage. Food Control 2004; 8: 591-595.
11. İşler SC, Demircan S, Çakarer S, Çebi Z, Keskin C,
Soluk M, et al. Effects of folk medicinal plant extract
Ankaferd Blood Stopper® on early bone healing. J
Appl Oral Sci 2010; 18: 409-414.
12. Kataki MS, Murugamani V, Rajkumari A, Singh P,
Mehra DA, Yadav RS. Antioxidant, Hepatoprotective,
and Anthelmintic Activities of Methanol Extract of
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3: 38-46.
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sativa Hydroalcoholic Extract on Sperm Parameters
and Testis Histology in Rats. Int J Morphol 2013; 31:
82-86.
14. Cai T, Mazzoli S, Bechi A, Addonisio P, Mondaini N,
Pagliai RC, et al. Serenoa repens associated with
Urtica dioica and curcumin and quercitin (extracts are
able to improve the efficacy of prulifloxacin in
bacterial prostatitis patients: results from a
prospective randomised study. Int J Antimicrobial
Agents 2009 33: 549-553.
15. Ghafari S KBB, Golalipour MJ. Effect of Urtica diocia
L. (Urticeae) on testicular tissue in STZ-indused
Diabetic Rats. Pak J Biol Sci 2011; 14: 798-804.
16. Mehrabinasab E, Khazaei M, Khazaei S. The effect
of pentylenetetrazol kindling induced epilepsy on
hypogonad hormones and sperm parameters of rats.
Arak Med Univ J 2010; 12: 105-112.
17. Abbas AM, Ahmed HG. A case-control study of oral
epithelial proliferative markers among Sudanese
Toombak dippers using micronuclei assay,
argyrophilic nucleolar organizer region, Papanicolaou
and crystal violet methods. Rare Tumors 2013; 5:
e31.
18. Zhang ZH, Zhu HB, Li LL, Yu Y, Zhang HG, Liu RZ.
Decline of semen quality and increase of leukocytes
with cigarette smoking in infertile men. Iran J Reprod
Med 2013; 11: 589-596.
19. Sankako MK, Garcia PC, Piffer RC, Pereira OCM.
Semen and reproductive parameters during some
abstinence periods after cigarette smoke exposure in
male rats. Braz Arch Biol Technol 2013; 56: 93100.
20. Bishop C, Parker GC, Coscina DV. Nicotine and its
withdrawal after feeding induced by paraventricular
hypothalamic injections of neuropeptide Y in
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The present study supported the contention
that U.dioica can significantly improve
spermatogenesis in rats. The results also
suggest the healing potential of U.dioica
against toxic effects of nicotine-treated male
mice. However, further studies are required
for a better understanding of the interaction
between U.dioica and nicotine mechanism
leading to changes of spermatogenesis.
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