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ABSTRACT

Male infertility evaluation is important to recognize an origin and
provide treatment if the etiology is correctable. The aim of the present
study was to investigate the protective role of Lavandula angustifolia in
impaired spermatogenesis caused by cadmium chloride in male rats. 36
male Wistar rats were allocated in 6 groups. Cadmium chloride was
injected for 3 consecutive days (0.5 mg/kg) in CdCl; treated groups.
Before CdCl, administration, pre-treatment with L. angustifolia was
conducted for 14 consecutive days. Sex hormones level,
malondialdehyde (MDA) and total antioxidant concentration as well as
sperm parameters were investigated. Increase in the concentration of
MDA and decrease in total antioxidant level were observed following
CdCl; administration. Accordingly, the sperm viability as well as other
sperm characteristics was decreased. In the case of sex hormones, the
testosterone and LH levels were decreased and the concentration of
FSH was increased (P<0.001). Pre-treatment with L. angustifolia
significantly decreased the MDA level and increased total antioxidant,
LH and testosterone levels. Pre-treatment with L. angustifolia also
improved semen parameters which were impaired by CdCl;
administration. Together, these results confirm that L. angustifolia
pretreatment could protect spermatogenesis in male rats with CdCl;
administration.
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Introduction

Infertility is one of the major health problems in
life, and approximately 30% of infertilities are due
to a male factor [1-21. Additionally no identifiable
cause can be found in over 25% of infertile males
Bl. Several conditions can interfere with
spermatogenesis and reduce sperm quality and
production. More factors such as drug treatment,
chemotherapy, toxins, air pollutions and
insufficient vitamins intake have harmful effects
on spermatogenesis and sperm normal production
[4],

Environmental pollutants, including heavy metals
are important factors responsible for oxidative
stress production. In toxicities by heavy metals,
particularly lead, cadmium, arsenic and mercury
constitute serious threats to human health [5-6l.
Cadmium (Cd) is an industrial and environmental
pollutant, arising primarily from Dbattery,
electroplating, pigment, plastic, and fertilizer
industries, and cigarette smoke [7l. With increasing
production and utilization of Cd, not only
industrial workers but also the general population
is exposed to the toxic effects of Cd. This has been
found to produce various pathological conditions
like hepatic and renal dysfunction, testicular
damage, respiratory and nervous system
disorders [8-9, Cd has been reviewed by the
International Register of Potentially Toxic
Chemicals of the United Nations Environment
Program [51. Varieties of experiments [10-12] have
suggested that Cd causes oxidative damage to
cells. Cd has been demonstrated to stimulate free
radical production.

Cd-induced testicular pathogenicity includes
severe hemorrhage, edema, necrosis and atrophy,
as well as reduction in counts and motility of
sperm and decreased the testosterone
concentrations in plasma and testes [9 13-14], This
toxic metal is also carcinogenic and is deleterious
to reproductive process, causing retardation of
growth, sterility and embryotoxic effects [151.
Excessive production of free radicals or reactive
oxygen species (ROS) can damage sperm, and ROS
have been extensively studied [16] as one of the
mechanisms of infertility [17]. Superoxide anion,
hydroxyl radical and hydrogen peroxide are some
of the major ROS present in seminal plasma [18l.

Moreover, it has been shown that various
antioxidants, vitamin A, B, C, and E in diet and
antioxidant defense systems protect cells from Cd-
induced toxicity [19-20], Antioxidants protect DNA
and other important molecules from oxidation
and damage, and can improve sperm quality and
consequently increase fertility rate in men.
Therefore, the role of nutritional and biochemical
factors in reproduction and sub- fertility
treatment is very important [19],

The use of herbal medicines has recently gained
popularity in Europe and the United State [19l. The
antioxidant capacity of phenolic compounds,
flavonoids, and foods rich in these compounds,
has been repeatedly demonstrated in various in
vitro and in vivo systems [19. World Health
Organization (WHO) estimates that more than
80% of the world’s population is dependent
(wholly or partially) on plant-based drugs [211.
Lavandula angustifolia (Lamiaceae), locally known
as 'Osto khuddous', is cultivated throughout
Europe as well as in different parts of Iran 221, The
fresh and dried flowers of this plant are frequently
used in traditional Mediterranean cuisine as an
additive (23], In recent years L. angustifolia flowers
exhibit such various biological and
pharmacological activities as anti-tumour,
antiinflammatory, antihistaminic, antidiabetic, and
antimicrobial activity and modulating the central
nervous system [24-25],

The present study was aimed at investigating the
possible  beneficial effects of Lavandula
angustifolia essential oil as a source of natural
antioxidants to aid the sperm parameters and
modulate follicle stimulating hormone (FSH),
luteinizing hormone (LH), testosterone and
oxidative stress in rats.

Materials and methods
Preparation of plant extracts

Aerial parts of Lavandula angustifoli were
purchased by a botanist from a traditional store.
The dried aerial parts of the plant (100 g) were
subjected to hydrodistillation by using a Clevenger
apparatus for 3 h. The oils were dried over
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anhydrous Na;SO. and stored in seal vials in dark
place at 4 °C.

Experimental animals

Adult Wistar albino male rats (n=36) were
included in the present study. The rats were 8
weeks old and weighing 250-270 g each. All rats
were housed in individual cages, 6 rats per cage,
and given standard diet and tap water ad libitum.
They were obtained from animal facility of
Pasture Institute of Iran. Male rats were housed in
temperature controlled rooms (25 °C) with
constant humidity (40-70%) and 12h/12h light/
dark cycle prior to experimental protocols. All
animals were treated in accordance to the
Principles of Laboratory Animal Care.

The rats were divided into six experimental
groups, each consisting of 6 animals and were
treated as follows: Group 1 - control rats (treated
intraperitoneally (i. p.) with (0.3 mL) isotonic
saline for 3 days) ; Group 2- sham (received 20
mg/kg Lavandula essential oil for two weeks);
Group 3 - CdCl; (received 0.5 mg CdCl;/kg body
weight in 0.3 ml isotonic saline for three days,
i.p.); Group 4- Lavandula + CdCl; (received 5
mg/kg Lavandula essential oil for two weeks and
in last three days 0.5mg CdCl2/kg body weight);
Group 5 and 6 - Lavandula + CdCl; (received
Lavandula 10 and 20 mg/kg body weight followed
by CdCl; administration as previously described.
The number of injections synchronized in
different group with saline administration. Body
weight daily intake of food and water were
determined several times per week throughout
the study.

Surgical procedure

In fifteenth day, the Pentobarbital sodium (40
mg/kg) was administered for anesthesia, and the
peritoneal cavity was opened through a lower
transverse abdominal incision. The intestines
were shifted over to the left and located the
widest part of the posterior vena cava. A 25 gauge
needle was inserted into the vein and the blood
draw slowly. The blood was centrifuged at 2200
rpm for 10 min at 10 °C and the separated plasma

was stored at -80 °C for subsequent analysis.
Thereafter testis and epididymis in control and

experimental groups were immediately removed
[17],

Epididymis sperm count, viability and
motility

Sperms from the cauda epididymis were released
by cutting into 2 ml of medium (Hams F10)
containing 0.5% bovine serum albumin. After 5
min incubation at 37 °C (with 5% CO), the cauda
epididymis sperm reserves were determined
using the standard hemocytometric method and
sperm motility was analyzed with microscope
(Olympus IX70) at 10 field and reported as mean
of motile sperm according to WHO method (26l
Both quantitative sperm motility (percentage of
motile spermatozoa) and qualitative sperm
motility (motility grade; from 0 to 4) were
assessed [18,27],

Total Serum FSH, LH total testosterone
hormone measurements

Serum concentration of FSH and LH were
determined in duplicated samples using
radioimmunoassay (RIA) (Izotop Company Ltd.,
Budapest, Hungary). Rat FSH / LH kits obtained
from Isotope Company, Budapest, Hungary,
according to the protocol provided with each Kkit.
The sensitivities of hormone detected per assay
tube were 0.2 ng/ml and 0.14 ng/ml for FSH and
LH respectively. Serum concentration of total
testosterone was measured by using a double
antibody RIA kit from immunotech Beckman
Coulter Company-USA. The sensitivities of
hormone detected per assay tube were 0.025
ng/ml.

Total antioxidant capacity (TAC) and
Malondialdehyde (MDA) concentration
measurement in serum

A TAC detecting kit was obtained from Nanjing
Jiancheng Bioengineering Institute-China.
According to this method, the antioxidant defense
system, which consists of enzymatic and non-
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enzymatic antioxidants, is able to reduce Fe3+ to
Fe2+. TAC was measured by the reaction of
phenanthroline and Fe2+ using a
spectrophotometer at 520 nm. At 37 °C, a TAC unit
is defined as the amount of antioxidants required
to make absorbance increase 0.01 in 1 mL of
serum. Radical damage was determined by
specifically measuring malondialdehyde (MDA).
MDA was formed as an end product of lipid
peroxidation = which was  treated  with
thiobarbituric acid to generate a colored product.
Concentration of MDA was measured in serum
and testis homogenates using a method
prescribed previously [28. Testicular tissue was
removed and homogenized in a Teflon-glass
homogenizer with a buffer containing 1.5 %
potassium chloride to obtain 1:10 (w/v) whole
homogenate. The lipid peroxide was measured
spectrophotometrically at 532 nm and expressed
as nano mole MDA per mL of serum or gram of
testis tissue.

Statistical analysis
One way ANOVA followed by Tukey posttest was

used for post hoc comparisons between the
treatment and control groups using SPSS for

Windows software (version 17). Data were
presented as Mean * SEM. The P-values < 0.05 was
considered as significant level during this study.

Results and discussion

Sperm count, viability, motility and abnormality

It is demonstrated that cadmium exposure
produces reactive oxygen species (ROS) which
leads to the endogenous antioxidants
consumption and cytotoxicity. As revealed in
Table 1 the percentage of motile sperm, motility
grade and sperm count were reduced from
58+2.9, 3.3+0.18 and 59%4.7 in control group to
37 #3.4, 2+0.16 and 34+3.3 in cadmium chloride
exposed animals (p <0.001). Furthermore, the
results showed that there was significant increase
in the mean percentage of morphologically
abnormal sperms in cadmium administered
animals (from 4.5x0.9 to 11+1.7). However,
pretreatment  with  Lavandula  angustifolia
essential oil with 10mg/kg and 20mg/kg body
weight doses attenuated the destructive effect of
cadmium chloride. We showed that dose 20mg/kg
Lavandula angustifolia essential oil significantly
improved viability, motility, motility grade and
abnormality (p <0.001).

Table 1. The protective effect of Lavandula angustifolia essential oil on sperm parameters.

Count (million/mL) Viability (%)  Motility (%) Motility grade Abnormality
Control 59+ 4.7 68+4.7 58+2.9 3.3£0.18 4.5+0.9
Sham 63+3.4 69+4.5 60+4.3 3.3£0.15 5+ 0.6
Cd 34+ 3.3%** 4243, 7%%* 37+£3.4%x* 2+ 0.16%** 11+ 1.7%%*
Cd+ Lav 5mg 41+4 50+3.7 48+3.8# 2.4+0.22 8+1.1
Cd+ Lav 10mg 4942 # 61+4.4## 57+3.4## 2.9+ 0.21## 6+ 1.4##
Cd+ Lav 20mg 60.5+4.9### 66+3.6### 62+3.8### 3.2+ 0.19### 4.7+ 1##4

Values are the mean = SEM (n = 6); ***p < 0.001from respective control value, #p < 0.05, ##p < 0.01and ###p < 0.001 as
compared with cadmium chloride treated group using one way ANOVA with Tukey post-hoc test.

Serum total testosterone, LH and FSH
hormones measurement

Cadmium chloride administration had significant
effect on the sex hormone profile. We showed that
serum testosterone and LH levels significantly (p
<0.001) decreased (from 1.3%0.12 and 1.4+0.13 to

0.78%0.06, 0.8+0.07 respectively) compare to the
control group (Fig. 1). Pretreatment with
Lavandula angustifolia essential oil especially with
higher dose (20 mg/kg) attenuated the toxic effect
of cadmium chloride and increased these two
hormones to normal levels (p <0001). Serum level
of FSH significantly increased in cadmium
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administered rats (p <0.001) compare to the
control group (Fig. 2). The reduction of
testosterone and increase of FSH level may be
caused by direct toxic effect of cadmium chloride
on Leydig cells where produce testosterone.

B Testosterone

Reduction of testosterone in serum reduces its
negative feedback on FSH which increases FSH
secretion. Administration of 20mg/kg L.
angustifolia essential oil considerably (p <0.001)
could improve serum FSH level.

t# LH

Control Sham Cadmium Cad+ Llav Cad+Lav Cad+ Lav

5mg 10mg 20mg

Values are the mean + SEM (n = 6); ***p < 0.001 from respective control value, #p<0.05, ###p<0.001 as compared with
cadmium chloride treated group using one way ANOVA with Tukey post-hoc test.

Fig. 1. The protective effect of Lavandula angustifolia essential oil on serum LH and total testosterone level.
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Values are the mean + SEM (n = 6); ***p< 0.001 from respective control value, ###p<0.001 as compared with
cadmium chloride treated group using one way ANOVA with Tukey post-hoc test.

Fig. 2. The protective effect of Lavandula angustifolia essential oil on serum FSH level.
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Values are the mean + SEM (n = 6); **p < 0.01, ***p < 0.001 from respective control value, #p< 0.05, ##p< 0.01
###p< 0.001 as compared with cadmium chloride treated group using one way ANOVA with Tukey post-hoc test.

Fig. 3. The effect of Lavandula angustifolia essential oil on serum total antioxidant capacity and serum and testis

tissue MDA level.

Total antioxidant capacity (TAC) and
Malondialdehyde (MDA) concentration
measurement in serum

In tissues with continuous cell division, endocrine
function and spermatogenesis such as testis,
epididymis and seminal vesicle high demand of
energy is required and oxidative stress induced by
cadmium chloride administration can cause cell
damage and DNA mutilation. Fig. 3 shows the
effect of cadmium chloride toxicities as well as L.
angustifolia administration effects on the MDA
concentration and total antioxidant status in
serum and testis tissue. The mean concentration
of malondialdehyde (MDA) level in serum and
testis tissue was significantly (P<0.01) increased
from 1.81+0.08 and 26+2.3 to 2.46+0.013, 3843 in
cadmium chloride administered animals,
respectively. Pretreatment with high dose (20
mg/kg) L. angustifolia considerably (p <0.01)
decreased serum and testis tissue MDA level.
Besides, diminished level of total antioxidant
induced by cadmium chloride significantly (p
<0.01) recovered using 10mg/kg and 20mg/kg of
L. angustifolia essential oil.

Conclusions

According to the mentioned data, we can
conclude that Lavandula angustifolia pretreatment
could attenuate the toxic effect of cadmium on
sperm parameters in male rats. The improvement
in sperm characteristics maybe related to
antioxidant activity of L. angustifolia.

Conflict of interest

Authors certify that there is no actual or potential
conflict of interest in relation to this article.

Acknowledgement

This research has been supported by Young
Researchers and Elite Club, Hamedan Branch,
Islamic Azad University, Hamedan, Iran. We would
like to thank Dr. Reza Vajdi for their technical
assistance.

References

[1] Carlsen E, Giwercman A, Keiding N, Skakkebaek
NE. Evidence for decreasing quality of semen during
past 50 years. Br Med ]. 1992;305:6009.

[2] Isidori AM, Pozza C, Gianfrilli D, Isidori A.
Medical treatment to improve sperm quality.
Reprod Biomed Online. 2006;12:704-714.

Copyright © 2015 by Kermanshah University of Medical Sciences

JRPS, 2015, 4(2), 135-142| 141



Hamidi et al.

[3] Sharlip ID, Jarow ]JP, Belker AM, Lipshultz LI,
Sigman M, Thomas A], et al. Best practice policies
for male infertility. Fertil. Steril. 2002;77:873-882.
[4] Mosher WD, Pratt WF. Fecundity and infertility
in the United States: incidence and trends. Fertil.
Steril. 1991;56:192-193.

[5] Ognjanovi¢ BI, Markovi¢ SD, Dordevi¢ NZ,
Trbojevié IS, Stajn AS, Sai¢i¢ ZS. Cadmium-induced
lipid peroxidation and changes in antioxidant
defense system in the rat testes: Protective role of
coenzyme Qio and Vitamin E. Reprod. Toxicol.
2010;29:191-197.

[6] Hu H. Exposure to metals. Prim. Care.
2000;27:983-996.

[7] Stohs S, Bagchi D. Oxidative mechanisms in the
toxicity of metal ions. Free Radical Biol. Med.
1995;18:321-336.

[8] Waisberg M, Joseph P, Hale B, Beyersmann D.
Molecular and cellular mechanisms of cadmium
carcinogenesis. Toxicology. 2003;192:95-117.

[9] Thompson ], Bannigan ]. Cadmium: toxic
effects on the reproductive system and the embryo.
Reprod. Toxicol. 2008;25:304-315.

[10] Flora SJS. Metal Poisoning: Threat and
Management. Al Ameen ] Med Sci. 2009;2:4-26.

[11] Nemmiche S, Chabane-Sari D, Kadri M, Guiraud
P. Cadmium chloride-induced oxidative stress and
DNA damage in the human Jurkat T cell line is not
linked to intracellular trace elements depletion.
Toxicol In Vitro,. 2011;25:191-198.

[12] Ravindran Nair A, DeGheselle O, Smeets K, Van
Kerkhove E, Cuypers A. Cadmium-Induced
Pathologies: Where Is the Oxidative Balance Lost
(or Not)? Int] Mol Sci. 2013;14:6116-6143.

[13] Santos FW, Graga DL, Zeni G, Rocha ]B, Weis
SN, Favero AM, et al. Sub-chronic administration of
diphenyl diselenide potentiates cadmium-induced
testicular damage in mice. Reprod. Toxicol
2006;22:546-550.

[14] Koizumi T, Li ZG. Role of oxidative stress in
single-dose, cadmium-induced testicular cancer.
Journal of Toxicology and Environmental Health,
Part A Current Issues. 1992;37:25-36.

[15] Fahmy MA, Aly FA. In vivo and in vitro studies
on the genotoxicity of cadmium chloride in mice. .
Appl. Toxicol. 2000;20:231-238.

[16] Guthrie HD, Welch GR. Effects of reactive
oxygen species on sperm function. Theriogenology.
2012;78:1700-1708.

[17] Ghanbarzadeh S, Garjani A, Ziaee M, Khorrami
A. CoQ10 and L-carnitine attenuate the effect of high
LDL and oxidized LDL on spermatogenesis in male
rats. Drug Res (Stuttg). 2014;64:510-515.

Copyright © 2015 by Kermanshah University of Medical Sciences

[18] Khorrami A, Ghanbarzadeh S, Ziaee M, Arami S,
Vajdi R, Garjani A. Dietary cholesterol and oxidised
cholesterol: effects on sperm characteristics,
antioxidant status and hormonal profile in rats.
Andrologia. 2014;In Press.

[19] Lu P, Lai B-S, Liang P, Chen Z-T, Shun S-Q.
Antioxidation activity and protective effection of
ginger oil on DNA damage in vitro. ] Zhongguo
Zhong Yao Za Zhi. 2003;28:873-875.

[20] Jedlinska-Krakowska M, Bomba G, Jakubowski
K, Rotkiewicz T, Jana B, Penkowski A. Impact of
oxidative stress and supplementation with vitamins
E and C on testes morphology in rats. ] Reprod Dev.
2006;52:203-209.

[21] Kuete V, Ngameni B, Simo CC, Tankeu RK,
Ngadjui BT, Meyer J], et al. Antimicrobial activity of
the crude extracts and compounds from Ficus
chlamydocarpa and Ficus cordata (Moraceae). ].
Ethnopharmacol. 2008;120:17-24.

[22] Wichtl M. Herbal drugs and
phytopharmaceuticals: a handbook for practice on a
scientific basis: Medpharm GmbH Scientific
Publishers; 2004.

[23] Al-Niaame AE, Aziz RA. Study of Lavandula
officinalis L. buds of flowers extracts activity against
some species of multi-drug resistant clinical isolates
of bacteria. Iraqi ]. Biotech. 2013;12:82-91.

[24] Hajhashemi V, Ghannadi A, Sharif B. Anti-
inflammatory and analgesic properties of the leaf
extracts and essential oil of Lavandula angustifolia
Mill. J. Ethnopharmacol. 2003;89:67-71.

[25] Ziaee Z, Ebrahimi M, Nourafcan H, Khorrami A,
Amiraslanzadeh M, Garjani A. The effects of
essential o0il of Lavandula angustifolia on
isoproterenol-induced myocardial infarction in rat.
Iran. J. Pharm. Res. 2015;14:279-289.

[26] Razi M, Najafi G, Feyzi S, Karimi A,
Shahmohamadloo S, Nejati V. Histological and
histochemical effects of Gly-phosate on testicular
tissue and function. Iran. J. Reprod. Med.
2012;10:181-192.

[27] Lotfia N, Khazaeib M, Shariatzadehc SMA,
Mehranjanic MS, Pirid F, Ansariane A. Reproductive
Parameters in Diabetic Male Rat after Exposure to
Cannabis Sativa Hydroalcoholic Extract. ] Rep
Pharm Sci. 2014;3:193-200.

[28] Alexandropoulou I, Komaitis M, Kapsokefalou
M. Effects of iron, ascorbate, meat and casein on the
antioxidant capacity of green tea under conditions
of in vitro digestion. Food Chem. 2006;94:359-365.

JRPS, 2015, 4(2), 135-142| 142


http://www.ncbi.nlm.nih.gov/pubmed/?term=Jedlinska-Krakowska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16394623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bomba%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16394623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jakubowski%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16394623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jakubowski%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16394623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rotkiewicz%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16394623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jana%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16394623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Penkowski%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16394623

