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Abstract

Background: Pyridaben, a pyridazinone derivative, is a new acaricide and
insecticide for control of mites and some insects such as white flies, aphids and
thrips.

Objective: This study was designed to elucidate how pyridaben can affect the
sperms' morphological parameters, its DNA integrity, and to estimate the effect of
various quantities of pyridaben on in vitro fertilization rate.

Materials and Methods: In this study, 80 adult male Balb/C strain mice were used.
Animals were divided into control and two test groups. Control group received
distilled water. The test group was divided into two subgroups, viz, high dose (212
mg/kg/day) and low dose (53 mg/kg/day) and they received the pyridaben, orally for
duration of 45 days. The spermatozoa were obtained from caudae epididymides on
day 45 in all groups. Sperm viability, protamin compression (nuclear maturity),
DNA double-strand breaks, and in vitro fertilizing (IVF) ability were examined.
Results: The pyridaben treatment provoked a significant decrease in sperm
population and viability in epididymides. The data obtained from this experiment
revealed that, the pyridaben brings about negative impact on the sperm maturation
and DNA integrity in a time-dependent manner, which consequently caused a
significant (p<0.05) reduction in IVF capability. Embryo developing arrest was
significantly (p<0.05) higher in treated than the control group.

Conclusion: Theses results confirmed that, the pyridaben is able to induce DNA
damage and chromatin abnormalities in spermatozoa which were evident by low
IVF rate.
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Introduction

pproximately 15-20% couples in their
Areproductive age suffering from
infertility, out of which the male
infertility contributes for about half of all this
population (1). Among the variety of causes,
environmental factors such as chemical
agents and drugs seem to be the most
important factor of infertility (2).

In recent years, reduction in fertility in male
due to drop in sperm count and consequently
decrease in reproductive capacity in human
population has received enhanced interest.
With reference to a repot among men without
a history of infertility, the mean sperm count
declined from 113 million/ml in 1940 to 66
million/ml in 1990 (1). Furthermore, a
significant decrease in mean seminal volume

from 3.40 ml to 2.75 ml was reported during
the same period, indicating an even more
pronounced decrease in the total sperm count
(1).

A more recent study confirmed the drop in
sperm counts over the past 20 years and, in
addition, a decline in sperm motility as well as
in the percentage of morphologically normal
sperm (3). Pyridaben is the most recently
introduced chemical for the control of all
developmental stages of the spider mites (4,
5). Pyridaben has been studied for acute
toxicity in different species. Major clinical
signs observed were decreased spontaneous
motor activity, abnormal gait, arched back
posture, eye closing, piolerection and
bradypnea (6). Pyridaben is selective and
stoichmetric inhibitor of complex | in the inner
membrane of mitochondria (7).
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When complex | is activated, mitochondrial
nitric oxide synthase (MtNOS) shows
considerable enzymatic activity and generate
nitric oxide (NO) whereas inhabitation of
complex | by pyridaben guides the mtNOS to
lose ties with NO producing activity and to
become a O, source (8, 9). Pyridaben was
also highly toxic to midbrain organotyoic slice
and suggest the need for evaluation of the
potential for these compounds to damage the
dopaminergic system in animal and to
determine whether there is significant human
exposure to these pesticides (10).

Pyridaben is twice more potent than
rotenone at inhibiting mitochondrial
respiration. Pyridaben is a competitive
inhibitor of DHR (dihydrorotenone) binding,
indicating positive cooperativity (11, 12). The
greater hydrophobicity of pyridaben may result
in concentration of pyridaben in the
membrane where the enzyme complex is
located, resulting in enhanced inhibitory
potency, therefore high potency of pyridaben
causing cell death. Pyridaben causes
significantly greater oxidative damage than a
similar dose of rotenone (13).

Partial inhibition of complex | by pyridaben
is sufficient to produce significant increase in
reactive oxygen species (ROS) production
(14-17). Pyridaben is a widely used miticide,
binding to the PSST subunit of complex | and
inhibits electron flow (18). Pyridaben has not
been fully evaluated for its possible
immunotoxic effect, whereas known that, it is
a potent inducer of apoptosis in ST486 cells
and in EW36 cells in combination with heat
stress (19). In addition, inhabitation of electron
flow at complexes | can generate excess
ROS, and an oxidative stress condition,
contributing to mitochondrial dysfunction (20-
22).

It has been indicated that, pyridaben
miticide inhabitation of NADH: ubiquinone
oxidoreductase activity leading to the level of
induced ornithine decarboxylase activity which
causes anti-proliferative effect and thus
anticancer action (23). The aim of this study
was to evaluate the probable simultaneous
effect of pyridaben on semen quality, sperms’
DNA damages and in vitro fertilizing ability of
sperms on time depending manner.

Materials and methods

Animals and treatment groups
This study was experimented on eighty
adult Balb/C strain mice of 10 weeks age and

25+3g weight, maintained in laboratory animal
housing facilities under controlled light
conditions 12 hour light and 12 hour dark and
temperature between 20-23°C. The animals
were fed on standard mice pellet and watered
ad libitum. In this study all experiments were
conducted in accordance with the principles
and procedures outlined by Urmia University
guidance of ethical committee for research on
laboratory animals.

The animals were divided in to control and
test groups. The test subgroups nominated
upon the dosage of pyridaben in the study as
high dose (212 mg/kg) and low dose (53
mg/kg). The mice in control group received
0.2 ml distilled water. The high dose and low
dose experiment groups received pyridaben at
rate of 212mg/kg and 53 mg/kg through oral
route (by gavage) respectively for the duration
of 45 days.

Sperm collection

After running of treatment period, each
mouse was sacrificed by decapitation
according to recommendation of the
institutional ethical committee. Spermatozoa
were obtained from cauda epididimis under a
20-time magnification provided by a stereo
zoom microscope (model TL2, Olympus Co.,
Tokyo, Japan). Both cauda epididimides of
each mouse was trimmed and minced in 1 ml
HTF+4 mg/ml BSA medium pre-warmed to
37°C. After 20 minute incubation at 37°C in an
atmosphere of 5% CO, and the grinded
epididymal tissue was separated from the
released spermatozoa.

Epididymal sperm count and Vviability
assay

The cauda epididymis sperm reserves were
determined using the standard hemocytometry
(1). Sperm viability was analyzed using eosin-
nigrosin staining technique. Ten microliters of
each semen sample were placed on slide and
stained with ten microliters of eosin-nigrosin.
The live (non-stained), dead (red-stained
heads), abnormal and morphologically
immature sperms were evaluated (24).

Sperm chromatin integrity assay

Acidic aniline blue staining was used to
detect chromatin defects of sperm nuclei
related to their nucleoprotein content as
associated with DNA. The Aniline blue (Ab)
staining specifically reacts with lysine residues
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in nuclear histones and reveals differences in
the basic nuclear protein composition of the
sperm. Histone-rich nuclei of immature sperm
are rich in lysine and will consequently take up
the blue stain. On the other hand, protamine
rich nuclei of mature sperm are rich in arginine
and cysteine and contain relatively low levels
of lysine, which means they will not be stained
by Ab (25). A drop of semen was spread on
the glass slides and allowed to air-dry. All the
smears were fixed in 3% buffered
glutaraldehyde for 30 min. The slides were
then stained with 5% aqueous aniline blue
and mixed with 4% acetic acid (pH= 3.5) for 7
min then evaluated under light microscope.

DNA double strand breaks assay

A drop of semen was spread on the glass
slides and allowed to air-dry. All the smears
were fixed in methanol/acetic acid (3:1). The
slides were then stained with 19% acridine-
orange solution in phosphate citrate for 10 min
in each slide. The sperms were evaluated with
fluorescence microscope (Model GS7, Nikon,
Japan) with a 100 oil immersion objective
lens. Three types of staining patterns were
identified; green sperms (double-stranded
DNA), yellow and red sperms (single-stranded
DNA) (26).

Collection of ovulated oocytes and in vitro
fertilization

Superovulation was induced in 6-7 weeks
old female mice by intraperitoneal injection of
10 IU pregnant mare serum gonadotropin
(PMSG sigma, G4877) followed by
intraperitoneal injection of 10 IU HCG (Sigma,
C1063) 48 h later. At 12-14 hours post HCG
injection, female mice were scarified by
cervical dislocation. The oviducts were
removed and the ampulla portion was put into
a plastic dish containing HTF+ 4mg/kg BSA
medium. The oocytes in cumulus masses
were dissected out of the oviducts and
introduced into the HTF+ 4mg/kg BSA
medium. Microdrops of fertile sperm (1x10°
sperm/ml) in HTF+ 4mg/kg BSA were
prepared, and 10 to 15 oocytes were placed
into each sperm microdrop (150 pl).

The fertilization process was performed for
four to six hours incubation at 37°C under 5%
CO,. The cumulus cell free fertilized oocytes
were transferred to fresh drops of HTF+
4mg/kg BSA medium for culture of embryos.
All of the medium droplets were covered with

mineral oil (sigma M8410) and fertilized
oocytes were evaluated by appearance of the
pronuclei and polar bodies under the inverted
microscope with magnification of 200x. After
IVF, zygotes were washed 3 times with
potassium simplex optimized medium (KSOM)
and then transferred into fresh KSOM,
cultured for an additional 5 days by incubation
at 37°C under 5% CO,. 24 hours after the
zygotes culture, the two cell embryos rate as
well as in vitro embryonic development were
evaluated, during 5 days under phase-
contrast microscopy to blastocyst stage.

Statistical analysis

Statistical analyses were performed on all
data using ANOVA, by SPSS software
version 16.0. All values were expressed as
the meantzSE and p<0.05 was considered to
be statistically significant.

Results

Sperm count and morphology

Our results revealed that, in test group
which received high dose of pyridaben, in
comparison to the controls, the sperm count
was reduced significantly (p<0.05) after 45
days of administration (Table I). Aniline blue
staining for sperm nucleus maturity revealed
that, the ratio of nuclear immature sperms
(light stained nucleus) was increased
remarkably in pyridaben groups (low and high
dose) in comparison to other test groups
(Figure 1a). Furthermore the sperms with
cytoplasmic droplets were observed as
immature sperm. Our observations
demonstrated that, the number of sperms with
cytoplasmic droplets increased significantly
(p<0.05) in the 45" day in both pyridaben
treated groups.

In the eosin-negrosin staining, those
sperms with stained heads were considered
as dead. Intensive sperm mortalities were
observed in pyridaben groups mice with dose
dependant mode (Figure 1b). It is to notify
that, the severities of sperm parameters
anomalies were more in high dose than the
low dose exposed animals. The data for
sperm count and morphology is presented in
table I. The acridine-orange staining showed
that, the number of sperms with double-strand
DNA Dbreaks are significantly (p<0.05)
intensified in the pyridaben exposed groups
than the controls and this was more enhanced
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after 45 days exposure (Figurelc). The
numerical data for sperm DNA fragmentation
and breaks is presented in table I.

The pyridaben influences the rate of
fertilized oocytes

The in vitro fertilizations of oocytes by
sperms which were collected from the
pyridaben exposed groups animals were
remarkably lower than the control group. The
most considerable occurrence was that, in
most cases the progression of 2-cell embryos

in to four and/or more cells embryos in
pyridaben exposed groups stopped.
Moreover, the majority of divisions were
arrested in samples from the pyridaben
exposed groups. By comparing the values for
rate of fertilized oocytes, 2 cells and
blastocytes between all of the groups
indicated that the highest value belongs to the
oocytes that exposed to sperms from the high
dose of pyridaben group in the 45" day
(Figure 1d). The data for in vitro fertilization
rates is presented in table II.

Table | .Comparative parameters of sperm in control and experimental groups (Mean + SE)

Different parameters Control Low dose High dose

Sperm count (10°) 51.33+1.45° 36.67 + 4.66° 24.66 + 3.48°
Sperm viability (eosin-nigrosin) (%) 90.66 + 1.45° 71.00 + 3.46° 60.33£2.72°
Immature sperm (aniline blue) (%) 8.0+0.58° 14.66 +0.88° 24.00 £4.04°
DNA double strand sperm (acridine orange) (%) 9.67 +0.88° 16.00 + 0.57° 26.00 + 2.08°

The different parameters in the control and test groups are analyzed through Tukey’s test. In each row the identical superscript indicates non-

significant (P>0.05) difference between parameters.

Table 11. Comparative parameters of embryos in control and experimental groups (Mean + SE)

Different parameters Control Low dose High dose

Fertilization oocyte (%) 88.34+0.88° 74.66 + 3.53 48.00 + 3.20°
2- Cell embryo (%) 80.33 + 1.45° 66.65 + 3.84° 44,34 +5.45°
Blastocyst (%) 81.34 + 2.89° 69.00 +1.15° 40.34 £ 4.18°

The different parameters in the control and test groups are analyzed through Tukey’s test. In each row the identical superscript indicates non-

significant (P>0.05) difference between parameters

Figurel: (a) aniline-blue staining for spermatozoa indicate that 1- mature sperm with light nucleus and 2- immature sperm with blue
nuclei. (b) eosin- negrosin staining for spermatozoa indicate that 1- intensive sperm with light nuclei and 2- dead sperm with red
nucleus (x1000). (c) acridine -orange staining for spermatozoa indicate that 1- mature sperm with light nuclei and 2- the number of
sperms with double-strand DNA breaks (x1000). (d) 1- blastocyst after IVF in control group with 2- remarkably fragmented embryo

(invert microscope x1000).
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Discussion

Pyridaben, a pyridazinone derivative, is a
new acaricide and insecticide (4). The other
compounds which are commonly used as
pesticide including atrazine, benomyl,
carbaryl, carbofuran, chlorpyrifos, endosulfan,
dibromochloropropane  (DBCP), 2, 4-
dichlrophenoxy acetic acid, dimethoate,
dioxin, hexachlorocyclohexane (HCH),
lindane, malathione, mancozeb,
methoxychlor, methyl parathion,
organophosphate, imidaclopride and
pyrethyroid. The reproductive toxic effects of
these compounds are widely studied (27, 28).

At present pyridaben is widely used as
miticide and insecticide through all over the
world, although this compound is toxic for
different biological systems (4, 23, 29). Its
noxious effects on the male and female
reproductive systems are ill known. In the
present study we showed that in pyridaben
groups (high and low dose) sperm protamine-
histone transition impairments, DNA missed
integrity, and consequentially loss of motility
increases. Ultimately our results showed that
the quality of sperm content become lower
and exhibit lower in vitro fertilization rate. In
present study we used the effect of various
pyridaben doses on maturation and DNA
integrity and to identify in vitro fertilization
ability of these sperms in different groups.

In the current study after 45 days,
pyridaben group showed high morphologically
immature sperms. A numbers of studies have
suggested that the presence of spermatozoa
with damaged DNA may be the result of an
impaired chromatin packing or may be
indicative of apoptosis (30, 31). Protamines
may act as protective elements by
sequestering metals capable of promoting the
fragmentation of sperm DNA (32). Our special
staining for protamine showed that by the time
after pyridaben group, the intensive damage
affected the sperms protamine-histone
transition and this disorder may account in
part for the extensive DNA damage observed
in poorly packaged spermatozoa of the
pyridaben group.

On the other hand the results from
acridine-orange stainings were in good
accordance with these findings and showed
an elevated sperm DNA fragmentation and
damage pyridaben rats. There are reports
indicating that any disorder which resulted in a
failure in epididymal sperm maturation,
causes impaired sperm fertilizing ability (31,

33, 34). Development of spermatozoal ability
to expose forward motility, undergoing
capacitation, and penetrate the zona pellucida
of the oocyte is examples of the several
important properties, which the spermatozoa
acquire during epididymal sperm passage (1).
Our observations revealed that in pyribaden
group morphologically immature sperms
increased remarkably and the results from IVF
correlated reversely with these findings. The
ability of the embryo to survive appears to be
negatively correlated with the level of DNA
fragmentation in the germ line (35).

Previous studies showed that DNA-
damaged sperms cannot fertilize the oocyte
(31, 32). Our results in this study showed that
by using the sperms from pyribaden rats some
of the fertilized oocytes stopped to continue
division in two cells and blactocyst embryo
phase. Moreover, fertilization rate in treatment
group compared with the control group was
found remarkably low.

Conclusion

These results demonstrated that pyridaben
is able to induce DNA damage and chromatin
abnormalities in spermatozoa which could be
contributed in observed low fertilizations rate.

Acknowledgments

This study was financially supported by the
Research Council of Science and Research
Branch, Islamic Azad University, Tehran. The
authors would like to express their
appreciations to staff members of the
Department of Biology of this center for their
modest cooperation and support of this
research. We wish to thank Mr. Ali Karimi and
stuff of Histology and  Embryology
Laboratories of veterinary faculty for their very
kind helps in laboratory works.

Conflict of interest

Authors do not have any conflict of interest.

References

1. Suzuki N, Sofikitis N. Protective effects of
antioxidants on testicular functions of varicocelized
rats. Yonago Acta medica 1999; 42: 87-94.

2. Schlegel PN, chacg TS, Marshall FF. Antibiotics:
potential hazards to male fertility. Fertil Steril 1991,
55: 235-242.

3. Agarwal A, Said TM. Role of sperm chromatin
abnormalities and DNA damage in male infertility.
Hum Reprod Update 2003; 9: 331-345.

Iranian Journal of Reproductive Medicine Vol. 11. No. 8. pp: 605-610, August 2013 609


https://ijrm.ir/article-1-456-fa.html

[ Downloaded from ijrm.ir on 2025-07-21]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

610

Ebadi Manas et al

Hirata K, Kawamura Y, Kuno M, Igarashi H.
Development of a new acaricide pyridaben. J Pest
Sci 1995; 20: 177-179.

Stumpf N, Nauen R. Cross-resistance, Inheritance,
and biochemistry of mitochondrial electron transport
inhibitor-acaricide resistance in Tetranychus urticae.
J Econ Entomol 2001; 94: 1577-1583.

Hajime |, Satoru S. Summary of Toxicity Studies with
pyridaben: Regulatory agricultural division. Nissan
chemical industries Ltd.; 1994.

Gomez C, Bandez MJ, Navarro A. Pesticides and
impairment of mitochondrial function in relation with
the parkinsonian syndrome. Front Biosci 2007; 12:
1079-1093.

Parihar MS, Nazarewicz RR, Kincaid E, Bringold U,
Ghafourifar P. Association of mitochondrial nitric
oxide synthase activity with respiratory chain
complex |. Biochem Biophys Res Commun 2008;
366: 23-28.

Parihar MS, Parihar A, Villamena FA, Vaccaro PS,
Ghafourifar P. Inactivation of mitochondrial
respiratory chain complex | lead mitochondrial nitric
oxide synthase to become pro-oxidative. Biochem
Biophys Res Commun 2008; 367: 761-767.

Sherer TB, Richardson JR, Testa CM, Seo BB,
Panov AV, Yagi T, et al. Mechanism of toxicity of
pesticides acting at complex I: relevance to
environmental etiologies of Parkinson's disease. J
Neurochem 2007; 100: 1469-1479.

Okun JG, Lummen P, Brandt U. Three classes of
inhibitors share a common binding domain in
mitochondrial complex | (NADH: ubiquinone
oxidoreductase). J Biol Chem 1999; 274: 2625-2630.
Schuler F, Casida JE. The insecticide target in the
PSST subunit of complex |. Pest Manag Sci 2001,
57: 932-940.

Sherer TB, Betarbet R, Greenamyre JT.
Environment, mitochondria, and Parkinson's disease.
Neuroscientist 2002; 8: 192-197.

Barrientos A, Moraes CT. Titrating the effects of
mitochondrial complex | impairment in the cell
physiology. J Biol Chem 1999; 274: 16188-16197.
Kushnareva Y, Murphy AN, Andreyev A. Complex I-
mediated reactive oxygen species generation:
modulation by cytochrome ¢ and NAD (P)+ oxidation-
reduction state. Biochem J 2002; 368: 545-553.

Li N, Ragheb K, Lawler G, Sturgis J, Rajwa B,
Melendez JA, et al. Mitochondrial complex | inhibitor
rotenone induces apoptosis through enhancing
mitochondrial reactive oxygen species production. J
Biol Chem 2003; 278: 8516-8525.

Sipos |, Tretter L, Adam Vizi V. The production of
reactive oxygen species in intact isolated nerve
terminals is independent of the mitochondrial
membrane potential. Neurochm Res 2003; 28: 1575-
1581.

Schuler F, Yano T, Di Bernardo S, Yagi T,
Yankovskaya V, Singer TP, et al. NADH-auinone
oxidoreductase:PSST subunit couples electron
transfer from iron- sulfur cluster N2 to quinine. Proc
Natl Acad Sci USA 1999; 96: 4149-4153.

Bloom SE, Lemley AT, Muscarella DE. Potentiation
of apoptosis by heat stress plus pesticide exposure
in stress resistant human B-lymphoma cells and its
attenuation through interaction with follicular dendritic

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

cells: role for c-Jun N-terminal kinase signaling.
Toxicol Sci 2006; 89: 214-223.

Garacia-Ruiza C, Colell A, Mari Morales A,
Fernandez-Checa JC. Direct effect of ceramide on
the mitochondrial electron transport chain leads to
generation of reactive oxygen species . J Biol Chem
1997; 272: 11369-11377.

ST-Pierre j, Buckingham j A, Roebuck SJ, Brand MD.
Topology of superoxide production from different
sites in the mitochondrial electron transport chain. J
Biol Chem 2002; 277: 44784-44790.

Chen, Q, Vazques EJ, Moghaddas S, Hoppel CL,
Lesnefsky EJ. Production of reactive oxygen species
by mitochondria: central role of complex Ill. J Biol
Chem 2003; 278: 36027-36031.

Nianbai Fang and John E Casida. Anticancer action
of cube insecticide. Proc Natl Sci USA 1998; 95:
3380-3384.

Toyoda Y, Chang MC. Fertilization of rat eggs in vitro
by epididymal spermatozoa and the development of
eggs following transfer. J Reprod Fertil 1974; 36: 9-
22.

Nasr-Esfahani MH, Razavi S, Mardani M. Relation
between different human sperm nuclear maturity
tests and in vitro fertilization. J Assist Reprod Genet
2001; 18: 219-225.

Moustafa MH, Sharma RK, Thornton J, Mascha E,
Abdel-Hafez MA, Thomas AJ, et al. Relationship
between ROS roduction, apoptosis and DNA
denaturation in spermatozoa from patients examined
for infertility. Hum Reprod 2004; 19: 129-138.

Mathur N, Pandey G, Jain A GC. Review of the male
reproductive toxicity. J Herb Med Toxic 2010; 4: 1-8.

Najafi GR, Razi M, Hoshyar A, Shahmohamadloo S,
Feyzi S. The effect of chronic exposure with
imidaclopride insecticide on fertility in mature male
rats. Int J Fertil Steril 2010; 9: 9-16.

Gu QY, Chen WB, Wang LJ, Shen J, Zhang JP.
Effects of sublethal dosage of abamectin and
pyridaben on life table of laboratory populations of
Tetranychus turkestani (Acari: Tetranychidae). Acta
Entomologica Sinica 2010; 53: 876-883.

Sakkas D, Mariethoz E, Manicardi G. Origin of DNA
damage in ejaculated human spermatozoa. Rev
Reprod 1999; 4: 31-37.

Duru NK, Morshedi M, Oehninger S. Effects of
hydrogen peroxide on DNA and plasma membrane
integrity of human spermatozoa. Fertil Steril 2000;
74:1200-1207.

Bianchi P, Manicardi GC, Bizzaro D, Bianchi U,
Sakkas D. Effect of DNA protamination on
fluorochrome staining and in situ nicktranslation of
murine and human mature spermatozoa. Biol Reprod
1993; 49: 1038-1043.

Fujishiro JA. Effect of varicocele on fertility potential:
comparison between impregnating and non-
impregnating groups. Arch Androl 1995; 35: 143-148.
Kessopoulou E, Tomlinson MJ, Barratt CL, Bolton
AE, Cooke ID. Origin of reactive oxygen species in
human semen spermatozoa or leukocytes. J Reprod
Fertil 1992; 94: 463-470.

Evenson DP, Jost LK, Marshall D, Zinaman MJ,
Clegg E, Purvis K, et al. Utility of the sperm
chromatin structure assay as a diagnostic and
prognostic tool in the human fertility clinic. Hum
Reprod 1999; 14: 1039-1049.

Iranian Journal of Reproductive Medicine Vol. 11. No. 8. pp: 605-610, August 2013


http://www.ncbi.nlm.nih.gov/pubmed?term=Parihar%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=18036554
http://www.ncbi.nlm.nih.gov/pubmed?term=Nazarewicz%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=18036554
http://www.ncbi.nlm.nih.gov/pubmed?term=Kincaid%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18036554
http://www.ncbi.nlm.nih.gov/pubmed?term=Bringold%20U%5BAuthor%5D&cauthor=true&cauthor_uid=18036554
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghafourifar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18036554
http://www.ncbi.nlm.nih.gov/pubmed/?term=8.%09Parihair+MS+et+al.+Biochem+Biophys+Res+Commum+2008a%3B+366%3A23-28.
http://www.ncbi.nlm.nih.gov/pubmed?term=Parihar%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=18191636
http://www.ncbi.nlm.nih.gov/pubmed?term=Parihar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18191636
http://www.ncbi.nlm.nih.gov/pubmed?term=Villamena%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=18191636
http://www.ncbi.nlm.nih.gov/pubmed?term=Vaccaro%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=18191636
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghafourifar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=18191636
http://www.ncbi.nlm.nih.gov/pubmed/?term=9.%09Parihair+MS+et+al.+Biochem+Biophys+Res+Commum+2008b%3B+367%3A761-767.
http://www.ncbi.nlm.nih.gov/pubmed/?term=9.%09Parihair+MS+et+al.+Biochem+Biophys+Res+Commum+2008b%3B+367%3A761-767.
http://www.ncbi.nlm.nih.gov/pubmed?term=Sherer%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=17241123
http://www.ncbi.nlm.nih.gov/pubmed?term=Richardson%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=17241123
http://www.ncbi.nlm.nih.gov/pubmed?term=Testa%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=17241123
http://www.ncbi.nlm.nih.gov/pubmed?term=Seo%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=17241123
http://www.ncbi.nlm.nih.gov/pubmed?term=Panov%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=17241123
http://www.ncbi.nlm.nih.gov/pubmed?term=Yagi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17241123
http://www.ncbi.nlm.nih.gov/pubmed/17241123
http://www.ncbi.nlm.nih.gov/pubmed/17241123
http://www.ncbi.nlm.nih.gov/pubmed?term=Okun%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=9915790
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%BCmmen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9915790
http://www.ncbi.nlm.nih.gov/pubmed?term=Brandt%20U%5BAuthor%5D&cauthor=true&cauthor_uid=9915790
http://www.ncbi.nlm.nih.gov/pubmed/?term=11.%09Okun+JG%2C+Lummen+P+and+Brandt+U.+Three+classes+of+inhibitors+share+a+common+binding+domain+in+mitochondrial+complex+I+NADH%3Aubiquinone+oxidoreductase.+J+Bio+Chem+1999gh%3B+274%3A2625-2630.
http://www.ncbi.nlm.nih.gov/pubmed?term=Sherer%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=12061498
http://www.ncbi.nlm.nih.gov/pubmed?term=Betarbet%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12061498
http://www.ncbi.nlm.nih.gov/pubmed?term=Greenamyre%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=12061498
http://www.ncbi.nlm.nih.gov/pubmed/?term=13.%09Sherer+TB%2C+Betarbet+R+and+greenamyre+J+T.+Environment%2Cmitochondria%2C+and+Parkinsons+disease+.+Neuroscientist+2002a%3B+8%3A102-197.
http://www.ncbi.nlm.nih.gov/pubmed?term=Barrientos%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10347173
http://www.ncbi.nlm.nih.gov/pubmed?term=Moraes%20CT%5BAuthor%5D&cauthor=true&cauthor_uid=10347173
http://www.ncbi.nlm.nih.gov/pubmed/?term=14.%09Barrientos+A+and+Moraes+T.+titrating+the+effects+of+mitochondrial+complex+I+impairment+in+the+cell+physiology.+J+Biol+chem+1999%3B+274%3A16188-16197.
http://www.ncbi.nlm.nih.gov/pubmed?term=Kushnareva%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=12180906
http://www.ncbi.nlm.nih.gov/pubmed?term=Murphy%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=12180906
http://www.ncbi.nlm.nih.gov/pubmed?term=Andreyev%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12180906
http://www.ncbi.nlm.nih.gov/pubmed/?term=15.%09kushnareva+Y%2C+Murphy+AN+and+Andreyev+A.+Complex+I++mediated+reactive+oxygen+species+generation%3A+modulation+by+cytochrome+c+and+NAD%28P%29%2B+oxidation-reduction+state.+Biochem+J+2002%3B+368%3A545-553.
http://www.ncbi.nlm.nih.gov/pubmed?term=Bloom%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=16237197
http://www.ncbi.nlm.nih.gov/pubmed?term=Lemley%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=16237197
http://www.ncbi.nlm.nih.gov/pubmed?term=Muscarella%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=16237197
http://www.ncbi.nlm.nih.gov/pubmed/?term=19.%09Stephen+E+Bloom+Ann+T+Lemley+and+Donna+E.+Toxicological+sciences+2006%3B+89%281%29%3A+214-223.
http://en.cnki.com.cn/Journal_en/D-D046-KCXB-2011-12.htm
http://en.cnki.com.cn/Journal_en/D-D046-KCXB-2011-12.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=Kessopoulou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=1593545
http://www.ncbi.nlm.nih.gov/pubmed?term=Tomlinson%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=1593545
http://www.ncbi.nlm.nih.gov/pubmed?term=Barratt%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=1593545
http://www.ncbi.nlm.nih.gov/pubmed?term=Bolton%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=1593545
http://www.ncbi.nlm.nih.gov/pubmed?term=Bolton%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=1593545
http://www.ncbi.nlm.nih.gov/pubmed?term=Cooke%20ID%5BAuthor%5D&cauthor=true&cauthor_uid=1593545
https://ijrm.ir/article-1-456-fa.html
http://www.tcpdf.org

