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Mitochondria:
Sensor of environmental
aggressions
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The Power House of Cells

Mitochondria

Mitochondria,
1.600.000.000 years ago...
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Mitochondria, the ultimate ernergy producer of our cell is an

ancestor bacteria that invented cellular respiration turning toxic
oxygen into an indispensable molecule.
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Mitochondria
A Multifunctionnal Organel

¢ ATP production

e Steroid hormone synthesis
e Detoxication

e Calcium control

¢ Apoptosis control
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» Circular chromosomes

» 16,569 nucleotides

» Mitochondrial DNA exclusively
transmitted by the mother

» mDNA contains 13 genes that encodes
proteins from the respiratory chain

» mDNA is 10 times more fragile than
nuclear DNA
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Mitochondrial Respiratory Chain

. inter-membrane gpace
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LIFE & DEATH OF MITOCHONDRIA
BIOGENESIS & MITOPHAGY

MITOCHONDRIAL LIFE CYCLE

Mitochondrial Micronutrients

Vitamins B1, B2, B3, B5
Vitamins E, A, C
Omeéga-3 et -6 fatty acids
iron

Selenium

Zinc

Copper

alpha lipoic acid
L-Carnitine
Coenzyme-Q10
Réduced Glutathion
L-glutamin
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\, Oxidative phosporylation can lead to
” premature fall of high energy electron ...

Mitochondria : Free Radicals

][W | \ 2- 10% of high energy electrons fall
\/B>Y off the transporter chain
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CARBPONYL STRESS AND OXIDATIVE STRESS
ARE VICIOUSLY CONNECTED

FREE RADICAL
(ROS)

OXIDATIVE STRESS

CARBONYL STRESS

REACTIVE DICARBONYL
METHYLGLYOXAL
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Methylglyoxal: Detoxication
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Mitochondrial medicine: entering the era of treatment.
Koene S, Smeitink J.
Intern Med. 2009 Feb;265(2):193-209.

Research of patients with defects in cellular energy metabolism (mitochondrial
disease) has led to a better understanding of mitochondrial biology in health and
disease. The obtained knowledge is of increasing importance for physicians of all
medical disciplines. It assists in enabling the development of rational treatment
strategies for diseases or conditions caused by mitochondrial dysfunction. The still
frequently used classical interventions with vitamins or co-factors are only beneficial in
some rare mitochondrial disease conditions, like coenzyme Q biosynthesis defects. For
that reason alternative strategies to correct disturbed energy metabolism have to be
developed. New approaches in this direction include nutrition and exercise therapies,
alternative gene expression, enzyme-replacement, scavenging of potentially toxic
compounds and modulating cell signalling. The effect of some of these interventions
has already been explored in humans whilst others are still at the level of single cell
research. We review the state of the art of the development of mitochondrial
treatment strategies and discuss what steps need to be taken to efficiently approach
the huge burden of disease caused by dysfunctional mitochondria.

Part and Martin Human Genomics 2012 63
hitpe//www humgenomics.com/content/6/1/3 mi Human Genomics

REVIEW Open Access

Mitochondrial and nuclear genomics and the
emergence of personalized medicine

Ryan L Parr” and Luis H Martin

Abstract

Developing early detection biosensors for disease has been the fong-held goal of the Human Genome Project, but
wiith little success. Conversely, the biological properties of the mitochondrion coupled with the relative simplicity of
the mitochondrial genome give this organelle extraordinary functionality as a biosensor and places the field of
mitochondrial genomics in a position of strategic advantage 10 launch significant advances in personalized
medicine. Numerous factors make the mitochondrion organelie uniquely suited to be an early detection biosensor
with applications in oncology as well as many other aspects of human health and disease. Early detection of
disease translates into more effective, less expensive treatments for disease and overall better prognoses for those
at greater risk for developing diseases.

Keywords: Mitochondrial genomics, Mitogenome, Genomic deletions, Cancerization field, Biosensor, Heteroplasmy

The role of mitochondria in aging
Ana Bratic'? and Nils-Goran Larsson'?

"Department of Mitochondrial Biology, Max Planck Institute for Biology of Ageing, Cologne, Germany, “Department of Laboratory Medicine,
Karolingia Institutet, Stockhoim, Sweden,

Over the last decade, lating evidence h d a causative link between mitochondrial dysfunction
and major phenotypes associated with aging. Somatic mitochondrial DNA (mtDNA) mutations and respiratory
chain dysfunction accompany normal aging, but the first direct experimental evidence that increased mtDNA
‘mutation level ibute to progeroid phenotypes came from the mtDNA mutator mouse. Recent evidence
ok ging-associated meDNA motati dbydamag Jation, but rather
are due to clonal expansion of mtDNA replication errors that occur during development. Here we discuss the
caveats of the traditional mitochondrial free radical theory of aging and highlight other possible mechanisms,
including insulin/IGF-1 signaling (IIS) and the target of rapamycin pathways, that underlie the central role of
‘mitochondria in the aging process.

The Journal of Clinical Investigation Volume 123 Number 3 March 2013
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CNS Cardiovascular Liver Kidneys
system
Brain ischemia Myocardial Cholestasis Glomerulonephritis
Friedreich ataxia infarction . Iron overload Ischemic injury
Kernicterus Atherolsclerosls Ischemic injury Stones
( i Desmin-related Non-alcoholic Toxicity of
disorders Diitis steatohepatitis (NASH) aoe(ag!iqcphen.
. iabetes . cadmium,
Reye's SY"UI“?"‘E complications Reye's syndrome gentamicin and
Spinal cord injury Eriedraich ataxia Steatosis ochratoxin A
Neurotoxicity of Toxicity of CCl,,
bupivacaine, cocaine ethanol and
and ethanol ochratoxin A

MITOCHONDRIAL MEDICINE
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Mitochondrial diseases generally have been
thought of as a spectrum of primarily inherited
conditions afflicting roughly 1 in every 2,000-5,000
people; about 1 in 200 people in the general
population are thought to carry potentially

pathogenic mitochondrial DNA mutations.
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Mitocondrial diseases can be also acquired and
are the results of a variety of factors that can be

associated:

* Micronutients deficiencies
* Pharmacological Drugs

* Heavy metals

* Pesticides

* Electromagnetic fields

Mitochondria: Complex Organelle Can Fail in Many Ways
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Dykens & Will, Drug Discovery Today, 12:777-785, 2007.

Pharmacological Drugs Affect Mitochondria
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Some of the 44 Drugs Withdrawn Since 1960

Drug name Withdrawn Remarks
thalidomide 1960s teratogenicity
lysergic acid diethylamide (LSD) 19605 abused
diethylstilbestrol 19708 teratogenicity
tierynafen 1982 hepatitis
zimelidine 1983 Guillain-Barré syndrome
methagualone 1984 addiction and overdose
triazolam 1991 UK - psychiatric
fenfluramine 1997 hepatotoxicity
dexfenfluramine 1997 hepatotoxicity
terfenadine 1998 arrhythmias
‘mibefradil 1998 interactions

2000 hepatotoxicity
alosetron 2000 constipation
cisapride 20008 arrhythmias
cerivastatin 2001
rapacuronium 2001 bronchospasm
rofecoxib 2004 myocardial infarction
Adderall XR} 2008 Canada - stroke
‘hydromorphone 2005 overdose with alcohol
pemoline 2005 hepatotoxicity
natalizumab 2005-2006 CNS viral inflammation

0i:10.109 oxscUkR 102
Advance Access poblicaion Apel 29, 2013
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Mitochondria as a Target of Environmental Toxicants

Joel N. Meyer,* Maxwell C. K. Leung,* John P. Rooncy,* Ataman Sendoel, Michael O. Hengartner,t Glen E. Kisby,
and Amanda S. Bess*

*Nicholas School of the Ervironment, Duiee University. Durham, Nortk Carolina; tnstitute of Molecular Life Sciences, University of Zurich,
Zurich, Switceriand; and $Departmen of Bavic Medical Sciences, Western University of Health Sciences, Lebanom, Oregon

t Nicholas School of the Enviroament, Duke University, Bax 90328, AJS4 LSRC, Research Dr, Darham,

To whee correspondence should be addees
NC27708-0328, Fax: (919) 668-1799. E-mail: ol meyer

edu,

Received Janiiay 23,

13 axcepted Apei1 23, 2013

Many diseases have been identified as caused by mitochondrial
dysfunction, and many pharmaceuticals have been identified as previously
unrecognized mitochondrial toxicants. A much smaller but growing
literature indicates that mitochondria are also targeted by environmental
pollutants.

TheﬁiemiﬁcWoﬂdJOURNAL

Research Article

Mitochondrial Electron Transport Chain in Heavy Metal-Induced
Neurotoxicity: Effects of Cadmium, Mercury, and Copper

Elena A. Belyaeva, Tatyana V. Sokolova, Larisa V. and Irina O.

1M, Sechenov Institute of Esolutionary Physiolagy and Biochemistry of Russian Academy of Sciences, Thorez pr. 44,
194223 Saint.Petersburg, Rusvia
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ETC dystunction can result in decreased
ATP. increased ROS, and altered membrane
potential.

Proximity to ETC and lack of histones
increase vuinerability. )

Arch Towicol. 2015 Fieb;88(2):147-53. doi: 10.1007/s00204-014-1431-3. Epub 2015 Jan &,
in 10 toxins in the

Wit

metabolic syndrome.
.I'E_Gi. Argor AR, Martinez-Lamus LA, Sowers JR,
# Author information

Abstract

Envirenmental foxing can promate ic, and renal ities, which ize the
candiorenal metanolic Syndrome (GRS). Heavy metels, such as mercury end arsenic, fepresent two of he
most toxic pollutants. Exposure to these toxins is. g due o i

much of the world. Studies conducted to undersiand the Irrmcfemkunrrml fouins hmshwm amajor
Impact an mitochondrial stucture and function. The matadaptive stress products caused by these toxins,

Inciuding aggregated proteins, damaged and il can be remaved through
autophagy, which is also known as miophagy n mi a. Although the underlying i

Invelve in he regulation of mitophagy in fesponse to pallution are not wel understoo, sccumLating
evidence supparis & role fr o poflution in the:
pathogenesis of the CRS. In this review, we dlsnuss the mm resgarch, which emplurasltmmdlmsms
by which these toxins promote and ion and the
CRS.

Front Biosd, 2007 Jan 1;12:1079-93.
F and of function in relation with the parkinsonian syndrome.
Gomez ', Bandez MJ, Navarro A.

# Author information

Abstract

The Parki drome induced by ides is izted with the impai of m¢

function. Toxicants that inhibit selectively NADH-dehydrogenase activity, as rotenone or pyridaben, alse

show a selective inhibition of 02 uptake and respiratory control in rat brain mitochondria in the presence of

NAD-dependent substrates. The IC50 of rotenone and pyridaben for norwla: | inhibition were in the range

1.7-2.2 microM. The xnation of NADH-cy c c

and cytochrome oxidase acivities in rat brain submbdmmd showed again the seleawe inhibition of

Complex | by rotenone and pyridaden, whereas paraguat produced a nen-sefective inhidion affecting all the
spiratory chain In rat brain ia, rofenone and pyridaben markedy miNOS

functional acivity with NAD-dependent substrates but not when the substrate was succinate. This

observation suggest than mINOS activity is reguiated by the activity of complex L. This regulation and the

role of mitochondrial NO diffusion as a signal for mitochondsial biogenasis could have a role in the

etiopathology of Parkinson's disease.

26/05/2015
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Hum Exp Toxicol, 2014 Mar,33(3):251-63. dol: 10.1177/0860327 113433300. Epub 2013 Jun 17.
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Karami-Monajeri S”, Hadian MR, Foutaddel S, Aziz E, Ghahramani MH, Hosseini B, Abdoliahi .
* Author information

Abstract
Muscle dysfunction in acute (OP) pois g is a cause of death in human. The present
s:uoy was conductad to identify the mechaniem of action of OP in terms of muscle mitochondirial dysfunction.

(EMG) was on rats exposed fo the acute oral dose of malathion {400 mgikg)
that could Inhibit acetylcholinesterase activity up %o 70%. The function of mitochondrial respiratory chain and
the rate of production of reactive oxygen species (ROS) from ntact mitochondria were measured. The
bioenergetic pathways were studied by (ATP), lactate, and
glycogen. To identify mitochondrial-dependent apopbuc pathways, the o messenger RNA (mRNA) expressicn
of bax and bck-2, protein of caspase-9, ¢ release, and DNA damage
were The EMG muscle The reduction in activity of

26/05/2015

and muscular glycogen with an elevation of lactate was in iation with impai of celiular

The reduction in mitechondrial proapoptotic stimull i indicative of autophagic process inducing
cytoprotective effects in the early stage of stress. Downregulation of spopiotic sognaéng may be due to
reduction in ATP and ROS, 2nd gi potential of Tre Integrity
by means of artificial electren donors and Increasing exogenous ATP might prevent mmlty of OPs.

Neurochem Res, 2006 Aug;31(8):1021-5. Epub 2006 Jul 25.
Mit rial respl ry dysfunction and ive stress after chronic malathion exposure.
# Author information

Abstract

Malathion is a pesticide used on a large scale and with high potential risk for human exposure. However, it is
reasonabie to hypothesize that while the malzthion is metabolizing reactive oxygen species (ROS) can be
generated and subsequently there is onset of an oxidative stress in central nervous system (CNS)

siructures: hippocampus, coriex, striatum and of inioxi rais due to piratory
chain disfunctions. The present study was therefore to evaluate son-induced lipid

(LPO), i v from sub-n ial particies and the activity of complexes Il
md IV of the mitochondrial respiratory chain. Maiathion was amnlsued in doses of 25, 50, 100 and 150
mg malaihion’kg. After malathion admini LPOi in and striatum. This was

accompanied by an increase in the formation of superaxide in smmmdumai partices in the
hippocampus. Complex IV suflered significant inhibition of is activity. We could demursm in this study
that malathion induces oxidative stress and it could be due %o Inacti of mit spiratory
complexes.

Mitochondria and Electromagetic Fields

Pubmed 19/5/2015: 77 publications
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The effects of prenatal exposure to a 900-MHz electromagnetic

field on the 21-day-old male rat heart.
Turedi S1, Hanci H, Topal Z, Unal D, Mercantepe T, Bozkurt |, Kaya H, Odaci E.
Electromagn Biol Med. 2014 Aug 28:1-8.

The growing spread of mobile phone use is raising concerns about the effect on human
health of the electromagnetic field (EMF) these devices emit. The purpose of this study
was to investigate the effects on rat pup heart tissue of prenatal exposure to a 900
megahertz (MHz) EMF. For this purpose, pregnant rats were divided into experimental and
control groups. Experimental group rats were exposed to a 900 MHz EMF (1 h/d) on days
13-21 of pregnancy. Measurements were performed with rats inside the exposure box in
order to determine the distribution of EMF intensity. Our measurements showed that
pregnant experimental group rats were exposed to a mean electrical field intensity of
13.77 V/m inside the box (0.50 W/m2). This study continued with male rat pups obtained
from both groups. Pups were sacrificed on postnatal day 21, and the heart tissues were
extracted. londialdehyd id and catalase values were significantly
higher in the experimental group rats, while glutathione values were lower. Light
microscopy revealed irregularities in heart muscle fibers and apoptotic changes in the
experimental group. Electron microscopy revealed crista loss and swelling in the
mitochondria, degeneration in myofibrils and structural impairments in Z bands. Our
study results suggest that exposure to EMF in the prenatal period causes oxidative stress
and histopathological changesin male rat pup heart tissue.

PLoS One. 2012;7(8).e42332. doi: 10.1371/journal.pone.0042332. Epub 2012 Aug 1.

Exposure to 1950-MHz TD-SCDMA electromagnetic fields affects the apoptosis of astrocytes via
caspase-3-dependent pathway.

X', 1 Zhan
# Author information

Zhang.Y.

Abstract

The usage of mobile phone increases globally. However, there is still a paucity of data about the impact of
electromagnetic fields (EMF) on human health. This study investigated whether EMF radiation would alter
the biology of glial cells and act as a tumor-promoting agent. We exposed rat astrocytes and C6 glioma cells
o 1950-MHz TD-SCDMA for 12, 24 and 48 h respectively, and found that EMF exposure had differential
effects on rat astroctyes and C6 glioma cells. A 48 h of exposure damaged the mitochondria and induced

is of Moreover, pase-3, a halimark of was in
astrocytes after 48 h of EMF exposure, ied by a sif i ion of bax and
reduced level of bcl-2. The igenicity assays that did not form tumors in both

control and exposure groups. In contrast, the unexposed and exposed C6 glioma cells show no significant
differences in both biological feature and tumor formation ability. Therefore, our results implied that exposure
1o the EMF of 1950-MHz TD-SCDMA may not promote the tumor formation, but continuous exposure
damaged the mitochondria of astrocytes and induce apoptosis through a caspase-3-dependent pathway with
the involvement of bax and bcl-2.

Evaluation of Mitochondrial Status

 lactic acid dosage
¢ Oxidative stress evaluation (Urinay 8 OH guanosine)
 Circulating Mithochondrial DNA

26/05/2015
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PLoS One. 2013 May 31:8(5):e64413. doi: 10.1371/journal.pone.0064413. Print 2013.

DNAas linking chemical to early
preclinical lesions elevation of mtDNA in human serum after exposure to carcinogenic halo-alkane-
based pesticides.

Budnik LT", Kioth S, Baur X, Preisser AM, Schwarzenbach H.
#® Author information

Abstract

There is a need for a panel of suitable biomarkers for detection of environmental chemical exposure leading
to the initiation or of ive diseases or to cancer. As the peripheral blood may
contain increased levels of circulating cell-free DNA in diseased individuals, we aimed to evaluate this DNA
as effect biomarker i ility after exposure to envis i We recruited 164
individuals presumably exposed to halo-alkane-based pesticides. Exposure evaluation was based on human
biomonitoring analysis; as biomarker of exposure parent halo-methanes, -ethanes and their metabolites, as
well as the hemoglobin-adducts methyl valine and hydroxy! ethyl valine in blood were used, complemented
by expert evaluation of exposure and clinical intoxicati aswellas a i

showed exposures to halo alkanes in the concentration range being higher than non-cancer reference doses
(RfD) but (mostly) lower than the occupational exposure limits. We quantified circulating DNA in serum from
86 individuals with confirmed exposure to off-gassing halo-alkane pesticides (in storage facilities or in home
environment) and 30 non-exposed controls, and found that exposure was significantly associated with
elevated serum levels of circulating mitochondrial DNA (in size of 79 bp, mtDNA-79, p=0.0001). The
decreased integrity of mtDNA (mtDNA-230/mtDNA-79) in exposed indit apoptotic
(p=0.015). The relative amounts of mtDNA-79 in serum were positively associated with the lag-time after
intoxication to these chemicals (r=0.99, p<0.0001). Several months of post-exposure the specificity of this
biomarker increased from 30% to 97% in patients with intoxication symptoms. Our findings indicate that
mitochondrial DNA has a potential to serve as a biomarker recognizing vulnerable risk groups after exposure
to toxic/carcinogenic chemicals.

How to improve mitochondrial functions

¢ Optimization of mitochondrial micronutrient
status
¢ Nutritional chelation of heavy metal
* Alpha lipoic acid( 3 times 600 mg/day)
* Reduced glutathion ( 2 times 1g/day)
* Regular aerobic physical exercise

antionidant effect

- regeneration of
other antioxidants

- reparation of
oxidized peoteirs.

lipoic
acid

Glucose and lipid
metabofism

Antsinflammation

-inhibition of
NF_xB

FIGURE 1 | Selected biological actions of lipoic acid.

26/05/2015
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Thank you for listening!
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