
Exhibit G: Mitochondrial Dysfunction and 
Disruption of Electrophysiology  

 
Mitochondria are broadly vulnerable, in part because the integrity of their membranes is vital to 
their optimal functioning – including channels and electrical gradients, and their membranes can 
be damaged by free radicals which can be generated in myriad ways.  Moreover, just about every 
step in their metabolic pathways can be targeted by environmental agents, including toxicants and 
drugs, as well as mutations [1].  This supports a cumulative allostatic load model for conditions in 
which mitochondrial dysfunction is an issue, which includes autism as well as myriad other 
chronic conditions.   
 
Mitochondria are commonly discussed in terms of the biochemical pathways and cascades of 
events by which they metabolize glucose and generate energy.  But in parallel with this level of 
function there also appears to be a dimension of electromagnetic radiation that is part of the 
activity of these organelles. For example, electromagnetic radiation can be propagated through 
the mitochondrial reticulum, which along with the mitochondria has a higher refractive index than 
the surrounding cell and can serve to propagate electromagnetic radiation within the network	[2]. 
[2].  It is also the case that “The physiological domain is characterized by small-amplitude 
oscillations in mitochondrial membrane potential (delta psi(m)) showing correlated behavior 
over a wide range of frequencies…. Under metabolic stress, when the balance between ROS 
[reactive oxygen species, or free radicals] generation and ROS scavenging [as by antioxidants] 
is perturbed, the mitochondrial network throughout the cell locks to one main low-frequency, 
high-amplitude oscillatory mode. This behavior has major pathological implications because the 
energy dissipation and cellular redox changes that occur during delta psi(m) depolarization 
result in suppression of electrical excitability and Ca2+ handling…” [3].  These electromagnetic 
aspects of mitochondrial physiology and pathophysiology could very well be impacted by 
EMF/RFR. 
 
Other	types	of	mitochondrial	damage	have	been	documented	in	at	least	some	of	the	studies	
that	have	examined	the	impacts	of	EMF/RFR	upon	mitochondria.		These	include	reduced	or	
absent	mitochondrial	cristae	[4‐6],	mitochondrial	DNA	damage	[7],	swelling	and	
crystallization	[5],	alterations	and	decreases	in	various	lipids	suggesting	an	increase	in	their	
use	in	cellular	energetics	[8],	damage	to	mitochondrial	DNA	[7],	and	altered	mobility	and	
lipid	peroxidation	after	exposures	[9].		Also	noted	has	been	enhancement	of	brain	
mitochondrial	function	in	Alzheimer’s	transgenic	mice	and	normal	mice	[10].	The	existent	
of	positive	as	well	as	negative	effects	gives	an	indication	of	the	high	context	dependence	of	
exposure	impacts,	including	physical	factors	such	as	frequency,	duration,	and	tissue	
characteristics	[11].			

Secondary	mitochondrial	dysfunction	(i.e.	environmentally	triggered	rather	than	rooted	
directly	in	genetic	mutations)	[15-18] could result among other things from the already	
discussed	potential for EMF/RFR to damage channels, membranes and mitochondria themselves 
as well as from toxicant exposures and immune challenges.  In a meta-analysis of studies of 
children with ASC and mitochondrial disorder, the spectrum of severity varied, and 79% of the 
cases were identified by laboratory findings without associated genetic abnormalities [16]. 	

Electrophysiology 
Nervous system electrophysiology when disrupted by ELF-EMF and RFR can produce alterations 
in molecular, cellular and systems physiological function.  It occurs in the brain as well as in the 
body, and impacts the transduction into the electrical signaling activities of the brain and nervous 



system. If the cells responsible for generating synapses and oscillatory signaling are laboring 
under cellular and oxidative stress, lipid peroxidation, impaired calcium and other signaling 
system abnormalities, then mitochondrial metabolism will fall short, all the more so because of 
the challenges from the immune system which in turn be triggered to a major extent by 
environment.  How well will synaptic signals be generated?  How well will immune-activated 
and thereby distracted glial cells be able to modulate synaptic and network activity?  [19-22] 
Microglial activation can impact excitatory neurotransmission mediated by astrocytes [23].  
Cortical innate immune response increases local neuronal excitability and can lead to seizures 
[24,25].   Inflammation can play an important role in epilepsy [26].  

Seizures and epilepsy 

Epileptic seizures can be both caused by and cause oxidative stress and mitochondrial 
dysfunction.  Seizures can cause extravasation of plasma into brain parenchyma [27-31]. which 
can trigger a vicious circle of tissue damage from albumin and greater irritability, as discussed 
above.  Evidence suggests that if a BBB is already disrupted, there will be greater sensitivity to 
EMF/RFR exposure than if the BBB were intact [32,33], suggesting that such exposures can 
further exacerbate vicious circles already underway.  The combination of pathophysiological and 
electrophysiological vulnerabilities has been explored in relation to the impact of EMF/RFR on 
people with epilepsy  EMF/RFR exposures from mobile phone emissions have been shown to 
modulate brain excitability and to increase interhemispheric functional coupling [34,35].   In a rat 
model the combination of picrotoxin and microwave exposure at mobile phone-like intensities led 
to a progressive increase in neuronal activation and glial reactivity, with regional variability in the 
fall-off of these responses three days after picrotoxin treatment [36], suggesting a potential for 
interaction between a hyperexcitable brain and EMF/RFR exposure.  

One critical issue here is nonlinearity and context and parameter sensitivity of impact.  In one 
study, rat brain slices exposed to EMF/RFR showed reduced synaptic activity and diminution of 
amplitude of evoked potentials, while whole body exposure to rats led to synaptic facilitation and 
increased seizure susceptibility in the subsequent analysis of neocortical slices [37].  Another 
study unexpectedly identified enhanced rat pup post-seizure mortality after perinatal exposure to 
a specific frequency and intensity of exposure, and concluded that apparently innocuous 
exposures during early development might lead to vulnerability to stimuli presented later in 
development [38]. 
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