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Abstract

Mitochondrial dysfunction and neuroinflammation occur in Alzheimer’s disease (AD). The causes
of these pathologic lesions remain uncertain, but links between these phenomena are increasingly
recognized. In this review, we discuss data that indicate mitochondria or mitochondrial
components may contribute to neuroinflammation. While, mitochondrial dysfunction could cause
neuroinflammation, neuroinflammation could also cause mitochondrial dysfunction. However,
based on the systemic nature of AD mitochondrial dysfunction as well as data from experiments
we discuss, the former possibility is perhaps more likely. If correct, then manipulation of
mitochondria, either directly or through manipulations of bioenergetic pathways, could prove
effective in reducing metabolic dysfunction and neuroinflammation in AD patients. We also
review some potential approaches through which such manipulations may be achieved.
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Introduction

Mitochondrial dysfunction and neuroinflammation are observed in Alzheimer’s disease
(AD) [1-12]. It is increasingly recognized that mitochondrial dysfunction and inflammation
are interdependent lesions [11, 13]. Overall, though, the underlying cause(s) of these
changes are poorly understood.
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Mitochondria in many ways represent remnants of proteobacteria, and they contain
immunogenic molecules. Moreover, mitochondrial dysfunction induces inflammation, while
the converse, inflammation results in mitochondrial dysfunction, is also true [11, 13-15]. In
either case, bioenergetic failure may ultimately result, and combinations of mitochondrial
dysfunction, neuroinflammation, and bioenergetic failure may contribute to the development
or progression of neurodegeneration and neurodegenerative diseases such as AD [11, 13].
Approaches that target mitochondrial dysfunction, neuroinflammation, or both may,
therefore, ultimately prove beneficial for the treatment of AD.

Neuroinflammation

Notable hallmarks of AD include increased numbers of activated microglia and astrocytes
[16-20]. Numerous inflammatory pathways appear activated in AD brains, and interestingly
elevated cytokines are observed both within AD subject brain tissue and patient sera [11, 16,
18, 21, 22]. Inflammatory signals classically initiate in response to a pathogen, or “foreign”
agent. Novel data now suggest mitochondria and/or mitochondrial components could mimic
a pathogen and lead to a damage/danger response [23, 24].

Mitochondrial lysates induce inflammation in several cell types, whereas nuclear fractions
fail to do so [25, 26]. We recently showed that in a mouse microglial cell line, mitochondrial
lysates induced the expression of messenger RNA (mRNA) for the cytokines tumor necrosis
factor a (TNFa) and interleukin 8 (IL-8), as well as for matrix metalloproteinase 8
(MMP-8) [23]. Further, triggering receptor expressed on myeloid cells 2 (TREM2), a protein
which functions to inhibit cytokine production, was reduced at the mRNA level. These
effects appeared to be mediated by the activation of p38 mitogen activated protein kinase
(MAPK) signaling through the pro-inflammatory transcription factor nuclear factor x light
chain enhancer of B cells (NFxB) (Figure 1).

Of further interest to the AD field, mitochondrial lysates increased amyloid precursor
protein (APP) mRNA and protein levels [23]. APP is the parent peptide from which amyloid
beta (AB) is generated, and AP generates fibrils that aggregate to form amyloid plagues in
the brains of AD subjects. Therefore, our data implicate mitochondrial lysates as mediators
of neuroinflammation, and suggest that through this effect mitochondrial components may
influence APP biology.

Mitochondria, in fact, contain numerous pro-inflammatory molecules including, but not
limited to, mitochondrial DNA (mtDNA), adenosine triphosphate (ATP), cardiolipin,
mitochondrial transcription factor A (TFAM), cytochrome c, formyl peptides, and RNA. The
immunogenic properties of these molecules have been previously reviewed [11].

In particular, mtDNA has increasingly been implicated in inflammation. In specific relation
to neuroinflammation, oxidatively modified mtDNA induces inflammatory signaling in
astrocytes [24]. Oxidant-modified mitochondrial polynucleotides, when transferred to mouse
primary astrocytes, stimulate the expression of interleukin 6 (IL-6), monocyte chemotactic
protein-1 (MCP-1), interleukin 1p (IL-1p), and TNFa [24]. mtDNA damage can be
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initiated with hydrogen peroxide [24], and evidence indicates this type of DNA oxidative
damage is relatively specific to mitochondria [27].

Other studies have tested the effects of mitochondrial derived damage-associated molecular
pattern (DAMP) molecules on glial cells. Mixed cultures of glial cells exposed to ATP
increase expression of interleukin 6 (1L-6) and chemokine C-X-C motif ligand 1 (CXCL1)
[28]. Medium from human primary microglia, when primed with interferon y (IFNvy) and
incubated with TFAM (or mitochondrial proteins), is toxic to SH-SY5Y neuroblastoma cells
[29]. These IFNy and TFAM activated microglia also secrete elevated levels of IL-6.

It is important to consider the question of how mitochondrial components may ultimately be
released from neurons. Of potential relevance to this question, a recent study reported that
mitochondria are indeed normally released from neurons at axon terminals. These released
mitochondria are then degraded by surrounding glial cells. This previously undescribed
process is speculated to represent a form of transcellular mitochondrial degradation referred
to as “transmitophagy” [30]. Other previously recognized modes of mitochondrial release
include cell death events that proceed via necrosis or necroptosis [11].

A second and equally important question has to do with what factors or events might induce
(as opposed to facilitate) the release of mitochondrial components from cells. In regards to
this question, it is perhaps relevant that a link between mitochondrial dysfunction and
inflammation is increasingly recognized. If mitochondrial function is inhibited,
inflammation occurs [11, 13, 14]. Conversely, upon the induction of inflammation,
mitochondrial function is altered [11, 13, 15]. As discussed in the next section,
mitochondrial dysfunction occurs in AD. When considering the relationship between
mitochondrial dysfunction and neuroinflammation in AD, it is worth considering which of
these two related phenomena might represent the upstream pathology, and which may
represent the downstream pathology.

Mitochondrial Dysfunction

Mitochondrial dysfunction occurs in AD and is felt by many to be disease-relevant and a
promising therapeutic target [8]. In AD brains various mitochondria-localized enzymes show
reduced activity, and in most neurons intact mitochondria are numerically reduced [8].
Glucose utilization, as demonstrated by fluoro-deoxyglucose positron emission tomography
(FDG PET), is also reduced in the AD brain [31] and could indirectly reflect a consequence
of mitochondrial impairment.

Beyond AD, these changes are also observed in aging. However, when compared to aged
individuals, AD subjects show further reductions in the activities of cytochrome oxidase
(COX), pyruvate dehydrogenase complex, and a-ketoglutarate dehydrogenase complex [1,
4, 6, 8]. These changes can be observed in the brain and systemically.

The cytoplasmic hybrid (cybrid) model, in which subject platelets are fused with a cell line
devoid of mtDNA, replicate mitochondrial changes observed in AD patients [2, 3, 5, 7, 10].
This technique was recently reviewed elsewhere [12]. The only known perpetuating material
transferred during the generation of a cybrid is mtDNA, and cybrid cell lines can be
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generated so that the different lines share equivalent nuclear DNA backgrounds. Cybrid
studies indicate mtDNA itself could be responsible for mitochondrial deficits observed in
AD subjects.

The majority of (if not all) mtDNA is inherited in a maternal manner. Children of parents
that have an AD-affected mother have a greater risk of developing AD than children of
parents that have an AD-affected father [32-34]. Further, deficits in brain glucose
metabolism that occur before cognitive changes are observed occur to a greater extent in
individuals whose mothers have AD than they do in individuals whose fathers have AD [34].
Overall, it is abundantly clear that bioenergetic changes occur in AD, and these changes may
be accentuated in those with AD mothers.

One implication of the studies discussed above is that mitochondrial dysfunction could
represent a relatively upstream AD pathology [35, 36]. This view is supported by the
systemic nature of some AD mitochondrial defects, the apparent ability of mtDNA to
account at least in part for some of these defects, and the finding that mtDNA inheritance
may influence AD risk. While some inflammation markers may also be upregulated outside
the brain in AD subjects [37-42], it is difficult to envision a scenario under which
inflammation would account for cybrid data or a maternal inheritance bias. We therefore feel
that if in fact a relationship between mitochondrial dysfunction and neuroinflammation
exists, and one pathology drives the other, then mitochondrial dysfunction may represent the
more upstream event.

Bioenergetic Medicine

Bioenergetic status is determined by rates of, and ultimately the balance of, energy
production and consumption. Pathways that influence bioenergetics are characterized by the
passage of carbon molecules between pathway intermediates. The movement of carbon
through these pathways comprise and define fluxes. Flux pathways are compartmentalized
within cells, and may reside within the cytoplasm, the mitochondria, or both.

Mitochondrial medicine utilizes methods which will directly correct or minimize the effects
of mitochondrial dysfunction [9, 43]. A related construct, bioenergetic medicine, recognizes
that direct manipulation of mitochondrial function may not be required to correct energy
metabolism deficits [44]. After all, mitochondria can be manipulated indirectly by targeting
bioenergetic pathways that are anatomically external to mitochondria themselves.
Mitochondria can, therefore, be manipulated by manipulating metabolic fluxes that reside
outside mitochondria. Altering bioenergetic fluxes, either within or outside of mitochondria,
can further alter the expression of genes or the post-translational modification of proteins
that sense and are sensitive to bioenergetic fluxes.

For the reasons discussed in the preceding section, it is suggested that in the case of AD
increasing mitochondrial mass, mitochondrial respiration, and glucose utilization are all
well-justified bioenergetic medicine approaches and investigators are currently exploring
ways to accomplish these endpoints [44]. In our case, efforts have been informed by caloric
restriction, which promotes liver mitochondrial biogenesis in some but not all studies, and
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exercise, which promotes muscle mitochondrial biogenesis [44, 45]. While we and others
find caloric restriction and exercise do affect the brain in specific ways, and may even induce
some degree of brain mitochondrial biogenesis, our impression is that these interventions at
best affect brain mitochondrial biogenesis less robustly than they affect liver and muscle. We
therefore feel approaches that directly and robustly enhance bioenergetic fluxes (glycolysis
and respiration-related) and brain mitochondrial biogenesis pathways are needed, and
predict such approaches will benefit persons with AD. Some of these approaches are
discussed below and summarized in Figure 2.

Oxaloacetate

The ideal agent would ideally be systemically safe, cross the blood brain barrier, access
neurons and astrocytes, activate mitochondrial biogenesis, increase respiratory capacity, and
increase glycolysis capacity. Oxaloacetate (OAA), a Krebs cycle and gluconeogenesis
intermediate, putatively meets these criteria [46]. The structure of OAA is shown in Figure
3. OAA forms a redox pair with malate and is reduced to malate in a reaction that consumes
NADH and generates NAD+. This would predictably shift cell redox balances towards more
oxidized states, an effect reported to initiate mitochondrial biogenesis and mediate at least
some health benefits of caloric restriction and exercise [47]. OAA, following its reduction to
malate, can also access mitochondria and thereby supply carbon to the Krebs cycle and
respiratory chain. Finally, OAA is converted to phosphoenolpyruvate (PEP) by PEP
carboxykinase (PEPCK), a reaction that comprises part of the gluconeogenesis and
glyceroneogenesis pathways. Muscle PEPCK overexpression, possibly due to enhanced
glyceroneogenesis, induces a profound muscle mitochondrial biogenesis, enhances
respiratory fitness, and robustly extends lifespan [48].

In one study using C. elegans, OAA extended median and maximum lifespan through AMP
kinase (AMPK) and forkhead O-box (FOXO) transcription factor-dependent pathways [49].
In mammals, it can be inferred that systemically administered OAA accesses the brain. This
inference is based on rodent studies that report OAA prevents kainate-induced seizures and
neuron damage, decreases ischemia-induced stroke volume, decreases cortical impact-
induced traumatic brain injury, and slows glioma growth rates [50-53].

The literature currently reports only one human study of OAA, a 1968 clinical trial that
evaluated its potential anti-hyperglycemic effects. This study, performed in human diabetics,
reported OAA was well-tolerated and also provided limited pharmacokinetic data [54].
Levels were not increased 30 minutes but were increased 60 minutes after 200 mg were
orally administered to three subjects. On average, OAA levels rose from 0 pg/100 ml to 2.3
ug/100 ml.

We recently tested the effects of high-dose OAA administration on brain bioenergetic
infrastructures [46]. In these studies, male C57BI/6 mice received intraperitoneal (IP) OAA,
1-2 g/kg once per day for 1-2 weeks. Both doses induced brain changes; we did not
determine a minimum effective dose. Observed changes were consistent with an activation
of mitochondrial biogenesis pathways. Brain peroxisome proliferator activated receptor -y
coactivator 1la (PGCla) and peroxisome related coactivator (PRC) mRNA levels increased,
and brain PGC1la and PRC protein within cells redistributed such that their
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nucleus:cytoplasm ratios increased. mMRNA levels of nuclear respiratory factor 1 (NRF1) and
TFAM increased. OAA treatment also increased cytochrome oxidase subunit 4 isoform 1
(COX411) mRNA and protein. AMPK Thr172 phosphorylation, p38 MAPK
phosphorylation, and cAMP-response element binding (CREB) Ser133 phosphorylation
each increased.

OAA treatment enhanced the brain insulin signaling pathway activation state. Akt Ser473,
MTOR Ser2448, and P70S6K Thr389 phosphorylation increased. OAA treatment also
reduced markers of neuroinflammation. Hippocampal C-C motif chemokine 11 (CCL11)
mMRNA, hemisphere nuclear NFxB protein levels, and NFxB nucleus-to-cytoplasm ratios
were lower than in control mice.

It was previously reported in mice that CCL11 retards hippocampal dentate gyrus
subgranular layer neurogenesis [55]. Because CCL11 gene expression was reduced in the
hippocampus of OAA-treated mice, and because Akt and mTOR activation promotes cell
growth, we evaluated hippocampal neurogenesis and found enhanced hippocampal
neurogenesis. Hippocampal vascular endothelial growth factor A (VEGF) mRNA levels
increased. Hippocampal mRNA and protein levels of doublecortin (DCX), which is
commonly used as a surrogate measure of new neuron formation, increased. The number of
intensely DCX-positive neurons increased. Relative to the control group, DCX-positive
neurites were longer in the OAA-treated mice.

We further probed for changes in metabolic fluxes by using proton magnetic resonance
spectroscopy (*H-MRS) to measure /77 vivo levels of detectable neurochemicals. 1H-MRS
was performed on mice before receiving any treatment, and on the same mice after they
received 2 g/kg/day OAA IP for one week (the 1 g/kg/day dose was not studied). OAA
induced changes in several neurochemicals. After one week of OAA, brain lactate, GABA,
and glutathione (GSH) levels were respectively 21%, 15%, and 27% higher than they were
on the pre-treatment scans.

We are currently conducting /n vitro experiments to determine the precise mechanisms
through which OAA affects neuronal bioenergetics. We have also commenced human
studies to provide more insight into OAA pharmacokinetics, and to determine whether
clinically feasible doses can demonstrably manipulate brain bioenergetics.

Dietary Interventions and Ketone Bodies

It is also possible to manipulate brain bioenergetics through dietary maneuvers. When
considering such maneuvers, it is important to note that the brain is a nutritionally privileged
organ, and other tissues will work to keep the brain in a state of energy homeostasis.
However, even in the absence of changing levels of brain energy substrates, diet can clearly
affect brain bioenergetic infrastructures. For example, we placed young adult mice on an
alternate day fasting diet. Hypoglycemia did not occur on the fasting day and we
hypothesize this was due to liver gluconeogenesis. However, in the brains of the alternate
day fasted mice we nevertheless observed evidence of reduced insulin signaling pathway
activity, which presumably reflected reduced peripheral insulin production [56].
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Dietary maneuvers can still be used, though, to alter brain energy substrate levels. The
ketogenic diet is one such maneuver. Experience with ketogenic diets goes back multiple
decades, as it has long been recognized such diets reduce seizure frequency in children with
epilepsy [57, 58]. A ketogenic diet was also recently tested in human subjects meeting
criteria for a mild cognitive impairment (MCI) syndrome, and found to benefit cognition
[59]. Notably, while ketogenic diets typically restrict carbohydrate and even protein intake
while dramatically increasing fat intake, ketosis can also be induced through the
administration of medium chain triglycerides in the absence of any adjustments to dietary
carbohydrate:protein:fat ratios. In two relevant studies in which AD subjects were
administered a medium chain triglyceride supplement as the sole dietary intervention,
evidence consistent with improved memory or cognitive performance were reported [60,
61]. A larger study intended to more definitively confirm or refute these reported results is
currently underway.

Studies have compared caloric restriction (CR) to a ketogenic diet in juvenile rats [62]. Rats
were fed a diet of normal chow (ad /ibitum), subjected to CR, or to CR with a ketogenic diet
for 7 days. Both CR and CR with ketogenic diet-treated rats had reduced glucose levels and
decreased brain insulin like growth factor (IGF) mRNA. Insulin like growth factor receptor 1
(IGFR1) mRNA was reduced with CR but increased with the combination of CR and a
ketogenic diet. Insulin like growth factor binding protein 3 (IGFBP-3) mRNA was increased
in the group receiving CR with the ketogenic diet. Glut3 mRNA was decreased with CR but
increased with the CR plus ketogenic diet.

In another study, rats were maintained for 22 days on a CR plus ketogenic diet and
compared to rats maintained on an ad /ibitum standard chow diet [63]. Microarray analysis
of hippocampal transcripts depicted increased expression of metabolic genes, including
those involved in glycolysis, the citric acid cycle, and oxidative phosphorylation in the CR
plus ketogenic diet-treated rats. However, no changes in enzyme activity levels were
observed. Hippocampal mitochondria content was elevated, suggesting increased
mitochondrial biogenesis [63].

We recently used mice to compare the effects of a ketogenic high fat diet to those of a non-
ketogenic, Western high fat diet. In this study, young adult C57BI/6J mice were placed on a
ketosis-inducing high-fat ketogenic diet, a non-ketosis inducing high fat Western diet, or a
standard chow diet for one month [64]. Mice on the ketogenic diet experienced an
approximate five-fold increase in their serum p-hydroxybutyrate level, while mice on the
Western diet did not increase their serum p-hydroxybutyrate level. Relative to mice on the
ketogenic diet, fasting blood glucose levels increased in mice on the Western diet. Peripheral
homeostatic model assessment of insulin resistance (HOMA-IR) calculations revealed
peripheral insulin resistance in the Western diet-fed mice was greater than it was in
ketogenic diet-fed mice. However, over this one month period no changes in AKT, GSK3p,
or mTOR phosphorylation were observed with either diet. This suggests that during the
limited course of this experiment, the brain insulin signaling pathway was able to maintain
homeostasis.
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Exercise

Despite this, bioenergetic pathways appeared to be affected. In both groups mRNA levels of
CREB, PGCla, and NRF2 increased. mRNA levels of NRF1, TFAM, and COX4l1
decreased with both diets. The ketogenic diet, but not the Western diet, increased PGC1p
MRNA. With both diets brain mtDNA was reduced, with no change in the levels of the
nuclear DNA-encoded mitochondrial-localized translocase of the outer mitochondrial
membrane (TOMM20) and COX4I1 proteins, or of the mtDNA-encoded COX2 protein.
COX2 mRNA levels were also maintained. Brain mRNA levels of TNFa, a marker of
neuroinflammation, decreased in mice on the ketogenic diet.

Overall, changes observed in mice kept for a limited period on both ketogenic high fat and
non-ketogenic high fat diets suggest these diets can modify some aspects of brain
bioenergetics. Further, these diets may enhance mtDNA transcription efficiency, as shown by
reductions in mtDNA levels in the setting of preserved mtDNA-encoded COX2 transcript
and COX2 protein levels. The surprising finding that many of the observed molecular
changes in brain bioenergetic infrastructure occurred in the presence of high fat ketogenic
and non-ketogenic (Western) diets suggests increased fat as opposed to ketone bodies may
account for some changes. On the other hand, changes specific to the ketogenic diet, such as
decreased TNFa and increased PGC1p mRNA levels, may represent direct ketone body-
related changes. Future studies are warranted to determine the exact mechanisms that
underlie and mediate these findings.

Aerobic training increases a muscle’s mitochondrial content, which enhances endurance [65,
66]. It appears that mitochondrial-produced oxidative stress to some extent mediates this
effect as the concomitant administration of antioxidants blunts the effect [67, 68]. By
increasing energy consumption and perhaps other mechanisms, exercise also shifts muscle
cell redox values through the oxidation of NADH to NAD+, and especially due to an
increase in NAD+ [69].

Exercise’s effect on cell infrastructures, though, is not limited to muscle. For example,
hepatocyte Cori cycle capacity increases in aerobically trained mice [70]. A likely goal of
this adaptation is to prevent exercise-induced hypoglycemia, as it enhances the ability of the
liver to convert muscle-generated lactate back to glucose via gluconeogenesis. To
accomplish this, hepatocytes increase their monocarboxylate transporter (MCT) content, at
least for the lactate-importing MCT2 [70]. Hepatocyte PGCla mRNA levels also increase
[70, 71].

Exercise also affects the brain. In rodents, exercise has been associated with increased levels
of brain derived neurotrophic factor (BDNF), which is believed to mediate many of its brain
effects including increased hippocampal neurogenesis [72, 73]. Exercise appears to mitigate
age-related declines in brain respiratory chain function [74, 75], and increase co-
transcription factors that drive mitochondrial biogenesis [71, 76]. We have also found that
following a course of aerobic exercise training, mice have reduced brain TNFa mRNA
levels [70, 71]. Further, an inverse correlation between plasma CCL11 (an inflammatory
cytokine) levels and hippocampal DCX (a neurogenesis marker) mRNA levels that was
observed in aged, sedentary mice was not observed in age-matched, aerobically trained mice
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[77]. As CCL11 was previously shown to inhibit hippocampal neurogenesis [55], this
finding suggests aerobic exercise may benefit the brain by reducing the presence or
mitigating the adverse consequences of chronic inflammation.

Consistent with the view that exercise may influence the brain through bioenergetic
medicine principles, we have shown that injecting mice with IP lactate recapitulates several
bioenergetic infrastructure changes that occur in the brains of aerobically trained mice [71].
This raises the possibility that with exercise vigorous enough to exceed the lactate threshold
(the point at which muscle-generated lactate begins to collect in the blood more rapidly than
it can be removed), lactate is delivered to the brain. In neurons, lactate is postulated by some
to constitute an important, perhaps even critical, bioenergetic fuel [78-81]. Overall, these
experiments suggest exercise may alter brain bioenergetics, mitochondrial infrastructure, and
neuroinflammation at least partly by increasing brain lactate levels.

Conclusion

“Energy (or active exercise) of the mind is the essence of life”. This quote, attributed to the
ancient Greek philosopher Aristotle, in some ways applies to the search for AD therapeutics.
All cellular processes are driven by the availability of energy. Bioenergetic pathways are
required for the formation of cellular energy stores. Neuroinflammation and mitochondrial
function, two commonly observed lesions in AD, are intricately linked to bioenergetic
pathways. Therefore, bioenergetic medicine may reveal strategies that will ultimately modify
the course of AD and perhaps other neurodegenerative disorders that feature mitochondrial
dysfunction.
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Figure 1. Inflammation induced by mitochondrial-derived DAM P molecules
Mitochondrial-derived DAMPs (including mtDNA, formyl peptides, RNA, ATP, certain

mitochondrial-localized proteins, and cardiolipin) activate pattern recognition receptors
(PRRs) such as toll-like receptors, formyl peptide receptors, or the NLRP3 inflammasome.
Activation of these receptors leads to downstream phosphorylation and activation of p38
MAPK. Activated p38 MAPK can then activate NFxB, inducing its translocation to the
nucleus. NFxB facilitates the transcription of cytokines such as TNFa.. TNFa can further
amplify an inflammatory cascade by independently activating p38 MAPK and NFxB
signaling. NFxB may also initiate APP transcription.
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Figure 2. Potential bioenergetic medicine approaches
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In the brain, OAA activates molecules and pathways that facilitate mitochondrial biogenesis,

activates factors that favor cell/tissue growth, enhances insulin signaling, and promotes
neurogenesis while countering inflammation. A ketogenic high fat diet favorably affects
some parameters that favor mitochondrial biogenesis, counters inflammation, and may
increase mtDNA transcription efficiency. Exercise (potentially through lactate for some
parameters) activates molecules and pathways that facilitate mitochondrial biogenesis,
activates factors that favor cell/tissue growth, and promotes neurogenesis while countering
inflammation.
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Curr Top Med Chem. Author manuscript; available in PMC 2017 June 22.

OH

Page 18



	Abstract
	Introduction
	Neuroinflammation
	Mitochondrial Dysfunction
	Bioenergetic Medicine
	Oxaloacetate
	Dietary Interventions and Ketone Bodies
	Exercise

	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3

