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Workshop Manual 
 

Hyperbaric Oxygenation Promotes NeuroGenesis 
 
 

HBO UP REGULATES 
 
Cerebral Oxygenation; Neural Protective; Stem Cell (CD34+) Mobilization via NOS; Neural 
Stem Cell Proliferation in Subventricular Zone (SVZ) and Hippocampal Dentate Gyrus (DG); 
Beta-Catenin & Wnt-3; Nrf2 Antioxidant; IL-10 and TGF-Beta; Glial Cell Derived Neurotrophic 
Nerve Growth Factors (GDNF); Brain Derived Growth Factors (BDNF); Vascular Endothelial 
Growth Factors (VEGF); Fibroblast Growth Factors (FGF); Human Microvascular Endothelial 
Cells (HMEC-1) and Coronary Artery Endothelial cells (CAECs) promoting Angiogenesis; 
Improves Blood Brain Barrier function; Promotes Aerobic Mitochondrial Function; NOS3; 
‘Reverse Steal’ (diversion blood from non-injured tissues into injured tissue); Activates 
(switches-on) dormant inactive neurons (penumbra zone); Glucose uptake into ischemic core; 
Fosters Plasticity by reducing Nogo-A. 
 
 
HBO DOWN REGULATES  
 
Infarction size and injury reoccurrence; Hypoxic Induced Cascade (Hypoxic-inducible factor 
alpha); Inflammatory Cytokines (IL-1, IL-6, and TNF-a); MCP-1, macrophage inflammatory 
protein-1α; c-Jun N-terminal kinases (JNKs); Matrix metalloproteinase-9 (MMP-9) - BBB 
inflammation hemorrhage - Extracellular vascular matrix degeneration; Prostaglandin E2 and 
cyclo-oxygenase-2 mRNA; Polymorphonuclear leukocytes (PMNL), Endothelial Adhesion 
Molecule E-selectin and Intracellular Adhesion Molecule-1 (ICAM-1) via NOS; Lactate and 
Pyruvate in CSF. 
 
 
 
STROKE 
 
Stroke is the third leading cause of death in industrialized countries and the most frequent 
cause of permanent disability in adults worldwide [2]. Three months following a stroke, 15-
30% of stroke survivors are permanently disabled and 20% require institutional care [3]. 
Deficits can include partial paralysis, difficulties with memory, thinking, language, and 
movements. In the Western world, over 70% of individuals experiencing a stroke are over 65 
years of age. Since life expectancy continues to grow, the absolute number of individuals with 
stroke will further increase in the future.   
 
The most common cause of stroke is the sudden occlusion of a blood vessel by a thrombus or 
embolism, resulting in an almost immediate loss of oxygen and glucose to the cerebral tissue. 
Although different mechanisms are involved in the pathogenesis of stroke, increasing 
evidence shows that ischemic injury and inflammation account for its pathogenic progression 
[4]. Cerebral ischemia triggers the pathological pathways of the ischemic cascade and 
ultimately causes irreversible neuronal injury in the ischemic core within minutes of the onset.  
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However, a much larger volume of brain tissue surrounding this ischemic core, known as the 
penumbra, can be salvaged if cerebral blood flow is promptly restored. Thus, the original 
definition of the ischemic penumbra referred to areas of brain that were damaged but not yet 
dead, offering the promise that if proper therapies could be found, one could rescue brain 
tissue after stroke and reduce post-stroke disability. 
 

 
 
Ischemic Cascade 
 
Acute ischemic stroke accounts for about 85% of all cases while hemorrhagic stroke is 
responsible for almost 15% of all strokes. Ischemic stroke results from the sudden decrease or 
loss of blood circulation to an area of the brain, resulting in a corresponding loss of 
neurological function. It is a nonspecific term encompassing a heterogeneous group of 
etiologies including thrombosis, embolism, and relative hypoperfusion. In most cases, the 
cause is atherothrombosis of large cervical or intracranial arteries, or embolism from the 
heart. 
 
Within seconds to minutes after the loss of blood flow to a region of the brain, the ‘ischemic 
cascade’ is rapidly initiated, which comprises a series of subsequent biochemical events that 
eventually lead to disintegration of cell membranes and neuronal death at the center/core of 
the infarction. Ischemic stroke begins with severe focal hypoperfusion, that leads to 
excitotoxicity and oxidative damage which in turn cause microvascular injury, bloodbrain 
barrier dysfunction and initiate post-ischemic inflammation. These events all exacerbate the 
initial injury and can lead to permanent cerebral damage (see Figure 1). The amount of 
permanent damage depends on several factors: the degree and the duration of ischemia and 
the capability of the brain to recover and repair itself.  
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In the center of the ischemic region cells undergo anoxic depolarization and they never 
repolarize. While in the penumbral region, the cells can repolarize at the expense of further 
energy consumption and depolarize again in response to elevated levels of extracellular 
glutamate and potassium ions. Such repetitive depolarizations called "peri-infarct 
depolarizations" lead to the increased release of the excitatory neurotransmitter glutamate 
with resulting excitotoxic cell damage – progressive encephalomalacia [10]. Ultimately, the 
severity of functional and structural changes in the brain caused by ischemia will depend on 
its degree and duration. 
 
 
Oxidative Stress 
 
Oxidative stress contributes to the pathogenesis of a number of neurological conditions 
including stroke. Oxidative stress is defined as the condition occurring when the physiological 
balance between oxidants and antioxidants is disrupted in favour of the former with potential 
damage for the organism. Oxidative stress leading to ischemic cell death involves the 
formation of ROS/reactive nitrogen species through multiple injury mechanisms, such as 
mitochondrial inhibition, Ca2+ overload, reperfusion injury, and inflammation [13]. Plenty of 
ROS are generated during an acute ischemic stroke and there is considerable evidence that 
oxidative stress is an important mediator of tissue injury in acute ischemic stroke. 
 
 
The Transcription Factor Nrf2 
 
Nuclear factor erythroid-related factor 2 (Nrf2) is a transcription factor that regulates an 
expansive set of antioxidant genes that act in synergy to remove ROS through sequential 
enzymatic reactions [17]. Nrf2 gene targets, collectively referred to as phase II genes, are 
involved in free radical scavenging, detoxification of xenobiotics, and maintenance of redox 
potential. Several studies have shown that increasing Nrf2 activity is highly neuroprotective in 
in vitro models that stimulate components of stroke damage, such as oxidative glutamate 
toxicity, H2O2 exposure, and Ca2+ overload [18].  
 
Nrf2 activation before stroke was able to salvage the cortical penumbra but not the stroke 
core. Clear differences in stroke outcome were found as early as 24 hours after reperfusion. 
Moreover, prophylactic treatment improved functional recovery up to one month after 
transient MCAO suggesting that previous Nrf2 activation may reduce neuronal cell death 
during delayed apoptosis and inflammation long after stroke onset. Conversely, Nrf2-deficient 
mice are significantly more prone to ischemic brain injury and neurological deficits. 
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Proinflammatory Cascade 
 
The increase in oxygen free radicals triggers the expression of a number of pro-inflammatory 
genes by inducing the synthesis of transcription factors. As a result, cytokines are upregulated 
in the cerebral tissue and consequently, the expression of adhesion molecules on the 
endothelial cell surface is induced, including intercellular adhesion molecule 1 (ICAM-1), P-
selectin and E-selectin which mediate adhesion of leukocytes to endothelia in the periphery of 
the infarct [21]. 
 
Microglial cells are the resident macrophages of the brain and play a critical role as resident  
immunocompetent and phagocytic cells in the CNS. There is substantial evidence that 
activated microglial cells in response to ischemia have the potential of releasing several pro-
inflammatory cytokines such as TNF-α, IL-1β, and IL-6, as well as other potential cytotoxic 
molecules including NO, ROS, and prostanoids. Astrocytes, like microglia, are capable of 
secreting inflammatory factors such as cytokines, chemokines, and NO[26]. Cytokines 
upregulate the expression of cell adhesion molecules (CAMs). Within four to six hours after 
ischemia onset, circulating leukocytes adhere to vessel walls and migrate into the brain with 
subsequent release of additional pro-inflammatory mediators and secondary injury in the 
penumbra.  
 
The described post-ischemic neuroinflammatory changes lead to dysfunction of the blood-
brain barrier, cerebral edema, and neuronal cell death (summarized in Figure 3). Therefore, 
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therapeutic targeting of the neuroinflammatory pathways in acute ischemic stroke has 
become an important area of research in translational medicine. 
 

 
 
Cytokines and Brain Inflammation 
 
Cytokines are a group of small glycoproteins that are produced in response to an antigen and 
were originally described as mediators for regulating the innate and adaptive immune 
systems. Cytokines are thus upregulated in the brain in a variety of diseases, including stroke. 
In the brain, cytokines are expressed not only in the cells of the immune system, but are also 
produced by resident brain cells, including neurons and glia [28]. In addition, it has been 
shown that peripherally derived cytokines are involved in brain inflammation. Thus, 
peripherally derived mononuclear phagocytes, T lymphocytes, NK cells and 
polymorphonuclear leukocytes produce and secrete cytokines and might contribute to 
inflammation of the CNS [29]. 
 
The most studied cytokines related to inflammation in acute ischemic stroke are tumour 
necrosis factor-α (TNF-α), the interleukins (IL), IL-1β, IL-6, IL-20, IL-10 and transforming 
growth factor (TGF)-β. While IL-1β and TNF-α, appear to exacerbate cerebral injury, TGF-β 
and IL-10 may be neuroprotective [30,31].  
 
Increased production of proinflammatory cytokines and lower levels of the anti-inflammatory 
IL-10 are related to larger infarctions and poorer clinical outcome. High circulating IL-1β 
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elevates circulating IL-6, another well known cytokine that is upregulated following cerebral 
ischemia [35]. IL-10 is an anti-inflammatory cytokine that acts by inhibiting IL-1 and TNF-α, 
and by suppressing cytokine receptor expression and receptor activation as well. As a 
consequence, IL-10 could provide neuroprotection in acute ischemic stroke. Both central and 
systemic administration of IL-10 to rats subjected to MCAO significantly reduced infarct size 
30 min to three hours post MCAO [30]. In acute ischemic stroke, elevated concentrations of 
IL-10 in CSF have been found [41]. Moreover, patients with low plasma levels (<6 pg/ml) of IL-
10 during the first hours after stroke were three times more likely to have worsening 
neurological symptoms within 48 hours following the stroke [37].  
 
IL-10 also seems to mediate the reduction in infarct size by regulatory T cells. IL-10 is the key 
mediator of the cerebroprotective effect via suppression of proinflammatory cytokine 
production. IL-10 potently reduced infarct size in normal mice and prevented delayed lesion 
growth. 
 
 
Chemokines and Brain Inflammation 
 
Chemokines, for example, monocyte chemoattractant protein 1, are a class of cytokines that 
guide the migration of blood borne inflammatory cells, such as neutrophils and macrophages, 
towards the source of the chemokine. Consequently, they play important roles in cellular 
communication and inflammatory cell recruitment. Expression of chemokines such as MCP-1, 
macrophage inflammatory protein-1α (MIP-1α), and fractakline following focal ischemia is 
thought to have a deleterious effect by increasing leukocyte infiltration [42]. The level of a 
variety of chemokines has been found to increase in animal models of ischemia and their 
inhibition or deficiency has been associated with reduced injury [43-45]. Mice without the 
chemokine receptor CCR2 are protected against ischemia-reperfusion injury. 
 
 
Matrix Metalloproteinases 
 
MMPs are a family of proteolytic enzymes that are responsible for remodeling the 
extracellular matrix and that can degrade all its constituents. Expression of MMPs in the adult 
brain is very low to undetectable, but many MMPs are upregulated in the brain in response to 
injury [52]. Neurons, astrocytes, microglia, and endothelial cells have all been shown to 
express MMPs after injury.  
 
Stroke is associated with a biphasic disruption of the blood brain barrier (BBB) leading to 
vasogenic edema and hemorrhage and experimental studies have shown that that BBB 
breakdown and hemorrhage results from the expression and activation of MMPs [53]. MMP-2 
and MMP-9 have been implicated in cerebral ischemia. Elevated MMP-9 levels were found in 
brain tissue and in serum from patients with acute ischemic stroke and in animal models of 
stroke beginning at 12 h after permanent MCAO [54]. MMP-9 is normally absent and this is 
the major MMP associated with neuroinflammation. Early (day 1) MMP-9 inhibition reduced 
infarction of day 14. However, benefit was lost when the treatment was delayed until day 3 
and stroke pathology was exacerbated when administration was delayed until day 7 [55]. 
These studies all suggest that MMP inhibition could have a beneficial effect on the outcome 
of stroke but the effect will depend on the timing of treatment in relation to the stage of 
brain injury [55]. 
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Post-Stroke Recovery 
 
Patients experiencing a typical large-vessel acute ischemic stroke will lose 120 million neurons 
each hour. Compared with the normal rate of neuron loss during aging, the ischemic brain 
will age 3.6 years for every hour the stroke goes untreated. Thus, it is not surprising that the 
majority of stroke patients exhibit certain levels of motor weakness and sensory disturbances 
[2]. However, over time, most will show a certain degree of functional recovery which may be 
explained by brain reorganization and brain plasticity. 
 
Brain plasticity refers to the brain's ability to change its structure and function during 
development, learning, and pathology. For example, within the minutes following ischemia, 
rapid changes are observed in the number and length of dendritic spines of the neurons in 
the penumbra region. The initial loss is then followed by the re-establishment of the dendritic 
spine synapses several months after the initial stroke as part of the functional recovery 
process [61]. Functional MRI studies have demonstrated that the damaged adult brain is able 
to reorganize to compensate for motor deficits [62,63]. The main mechanism underlying 
recovery of motor abilities appears to involve enhanced activity in preexisting networks.   
 
Studies in experimental stroke models demonstrate that focal cerebral ischemia promotes 
neurogenesis in the subventricular zone (SVZ) and subgranular zone (SGZ) of the dentate 
gyrus and induces SVZ neuroblast migration towards the ischemic boundary. More 
importantly, stroke-induced neurogenesis has also recently been demonstrated in the adult 
human brain, even in advanced age patients [64-66]. These findings have led to a hope for a 
neurorestorative treatment of stroke which aims to manipulate endogenous neurogenesis 
and thereby enhance brain repair. 
 

 
 
 
Hyperbaric Oxygenation  
 
HBO potent anti-inflammatory and immunosuppressive properties expand the therapeutic 
window for a range of chronic conditions. 
 
Air is composed of 78% nitrogen, 21% oxygen, and less than 1% of other gases. Normobaric 
hyperoxia (normobaric oxygen, NBO) is applied via a wide variety of masks that allow delivery 
of inspired oxygen ranging from 24% to 90%. In contrast, under hyperbaric conditions, one 
can breathe 100% oxygen (small chamber for single occupant), or breathe compressed air and 
100% oxygen intermittently through a mask or hood (large multiplace hyperbaric chamber).  
 
 
Mechanism underlying the therapeutic effects of Hyperoxia  
 
Hyperoxia is an attractive therapeutic option because it has several properties of an ‘ideal’ 
protective agent. Unlike most pharmaceutical drugs, oxygen is simple to administer, easily 
diffuses to target tissues, is well tolerated, can be delivered in 100% concentrations without 
significant side effects, and can theoretically be combined with other treatments.  
 
To date, the mechanisms underlying the therapeutic effects of hyperoxia are quite complex, 
with a variety of mechanisms under investigation (Figure 1). According to some studies, 
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hyperoxia has been shown to modulate aerobic metabolism, and to regulate blood flow via 
vasoreactivity. At the same time, the changes in aerobic metabolism can also regulate blood 
flow in the body.  
 

 
 

 Application of medical gases in the field of Neurobiology Liu et al. Medical Gas Research 2011, 1:13 

 
 
At normal sea levels, the partial pressure of oxygen (pO2) of inspired air is around 160 mmHg. 
This progressively drops as oxygen is carried further in the body. In other words, the first drop 
occurs in the lungs because of water vapor and diffusion, then in the vasculature leaving the 
alveolar capillaries, where the pO2 is around 104 mmHg, as it moves towards organs and 
tissues for perfusion.  
 
The diffusion distance of oxygen in a tissue is approximately 100~200 μm and an oxygen 
partial pressure of almost zero has been reported at about 100 μm from blood vessels [5,6]. It 
is also important to recall that the hemoglobin dissociation curve shows hemoglobin to be 
100% saturated when the partial pressure of arterial oxygen (PaO2) is approximately 80 
mmHg.  
 
Under conditions of complete saturation, as is the case with 100% oxygen administration 
under normobaric conditions, each gram of healthy hemoglobin contains 1.39 ml of oxygen, 
which accounts for only a small increase in the oxygen content of arterial blood. Additionally, 
the amount of oxygen physically dissolved in the blood also increases proportionally with the 
partial pressure of ambient oxygen. The amount of oxygen dissolved in plasma is negligible 
under physiological oxygen tensions, but normobaric hyperoxia may increase the amount of 
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dissolved oxygen by approximately 0.5~1% while hyperbaric oxygen can increase it 
considerably more.  
 
Inhalation of 100% oxygen at normal atmospheric pressure yields a 5-to 7-fold increase in 
arterial blood oxygen tension, which can only satisfy one-third of the oxygen requirements of 
resting tissue due to the low plasma solubility of oxygen. However, under hyperbaric 
conditions (such as 3 atmosphere absolute), the arterial blood oxygen tension may reach 
values close to 2,000 mm Hg, resulting in levels of plasma dissolved oxygen (about 6%) that 
can meet the average requirements of resting tissues, without a contribution from oxygen 
bound to hemoglobin [7]. In 1960, Boerema et al showed, for the very first time, that 
exsanguinated pigs could survive by placing them in a HBO chamber [61]. This study 
intensified efforts to use HBO to treat organ ischemia. 
 
The marked increase in oxygen tension gradient from the capillary blood to tissue cells is a 
key mechanism by which hyperoxygenation of arterial blood can improve effective cellular 
oxygenation, even at a low rate of tissue perfusion. The increased oxygen supply during 
normobaric hyperoxia or hyperbaric hyperoxia contributes to bactericidal effects within the 
tissue. Anaerobic microorganisms, in particular, do not have defense mechanisms against the 
increased production of reactive oxygen species (ROS) in hyperoxic environments [8,9].  
 
 
Hyperoxia on the Hemodynamics  
 
In healthy animals and humans, oxygen inhalation can increase the total peripheral vascular 
resistance, secondary to systemic peripheral vasoconstriction. This results in a temporary 
increase in blood pressure, which is rapidly counterbalanced by a decrease in heart rate and 
cardiac output [10]. The brain has an extremely high metabolic rate; its oxygen demand 
exceeds that of all organs except the heart. Despite its relative small size (2% of total body 
weight), the brain receives approximately 20% of the cardiac output, and accounts for about 
20% of the body’s oxygen consumption.  
 
 
Hyperoxia on Energy Metabolism  
 
The downstream molecular effects of improved oxygenation are largely due to increased 
aerobic metabolism which leads to an increased production of ATP during aerobic cellular 
respiration in the mitochondria. This hypothesis is indirectly supported by measurements of 
lactate and pyruvate in the cerebrospinal fluid (CSF). Daugherty et al investigated the oxygen 
consumption and mitochondrial redox potential during oxygen therapy [16]. Results showed 
that hyperbaric oxygen (HBO) not only induced an increase in oxygen consumption in both 
injured and sham-injured animals, but also enhanced the recovery of mitochondrial function 
[16]. Rockswold et al also revealed that HBO may improve aerobic metabolism by increasing 
the cerebral metabolic rate of oxygen and decreasing the lactate levels in CSF [17]. A more 
recent study revealed significantly greater improvements in the cerebral blood flow, cerebral 
metabolic rate of oxygen, microdialysate lactate, and the lactate/ pyruvate (L/P) ratio when 
the partial pressure of oxygen in the brain tissue was ≥ 200 mm Hg, which is achieved during 
HBO or normobaric oxygen treatment [18].  
 
Additionally, they found the effect of HBO on treatment to be more robust than that of 
normobaric oxygen on oxidative cerebral metabolism [18]. Normobaric hyperoxia, which 
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increases brain tissue oxygenation, has a variable effect on the lactate and lactate/pyruvate 
ratio in addition to having a preferential metabolic benefit [19]. By using early high resolution 
positron emission tomography, Lou et al showed that exposure of the ischemic brain to HBO 
can partially reverse the downward trend for glucose utilization in the ischemic core, which 
might explain the reported benefits of early HBO therapy on permanent cerebral ischemia 
[20]. 
 
 
Hyperoxia on the Inflammatory Process 
 
HBO contributes to curtail inflammation through various anti-inflammatory mechanisms. 
Following injury, white blood cells can migrate to the injured site producing inflammation. 
This is characterized by upregulation of adhesion molecules and chemokines, which play 
important roles in inflammatory migration.  
 
In this regard, HBO has been shown to decrease the rolling and adhesion mechanisms of 
polymorphonuclear leukocytes (PMNL), mediated by b2 integrin glycoproteins CD11/ CD18, 
in the microcirculation following injuries [21]. Hyperoxia also reduces the expression of the 
endothelial adhesion molecules E-selectin [22] and intracellular adhesion molecule-1 (ICAM-
1) [23]. Additionally, hyperoxia induces the production of endothelial NO synthase (eNOS) 
which synthesizes nitric oxide (NO), a protein which contributes to the reduction of PMNL 
adhesion to human vascular endothelial cell [24,25].  
 
Additionally, hyperoxia reduces the mRNA and protein levels of cyclooxygenase-2 (COX-2), a 
key enzyme of prostanoid metabolism which also has a predominantly negative effect on 
inflammation induced by experimental ischemia [26]. By using directed microarray analysis, 
Rink et al showed that supplemental oxygen limited leukocyte accumulation at the infarct site 
by attenuation of the stroke-inducible pro-inflammatory chemokine response [27]. 
 
 
Hyperoxia on Delayed Cell Death 
 
Previous research suggests that hyperoxia can inhibit apoptosis. In several studies, HBO-
treated rodents had reduced apoptotic markers in neonatal hypoxia-ischemia, as well as focal 
and global cerebral ischemia models [28,29]. Additionally, Henninger et al [30] reported that 
normobaric oxygen treatment reduces apoptotic cell death in the ischemic hemisphere.  
 
 
Hyperoxia on Vascular Permeability 
 
Hyperoxia has also been shown to preserve the integrity of the blood-brain barrier (BBB) by 
reducing vascular permeability. Previous studies have shown that early intra-ischemic HBO 
treatment reduces the BBB disruption, hemorrhagic transformation, and subsequent mortality 
following focal cerebral ischemia [31,32]. Additionally, Sun et al used MRI to demonstrate that 
hyperbaric and normboaric oxygen treatments significantly reduce post-ischemic BBB 
permeability on postcontrast T1-weighted images in middle cerebral artery occlusion (MCAO) 
models [33].  
 
Protection of the BBB by hyperoxia may be related to the reduction of matrix 
metalloproteinases (MMPs), which are predominant enzymes involved in the degradation of 
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the components of the vascular basement membrane [34]. This effect may be mediated by 
NADPH oxidase [35] and/or hypoxia-inducible factor (HIF) [36] because reduction of NADPH 
oxidase after hyperoxia results in the decreased production of ROS, which play an important 
role in the activation of MMPs [37]. Moreover, HIF-1 has been implicated in the control of 
MMPs, including MMP-2 (gelatinase A) and MMP-9 (gelatinase B), which can degrade 
components of the extracellular matrix surrounding cerebral blood vessels [38].  
 
 
Hyperoxia on the Plasticity Process 
 
Following an initial cerebral injury, post-acute brain plasticity is critical for determination of 
functional brain improvement. The absence of neuroanatomical plasticity following cerebral 
injury is attributable to several factors, including glial scars, lack of neurotrophins, and growth 
inhibitory molecules. Neurite outgrowth inhibitor (Nogo-A), one of the most powerful growth 
inhibitors, is related to the plasticity of the central nervous system. Zhou et al revealed that 
HBO significantly decreased the levels of Nogo-A, and Ras homolog gene family, member A 
(RhoA) during an ischemic injury in the cortex, which might partially contribute to the 
improvement of neurological function [39]. Garcia et al also showed that a transient acute 
hyperoxia stimulus, whether caused by breathing HBO or reoxygenation following hypoxia, is 
a powerful stimulant for orthodromic activity and neural plasticity in the CA1 hippocampus 
[40]. Additionally, hyperbaric oxygen treatment promotes neural plasticity by increasing Map-
2 expression and decreasing GFAP [41].  
 
 
Conclusion 
 
Modern Medicine is increasing in complexity. In this workshop we have attempted to provide 
a brief overview of the current understanding of inflammatory mechanisms and the cascade 
of degeneration. These results provide new insights into the role of Hyperbaric Oxygenation 
and neurogenesis. Combined with applications of neurotrophic growth factors Hyperbaric 
Oxygen Therapy continues to awaken the imagination and of course threaten the 
fundamentalist. 
 
 
 

'The world we lived in the past has created the problems of today, but to solve 
today’s problems requires the thinking of tomorrow.' (Einstein) 


