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ABSTRACT

In a natural state, death of the neuronal cells of the central nervous system is a hallmark of the aging process and occurs very insidiously. As we age, a natural loss of
the body water occurs simultaneously with a rise in plasma osmolality. When a progressive rise in plasma osmolality occurs with age, it increases the effective
viscosity of the circulating blood, and the thickened blood fails to perfuse the body systems and organs. If red blood cells fail to perfuse the central nervous system,
the neuronal cells die from hypoxia and a lack of essential nutrients. This process is insidious but unavoidable. Hyperosmolality occurs in all mammals and it is a

natural phenomenon of mammalian aging.

Introduction

A gradual rise of plasma osmolality is synonymous with the aging
process. Modern affluent Western lifestyles, coupled with a naturally
occurring deterioration of the body's hormonal balance have ac-
celerated an increase in plasma osmolality in the geriatric population.
Researchers have previously observed that memory loss associated with
Alzheimer’s disease is the same as in the natural aging process, only
considerably accelerated.

The ability to maintain oxygen homeostasis is essential for the
survival of all living species. The physiological systems that ensure
optimal oxygenation and energy supply for all cells in a living organism
involve complex anatomical and physiological infrastructures that are
present in all living things. Under physiological conditions, an adequate
supply of oxygen is adequately provided by maintaining adequate cir-
culation, However, if blood flow cannot be adequately provided, mas-
sive cell death and brain damages results. In aged individuals, the
gradual rise in plasma osmolality increases the viscosity of the circu-
lating blood, leading to gradual perfusion failure of the red blood cells
and a resulting failure to deliver oxygen and essential nutrients.

Reinhart et al. [14] observed that changes in plasma osmolality lead
to either swelling or shrinking of the red blood cells(RBCs); they ad-
ditionally observed the influence of osmolality on the suspension and
biophysical properties of RBCs and their ability to perfuse an artificial
microvascular network(AMVN). These authors also observed the
highest perfusion rate to be at an osmolality of 290 mosm/kg H20 and
that the perfusion rate decreased as osmolality increased.

Discussion

Scientists are generally in agreement that at the end of our life, the
neuronal cells die from a lack of oxygen and energy [11,12]. Circulation
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failure regardless of cause will induce hypoxia and fail to deliver the
necessary nutrients to sustain life. Osmolality increases occur at the end
of all mammalian life. The gradual rise of osmolality induces circulation
failure by thickening the blood which result in perfusion failure that
occurs in the brain and all other vital organs.

In human infant, at age one, 70% of the body composition is water,
however, by age 60, water accounts for only 60% of the overall body
weight [16]. The average human extracellular fluid volume is
5000c.c.-6000c.c. However, the actual water content is approximately
55% of the extracellular fluid volume, because of approximately 45% of
the blood is the hematocrit. Therefore, the actual water volume is
2750c.c.—3300c.c. of the total extracellular fluid volume. If one drinks a
glass of water (224c.c.), he replenishes approximately 8% of the total
2750c.c. of extracellular fluid volume immediately. As we lose ap-
proximately 10% of body weight by age 60, if we replace 8% of the
extracellular water volume by drinking a glass of water, that makes our
plasma osmolality level reduce to the equivalent of a younger person.
Drinking a glass of water contributes to significant blood composition
change as well, even it is temporally, as it changes not only the plasma
osmolality but also almost every component of the blood reverting to
the levels of a younger individual. The above illustration is only for
demonstration purposes, and actual physiology could differ somewhat.
In the above demonstration, I have used water, however, you could
drink coffee, tea or soda in place of water, as they are all flavored water
and would have same effects.

In a previous study, when infants were breast-fed, their plasma os-
molality was 284.3 mosm/kg H20 and when infants were bottle-fed,
their plasma osmolality was 293.8 mosm/kg H20 at three month of age
[4]. These findings indicate that when plasma osmolality is artificially
increased as in bottle-fed infants, aging occurs much faster, which is
why bottle-fed infants are larger and heavier than their breast-fed peers.
As we age, we do not grow but rather age prematurely in older
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individuals. When we lose body water naturally, the rise in plasma
osmolality is natural and unavoidable. When plasma osmolality is in-
creased, the viscosity of the circulating blood increases and the tissue
permeability of the circulating the red blood cells decreases. When in-
travascular viscosity is increased in the brain, intravascular and in-
tracranial pressure increases to maintain adequate circulation, which
increases intravascular resistance. Tissues perfusion decreases as in-
travascular resistance increases and tissues affected by perfusion failure
die from a lack of oxygen and the essential nutrients. In the end, pro-
gressive neuronal cell deaths, and tissue perfusion failure result as os-
molality further increases.

Early effects of hypoxia on neuronal cell function produced by an
early cessation of electrical activity, caused by a K + conductance-
mediated neuronal hyperpolarization and disappearance of excitatory
synaptic potentials, can be considered a protective mechanism that
prevents the cellular damage resulting from severe mismatch between
energy needs and supplies. These changes are triggered by such hy-
poxia-induced signals as a rise in cytoplasmic free calcium, a decrease
in adenosine triphosphate(ATP) level, and extracellular accumulation
of adenosine. Upon reoxygenation, the suppression of neuronal /sy-
naptic activity is reversible, as long as hypoxic neuronal cells have an
adequate supply of glucose. However, if sufficient ATP cannot be ob-
tained by anaerobic glycolysis to maintain essential Na-K pump activity
and protein synthesis, long term cell function and survival are com-
promised. Thus, when both oxygen and glucose are deficient, the
available cellular protective mechanisms cannot prevent the lethal ef-
fects of Ca2 + influx (Krnjevic, [12]).

As the perfusion rate of red blood cells decreases due to an increase
in osmolality, the actual oxygen-carrying capacity of hemoglobin is
reduced as well. Both the reduced tissue perfusion of the RBC's and the
reduced oxygen-carrying capacity of hemoglobin cause hypoxia in the
brain tissue, and concurrently the tissue is deprived of necessary nu-
trients as perfusion fails. As the perfusion rate decreases, the tissue
becomes more acidic and the oxygen carrying capacity of the red blood
cells decreases further (i.e. Bohr effects). The PO2 level also decreases
and the oxygen-hemoglobin affinity decreases. Thus, neuronal cell
death occurs as the RBCs fail to deliver oxygen and essential nutrients
become scarce as stated by Krnjevic [12] and Jha et al. [11].

In the natural aging process, the neuronal cell deaths is slow and
confined to a minute area; this is an insidious process, but eventual and
progressive neuronal cell death is inevitable.

The normal plasma osmolality range in human is 275 mosm/kg H20
to 295 mosm/kg H20, although a = 10 mosm/kg H20 osmolality gap
can result in values up to 305 mosm/kg H20—— the accepted upper
range for human osmolality. As we age, plasma osmolality increases
with the natural reduction of body water, Consequently, the viscosity of
the circulating blood increases, resulting in a gradual decrease in tissue
perfusion as Reinhart et al. [14] observed. Failure of the red blood cells
to perfuse occurs as the plasma osmolality increases and the plasma
osmolality level of 310 mosm/kg H20, is the accepted cutoff line re-
presenting a medical emergency in human according to the University
of Iowa osmolality gap calculator. At this level of plasma osmolality, the
permeability of the RBC's is severely reduced, which limits the delivery
of the essential oxygen and nutrients necessary for survival. As Reinhart
et al. [14] observed the optimal perfusion rate was at a plasma os-
molality of 290 mosm/kg H20; thereafter, the perfusing rate gradually
decreased as plasma osmolality increased. Plasma osmolality of
290 mosm/kg H20 is equivalent to isotonic tonicity.

According to the United States Department of Agriculture(USDA)
National Agriculture Library Daily Recommended Intake(DRI table),
the protein needed for men aged 19-70years is 0.66 g/kg/d. This
amount is equivalent to only 9% of daily caloric requirements and is
necessary for protein homeostasis. Dimeski et al. [5] reported that at a
plasma protein level at the upper range of normal (7.8-8.3 g/1), we lose
extracellular sodium. As a result, the body cannot retains sufficient
water leading to higher plasma osmolality. Sodium and protein
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peptides are the two major components in the extracellular space that
affect plasma osmolality. The total amount of sodium in the body
controls the total body fluid level by adjusting the amount of urine
excretion. Sodium is responsible for maintaining approximately
280 mosm/kg H20 of the 300 mosm/kg H20 of plasma osmolality
(Dufour, [7]). If there is not enough sodium, our body lose corre-
sponding amount of water immediately, resulting in higher plasma
osmolality. Martin et al. [13] studied five men who participated in a
12 week controlled study involving high-protein, moderate-protein and
low-protein diets. The baseline plasma osmolality was greater for the
high protein diet compared to the lower protein and moderate protein
diet.

Prolonged dietary intake of foods high in animal-based protein is
associated with higher plasma osmolality, and high plasma osmolality
trends are further exacerbated by the natural aging process, which in-
volves reduced androgen, estrogen and AVP secretion, etc. With the
natural reduction of all of hormonal secretions, the human body loses
its capacity to retain water which further increases the plasma osmol-
ality. Factors conducive to an increase in plasma osmolality include a
diet high in animal-based protein [5,9], high alcohol consumption, a
lack of physical activity, and inadequate fluid and sodium intakes [9].
These are a few of the factors commonly associated with an increase in
plasma osmolality in daily life.

Albert et al. [1,2] observed hyperosmolality in Alzheimer's patients
with an average plasma osmolality of 310 + 1 mosm/kg H20, and in
the elderly control group with 305 *= 1mosm/kg H20 and
313 + 4mosm/kg H20 with the control group 300 + 3 mosm/kg
H20 plasma osmolality values after mild fluid restriction overnight.
These patients were hospitalized and overtly symptomatic. In this group
of patients, the measured osmolality could even exceed 320 mosm/kg
H20 in a given day; additionally, the osmolality of all these patients
was higher than 310 mosm/kg H20. These are not incidental findings
and lead to the conclusion that Alzheimer's disease is a disease of hy-
perosmolality.

Stoothoff et al. [15] observed massive apoptosis of neuroblastoma
cells after 30 min exposure to hyperosmotic stress and noted robust
increase in tau phosphorylation, indicating aberrant activity associated
with neuronal cell deaths.

Protein damage is a consequence of hypertonic stress, and cell hy-
pertonicity decreases cell volume, cell transcription and cell translation.
Hypertonicity also increases cell ionic strength, macro molecular
crowding, DNA damages and oxidative stress [3].

In the normal aging process, neuronal cells death can be delayed by
drinking water, which reduces plasma osmolality and maintains red
blood cells perfusion; thus immediate neuronal cells death can be
avoided and the normal aging process can be delayed. All of this is
possible if the plasma osmolality is reduced. One can accelerate the
increase in plasma osmolality and age prematurely, as in Alzheimer’s
disease, or one can decelerate the rise in plasma osmolality and delay
the final inevitability.

When the neuronal cell death occurs due to a normal rise in os-
molality, this is the normal aging process, on the other hand, when the
neuronal cell death occurs due to an accelerated rise in osmolality, it is
considered Alzheimer's disease.

If brain damage is the result of the failure of the red blood cells to
perfuse the central nervous system due to high plasma osmolality, then
it is possible to prevent the perfusion failure by reducing plasma os-
molality. Alzheimer’s disease is preventable through a reduction in
plasma osmolality, and the normal aging process can be slowed in the
same manner.

Researchers [6] have stated that drinking coffee and tea and con-
suming a Mediterranean diet [10] can help to slow the progression of
memory loss. A cup of coffee or tea is mostly water and drinking water
reduces plasma osmolality. A Mediterranean diet is low in meat and
preserves body sodium, inducing the retention of water, and resulting
in lower plasma osmolality.
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Fang et al. [8] have advocated that having a high uric acid level,
such as in gout, reduces memory loss, but it is not uric acid that im-
proves memory. Gout is a disease of hyperosmolality, when one has an
active gout, this implies that person is in a hyperosmotic state which is
why that person losing memory. When an individual with gout is ad-
vised to eat less meats and drink more water, this in turn reduces
plasma osmolality, thereby improving memory. This is a prime example
of how plasma osmolality has direct effects on memoty. Hyperosmol-
ality harms memory, and lowered plasma osmolality improves memory
loss although uric acid itself has no direct effects on memory loss.

Exercise has beneficial effects on memory loss in the human brain.
Exercise shortens the lifespan of the circulating red blood cells by re-
moving old red blood cells and producing new, younger red blood cells
that have a greater actual oxygen-carrying capacity than the old red
blood cells. Furthermore, when exercise levels are increased, the in-
dividuals tend to drink more water, which improves the perfusion rate
of red blood cells by reducing plasma osmolality. This process is how
exercise improves memory.

The brain damages observed in normal aging and in Alzheimer's
disease are the same general process and the extent of that damage is
dependent on the severity of hypoxia.

In conclusion, the well being of the human body is directly related
to plasma osmolality. By improving the perfusion of RBCs and by re-
ducing plasma osmolality, not only can one prevent the progression of
Alzheimer’s disease but also slow the normal aging process. Under
conditions of high plasma osmolality, the brain will have serious signs
of stress regardless of patient age.
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