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Vascular pulsations stimulating nitric oxide release
during cyclic exercise may benefit health:
A molecular approach (Review)
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Abstract. It is widely assumed that all exercise, regardless of
the degree of difficulty or strenuousness, is good (no pain-
no gain). In this speculative review of the literature and our
research findings we highlight the fact that strenuous exercise
taken to the extreme initiates an immune and yascular pro-
inflammatory situation. However, mild cyclic exercise appears
to produce health benefits for an individual. In part, this is
due to vascular cyclic pulsations, occurring in mild exercise,
stimulating constitutive nitric oxide synthase derived nitric
oxide release. This in turn down-regulates vascular endo-
thelial cells and immunocytes, as well as their interaction and
inhibits the disassociation of NF-xB, preventing the production
of proinflammatory cytokines. The nitric oxide $0 generated
may even scavenge excess free radicals, preventing tissue
damage. Prolonged strenuous exercise appears to limit these
positive phenomena because of the maintained and prolonged
high blood pressure that reduces the cyclic pulsations, limiting
nitric oxide production. We further note that pathological
conditions, i.e., Parkinson's disorder, may benefit from mild
exercise, i.e., cyclic nitric oxide production, since the inactivity
associated with this disease may lead to compromised nitric
oxide production, initiating a progressive deterioration of
tissues, including peripheral adrenergic neurons, due to a
lack of adequate basal nitric oxide levels required to maintain
the vascular microenvironment in a mild state of inhibition.
We conclude that mild exercise represents an alternate and
economical therapy to preserve health and/or diminish the

rate of decline of the normal physiological processes that may
even be associated with aging.
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1. Introduction

Exercise, in the general sense, has always been associated
with health. In this regard, the healthy end product has been
deduced by enhanced cardiovascular performance, increased
muscle strength, a feeling of greater energy and enhanced
muscle tone and mass to name a few factors. However, is
strenuoug exercise the best form of this activity, i.e., no pain-
no gain? Strenuous exercise can be regarded as physical
stress (1). Many clinical physical stressors (e.g., surgery,
trauma, burn, and sepsis) can and do induce hormonal and
immunological responses with similarities to strenuous
exercise (1). Recent experiments have questioned this aspect
of ‘conventional’ wisdom concerning exercise, in that more
moderate forms of exercise have been found to be highly
beneficial. Given this, it becomes important to determine
exactly what exercise is expected to accomplish and how this
complements the physical capabilities of an animal, i.e., man.
After all, the neural, cardiovascular and muscle systems
have taken millions of years to evolve before cognition
clouded their purpose. That is, these systems were designed
to gather food and provide for mobility. In this regard, the
complementary systems, i.e., immune, digestive etc., can be
considered to protect an animal and provide for longevity.

In regard to exercise, a recent study demonstrated that
neutrophils became mobilized and activated in response to
exercise (2). Furthermore, in the recovery phase after intense
exercise the following was found: i) suppressed natural
immunity of blood lymphocytes; ii) decreased concentration
of secretory IgA in mucosa; iii) increased blood concentration
of neutrophils; and iv) increased levels in the blood of
inflammatory cytokines (1,3). Thus, after intense long-term
exercise, the immune system can be characterized as being in
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an activated proinflammatory state [e.g., interleukin (IL)-1, 6
and TNF], resulting in a suppression of the cellular immune
system (3). It has been demonstrated that a close association
exists between muscle damage and increased levels of
interleukin-6 (3), supporting the view that the immune system
may, for the short-term, be hyperactivated and thus, dys-
functional.

Interestingly, the diffuse inflammatory response associated
with major surgery, i.e., coronary artery bypass grafting, is
also characterized by the increased presence of activated
granulocytes, pr?nﬂammamry cytokine induction and cellular
immunosuppression via hyperactivation of the immune and
vascular systems (4-10). Based on this comparison, it may be
safe to conclude that strenuous exercise may not be the best
thing for individuals, especially those just attempting to
generally enhance their physical activity. In this regard, we
surmise that processes exist to restore the ‘body’ to its physical
resting condition since continued immune and vascular dys-
function would lead to death. We also speculate that given
the degree of this self-induced trauma whether surgery or
strenuous physical exercise, the resting/restorative/relaxing
phase of exercise, counter-intuitively, is the most important
phase of exercise. The restorative/recovery biochemical and
physiological processes enable cellular communication to re-
establish itself, limit excitation and promote healing. Thus,
these less well-examined processes establish the baseline of
normal health since they maintain the organism in this state
most of the time within a 24-h period.

In this speculative review we will discuss various cellular
processes that probably participate in maintaining and
establishing homeostasis following exercise. It is important to
note at the onset of this discussion that the processes we will
highlight are of a small nature when considered individually.
They function locally. However, their impact is physiologically
enormous because they occur throughout the body: their
significance summates exponentially. In plant transpiration,
the movement of water up the plants vascular tissue occurs
because of evaporation of single water molecules at the plant
leaf. However, when considering all the leafs and pores on
each leaf, this movement, due to the weak hydrogen bonds of
juxtaposed water molecules, becomes a formidable force that
can raise water up a 300 foot redwood tree. Here we see how
weak forces can combine exponentially to provide a large
movement/force. In this regard, we surmise small physiological
processes before, during and after exercise are working in a
similar manner. We will then attempt to relate these processes
to various pathological conditions where their combined
activity may have a substantial therapeutic value. Thus, we will
also advance the hypothesis that mild cyclic exercise works via
the enhancement of these normally small stabilizing factors
since they respond to internal rhythmic body signals, i.e.,
vascular pulsations.

2. Nitric oxide

Nitric oxide (NO) is a major gaseous signaling molecule in
several systems, including the immune, cardiovascular and
negvous systems (10-15). NO is produced from L-arginine by
the enzyme NO synthase (NOS) (14,16), occurring in three
isoforms: endothelial (e), neuronal (n) and inducible (i) NOS.
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The first two are constitutively expressed and Ca?* dependent,
whereas” inducible (i).NOS is Ca? independent. The three
forms of NOS are encoded on three distinct genes on chromo-
somes 7, 12 and 17, respectively (11-13,17). The presence of
constitutive and inducible forms of NOS suggests that they
may have distinct functions or the same function enhanced
(18). In a previous report, we have developed the hypothesis
that cNOS is responsible for a basal or ‘tonal’ level of NO
that keeps particular types of cells in a state of inhibition and
that activation of these cells occurs through disinhibition, i.e.,
diminishing cNOS derived NO levels (18).

Concerning ¢cNOS, it can be stimulated to enhanced the
release of ctNOS derived NO for short durations of time by
way of various signaling molecules, i.e., estrogen, anandamide,
morphine etc. (18). This enhanced NO release can have pro-
found physiological actions, which are evident long after NO
has returned to its basal level (19,20). For example, endothelial
cells briefly exposed to morphine and eNOS derived NO
change their shape from elongated to round, a process that
takes several hours (19).

iNOS is induced by various signal molecules, e.g., pro-
inflammatory cytokines (14,21,22). The induction of iNOS is
usually seen after a 3-4 h delay; iNOS is capable of producing
NO for 24-48 h (21,22). These data suggest first, that NO
is always present and, second, that the levels of NO can be
regulated either rapidly or slowly depending on the organism's
needs (18). The presence of different regulatory processes
imply that NO has different functions and/or that NO
stimulated function can occur by degrees, that the levels of
NO must be progressively increased in order for it to exert
its function, or some combination of these phenomena.
Additionally, it is important to note that NO functions as a
vascular, immune and neural signal molecule and also has
general.anti-bacterial, anti-viral actions and the ability to down-
regulate proinflammatory events (22-29). We have hypothe-
sized that certain classes of cells are always ‘on’, i.e.,
respond to environmental changes, and that this low level of
NO which is ¢cNOS derived, provides an organism with a
major pathway that functions to dampen microenvironmental
‘noise’ which would otherwise non-specifically and
inappropriately activate them (18). NO may control the
threshold for activation of these cells. This kind of activation
really represents a disinhibition process (as noted earlier),
1.e., an overcoming of the inhibitory influence of NO by
changing the balance between basal NO and the levels of
excitatory signals (18). For example, when excitatory signals,
i.e., interleukin-1, are present at detectable levels the tonal
inhibition due to NO is overcome and activation occurs.

Endothelial constitutive nitric oxide. Since endothelial cells
express cNOS-derived NO, we surmise that endothelial cells
are always ‘on’, that is, they respond to environmental changes
by overcoming the inhibitory balance of low basal NO (18,23).
This is also noted since eNOS derived NO in human blood
vessels, diminishes the adherence of monocytes and granulo-
cytes to the vascular endothelium (18,23) and induces endo-
thelial rounding (18,23). This process can down-regulate pro-
inflammatory events (18,23). It helps maintain blood fluidity
(30). This balance of ‘blood’” NO levels may also be modulated
by hemoglobin, a NO scavenger (18). These studies suggest








