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Abstract - It is hypothesized that multiple sclerosis is a disease of the cerebro-vascular system.
The basic defect is visualized as a wound in the CNS due to a focal hypertension of genetically
susceptible vessels which results in vascular injury and the initiation of a series of biochemical and
physiological events culminating in an ischemic hypoxia leading to demyelination and a secondary
damaging process associated with the immune system:- --

nisms. Also, it provides an explanation for the
reported therapeutic successes using hyperbaric
oxygenation.
The proposed hypothesis may explain why
there has been, to date, an unending failure to
isolate a specific infectious agent-bacterium or
virus-from the brains of MS patients that meets
Koch's postulates. It provides an explanation for
the immunologic changes being viewed as a response to rather than a basis of the MS disease
processes (3, 4, 5). The vascular ischemic model
along with additional physiologic data also provides a rationale for the low pressure oxygen
treatment protocol devised by Neubauer (1).
A prominent feature of the MS lesion is the
involvement of the cerebral vasculature: the lesion is primarily perivenule. Therefore it appears
logical to examine those properties of the vasculature that may lend themselves to initiating or
promoting the eratic MS disease process.

Introduction
For approximately the past three decades two
hypotheses, independently or in their combined
form, have exerted a powerful influence over the
field of neurology with respect to the etiology
of multiple sclerosis (MS) and the therapeutics
based thereon, i.e. the viral and immunologic hypotheses. Several decades of research failed to
substantiate these ideas (1, 2). Further substantiation of the failure of these concepts may be
obtained from the articles published in Neurology
38: Suppl. 2, 1988: the entire supplement is devoted to the subject: Ratio) We for Immunomodulating Therapies of Multiple Sclerosis.
The vascular ischemic hypothesis as to the etiology of MS herein presented is designed to integrate present knowledge of the pathophysiology
of the disease while obviating the difficulties associated with the current popularly held hypotheses involving viral and/or immunological mecha23
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Hypothesis
Cerebral arteriolar dilation: the role of
hypertension
The basic hypothesis is that MS is a cerebrovascular-ischemic disease. It is hypothesized that
the basic defect is a wound in the CNS due to
a focal hypertension which results in vascular injury, edema formation, and an ischemic hypoxia
which, in turn, leads to demyelination and a secondary damaging process related to the immune
system.
Evidence
Kontos (6) recently reviewed the published evi dence related to cerebral arteriolar dilation,
their pathologic sequelae, and the biochemical
changes associated with acute hypertension. The
dilations are not necessarily uniform: they may
be preceded by a short constriction. They may
be non-uniform with localized dilatations resembling microaneurysm, or dilated segments alternating with constricting segments. Some of the
dilatations may be the result of pressures building up due to capillary-venous constrictions discussed below: the weakened portions of the vessels would dilate and resemble microaneurysms.
The same pathology also may be associated with
or exacerbated by the release of large quantities
of superoxide anions from phagocytozing endothelial cells (7).
The dilations are accompanied by marked
hyperemia of the brain. Non-uniform dilations
may explain, in part, the focal nature of the MS
lesion. MS patients do not have hypertension to
any greater degree than the rest of the population. However, hypertension as currently understood is not to be misconstrued as being causal to,
MS. Insight may be gained into the phenomenon
of hypertension involvement if one draws an analogy to low tension glaucoma, a condition in which
apparently `normal' ocular tensions produce increased pressure on the optic nerve and retinal
vessels to an extent that axoplasmic flow is interfered with and in which retinal perfusion is
markedly reduced producing ischemia and tissue
hypoxia (8, 9). In such a condition, pressures
which are non-pathological in the vast majority
of the population are pathologically high for a
very low percentage of the population. One can
conceive of a similar situation occurring in the
cerebral circulation since the eye is really an end
organ of the brain bathed in a specialized fluid

MEDICAL HYPOTHESES

system, i.e. the ocular fluid secreted by the ciliary
processes. Systemic pressures that would not normally be considered hypertensive may causes an
arteriolar dilation in genetically susceptible arteries, thromboxane (TxA2) and free radical formation which would result in further vascular injury
and edema formation.
Kagan points out that further evidence of the
role of an `increased blood pressure' in the etiology of MS may be derived from an understanding of sub-cortical-arteriosclerotic encephalopathy: `...patchy, periventricular long T2 weighted
lesions that appeared similar ... in appearance and
distribution to ... the lesions of multiple sclerosis
in younger patients were frequently seen in elderly individuals. The appearance of MRI scans
is part of the continuum called sub-cortical arteriosclerotic encephalopathy, which is called 'Binswanger Disease' if hypertension and dementia
are part of the clinical picture. These lesions presumably represent demyelination and/or edema,
consequent to chronic ischemia...the older age of
these patients and their clinical presentation may
often be the only help in differentiating this entity
from multiple sclerosis' (personal communication
to RAN).
Additional evidence that blood vessel fragility
may be an important aspect of MS derives from
Swank's (10) study in which he concluded that
MS is not confined primarily in or localized to
`the CNS: He observed small cutaneous hemorrhages in 77.4% of female patients observed repeatedly over a 5-9 year period. In 66.7% of
these patients, the hemorrhages were spontaneous. `Biopsies of 5 spontaneous hemorrhages,
where trauma could be confidently ruled out, revealed extravasated red blood cells infiltrating the
deeper layers of the derma and the subcutaneous
fat.' Swank goes on to state that `a number of
patients have described petechial hemorrhages in
large numbers after having their blood pressure
taken both under and distal to the cuff.' He notes
that the petechial hemorrhages are similar to subcutaneous hemorrhages seen in capillary resistance studies.
Causes of venule constriction
Thromboxane
Kontos (6) provided pharmacologic evidence that
implicates metabolites of arachidonate metabolism
via the cyclooxygenase pathway in the production
of vascular abnormalities associated with acute
hypertension. One of the metabolites of arachido-
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nate metabolism is thromboxane (TxA2). TxA2,
a very potent venous constrictor, is the primary
thromboxane. The TxA2 formed in the arterioles could enter the intercellular space of capillary transudation and diffuse over short distances
to the venules.

Edema
TxA2 may also be released in the venules, since it
has been shown that the venules are the primary
sites of the blood-brain barrier disruption seen
during acute hypertension: in fact, the bloodbrain barrier is more vulnerable to disruption in
venules than in capillaries or arterioles (11).
Curry and Joyner note that endothelial cells
comprising true capillaries differ from the endothelial cells of postcapillary venules with the latter being one of the primary sites for regulating permeability (12). They note that `leaky sites'
are found in postcapillary venules with changes
in endothelial size, shape, and volume modifying
exchange areas and diffusion distances. Shasby
(13) notes that while endothelial cell shape helps
determine transendothelial macromolecule transfer, not all the determinants of shape are known.
However, pathways of, acute inflammation are
able to alter endothelial macromolecule transfer by reversibly altering endothelial shape: such
changes in shape may lie
by
induced
polyrmor-phonuclear cel activation involving pathways dependent upon PMN-produced oxidants and pathways independent of these oxidants (13).
The postcapillary endothelial intercellular junctions represent the weakest contacts found in the
vascular system (14) with permeability increasing
with increases in capillary pressure (12) and as
a response to a variety of humoral substances:
these induce the opening of the junctions and
thereby provide preferential sites for extensive
plasma extravasation and diapedesis: these occurrences are noted in inflammation and in response
to exposure to toxic substances (14). Humoral
agents may modulate permeability through the
activation of receptor and non-receptor mechanisms (12). The expression of receptors on endothelial cell surface in response to inflammatory
stimuli is an important mechanism for inducing
increases in postcapillary venule permeability.
There are other mechanisms (fatty acids, mitosis, free radicals) functioning during the development of the pathologic processes that are also
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involved in edema production: they will be mentioned in the appropriate ensuing discussions: for
the role of fatty acids see ischemia, for mitosis
see phagocytosis and for free radicals see partially
reduced reactive oxygen species.
The resultant increased venous permeability
and subsequent venous constriction could lead to
vascular injury on the venous side and culminate
in the pathology associated with MS. The hydrostatic pressure resulting from the focal edema
would exacerbate constriction-induced tissue ischemia by mechanical compression of the thinwalled capillaries and venules.
Taylor et al. (15) report that ischemic damage
to the CNS involves 2 mechanisms: 1. primary ischemic damage due to the ischemic episode itself,
and 2. secondary ischemic damage which occurs
after reperfusion of the brain subsequent to ischemia. Permanent damage appears to be related
to the secondary ischemia (16, 17, 18).
Ischemia, irrrespective of its cause, has a common outcome, an interference with tissue perfusion such that the oxygen supply is insufficient
to meet the minimum metabolic needs of the tissue. Prolonged interference with energy-producing mechanisms leads to disruption of cell and
tissue oganization, integrity, and function. More
extensive damage may occur when the tissue is
reoxygenated upon re-establishment of tissue perfusion. Such additional injury is mediated by partially reduced reactive oxygen species (PRROS;
superoxide anions, hydroxyl radicals, etc.), a subject that will be discussed in further detail below.
The efficacy of the Neubauer low-pressure
HBOT protocol for treating MS, to be discussed
below, may be explained, in part, by relatively
fewer PRROS being formed during such oxygenation procedures-as compared to what may
occur with greater focal oxygen tensions due to
HBOT at higher pressures-thereby limiting if
not obviating further damage upon oxygenation.
Ischemia also increases tissue concentrations of
polyenoic fatty acids, including arachidonic acid
(19) which, during the reperfusion, may give rise
to TxA2, prostaglandin, and prostacyclin synthesis. In addition to the physiologic effects of their
derivatives, the fatty acids themselves are toxic
and have been reported to induce edema in brain
slices (20).
The vascular-ischemic hypothesis herein developed is complementary to the vascular-ischemic
model based on fat embolization proposed by
James (21) and may explain the lodging of the
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fat emboli in specific locations (see below: phagocytic endothelial cells).
Endothelial cells in vitro and in vivo have been
shown to become phagocytic exhibiting a respiratory burst, augmented phagocytic activity, accelerated migration, and cell division (7). Ryan
points out that the inefficiency of endothelial cells
to kill bacteria may result in these organisms surviving intracellularly where they are also protected from anti-microbial agents and the actions
of the humoral and cellular immune systems.
Several factors including low blood flow may
contribute to endothelial cells expressing phagocytic activity (7, 12). The intense humorally and
mechanically induced venous and capillary constriction could trap circulating fat emboli (17) or
microbes which then would be phagocytized by
the sensitized cells. It is not known whether pressure sensitivity also induces endothelial phagocytic activity nor is it known if PRROS or thromboxane induce endothelial phagocytosis. Ryan (7)
refers to trauma sensitized cardiac valve endothelial cells as undergoing phagocytosis and Davies
(22) reports that laminar shear stresses increase
the rate of pinocytosis in large vessel endothelial cells. One can conceive of low tension focal
hypertension acting as a stimulus to change cerebrovascular endothelial cells: shear stress would
be acting to increase endothelial cell turnover
(23). Endothelium in which cells are undergoing mitosis are leaky and thus, cell division could
serve as another source of fluid escape from the
blood-brain barrier.
It is known that phagocytizing endothelial cells
could express class 2 antigens and present antigens to lymphocytes. Variability in the handling
of the phagoctized microbes may be responsible
for the uncertainties and inconsistencies associated with the role of the immune system in MS. In
different individuals, diverse microbes (bacteria
or viruses) or other particulate antigenic material
(myelin or its components) may be presented to
lymphocytes as antigens. If the above situation is
true, then it helps to explain why there have been
reports of viruses isolated from brains (plaques)
of MS patients that fail to meet Koch's postulates.
Variability of immune response
The variability of the immune response in MS
may be due to the time in which invading microbes, myelin, or other particulate ingested material is presented as antigen which in turn may
be related to when antigenic material is released
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from phagocytizing endothelial cells. Endothelial cells as noted, have inefficient bactericidal
mechanism (7). The immune response in MS may
not only be due to the formation of PRROS
(see below) but also to the chemotaxis associated
with them, the variability associated with different types of antigens that may be involved and
their presentation to lymphocytes, and the ability
of lymphocytes to produce appropriate antibodies.
One of the differences in the pathology of
chronic stable and chronic progressive MS could
be due to the extent of vascular dysfunction,
the relative rates and amounts of PRROS being formed which, in turn, may be related to
the extent of phagocytosis by endothelial cells
and macrophages and their inherent antioxidant
defense mechanisms, the nature of the ingested
material, the eventual fate of the ingested particles, the functional state of the immune system, and the degree of neuronal redundancy: factors such as the extent of vascular dysfunction,
phagocytic activity, antioxidant defense mechanisms, functional nature of the immune system,
and neuronal redundancy may represent some of
the genetic bases of the susceptibility to the disease. The progressive disease could be the result
of a more extensive involvement of the vasculature, of continued protracted PPROS formation,
and the time required for antigen presentation
to an immune system-that--may not- be functioning properly. Chataway (2) challenges the traditional concept of MS being a relapsing and remitting disease that may eventually become progressive or may be progressive from the outset
by pointing out that advanced imaging and electrophysiologic techniques are demonstrating that
MS `never sleeps, it being chronically progressive
pathologically, if not clinically'.
Experimental allergic encephalitis
The proposed vascular-ischemic hypothesis is
congruent with the fact that experimental allergic
encephalitis (EAE), a widely used animal model,
is inappropriate for MS; in EAE, myelin destruction results from lymphocytic infiltration whereas
in the human phagocytic infiltration follows myelin breakdown (1).
Partially reduced reactive oxygen species
As noted above, Taylor et al. (15) suggests that
permanent brain damage appears to be related
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to reperfusion secondary to ischemia and it was The nature of the MS lesion
noted by Ryan et al. (7) that phagocytic endoThe injury to the vascular system resulting from
thelial cells exhibit a respiratory burst. Both of
the hypertension, thromboxane and generation
these phenomena are related in that they involve
of PRROS with the resulting edema formation
the formation of PRROS. Free radicals are also
provides the basis for considering the underlying
formed during TxA2 formation. In the presence
lesions herein discussed and described as being
of phagocytized material the endothelial cells prowounds in the CNS. Ultimately the constant irduce large quantities of PRROS. PRROS have
the potential of inactivating a variety of enzymes ritation and edema lead to tissue destruction (dethereby disrupting metabolic processes, changes myelination) and scar formation.
Focal lesions may vary from 1.0mm to several
in membrane permeability and fluidity, and damcentimeters.
Acute lesions demonstrate phagoaging blood vessels; the net result is an alteration
cytic
microglia
and perivascular infiltration by
of the blood-brain barrier and edema formation
lymphocytes
and
mononuclear cells: chronic le(12, 13, 24, 25, 26). Although Weiss (27) implies
sions
are
acellular
(1).
that PRROS do not normally accumulate to any
The
sequence
of
events in the formation of
appreciable extent in the extravascular pool, he
the
MS
lesion
is
thought
to involve the followdoes acknowledge that `if, however, the inflaming:
blood-brain
barrier
disturbance,
inflammamatory stimuli are chronically directed against
tion
followed
by
edema
formation
and
lymphohost tissues or are not properly down regulated,
cytic infiltration, vacuolization, and periaxial deneutrophils activate agents that can penetrate all
myelination, usually with preservation of the axis
of the host's defenses, as exemplified in inflamcylinder, followed, over a period of years, by gliomatory disease states, the host is ill-prepared to
sis and sclerosis (1).
protect itself from this onslaught.' The brain may
The above known description of the MS lesion
be particularly susceptible to attack from PRROS
and the currently accepted sequence of events assince cerebrospinal fluid has little or no ironbinding capacity and disrupted brain tissue un- sociated with the formation of the MS lesion are
dergoes rapid lipid peroxidation, presumably be- consonant with the mechanism herein proposed.
cause metals released by cell disruption are not
Therapeutic implications
sequestered (28). As noted above (13) inflammatory cells may alter postcapillary venule perme- It is the injury to the vascular system and edema
ability through PMN-derived oxidants and PMN formation and the length of time for scar formaoxidant independent pathways.
tion that provide the pathophysiological bases for
Outside of the CNS, the super-oxide anion, treatment of the disease processes associated with
formed during the killing of bacteria by phaga- MS by HBOT (1).
cytozing leucocytes, diffuses into tissue fluids and
There is no direct evidence that MS is eireacts with plasma components to produce a pow- ther a viral or an autoimmune disease. The use
erful chemotactic substance to normal circulat- of steroids is designed to decrease inflammation
ing granulocytes (29). The accumulation of neu- and alter the immune response; immunomodulatrophils at the site of injury and their subsequent . for therapy and plamapheresis are based on an
activation by ingestion of material from the in- immunological etiology of the disease for which
jury could lead to further injury including in- there is no direct evidence (1). Chattaway (2)
creased capillary permeability and edema forma- noted: `at present the theoretical basis of treattion. In the CNS, super-oxide anions resulting ments which have been used, for example ACTH,
from the respiratory burst of phagocytozing endo- steroids and anti-idiotype antibodies, continues
thelial cells could promote or initiate the series of to rest on unproven hypotheses concerning poschemical reactions that could lead to lymphocytic sible autoimmune or viral mechanism ... the iminfiltration, vacuolization, and periaxial demyli- mune system is abnormal in MS but whether this
nation. In actuality, the lymphocytic infiltration is the cause or just a result of disorder is unis secondary to demyelination resulting from the known. Until one of these ideas is proven, trials
ischemia-induced hypoxia and possibly from the of new treatments based on uncertain facts will
phagocytizing endothelial cells.
carry on and the results are likely to reflect this'.
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None of these therapeutic modalities is known to
alter the course of the disease (1).
In contrast to the immunomodulating approaches to therapy, HBOT is based on the
pathophysiology of the disease and it is the only
therapy that has been shown to alter the course
of the disease (1).
The concept of MS being a wound in the CNS
permits several deductions to be made (1): 1.
the extrapolation of what has been and is being
learned from systemic wound healing to injuries
in the CNS; 2. HBOT may be used as a therapeutic modality for early and chronic MS; and 3.
the importance of starting HBOT therapy for MS
using the Neubauer low pressure protocol.
In systemic wound repair in mammals, one encounters a continuous process involving inflammation, repair, and the regeneration of connective tissue, vasculature, and epithelial covering.
In each of these processes oxygen is required. It
has been shown that 30-40mm Hg is needed for
the following aspects of wound healing; phagocytosis, fibroblastic proliferation, collagen formation, neovascularization, angiogenesis, and epithelialization which, in turn, involves mitosis and
cell migration (30).
HBOT overcomes the hypoxia associated with
inflammation, edema, and ischemia: these are the
very factors that are involved in the pathophysiology of MS. Clinical and animal studies revealed
that as a result of itsvasoconstr ctive actions and
simultaneous improvement in tissue oxygen tension, HBOT controls the focal edema of decompression sickness, reduces the raised intracranial
pressure associated with global cerebral edema
following head and spinal cord injuries and controls the edema in traumatic and non-traumatic
syndromes: it reduces the pressure of compartment syndromes, overcomes the ischemia of cardiovascular accidents and assists in the healing
of problem wounds, skin grafts, and burns (31).
Its twin abilities of reducing edema and providing oxygenation makes HBOT superior to osmotic diuretics and, along with its anti-inflammatory properties and negligible side-effects, suggests that it is superior to and safer than steroids
and immunomodulators.
The Neubauer low pressure protocol involves
exposing patients, at least at the outset, to pressures no greater than 1.5 ATA: the pressures may
be increased gradually over days or weeks with
the maximum pressure to be determined by patient response: it may even be necessary to lower
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the P02 to 1.25 ATA. This protocol was demonstrated to be successful in double-blind and longitudinal clinical studies (1).
The low pressure protocol is supported by the
neurophysiologic and CNS wound healing data
of Kelly et al. (32) and Gelderd et al. (33),
the metabolic data of Holbach et al. (34), the
theoretical considerations concerning the formation of PRROS, the in vitro studies of Mehm et
al. (35) on fibroblast cell proliferation and collagen biosynthesis, and the systemic wound healing
data of Sadeghani et al. (36) and Farris et al. (37).
Summary
We view the etiology of MS as being a wound
in the CNS which leads to a compromise of the
cerebral microcirculation and an ischemic hypoxia of the associated tissues. The wound results
from damage done to susceptible arteriolar walls
by shear and pressure trauma, the subsequent activation of arachidonate and polyenoic fatty acid
metabolism, stimulation of endothelial cells to
become phagocytic with these processes producing PRROS, which in conjunction with endothelial cells undergoing mitosis, cause disruption of
capillaries-including the normally impermeable
blood-brain barrier: there is subsequent edema
formation, capillary and venule constriction resulting in an exacerbation of an ischemic hypoxia,
followed by a secondary damaging process related
to the immune system.
Acknowledgement
We thank Dr. Aubrey Taylor for his critical reading of the
manuscript.

References
1. Gottlieb SF, Neubauer RA. Multiple sclerosis: its etiology, pathogenesis, and therapeutics with emphasis on the
controversial use of HBO. J. Hyperbaric Med. 1988; 3:
39-70.
2. Chattaway SJS. What's new in the pathogenesis of multiple sclerosis? A review. J Roy Soc Med. 1989; 82:
159-162.
3. Cook SD, Dowling PC. Multiple sclerosis and viruses: an
overview. Neurobiol. 1980; 30, 80-91.
4. Allen IV. The pathology of multiple sclerosis: fact, fiction and hypotheses. Neuropath and Neurobiol. 1981; 7:
169-182.
5. Wolfgram F. What if multiple sclerosis isn't an immunological or a viral disease? the case for a circulating toxin.
Neurochem. Res. 1979; 4: 1-4.
6. Kontos HA. George E. Brown Memorial Lecture. Oxygen radicals in cerebral vascular injury. Circ Res. 1985;

THE ETIOLOGY OF MULTIPLE SCLEROSIS: A NEW AND EXTENDED VASCULAR-ISCHEMIC MODEL

57: 508-516.
Ryan US. Phagocytic properties of endothelial cells. In:
Ryan US. (ed.) Endothelial Cells. III: 33-49 CRC Press,
Boca Raton, 1988.
8. Pillunat LE, Stodtmeister R, Wilmanns I. Pressure compliance of the optic nerve head in low tension glaucoma.
Br J Opthalmol. 1987; 71: 181-187.
9. Kitazawa Y, Shirato S, Yamamoto T. Optic disc hemorrhage in low tension glaucoma. Ophthalmology 1987; 93:
853-857.
10. Swank RL. Subcutaneous hemorrhages in multiple sclerosis. Neurology. 1958; 8: 497-498.
11. Mayhan WG, Heistad DD. Role of veins and cerebral
venous pressure in disruption of the blood-brain barrier.
Circ. Res. 1986; 59: 216-220.
12. Curry FRE, Joyner WL. Modulation of capillary permeability: methods and measurements in individually perfused mammalian and frog microvessels. In: Ryan US.
(Ed.) Endothelial Cells. I: 4-17 CRC Press, Boca Raton,
1988.
13. Shasby DM. Endothelial albumin transport in vitro. In:
Ryan US (Ed.) Endothelial Cells I: 39-54 CRC Press,
Boca Raton, 1988.
14. Simionescu M, Simionescu N. Ultrastructurre of the microvascular wall: fundamental correlations. In: Renkin
EM and Michel CC (Eds.) Handbook of Physiology: Mi
crocirculation. 4 (Part 1): 41-101 American Physiological
Society, Bethesda, 1984.
15. Taylor MD, Palmer GC, Callahan AS III. Kinetics of
GTP-modulation of adenylate cyclase in gerbil cerebral
cortex after bilateral ischemia. J Neuroscience Res. 1984:
12: 615-621.
16. Nordstrom CH, Rencrona S, Siesjo BK. Restitution of
cerebral energy state. after. complete and incomplete ischemia of 30 min duration. Acta Physiol Scand 1976; 97:
270-272.
17. Rehncrona S., Siesjo BK, Smith DS. Reversible ischemia
of the brain: biochemical factors influencing restitution.
Acta Physiol Scand. (Suppl) 1980; 492: 135-140.
18. Taylor MD, Palmer GC, Callahan AS III. Protective action by methylprednisolone, allopurinol and indomethacin against stroke-induced damage to adeny
late cyclase in gerbil cerebral cortex. Stroke. 1984; 15:
329-335.
19. Bazan NG, Jr. Changes in free fatty acids of brain by
drug-induced convulsions, electroshock and anesthesia. J
Neurochem. 1970; 18: 1379-1385.
20. Chan PH, Fishman RA. Brain edema induction in cortical slices by polyunsaturated fatty acids. Science. 1978;
201:358-360.
21. James PB. Evidence for subacute fat embolism as the
7.

29

cause of multiple sclerosis. Lancet. 1982; I: 380-385.
22. Davies PF. How do vascular endothelial cells respond to
flow? NIPS. 1989; 4: 22-25.
23. Davies PF, Remuzzi A, Gordon EJ, Dewey CF, Gimbrone MA. Turbulent fluid shear stress induces vascular endothelial cell turnover in vitro. Proc Natl Acad Sci.
USA. 1986; 83: 2114-2117.
24. Matsubara T, Ziff M. Superoxide anion release by human
endothelial cells; synergism between a phorbol ester and
a calcium ionophore. J Cell Physiol. 1986; 127: 207-210.
25. Rosen GM, Freeman BA. Detection of superoxide generated by endothelial cells. Proc Natl Acad Sci. USA. 1984;
81: 7269-7273.
26. Hassan HM. Chemistry and biochemistry of oxygen and
its partially reduced derivatives. In: SF Gottlieb, Longmuir IS, Totter JR (eds). Oxygen: An in-depth study of
its pathophysiology. 307-338. Undersea Medical Society,
Inc. Bethesda, 1983.
27. Weiss SJ. Tissue destruction by neutrophils. New Engl J
Med. 1989; 320: 365-376.
28. Cross CE, Halliwell B, Borish ET, et al. Oxygen radicals
and human disease. Ann Intern Med. 1987;107: 526-545.
29. McCord JM. Superoxide radical: a likely link between
reperfusion injury and inflammation. Adv Free Radical
Biol Med. 1986; 2: 325-345.
30. Davis JC, Hunt TK (eds) Problem wounds: the role of
oxygen. Elsevier, New York, 1988, pp 242.
31. Myers RAM, chair. Hyperbaric oxygen therapy: a committee report. Bethesda, MD: Undersea Medical Society,
1986 (revised).
32. Kelly DL Jr, Lassiter KRL, Vongsvivut A, Smith JM. Effects of hyperbaric oxygenation and tissue oxygen studies in experimental paraplegia. J. Neurosurg 1972; 36:
425-429.
33. Gelderd JB, Welch DW, Fife WP, Bowers DE. Therapeutic effects of hyperbaric oxygen and dimethylsulfoxide following spinal cord-trans actions in rats. Undersea Biomed Res. 1980; 7: 305-320.
34. Holbach KH, Caroli H, Wassmann H. Cerebral energy
metabolism in patients with brain lesions at normo-and
hyperbaric oxygen pressures. J. Neurol 1977; 217: 17-30.
35. Mehm WJ, Pimsler M, Becker RL, Lissner CR. Effect of
oxygen on in vitro fibroablast cell proliferation and collagen biosynthesis. J. Hyperbaric Med. 1988; 3: 227-234.
36. Sadeghani K, Gottlieb SF, Van Meter K, Farris B. The
effect of increased oxygen tensions on healing surgical
wounds. Undersea Biomed Res. (Suppl) 1989; 16: 42.
37. Farris B, Gottlieb SF, Sadeghani K, Van Meter K. Effect
of increased oxygen tensions on surgical wounds: correlation of histology with wound strength. Undersea Biomed
Res. (Suppl) 1989; 16: 43.

