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Editorial
As one of us has stated: "shock is a significant and sustained

loss of effective circulating blood volume" [1]. It eventuates in
the hypoperfusion of critical peripheral tissues, thus leading to
a deficit in transcapillary-exchange function [2]. Clinically,
there are five major types of circulatory shock: cardiogenic;
septic; distributive; anaphylactic; and hypovolemic [1,3].
Hypovolemic Shock (HS) is, primarily, due to a marked
decrease in venous return, falling arterial blood pressure, and
ventricular preload, and usually is caused by hemorrhage,
dehydration, excessive diarrhea, excessive fluid loss from
severe burns, increased positive intrathoracic pressure,
excessive urinary fluid loss resulting from diuretics, side-effects
of many chemotherapeutic agents, or depressed vasomotor
tone in the microcirculation [1-3]. Often, the sites of
vasomotor tone failure are, primarily, found in the muscular
venules of the microvascular tree [2]; i.e., these microscopic
venous vessels either lose their ability to maintain a normal,
partial contraction of the smooth muscle cells or become
loaded with pooling of plasma and blood -formed elements
(e.g., red blood cells, polymorphonuclear leukocytes,
macrophages, and monocytes, platelets, etc.) [2,3,4]. Close
microscopic examination of the postcapillaries and the
muscular venules, in situ, in states of HS also reveal
inflammatory-like responses with adhesion of leukocytes,
platelets, and mononuclear elements to the endothelial cell
walls [4-6]. Ongoing HS is characterized by increased plasma
levels of numerous cytokines and chemokines with breaks in
the postcapillary vessel walls and diapedesis of blood-formed
elements, primarily leukocytes, monocytes, and macrophages
[2,4-7]. These ongoing HS episodes, thus, lead to a greater and
greater inflammatory component.

Although prevention and treatment of HS, particularly
during- and post-surgery, over the past decade, has resulted in

better management with whole blood, plasma, intravenous
fluids, hygiene, and certain vasopressor drugs, it is often
difficult to prevent morbidity and mortality, in numerous
patients who present with blood-fluid loss in excess of 35% of
the blood volume [8,9 ]. Unless HS patients can be managed
quickly, and vital signs restored, this often leads to super-
imposed infections which will result in septic shock and
increased morbidity and mortality [3,9]. This very precarious
situation is seen very often on battlefields.

One of the major consequences of wars/conflicts is loss of
the ability to regenerate normal physiologic functions of
numerous organs and tissues in the body, particularly when
the blood/plasma volume exceeds 30%. Under these
conditions of severe, prolonged HS, it becomes difficult to
treat many chronic internal and external wounds resulting
from assaults by superimposed bacterial microorganisms,
fungi, and vectors. These superimposed assaults often result in
sepsis and antibiotic resistance to other microorganisms,
vectors, gangrene, and amputation of body parts. Such
wounded troops in the presence of prolonged HS are, thus, at
high-risk and particularly susceptible to slow healing and
external, painful wounds.

For more than 50 years, our laboratories have been working
on approaches to the HS syndrome that attack the problem
from several points, namely

1. The design of new molecules that can pharmacologically
manipulate the microvascular arterioles and muscular venules
by promoting ceilings on vasoconstriction and restoring close-
to near-normal microvascular tone [10-19].

2. The design of molecules that stimulate various arms of
the mononuclear phagocytic system [3,15,17-30].
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3. Searching for molecules that stimulate the innate
immune system to ameliorate HS-induced inflammatory
responses [31-35].

4. Searching for molecules that would reduce the need for
large transfusions of blood, plasma and fluids on the
battlefield [unpublished studies].

5. Searching for molecules, in the body, that prevent and
stem super-imposed infections caused by "superbugs" found
in many hospital environments [36].

6. Searching for molecules that accelerate wound healing
after severe HS [33].

It has been our feeling ever since the Nobel Prize-winning
studies of Elie Metchnikoff in the late nineteenth century and
Walter B. Canon in the early 20th century, that the body might
produce its own powerful host-defence factor(s) to defend
itself against HS caused by severe blood/plasma loss in order
to maintain homeostasis. Metchnikoff's early studies [38]
pointed to the important contributions of macrophages and
phagocytic leukocytes to natural (innate) resistance against
pathogenic bacteria and viruses. Over the past three to four
decades, considerable evidence has accrued to support a
strong relationship to the functional (physiological) state of
macrophages-phagocytes and Natural Killer (NK) cells , as well
as "pit cells" in the liver to host defence and resistance to
pathogens[ 31,32, 34-36, unpublished findings]. Our studies
with T-lymphocytes and macrophages, obtained from animals
subjected to various forms of HS, suggested that these cells
could contribute both detrimental and protective molecules to
the host's survival [31,32,36,37]. These findings are
particularly important as both T-cells and macrophages have
been linked to the development of continuing inflammatory
conditions, atherogenesis, cytokine and chemokine
production, alterations in vasomotor tone, and regulation of
arterial blood pressure [3-7,39]. Moreover, the interaction of
the T-cells and macrophages with the endothelial cells of the
arteriolar and venular walls are known to result in the
generation and release of vasorelaxant and vasoconstrictor
molecules such as nitric oxide and endothelin [7,39].

Our laboratories, over the past several years have
discovered a unique, new host-defence protein molecule (i.e.,
HDFx) found, so far, in the bodies of rodents, rabbits, guinea-
pigs, dogs, and subhuman primates, which we believe may
have the necessary attributes for ameliorating, preventing and
combating the life-threatening effects of HS both in the OR
and on the battlefield [31-37]. Its attributes include: the
unique ability to restore tissue perfusion, restoration of near-
normal vasomotor tone, prevention/amelioration of falls in
arterial blood pressure, acceleration of wound healing,
stimulation of the ability of macrophages, phagocytic
leukocytes, platelets, mononuclear cells, and "pit cells" to
engulf foreign particulate matter at increased volumes and
rates, and reduce the need for total blood replacement after
HS [31-37].

Early-on, in our studies [40], we hypothesized that the loss
of functional macrophages and NK cells from the circulation
might be a major reason for morbidity and increased mortality

when animals and humans are either subjected to systemic
insults such as massive HS (>30% blood/plasma loss), trauma ,
peripheral ischemic events, combined injuries (HS plus trauma
or superimposed infections), battlefield wounds, a variety of
chemotherapeutic agents, and high-risk surgeries(e.g., lung,
cardiac); all of these insults will result in losses in immuno-
competence. Using various, specific inhibitors, antibodies, and
chemical agents, we found that depletion of only macrophages
caused about a 75-80% of the loss in resistance of animals to
various forms of experimental HS; the other 20-25% to loss of
NK and "pit cells" [31]. Selective depletion of only
polymorphonuclear leukocytes or monocytes when challenged
with lethal HS -stressors exerted very little effects on mortality
[31]. After a great many experiments, over several years, and
thousands of animals, we were able to isolate a heat-labile
protein of about 35-40 KDa, larger than known defensive
peptides and much smaller than the larger MW fibronectins
and complement products [31]. When highly-purified extracts
(free of any endotoxins) of HDFx was given to rats, mice,
guinea-pigs, rabbits, and subhuman primates, over several
months, we could not detect any obvious pathologies in
various organ regions [31]. However, highly-purified HDFx
protected, to a large degree, these experimental animals from
a variety of insults, including HS, trauma, bacterial infections,
fungal infections, and combined injuries [31,32,34-37,
unpublished findings]. In addition , HDFx stimulated
macrophages and platelets to engulf more foreign particulate
matter than normal and resulted in stimulation of NK cells and
liver "pit cells" [31,35,36,37,unpublished studies]. To our
knowledge, a molecule/peptide/protein that possesses these
characteristics/qualities has not, as yet, been reported. Lastly,
HDFx appears to possess remarkable actions on platelets,
cytokine and chemokine release from lymphocytes, as well as
regenerative properties that may account for a great deal of its
recuperative powers [31,33,36,37].

Blood platelets are crucial in primary hemostasis [41]. They
circulate continuously in the vascular compartment and serve
to help repair injured epithelial and endothelial tissues [41].
Under pathological conditions such as HS, the needs for
platelets often exceed the basal levels. When the latter takes
place; the need for transfusions may become excessive. As of
this writing, there are no real-substitutes available to replace
platelets. Platelets contain diverse granules which contain
many cytokines, chemokines, ATP, Ca2+, serotonin, platelet-
derived growth factors, etc. Platelets can also act as a source
of proteins and glycoproteins [41-45] and can ingest a variety
of pathogens and interact with phagocytic cells such as
macrophages [40-43]. In addition, platelets express important
toll-like receptors, an array of direct antimicrobial peptides,
and kinocidins [41,42]. Although it is thought that most of the
explosive release of cytokines and chemokines released in HS
states is derived from macrophages, lymphocytes, and
mononuclear cells [39-44], evidence is accumulating that
platelets may play a very significant role in these responses as
well [41,42]. Interestingly, we have found that HDFx seems to
preserve near-normal platelet volumes and functions in HS
states [36]. In addition, using high-resolution TV-image
intensification microscopy of in situ splanchnic, cutaneous,
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skeletal muscle and cerebral areas of rats and mice, we have
found that HS-induced alterations in platelet adhesion,
coagulation, and emigration in the postcapillaries are greatly
attenuated [31,32,36]. Moreover, HDFx prevents/ameliorates
disseminated intravascular coagulation induced by severe and
prolonged HS [31-32,36-37].

In summary, our findings, so far, demonstrate that we have
discovered a naturally-occurring biologic protein which
possesses very unique characteristics and qualities not seen in
any protein, heretofore, to our knowledge. HDFx ameliorates
morbidity and mortality induced by a variety of HSs and
agencies which result in circulatory shock, falls in arterial blood
pressure, and hypoperfusion of critical organ regions. In
addition, and not to be minimized, is HDFx's ability to
accelerate wound healing and preserve platelets and their
physiologic functions.

The development and judicious use of HDFx in the OR, in
cancer patients treated with a variety of chemotherapeutic
agents, and on the battlefield should result in better quality of
life, and the saving of many lives, as well as the decreased
morbidity and mortality of troops on the battlefield. An added
boon, and not to be minimized, is the potential use of HDFx in
veterinary clinics and hospitals as well as zoos.
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