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Abstract: For more than 125 years, it has been known that the RES, macrophages and the innate immune system
play fundamental roles in host defense against pathogenic infections, trauma, hemorrhage, and combined
injuries. Some years ago, we and others reported that the RES-macrophage system was intimately connected to
resistance to these bodily stressors, among other injuries. We tested the hypothesis that induction of tolerance
(either spontaneous, RES-stimulated, or drug-induced) might be associated with production of a yet-to-be-
identified biologic host defense factor, which we have termed HDFx. The results presented, herein, demonstrate
for the first time that: 1) the MW of this protein, HDFX, is approximately 35-40 KDa , larger than known defensin
peptides and much smaller than the larger MW fibronectins and complement products; 2) we describe some of
HDFx’s physico-chemical characteristics; 3) approximately 80 % of HDFx’s plasma biological activity is derived
from macrophages; 4) about 15-20 % of its activity is derived from natural killer (NK ) cells; 5) polymorphonuclear
leukocytes are not a source of HDFx synthesis or release; 6) known stimulants of the RES-macrophage system
(i.e., denatured human serum albumin, triolein, and choline chloride) effect phagocytic stimulation of
macrophages and protection against endotoxins, trauma, and hemorrhage via synthesis and release of HDFx; 7)
adaptation to lethal trauma is dependent on the biological activity of HDFx; and 8) repeated administration of
purified HDFx to rats, over several months, does not produce any detectable pathologies. Lastly, the release of
cytokines (i.e., IL-2,IL-6,IFN-gamma) from lymphocytes, after hemorrhage and trauma, at least in rodents, appears
to be dependent on the available plasma levels of HDFx. Since it is present also in mice, guinea-pigs, and rabbits,
we are tempted to speculate that HDFx could prove (if found in humans) to be useful against potential biothreats,
new emerging diseases, high -risk surgical procedures, hospital-borne infections, and burn injuries, where the
chances for superimposed bacterial infections present great risk.
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Introduction died worldwide from the H1N1-mutated flu

virus with no end in sight. Added to this, are

In the next two decades, the civilian and
military populations of the U.S.A. may be faced
with an array of biothreats and infectious
microorganisms, some emerging from the
environment with others generated by
bioterrorists. Vaccines, antibiotics and antiviral
drugs will all be useful in protecting against
many of these threats but cannot be counted
upon in the event of rapid assaults from
genetically-altered, mutated or drug-resistant
microbes. Approximately 4,000 people have

the approximately two million cases of
hospital-borne (nosocomial) infections with
approximately 100,000 deaths per year in the
U.S.A.,, alone. These patients, unfortunately,
eventuate in a compromised immune system,
particularly a loss of many innate immune
functions [1-3]. A new disturbing trend in
antimicrobial resistance of gram-negative
pathogens and “superbugs” has seriously
complicated the treatment of these patients
[1, 2, 4-6]. In addition, our country, over the
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past several years, has been faced with
numerous deaths from contaminated (with
bacteria) meats, vegetables, and seafoods [7-
9]. Many of the emerging diseases such as the
HAN1 flu, SARS, dengue fevers, etc., have a
very serious hemorrhagic component to them
which complicates effective treatment [10,
11]. Our governmental resources seem to
remain powerless to combat these assaults on
our populations.

Each year, in the U.S.A., alone, more than 150
million prescriptions are written, 60% of which
are for antibiotics. Of these, it has been
estimated that 50 million of these costly
prescriptions are probably unnecessary [12].
Added to this, is the ever-growing and soaring
worldwide use of antibiotics in agriculture.
How much is this indiscriminate use of
antibiotics contributing to the ever-growing
resistance of pathogens to antibiotics noted
above?

Ever since the classic work of the Noble Prize-
winning laureate, Elie Metchnikoff, more than
125 years ago [13], the important contribu-
tions of macrophages and phagocytic leuko-
cytes to natural (innate) resistance against
pathogenic bacteria and viruses have been
recognized. Over the past three-four decades,
considerable evidence (from both animals and
humans) has accrued to support a strong
relationship of the functional (physiological)
state of macrophages-phagocytes and natural
killer (NK) cells to host defense and resistance
to pathogens, hemorrhage, trauma, surgery,
burns, anaphylaxis, parasitic infections, and
wound healing [for reviews, see 14-22]. NK
cells are extremely versatile and are pivotal in
killing tumor cells, virus-infected cells,
parasites and fungi [22, 23]. However, it is still
not clear as to what signals/trigger activation
of these important NK cells [22, 23]. The cells
of the reticuloendothelial system (RES, also
termed the mononuclear-phagocytic system)
are major participants in the innate immune
response and possess humerous pathophysio-
logical functions: 1) phagocytosis of bacteria;
2) production of inflammatory mediators; 3)
synthesis of molecules affecting antibacterial
defense, blood clotting, cell growth, vascular
growth, tumor growth, and collagen produc-
tion; 4) initiation of the immune response; 5)
clean-up operations (scavenger activity ); and
6) induction of general effects such as angio-
genesis, hematopoiesis, fever, acute phase

267

reaction of the inflammatory response, among
other important bodily functions [14-22,24].

Our laboratories, over several decades, as well
as others, have reported that: 1) mammals
(including humans) subjected to various forms
of lethal infections, hemorrhage, trauma, as
well as combined injuries exhibit quantitative,
sequential changes in RES cell activities i.e.,
the greater the insult, the greater the
prolonged depression in phagocytic activities
[25- 31]; 2) mammals (including humans)
which spontaneously recover (or are on the
road to recovery after appropriate therapies)
from pathogens, circulatory shock, hemo-
rrhage, trauma, radiation, and severe injuries
exhibit increased RES activities [25-30]; 3)
animals which spontaneously recover fully on
their own, from severe systemic infections or
trauma-shock, exhibit a cross-tolerance to
other forms of circulatory shock and trauma
and do not show any signs of depression or
compromise of their immune systems [14, 15,
17, 26, 27, 30, 31]. In addition, we and others
have reported that certain stimulants of the
RES-mononuclear phagocytic system, compa-
tible for human use, produce a tolerance to
the lethal effects of bacteria, hemorrhage,
trauma, irradiation, and combined injuries [14,
15, 32- 37]. We hypothesized that induction of
tolerance (either spontaneous, RES -
stimulated, or drug-induced) might be
associated with production of a yet-to-be-
identified biologic host defense factor, which
we have termed HDFx.

The results reported, herein, serve to demon-
strate, for the first time, many of the attributes
of this newly-discovered biologic immune-
modulator, including: 1) its approximate
molecular weight, 2) some of its physico-
chemical characteristics, 3) what cells most
likely are the major source of its production in-
vivo, 4) how its production can be stimulated
in-vivo, 5) the relative potency of various
pathophysiological stimuli to manufacture, in
vivo, sizable quantities of HDFx, and 6) some
unique effects on the immune system.

Materials and methods

Animals, anesthesia, and survival studies
Young, adult inbred male Wistar strain rats
(165-200g) were used for all studies. All

animals were anesthetized prior to surgery,
hemorrhage, endotoxins, trauma, combined
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injury, and blood withdrawal with pentobarbital
sodium (Nembutal, 4 mg/100 g i.m.). To
reduce genetic variability as a factor [14, 38],
littermates from our breeding colony were
used throughout these studies. All animals
were at least 70 days old and, thus, sexually
mature [39]. Only male animals were included
as the sex of animals has been demonstrated
by a number of workers to influence the
outcome of shock-trauma studies and the
responses of macrophages to physiologic and
pharmacologic stimuli [14, 19, 37, 40]. All
animals were given sterilized distilled water to
drink and Purina rat chow ad libitum. Each
study group (controls and experimentals ) were
comprised of at least 12 rats. Each
anesthetized animal, prior to surgery or animal
model procedure ,was placed on a
temperature-controlled table and maintained
under temperature-controlled conditions .All
animals subjected to hemorrhage, trauma,
endotoxins, and combined injury were carefully
monitored for survival for at least 7 days. If
any animal appeared to demonstrate any pain
or other untoward effects, it was sacrificed
with a lethal dose of pentobarbital sodium (i.e.,
100 mg/100 g). This investigation conforms to
the Guide for the Care and Use of Laboratory
Animals published by the U.S. National
Institutes of Health (NIH Publication No. 85-
23, revised in 1996) and was approved by the
Animal Use and Care Committee at SUNY
Downstate Medical Center.

Hemorrhage models

The procedure for normal animals followed
closely methods we have described previously
and was done under as close as possible to
sterile conditions [29]. Briefly, a femoral
artery and vein were cannulated in each
animal. Both catheters contained heparinized
sterile, isotonic saline. The femoral artery was
connected to a bleed-out reinfusion device
containing heparinized sterile, isotonic saline
and in tandem with a conventional, calibrated
mercury manometer. Following initial control
observations, over a period of 15-20 min, the
animal was bled in graded fashion over a 20-
30 min period to a mean blood pressure level
of 30-35 mm Hg and maintained at this level
for 120 min by additional small bleedings as
necessary [29, 41]. No blood was reinfused
during these hypotensive periods after which
2.0 ml of normal, isotonic sterile saline was
infused intravenously at a constant rate for 60
min. At the conclusion of this infusion the shed
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blood was reinfused (intra-arterially) over a 20-
30 min period [29, 41].This procedure
resulted in a 60-70 % mortality [29 ]. Different
animals were then either: 1) observed and
carefully monitored for survival, 2) subjected
to tests for RES phagocytic indices at various
intervals of time, i.e.,120 min and 24 hr (see
below ), 3) subjected to blood withdrawal at 24
hr, in survivors, for cytokine and interferon-
gamma levels ,or 4)subjected to intracarotid
arterial blood removal for isolation of HDFx at
24hr of survival (see below).

Endotoxin models

The procedure for normal, anesthetized
animals closely followed what we have
described previously [33, 35]. All experiments
were carried out as close to aseptic conditions
as possible. Each animal was placed on a
temperature-controlled table. Briefly, we
inserted sterile heparinized catheters in the
carotid artery (for blood pressure measure-
ment and withdrawal of blood) and femoral
vein for iv injection of either normal, sterile
isotonic saline (controls) or endotoxins (either
E. coli [LPS serotype 055:B5, Difco, Detroit,
MI] or Salmonella enteritidis [Difco No.12047,
Detroit, MI], 2.0 mg/kg). This dose of endo-
toxins resulted in a 55-70 % mortality [33, 35].
After a 30 min period of stabilization, baseline
blood pressure was recorded and then either
the saline vehicle or a single dose of endotoxin
was injected over a 2-min period into the
femoral vein. Four hr later, bloods were drawn
via the carotid artery for phagocytic indices
(see below). 24 hr later, bloods were drawn in
all survivors for phagocytic indices and
isolation of HDFx (see below). These two gram-
negative endotoxins were chosen for two
major reasons: 1) they have both been found
in the past few years to be the major
contaminants in different foods and vege-
tables and to be responsible for a number of
deaths in the U.S.A., and 2) S.enteritidis has
been demonstrated by the Pasteur institute to
faithfully mimic human typhoid [42 ].

Traumatic shock model and adaptation to
trauma

For these studies, we subjected different
groups of anesthetized animals to whole-body
trauma using Noble-Collip drum trauma, as we
have described previously [26]. This type of
shock-trauma was utilized as it can be readily
standardized and is relatively amenable to
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guantitation of the imposed stress [26]. All
experiments were carried out under as close
to aseptic conditions as possible. We
subjected the different groups of animals to
400,600, or 850 revolutions of Noble-Collip
trauma [26]. Bloods were drawn at 2 hr, and
in all survivors, at 48 hr for: 1) phagocytic
indices (see below), 2) isolation of HDFx, and
3) cytokine and interferon-gamma levels (see
below). A 48 hr time period was chosen based
on previous studies from our laboratories
which demonstrated that this time frame
resulted, in survivors, in peak hyper-
stimulation of the RES [26]. Buprenorphine
(50 pg/kg) was given every 8 hr during the
post-trauma period.

If hyperphagocytic and immune functions are,
indeed, related to increased survival after
experimental shock-trauma, then animals
exhibitting hyperphagocytic-immune functions
should demonstrate elevated levels of HDFx.
In order to test this hypothesis, we subjected
anesthetized animals, which were previously
subjected to 400 revolutions of non-lethal
trauma, a stress-intensity known to induce
hyperphagocytosis [26], to 850 drum revolu-
tions which would, in itself, result in an 80-100
% mortality in untraumatized control rats [26].
Bloods were drawn after 48 hr for: 1)
phagocytic indices, and 2) levels of HDFx.

RES phagocytic function

The procedure in these experiments essen-
tially consisted of determining RES phagocytic
indices (K values) [26, 29] in the different
groups of experimental animals (above) at the
stipulated intervals of time. The phagocytic
indices were determined by measuring the
rate of clearance of colloidal carbon (either 4
or 8 mg in calf skin gelatin/100 g body wt)
[26, 29]. Precisely timed blood samples were
obtained at 2, 4, 8, 12, and 15 min after the iv
colloidal carbon injection, hemolyzed in 0.1 %
sodium carbonate and the carbon concen-
trations measured photometrically at 675 mu
[26, 29]. The colloidal carbon utilized in these
studies was Pelikan C11/1431 (Gunther-
Wagner, Hannover, Germany). Phagocytic
indices were calculated:

K =1og10C1-l0g10C2 /t1-12
where K is the phagocytic index and C1and C2

are the colloidal carbon concentrations in
mg/100 ml of blood at t1 and t2 [14, 26, 29].
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Effects of RES stimulants on survival after
hemorrhage, endotoxins, trauma, phagocytic
indices and on HDFx levels

Three types of materials were utilized based
on previous studies: 1) mildly denatured
human serum albumin aggregate (10-20 mu)
as prepared for liver scans (Squibb Labs, NJ),
but untagged [33]; 2) highly purified choline
chloride (Sigma, St. Louis, MO) [32]; and 3)
triolein (glycerol trioleate ) emulsified in 0.5 %
Tween-20 (Sigma, St. Louis, MO) in 5 %
dextrose (highly purified, Fisher Scientific,
Pittsburgh, PA), homogenized at 19,000 rpm
[35]. Pretreatment-dose-frequency-duration
regimens were worked out in rats for each of
the above, such that maximum RES clearance
rates were obtained 24 hr following the last
dose: 1) albumin, 21.6 mg/kg iv twice daily for
three consecutive days; 2) choline, 20 mg/kg,
i.m., twice daily for three consecutive days;
and 3) triolein, 250 mg/kg, iv, once daily for
two consecutive days.

Effects of hemorrhage and trauma on cytokine
levels in lymphocytes with/without
pretreatment with HDFx

Lymphocytes were harvested from control
animals, hemorrhaged survivors, and survivor
animals subjected to whole-body trauma
according to previously-described routine
density-gradient methods utilizing a typical
Metrizoate-Ficoll mixture [43]. The lympho-
cytes were then analyzed for levels of IL-2, IL-
6, and interferon -gamma (IFN-gamma) using
commercially available antibody-kits (Santa
Cruz Labs, Santa Cruz,CA). Different groups of
animals received either injections (i.v.) of
sterile, isotonic saline (vehicle) or HDFx (4
injections over 48 hr, see Methods below)
prior to harvesting the lymphocytes.

Isolation of HDFx from pooled blood samples

Briefly, heparinized blood was removed from
the experimental and control animals by either
carotid or aortic arterial cannulation. To isolate
HDFx, pooled plasma from naive (control),
stimulated, or survival animals was brought to
pH 5.5 by addition of 1 N HCI, heated at 60° C
for 10 min and filtered using a series of
Millipore filters (Ultrafiltration Discs, 10-100
kDa; Millipore Corp., Billerica, MA). These
gradient filtration-disc pore sizes were also
used to get an estimate of the MW of HDFx
and to determine if HDFx was non-dialyzable.
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Plasma HDFXx isolates were stored frozen at -
209C or less until use.

Use of Limulus Amebocyte lysate (LAL) and
precautions taken for blood collections

Pooled plasmas to be tested for HDFx biolo-
gical activity were routinely screened for gram-
negative endotoxin using a LAL assay [44 ,45].
All our studies employed depyrogenated blood
extraction tubes; all glassware was first
wrapped in aluminum foil and baked at 240°C
for 4 hr. All blood collection tubes were
certified to be endotoxin-free. Any gloves worn
during blood handling, collection, and needed
for performing LAL assays were powder-free
(most powders contain endotoxin). The refer-
ence standard endotoxin (RSE) we used was
made from E. coli 0113 (known as EC-6). Any
endotoxin detected was recorded as endotoxin
units (one EU = 100 pg RSE) and reported as
EU/ml.

Bioassay and standardization of HDFx

We arbitrarily set one unit of purified HDFx
(i.e., 0.25 ml x 4 injections) administered over
48 hr s.c. or i.v. to be equivalent to raising the
RES phagocytic index 100 % ,in naive rats,12-
24 hr later . Two units of HDFx (i.e., a total of
2.0 ml or 8 injections s.c. or i.v.) over 48 hr
raised the RES phagocytic index 200 % over
control levels.

Determination of which subsets of cells are
needed for HDFx production/induction of
resistance

To determine whether production/induction of
resistance required a specific subset of leuko-
cytes and/or macrophages, we performed
specific depletions. NK cells or polymorpho-
nuclear leukocytes (PMNs) were individually
depleted with injections of anti-NK (PharMin-
gen, San Diego, CA-three i.p. injections of 500
ug each, at 2-day intervals) [46] or anti-Ly6G
(1:25, BD Biosciences, San Diego, CA-three i.p.
injections of 500 pg each, at 2-day intervals)
[47], respectively. Since, at the time of our
studies, no specific depleting antibodies were
available for macrophages, we utilized an
injection of 2-chloroadenosine (25mg/kg,
injected ip) [48]. These depletions did not
affect unrelated leukocyte cell populations
(unpublished data).
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Blockade of the RES-macrophage system with
colloidal substances

It has been demonstrated, repeatedly, by
many investigators that certain colloidal sub-
stances can either attenuate greatly, or
completely, block the ability of RES macro-
phages to phagocytize particulate matter and
live microorganisms [14, 15, 17, 49, 50].
Among the colloids that induce this blockade
are colloidal carbon, gadolinium chloride,
Thorotrast (a stabilized colloidal suspension of
thorium dioxide), and Proferrin (a saccharated
iron oxide). Using either a colloidal carbon
preparation stabilized in gelatin (see above,
64 mg/100 g bw, Pelikan Werke, Germany),
Thorotrast (400 mg/kg bw), or Proferrin (80
mg/kg), given i.v. to different groups of rats,
we subjected the anesthetized animals to
repeated drum trauma adaptation procedures
(see above) or to iv administered LDso-60
doses of S. enteritidis endotoxin (see above,
2.0 mg/100 g bw). Survival and levels of HDFx
were measured at 24 hr after adaptation.

Statistical analyses

Where appropriate, means and means +/- S.E.
were calculated. Differences between means
were assessed for statistical significance by
Student’s t-tests and ANOVA, followed by a
Newman-Keuls test. Mortality/survival differ-
ences were tested for statistical significance
by Chi-square. @ Where appropriate, linear
regression analysis and correlation coeffici-
ents were determined. A P value < 0.05 was
considered significant.

Results

RES phagocytic indices early after injury and
in survivors after hemorrhage, endotoxins,
trauma and adaptation to lethal trauma

Table 1 indicates that irrespective of systemic
circulatory stress (i.e., hemorrhage, endo-
toxins, or trauma), the RES phagocytic indices
are severely and significantly depressed,
similar to that reported previously [14, 18, 25,
26, 28, 29]. However, the results shown in
Table 1 indicate that within 24-72 on survival,
these severely stressed rats all exhibit
hyperfunctional abilities to phagocytose parti-
culate matter. Although not shown, all those
animals that go on to die from these stresses
continue to exhibit severely compromised
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Table 1. RES phagocytic function early after injury and in survivors after hemorrhage, endotoxins ,
and trauma and adaptation to lethal trauma

Time after Hemorrhage Endotoxin Trauma Adaptation
Trauma (hrs)

Controls 0.045+/-0.003 0.046+/- 0.004 0.048+/-0.004 0.045+/-0.003
1-3 0.015+/-0.002* 0.010+/-0.003* 0.010+/-0.003* 0.075+/-0.006*
48 0.090+/-0.005* 0.080+/-0.008* 0.120+/-0.006* 0.165+/-0.010*

N=16-24 animals /group. Controls =60 animals. Values =means +/-S.E.M.
*P<0.001 compared to controls. Test colloidal carbon dose = 4mg/100 g bw.

Table 2. Adaptation to lethal traumatic shock results in hyperstimulation of the RES phagocytic

function
Time After Adaptation (hr) Phagocytic Index
Controls 0.050+/-0.004
24 0.095+/-0.005*
48 0.200+/-0.012*
72 0.098+/-0.008*
144 0.047+/-0.003

Controls =32 animals. Experimentals = 16-24 animals/group.

*P<0.001 compared to controls.

phagocytic systems until death, as shown
previously [14, 26, 28, 29].

Adaptation to lethal traumatic shock results in
a vast hyperstimulation of RES phagocytic
function

In order to determine whether there is a close
correlation between the capacity of the
phagocytic cells of the RES and tolerance to
trauma, as suggested by our previous studies
and strongly reinforced by work of others [17,
19, 30, 31, 34], we exposed different groups
of paired anesthetized animals to a series of
repeated traumatic episodes (see Methods
,and ref 26 ), to learn whether the phagocytic
indices correlated with susceptibility or
tolerance to subsequent lethal episodes of
trauma . As can be seen from the data in Table
2, at 24-48 hr, the rats not only exhibit RES
phagocytic indices which are 125-300 %
stimulated over naive controls but are
completely resistant to lethal trauma. In fact,
although not shown, these adapted animals
are often resistant to LD2oo300 bouts of
trauma. At 72 hr, there is a slight fall in the
degree of hyperstimulation with some
mortality, whereas at 144 hr, there is a
marked fall in the RES hyperstimulation to
control levels with a return to control 80-100
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% mortality. Using linear regression analyses,
there is a very good correlation between the
RES phagocytic index and protection against
lethal trauma; the greater the degree of RES
stimulation, the greater the resistance to
trauma and vice-versa (r= 0.87-0.92, p<0.0).

Diverse RES stimulants induce protection
against lethal stresses

The data shown in Tables 3-5 indicate that
denatured human serum aggregate albumin,
triolein and choline chloride all induce hyper-
stimulation of the RES phagocytic cells, but to
different degrees, as reported pre-viously [32,
33, 35]. Interestingly, the survival data
(Tables 3-5) suggest that there is a clear
variability in the ability of the stimulants to
induce protection against hemorrhage, endo-
toxins and trauma, with albumin = triolein >>
choline. A closer examination of these data
reveal that the greater the RES stimulation,
the greater the protection (r= 0.82, p<0.01).

Isolation of HDFx from survivors, trauma-
adapted, and stimulated animals

Using the techniques and precautions outlined

in the Material and Methods, we determined
that the MW of HDFx is approximately 35-40
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after hemorrhage, endotoxin, and trauma in rats

Group Phagocytic Index Survivors/Total Rats % Survival
Naive Controls 0.025+/-0.002 30/30 100
Saline Controls 0.020+/-0.003 16/16 100
Hemorrhage 0.010+/- 0.002* 12/36 * 33
(saline)
Trauma (saline) 0.005+/-0.001* 4/24* 17*
Albumin Alone 0.072+/-0.012** 16/16 100
Endotoxin (saline) 0.008+/-0.003* 10/22* 45%*
Hem +Albumin 0.050+/-0.008** 20/30** 66*
Trauma +Albumin 0.042+/-0.006** 10/20% * 50*
Endotoxin+Album 0.035+/-0.005** 36/38** 95*

Data for phagocytic indices are means +/- S.E.M. Test dose colloidal carbon = 8 mg/100 g bw. Blood
samples were withdrawn 3 hr after hemorrhage trauma, or S.enteritis endotoxin.

*P<0.01 compared to naive controls and saline controls.

**P<0.01 compared to paired hemorrhage, trauma, or endotoxin controls given only saline.

Table 4. Effects of triolein on RES phagocytic indices and survival after hemorrhage, endotoxin,

and trauma

Group Phagocytic index

Survivors/Total Rats % Survival

Naive Controls

Saline Controls
Hemorrhage

(Tween 20/dextrose)
Trauma (Tween20/dex)
Endotoxin(Tween20/dex)
Triolein(Tween20/dex)
Hem+ Triolein

Trauma +Triolein
Endotoxin+Triolein

0.023+/-0.003
0.025+/-0.002
0.009+/-0.003*

0.004+/- 0.002*
0.010+/-0.002*

0.135+/-0.025*
0.080+/-0.008**
0.065+/-0.006**
0.050+/-0.008**

17/17 100
18/18 100
8/26* 31*
3/20%* 15%
10/28* 36*
18/18 100
16/20%* 80**
12/20%* 60**
14/20%* 70%*

Data for phagocytic indices are means +/- S.E.M. Test dose colloidal carbon =8 mg/100 g bw. Bloods were
withdrawn for phagocytic indices 3 hr after hemorrhage, trauma,or S.enteritidis endotoxin.

*P<0.01 compared to naive controls and saline controls.

**P<0.01 compared to paired hemorrhage, trauma,or endotoxin controls given Tween 20-dextrose

diluents(vehicle) for triolein.

KDa. It is non-dialyzable. It does not contain
any endotoxins (tested by the LAL assay).
Whole plasma obtained from control rats does
not confer any protection against the animal
models used herein (more than 100 animals
were tested; data not shown).

Table 6 demonstrates that isolation of plasma
(filtration, and processing for HDFx-see
Methods) from control, naive animals denotes
an inability to stimulate RES phagocytic
function when injected into control rats.
However, when plasma is processed from
animals which survived hemorrhage, endo-
toxin injections, or trauma (after 24-48 hr),
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and then injected iv (i.e., one unit=4x 0.25 ml
injections of HDFx ) into naive rats, there is
clear stimulation of RES phagocytic function,
which is in marked contrast to plasma ex-
tracts obtained from these stressed animals,
early (2-4 hr ) after blood loss, endotoxins, or
trauma. Our results also demonstrate that
adaptation to lethal trauma induces levels of
HDFx (in one unit) which are 4-5-fold over that
obtained in singly-stressed survivors.

Table 7 serves to demonstrate that pretrea-
tment of rats with the three different RES
stimulants (albumin, triolein, or choline)
induce different levels of HDFx in the treated
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Table 5. Effects of choline chloride on RES phagocytic indices and survival after hemorrhage,

endotoxin , and trauma

Group Phagocytic index Survivors/Total % Survival
Naive Controls 0.025+/-0.002 20/20 100

Saline Controls 0.023+/0.003 19/19 100
Hemorrhage 0.010+/-0.002* 10/28* 36*
(saline)

Trauma (saline) 0.002+/-0.001* 2/20%* 10*
Endotoxin( saline ) 0.008+/-0.002* 8/26* 31*

Hem + Choline 0.035+/-0.004** 19/30** 63**
Trauma + Choline 0.008+/-0.003* 2/24%* 8*
Endotoxin + Choline 0.010+/-0.004* 8/28* 29*

Data for phagocytic indices are means +/- S.E.M. Test dose colloidal carbon = 8 mg/100 g bw. Bloods were
withdrawn 3 hr after hemorrhage, trauma, or S.enteritidis endotoxin.

*P<0.01 compared to naive controls and saline controls.

**P<0.01 compared to paired hemorrhage, trauma, or endotoxin controls given saline.

Table 6. Plasma HDFx activities obtained from survivor rats after hemorrhage, trauma, and
endotoxins, and after adaptation to lethal trauma as assessed by phagocytic capability

Group Phagocytic Index
Saline Controls 0.025+/-0.002
Hemorrhage 0.060+/-0.008*
Trauma 0.075+/-0.008*

S.enteritidis endotoxin
E. coli endotoxin
Trauma Adaptation

0.058+/-0.006*
0.062+/-0.008*
0.150+/-0.0.16**

Data are means +/- S.E.M. HDFx was isolated from shock-trauma survivors or after adaptation to lethal
trauma (see Methods) and represent phagocytic indices obtained in naive rats given 4 injections (of the
purified extract, over 48 hr). Phagocytic indices were determined on the 3rd day using 8 mg/100 bw colloidal

carbon.
*P<0.01 compared to controls.
**P<0.001 compared to all other groups (ANOVA).

animals, and exhibit a relative potency, where
triolein> albumin>>>choline (ANOVA, p<0.05).

It is important to point out, here, that plasma
extracts from non-stimulated or non-stressed
(non-shocked) animals do not, significantly,
increase RES phagocytosis or alter cytokine
levels in lymphocytes (see below).

Effect of hemorrhage and trauma with/without
HDFx pretreatment on cytokine levels in
lymphocytes

When a host is overcome by various systemic
injuries, there normally is a loss in ability of
lymphocytes to produce a variety of cytokines
(e.g., IL-2, IL-6, IFN-gamma, etc.) [17, 19]. We
hypothesized that HDFx might protect lympho-
cytes, allowing them to produce their usual
repertoire of cytokines despite the presence of
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injury. The results shown in Table 8 indicate
that, as expected, early (1-4 hr) after
hemorrhage or trauma, lymphocytes harvested
from the blood of these injured rats showed
profound deficits (70-90 % losses) in levels of
IL-2, IL-6 and IFN-gamma. However, lympho-
cytes obtained from animals pretreated (8
doses over 48 hr) with HDFx (obtained from
trauma-adapted animals) were able to manu-
facture these three cytokines at levels
comparable to those in non-hemorrhaged and
non-traumatized rats (Table 8).

Macrophages and NK cells required for
manufacture of HDFx and resistance

To determine whether a specific subset of
leukocytes and/or macrophages is required for
adaptation to trauma and manufacture of
HDFx, we utilized specific depletions. As stated
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Table 7. Effects of RES stimulants on plasma biological activities (phagocytic indices) of HDFx
when given to naive rats

RES Stimulant
Saline Controls

Phagocytic Index

0.023+/-0.003

Choline Chloride 0.040+/-0.005*
Aggregate Albumin 0.055+/-0.008*
Triolein 0.090+/-0.010*

Data are means +/- S.E.M. N=16-30 animals/group. The RES stimulants were administered according to the
regimens in Methods. The plasmas were processed, and purified extracts of HDFx were administered to naive
animals ,similar to the procedure in Table 6 ,i.e., 4 doses over 48 hr. Bloods were drawn for phagocytic
indices on the 3rd day using 8 mg/100 g bw colloidal carbon.

*P<0.01 compared to controls.

Table 8. Effect of hemorrhage and trauma with and without HDFx pretreatment on cytokine levels
in lymphocytes

Group IL-2 IL-6 IFN-gamma
Controls-shams 402+/-75 1.7+/-0.3 7.5+/-0.3
Hemorrhage Alone 110+/-20* 0.35+/-0.12* 0.65+/-0.11*
Hemorrhage+ HDFx 386+/-65 1.9+/-0.14 7.4+/-0.4
Trauma Alone 75+/-15%* 0.22+/-0.08* 0.21+/-0.05*
Trauma+ HDFx 382+/-76 1.6+/-0.4 7.3+/-0.4

Data are means +/- S.E.M. Values are given in U/mI.N=16-32 animals /group.
*P<0.001 compared to paired hemorrhaged, traumatized and control groups.

Table 9. Depletion of macrophages and NK cells but not PMNs decrease ability of plasma extracts
from trauma-adapted animals to increase RES phagocytosis

Group Plasma Extract on Phagocytic Index

0.028+/-0.002
0.160+/-0.012*
0.148+/-0.010%

Naive Controls (saline)
Trauma-Adapted Controls
Trauma-Adapted+Anti- Ly6G
Trauma-Adapted+Anti-NK1.1 0.122+/-0.008**
Trauma-Adapted+ 2-chloroadenosine 0.050+/-0.006**

Data are means +/-S.E.M. Test dose colloidal carbon= 8 mg/100 g bw.
*P<0.001 compared to naive saline controls.
**P<0.01(ANOVA) compared to all other groups.

in the Methods, PMN or NK cells were

adapt to the traumatic shock. Depletion of only

depleted, individually, by injection of anti-Ly6G
or anti-NK1.1, respectively. Since, at the time
of these studies, no specific antibodies were
available for depleting macrophages, we
utilized an i.p. injection of 2-chloroadenosine.
Table 9 serves to summarize these data. As
can be seen, depletion of only the leukocytes
failed, completely, to abrogate the manu-
facture of HDFx and, likewise, failed,
completely, to prevent adaptation to traumatic
shock. In contrast to this, depletion of the
macrophages, resulted in an approximately 80
% loss of the manufacture of HDFx and
curtailed dramatically the ability of rats to
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the NK cells resulted in about a 15-20 %
inhibition of the animals to generate HDFx and
a concomitant small loss in adaptation to the
trauma.

Effects of blockade of the RES-macrophage
system on adaptation to trauma and levels of
HDFx

RES- blockaded animals, subjected to the
trauma-adaptation procedure, clearly showed
greatly attenuated plasma levels of HDFx
(Table 10). Indeed, HDFx extracted from these
rats was not able to boost phagocytic indices
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Table 10. Blockade of the RES-macrophage system with diverse colloids decrease/inhibit ability of
plasma extracts from trauma-adapted animals to increase phagocytosis and

concomitantly abrogate adaptation

Group Plasma Extract on Phagocytic Index Abrogation(Yes/No)
Naive Controls 0.045+/-0.005
Trauma-Adapted Controls 0.280+/-0.032* No
Trauma-Adapted
+ Proferrin 0.055+/-0.006 Yes
Thorotrast 0.0 52+/-0.006 Yes

Data are means +/- S.E.M. Test dose of colloidal carbon =4 mg/100 g bw.

*P<.0.001 compared to all other groups (ANOVA).

when injected into naive animals. Nor could
the extracts increase the survival of animals
subjected to traumatic shock or given
endotoxin. Only 20-25 % of the former animals
survived, while all the animals given the LDso-
s0 dose of endotoxin died within 24-48 hr, a
clear potentiation (i.e., 16 out of 16 rats died).

Discussion

Overall, we believe that, collectively, our
experiments presented herein demonstrate
the discovery of a new biological, immune-
modulator and, potentially, powerful host
defense molecule unlike any heretofore
discovered agent. We believe it to be a
conserved molecule, most likely, present in
humans, as our preliminary experiments have
demonstrated it to be present in mice, rabbits
and guinea-pigs (unpublished data). Although
we have not, as yet , been able to determine
its complete molecular structure, it is a protein
with a molecular weight between 35-40 KDa, it
is non-dialyzable, heat stable at 60° C for at
least 20 min, and larger than any known
defined defensin peptides (which for the most
part are less than 15 KDa in size ) [for review,
see 51] and much smaller than the large
molecular weight molecules, such as fibro-
nectin and complement C-molecules or their
split products, all of which are important in
host defense. Moreover, none of the known
defense molecules can protect animals
against all of the models of shock, trauma, or
endotoxins used in our present study [51].
Although not shown, herein, repeated
administration of purified HDFx to animals
over a period of 6-months failed to result in
any organ-tissue pathologies on autopsy or any
pathophysiological change that were detect-
able (unpublished data).
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Metchnikoff presented voluminous data to
suggest that the body’s major phagocytes (i.e.,
macrophages) protected animals against
germs [52]. Up until his death, he believed the
body contained a substance that played a
central role in the relationship (and regulation)
of macrophages to phagocytose germs and
protect the organism from attack from
numerous microbes [52]. Surprisingly, a long
hiatus seemed to have taken place between
Metchnikoff’s early, fundamental works at the
turn of the last century until George
Mackaness’ elegant work in the 1960s on
macrophages [for review , see 53]. Our early
work on RES-macrophages in the 1960s
served as an important backdrop to the
present discovery [25, 26, 32, 33], in which
one of us established the fundamental role of
this RES-macrophage system to host defense,
and how its response could be quantified [25,
26, 28, 29, 371].

The present studies on the origin of HDFx
seems to implicate fundamental roles for the
RES-macrophage and NK cell systems in its
synthesis for a number of reasons: 1)
depletion of macrophages, but not leukocytes,
results in a failure of the intact host to
generate almost 80 % of its total concen-
tration in response to profound lethal body
stress; 2) depletion of the NK cells results in a
loss of about 15-20 % of the host’s ability to
produce HDFx; and 3) blockade of the RES-
macrophage system with diverse colloids
abrogates most of its protection against lethal
stresses and endo-toxins concomitant with a
loss of biological activity. The fact that either
depletion of the macrophages or depletion of
NK cells, or blockade of the RES-macrophage
system, results in a loss of animals to adapt to
repeated lethal stress is, potentially, a very
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important finding which could have wide-
sweeping implications in prevention of
hospital-borne infections, new emerging dis-
eases, parasitic diseases and food-borne
diseases if a similar, conserved molecule is
present in humans. In addition, since we have
found HDFx in a number of mammals, it could
prove to be quite useful in animal and pet care
(and disease prevention). The ability of HDFx-
stimulated animals to cope with lethal gram-
nagative endotoxins  strengthens  this
hypothesis.

In view of our findings, we are tempted to
speculate that HDFx could be quite useful
against potential biothreats, amelioration of
the effects of massive bodily injuries in both
civiian and military personnel, and burn
victims early after injury, where the chances
for superimposed bacterial infections present
great risks. Further, by virtue of HDFx’s
macrophage-stimulating abilities, it may prove
useful in increasing the biological activities of
infection-fighting cells in cancer patients who
have had bone marrow transplants, and allow
oncologists to decrease chemotherapy doses
while increasing patient survival chances. In
addition, due to HDFx’s powerful immune-
stimulating abilities, it could prove very useful
as pretreatment for patients needing high-risk
surgical procedures, particularly in the elderly.

For almost five decades, it has been known
that various colloidal substances can,
dramatically, stimulate the RES-macrophage
system and enhance survival of diverse
animals to different types of lethal stressors,
bacteria, viruses, and endotoxins, among other
agencies (for reviews, see 14, 15, 17, 18, 19,
30, 31, 54, 55]. However, until the present
study no single substance has been
demonstrated to be: 1) shown to be
synthesized and released by these cells in
response to diverse colloidal RES protective
stimulants such as aggregate denatured
albumin, triolein, and choline; 2) synthesized
by these cells and concomitantly stimulate the
RES-macrophages and induce protection
against a diverse group of lethal stressors and
gram-negative endotoxins; and 3) critical in
adaptation to lethal traumatic shock. The
synthesis and release of HDFx may, thus, be
pivotal in allowing diverse RES colloidal
stimulants to potently activate RES-
macrophages and generate protection against
diverse lethal stressors. Our new findings may
also help to explain why some RES colloidal
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stimulants are weaker than others. This
diversity may simply be a reflection of a
stimulant’s ability to induce adequate cell
concentrations of HDFx and, therefore,
adequate blood levels of HDFx. Obviously,
more testing will be required before this
hypothesis can be substantiated.

Considerable evidence has accumulated to
indicate that various physiological factors are
important in allowing uptake and ingestion of
particulate matter and microorganisms by the
RES-macrophages [for reviews, see 14, 15,
17, 19, 24, 31]. Among these are opsonins,
humoral-hormonal factors, vasoactive mole-
cules, plasma factors such as fibronectins and
complement products, as well as micro-
circulatory-blood flow interactions. Whether or
not HDFx stimulates or results in production/
release of any of these physiological factors is
entirely speculative at this time, but
nevertheless should be considered as food-for-
thought. Since HDFx only appears to
demonstrate biological activity after an
imposed severe bodily stress, and is released
from the RES-macrophage and NK cell
systems, studies should be undertaken to
determine what mechanism(s) is involved in its
release from these cells. Such information
could prove useful in therapeutic applications.

Some discussion of our findings on lymphocyte
cytokine storage and release, in response to
the presence (and generation) of HDFX,
appears to be in order here. Our studies clearly
confirm the works of others who have
demonstrated that shock-trauma result in a
loss of various cytokines, such as IL-2, IL-6,
and IFN-gamma, among others from lympho-
cytes [17, 19]. However, the present findings,
unlike previous studies, demonstrates that the
lymphocyte storage and release of these
cytokines in states of shock-trauma appear to
be related to the ability of the RES-
macrophage system to generate HDFx. That is,
in states of shock-trauma where levels of HDFx
would be low or exhausted, there is clearly a
massive release of IL-2, IL-6, and IFN-gamma,
as shown by our present studies. However,
when animals are pretreated with several
injections of purified HDFx, there is no loss of
these cytokines from the lymphocytes. It would
appear from these findings that HDFx is a
regulator of cytokine levels in lymphocytes.
Cytokines have well-documented roles in
diverse disease states, inflammatory condi-
tions, circulatory shock, wound healing, burns,
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sepsis, and trauma, among others [17, 19, 24,
56, 57, 58], which may be beneficial or
detrimental depending on the type and
amount of cytokine and its cellular origin. Our
findings on the cytokines, lymphocytes, macro-
phages and HDFx may have some unique
implications for the immune system. Activation
of virgin helper T-cells produce /secrete a
major cytokine, namely IL-2 [57, 58]. This
production of IL-2 induces proliferation of
more helper T-cells (a subtype, i.e., Th1 cells)
and other cytokines, i.e., IFN-gamma and TNF-
alpha [57, 58]. IFN-gamma is known to be
capable of stimulating production and activa-
tion of macrophages as well as down-
regulating (by negative feedback) another
type of helper cell, i.e.,, Th2 cells which
normally could then lead to production of other
types of cytokines such as IL-4, IL-5 ,and IL-10
[57, 58]. Whether or not HDFx is a regulator of
these pathways remains to be seen.

Since HDFx appears to be synthesized by RES-
macrophages and the NK cells, but not by
PMNs, we conclude that macrophages are the
key effector cells for HDFx. To our knowledge,
an innate host-defense regulator (such as
HDFx) which can, collectively, counter gram-
negative endotoxins, hemorrhage, and trauma
by selective modulation of innate immunity
without toxicities has not been reported
previously.

This discussion could not be complete unless
we attempted to address the implications of
our findings for the NK cells. Normally, NK
cells are not found in great supply unless a
tissue is under attack [24, 57, 58]. Like the
PMNs, NK cells are basically on-call. NK cells
leave their storage sites (i.e., blood, liver, and
spleen) and enter tissues at sites of infection.
Once in infected tissues, they proliferate
rapidly. In addition to being manufacturing
sites for various cytokines, they can destroy
virus-infected cells, tumor cells, bacteria,
fungi, and parasites. Neither macrophages nor
PMNs have all of these capabilities [57,58 ].
Our results demonstrate that NK cells are
responsible for the generation of almost 20 %
of HDFx production under the assault by
various stressors and RES stimulants. At
present, it is not clear what factor(s) regulate
these important, somewhat mysterious cells of
the innate immune system. It is tempting to
speculate, in view of our findings, that HDFx
may be one such regulator. Some preliminary
experiments performed in our laboratories
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may be useful here. We have found that rats
and mice which spontaneously survive
implantation, and exhibit reduction in tumor
size, after introduction of sarcoma 180, exhibit
high plasma levels of HDFx; whilst animals
which are pretreated with purified HDFx exhibit
increased survival (and reduction in tumor
growth) after implantation of sarcoma-180
(unpublished data).

The latter findings may have direct implication
for the growing number of reports in humans
who spontaneously have survived cancers
when all chemotherapeutic and radiation
treatments failed to help these patients, and
who were given what amounted to death
notices [for review, see 59]. Whether these
spontaneous remissions/survivors are due to
stress-induced production of HDFx remains to
be determined.

Acknowledgement

This work was supported, in part, by unres-
tricted grants from several pharmaceutical
companies  (Ciba-Geigy = Pharmaceuticals,
Sandoz Pharmaceuticals, Bayer Pharmac-
euticals) and anonymous donors. The authors
are indebted to Professor Bella T. Altura for
helpful discussions and to C. Thaw, R.W.
Burton, D. Dyce, J. Hanley, and C. Parillo for
their excellent technical assistance over the
many years it took to complete these studies
and the many preliminary, background
experiments it took for us to hypothesize the
existence of HDFx.

Address correspondence to: Burton M. Altura , PhD,
SUNY Downstate Medical Center, Box 31, 450
Clarkson Avenue, Brooklyn, NY 11203, Tel: 718-
270-2194; FAX: 718-270-3103, Email:
baltura@downstate.edu

References

[1] Gaynes R, Edwards JR. The National Infections
Surveillance System. Overview of nosocomial
infections caused by gram-negative bacilli.
Health Care Epidemiol. 2005; 41:948-54.

[2] Burton, DC, Edwards, JR, Horan, TC, Jernigan,
JA, Fridkin, SK. Methicillin-resistant Staphylo-
COCCUS aureus central line-associated
bloodstream infections in US intensive care
units, 1997-2007. JAMA 2009;301:727-36.

[3] Blossom DB, McDonald LC. The challenges
posed by reemerging Clostridium difficile
infection. Clin Infect Dis 2007;45:222-7.

[4] Lee JH, Jeong SH, Cha SS, Lee SH. New
disturbing trend in antimicrobial resistance of

Int J Clin Exp Med (2009) 2, 266-279



Novel biologic immunomodulator

gram-negative pathogens. PLoS Pathogens
2009;5(3):e1000221.

[5] Holden MTG, Hauser H, Sanders M, Ngo TH,
Cherevach |, Cronin, Cronin A, et al. Rapid
evolution of virulence and drug resistance in
the Emerging pathogen Streptococcus suis.
PLoS ONE 2009;4(7): e6072.

[6] Kuehn BM. Antibiotic-resistant “Superbugs”
may be transmitted from animals to humans.
JAMA 2007;298:2125-6.

[7]1 Anonymous. Preliminary foodnet data on the
incidence of infection with pathogens
transmitted commonly through food--10 states,
2008. Mobidity and Mortality Weekly Report,
April 10,2009;58:333-7.

[8] Maki DG. Coming to grips with foodborne
infection-Peanut butter, pepper, and Nation-
wide Salmonella outbreaks. N Engl J Med
2009; 360:949-53.

[9] Schiller LR. Infectious disease: A germy world-
food-borne infections in 2009. Nature Rev
Gastroenterol Hepatol 2009;6:197-8.

[10] Anonymous. Dengue hemorrhagic fever-U.S.-
Mexico border, 2005. Morbidity and Mortality
Weekly Report 2007;56:785-9.

[11] Gould EA, Solomon T. Pathogenic flaviviruses.
The Lancet 2008;371: 500- 9.

[12] Tierno Jr PM. The Secret Life of Germs. Pocket
Books, New York 2001, p.229.

[13] Metchnikoff E. Untersuchung ueber die intra-
cellulare Verdauung beiwirbellosen Thieren.
Arbeiten aus dem Zoologischen Insitut zu Wien;
1884;5(2):141-68.

[14] Altura BM. Reticuloendothelial cells and host
defense. Adv in Microcirc 1980; 9: 252-94.
[15] Altura BM, Saba TM. Pathophysiology of the
Reticuloendothelial System. Edited by Altura
BM and Saba TM. New York, Raven Press,

1981, pp. 1-224.

[16] Ulevitch RJ, Mathison JC, Tobias PS. The role of
the macrophage in host response to bacterial
endotoxins. In: The Pathohysiology of Com-
bined Injury and Trauma. Edited by Walker RJ,
Gruber DF, MacVitte TJ, Conklin JJ. Baltimore,
University Park Press, 1985, pp.87-92.

[17] Chaudry IH, Ayala A. Immunological Aspects of
Hemorrhage. Austin Landes Co. 1992, pp. 1-
129.

[18] Altura BM. Role of reticuloendothelial and
endothelial cells in response to trauma and
shock. In: The Pathophysiology of Combined
Injury and Trauma. Baltimore, University Park
Press, 1985, pp.61-77.

[19] Angele MK, Chaudry IH. Surgical trauma and
immunosuppression:  Pathophysiology and
potential immunomodulatory  approaches.
Langenbecks Arch Surg 2005;390:334-41.

[20] Godshall CJ, Scott MJ, Burch PT, Peyton JC,
Cheadle WG. Natural Killer cells participate in
bacterial clearance during septic peritonitis
through interactions with macrophages. Shock
2003; 19:144-9.

[21] Tupin E, Kinjo, Y Kronenberg M. The unique

278

role of natural killer cells in the response to
microorganisms. Nature Rev. Microbiol. 2007;
5:495- 517.

[22] Gao B, Radaeva S, Park O. Liver natural killer
and natural killer T Cells: immunobiology and
emerging roles in liver diseases. J Leuk Biol
2009; 86: published online (Sept).

[23] Caligiuri MA. Human natural killer cells. Blood
2008; 112: 461-469.

[24] Majno G, Joris I. Cells Tissues and Disease.
New York, Oxford University Press, 2004,
pp.314-21.

[25] Altura BM, Hershey SG. Use of reticuloendo-
thelial phagocytic function as an index in shock
therapy. Bull NY Acad Med 1967;43: 259-66.

[26] Altura BM, Hershey SG. RES phagocytic
function in trauma and adaptation to experi-
mental shock. Am J Physiol 1968; 215:1414-9.

[27] Schildt BE. Function of the RES after thermal
and mechanical trauma In mice. Acta Chir
Scand 1970; 136: 359- 64.

[28] Altura BM, Hershey SG. Acute intestinal
ischemia shock and reticuloendothelial system
function. J Reticuloend Soc 1971; 10: 361-71.

[29] Altura BM, Hershey SG. Sequential changes in
reticuloendothelial system function after acute
hemorrhage. Proc Soc Exp Biol Med. 1972;
139: 935-9.

[30] Schildt BE. The present view of the RES and
shock. Adv Exp Med 1976; 73A:375-87.

[31] Saba TM. Reticuloendothelial system host
defense after surgery and traumatic shock. Circ
Shock 1975; 2:91- 108.

[32] Altura BM, Hershey SG, Hyman C. Influence of
choline pretreatment on phagocytosis and
survival after experimental shock. J Reticu-
loend. S0c.1966;3:57-64.

[33] Hershey, SG, Altura, BM. Effect of pretreatment
with aggregate albumin on reticuloendothelial
system activity and survival after experimental
shock. Proc. Soc. Exp. Biol. Med.1966; 122:
1195-9.

[34] Reichard, SM. Factors that diminish radiation
lethality. Radiol 1967; 89:501-8.

[35] Altura, BM. Hershey, SG. Influence of glycerol
trioleate on the RES and survival after experi-
mental shock. J.Pharmacol Exp Ther 1970;
175: 555-64.

[36] Altura, BM. Glucocorticoid-induced protection
in circulatory shock: Role of reticuloendothelial
system function. Proc Soc Exp Biol Med 1975;
150:202- 6.

[37] Altura BM. Sex and estrogen protection against
circulatory shock reactions. Am J Physiol 1976;
231:842-7.

[38] Halevy S, Altura BM. Genetic factors influen-
cing resistance to trauma. Circ Shock 1974;
1:287-93.

[39] Farris EJ. The Rat in Laboratory Investigations.
New York, Hafner,1962.

[40]Raju R, Chaudry IH. Sex steroids/receptor
antagonist: Their use as adjuncts after trauma-
hemorrhage for improving immune/cardio-

Int J Clin Exp Med (2009) 2, 266-279



Novel biologic immunomodulator

vascular responses and for decreasing
mortality from subsequent sepsis. Crit Care &
Trauma 2008; 107: 158-66.

[41] Hershey SG, Mazzia VDB, Altura BM, Gyure L.
Effect of vasopressors on the microcirculation
and on survival in hemorrhagic shock.
Anesthesiol 1965; 26:179- 89.

[42] Urbaschek B, Urbaschek R, Neter, E. Gram-
Negative Bacterial Infections. Edited by
Urbaschek B, Urbaschek R, Neter E. New York,
Springer-Verlag, 1975, pp.219.

[43]Hunt SV. Preparation of lymphocytes and
accessory cells. In: Lymphocytes: A Practical
Approach .Edited by Klaus CGB. Washington,
IRL Press, 1987, pp. 1-34.

[44] Iwanga S. The limulus clotting reaction. Curr
Opinion Immunol 1993;5:74-82.

[45] Novitsky TJ. Limulus amoebocyte lysate detec-
tion of endotoxin in human blood. J Endotoxin
Res 1994; 1:253-63.

[46] Conlan JW, North RJ. Neutrophils are essential
for early anti-Listeria defense in the liver, but
not in the spleen or peritoneal cavity, as
revealed by a granulocyte-depleting mono-
clonal antibody. J Exp Med 1994; 179: 259-
68.

[47] Koo CC, Dumont FJ, Tutt M, Hacket Jr J, Kumar
V. The NK-1.1(-): a model to study the
differentiation of murine NK cells. J Immunol.
1986; 137: 3742-47.

[48] Kikkawa H, Imafuku H, Tsukada H, Oku N.
Possible role of imune surveillance at the initial
phase of metastasis produced by B16BL6
melanoma cells. FEBS Lett 2000;467: 211-
18.

[49] Zweifach BW, Thomas L. The relationship
between the vascular manfestations of shock

279

produced by endotoxin, trauma and hemor-
rhage. |. Certain similarities between the
reactions in normal and endotoxin-tolerant
rats. J Exp Med 1957;106:385-401.

[50] Zweifach BW. The contribution of the reticulo-
endothelial system to the development of
tolerance to experimental shock. Ann NY Acad
Sci 1960; 88:203- 12.

[51] Devine DA, Hancock REW. Mammalian Host
Defense Peptides. Edited by Devine DA,
Hancock REW .New York, Cambridge Univ.
Press, 2004, pp. 1- 373.

[52] Metchnikoff E. Immunity in Infective Disease.
Boston, Cambridge University Press, 1905.

[53] Mackaness GB. Role of macrophages in host
defense mechanisms. In: The Macrophage in
Neoplasia. Edited by Fink MA, 1976 ,pp.1-13.

[54] Dube DH, Bertozzi CR. Glycans in cancer and
inflammation-potential for therapeutics and
diagnostics. Nat Drug Disc 2005; 4:77-488.

[55] Cheng KF, Leung PC. General review of
polysaccharopeptides (PSP) from C. versicolor:
Pharmacological and clinical studies .Cancer
Ther 2008; 6:117-30.

[56] Angele MK, Faist E. Immunodepression in the
surgical patient and increased susceptibility to
infection .In: The Sepsis Text .Edited by Vincent
J-L, Carlet J, Opal SM. Boston, Kluwer
Academic Publishers, 2002, pp. 743-56.

[57] Mak TW, Sauders, ME. Primer to the Immune
Response. New York, Academic Press, 2008.

[58] Sompayrac L. How the Immune System Works,
3rd Ed. Malden, MA, Blackwell Publishing,
2008.

[59] Langreth R. Miracle survivors. Forbes, 2009:
March 2,74-80.

Int J Clin Exp Med (2009) 2, 266-279



