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Abstract
Background—Plasma factor XIII (FXIII) is responsible for stabilization of fibrin clot at the final
stage of blood coagulation. Since FXIII has also been shown to modulate inflammation,
endothelial permeability, as well as diminish multiple organ dysfunction (MOD) after gut
ischemia-reperfusion injury, we hypothesized that FXIII would reduce MOD caused by trauma-
hemorrhagic shock (THS).

Materials and methods—Rats were subjected to a 90 min THS or trauma sham shock (TSS)
and treated with either recombinant human FXIII A2 subunit (rFXIII) or placebo immediately after
resuscitation with shed blood or at the end of the TSS period. Lung permeability, lung and gut
myeloperoxidase (MPO) activity, gut histology, neutrophil respiratory burst, microvascular blood
flow in the liver and muscles, and cytokine levels were measured 3 h after the THS or TSS. FXIII
levels were measured before THS or TSS and after the 3-h post-shock period.

Results—THS-induced lung permeability as well as lung and gut MPO activity was significantly
lower in rFXIII-treated than in placebo-treated animals. Similarly, rFXIII-treated rats had lower
neutrophil respiratory burst activity and less ileal mucosal injury. rFXIII-treated rats also had a
higher liver microvascular blood flow compared with the placebo group. Cytokine response was
more favorable in rFXIII-treated animals. Trauma-hemorrhagic shock did not cause a drop in
FXIII activity during the study period.

Conclusions—Administration of rFXIII diminishes THS-induced MOD in rats, presumably by
preservation of the gut barrier function, limitation of polymorphonuclear leukocyte (PMN)
activation, and modulation of the cytokine response.
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INTRODUCTION
Hemorrhagic shock, a frequent and dangerous complication of trauma, is still associated
with high mortality and morbidity. Trauma-hemorrhagic shock (THS) is defined as an
inadequate capillary perfusion in vital organs and tissues that leads to numerous adverse
consequences. The reduction of circulatory blood volume results in deterioration of organ
microcirculation with subsequent tissue hypoxia. In turn, ischemia-reperfusion-induced
tissue injury causes the release of numerous proinflammatory mediators such as cytokines
and nitric oxide. Hemodynamic and inflammatory alterations result in multiple organ
dysfunction (MOD) that is a leading cause of death in patients who survive the initial
hemorrhagic event. It has been shown that toxic factors produced by the ischemic gut play
an important role in the development of THS-induced MOD. Gut-derived factors contained
in intestinal lymph coming from the ischemic gut have been shown to be key factors in the
pathogenesis of acute lung injury, bone marrow dysfunction, red blood cell alterations,
endothelial cell injury, upregulation of endothelial cell adhesion molecule expression, and
neutrophil activation [1–5].

The systemic inflammatory response syndrome plays an important role in the pathogenesis
of THS-induced MOD. Increased proinflammatory cytokine and chemokine release after
THS has been described in animal models as well as in clinical studies as contributing to
augmented inflammatory response. For example, elevated plasma levels of IL-6 and TNF-α
have been documented after experimental THS [6–8]. Similar cytokine patterns have been
described in trauma patients, and the majority of investigators agree that trauma insult
results in an early increase in IL-6 plasma levels [9–12]. Moreover, there is a strong
correlation between IL-6 levels and the severity of injury as well as hospital mortality [9, 10,
12].

Agents that can reduce the severity of gut damage and the inflammatory response following
THS would be potentially useful for prevention and treatment of subsequent MOD.
Previously, we have shown that recombinant factor XIII (rFXIII) limits MOD in an
experimental model of isolated gut ischemia-reperfusion injury (superior mesenteric artery
occlusion) [13]. FXIII or fibrin stabilizing factor is a transglutaminase involved in the final
stage of blood coagulation. In addition to plasma, FXIII is present in platelets, monocytes,
and macrophages. Plasma FXIII is a heterotetramer that consists of two catalytic A subunits
and two noncatalytic B subunits (A2B2). The FXIII-A subunits possess the catalytic site of
the FXIII enzyme, while the FXIII-B subunits function as carrier molecules. Cellular FVIII
is a homodimer consisting of two A subunits (A2). FXIII circulates in plasma as an inactive
precursor and is activated by thrombin. Activated FXIII stabilizes fibrin clots by cross-
linking fibrin monomers with covalent bonds, which increase the mechanical strength of the
clot, retard fibrinolysis, and enhance platelet adhesion to the injured tissue [14]. The
rationale for use of FXIII in critical conditions is that in addition to its role in hemostasis,
activated FXIII has been shown to stabilize endothelial barrier function and reduce
endothelial permeability [15, 16]. Additionally, there is evidence that FXIII modulates the
inflammatory response by retardation of macrophage migration [17]. Having previously
demonstrated that treatment with rFXIII diminishes superior mesenteric artery occlusion-
induced MODS [13], the present study aims to test the protective role of rFXIII in a more
relevant clinical model of THS.

MATERIALS AND METHODS
Study Design

Male Sprague-Dawley rats weighing between 250 and 300 g received standard rat chow and
water ad libitum, and were allowed an acclimatization period of at least 1 wk prior to the
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experiment. Animals were subjected to a 12 h light/12 h dark cycle, controlled humidity, and
room temperature between 18 and 22°C. Animal study protocols were approved by the
Novo Nordisk Ethical Review Committee and the University of Medicine and Dentistry –
New Jersey Medical School Animal Care and Use Committee. Experiments were performed
in compliance with the requirements of the Danish Animal Experiments Council, the Danish
Ministry of Justice, and the National Institutes of Health Guidelines on the Use of
Laboratory Animals.

Rats subjected to THS or trauma-sham shock (TSS) were treated in blinded fashion with a
placebo or a recombinant human FXIII A2 subunit (rFXIII) (Novo Nordisk A/S, Denmark).
Animals were randomly divided into four groups (eight animals each): group 1: THS + plus
vehicle treatment; group 2: THS + rFXIII treatment; group 3: TSS + vehicle treatment; and
group 4: TSS + rFXIII treatment. The vehicle represented a buffer consisting of 40 mM
histidine, 8.5% sucrose, and 0.02% Tween 20 at pH 8.0. Lyophilized rFXIII was
resuspended in the same buffer to achieve a final concentration of 1 mg/mL. The vehicle
(1.0 mL/kg) or rFXIII (1.0 mg/kg) was given intravenously after 90 min of THS and re-
infusion of shed blood (in THS groups) or after 90 min of TSS (in sham groups). The chosen
dose of rFXIII was in alignment with the available literature data and our previous studies
[13, 18].

The majority of the end-point parameters (microvascular blood flow in the muscle and liver,
muscle PO2, lung permeability, lung and gut myeloperoxidase activity, neutrophil
respiratory burst, and gut histology) were measured 3 h after the 90-min THS or TSS
periods. FXIII activity in rat plasma was measured prior to THS or TSS and 3 h after the
THS or TSS period.

Study Product
rFXIII is a recombinant, human FXIII-A2 homodimer composed of two FXIII-A subunits
only. It is similar in structure and function to the cellular form of human FXIII A subunit.
The trial product is manufactured as an intracellular, soluble protein in a yeast
(Saccharomyces cerevisiae) production strain containing the episomal expression vector,
pD16. It is subsequently isolated by homogenization of cells and purification by several
chromatography steps.

Trauma-Hemorrhagic Shock and Trauma-Sham Shock Protocol
THS animals underwent blood withdrawal according to a standard protocol [1]. Rats were
anesthetized with sodium pentobarbital (50 mg/kg) injected intraperitoneally and the right
femoral artery was isolated by minimal dissection and aseptically cannulated with
polyethylene (PE-50) tubing containing 0.1 mL of heparinized saline. The catheter was
connected in-line to a blood pressure recorder and polygraph (Model 79E Data Recorder,
Grass, Quincy, MA), to allow continuous blood pressure monitoring. Using an aseptic
technique, the right external jugular vein was cannulated with a 50-gauge silicone catheter
containing 0.1 mL of heparinized saline. After a traumatic injury (laparotomy) was
performed, the abdomen was subsequently closed in two layers using running 4-0 silk
sutures. To induce shock, blood was withdrawn from the jugular vein into a syringe
containing 10 units of heparin suspended in 0.3 mL of 0.9% normal saline to prevent
clotting. The mean arterial pressure was reduced to 30 mm Hg and maintained at the level of
30–40 mm Hg for 90 min by the careful withdrawal or re-infusion of shed blood (kept at
37°C) as needed. After 90 min of shock, animals were resuscitated with their shed blood.

TSS control rats had a laparotomy and their blood vessels cannulated, but no blood was
withdrawn or given. Blood pressure and heart rate were recorded during 90 min of THS or
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TSS and the 3-h post-shock period. At the end of the third hour after resuscitation or TSS,
the animals were sacrificed by intravenous injection of pentobarbital.

Tissue Perfusion and Oxygenation Measurements
Tissue perfusion and oxygenation were investigated using a combination of OxyFlo and
OxyLite monitors (Oxford Optotronix Ltd., Abingdon, UK). OxyFlo is a multichannel
system for measuring tissue blood flow (perfusion), which combines laser Doppler
technology and digital signal processing. OxyLite operates according to the principle of
oxygen quenching of fluorescence and utilizes a small optical sensor featuring zero oxygen
consumption for monitoring rapid temporal oxygen changes in a given tissue micro-region.
Precalibrated probes (sensor) are able to provide both spatial and continuous real-time
measurement of dissolved oxygen (tissue PO2) and temperature.

Blood flow and PO2 in muscles of the medial surface of the thigh was measured using an
NP/O/E/4 needle-encased sensor inserted percutaneously via an 18-gauge guiding cannula.
Liver blood flow was measured by a reusable MSP300XP miniature surface sensor. Blood
flows are expressed in conditional units. The Win Daq software package (Dataq
Instruments, Inc., Akron, OH) was used to record and display tissue blood flow, PO2 and
temperature in real time on a computer screen as well to save these data for further analysis.

Lung Permeability Assay
Lung permeability was measured by the Evans blue dye (EBD) technique. Two hours and 40
min after THS or TSS, rats are injected with 1 mL (10 mg) of 1% EBD through the internal
jugular catheter. After 5 min, to allow for complete circulation of the dye, a blood sample
(1.0 mL) was withdrawn from the femoral artery catheter and centrifuged at 1500 rpm at
4°C for 20 min. The plasma was used to determine the plasma EBD concentration. Twenty
min after injection of the dye, the rats were sacrificed and the tracheobronchial tree and
lungs were harvested as a unit. Bronchoalveolar lavage was performed by lavaging the lungs
three times with 5 mL of normal saline. The recovered bronchoalveolar lavage fluid (BALF)
was then centrifuged at 1500 rpm at 4°C for 20 min to remove any cells. The supernatant
fluid was then assayed spectrophotometrically at 620 nm to measure the concentration of the
EBD in the BALF. The concentration of EBD in the BALF was then expressed as the
percentage of that present in the plasma.

Myeloperoxidase Assay
Myeloperoxidase (MPO) activity was measured in the ileum and lung. Harvested tissue
samples were homogenized for 30 s in 4 mL of 20 mmol/L potassium phosphate buffer (pH
7.4) and centrifuged (40,000 × g) at 4°C. The pellet was resuspended in 4 mL of 50 mmol/L
potassium phosphate buffer (pH 6) containing 0.5 g/dL hexadecyltrimethylammonium
bromide. Samples were sonicated for 90 s, incubated in a 60°C water bath for 2 h, and
centrifuged. The supernatant in the amount of 0.1 mL was added to 2.9 mL of 50 mmol/mL
potassium phosphate buffer (pH 6) containing 0.167 mg/mL o-dianisidine and 0.0005%
hydrogen peroxide. Absorbance at 460 nm of visible light (A460) was measured for 3 min.
MPO activity was calculated using the following formula:

MPO activity (units/g tissue) = (δ A460 × 13.5)/weight (g), where δ A460 equals the rate of
change in absorbance at 460 nm between 1 and 3 min. The coefficient 13.5 was empirically
determined such that one unit of MPO activity is the amount of enzyme that will reduce 1
μmol peroxide per min [19].
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Neutrophil Respiratory Burst Assay
Flow cytometry was used to assess neutrophil respiratory burst. Heparinized whole blood
samples (100 μL) were placed into 5 mL poly-styrene round bottom tubes containing an
equal volume of Dulbecco’s modified Eagle’s medium, and the red blood cells were lysed
by means of 1% Pharm Lyse solution (BD Biosciences, San Jose, CA, USA). The tubes
were spun at 1135 rpm for 5 min at 25°C. The supernatants were discarded and the cells
were washed twice with Hank’s balanced salt solution (HBBS). After the white blood cell
pellets were resuspended in 400 μL of HBBS, 15 ng/mL of dihydrorhodamine (DHR) was
added to the tubes. Five minutes after DHR was added, polymorphonuclear neutrophils
(PMNs) were stimulated with phorbol myristal acetate. After a 15-min incubation at 37°C,
the PMN respiratory burst was measured by flow cytometry.

Measurement of Plasma Cytokine and Chemokine Levels
The levels of tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6), IL-10, and
macrophage inflammatory protein-2 (MIP-2) in plasma were determined by commercial
enzyme-linked immunosorbent assay (ELISA) kits (Invitrogen Corporation, Carlsbad, CA)
according to the manufacturer’s instructions. The absorbance at 450 mm was read using
Spectra Max Plus Microplate Spectrophotometer (Molecular Devices Corporation,
Sunnyvale, CA). Cytokine and the chemokine levels were calculated from a standard curve
and expressed in pico-grams per milliliter.

Histologic Examination
After the rats were sacrificed, a segment of the terminal ileum was excised and fixed in 10%
buffered formalin. After processing, semi-thin (2–4 μm) sections were cut and stained with
1% hematoxylin-eosin. Five random fields with 100–250 villi were analyzed in a blinded
fashion by means of light microscopy at ×100 magnification. The overall percentage of ileal
villous damage was determined by dividing the number of injured villi by the total number
of villi examined. Illeal mucosal damage score was calculated as described by Chiu et al.
[20]. The authors suggest the following scoring system for the gut injury: grade 0: normal
mucosal villi; grade 1: development of subepithelial space, usually at the apex of the villus;
grade 2: extension of the subepithelial space with moderate lifting of epithelial layer from
the lamina propria; grade 3: massive epithelial lifting down the sides of villi, a few tips may
be denuded; grade 4: denuded villi with lamina propria and dilated capillaries; and grade 5:
digestion and disintegration of lamina propria; hemorrhage and ulceration.

FXIII Activity Assay
We measured the activity of the FXIII A subunit (FXIIIA). The photometric FXIII activity
assay (BerichromF XIII, Dade Behring, Newark, DE) was performed on rat plasma samples
according to the manufacturer’s instructions but adapted to a microtiter plate format read on
a SpectraMax (Molecular Devices) at 340 nm in the kinetic mode. Plasma samples were
diluted 1:3 in 20 mM Hepes, 150 mM NaCl, pH 7.4 and rFXIII standards were diluted in
FXIII- deficient plasma (George King BioMedical, Inc., Overland Park, KS).

Statistics
Data were analyzed using SPSS 9.0 for Windows (SPSS, Chicago, IL), and presented as the
mean ± standard deviation. Mean values were compared by analysis of variance (ANOVA)
followed by a Tukey test. The level of statistical significance was set at P < 0.05.
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RESULTS
In this study, the effects of rFXIII on the parameters that result in MOD under conditions of
THS are assayed. These parameters include hemodynamic and inflammatory influences, as
well as gut integrity, with the latter further contributing to inflammatory, toxic and oxidative
stress conditions that lead to MOD.

Rats subjected to THS and treated with rFXIII demonstrated more stable hemodynamics 3 h
post-shock than placebo-treated animals. They had higher levels of mean blood pressure and
lower heart rates, which did not differ from sham values (Table 1). Treatment with rFXIII
improved regional microvascular blood flow and oxygenation after THS. After 3 h of THS,
muscle PO2 as well as muscle and liver blood flows were significantly higher in rFXIII-
treated rats than in placebo-treated animals but lower than in sham groups (Table 2).

Treatment with rFXIII also modulated the inflammatory parameters as assessed by the levels
of plasma cytokine and chemokine levels. TNF-α levels after THS in rFXIII-treated rats did
not differ from sham animals. Rats subjected to THS and treated with placebo had higher
TNF-α levels than sham animals (Table 3). However, the difference in TNF-α levels
between rats subjected to THS followed by placebo or rFXIII treatment did not reach
statistical significance. MIP-2 levels after THS in rFXIII-treated rats were lower than in
placebo-treated rats but higher than in sham animals. Animals subjected to THS had
elevated levels of IL-6 compared with sham rats, regardless of rFXIII or placebo treatment.
Trauma-hemorrhagic shock caused an increase in levels of IL-10, an anti-inflammatory
cytokine, both in rFXIII and placebo treatment groups. However, these levels were
significantly higher in rats subjected to THS followed by rFXIII treatment. Thus, rFXIII
treatment shifted the balance of pro- and anti-inflammatory cytokines in favor of an anti-
inflammatory response.

The severity of gut injury in rFXIII-treated animals was reduced compared with placebo-
treated animals as indicated by the lower ileal mucosal injury score and the reduced number
of injured ileal villi (Table 4). Moreover, ileal mucosal injury score after THS in rFXIII-
treated rats did not differ from sham values. Rats subjected to THS and placebo treatment
demonstrated severe disruption of villi tips (Fig. 1A). Ileal mucosal injury was less profound
after THS and rFXIII treatments. However, extension of subepithelial space as well as villi
edema was recorded (Fig. 1B). Ileal damage was minimal in both sham groups (Fig. 1C and
D).

Acute lung injury, as measured by lung permeability in rats subjected to THS and treated
with rFXIII, was significantly lower than in placebo-treated animals but higher than in sham
groups (Fig. 2).

Neutrophil accumulation, as indicated by lung and gut MPO activity after THS was also
significantly lower in rFXIII-treated rats, compared with placebo-treated animals but higher
than in sham groups (Fig. 3). Neutrophil respiratory burst (rapid release of reactive oxygen
species by neutrophils) in rats subjected to THS and treated with rFXIII, was significantly
lower than in placebo-treated animals but higher than sham values (Fig. 4).

THS did not cause a drop in FXIII activity. FXIII activity in rats subjected to THS and
treated with placebo did not differ from sham placebo-treated animals (Fig. 5). Similarly,
FXIII activity increased equally in THS and sham animals if they were treated with rFXIII.
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DISCUSSION
Our data indicate that rFXIII partially protects distant organs after THS as evidenced by the
improved perfusion and oxygenation of the muscle and liver tissue, and less severe gut and
lung injury. Possibly one or more protective mechanisms come into play. First, the
attenuation of THS-induced gut injury may lower the amount of toxic factors penetrating
into the intestinal lymph and damaging distant organs. It has been clearly shown that post-
hemorrhagic shock mesenteric lymph primes circulating neutrophils and provokes lung
injury [1, 2, 4] and can also result in abnormal and rigid RBCs, that initiate microcirculatory
disorders in distant organs [21, 22]. However, the effectiveness of rFXIII in lowering the
intestinal lymph toxicity in animals subjected to THS needs to be confirmed by additional
direct studies.

The protective effect of rFXIII in this model of THS can be also explained by a stabilizing
effect of rFXIII on the endothelium. Endothelium of vascular beds is extremely sensitive to
ischemia. During THS, endothelial cells become edematous and limit microvascular blood
flow in vital organs [23]. Reperfusion causes further endothelial dysfunction, aggravating
tissue damage by passage of leucocytes into the tissue through the capillary walls. [24, 25].
In vitro experiments have shown that activated FXIII is able to stabilize the endothelial
barrier function and decrease endothelial permeability, presumably by interacting with
extracellular matrix proteins in the paracellular spaces and/or minimizing disruption of
adherens junctions, the protein complexes that occur at cell-cell junctions [13, 15, 16].

The effect of rFXIII on enhancing microvascular blood flow after THS may be attributed to
its transglutaminase properties. It has been shown that transglutaminases participate in
vascular remodeling [26]. Mice lacking tissue-specific transglutaminase exhibit a delay in
arterial remodeling in response to reduced blood flow compared with wild-type mice. The
delayed arterial remodeling in turn was shown to be dependent on adventitial monocytes/
macrophages which are a source of FXIII [27].

Yet another protective mechanism appears to be the modulation of the cytokine and
chemokine response observed after trauma-hemorrhage. Trauma-hemorrhage is associated
with increase of the pro-inflammatory cytokine, IL-6 as well as IL-10, an anti-inflammatory
cytokine [28–31]. Several studies support protective benefits of IL-10 in a THS setting [32–
34]. Administration of rFXIII tended to decrease TNF-α and IL-6 levels, significantly lower
MIP-2 and significantly increase IL-10 levels. The rFXIII-mediated modulation of the
inflammatory response is likely a consequence of its protective effect on the gut. In response
to hypoxia and acidosis ensuing from THS, the gut-mucosa has been demonstrated to be a
significant generator of proinflammatory cytokines [7, 35, 36].

Based on the available literature data [18] as well as our previous experience with the gut
ischemia-reperfusion model [13], we used a rFXIII A dose of 1.0 mg/kg or 28 μg/mL of rat
plasma. The concentration of FXIII A subunit in human plasma is reported to be 10–15 μg/
mL [37]. The mean endogenous level of FXIII A subunit in rat plasma is 7 μg/mL (range 5–
12 μg/mL). This implies that supra-physiologic levels of FXIII were used in the study to
achieve a protective effect after THS.

There are very limited data regarding the effect of trauma-hemorrhage on FXIII levels.
Seekamp et al. measured FXIII A sub-unit levels in 24 severely traumatized patients over a
14-d period [38]. Levels of FXIII A sub-unit decreased to about 40% (normal range, 50%–
150%) at hospital admission. During the follow-up period, FXIII A sub-unit levels increased
6 h after admission, and then declined and returned to normal values at d 8. These findings
are consistent with the data reported by Tanaka et al., who measured FXIII levels in 30
patients with hemorrhagic shock secondary to severe injury and in 16 patients with septic
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shock complicated by MOD [39]. Both groups of patients had decreased FXIII levels;
however, the drop in FXIII levels was significantly more pronounced in septic patients. In
our series of experiments, we did not detect any drop in FXIII activity 3 h following THS.
Moreover, rats subjected to either THS or TSS demonstrated an equal increase in FXIII
activity when rFXIII was given. However, we cannot exclude the possibility that FXIII
levels could drop at a later period if septic complications developed. The increased FXIII
levels achieved by rFXIII treatment were sufficient to show a protective effect in rats that
were subjected to THS.

The study is not free from limitations. First, the protective effect of rFXIII was demonstrated
using the model of controlled THS. It is relevant to establish whether rFXIII is effective in
conditions of uncontrolled hemorrhage. Second, we have shown that experimental treatment
ameliorated markers of multiple organ dysfunction at 3 h following THS. However, it is
remains unclear whether rFXIII can provide long lasting protection after trauma-
hemorrhage. Also, similar to other investigators, we used relatively high dose of rFXIII. It is
important to investigate if a smaller dosage of rFXIII can mitigate manifestations of multiple
organ dysfunction after THS. Lastly, the use of Evans blue dye for the assessment of the
lung permeability precluded the examination of coagulation profile changes after
experimental treatment. All the aforementioned aspects will be taken into consideration in
future studies.

In conclusion, rFXIII ameliorates early markers of multiple organ dysfunction caused by
experimental THS in rats. The mechanism of the protective effect of rFXIII might be
explained by preservation of the gut endothelial barrier function, preservation of
microvascular blood flow in organs and tissues, modulation of the inflammatory response,
and amelioration of permeability alterations in distant organs. Further studies are required to
determine other mechanisms of rFXIII action.
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FIG. 1.
rFXIII reduces the severity of ileal mucosal damage after THS. Hematoxylin-eosin staining.
Magnification ×100. (A) Rat is subjected to THS and placebo treatment. Villi tips are
denuded (arrows). Red blood cell congestion is seen. Gut injury level is classified as grade 3
mucosal damage score. (B) Rat is subjected to THS and rFXIII treatment. Extension of the
subepithelial space as well as villi edema (arrows) is seen. Gut injury level is classified as
grade 2 mucosal damage score. (C) Rat is subjected to TSS and placebo treatment. Almost
normal villi are seen (grades 0–1 mucosal damage score). (D) Rat is subjected to TSS and
rFXIII treatment. Almost normal villi are seen (grades 0–1 mucosal damage score).
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FIG. 2.
rFXIII diminishes lung permeability alterations after THS. Lung permeability is evaluated
by measuring concentration of EBD in bronchoalveolar lavage fluid and expressed as the
percentage of that present in the plasma. Data are expressed as means ± SD (n = 8 in each
group). *P < 0.05 versus all other groups; **P < 0.05 versus both shams.

Zaets et al. Page 12

J Surg Res. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIG. 3.
rFXIII reduces neutrophil sequestration in lung and gut after THS. The level of neutrophil
sequestration is evaluated by measuring myeloperoxidase activity. Data are expressed as
means ± SD (n = 8 in each group). *P < 0.01 versus all other groups. **P < 0.01 versus both
shams.
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FIG. 4.
rFXIII decreases the level of oxidative stress after THS. The level of oxidative stress is
assessed by neutrophil respiratory burst activity. Data are expressed as means ± SD (n = 8 in
each group). *P < 0.05 versus all other groups; **P < 0.05 versus both shams.
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FIG. 5.
THS does not decrease FXIII activity. FXIII activity in rat plasma is determined using
Berichrom assay before and 3 h after THS or TSS. Data are expressed as means ± SD (n = 8
in each group). *P < 0.05 versus before THS/TSS; **P < 0.05 versus groups with placebo
treatment.
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TABLE 1

Hemodynamics Before and After THS or TSS

THS + placebo THS + rFXIII TSS + placebo TSS + rFXIII

Before THS or TSS

 MBP (mm Hg) 96.7 ± 14.2 86.9 ± 9.2 87.9 ± 9.4 88.9 ± 7.5

 SBP (mm Hg) 122.4 ± 18.2 111.5 ± 13.2 108.0 ± 11.0 106.6 ± 12.2

 HR (beat/min) 319.2 ± 60.9 305.7 ± 47.1 313.6 ± 20.1 308.0 ± 24.9

At the end of resuscitation after the 90 min THS or TSS period

 MBP (mm Hg) 94.2 ± 21.1 91.5 ± 10.3 89.4 ± 6.2 90.3 ± 8.4

 SBP (mm Hg) 137.6 ± 13.3*** 124.1 ± 14.0*** 107.6 ± 8.3 108.0 ± 13.9

 HR (beat/min) 363.5 ± 54.1*** 355.9 ± 42.5*** 316.3 ± 26.5 310.5 ± 17.7

3 h after the end of resuscitation or TSS period

 MBP (mm Hg) 75.1 ± 8.8* 91.7 ± 7.1 87.3 ± 9.7 93.0 ± 7.2

 SBP (mm Hg) 106.7 ± 8.3** 111.5 ± 10.1 105.4 ± 8.2 112.0 ± 13.4

 HR (beat/min) 388.0 ± 37.2* 346.0 ± 48.6 319.8 ± 28.2 317.8 ± 23.6

MBP = mean blood pressure; SBP = systolic blood pressure; HR = heart rate.

*
P < 0.05 versus before THS and versus all other groups after THS and resuscitation.

**
P < 0.05 versus after THS and resuscitation.

***
P < 0.05 versus both shams.
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TABLE 2

rFXIII Improves Tissue Oxygenation and Perfusion After THS

Groups of animals Muscle PO2 (mm Hg) Muscle blood flow (conditional units) Liver blood flow (conditional units)

THS + placebo 46.8 ± 3.1* 173.0 ± 49.6* 470.6 ± 63.8*

THS + rFXIII 54.3 ± 4.1** 277.2 ± 52.4** 763.4 ± 100.8**

TSS + placebo 60.2 ± 3.0 348.2 ± 83.9 1101.2 ± 222.5

TSS + rFXIII 59.9 ± 2.3 328.5 ± 44.0 1145.4 ± 96.2

*
P < 0.05 versus all other groups.

**
P < 0.05 versus both shams.
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TABLE 3

Cytokine Levels after THS or TSS

Groups of animals TNF-α (pg/mL) MIP-2 (pg/mL) IL-6 (pg/mL) IL-10 (pg/mL)

THS + placebo 22.3 ± 10.6*** 208.7 ± 42.5* 529.3 ± 218.9** 50.5 ± 15.6*

THS + rFXIII 17.8 ± 4.5 150.1 ± 23.8*** 462.7 ± 276.4** 141.7 ± 37.0**

TSS + placebo 13.4 ± 3.4 121.8 ± 37.8 99.8 ± 125.1 10.4 ± 7.2

TSS + rFXIII 16.4 ± 5.2 96.9 ± 19.6 51.7 ± 77.3 11.7 ± 5.0

*
P < 0.05 versus all other groups.

**
P < 0.05 versus both shams.

***
P < 0.05 versus corresponding sham.
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TABLE 4

rFXIII Reduces the Severity of Ileal Mucosal Damage After THS

Groups of animals Villi examined Injured villi (%) Injury scores

THS + placebo 205.9 ± 8.8 40.9 ± 8.6* 2.99 ± 0.12*

THS + rFXIII 228.0 ± 19.8 28.1 ± 7.8** 1.37 ± 0.74

Sham + placebo 229.8 ± 20.4 11.1 ± 3.7 1.00 ± 0.05

Sham + rFXIII 229.5 ± 11.5 9.2 ± 3.1 1.00 ± 0.05

*
P < 0.01 versus all other groups.

**
P < 0.01 versus both shams.
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