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Sepsis and trauma are the two most common causes
of disseminated intravascular coagulation and multi-
ple organ dysfunction syndrome. Both disseminated
intravascular coagulation and the systemic inflamma-
tory response syndrome often lead to multiple organ
dysfunction syndrome. The current studies have eval-
uated the relationship between the anaphylatoxin,
C5a, and changes in the coagulation/fibrinolytic sys-
tems during the cecal ligation and puncture (CLP)
model of sepsis in rats. CLP animals treated with
anti-C5a had a much improved number of survivors
(63%) compared to rats treated with pre-immune IgG
(31%). In CLP rats treated with pre-immune IgG there
was clearly increased procoagulant activity with pro-
longation of the activated partial thromboplastin time
and prothrombin time, reduced platelet counts, and
increased levels of plasma fibrinogen. Evidence for
thrombin formation was indicated by early consump-
tion of factor VII:C, subsequent consumption of fac-
tors XI:C and IX:C and anti-thrombin and increased
levels of the thrombin-anti-thrombin complex and
D-dimer. Limited activation of fibrinolysis was indi-
cated by reduced plasma levels of plasminogen and
increased levels of tissue plasminogen activator and
plasminogen activator inhibitor. Most of these param-
eters were reversed in CLP rats that had been treated
with anti-C5a. Production of C5a during sepsis may
directly or indirectly cause hemostatic defects that
can be reduced by blockade of C5a. (Am J Pathol
2002, 160:1867–1875)

Multiple organ dysfunction syndrome is the leading
cause of death in patients in surgical intensive care units
and is accompanied by consumptive hemostatic
changes often leading to disseminated intravascular co-
agulation (DIC), progressive complement activation, and
unregulated release of pro-inflammatory mediators.1–4

Activation in plasma of the coagulation/fibrinolytic and
complement systems in sepsis may be related to release
of cell wall components from gram-negative or gram-

positive bacteria.5 In sepsis-induced DIC, thrombin for-
mation leads to diffuse fibrin formation in the microvas-
cular system, which is considered to be an important
pathogenic factor for tissue hypoxia and organ damage.6

Recently, therapeutic interventions aimed at restoring the
hemostatic balance with anti-thrombin (AT) or with acti-
vated protein C concentrates have been used in animal
and human sepsis associated with DIC.7–11 There is am-
ple evidence for an interrelationship between the coag-
ulation system and the inflammatory response.3,12 Inhibi-
tion of inflammatory mediators by monoclonal antibodies
in experimental sepsis has resulted in reduced distur-
bances in the coagulation system.13,14 Administration of
pro-inflammatory cytokines15,16 or endotoxin17,18 into hu-
man volunteers has induced alterations in the coagula-
tion system, similar to those observed changes in sepsis.

Interactions between the coagulation and complement
systems have been controversial. Complement activation
products, especially the anaphylatoxins, C3a, C4a and
C5a, appear during sepsis. Elevated anaphylotoxin
plasma levels highly correlate with the development of
multiorgan failure.19,20 In sepsis, complement may di-
rectly promote procoagulant activity or indirectly induce
cytokine production.21–23 In vitro C5a and the terminal
complex of complement, C5b-9, induce tissue factor ex-
pression on endothelial cells and monocytes.24–27 Fur-
thermore, assembly of C5b-9 on the surface of platelets
has been shown to stimulate prothrombinase activity.26

C4b-binding protein, a regulator of the classical pathway
of complement activation, also modulates the anti-coag-
ulant effects of the protein S system.28,29

Previously, we have shown that antibody blockade of
C5a improves survival in cecal ligation and puncture
(CLP)-induced sepsis in rats.30,31 In the present investi-
gation we determined changes of pro- and anti-coagu-
lant activities in the plasma proteins of rats after CLP-
induced sepsis, and we determined if anti-C5a would
ameliorate these changes. Our results indicate that anti-
C5a treatment significantly reduces changes in sepsis-
induced coagulation/fibrinolytic proteins of plasma, lead-
ing to improved survival in this animal model.
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Materials and Methods

Preparation and Characterization of Rabbit
Anti-Rat C5a

A peptide of rat C5a, 17KHRVPKKCCYDGARENKYET36,
was coupled to keyhole limpet hemocyanin for rabbit
immunization. After several immunizations, anti-C5a im-
munoglobulin was affinity-purified from rabbit serum us-
ing the synthetic peptide coupled to Sepharose beads
(Amersham Pharmacia, Piscataway, NJ). Preparation of
the antibody was performed by Research Genetics
(Huntsville, AL). This polyclonal antibody immunoprecipi-
tated a 14-kd protein from activated rat serum, consistent
with the molecular mass of glycosylated C5a.30

Experimental Sepsis Induced by CLP

Male Long-Evans, specific pathogen-free rats (Harlan
Breeders, Indianapolis, IN) weighing 275 to 300 g were
used in all experiments. Anesthesia was induced by in-
traperitoneal administration of ketamine (20 mg/100 g
body wt). After shaving the abdomen and using a 2-cm
midline abdominal incision, the cecum was identified and
ligated below the ileocecal valve. The cecum was then
subjected to a single through-and-through perforation
with a 21-gauge needle and was gently squeezed to
ensure patency of the perforation sites. The bowel was
returned to its usual position and the abdominal incision
closed in layers with plain gut surgical suture 4-0 and skin
clips (Ethicon, Somerville, NJ). Within 5 minutes after
induction of sepsis, each CLP animal received either 400
�g of affinity purified rabbit anti-rat C5a (anti-C5a) or 400
�g of pre-immune rabbit IgG by intravenous infusion.
Sham-operated rats underwent the same procedure of
laparotomy except for ligation and puncture of the ce-
cum. For each group, the sample or group size is indi-
cated in the text. Before and after surgery, animals had
unrestricted access to food and water.

Blood Sample Collection

CLP-treated or sham-operated rats were sacrificed by
exsanguination by venipuncture at 12-hour intervals for
up to 36 hours. Blood was obtained from the inferior vena
cava from seven or more animals at 12, 24, and 36 hours
from each of the three groups of animals. Rats were
anesthetized by ketamine. A 5-ml syringe containing 0.5
ml of 3.8 g% sodium citrate was used to withdraw a total
volume of 4.5 ml of blood (1:9 ratio of citrate:blood) from
each animal by venipuncture of the inferior vena cava.
Unless otherwise stated, whole blood samples were im-
mediately centrifuged at 2400 rpm (Beckman GRP Instru-
ments, Schaumberg, IL) for 10 minutes at room temper-
ature. Platelet-poor plasma was obtained and frozen in
50- to 100-�l aliquots at �70°C until assay.

Assays

All samples of rat plasma were thawed once from the time
of blood collection at the time of testing. The prothrombin

time (PT) was performed by incubating 50 �l of plasma
for 5 minutes at 37°C and then adding 100 �l of an equal
volume mixture of Simplastin (Organon Teknika, Durham,
NC) and 30 mmol/L of CaCl2. The activated partial throm-
boplastin time (APTT) was performed by mixing 50 �l of
APTT reagent (Organon Teknika) and 50 �l of rat plasma
followed by incubation for 5 minutes at 37°C and recal-
cification with 50 �l of 30 mmol/L CaCl2. Both assays
were performed in an Amelung KC4 coagulation instru-
ment (Sigma Chemical Co., St. Louis, MO). The factor V:C
(FV) and VII:C (FVII) coagulant assays were performed
with human factor V- and VII-deficient plasmas (George
King, Inc., Overland Park, KS) in PT-based assays using
Simplastin (Organon Teknika). Factors XII:C (FXII), XI:C
(FXI), IX:C (FIX), and VIII:C (FVIII) were measured using
human factor-deficient plasmas (George King, Inc.), in
APTT-based assays were measured using APTT Reagent
(Organon Teknika). Pooled normal human plasma was
purchased from George King, Inc. Rat clottable plasma
fibrinogen was determined using human �-thrombin (50
U/ml) and the values compared to a human plasma fi-
brinogen standard (Sigma Chemical Co.).

Platelet counts were measured in platelet-rich plasma
using a Coulter Z analyzer (Coulter Electronics, Hialeah,
FL). After centrifugation of 500 �l of citrated whole blood
for 10 minutes at room temperature at 1000 rpm in a
microcentrifuge (Beckman Instruments, Palo Alto, CA),
the platelet-rich plasma supernatant was removed and
the platelet counts obtained according to the manufac-
turer’s instructions.

The AT amidolytic assay was performed by a modified
method of Odegard and colleagues.32 Human or rat
plasma was diluted in 0.05 mol/L Tris, 0.0075 mol/L eth-
ylenediaminetetraacetic acid, pH 8.4, containing 3 U/ml
standard heparin, after which human �-thrombin (Hema-
tological Technologies, Essex Junction, VT) at 1.5 U/ml
(final concentration) was added and the mixture was
incubated for 7 minutes at room temperature. The chro-
mogenic substrate H-D-Phe-Pip-Arg-paranitroanilide
(S2238) (Diapharma, Inc., West Chester, OH) was added
at 0.17 mmol/L (final concentration). After 5 minutes of
hydrolysis, the reaction was stopped by the addition of an
equal volume of acetic acid. Rat plasma AT levels were
expressed as percent activity of pooled normal human
plasma. The plasma plasminogen assay was performed
by a modified assay of Lijnen and colleagues33 by acti-
vation of rat plasma with 2000 U/ml human urokinase
(Abbott Laboratories, Chicago, IL) for 5 minutes. After
incubation, the chromogenic substrate Pefachrom Pl (2
AcOH.H-D-Ala-Cht-Lys-paranitroanilide) (Centerchem,
Inc., Stanford, CT) was added at a final concentration of
0.5 mmol/L, and the reaction continued for 37°C for 2
hours. Preliminary experiments determined that the hy-
drolysis of the substrate was linear throughout the period
of time of the assay. Rat plasma plasminogen levels were
expressed as percent activity of pooled normal human
plasma. Plasma tissue plasminogen activator (t-PA) and
plasminogen activator inhibitor (PAI) were assayed using
Spectrolyse/fibrin chromogenic assay kit according to
the manufacturer’s instructions (Biopool, Inc., Ventura,
CA). To retain full t-PA activity, 500 �l of citrated blood
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samples for determination of t-PA were collected in an
ice-cold centrifuge test tube and acidified within 30 sec-
onds of collection with 250 �l of ice-cold acetate. After
centrifugation at 1500 � g for 5 minutes, 10 �l of 20%
acetic acid was added to 200-�l aliquots that were then
frozen and stored at �70°C until assay. The plasma
thrombin-anti-thrombin (TAT) complex was measured by
using the enzyme immunoassay kit Enzygnost TAT micro
(Dade Behring, Marburg, Germany) according to the
manufacturer’s instructions. Plasma D-dimer levels were
assayed using the enzyme immunoassay kit Asserach-
rom D-Di (Diagnostica Stago, Asnières, France) accord-
ing to the manufacturer’s instructions. For the reagents to
detect rat D-dimer, the rat samples were 20-fold less
diluted than the human samples.

Statistical Analysis

Experimental data were analyzed by determining the
means �SEM. Data sets among groups were analyzed
using one-factor analysis of variance or the Kruskal-Wal-
lis one-way analysis of variance on ranks. Individual
group means were then compared using the Tukey or the
Dunn’s multiple comparison test. For analysis of survival
curves, outcomes in different treatment groups were
compared using chi-square and Fisher’s exact tests. Sig-
nificance was established if the P value was �0.05.

Results

Effects of Anti-C5a on Mortality

A Kaplan-Meier survival curve for the total observation
time of 36 hours was analyzed, including animals with
laparotomy in the absence (sham animals) or presence of
CLP (Figure 1). Blood was taken from surviving animals
12, 24, or 36 hours after the operation. All sham animals
survived the time period of 36 hours. Ten animals were

sacrificed at 12 hours, 10 were sacrificed after 24 hours,
and 10 were sacrificed at 36 hours. Only 22 of 69 animals
subjected to CLP and simultaneous infusion of pre-im-
mune IgG survived to the planned times for sacrifice
(eight pre-immune IgG-treated CLP rats were sacrificed
after 12 hours, seven animals after 24 hours, and seven
animals at 36 hours). These animals exhibited piloerec-
tion, huddling, and reduced motor activity with a mean
survival rate of 87% at 12 hours, 40% at 24 hours, and
31% at 36 hours, respectively. Thirty of 47 animals (63%)
in the CLP group treated with anti-C5a survived by 36
hours. In the anti-C5a group of animals, 7 rats were
sacrificed after 12 hours, 12 at 24 hours, and 11 at 36
hours. Anti-C5a treatment in CLP animals resulted in
increased survival rates, 92% at 12 hours, 72% at 24
hours, and 63% at 36 hours. When comparing the out-
comes of the anti-C5a to pre-immune IgG treatment,
survivals were significantly different (P � 0.016 by chi-
square test).

Effects of Anti-C5a Treatment on APTT and PT

When compared to the sham groups, APTT values in both
groups of the CLP animals had significantly prolonged
times (P � 0.05) at 24 hours, suggesting depletion/acti-
vation of clotting factors associated with the sepsis (Fig-
ure 2A). By 36 hours after CLP, APTT values returned to
the same levels found in the sham group. Similar to the
APTT values at 24 hours, there was an early prolongation
of the PT in both the pre-immune IgG-treated and anti-
C5a-treated CLP animals when compared to sham ani-
mals at 12 hours (P � 0.05) (Figure 2B). However the
anti-C5a-treated animals had a significantly less (P �
0.05) prolongation at 12 hours than the pre-immune IgG-
treated group. At 24 hours, these values had returned to
levels found in sham animals.

Effects of Anti-C5a on Platelet Counts and
Fibrinogen Levels in CLP Animals

Blood platelet counts and fibrinogen levels were exam-
ined in the plasma of animals before and 12, 24, and 36
hours after laparotomy (Figure 3). Compared to sham
animals, platelet counts in the pre-immune IgG-treated
CLP animals declined significantly at 12 hours and re-
mained reduced during the entire study time (P � 0.001,
Figure 3A). The anti-C5a-treated CLP animals also
showed significantly reduced platelet levels (when com-
pared to sham animals) at 12 and 36 hours after CLP
(P � 0.001, Figure 3A). However, at both 12 and 36 hours
after CLP, rats receiving anti-C5a had platelet values that
showed significantly less reduction when compared to
platelet levels found in pre-immune IgG-treated CLP an-
imals (P � 0.05, respectively).

Plasma fibrinogen levels initially rose significantly (P �
0.05) at 12 hours in the sham group when compared to
baseline values and then fell back into the normal range
(Figure 3B). Fibrinogen levels in the pre-immune IgG and
anti-C5a-treated animals at 12 hours were not signifi-
cantly different from the sham group, but in the pre-

Figure 1. Effects of anti-C5a on survival rates in CLP rats. Animals received
either 400 �g of pre-immune IgG (CLP � IgG) or 400 �g of anti-C5a IgG (CLP
� anti-C5a) intravenously immediately after the procedure of CLP. Sham
animals underwent laparotomy without CLP. The data are presented as
percentage of survival (n � total number of animals in each group).
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immune IgG and anti-C5a-streated CLP groups, the fi-
brinogen continued to rise and remained at significantly
higher levels at 24 and 36 hours (P � 0.001). When
compared to the pre-immune IgG-treated CLP animals,
the anti-C5a-treated CLP animals showed significantly
reduced elevations of fibrinogen (P � 0.016, P � 0.001)
throughout the total observation time.

Effects of Anti-C5a on Levels of Factors (F) VII:
C, XI:C, IX:C, XII:C, VIII:C, and V:C

To evaluate indirectly whether elevation of tissue factor
(TF) contributed to the hemostatic changes during CLP-
induced sepsis, studies were performed to determine
whether there was a change in the plasma FVII:C levels in

these animals (Figure 4). When compared to the sham-
operated animals, there was an initial and significant
decrease in plasma FVII:C levels at 12 hours (P � 0.007)
in the pre-immune IgG-treated CLP group, returning to
baseline values after 24 and 36 hours. In contrast, FVII:C
levels of the anti-C5a-treated CLP animals did not signif-
icantly drop after 12 hours when compared to the sham
group. These results suggested that the FVII:C-tissue

Figure 2. Effects of anti-C5a or pre-immune IgG on APTT or PT in CLP rats.
APTT (A) and PT (B) levels were measured in plasma collected from the
various groups at 12, 24, or 36 hours after laparotomy. The data represent
means �SEM from seven or more individual animals at each time point.

Figure 3. Effects of anti-C5a and pre-immune IgG on plasma platelet or
fibrinogen levels in the indicated groups. Platelet counts were done in
platelet-rich plasma (A) and plasma clottable fibrinogen levels (B) were
measured in CLP rats and sham rats at 12, 24, or 36 hours after laparotomy.
The data represent means �SEM from six or more individual animals at each
time point.
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factor pathway initially was activated, prolonging the PT,
during CLP-induced sepsis but not in CLP animals
treated with anti-C5a. However, it is also possible that
sepsis caused suppressed hepatic synthesis of factor
VII:C, resulting in reduced plasma levels of this factor.

FIX:C levels significantly fell in the preimmune IgG-
treated animals at 12 hours and both groups at 24 hours
(Figure 5A). FXI:C levels in the CLP animals showed a
decline in activity after 24 and 36 hours after CLP when
compared to the sham group (P � 0.001) (Figure 5B).
There was no significant difference in the degree of FXI:C
reduction between the pre-immune IgG and anti-C5a-
treated CLP animals. The fall in the FIX:C and FXI:C
values both contributed to the prolongation of the APTT at
24 hours. Last, there were no significant change in the
plasma FXII:C, FVIII:C, or FV:C levels among the three
groups (data not shown).

Effect of Anti-C5a on AT and Fibrinolytic
Systems

Activation of the coagulation system was further demon-
strated by changes in AT levels. AT consumption oc-
curred in the pre-immune IgG-tested CLP animals, indi-
rectly indicating thrombin formation (Figure 6A). When
compared to the sham group, AT levels in the pre-im-
mune IgG-treated CLP animals progressively declined
after 12 hours, by 50% at 24 hours and 36 hours (P �
0.001, Figure 6A). In contrast, AT levels of anti-C5a-
treated CLP animals did not significantly decrease
throughout the total observation time when compared to

sham groups. The difference in AT levels between the
pre-immune IgG or anti-C5a-treated animals was signifi-
cantly higher at the 24- and 36-hour time points (P �
0.001).

Sepsis-induced changes in the fibrinolytic system was
examined by measurements of plasma plasminogen.
When compared to sham animals, there was no signifi-
cant change in the plasma plasminogen levels of the
sham animals and anti-C5a-treated CLP rats throughout
the total period of observation (Figure 6B). However, the
pre-immune IgG-treated group showed significant de-
creases (P � 0.05, P � 0.013) in plasma plasminogen
levels 24 and 36 hours after CLP when compared to
sham animals or anti-C5a-treated CLP animals.

Figure 4. Effects of anti-C5a and pre-immune IgG on coagulation factor VII:C
(FVII) in CLP in rats. FVII levels were measured at 12, 24, or 36 hours after
laparotomy. The data represent means �SEM from seven or more individual
animals.

Figure 5. Effects of anti-C5a and pre-immune IgG on coagulation factors
IX:C (FIX) and XI:C (FXI) in CLP in rats. FIX (A) and FXI (B) levels were
measured at 12, 24, or 36 hours after laparotomy. The data represent means
�SEM from seven or more individual animals.
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The pre-immune IgG-treated CLP rats further showed
an early increase in plasma t-PA, which peaked after 24
hours (P � 0.001, Figure 7A) when compared to sham-
treated animals. The plasma t-PA levels of anti-C5a-
treated CLP rats were not significantly different from the
values of the sham animals during the total observation
period. The difference in t-PA levels between pre-immune
IgG and anti-C5a-treated animals was especially evident
at the 24-hour time point (P � 0.006). Plasma PAI levels
also increased in CLP animals. The pre-immune IgG-
treated CLP animals had progressively increasing levels

of PAI throughout the total observation time (P � 0.001,
Figure 7B). It is possible that the small (but statistically
significant) increases in PAI in the two CLP groups could
also be because of an acute phase response that is not
C5a related. PAI levels of CLP animals treated with anti-
C5a also increased when compared to the sham group
(P � 0.001), but not to the same extent as seen in the
IgG-treated animal group (P � 0.001, Figure 7B).

Effects of C5a Blockade on Plasma TAT and
D-Dimer Levels

Plasma TAT complex levels in the anti-C5a-treated CLP
rats did not change significantly at any time point when
compared to sham controls (Figure 8A). Alternatively, in

Figure 6. Effects of anti-C5a and pre-immune IgG on plasma AT or plasmin-
ogen levels in CLP-induced sepsis. AT (A) and plasminogen plasma (B)
activities were measured in the CLP groups and in the sham group at 12, 24,
or 36 hours after laparotomy. The data represent means �SEM from six or
more individual animals at each time point.

Figure 7. Effects of anti-C5a and pre-immune IgG on t-PA or PAI in CLP and
sham rats. t-PA (A) and PAI (B) plasma activities were measured at 12, 24,
and 36 hours after the operation. Data represent means �SEM from six or
more animals at each time point.
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the CLP group treated with pre-immune IgG direct evi-
dence for thrombin activation was indicated by a dra-
matic increase in TAT levels at 12 and 24 hours after CLP
(Figure 8A). The difference in TAT complex levels be-
tween pre-immune IgG-treated and anti-C5a-treated an-
imals was especially evident at the 12- and 24-hour time
points (P � 0.012 and P � 0.01, respectively). D-dimer
levels did also not significantly change in sham controls
and in CLP animals treated with anti-C5a (Figure 8B)
throughout the total observation time. However, the D-
dimer levels of the pre-immune IgG-treated CLP animals
showed an early significant increase at 12 hours (P �
0.039) when compared to sham group (Figure 8B).

Discussion

It is well established in humans that sepsis results in
complement activation/consumption as defined by loss
of total hemolytic activity of serum complement (CH50)
and the presence of complement activation products in
serum.5,19,20,34–37 C5a is a powerful anaphylatoxin, as
reflected by the intravenous administration of C5a to
animals leading to severe hypotension.38 Pretreatment
with anti-C5a in a primate model of sepsis (intravenous
injection of live bacteria) results in reduced mean arterial
pressure.39 C5a is known to induce TF activity in vitro in
endothelial cells and leukocytes.24,25 To determine the
effects of rabbit-rat polyclonal anti-C5a IgG on changes
in the coagulation/fibrinolytic responses in experimental
sepsis, a rat CLP model of septic shock was used. This
model closely mimics the pathophysiology of sepsis in
humans.40,41 Anti-C5a therapy reduced the frequency of
death in CLP-treated animals (Figure 1), confirming our
recent publication that anti-C5a-treated CLP animals
show improved survival rates (31% versus 63%) at 36
hours when lethality is very pronounced.30,31 C5a induc-
tion of tissue factor activity as reflected by a fall in factor
VII and IX levels leads to thrombin generation. Thrombin
formation activates factor XI that is not ameliorated by
anti-C5a, and, in turn, leads to increased fibrinolytic ac-
tivity as reflected by the fall in plasminogen and rise in
D-dimer concentrations secondary to the release of t-PA
from the endothelium by thrombin. The data suggest that
C5a contributes significantly to this sequence, although it
is not likely to be the sole responsible factor. The reduc-
tion in the t-PA response in the anti-C5a-treated group
(compared to the group receiving pre-immune IgG) is
very clear and coincides closely with the reduction in
peak TAT levels and the attenuation of the subsequent
consumption of plasminogen and D-dimer levels. Those
findings suggest a link between thrombin production and
thrombin-induced release of t-PA from the vascular en-
dothelium.

CLP animals treated with the pre-immune IgG had
more significant changes characteristic of early activa-
tion of the coagulation/fibrinolytic systems. CLP animals
treated with pre-immune IgG developed an acute phase
reaction with high levels of fibrinogen. Increased plasma
fibrinogen levels are usually not found in severe sepsis-
induced DIC, which is characterized by consumption of
fibrinogen.28,42 However, in early sepsis fibrinogen will in-
crease as an acute phase reactant. Taylor and col-
leagues43 demonstrated in a baboon model of Escherichia
coli-induced sepsis that increased levels of fibrinogen mask
evidence of DIC.43 Although thrombocytopenia is not spe-
cific for the development of sepsis-related DIC, it is a reli-
able sign of hemostatic activation. The differences in the
degree of thrombocytopenia in the CLP groups (treated
with pre-immune IgG versus anti-C5a IgG) were somewhat
modest (Figure 3A). It is also possible that other events
could be occurring, such as reduced platelet production
in the marrow and splenic sequestration of platelets.
FVII:C is known to be activated by tissue factor. The
overall small, but significant, early decline in FVII:C may
reflect early generation of tissue factor during CLP-in-

Figure 8. Effects of anti-C5a and pre-immune IgG on plasma TAT complex
or D-dimer levels in CLP and sham rats. TAT complex (A) and D-dimer (B)
levels were measured at 12, 24, or 36 hours after laparotomy. The data
represent means �SEM from six or more animals at each time point.

Reversal of Clotting Disorders in Sepsis 1873
AJP May 2002, Vol. 160, No. 5



duced sepsis. This finding agrees with in vitro observa-
tions that incubation of endothelial cells with C5a
enhances tissue factor production.24,25 Thrombin gener-
ation in pre-immune IgG-treated CLP animals is reflected
by early prolongation of APTT and PT, early consumption
of FIX:C and FVII:C, decrease of AT levels, increase in
plasma TAT complexes, and the transient increase of
D-dimer levels. Such consumptive changes may have
been initiated by bacterial proteases or cell wall (lipopoly-
saccharide) products. Decreased AT and increased D-
dimer plasma levels, both of which are known to be
sensitive markers for DIC,44 are closely correlated with
high mortality in septic shock in other animal and human
sepsis studies.7,8,45–47 The overall low levels of fibrino-
lytic activity in the pre-immune IgG-treated animals were
offset by elevated PAI and a fall in t-PA. The increased
PAI levels in other animal experimental sepsis studies
highly correlate with poor prognostic outcome.48

Collectively, these data indicate that there is evidence
for DIC in the pre-immune IgG-treated CLP animals,
whereas treatment of CLP rats with anti-C5a attenuates
the development of DIC. Despite the observation that
hemostatic disturbances in CLP rats do not manifest
florid DIC, as defined by elevated levels of D-dimer, TAT
complexes, and PAI as well as reductions in AT and
plasminogen levels, the data are consistent with this di-
agnosis of DIC.43 We demonstrate that anti-C5a signifi-
cantly ameliorates coagulation/fibrinolytic changes and
DIC in septic rats. The changes in survival, platelet
counts, fibrinogen, FVII:C, AT, plasminogen, t-PA, and
PAI as well as TAT complexes and D-dimer were all
markedly attenuated in CLP rats treated with anti-C5a.

In recent years, it has become apparent that mediators
of inflammation have critical roles in the hemostatic re-
sponse, and vice versa.49 Pro- and anti-inflammatory cy-
tokines modulate coagulation reactions in sepsis.50 Like-
wise, numerous coagulation factors have been clearly
shown to impact on the inflammatory response. Replace-
ment therapies using recombinant tissue factor plasma
inhibitor, AT, or activated protein C concentrates are
promising in preclinical and early clinical investigations,
seeming to improve clinical outcomes in sepsis because
of their combined anti-inflammatory and anti-coagulant
activities.49

Our data suggest that the anaphylatoxin, C5a, modu-
lates the hemostatic response in vivo, supporting the in-
terpretation that coagulation and inflammation are cou-
pled systems, interactive, and mutually reinforcing in
sepsis. Administration of anti-C5a to septic rats amelio-
rates thrombin formation and lowers the mortality rate.

These findings support the hypothesis that interven-
tions directed against complement activation products
may result in amelioration of DIC in septic patients,
thereby improving survival rates. We suggest that, in an
effort to develop new anti-sepsis strategies, the combi-
nation of anti-coagulant and anti-inflammatory properties
of two or more substances (eg, anti-C5a treatment com-
bined with activated protein C concentrates) deserve
consideration.
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