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CU-2010—A Novel Small Molecule Protease Inhibitor with
Antifibrinolytic and Anticoagulant Properties
Wulf Dietrich, M.D., Ph.D.,* Silke Nicklisch, M.Sc.,† Andreas Koster, M.D., Ph.D.,‡ Michael Spannagl, M.D., Ph.D.,§
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Background: In cardiac surgery, the contact of blood with the
artificial surfaces of the cardiopulmonary bypass results in ac-
tivation of coagulation, fibrinolysis, and platelets, which is rec-
ognized as reason for increased bleeding tendency. Antifibrino-
lytics like tranexamic acid or the broad-spectrum protease
inhibitor aprotinin attenuate this response. The marketing of
aprotinin has been suspended after a recent clinical trial sug-
gested increased risks associated with aprotinin. Moreover,
aprotinin is a protein of animal origin and has antigenic prop-
erties. As a result, alternative antifibrinolytic compounds are
desirable.

Methods: This in vitro study compared the antifibrinolytic
efficacy of the synthetic small molecule CU-2010 with aprotinin
and tranexamic acid. Antifibrinolytic activity in plasma and
whole blood of ten healthy volunteers was examined with a
turbidometric method and with tissue factor-activated throm-
boelastometry (ROTEM®; Pentapharm, Munich, Germany). In
addition, anticoagulant effects were assessed through measure-
ment of plasma and whole blood clotting times and thrombin
generation.

Results: With its high affinity for plasmin (Ki, 2 nM), CU-2010
inhibited fibrinolysis comparable to aprotinin (Ki, 4 nM) and
was ten times more potent than tranexamic acid. CU-2010 also
inhibited plasma kallikrein (Ki < 1 nM) and factors Xa (Ki, 45
nM) and XIa (Ki, 18 nM), which was reflected in prolongation of
coagulation times and an attenuation of thrombin generation.

Conclusion: These findings suggest that CU-2010 has similar
antifibrinolytic potency compared to aprotinin, is more potent
than tranexamic acid, and possesses some anticoagulant effects.

IN cardiac surgery, the use of a cardiopulmonary by-
pass (CPB) triggers activation of the coagulation sys-
tem and evokes systemic inflammatory responses,
which may result in excessive bleeding and other

complications in the perioperative and postoperative
period.1 Despite administration of large amounts of
heparin, contact with the artificial surfaces of the
heart-lung machine results in generation of thrombin2

and activation of plasmin.
Prophylactic antifibrinolytic therapies during cardiac

surgery are now widely accepted as a strategy to im-
prove hemostasis and ameliorate bleeding complica-
tions.3,4 The most thoroughly evaluated antifibrinolytic
agents are aprotinin, an active-site serine protease inhib-
itor isolated from bovine lung, and tranexamic acid, a
synthetic lysine analogue that specifically blocks the
lysine binding site in plasminogen and prevents its con-
version to plasmin as well as access to fibrin.3 Many
studies and meta-analyses have proven that both drugs
reduce bleeding tendency and allogeneic blood require-
ment in cardiac4–6 and noncardiac7 surgery. However,
the currently available therapies do no eliminate all prob-
lems associated with CPB.

Aprotinin is a broad spectrum serine protease inhibi-
tor, with its major targets being plasmin, trypsin, and
plasma kallikrein. In addition, less thrombin generation
has been observed with the use of aprotinin.8 Such
multimodal interference is thought to constitute the ba-
sis for aprotinin exerting multiple effects on many ho-
meostatic functions, including coagulation, platelet acti-
vation, and inflammation.9 In contrast, the lysine
analogues tranexamic acid and epsilon amino caproic
acid are solely antifibrinolytics, without anticoagula-
tory10 or antiinflammatory properties.11 Aprotinin is a
protein of bovine origin and is associated with anaphy-
laxis.12 Aprotinin’s safety has recently been questioned
because of suspected excess mortality13,14 and impaired
renal function,15,16 which, despite some controversy,17–19

finally led to suspension of worldwide marketing.13

With aprotinin’s multiple interactions indicating a pos-
sible positive effect of broad-spectrum serine protease
inhibition during cardiac or major surgery, a targeted
modulation of protease activity by synthetic peptidomi-
metic inhibitors was considered a plausible approach to
more effective therapeutics. Beyond aprotinin’s primary
targets, plasmin and plasma kallikrein, the inhibition of
procoagulant enzymes is of interest because the activa-
tion of thrombin plays a central role in CPB-related
coagulopathy,20 and attenuation of enzyme activity up-
stream in the coagulation pathways might mitigate such
activation. As a result, a small synthetic molecule with an
adapted selectivity profile and equal antifibrinolytic effi-
cacy compared to aprotinin or tranexamic acid and an
improved safety profile is desirable.

* Professor of Anesthesia, Institute for Research in Cardiac Anesthesia, Munich,
Germany, and Associate Professor, Working Group on Perioperative Hemostasis,
Department of Hemostasiology, Ludwig Maximilian University, Munich, Germany.
† Senior Scientist, Curacyte Discovery GmbH, Leipzig, Germany. ‡ Associate
Professor, Institute for Anesthesiology, German Heart Center, Berlin, Germany.
§ Associate Professor, Working Group on Perioperative Hemostasis, Department
of Hemostasiology, Ludwig Maximilian University, Munich, Germany.

Received from the Working Group on Perioperative Hemostasis, Department
of Hemostasiology, Ludwig Maximilian University, Munich, Germany. Submitted
March 20, 2008. Accepted September 5, 2008. Supported by the European
Regional Development Fund and by the Development Bank of Saxony, Dresden,
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CU-2010 is a novel, small synthetic compound (molec-
ular weight, 700 Da) with peptide-like characteristics
that allow substrate-like binding to the active site of
serine proteases (see Katz et al.21 for a review of this
class of compounds). CU-2010 shows rapid clearance
after intravenous infusion, with an elimination half-life of
approximately 20 min in rats and dogs (unpublished
animal experiment data, Silke Nicklisch, M.Sc., Curacyte
Discovery, Leipzig, Germany, January 2007).

The aim of the current study was to evaluate the
antifibrinolytic efficacy and potency of CU-2010 in com-
parison to aprotinin and tranexamic acid in vitro. In
addition, the potential anticoagulant properties of CU-
2010 were investigated. First, the inhibition constants
(Ki) against several human serine proteases were deter-
mined. Second, the antifibrinolytic activity in plasma and
whole blood was evaluated using a turbidometric assay
in plasma and rotation thrombelastometry in whole
blood. Third, the impact of CU-2010 on coagulation was
assessed from plasma and whole blood clotting times
and from thrombin generation assays22 in platelet-rich
plasma (PRP).

Materials and Methods

Venous blood was withdrawn from the antecubital
vein of healthy volunteers after we secured written in-
formed consent in accordance with local and federal
guidelines with approval of the local review board
(Ethikkommission, Klinikum Charité, Berlin, Germany).
The blood was mixed with 0.11 M sodium citrate (1:10).
For ROTEM®(Pentapharm, Munich, Germany) analysis,
whole citrated blood was used within 8 h after collec-
tion. PRP was prepared from citrated blood by centrifu-
gation at 330g for 10 min at room temperature, platelet-
poor plasma (PPP) was collected after centrifugation at
1220g for 12 min. The PRP was then adjusted to 3 � 108

platelets per ml using the autologous PPP. PRP was
maintained at room temperature for less than 4 h before
analysis. The remaining PPP was subjected to high-speed
centrifugation at 40,000g for 30 min at 4°C to remove
any particulate material and was then stored at –70°C
until use.

CU-2010 was synthesized by Curacyte Discovery
GmbH, Leipzig, Germany. Aprotinin and tranexamic acid
were purchased from SIGMA (Schnelldorf, Germany).
Human factor Xa, factor XIa, factor XIIa , thrombin, and
plasma kallikrein were purchased from Enzyme Re-
search Laboratories, and human plasmin was purchased
from Chromogenix (both via Hemochrom, Essen, Ger-
many). Various synthetic peptide chromogenic sub-
strates used for determination of inhibition constants
were obtained from Pentapharm (Basel, Switzerland),
Roche (Mannheim, Germany), and Chromogenix: Chro-
mozyme PL for plasmin, S2302 for plasma kallikrein,

Pefachrome FXa for factor Xa, Chromozym XII for FXIIa,
Pefachrom tPA for thrombin, and Pefachrome PCa for
factor XIa. Tissue-type plasminogen activator was ob-
tained from Boehringer Ingelheim (Ingelheim, Ger-
many). INTEM, EXTEM, and STARTEM reagents and dis-
posables for ROTEM® measurements were obtained
from Pentapharm (Munich, Germany).

Determination of Inhibition Constants (Ki) against
Human Serine Proteases
Inhibition of purified human serine proteases by CU-

2010 and aprotinin was studied using established meth-
ods.23 Enzyme kinetic experiments were carried out in
96-well flat-bottom plates (Brand, Wertheim, Germany)
in 50 mM Tris-HCl pH 8.0, 154 mM NaCl in the presence
of different substrate and inhibitor concentrations.
Steady-state velocities of substrate conversion were ob-
tained from progress curves generated by continuous
monitoring of the absorbance at 405 nM with a micro-
plate reader (Multiskan Ascent; Thermo Electron Corpo-
ration, Dreieich, Germany). For determination of Ki val-
ues less than 1 nM, measurements were performed in
acrylic cuvettes (Brand) using a ultraviolet-visible spec-
trophotometer (Specord® M-400; Carl Zeiss, Jena, Ger-
many). Inhibition constants (Ki) were calculated from
nonlinear fits of individual data sets to the Michaelis-
Menten equation for competitive inhibitors using an
enzyme kinetic analysis software (SIGMA Plot® 9.0 En-
zyme Kinetics Module; SSI, San Jose, CA). Dixon plot
analysis was applied to confirm the competitive inhibi-
tion mode.

Establishment of Antifibrinolytic Potency
The antifibrinolytic activity of CU-2010 in comparison

to aprotinin and tranexamic acid was investigated in
plasma and whole blood assays. In both assays, tissue
factor was added to initiate rapid clot formation via the
extrinsic pathway, which produces a clot that remains
stable for several hours under normal conditions. Sup-
plementation of plasma or whole blood with tissue-type
plasminogen activator (t-PA) before stimulation results in
activation of endogenous plasminogen and thus fibrino-
lysis while the initial clot formation is not impaired. The
amount of t-PA added was found to determine lysis time.
A final concentration of 50 and 100 U/ml in plasma and
whole blood, respectively, was chosen to achieve com-
plete lysis within approximately 60 min. In the presence
of antifibrinolytics, clot lysis is delayed in a concentra-
tion-dependent manner.

Plasma Fibrinolysis Assay. Inhibition of fibrinolysis
in plasma was examined using a turbidometric method
in 96-well flat-bottom plates. The time course of clot
formation and lysis, reflected by an initial increase and
subsequent decrease in turbidity, was recorded by con-
tinuously measuring the optical density at 405 nm. Sim-
ilar models have been widely used to study the clot lysis
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process in human plasma24 and its inhibition by antifi-
brinolytic drugs.10 Frozen and thawed human plasma
(PPP) was preincubated with test compound or vehicle
(Owren Veronal buffer) for 5 min at 37°C. Coagulation
and subsequent fibrinolysis was started by adding tissue
factor (Innovin®; Dade Behring, Eschborn, Germany;
1:9000 final dilution), CaCl2 (12 mM final concentration),
and t-PA (50 U/ml final concentration) simultaneously to
the wells. Optical density at 405 nm was monitored
every 45 s for 180 min at 37°C with a microplate reader
(POLARstar OPTIMA; BMG Labtech, Offenburg, Ger-
many). Fibrinolysis was quantified as the relative de-
crease in optical density at 45 min after the maximum
optical density was reached. CU-2010 and aprotinin
were each tested at concentrations of 60, 100, 200, 300,
600, 1000, and 3000 nM, and tranexamic acid was tested
at concentrations of 600, 1000, 3000, 6000, 10,000,
20,000, and 30,000 nM to cover the complete concen-
tration-response for each compound. These aprotinin
concentrations range between 2.8 and 140 kallikrein
inhibiting units (KIU)/ml based on the conversion factor
of 7.14 KIU/�g. Concentration-response curves were
established by plotting percentage fibrinolysis versus
test compound concentration.

Whole Blood Fibrinolysis Assay. Fibrinolysis in
whole blood was studied with rotational thromboelas-
tometry25 by using a computerized, multichannel
ROTEM® instrument.26 Activation of test samples accel-
erated the measurement process and enhanced repro-
ducibility compared with conventional thromboelastog-
raphy. To allow observation of fibrinolysis, ROTEM®

analysis with tissue factor activation (EXTEM) was mod-
ified through addition of t-PA.27 Citrated blood was pre-
incubated at 37°C for 5 min with test compound or
saline before tissue factor, CaCl2, and t-PA (100 U/ml
final concentration) were added to start the reaction.
Fibrinolysis was determined by measuring loss of clot
strength with time and was recorded as Ly60 (percent-
age reduction of the maximum amplitude at 60 min after
the onset of clotting). In control samples without inhib-
itor, clots were lysed completely within 60 min, such
that Ly60 was above 90%. IC50 values for each com-
pound were calculated by plotting Ly60 versus test com-
pound concentration.

Assessment of Anticoagulant Potency
Since CU-2010 inhibits multiple proteases of the coag-

ulation system, we investigated possible anticoagulant
properties by using established tests in vitro. Whereas
tissue factor is the physiologic trigger of coagulation,
both extrinsic and contact-mediated stimulation contrib-
ute to hemostatic activation under conditions like
CPB.2,20 We therefore studied the impact of CU-2010
and aprotinin on coagulation in plasma and whole blood
after both intrinsic and extrinsic stimulation. Tranex-
amic acid has no influence on other proteases than

plasminogen; therefore, it is not included in these
experiments.

Plasma Coagulation Times. Prothrombin time and
activated partial thromboplastin time were determined
after human plasma (PPP) was supplemented with test
compound solution or saline using a conventional coag-
ulation analyzer (Sysmex CA-560; Dade Behring). Re-
agents used were Innovin® (extrinsic activator contain-
ing tissue factor) for prothrombin time and Actin® FSL
(contact activator containing ellagic acid and phospho-
lipids) for activated partial thromboplastin time (both
from Dade Behring).

Whole Blood Coagulation Assay. The influence on
whole blood clotting was assayed with rotational throm-
belastometry26 using ellagic acid (INTEM reagent) as
activator of the intrinsic system or tissue factor (EXTEM
reagent) as extrinsic coagulation activator. After a 5-min
preincubation with test compounds or saline, citrated
human blood was subjected to ROTEM® analysis accord-
ing to the manufacturer’s instructions. ROTEM® clotting
time (equal to reaction time, r) and maximum clot
strength (equal to maximum amplitude) were obtained
as coagulation parameters.

Thrombin Generation Assay. The impact of CU-
2010 and aprotinin on thrombin generation was studied
in PRP by using the commercially available Techno-
thrombin® TGA kit (Technoclone, Vienna, Austria). This
method allows assessment of the dynamics of thrombin
generation, i.e., initiation, propagation, and inactivation
phases, including the contribution of platelet function to
the clotting process.22 PRP was spiked with test com-
pounds at different concentrations and prewarmed to
37°C in a black 96-well flat-bottom plate (Nunc, Wiesba-
den, Germany). Thrombin generation was then initiated
by adding a mixture of activator and fluorogenic throm-
bin substrate. Two different activators were used: a tis-
sue factor-containing reagent provided by the manufac-
turer for extrinsic stimulation, and Actin FSL® at 1:120
final dilution for intrinsic stimulation of thrombin gener-
ation. Starting immediately after addition of reagents,
fluorescence was recorded every 60 s for 120 min by
using the BMG POLARstar microplate reader (BMG
Labtech) set at 390-nm excitation and 460-nm emission
and maintaining a temperature of 37°C. Data analyses
were performed with the Technothrombin® software. A
typical thrombin generation curve is generated by plot-
ting the first derivative (dF/dt) of the original fluores-
cence versus time curve and comparing it to a standard
run containing known amounts of thrombin in buffer.
From these curves representing the time course of
thrombin activity, the following parameters are derived:
the lag phase (in min) from time zero until the start of
thrombin generation, peak thrombin level (in nM) and
the area under the thrombin generation curve (endoge-
nous thrombin potential, in nM · min).
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Statistical Analyses
Statistical analyses were performed using SigmaPlot®

9.0 (SSI) and SPSS software (SPSS Inc., Chicago, IL). Data
are presented as mean � SD (SD) or median with 25th and
75th percentile for nonnormal distributed measurements.

Differences among groups were assessed by non-
parametric Kruskal-Wallis test and pairwise post hoc
comparisons using Mann–Whitney U test. Assessment
of differences between two related samples was con-
ducted by Wilcoxon signed ranks test. To reduce
multiple test issues, Bonferroni correction of P values
was applied within each many-one group comparison

(several concentrations vs. one control) as well in any
pairwise post hoc comparison. All P values were two-
tailed, and a P value � 0.05 was considered to outline
statistical significance.

Results

Results of enzyme kinetic experiments are summarized
in table 1. CU-2010 and aprotinin show comparable
inhibition of plasmin, whereas CU-2010 displayed sub-
stantially stronger inhibition of plasma kallikrein (2000-
fold), FXa (1200-fold), and FXIa (100-fold).

The effect of CU-2010, aprotinin, and tranexamic acid
on the dynamics of clot formation and lysis in whole
blood ROTEM® is depicted in figure 1. All three agents
have equivalent antifibrinolytic efficacy; however, po-
tency differs significantly: CU-2010 and aprotinin largely
suppress clot lysis at concentrations of 600 and 1000 nM,
respectively, and tranexamic acid requires concentrations
between 3000 and 10,000 nM for effective inhibition. Both
CU-2010 and aprotinin produce a concentration-dependent
decrease of Ly60 (fig. 2A). The concentrations resulting in
50% suppression of clot lysis (IC50, median [25th, 75th,
percentile]) are 150 (115, 210) nM and 345 (304, 497) nM
(corresponding to 16 KIU/ml) for CU-2010 and aprotinin,
respectively (P � 0.001 for comparison of CU-2010 vs.
aprotinin). Tranexamic acid also reduced clot lysis in a
concentration-dependent manner, although with substan-
tially lower potency (IC50 � 2750 [1875, 3225] nM; P �
0.001 vs. CU-2010, P � 0.002 vs. aprotinin).

Table 1. Inhibition Constants (Ki) of CU-2010 and Aprotinin
against Human Serine Proteases

CU-2010 Aprotinin
Ki, nM Ki, nM

Plasmin 2.2 � 0.2 4.2 � 0.4
Plasma kallikrein 0.019 � 0.003 38 � 2
Factor Xa 45 � 5 55,600 � 400
Factor XIa 18 � 1 1840 � 40
Factor XIIa (alpha) 5200 � 400 5400 � 100
Thrombin 1700 � 200 76,000 � 2,000

Enzyme kinetic analysis was performed with purified enzymes using chromo-
genic substrates. CU-2010 competitively inhibits the amidolytic activity of
human serine proteases with the strongest affinity for plasma kallikrein and
plasmin. Compared to aprotinin, the compound is substantially more potent
against plasma kallikrein and factors Xa and XIa, but both inhibitors are much
less effective against thrombin. As tranexamic acid has no direct effect on the
amidolytic serine protease activity, Ki values can not be determined for this
compound.

Data represent mean � SD of three independent measurements, each carried
out in duplicate.

Fig. 1. Inhibitory effects of CU-2010, apro-
tinin, and tranexamic acid on tissue-type
plasminogen activator (t-PA)–induced lysis
of whole blood clots. Antifibrinolytic ef-
fects of CU-2010, aprotinin, and tranex-
amic acid were compared by using the
ROTEM® analyzer (Pentapharm, Munich,
Germany). Coagulation and subsequent
lysis were stimulated by simultaneous ad-
ministration of tissue factor and t-PA (at
100 U/ml final concentration) to recalci-
fied citrated blood. The top panel shows
control tracings with and without t-PA.
The other tracings are representative of
the antifibrinolytic effect of the respec-
tive concentrations of CU-2010, aproti-
nin, and tranexamic acid. Whereas CU-
2010 and aprotinin are effective at
nanomolar concentrations, much higher
concentrations of tranexamic acid are re-
quired for equivalent inhibition of lysis.

126 DEITRICH ET AL.

Anesthesiology, V 110, No 1, Jan 2009

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/110/1/123/656537/0000542-200901000-00023.pdf by guest on 13 M
arch 2024



Similar results were obtained when human plasma
was used instead of whole blood as shown in figure
2B. CU-2010 and aprotinin exhibit comparable po-
tency on t-PA-induced fibrinolysis in plasma, with IC50

values of 315 (135, 506) nM and 327 (280, 537) nM (15
KIU/ml), respectively (P � 0.9 for comparison of
CU-2010 vs. aprotinin). Tranexamic acid exhibits an
IC50 of 4225 (3050, 4280 nM (P � 0.001 vs. CU-2010
and aprotinin), indicating its significantly lower anti-
fibrinolytic potency.

In addition to its inhibition of plasma kallikrein, CU-
2010 also affects factors Xa and XIa. Hence, a significant
prolongation of plasma and whole blood coagulation
times was observed in the presence of CU-2010 at anti-
fibrinolytic concentrations ranging from 100 to 1000 nM

(table 2). These effects were more pronounced upon
intrinsic activation (reflected in activated partial throm-
boplastin time and INTEM results) compared to tissue
factor activation (represented by prothrombin time and
EXTEM clotting time). Aprotinin had almost no influence
on plasma or whole blood coagulation at equivalent
concentrations (table 2). A marked prolongation of both
activated partial thromboplastin time and intrinsic
ROTEM® clotting times occurred at higher aprotinin
concentrations, whereas extrinsic coagulation was not
affected (data not shown).

Neither CU-2010 nor aprotinin impaired clot strength
(reflected in ROTEM® maximum amplitude) in any of
the ROTEM® assays over the concentration range tested
(data not shown).

CU-2010 also had a similar effect on thrombin genera-
tion after both intrinsic and extrinsic activation that was
statistically significant compared to aprotinin (fig. 3, ta-
ble 2). A concentration-dependent delay in the onset of
thrombin generation as well as a reduction in the peak
thrombin level was observed, whereas there was no
impact on endogenous thrombin potential in the pres-
ence of 100 to 1000 nM CU-2010.

Discussion

This study demonstrates in vitro the efficacy and po-
tency of the novel synthetic, small-molecule direct serine
protease inhibitor CU-2010. The findings can be summa-
rized as follows. First, CU-2010 and aprotinin have al-
most similar nanomolar potency (2.3 vs. 4.2 nM) regard-
ing inhibition of plasmin enzymatic activity. Second,
consistent with Ki data, CU-2010 and aprotinin display
similar nanomolar potencies at inhibiting clot lysis in
whole blood (IC50, 150 vs.. 345 nM) and plasma (IC50,
315 vs. 327 nM), both drugs being approximately 10-fold
more potent than tranexamic acid. Third, CU-2010 and
aprotinin, but not tranexamic acid, display anticoagulant
properties, with CU-2010 being more potent than apro-
tinin as assessed by ROTEM®, global plasma coagulation
tests, and inhibition of thrombin generation. We have
thus identified CU-2010 as an inhibitor of fibrinolysis
that is at least equivalent to aprotinin and more potent
compared to tranexamic acid in all investigations in
vitro so far.

Beyond pure antifibrinolytic qualities, CU-2010 also
demonstrated anticoagulant properties as was expected
from its significantly higher affinity for plasma kallikrein
and particularly for factor Xa. At concentrations between
100 and 1000 nM, which were found to be effective in
inhibition of fibrinolysis, CU-2010 progressively delayed
coagulation after both tissue factor and contact-phase
stimulation, with the intrinsic assay being more sensitive
to the compound’s effect. Therefore, in contrast to apro-
tinin, CU-2010 behaves as a moderate contact-phase in-
hibitor already at antifibrinolytic concentrations. How-
ever, the extent of its anticoagulant effects is rather small
compared to dedicated anticoagulants like heparin or
the factor Xa inhibitor rivaroxaban.28 Importantly, CU-
2010 did not compromise clot strength measured by
thrombelastometry. This might be of relevance because

Fig. 2. Concentration-response curves of
antifibrinolytic efficacy of CU-2010, apro-
tinin, and tranexamic acid in human
whole blood and plasma. (A) To compare
the concentration-dependent antifibrino-
lytic effects of CU-2010, aprotinin, and
tranexamic acid in whole blood, Ly60
(i.e., percentage reduction of clot strength
at 60 min after the onset of clotting) was
obtained from ROTEM®-based fibrinolysis
assays (Pentapharm, Munich, Germany)
as shown in figure 1 and was plotted ver-
sus inhibitor concentration. IC50 values
(median [25th, 75th percentile]) of 150
(115, 210) nM for CU-2010, 345 (304, 397)
nM for aprotinin and 2750 (1875, 3225) nM

for tranexamic acid were derived from
fitted curves. (B) Fibrinolysis was simi-
larly examined in platelet-poor plasma
activated by simultaneous addition of tis-
sue factor and tissue-type plasminogen activator (t-PA; 50 U/ml final concentration) using a turbidometric method. CU-2010,
aprotinin, and tranexamic acid suppressed plasma fibrinolysis with IC50 values of 315(135, 506) nM, 327 (280, 537) nM, and 4225
(3050, 4280 nM, respectively. Data points represent means � SD of (A) 8 donors and (B) 10 donors, respectively.
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reduced ROTEM® amplitude has been associated with
increased blood loss after cardiac surgery.29,30

Sperzel et al.10 evaluated aprotinin and tranexamic
acid in vivo in models of coagulation. In a rat tail-
bleeding model, both were equally effective in stopping
bleeding tendency, although at different concentrations.
Surprisingly, in an arteriovenous shunt model, aprotinin
reduced thrombus formation, whereas tranexamic acid
increased it. These findings provide further grounds for
objections against pure antifibrinolytics, and they stress
the relevance of balanced impact on the intricate and
finely tuned system of hemostasis.

Due to its inhibition of other targets involved in hemo-
stasis, CU-2010 may provide additional advantages be-
yond pure antifibrinolytic efficacy. Plasma kallikrein
plays a central role in contact activation and in the
kinin-generating pathways.31,32 During CPB, activation

of the kallikrein-kinin system results in elevated bradyki-
nin release and represents one major stimulus for com-
plement and neutrophil activation, contributing to the
systemic inflammatory response, which is one of the
major causes of CPB-related organ injury.10,33–35 As a
result, CU-2010s affinity for plasma kallikrein may pro-
vide additional benefits by mitigating prothrombotic
processes without compromising hemostasis36; at the
concentrations tested for efficacious inhibition of fi-
brinolysis, plasma kallikrein activity was completely
suppressed. This is in contrast to aprotinin, for which
the high-dose regimen aims to achieve plasma levels of
200 KIU/ml (4300 nM)37 to markedly inhibit plasma
kallikrein. However, this targeted plasma concentra-
tion is rarely achieved in the clinical setting.38

Furthermore, heparin is not able to inhibit clot-bound
thrombin,39 and continuous thrombin generation occurs

Table 2. Influence of CU-2010 and Aprotinin on Coagulation Parameters In Vitro

Plasma Clotting Times Whole Blood Clotting Times (ROTEM®)

PT, s aPTT, s Extrinsic CT, s Intrinsic CT, s

Control 10.1 (8.4, 10.8) 29.8 (26.8, 33.9) 51 (41, 58) 159 (147, 209)
CU-2010

100 nM 10.0 (9.6, 10.3) 30.3*† (29.8, 30.7) 53 (49, 54) 188*† (174, 205)
300 nM 10.2*† (9.8, 10.4) 33.9*† (33.2, 36.3) 58*† (55, 59) 243*† (218, 257)
1000 nM 11.0*† (10.5, 11.2) 51.6*† (49.8, 54.4) 82*† (75, 93) 326*† (293, 359)

Aprotinin
100 nM 9.9 (9.5, 10.1) 30.8* (30.3, 31.3) 46 (44, 50) 157* (151, 162)
300 nM 9.9 (9.5, 10.1) 31.6* (30.6, 31.7) 47* (45, 49) 163* (152, 163)
1000 nM 10.0 (9.6, 10.2) 34.7* (33.8, 35.4) 48 (47, 53) 178* (167, 172)

Fig. 3. Effects of CU-2010 and aprotinin on thrombin generation in platelet-rich human plasma Thrombin generation assays were
performed with extrinsic (A, B, C) or intrinsic (D, E, F) stimulation. The time course of thrombin activity in the absence (control)
or presence of various drug concentrations (as indicated) was measured in platelet-rich plasma from nine donors. Individual curves
represent the average of all measurements. A concentration-dependent delay of thrombin generation and a reduction of peak
thrombin levels were observed in the presence of CU-2010 in both assays. Compared to CU-2010, aprotinin at identical concentra-
tions was much less effective.
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during CPB.20 Therefore, additional or complementary
attenuation of procoagulant processes on top of heparin
administration may provide benefits for clinical out-
come.20 However, putative benefits as well as potential
impact of CU-2010s anticoagulant properties on bleed-
ing will have to be investigated in future studies.

CU-2010 offers a number of potential benefits com-
pared to aprotinin. It is a synthetic compound with no
risks of transmitting animal-derived diseases. It has a low
molecular weight, so it is unlikely to elicit anaphylactic
reactions. Finally, its shorter half-life (terminal half-life is
20 min in rats and dogs) means that stable plasma con-
centrations may be more easily controlled.

These conclusions are subject to several limitations.
First, our studies in vitro can only approximate the
situation in vivo because these models lack important
components of hemostasis. Second, our experiments
were performed with blood from healthy volunteers not
obtained during cardiac surgery. The significance of our
results may thus be limited; during CPB, blood is acti-
vated extensively, the temperature is different,40 and
coagulation interacts with other drugs like starch.41 Third,
whether the effects of CU-2010 on coagulation are benefi-
cial in a clinical scenario is speculative and remains to be
examined. Possibly, the stronger anticoagulative quality of
CU-2010 may affect heparin management.

In summary, CU-2010 is a small synthetic antifibrino-
lytic compound that concentration-dependently inhibits
several serine proteases of the hemostatic system. It is
not of animal origin, and its profile is comparable to that
of aprotinin with a stronger impact on the coagulation
enzymes factor Xa and plasma kallikrein. Its low molec-
ular weight makes antigenicity unlikely. CU-2010 is a

promising compound that deserves further investigation
for clinical application.
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