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Short Communication

Unaffected ex vivo clotting cascade by
experimental hemostatic nanoparticles
when introduced in the presence

of recombinant tissue plasminogen
activator

Margaret Beyer, John France', Tavarekere N. Nagaraja?, Erin B. Lavik?,
Robert A. Knight*, Christopher A. Lewandowski, Joseph B. Miller

Abstract:

CONTEXT: Hemostatic nanoparticles (hNPs) have shown efficacy in decreasing intracerebral
hemorrhage (ICH) in animal models and are suggested to be of use to counter tissue plasminogen
activator (tPA)-induced acute ICH.

AIMS: The objective of this study was to test the ability of an hNP preparation to alter the clotting
properties of blood exposed to tPA ex vivo.

MATERIALS AND METHODS: Fresh blood samples were obtained from normal male Sprague-Dawley
rats (~300 g; n = 6) and prepared for coagulation assays by thromboelastography (TEG) methods.
Samples were untreated, exposed to tPA, or exposed to tPA and then to hNP. TEG parameters
included reaction time (R, time in minutes elapsed from test initiation to initial fibrin formation),
coagulation time (K, time in minutes from R until initial clot formation), angle (o, a measure in degrees
of the rate of clot formation), maximum amplitude (MA, the point when the clot reaches its MA in mm),
lysis at 30 min after MA (LY30, %), and clot strength (G, dynes/cm?), an index of clot strength.
STATISTICAL ANALYSIS USED: Kruskal-Wallis test was employed to compare TEG parameters
measured for untreated control samples versus those exposed to tPA and to compare tPA-exposed
samples to samples treated with tPA + hNPs. Significances were inferred at P < 0.05.

RESULTS: Compared to untreated samples, tPA-treated samples showed a trend toward decreased
angle and G suggesting potentially clot formation rate and clot strength. The addition of hNP did not
affect any of these or other measured indices.

CONCLUSIONS: The data demonstrated no hemostatic effects when the hNP was used in the
presence of tPA. The lack of change in any of the TEG parameters measured in the present study
may indicate limitations of the hNPs to reverse the thrombolytic cascade initiated by tPA.
Keywords:

Cerebral ischemia, coagulation, intracerebral hemorrhage, thromboelastography, thrombolysis

the Food and Drug Administration to treat
acute ischemic stroke (AIS).[' It needs to be
administered within 4.5 h after stroke onset, or
within 6 h with mechanical thrombectomy.?
Successful reperfusion performed within
the therapeutic time window can rescue
reversibly damaged ischemic penumbra and

Introduction

Reperfusion through intravenous tissue
plasminogen activator (tPA) is the only
thrombolytic therapy presently approved by
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decrease the extent of chronic brain injury and consequent
disability. However, even within these narrow treatment
windows, earlier treatment with tPA is more beneficial
for stroke patients because of delay-associated, increased
risk of symptomatic intracerebral hemorrhage (ICH),
or hemorrhagic transformation (HT).** Only 5%-10%
of all AIS patients are presently considered eligible for
recanalization therapy due to this serious limitation.
However, a larger percentage of stroke patients that
present outside the optimal treatment window can be a
candidate, but require advanced imaging to determine
their eligibility.! More patients could potentially be
eligible for reperfusion with tPA if reliable adjunctive
therapies to mitigate HT were available.”? Another use
for tPA is in dissolving blood clots in the ventricular
system. However, it may also result in blood derivatives
entering the parenchyma and adversely affect brain
function.®® Limiting options for its dose variations, a tPA
dose escalation-dependent increase in blood-brain barrier
damage and hemoglobin extravasation is also reported.”)

In this regard, nanoparticle preparations have shown
promise as hemostatic agents through their actions on
the clotting cascade."? Compared to biologicals, these
agents have the advantages of being relatively less
expensive and functional even with ambient storage.!
They also offer the additional advantages of precise
control of size to attenuate or prevent mechanical
filtration in lung capillary beds and trapping by the liver
reticuloendothelial system.!"* Intravenous administration
of one such hemostatic nanoparticle (hNP) preparation
showed decreased clotting time, with no effect on clot
firmness, significantly decreased blood loss after liver
injury, and increased survival at 1 h.l' hNPs used in
another in vivo multiorgan hemorrhage model following
blast injury also showed hemostatic efficacy and
increased animal survival acutely with no sub-chronic
side effects.'?l The effects of these hNPs on the clotting
cascade were tested in this study using normal blood
samples that were prior exposed to tPA.

Materials and Methods

All the reagents used were of either analytical or
pharmaceutical grade. Male Sprague-Dawley rats
of about 8 months of age were used (~300 g; n = 6)
and their handling was done under an institutionally
approved protocol (IACUC #1440). Blood samples
were obtained from the tail vein for coagulation assays
through thromboelastography (TEG) methods using a
Thromboelastograph Coagulation Analyzer (Model 5000;
Haemoscope Corporation, Niles, IL, USA).

TEG is a viscoelastic technique that allows for the
quantitative measurement of the efficiency of blood
coagulation. It measures five primary parameters. The
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reaction time measures the time of latency from the start
of the test to initial fibrin formation. The kinetics (K)
measures the time taken to achieve a certain level of clot
strength. The alpha angle (A) measures the speed of fibrin
build-up and cross-linking, i.e. the rate of clot formation.
The maximum amplitude (MA) measures the ultimate
strength of the contracted platelet-fibrin clot. Finally,
the thrombolysis (Ly30) measures the clot stability
versus breakdown over 30 min from the establishment
of maximal clot strength. We also report clot strength,
G, which is derived from the MA. Clinicians have used
TEG to guide blood product therapy in traumatic and
acquired coagulopathy for over two decades. TEG is
frequently used to guide such therapy in the emergency
trauma and perioperative areas of medicine.!"”!

Samples were mixed with either tPA or tPA + hNP
immediately before TEG. tPA was used at a concentration
of 636 ng/ml blood and hNP at 8 mg/ml blood. Recorded
TEG parameters included the following [Figure 1]:
reaction time (R, time in minutes elapsed from test
initiation to initial fibrin formation); coagulation
time (K, time in minutes from R until initial clot
formation); angle (o, a measure in degrees of the
rate of clot formation); (MA, the point when the clot
reaches its MA in millimeters); lysis at 30 min (LY30,
the percentage of fibrinolysis 30 min after MA); and
clot strength (G, dynes/cm?), an index of clot strength
derived from the amplitude.

We performed analyses using the Kruskal-Wallis test
to compare TEG parameters measured for untreated
control samples versus those exposed to tPA and to
compare tPA-exposed samples to samples treated with
tPA + hNPs. Significances were inferred at P < 0.05.

Results and Discussion
There was no statistically significant difference

between control samples and tPA-exposed samples
in all measurements: R (P = 0.263), angle (P = 0.631),

a-angle -
R Time +
MA
P
K Time
\ )\ v30)
Coagulation Fibrinolysis

Figure 1: A typical blood coagulation and fibrinolysis curve obtained from
thromboelastography analysis of blood samples. Various quantitative parameters
used to measure the clotting cascade are indicated on the relevant parts of the
curve
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K (P = 0.873), MA (P = 0.230), LY30 (P = 0.200), and
G (P =0.109). There was also no statistically significant
difference between tPA-exposed samples and tPA + hNP
samples all measurements: R (P = 0.810, angle (P = 1.0),
K (P = 0.936), MA (P = 0.749), LY30 (P = 0.689), and
G (P = 0.810). No statistically significant differences
were observed among the measured coagulation cascade
indices in these samples [Figure 2]. Two of the measured
TEG parameters, alpha angle (A) and clot strength (G),
showed a trend toward a decrease, but did not attain
statistical significance [Figure 2]. None of the coagulation
parameters studied showed any significant differences
between the tPA and tPA + hNP groups [Figure 2]. Thus,
the results did not demonstrate that these hNPs were
effective in attenuating or reversing the thrombolysis
set off by prior tPA treatment. These data are not in
agreement with previous reports of increased survival
of rats exposed to blast injury and then treated with
hNPs.[" The main mechanism of hNP-induced increased
animal survival observed in this study was suggested
to be due to more rapid clot formation and an increase
in clot strength.™ An examination of data presented
in Figure 2 shows that angle (rate of clot formation)
and G (clot strength) were among the main parameters
likely to be affected by tPA in its thrombolytic effects.
Therefore, it stands to reason that the main mechanisms
of hNP action were affected by tPA, and thus, the
succeeding addition of hNP did not show enhanced
blood clotting effects. One caveat is that we used normal
rats in this preliminary study. The effectiveness of tPA is
reported to be altered /decreased in cases with existing
metabolic syndrome due to the propensity of forming
denser clots.'! Although higher tPA dosing is suggested
to overcome this deficiency, it is also accompanied by
increased hemorrhage risk. Whether hNPS could be
more effective under such circumstances through the
preexisting physiological bias toward thrombosis needs
to be investigated. Furthermore, it is possible that the
efficacy of ANP would be greater in higher doses.

100 -
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Figure 2: A bar graph of the measured parameters from control and tPA-added
blood samples without and with hemostatic nanoparticle treatment. Compared to
control samples, rate of clot formation (Angle) and clot strength (g) showed a trend
toward decrease, but not statistical significance in tPA and in tPA + HNP samples.
Units of measurements for the parameters are explained in the methods. tPA:
Tissue plasminogen activator, hNP: hemostatic nanoparticle
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In summary, unlike previous in vivo and in vitro studies
using hNPs that have reported effects of promoting blood
clotting and of improving survival in trauma models, the
present ex vivo study did not demonstrate hemostatic
effects when hNPs were used in the presence of tPA.
The lack of change in the measured TEG parameters
in the present study is suggestive of the limitations of
such hNPs to reverse the thrombolytic cascade initiated
by tPA. For effective clinical translation, further studies
are needed to evaluate the effects of hNPs and other
similar preparations in presence of nonprescription
drugs such as aspirin and prescription blood thinners.
Data from these interactions may help in preparing
hNPs that are specifically designed to exert their effects
even in the presence of routinely used blood thinners
and prescription thrombolytics. In addition, combating
deleterious dose-response effects of tPAP! and side
effects of localized applications such as in ventricular
hemorrhagel® may need specially formulated agents.
Of note here is that microvascular functionality toward
thrombosis and hemostasis in the brain is different from
most peripheral organ systems.!"” It is reported that the
inactivation of tPA and urokinase-type plasminogen
activator genes in mouse models led to thrombosis and
fibrin deposition in most organs except in brain and
kidneys.!"® Thus, comparatively low reliance of cerebral
vasculature on antithrombotic and fibrinolytic pathways
and dependence on tissue factor suggests a basic
property of protection against brain hemorrhage.l'” Thus,
agents that may counteract tPA in peripheral organs may
need to be customized for use in brain hemorrhage with
these properties of cerebral vasculature as the target
mechanisms.
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