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ABSTRACT
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Title of Doctoral Thesis Differences in hemocoagulation in patients with metabolic disorders

Hyperglycemia, insulin resistance, and hyperlipidemia can enhance procoagulant activity which
is strongly correlated with an increased risk of cardiovascular and cerebrovascular events. Thrombosis
becomes the major culprit of these events. Antiplatelet drugs are mostly used to prevent arterial
thrombotic events such as acute myocardial infarction and ischemic stroke, while venous
thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), is

prevented and cured using anticoagulants.

Direct oral anticoagulants (DOACs) are now widely used in clinical praxis replacing vitamin
K antagonists (VKAs) and partly heparins, since they are safer in terms of drug-drug and food-drug
interactions, have fewer adverse effects, are administered in fixed doses, and mostly used orally. There

are currently two groups of DOACs, factor Xa inhibitors (FXa-Is) and direct thrombin inhibitors (DTIs).

Our study tested ex vivo the effects of clinically relevant concentrations (1 pM) of two FXa-Is
(xabans; rivaroxaban and apixaban) and two DTIs (gatrans; dabigatran and argatroban), anticoagulants
that are commonly used in clinical praxis. The investigation was performed both in healthy individuals

and patients with familial hypercholesterolemia (FH) or type 1 diabetes mellitus (DMT1) by measuring



their effect on blood coagulation using prothrombin time (PT; reported as international normalized ratio
/INR/) and activated partial thromboplastin time (aPTT) assays. In addition, 143 compounds were
screened for their potential prolongation in coagulation ex vivo in order to find novel anticoagulant

scaffold(s) or warn about this property when not desired.

Based on the results and analyses in healthy populations, body mass index (BMI) and lipid
serum levels were negatively correlated with PT/INR and aPTT, which means that coagulation is
facilitated in persons with higher BMI and lipid levels. Interestingly, DOACs prolonged PT/INR and
aPTT more extensively in FH and DMT1 patients than in generally healthy controls, although there were
no significant differences in coagulation system activity between healthy donors and patients when no
anticoagulant drug was added. Lower vitamin K levels in the patient group might be the reason behind
this phenomenon since it is critical for the production of 7 coagulation and anticoagulation factors.
Interestingly, as serum levels of lipids were well managed in these patients, also lower lipid levels can
contribute to the observed phenomenon. These novel findings suggested that DOACs used in patients
with metabolic diseases might have higher efficacy, on the other hand, they can increase the potential

for adverse effects, mainly bleeding.

Unexpected bleeding as the adverse effects as well as the need for novel anticoagulants
stimulated us to another series of experiments in the search for compounds having anticoagulant
activities. We have tested different scaffolds including the class of (iso)flavonoids and their metabolites,
alkaloids, catechol, and synthetic heterocyclic compounds, that have mostly also antiplatelet effects. A
combination of antiplatelet and anticoagulant effects can be advantageous. However, none of the tested
compounds showed strong anticoagulation effects. In a few cases, mild and clinically irrelevant

activities were observed as they were found at a relatively high concentration (100 pM).

In conclusion, this study emphasizes that lipid and vitamin K levels, as well as BMI, are
important determinants of the activity of the coagulation system and can affect the effects of clinically
used DOACs. Importantly, these outcomes are coming from our ex vivo study, which indicates that in
vivo confirmation is still missing. We implicate also the role of low-degree inflammation as the impact

of BMI was observed notwithstanding the blood was incubated in all donors with the same concentration
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of anticoagulants. The second conclusion is that anticoagulant activity seems to be a very rare

phenomenon as none of 143 compounds tested by us can be considered as an active anticoagulant.
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Nézev dizertacni prace Rozdily v hemokoagulaci u pacientil s metabolickymi chorobami

Hyperglykémie, inzulinova resistence a hyperlipidemie mohou zvysit prokoagulacni aktivitu
krve, kterd siln¢ koreluje se zvySenym rizikem kardiovaskularni nebo cerebrovaskularni udalosti.
Trombobza je v tomto ptipadé hlavni pri¢inou. Protidestickova 1éCiva se pouzivaji hlavné k prevenci
arterialnich trombotickych udalosti jako je akutni infarkt myokardu a ischemicka cévni mozkova
pfihoda, zatimco Zilni tromboembolicka nemoc (VTE, z angl. venous thromboembolism), zahrnujici
hlubokou zilni trombozu a plicni embolii, se 1€¢i antikoagulancii, ktera se také podavaji preventivné v

tomto piipade.

Pfima peroralni antikoagulancia (DOACs, z angl. direct oral anticoagulants) Siroce nahradila v
klinické praxi antagonisty vitaminu K a ¢aste¢né i hepariny, a to z diivodu vétsi bezpec¢nosti, a to jak
kvuli men§imu poctu interakei 1é¢ivo-1é¢ivo a l1é¢ivo-potravina, tak diky mensimu poctu nezddoucich
ucinkd, a také podavani ve fixni davce a vétSinou navic peroralné. V soucasné dob¢ rozlisujeme 2 typy
DOAC:s, inhibitory faktoru Xa (FXa-Is, znamé také jako xabany) a pfimé inhibitory trombinu (DTIs,

angl. direct thrombin inhibitors, znamé také jako gatrany).

V nasi ex vivo studii jsme otestovali U¢inky klinicky relevantnich koncentraci (1 uM) dvou
FXa-Is (rivaroxaban a apixaban) a dvou DTIs (dabigatran a argatroban), tedy antikoagulancii, ktera se
bézné pouzivaji v klinické praxi. Vyzkum byl proveden jak u zdravych jedinci, tak u pacient trpicich
familiarni hypercholesterolemii (FH) nebo diabetes mellitus 1. typu (DMTT1), a to pomoci zméteni jejich
ucinku na koagulaci krve pies protrombinovy cas (PT; vyjadieny ptesnéji i jako INR — mezinarodni
normalizovany pom¢r, z angl. international normalised ratio) a aktivovany parcialni tromboplastinovy
¢as (aPTT). Navic bylo v ramci screeningu otestovano celkem 143 sloucenin, zda nemohou mit G¢inky
na koagulaci krve z divodu nalezeni novych modelovych antikoagula¢nich struktur nebo varovani pred

antikoagula¢nimi u¢inky, pokud nejsou u téchto latek vhodné.



Podle naSich vysledkli a analyz vzorkd krve u zdravé populace, koreloval index télesné
hmotnosti (BMI, body mass index) a hladina lipidd v séru negativné s PT/INR a aPTT, coz znamena, Ze
pfi vy$sim BMI a vys$i hladin€ lipidd dochédzi k urychleni koagulace. Zajimavé je, ze DOACs
prodlouzily PT/INR a aPTT vyraznéji u FH a DMT1 pacienti nez u obecné zdravych dobrovolniki,
zatimco bez pfidavku antikoagulancii nebyly nalezeny vyznamné rozdily v koagulaci mezi zdravymi
jedinci a pacienty s témito chorobami. Niz$i hladina vitaminu K u pacienti miize byt jednim z diivodii
téchto rozdilu, protoze vitamin K je nezbytny pro tvorbu 7 koagulacnich a antikoagulacnich faktori.
Zajimavé také je, Ze hladiny lipidd v séru byly nizsi u téchto pacienti, a tak pouziti hypolipidemik také
pravdépodobné ptispélo k pozorovanému jevu. Tyto nové nalezy tedy naznacuji, ze DOACs mohou mit
u pacientil s metabolickymi chorobami vy$si u¢innost. Na druhé stran€ tim ale mohou také zvysit riziko

nezadoucich U¢inkd, a to zejména krvaceni.

A pravé riziko nezadouciho neoCekavaného krvaceni ale také potfeba nalezeni novych
antikoagulancii nas stimulovalo k provedeni série dalSich experimentti s cilem nalézt latky s
antikoagulan¢ni aktivitou. Vyzkouseli jsme rizné chemické zakladni struktury jako (iso)flavonoidy a
jejich metabolity, alkaloidy, katecholy a heterocyklické slouceniny, které vétSinou mely také
protidestickové ucinky. Kombinace protidestickové a antikoagulacni aktivity mtize byt vyhodna, avsak
z4dna z testovanych latek se neukdzala mit silny antikoagulacni ucinek. V nékolika ptipadech byly
nalezeny mirné a klinicky nerelevantni ucinky, protoze byly pozorovany v relativné vysokych

koncentracich (100 uM).

Zavérem lze zdlraznit, Ze tato studie ukazala, ze hladiny lipidd a vitaminu K, stejné jako BMI,
jsou dalezitymi faktory ovliviiujicimi aktivitu koagula¢niho systému a mohu tak zménit ucinky klinicky
pouzivanych DOAC:s. Je také potieba pfipomenout, Ze tyto vysledky vychazeji z nasi ex vivo studie, coz
ukazuje, ze potvrzeni v in vivo podminkach bude potfebné. Domnivame se, ze také nelze vyloucit vliv
zanétu o nizké intenzité, protoze vliv BMI byl pozorovan i presto, Ze krev vSech darcti byla inkubovana
se stejnou koncentraci antikoagulancii. Druhym hlavnim zavérem je fakt, Ze antikoagulacni aktivita
bude relativné neobvyklym jevem, protoze zadné ze 143 sloucenin, nami testovanych, nelze povazovat

za ucinné antikoagulancium.



LIST OF ABBREVIATIONS

AMI acute myocardial infarction

aPTT activated partial thromboplastin time
CD cluster of differentiation

DIC disseminated intravascular coagulation
DMTI type 1 diabetes mellitus

DMT2 type 2 diabetes mellitus

DOACs direct oral anticoagulants

DTIs direct thrombin inhibitors

FDP fibrin degradation products

FH familial hypercholesterolemia

FI/Fla coagulation factor I (fibrinogen) / activated factor I (insoluble fibrin)
FII / Flla coagulation factor II (prothrombin) / activated coagulation factor II (thrombin)
FVa activated factor V

FVIla activated factor VII

FVIlla activated factor VIII

FIXa activated factor IX

FXa activated factor X

FXIa activated factor XI

FXIla activated factor XII

FXIlIa activated factor XIII

FXa-Is factor Xa inhibitors

GIT gastrointestinal tract

HDL high-density lipoprotein

HIT heparin-induced thrombocytopenia
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HMWK

INR

ISI

LDL

LMWH

PAI-1

PF4

PT

ROS

SOD

TAFI

TF

TFPI

TPA

UFH

vWF

VKAs

VKCORI1

VTE

high molecular weight kininogen
international normalized ratio
international sensitivity index
low-density lipoprotein

low molecular weight heparin
plasminogen activator inhibitor 1

platelet factor 4

prothrombin time

reactive oxygen species

superoxide dismutase
thrombin-activatable fibrinolysis inhibitor
tissue factor

tissue factor pathway inhibitor

tissue plasminogen activator
unfractionated heparin

von Willebrand factor

vitamin K antagonists

vitamin K epoxide reductase complex subunit 1

venous thromboembolism
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1. INTRODUCTION

Coagulation is a physiological complex response to bleeding caused by tissue injury, in which
each step activates the next one and ultimately produces a blood clot, in order to stop bleeding [1]. There
are two phases of hemostasis, primary and secondary. The primary hemostasis forms an unstable platelet
plug at the site of injury and is followed by the secondary hemostasis, which is an activation of the
coagulation cascade forming and stabilizing the plug, stopping the blood flow and minimizing blood

loss [2].

Plasma clotting cascade consists of a series of reactions involving the activation of zymogens
(inert precursors of enzymes) via specific proteolysis. The resulting enzymes are catalytically active
serine proteases, yet they have low enzymatic activity in vitro as isolated proteins [3]. Contrarily, binding
of a typical clotting protease to a specific protein cofactor on a suitable membrane surface markedly
potentiates the enzymatic activity, often by as much as five orders of magnitude or more. Also, protein
cofactors of the blood clotting cascade generally circulate in the plasma as inert pro-cofactors that must
be converted into active cofactors, again through proteolysis [1]. Activated proteins known as

coagulation factors are designed with “a” (e.g. Xa, Va, etc.)

Coagulation consists of three pathways, the extrinsic, intrinsic, and common pathways (Figure
1). The extrinsic pathway involves initiation by coagulation factor III (tissue factor /TF/) and its
interaction with coagulation factor VII, whereas coagulation factors XII, XI, IX, and VIII are utilized in
the intrinsic pathway. The common pathway uses coagulation factors X, V, I (prothrombin), I

(fibrinogen), and XIII [4, 5].
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Figure 1. Overview of the coagulation cascade. Adopted and modified from Smith et al., 2015 [1].

1.1 Coagulation Pathways

1.1.1 The extrinsic pathway

The extrinsic pathway is initiated by an injury that causes blood to escape from the vascular
system [4]. This pathway is triggered when TF is exposed to the bloodstream due to endothelial or more
complex injury. TF, also sometimes known as thromboplastin, coagulation factor III, or CD 142, is
constitutively expressed by certain cells within the vessel wall in the subendothelial layer and on cells
surrounding blood vessels, such as vascular smooth muscle cells, pericytes, and adventitial fibroblasts.

Hence, physiologically it is not in contact with blood [6-8].

Factor VII (FVII, known as well as proconvertin) needs to bind to TF before its activation to
active enzyme FVIla. FVII is synthesized in the liver and circulates in plasma at a concentration of about
10 nM [9]. FVII occurs in the plasma as an inert zymogen with approximately 1% of the active form

FVIla. The conversion of zymogen FVII into FVIIa happens through proteolysis of a single peptide

13



bond, resulting in two disulfide-linked polypeptide chains [10]. The reaction can be mediated by more
enzymes (thrombin, activated coagulation factors Xa, [Xa, XIla, and the FVIIa-TF complex itself). The
active forms of most coagulation serine proteases have extremely short plasma (seconds to minutes)
half-lives because plasma contains high concentrations of protease inhibitors. However, free FVIla is
not susceptible to most of these inhibitors and consequently circulates with a half-life of approximately

2 hours. Inactive FVII has an even longer half-life of 5 hours [11, 12].

TF forms a catalytic complex with FVIla (TF:FVIIa), the so-called extrinsic factor tenase
complex, which remains on the phospholipid surface of the cell membrane. There are two ways to form
the TF:FVIIa complex: direct capture of FVIla by TF or by capture of FVII and subsequent conversion
to FVIla via proteolytic cleavage [13]. This complex activates the other zymogens, coagulation factors
IX (FIX) and X (FX) [14, 15]. Activated FX (FXa), in the presence of activated coagulation factor Va
(FVa), calcium ions (designed originally as coagulation factor IV), and phospholipids, forms the
prothrombinase complex, which converts prothrombin (FII) into thrombin (FIla) [16]. Activated FIX
(FIXa) with its activated cofactor, FVIIIa, forms the intrinsic factor tenase complex (FIXa:FVIlla) in
the presence of calcium. The formation of the intrinsic tenase complex is essential for amplification of
the clotting process required for sustained hemostasis, by increased FXa production and accelerated

thrombin production [15, 16].

1.1.2 The intrinsic pathway

The intrinsic or contact pathway is initiated by factor XII (FXII, Hageman factor) activation,
with two critical components of the contact system that include prekallikrein and high molecular weight
kininogen (HMWK) [17]. FXII is synthesized in the liver and is activated via proteolysis by kallikrein,
plasmin, and autoactivation by FXIIa [1]. Prekallikrein is also made in the liver and circulates in plasma
bound from 75% to HMWK [18]. HMWK is produced by granulocytes, platelets, and endothelial cells,

but the main source of plasma HMWK is also the liver [19]. The major contribution of HMWK to the

14



intrinsic pathway is the facilitation of negatively charged surface contact with FXIla and it is required

for the efficient formation of kallikrein in surface-activated plasma [1, 20].

Negatively charged molecules, including dextran sulfate and silica, are able to change the
conformation of FXII, in a process so-called autoactivation, resulting in the generation of active FXII
(FXIIa) [21-23]. The autoactivation of FXII can also be mediated by other physiological molecules,

including RNA, DNA, and polyphosphate [24-26]; by the plasma membrane of activated platelets [27].

Activation of the intrinsic pathway can be enhanced by both prekallikrein and HMWK. During
the process of contact activation, initially generated FXIla can activate prekallikrein forming o-
kallikrein that can itself activate FXII establishing a positive feedback loop [28]. Moreover, a-kallikrein-
mediated activation of FXII is approximately 30 times more efficient than autoactivation mediated by
contact with a negative surface [21]. The reciprocal activation of FXII and prekallikrein is further
amplified through the cofactor activity of HMWK [29]. The produced FXIla then activates its
downstream substrate, FXI to FXlIa. Limited proteolysis of FIX to FIXa by FXIa then allows for the
formation of the intrinsic tenase complex (FIXa:FVIla), which in turn activates FX to FXa and hence

leads to thrombin generation [1].

The intrinsic pathway can also be activated by components of the extrinsic and common
pathways. Cross-activation is important for the sustained activation of coagulation as the activity of the
TF-FVIla complex, which can efficiently activate FIX, is inhibited by tissue factor pathway inhibitor
(TFPI) [30]. More recently, it has been shown that the TF-FVIla and TF-FVIIa-FXa complexes can also
activate FVIII. Through this mechanism, the extrinsic Xase, TF-FVIla, and the product FXa can directly
promote the formation of the active intrinsic Xase, FVIIla-FIXa [31, 32]. Moreover, the terminal
coagulation protease thrombin can also activate FXI leading finally to a marked amplification of the

thrombin generation itself [33].
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1.1.3 Common pathway

The common pathway of the coagulation cascade is the final sequence of events that leads to
stable blood clot formation. This pathway begins with the activation of FX (Stuart-Prower factor) to
FXa. This activation can occur, as mentioned above, through either the extrinsic pathway (via TF:FVIla
complex) or the intrinsic complex (via the intrinsic tenase complex consisting of FIXa, FVIIIa, calcium

ions, and phospholipids) [34].

FXa, in the presence of its cofactor FVa, calcium ions, and phospholipids, forms the
prothrombinase complex on the surface of activated platelets. The prothrombinase complex is a crucial
enzymatic assembly that catalyzes the conversion of prothrombin to thrombin [35]. Thrombin
generation is a pivotal step in the coagulation cascade. Thrombin is a serine protease that plays multiple
roles not only in the coagulation process. Thrombin amplifies the coagulation cascade by a positive
feedback. It activates several upstream clotting factors, including FV, FVII, FVIIL, and FXI, enhancing
the overall clotting response, but it also activates platelets and therefore further stimulates the whole

process of hemostasis [36, 37].

Thrombin converts fibrinogen (FI), a soluble plasma protein, into insoluble fibrin (Fla). Fibrin
strands form the structural framework of the clot. Fibrin monomers polymerize to form a fibrin mesh
that traps blood cells and forms the basis of the clot [38]. Thrombin also activates FXIII (fibrin-
stabilizing factor) to FXIIIa, a transglutaminase that cross-links fibrin fibers, stabilizing the fibrin clot

and making it resistant to fibrinolysis [39, 40].

1.2 Diabetes mellitus, hypercholesterolemia, and their impact on coagulation

Diabetes mellitus (DM) is a metabolic disorder characterized by a resistance to the action of
insulin, insufficient insulin secretion, or both. The clinical manifestation of these disorders is
hyperglycemia. The vast majority of patients with DM are classified into one of two broad categories:

type 1 DM (DMT1) resulting from the autoimmune destruction of the B-cells of the pancreas and leading
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to an absolute deficiency of insulin, or type 2 DM (DMT2) defined by the presence of insulin resistance
that leads to the inability to normalize plasma glucose levels. There is also a progressive loss of B-cell
over time [41], as shown in Figure 2.
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Figure 2. An overview of the pathological processes associated with progressive loss of f-cell

function in DMT?2. The figure was taken from Dludla et al., 2023 [42].

In patients with DM, metabolic impairment including hyperglycemia and/or insulin resistance
disturb the physiological balance in coagulation and fibrinolysis. They can also cause alterations in
platelet number and activation cascades, as well as qualitative and/or quantitative modification of
coagulation and fibrinolytic factors [43]. An increase in mean platelet number and hypersensitivity is
observed in patients with hyperglycemia [44-46]. A potential underlying mechanism for platelet
hyperactivity in this condition could be an upregulated expression or increased formation of pro-
aggregatory factors like P-selectin, thromboxane A», and von Willebrand factor (vWF), amplifying the
aggregation and adhesion of platelets [47]. Furthermore, elevated concentrations of coagulation factors
is also reported in DM patients, such as factor V [48], factor VIla [48, 49], factor VIII [48, 50], factor X

[48], factor XI [51], factor XIIa [50, 52], factor XIII [53], prothrombin [48], and fibrinogen [54, 55].
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In addition, not only changes in pro-coagulation proteins can be found in patients with diabetes,
but several anticoagulation proteins have also a reduced plasma concentration in both types of diabetes,
including protein C [48, 56] and protein S [57]. Interestingly, ambiguous results were reported for the
antithrombin III concentration in DMT2 patients. Whereas one study reported a reduced concentration

[58], two other studies documented elevated concentrations of this protein [50, 59].

In terms of fibrinolysis disturbance, the availability of tissue plasminogen activator (TPA) is
decreased because of the elevated concentration of plasminogen activator inhibitor 1 (PAI-1) associated
with glucose intolerance both in healthy individuals [60] and patients with diabetes [61-63]. The
concentration of other inhibitors of fibrinolysis, including thrombin-activatable fibrinolysis inhibitor

(TAFTI) [64, 65] and o2-macroglobulin [58, 66] are also elevated in patients with diabetes mellitus.

As DMT? is associated with metabolic syndrome, it is frequently linked with abnormalities in
blood lipids. Hyperlipidemia describes a condition in which there are elevated levels of serum lipids,
including triglycerides and cholesterol or both (=240 mg/dL) [67]. This condition is an independent risk
factor for cardiovascular and cerebrovascular events since it can affect blood coagulation and might lead
to thrombosis as well [68]. It has been shown that patients with hypercholesterolemia or
hypertriglyceridemia had higher fibrinogen and FVII levels and shorter coagulation times than patients
with lower cholesterol levels [69, 70]. Further, high total cholesterol and triglyceride levels correlated
with increased procoagulant activity of factors II, VII, IX, and X, which impacted a shorter prothrombin
time (PT) [71]. In addition, in a cross-sectional study, hypercholesterolemia and hypertriglyceridemia
were associated with elevated serum prekallikrein levels [72], which is the precursor of a-kallikrein and

hence contributes to blood clotting and shorter activated partial thromboplastin time (aPTT) [73].
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1.3 Assessment of coagulation

In vitro coagulation tests- prothrombin time (PT), activated partial thromboplastin time (aPTT),
and thrombin time (TT)- measure the time elapsed between activation of the coagulation cascade and

formation of the stable clot.

1.3.1 Prothrombin time (PT)

The PT measures in principle the time necessary to generate fibrin after activation of FVIL. It
measures the integrity of the extrinsic and common pathways (FVII, V, X, prothrombin, and fibrinogen)
[74]. A prolonged PT may reflect either coagulation factor deficiency or enhanced circulating
coagulation inhibitors [75]. The distinction is made by repeating the test after a 1:1 mix with normal
plasma. The test is more sensitive than the aPTT for deficient levels of coagulation factors, and a
relatively small drop in FVII levels may prolong the PT. Inherited deficiency of FVII is a rare bleeding
disorder characterized by prolonged PT and a normal aPTT [76]. The PT completely corrects when
mixed with normal plasma. Acquired deficiencies are usually related to liver disease, vitamin K
antagonist therapy, or depletion secondary to consumptive coagulopathy, severe bleeding, or extensive
transfusion [77]. Circulating inhibitors are most often directed at FX or thrombin. The most common
are heparin or products of fibrinolysis [74].

In this assay (Figure 3), citrated plasma and an activating agent (usually thromboplastin) are
incubated at 37°C. The plasma is recalcified and the time is measured until the clot is formed.
Normal/reference values may slightly vary between laboratories, but usually, clot times between 12 and
15 seconds are considered as valid normal [78]. Thromboplastin reagent is an important component of
the PT test, containing a combination of TF, in complex with lipid surface of procoagulant membrane
and calcium chloride ions. Thromboplastin reagents can be synthesized as recombinant human TF
enclosed in phospholipid vesicles, or they can be obtained from animal or human tissues (brain or
placenta) [79, 80]. The PT results reported by various laboratories can vary also due to the use of

different TF sources [81].
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Figure 3. A short overview of the prothrombin test. The figure was taken from McGill University —

Physiology Virtual Laboratory web page [82].

To standardize the PT results between different laboratories and reagents, the international
normalized ratio (INR) is used. The INR is derived from PT which is calculated as a ratio of the patient’s
PT to a control PT standardized for the potency of the thromboplastin reagent [83, 84] using the

following formula:

PTpatient)IS’

INR = (—
PTcontrol

PTpatien: the PT of the patient’s blood.
PTeonrol: the average PT of normal blood (control) from the same laboratory.

ISI: the International Sensitivity Index, which is a calibration value for the thromboplastin

reagent used. It accounts for differences in the sensitivity of thromboplastin reagents.
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1.3.2 Activated partial thromboplastin time (aPTT)

The aPTT measures principally the time necessary to generate fibrin from initiation of the
intrinsic pathway. Activation of FXII is accomplished with an external agent (e.g. kaolin) capable of
activating FXII without activating FVIIL. The test is conducted in the presence of a phospholipid
emulsion, which substitutes for the platelet factors required for the cascade to operate normally [1]. The
aPTT assay employs citrated plasma, an activating agent, and phospholipids that are added together and
incubated at 37°C (Figure 4). Calcium is added, and the time necessary for the clumping formation is
measured. The normal time is usually reported as less than 30 to 35 seconds and the normal range is

usually considered to be about 10 seconds (e.g. 25 to 35) [85].
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Figure 4. A short overview of activated partial thromboplastin time test. The figure was taken from

McGill University — Physiology Virtual Laboratory web page [82].

The results of this test can be abnormal in the condition of reduced quantities of FXII, XI, IX,
VIII, X, V, prothrombin, and fibrinogen (all integral parts of the intrinsic and common pathways). It is

usually prolonged if a patient has less than approximately 30% normal activity of these coagulation
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factors. It can also be abnormal in the presence of a circulating inhibitor to any of the coagulation factors
in the intrinsic and common pathways [86].

The aPTT is a good screening test for inherited or acquired factor deficiencies. Inherited
disorders including classic hemophilia A (FVIII deficiency) and hemophilia B (FIX deficiency, known
also as Christmas disease) are well-known diseases in which the aPTT is prolonged [87]. A prolonged
aPTT that cannot be completely normalized with the addition of normal plasma (mixed sample in a 1:1
ratio) can be explained only by the presence of a circulating coagulation inhibitor. The presence of these
inhibitors is almost always acquired but their exact nature is not always apparent [88]. From a clinical
point of view, the most common inhibitors should be considered, in particular antithrombins, which
inhibit the activity of thrombin on the conversion of fibrinogen to fibrin. The two most common
inhibitors are heparin, which acts through the naturally occurring protein antithrombin III, and fibrin
degradation products (FDP), formed by the action of plasmin on the fibrin clot and usually present in
elevated concentrations in disseminated intravascular coagulation (DIC) and primary fibrinolysis [89].

Occasionally the reported value of the aPTT will be lower than normal. This shortened time may
reflect the presence of increased levels of activated coagulation factors in the context of a
hypercoagulable state. This is observed in some patients in the early stages of DIC but should not be

considered diagnostic for that condition [90].

1.3.3 Thrombin time (TT)

This test measures the time necessary to drive the reaction of fibrinogen to fibrin in the presence
of thrombin. It measures the integrity of this reaction and shows an abnormality to either a decrease in
normal fibrinogen or an inhibitor to its activation [91]. In the TT test, citrated plasma is incubated at
37°C and thrombin is added to the solution. Time is measured from the addition of thrombin to the
generation of the clot. In this assay, calcium is not involved [92].

The results of the TT test can reveal coagulation abnormalities, which can be explained in one
of three ways: 1. fibrinogen deficiency (<100 mg/dL), 2. abnormal fibrinogen formation, or 3. presence
of an inhibitor to the reaction mediated by thrombin. As with other tests of the coagulation cascade, if a

1:1 mixing with normal plasma normalizes the prolonged time, factor deficiency is the culprit [93]. As
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it pertains to fibrinogen, however, one must distinguish a decrease in normal fibrinogen from the
production of an abnormal fibrinogen (dysfibrinogenemia) [93, 94].

Acquired deficiency of fibrinogen is usually due to a consumptive coagulopathy of, less often,
severe liver disease [95, 96]. Hereditary deficiencies exist but with variable clinical presentations [97].
Dysfibrinogenemia can be acquired or inherited. The acquired form is usually found in association with
severe liver disease but has been reported in other diseases. The congenital form is rare, usually
autosomal dominant [98]. A discordance between immunologic and physiologic measurements of
fibrinogen is the key to diagnosis. The most common acquired inhibitors of this reaction are heparin and
FDP. The effect of heparin can be eliminated by catalyzing the reaction with reptilase (batroxobin). This
compound is a snake serine protease similar to thrombin but which, unlike thrombin, is insensitive to

heparin. FDP is commonly seen in consumptive coagulopathies and primary fibrinolytic states [94, 99].

1.4 Clinically used anticoagulants

One in four fatalities worldwide is caused by thrombosis [100], rendering it one of the major
public health priorities. Thrombosis is the underlying cause of most acute myocardial infarctions (AMI),
strokes, and venous thromboembolism (VTE) [101]. Antiplatelet drugs are mostly used to prevent
arterial thrombotic events such as AMI and ischemic stroke, while VTE, including deep vein thrombosis
(DVT) and pulmonary embolism (PE), is prevented and cured using anticoagulants. The different groups

used in clinical praxis are summarized in Figure 5 [102, 103].

23



Ml — TF FXI — | FXla

VKA : v
— heeesennneass e (K] ~— (RXE

FXa : >
( inhibitors 5 VKA
vy :

@
@ FX —b@F:;a Q’j

LMWH!\—/ : [ox:]
' @@ ;
@ n | — F||a® ............ ;

Direct
k___/ thrombin

inhibitors

Fibrinogen | — | Fibrin | ——— Clot

Figure 5. Target of anticoagulant agents. Adopted and modified from Franchini et al., 2016 [104].

Historically, the first anticoagulant drugs to prevent VTE were unfractionated heparin (UFH)
and vitamin K antagonists (VKAs) [84, 105]. In the following years, these drugs have been optimized
to prevent or treat VTE more efficiently. More recently a novel generation of anticoagulant drugs has

been introduced, which are designed to directly target coagulation factor Xa and thrombin [106, 107].

1.4.1 Unfractionated heparin (UFH) and low-molecular-weight heparin (LMWH)

UFH and its derivative, LMWH, are anticoagulants that are administered parenterally,
intravenously and subcutaneously, respectively [105]. Heparins, as indirect anticoagulants, promote the
activity of the major natural inhibitor of coagulation, antithrombin III, which is a serine protease
inhibitor that primarily deactivates FXa, one of the pivotal actors within the coagulation cascade. In
addition, UFH also metabolizes and deactivates thrombin and FIXa via the same enzyme antithrombin
III [108, 109]. Once antithrombin III binds to FXa or thrombin, they form a complex that is rapidly
degraded by proteases in circulation [110]. The activity of heparins can be reversed by the sulfate
protamine that binds to circulating heparins, forming a stable salt with diminished anticoagulant activity
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[111]. LMWH has largely replaced UFH in clinical settings because of the lower risk of bleeding,
selectivity toward FXa decreased binding to plasma and endothelial proteins, improved possibility of
subcutaneous administration, and more precise dose-effect relationship enabling easier assessment of
dosing [112].

One of the most important disadvantages of UFH and LMWH is that approximately 2.6% and
0.2% of treated individuals, respectively, develop potentially life-threatening heparin-induced
thrombocytopenia (HIT) [113, 114]. In this condition, for an unknown reason, a small group of heparin-
treated individuals can generate an immune response against heparin-platelet factor 4 (PF4) complexes
[115]. Heparin-PF4-IgG-immune complexes subsequently activate platelets via their Fcylla receptors,
causing thrombocytopenia and thrombosis [116].

The active structure of heparin can be reduced to five carbohydrate units (Figure 6). Indeed,
fondaparinux, a synthetic analog of the antithrombin-binding pentasaccharide which selectively inhibits
factor Xa and does not inhibit thrombin. It has complete bioavailability after subcutaneous injection and
exhibits a plasma half-life of approximately 17 hours with predictable pharmacokinetics [117]. Because
of its attributes, fondaparinux is administered once daily at a fixed dose and routine coagulation
monitoring is not required [104]. This anticoagulant is contraindicated in patients with renal dysfunction
(GFR <30 mL/min) [118]. There is no specific antidote for fondaparinux-related hemorrhage, but
recombinant activated factor VII (rFVIIa) can be administered to normalize coagulation times and

thrombin generation [119].
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Figure 6. A short overview of the mechanism of action of heparin. (A) thrombin, (B) factor Xa. The

figure was taken from Quaranta et al., 2015 [120].

1.4.2 Vitamin K antagonist (VKAs)

VKAs were the first generation of anticoagulants administered orally, a significant advantage
over the parenterally administered heparins. Vitamin K is necessary for the biosynthesis of y-
carboxyglutamic acid residues in vitamin K-dependent coagulation factors (FII, FVII, FIX, and FX) that
are essential for biological activity [121, 122]. VKAs inhibit vitamin K epoxide reductase (known as
vitamin K epoxide reductase complex subunit 1, VKCORI1, Figure 7), an enzyme responsible for
reducing vitamin K to its active form. As a result of VKA treatment, the pool of vitamin K in the

circulation is gradually reduced and consequently, coagulation is revoked [123].
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Figure 7. Probable steps in the carboxylation process mediated by vitamin K in the endoplasmic
reticulum. A protein that contains a PRO-sequence is targeted and subsequently bound to the
carboxylase in the first step (A). This binding markedly increases the enzymatic function of the
carboxylase. The quinone form of vitamin K is reduced to hydroquinone by VKORC1. Hydroquinone
is deprotonated by carboxylase in the next step (B). Oxygen reacts with deprotonated vitamin K
hydroquinone to produce alkoxide (C). This strong base deprotonates the y-carbon of glutamyl residue
to form a carbanion, which reacts with carbon dioxide (D—E). At the same time, vitamin K epoxide is
formed (E). y-glutamyl carboxylation is accomplished and the formed protein is released from the
enzyme and further transported to the Golgi apparatus (not shown), while vitamin K epoxide is
converted first to vitamin K quinone and then to vitamin K hydroquinone (F) by VKORCI. The figure

was taken from Mladénka et al., 2022 [122].

Although oral admission is an advantage compared to parenterally administered heparins, VKAs
present several flaws. Firstly, VKA transiently depletes the circulating vitamin K pool and impairs the
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synthesis of vitamin K-dependent anticoagulation factors (proteins C, S, and Z) [122], VKA treatment
reaches its optimal therapeutic action 3 to 7 days after the first admission but can cause transient
hypercoagulability state. For this reason, a bridging period usually with the administration of an LMWH
is required [124, 125]. Secondly, the dosage and admission of VKA must be monitored frequently with
INR values to assess the risk of bleeding of the patients [126]. Finally, numerous interactions between
VKAs and food or other drugs can significantly influence the efficacy of the treatment [84, 127]. The

list of possible side effects of the most commonly used VKA, warfarin, is in Table 1.
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Table 1. Adverse effects of warfarin

Adverse effects

Notes

References

Minor bleeding

Defined as skin hematoma >25 cm2, spontaneous nosebleed
of > 5 minutes duration, gingival bleeding for > 5 minutes,
any bleeding leading to hospitalization, any bleeding
leading to transfusion < 3 units of blood product. The
incidences are vary from 4 % to 20% of all patients.

[128, 129]

Major bleeding

Defined as macroscopic hematuria, gastrointestinal,
retroperitoneal, cranial, and intra-abdominal bleeding,
bleeding requiring hospitalization or an invasive procedure,
bleeding causing a 2-unit decrease in the hemoglobin level,
and bleeding requiring >3 units of blood product
transfusion. The incidence of GI bleeding is 3.9-12 % and
intracranial hemorrhage is 0.25-1.1 % patients per year.

[130-132]

Skin necrosis

A rare complication with a prevalence of 0.01-0.1 % of
patients. Thrombosis, hypersensitivity, hemorrhage, factor
VII deficiency, protein C deficiency, and a direct toxic
effect of warfarin have all been suggested as potential
pathophysiological mechanisms.

[133, 134]

Purple toe syndrome

An extremely uncommon complication with a prevalence of
approximately 0.02% of patients. The proposed
pathogenesis was due to direct and toxic insults to the
capillaries, resulting in increased dilation and permeability
of the vasculature.

[135, 136]

Osteoporosis &
fractures

The osteoporotic fracture rates were 3.6 per 100 patient-
years in men and 5.4 per 100 patient-years in women. The
possible underlying mechanisms are warfarin antagonizes
vitamin K-dependent processes and impairs the y-
carboxylation of osteocalcin and other bone matrix proteins,
which are crucial in bone mineralization and formation.

[137-139]

Alopecia

The reported incidence of warfarin-induced alopecia was
30-40 % of patients. Two hypotheses are that anticoagulant-
induced hair loss might be disseminated thrombosis in the
microcirculation of capillaries that feed the roots of the hair
or there may be distension of bundles of the dermis caused
by bleeding with focal degeneration of collagen bundles,
which would provoke strangulation of the hair root and
injury to the connective tissue of the dermal papilla.

[140-142]

Hepatotoxicity

Warfarin is associated with a 0.8-1.2 % risk of transaminase
elevation >3 upper limit of normal and 9.0 per 1000 person-
years of liver injury hospitalization. The mechanism is
unclear, but given that warfarin has been demonstrated to
have pro-oxidant properties, exogenous warfarin dosages
may have varying effects on the activity of catalase and
superoxide dismutase (SOD) depending on the type of
tissue. Changes in the activity of the antioxidant enzymes
SOD and catalase observed in the tissue of rats given
warfarin could be interpreted as an indication, rather than a
direct cause, of the relationship between oxidative activity
and inflammation.

[143-145]
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1.4.3 Direct oral anticoagulants (DOACs)

The limitations of heparins and VKAs led to the development of new anticoagulant agents that
selectively target specific steps in the coagulation cascade in order to have a high efficacy and safety
profile. This enables a fixed dosage oral regimen generally not necessitating laboratory monitoring.
Currently approved DOACs for use in thromboembolic disorders are factor Xa inhibitors (FXa-Is,

xabans) and direct thrombin inhibitors (DTIs, gatrans) [146].

1.4.3.1 Factor Xa inhibitors (FXa-Is)

FXa-Is bind the active site of factor Xa, thereby preventing it from converting prothrombin to
thrombin. Rivaroxaban and apixaban are two examples of drugs from this group. Compared to warfarin,
these drugs also have fewer severe drug interactions, hence laboratory monitoring is mostly not required
[107]. However, bleeding is still the most serious adverse effect of FXa-Is. To treat this condition
andexanet alpha, a neutralizing agent of FXa, can be employed. Andexanet alpha is a recombinant
protein that can serve as a decoy for FXa-Is, by mimicking the FXa active site without being able to
engage in the formation of the prothrombinase complex [147]. Since andexanet alpha is an expensive
product, prothrombin complex concentrates can alternatively be administered as a neutralizing agent

[148].

1.4.3.2 Direct thrombin inhibitors (DTIs)

Dabigatran and argatroban are the most known drugs from this group. Dabigatran etexilate is
the prodrug of the active moiety dabigatran. This drug directly inhibits the enzyme thrombin [149].
Argatroban is a drug derived from L-arginine and is able to specifically block the active site of thrombin,
thus functioning like dabigatran also independently of antithrombin III [150]. Furthermore, argatroban
is capable of upregulating the generation of nitric oxide [151], which can generate additional beneficial

antithrombotic effects because of NO-mediated inhibition of platelet activation [152, 153].

Like other anticoagulants, the major adverse effect of DTIs is bleeding. Dabigatran should be
used with caution in renal impairment or in patients over the age of 75, as the risk of bleeding is higher

in these groups [154]. Like FXa-Is, the risk of drug interaction is lower than VKAs, but in particular

30



dabigatran etexilate is effluxed by P-glycoprotein in the gastrointestinal tract (GIT), so interaction at
this level can affect the effectivity of the treatment [155]. The neutralizing agent for dabigatran is a
humanized Fab fragment of an antibody (idarucizumab) that directly binds dabigatran and neutralizes

its activity [156].
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2. AIM OF THE WORK

The primary aim of this work was to examine and compare the ex vivo effect of indirect (heparin)
and direct anticoagulants (rivaroxaban, apixaban, dabigatran, and argatroban) in healthy donors, patients
with familial hypercholesterolemia (FH), and DMT1 by using PT/INR and aPTT.

The secondary aims were a) to investigate the correlation of coagulation values with
anthropological and biochemical parameters from healthy individuals and patients, and b) to find out
possible novel anticoagulant scaffold(s) or to warn about anticoagulation effects of tested compounds

when not desired.
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3. METHODOLOGY

3.1 Enrolment of healthy donors and patients

Blood samples from a total of 50 healthy individuals, 15 familial hypercholesterolemia, and 50
DMT]1 patients were collected by venipuncture into disposable plastic syringes containing 3.2 % citrate
sodium (BD Vacutainer, NJ, USA) or a clotting accelerator (for biochemical assessment of basic
metabolic parameters). The blood sampling was always performed in the morning (7:30-8:30 AM).
Alcohol was not allowed 24 hours before blood collection. All participants signed informed consent and
this study was approved by the Ethical Committees from both the University Hospital of Hradec Kralové
(No. 201907 S04P from June 21, 2019 and extended by No. 202007 104 from June 30, 2020) and the
Faculty of Pharmacy, Charles University (No. UKFaF/92240/2021-2 from March 3, 2021). All
experiments were performed according to the declaration of Helsinki.

The characterization of the donor in terms of illnesses and drug use is summarized in Table 2.

Blood was carefully transferred to the laboratory for analysis under standard conditions and
immediately centrifuged at 2000g for 20 min using a Hettich Zentrifugen Universal 32 R (Tuttlingen,
Germany) at room temperature to obtain plasma for coagulation assays. Experiments were initiated
within 1 h after the blood draw. In addition, a part of the plasma from each donor or patient was stored

at -80°C for future assays.
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Table 2. Characterization of donors and patients by their illnesses and drug use

Familial Hypercholesterolemia

Healthy donors Undergoing apheresis Without apheresis Diabetes Mellitus type 1
Total, n (%) 50 (100) 541.7) 7 (58.3) 50 (100)
Health Hypertension 9(18) 2 (16.7) - 13 (26)
conditions Hypothyroidism 6 (12) 2 (16.7) - 6 (12)
Allergy 9 (18) 1(8.3) - -
Asthma 4(8) 1(8.3) - -
GERD 3(6) - - -
Drugs Antidyslipidemics Cholesterol absorbtion inhibitors - 3(25) 7 (58.3) -
HMG-CoA reductase inhibitors - 3 (25) 7 (58.3) 11 (22)
Fibrates - 1(8.3) 1(8.3) 1(2)
PCSKD9 inhibitors - 4 (33.3) 6 (50) -
MTP inhibitors - 2(16.7) - -
Combination® - 1(8.3) - 1(2)
Antidiabetics Insulin - - 1(8.3) 50 (100)
Biguanides - 2(16.7) 3 (25) -
Sulfonylureas - 1(8.3) - -
GLP-1 receptor agonists - 1(8.3) - -
SGLT-2 inhibitors - - 1(8.3) 2(4)
Antihypertensives ACE-inhibitors - 2(16.7) 2 (16.7) 10 (20)
AT-II antagonists 4(8) - - -
Ca*"-channel blockers 5(10) - - 4 (8)
B-blockers 4(8) 2(16.7) 1(8.3) -
Diuretics - 1(8.3) - 2(4)
Combination® - 2 (16.7) 1(8.3) 4 (8)
Antiplatelet ASA - 2(16.7) 2(16.7) -
P2Y12 receptor inhibitors - 1(8.3) - -
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Combination® - 2 (16.7) - -
Antiasthmatics B agonist + corticosteroid - 1(8.3) - 1(2)
Hormones Thyroid hormone 6 (12) 2 (16.7) - 10 (20)
Other Corticosteroid 4(8) - - -
Antihistamine 6 (12) - - 1(2)
Gabapentinoid - - - 7(14)
Hormonal contraceptive 5(10) - - 5(10)
Antidepressant - - - 3(6)

ACE: angiotensin-converting enzyme; ASA: acetylsalicylic acid; AT-II: angiotensin II; GERD: gastroesophageal reflux disease; GLP-1: glucagon-like peptide-

1; HMG-CoA: 3-hydroxy-3-methyl-glutaryl Co-A; MTP: microsomal triglyceride transfer protein; PCSK9: proprotein convertase subtilisin/kexin type 9; SGLT-

2: sodium-glucose linked transporter-2.

2. Cholesterol absorption inhibitor + HMG-CoA reductase inhibitor

®: ACE inhibitor +B-blocker, ACE inhibitor + Ca2+- channel blocker, B-blocker + Ca2+- channel blocker

°: ASA + P2Y 12 receptor inhibitor, ASA + glycine
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3.2 Coagulation assays

PT (reported as INR) and aPTT were measured using a semi-automated 4-channel Ceveron®
coagulometer (Technoclone, Vienna, Austria). For PT assay, 100 uL of normal control or plasma-
containing vehicle or anticoagulant solution was incubated at 37°C for one minute. After the incubation
period was finished, 200 pL of Technoplastin®HIS (containing rabbit brain thromboplastin with
calcium) was added and the coagulation time was recorded. For aPTT, 100 pL of plasma-containing
vehicle or anticoagulant was incubated together with the same amount of Dapttin® (containing
silica/sulfatide-phospholipids) and incubated at 37°C for 2 minutes prior addition of 100 pL of 25 mM
CaCl,. Experiments were performed at least in duplicates for each condition. In thrombin time (TT)
assay, 200 pL of mixed plasma and solvent/compound was initially incubated for 1 min at 37 °C. After
incubation, 200 pL of 3.3 IU of thrombin reagent (containing bovine thrombin, Technoclone) was added

and TT was recorded. All reagents were purchased from Technoclone.

3.3 Biochemical analysis

Biochemical markers (glucose, serum, creatinine, LDL, HDL, total cholesterol, triglycerides,
and non-HDL) were measured in serum. All biomarkers except creatinine were measured using
commercial enzymatic kits by Cobas® and detected by Cobas 8000 system (Roche Diagnostic, Basel,
Switzerland). Creatinine urine levels were determined from urine samples using an SPD-M20A
Shimadzu diode array detector (Kyoto, Japan). The complete procedure has already been described in
detail in a previous publication [ 157]. A stationary phase consisting of two connected RP-18e monolithic
columns (4.6 mm x 50mm, 3.0 mm % 100mm) in combination with a 15 mM phosphate buffer as the
mobile phase was used. Creatinine was detected at a wavelength of 235 nm. Glycated hemoglobin
(HbAlc) was determined using fully automated Arkray Adams HA-8180 (Arkray Inc., Japan). The
principle is ion-exchange HPLC with gradient elution and VIS detection. Vitamin K was determined by
the LC-MS/MS method [158]. The chromatographic separation was carried out on a Kinetex™ C18
column using a mobile phase consisting mainly of methanol. The target analytes were detected by
electrospray ionization mass spectrometry. The simple sample preparation technique based on
miniaturized liquid-liquid extraction was used for serum samples.
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3.4 Chromogenic assays of coagulation enzymes

Two types of chromogenic substrates, S-2222% for factor Xa and S-2238® for thrombin were
used (both Sigma-Aldrich, St. Louis, MO, USA). For the measurement of FXa, DMSO (final
concentration of 0.1%, as a vehicle, i.e. negative control), rivaroxaban solution (final concentration of
10 nM, as a positive control), and TRIS-HCI buffer solution were used. Briefly, 75 pL of test compounds,
rivaroxaban, or solvent were added into a well of the microplate, subsequently 75 pL of FXa solution
(final concentration of 2 U/mL) (Sigma-Aldrich, St. Louis, MO, USA) was added. After 1 minute of
incubation in the dark and at 37°C, 50 uL of S-2222® was added and the absorbance was measured every
minute at 405 nm and 37°C for 30 minutes.

For the measurement of thrombin, a final concentration of 0.1% of DMSO, a final concentration
of 10 nM of dabigatran, and a TRIS-PBS buffer solution were used. A volume of 75 pL of test
compounds, dabigatran, or solvent were added into the microplate, subsequently, 75 uL of thrombin
solution (final concentration of 0.75 U/mL) (Sigma-Aldrich, St. Louis, MO, USA) was added. After 10
minutes of incubation at 37°C, 40 pL of S-2238" solution was added into the mixtures and the
absorbance was measured for 30 minutes at 405 nm and 37°C. The samples were measured using Hidex®

Sense Beta Plus for both assays (Hidex Oy, Turku, Finland).

3.5 Standards and tested compounds

Apixaban was purchased from Toronto Research Chemical corp. (Ontario, Canada). Argatroban
was bought from Eubio (Vienna, Austria). Dabigatran, rivaroxaban, and dimethyl sulfoxide (DMSO)
were acquired from Sigma-Aldrich. Heparin was purchased from Zentiva (Prague, Czech Republic).
Saline (0.9%) was bought from B.Braun (Melsungen, Germany).

Flavone, 5-hydroxyflavone, 7-hydroxyflavone, chrysin, apigenin, luteolin, baicalein, baicalin,
diosmin, 3-hydroxyflavone, kaempferol, quercetin, morin, myricetin, rutin, trihydroxyethyl rutin,
naringenin, naringin, hesperetin, hesperidin, taxifolin, epicatechin, catechin, daidzein, and genistein (all
minimal purity of 95%) were purchased from Sigma-Aldrich. Genistin and apigenin-7-glucoside were
purchased from Extrasynthese (Lyon, France). Negletein and mosloflavone were synthesized by a
convergent synthesis starting from chrysin at the Sapienza University of Rome (Italy) [159].
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3,3,8-Trimethyl-6-0x0-3,4,6,7-tetrahydro-1H-pyrano[3,4-c]pyridine-5-carbonitrile (3a); 3,3-
Dimethyl-8-ethyl-6-0x0-3,4,6,7-tetrahydro-1H-pyrano[ 3,4-c]pyridine-5-carbonitrile (3b); 3,3-
Dimethyl-6-ox0-8-propyl-3,4,6,7-tetrahydro-1H-pyrano| 3,4-c|pyridine-5-carbonitrile (3¢); 3,3-
Dimethyl-8-isopropyl-6-o0x0-3,4,6,7-tetrahydro- 1 H-pyrano[3,4-c]pyridine-5-carbonitrile (3d); 8-Butyl-
3,3-dimethyl-6-0x0-3,4,6,7-tetrahydro- 1 H-pyrano|[ 3,4-c]pyridine-5-carbonitrile (3e); 3,3-Dimethyl-6-
oxo0-8-phenyl-3,4,6,7-tetrahydro-1H-pyrano[3,4-c]pyridine-5-carbonitrile ~ (3f);  3,3-Dimethyl-8-(2-
methylphenyl)-6-0x0-3,4,6,7-tetrahydro-1H-pyrano[3,4-c]pyridine-5-carbonitrile (3g); 3,3-Dimethyl-
8-(4-methoxyphenyl)-6-0x0-3,4,6,7-tetrahydro- 1 H-pyrano[ 3,4-c]pyridine-5-carbonitrile ~ (3h);  3,3-
Dimethyl-8-(2-furyl)-6-ox0-3,4,6,7-tetrahydro-1H-pyrano[3,4-c]pyridine-5-carbonitrile ~ (31);  3,3-
Dimethyl-6-0x0-8-(2-thienyl)-3,4,6,7-tetrahydro-1H-pyrano [3,4-c] pyridine-5-carbonitrile (3j) were
synthesized at Institute of Fine Organic Chemistry of A. L. Mnjoyan (Yerevan, Armenia). The complete
structure of these compounds is presented in Figure 8.

5-(4-nitrophenyl)-10-phenyl-5,10-dihydropyrido[2,3-d:6,5-d'|dipyrimidine-
2,4,6,8(1H,3H,7H,9H)-tetraone (1-A); 10-(p-tolyl)-5-(4-(trifluoromethyl)phenyl)-5,10-
dihydropyrido[2,3-d:6,5-d'[dipyrimidine-2,4,6,8(1H,3H,7H,9H)-tetraone (1-B); 4-(10-(4-
bromophenyl)-2,4,6,8-tetraoxo-1,2,3,4,5,6,7,8,9,10-decahydropyrido[2,3-d:6,5-d'|dipyrimidin-5-
yl)benzonitrile (1-C); 5,10-bis(4-(trifluoromethyl)phenyl)-5,10-dihydropyrido[2,3-d:6,5-
d'ldipyrimidine-2,4,6,8(1H,3H,7H,9H)-tetraone ~ (1-D); 10-(4-(trifluoromethyl)phenyl)-5-(3,4,5-
trimethoxyphenyl)-5,10-dihydropyrido[2,3-d:6,5-d'|dipyrimidine-2,4,6,8(1H,3H,7H,9H)-tetraone  (1-
E); 4-(10-(4-hydroxyphenyl)-2,4,6,8-tetraoxo-1,2,3,4,5,6,7,8,9,10-decahydropyrido[2,3-d:6,5-
d'ldipyrimidin-5-yl)benzaldehyde (1-F); 5-(furan-2-yl)-10-(4-methoxyphenyl)-2,8-dithioxo-
2,3,5,8,9,10-hexahydropyrido[2,3-d:6,5-d'|dipyrimidine-4,6(1H,7H)-dione (1-G); 10-(3,5-
bis(trifluoromethyl)phenyl)-5-(1-methyl-114-pyran-4-yl)-2,8-dithioxo-2,3,5,8,9,10-
hexahydropyrido[2,3-d:6,5-d'|dipyrimidine-4,6(1H,7H)-dione (1-H); 2-amino-6-bromo-4-(5-methoxy-
1H-indol-3-yl)-4H-chromene-3-carbonitrile (2-F); 2-amino-4-(1H-indol-3-yl)-6-nitro-4H-chromene-3-
carbonitrile (2-N); 2-amino-6-nitro-4-(1H-pyrrolo[2,3-b]pyridin-3-yl)-4H-chromene-3-carbonitrile (2-
0); 6-amino-2-mercapto-5-((1-methyl-1H-indol-3-y1)(4-(trifluoromethyl)phenyl)methyl)pyrimidin-4-
ol (3-B); 4-((6-amino-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)(1H-indol-3-yl)methyl)benzonitrile
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(3-S); 6-amino-5-((4-(dimethylamino)phenyl)(1H-indol-3-yl)methyl)pyrimidine-2,4(1H,3H)-dione (3-
T); 2-((6-amino-2.,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)(5-bromo-1H-indol-3-yl)methyl)benzoic
acid (3-U); 2-(9-(4-methoxyphenyl)-3,3,6,6-tetramethyl-1,8-dioxo-2,3,4,5,6,7,8,9-octahydroacridin-
10(1H)-yDsuccinic acid (4-M); 2-(3,3,6,6-tetramethyl-9-(4-nitrophenyl)-1,8-dioxo-2,3,4,5,6,7,8.9-
octahydroacridin-10(1H)-yl)succinic acid (4-N); 3-mercapto-2-(3,3,6,6-tetramethyl-9-(4-nitrophenyl)-
1,8-diox0-2,3,4,5,6,7,8,9-octahydroacridin-10(1H)-yl)propanoic acid (4-O); 3-(1H-imidazol-4-yl)-2-
(3.3,6,6-tetramethyl-1,8-dioxo-9-(p-tolyl)-2,3,4,5,6,7,8,9-octahydroacridin-10(1H)-yl)propanoic  acid
(4-P); 5-(4-methoxyphenyl)-1,5-dihydro-2H-benzo[6,7]chromeno[2,3-d]pyrimidine-2,4,6,11(3H)-
tetraone (5-A); 5-(4-(trifluoromethyl)phenyl)-1,5-dihydro-2H-benzo[6,7]chromeno[2,3-d]pyrimidine-
2,4,6,11(3H)-tetraone (5-B); 4-(2,4,6,11-tetraoxo-1,3,4,5,6,11-hexahydro-2H-benzo[ 6,7]chromeno[2,3-
d]pyrimidin-5-yl)benzonitrile ~ (5-C);  3-(3-(4-amino-6-hydroxy-2-mercaptopyrimidin-5-yl)-2-(4-
hydroxy-3-methoxyphenyl)propyl)-4-hydroxy-2H-chromen-2-one (6-A); 6-amino-5-(3-(4-hydroxy-2-
ox0-2H-chromen-3-yl)-2-(4-(trifluoromethyl)phenyl)propyl)pyrimidine-2,4(1H,3H)-dione  (6-B); 6-
amino-5-(3-(4-hydroxy-2-oxo-2H-chromen-3-yl)-2-(3.4,5-trimethoxyphenyl)propyl)-1-
methylpyrimidine-2,4(1H,3H)-dione (6-C); 7-(3,4-dihydroxyphenyl)-6H,7H-chromeno[4,3-
d]pyrido[1,2-a]pyrimidin-6-one (7-A); 11-methyl-7-(4-(trifluoromethyl)phenyl)-6H,7H-chromeno[4,3-
d]pyrido[1,2-a]pyrimidin-6-one (7-B); 11-methyl-7-(4-(methylamino)phenyl)-6H,7H-chromeno[4,3-
d]pyrido[1,2-a]pyrimidin-6-one  (7-C);  3,3'-(2-(4-nitrophenyl)propane-1,3-diyl)bis(4-hydroxy-2H-
chromen-2-one) (8-A); 3,3'-(2-(3-hydroxyphenyl)propane-1,3-diyl)bis(4-hydroxy-2H-chromen-2-one)
(8-B); 3,3'-(2-(4-(trifluoromethyl)phenyl)propane- 1,3-diyl)bis(4-hydroxy-2H-chromen-2-one) (8-C); 5-
((5-bromo-3-((3-hydroxy-1,4-dioxo-1,4-dihydronaphthalen-2-yl)methyl)-2-oxoindolin-3-
yl)methyl)pyrimidine-2,4,6(1H,3H,5H)-trione ~ (9-B);  5-((5-chloro-3-((3-hydroxy-1,4-dioxo-1,4-
dihydronaphthalen-2-yl)methyl)-2-oxoindolin-3-yl)methyl)pyrimidine-2,4,6(1H,3H,5H)-trione  (9-C);
5-((3-((3-hydroxy-1,4-dioxo- 1,4-dihydronaphthalen-2-yl)methyl)-5-iodo-2-oxoindolin-3-
yl)methyl)pyrimidine-2,4,6(1H,3H,5H)-trione (9-D) were synthesized at Department of chemistry,
Visva-Bharati (Central University), Santiniketan (India). The structure of these compounds is presented

in Figure 9.
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4-ethylguaiacol (2-methoxy-4-ethylphenol), o-toluidine, 4-methylcatechol, 3-methoxycatechol,
1,2-dimethoxybenzene, 2-methoxy-4-methylphenol, 2,4-dimethoxytoluene, 4-allyl-1,2-
dimethoxybenzene, o-cresol, pyrocatechol, 3,5-dichlorocatechol, 4,5-dichlorocatechol, 4-tert-
butylcatechol, 4-nitrocatechol and 2-aminophenol were purchased from Sigma-Aldrich (Sigma-Aldrich,
Sant-Louis, MO, USA). 3-aminocatechol, 4-aminocatechol, 4-etylcatechol, 3-fluorocatechol, 4-
fluorocatechol, 4-chlorocatechol, 3-isopropylcatechol and 3-methylcatechol were purchased from
Toronto Research Chemicals (Toronto, ON, Canada).

Berberine chloride, isocorydine, and papaverine hydrochloride were purchased from Sigma
Aldrich (Prague, Czech Republic), glaucine was purchased from the Cayman Chemical Company (Ann
Arbor, M1, USA) and boldine was purchased from Carl Roth (Karlsruhe, Germany). All other alkaloids
were isolated by members of the ADINACO research group at the Department of Pharmacognosy and
Pharmaceutical Botany, Faculty of Pharmacy, in Hradec Kralové, Charles University, Czech Republic.
Bulbocapnine, corycavamine and corydine were isolated from Corydalis cava, scoulerine from
Eschscholzia californica, cryptopine, parfumine and sinactine from Fumaria officinalis, and

allocryptopine and protopine from Chelidonium majus.
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Figure 8. The chemical structure of the pyridine compounds.
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Figure 9. The chemical structures of heterocyclic compounds. The figure was taken from Hrubsa et

al., 2022 [160].

3.6 Statistical analysis

All data are presented as mean + SD. Coagulation data were compared and analyzed using one-
way ANOVA followed by Dunnett’s multiple comparisons test or Student’s t-test or Mann-Whitney test
depending on the number of variables and normality of the data. Normality data was checked by the
Kolmogorov-Smirnov test (if the samples were > 50) and the Shapiro-Wilk test (if the samples were <
50). Correlations were tested using Pearson’s or Spearman’s correlation test again depending on the
normality of the distribution of the data. All statistical studies were performed using GraphPad v. 10.1.2

software (GraphPad Software, San Diego, CA, USA).
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4. RESULTS

4.1 Healthy donors

The first series of head-to-head comparisons of clinically used direct anticoagulant drugs was
performed in the 50, generally, healthy individuals enrolled. Two FXa-Is, rivaroxaban and apixaban, and
two DTIs, dabigatran and argatroban were employed at an equimolar concentration of 1 uM and
compared to vehicle control (DMSQO, a final concentration of 1%) and positive control (heparin, a final
concentration of 5 [U/mL and 0.5 IU/mL for PT and aPTT assays, respectively).

In the PT test, rivaroxaban was the most active compound, increasing INR from 0.97 + 0.07
basal value (CI 95% 0.96-0.99) to 2.49 + 0.34 (CI 95% 2.42-2.56, p<0.001). INR comparison revealed
no difference between FXa-I, apixaban, and argatroban; however, when the calculation was performed
by calculating the percentage of PT in every individual (100% was the individual vehicle control),
apixaban was significantly more active than argatroban, and both anticoagulants were more active than
dabigatran in both types of calculations (Figure 10A & B). In the aPTT test, DTIs were clearly more
active than FXa-Is, with argatroban being the most active anticoagulant, followed by dabigatran and

rivaroxaban; apixaban was the least active (Figure 10C & D).
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Figure 10. Comparison of the tested direct anticoagulants in healthy volunteers. (A) International
normalized ratio (INR) calculated from prothrombin time (PT), (B) percent changes in PT calculated in
every volunteer individually (i.e. solvent in every donor was set to 100%), (C) activated partial
thromboplastin time (aPTT), (D) percent changes in aPTT calculated in every donor individually. Final
concentrations were DMSO 1%, heparin 5 IU/mL in PT and 0.5 IU/mL in aPTT, whereas those of
rivaroxaban, apixaban, dabigatran, and argatroban 1 uM. *p<0.05; **p<0.01; ***p<0.001. Statistical

comparison to heparin is not shown, as it was used solely for control reasons.
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Next, possible associations between the obtained INR and aPTT values with all anthropometric
and biochemical parameters of the donor were analyzed (Table 3). The most significant correlations
were observed between the effects of all direct anticoagulants on INR and BMI values (Figure 11). In
all cases, a higher BMI value meant a lower anticoagulant response, however, a similar effect was not
observed in aPTT (Figure 12). Other significant correlations were found only in individual compounds,
such as heparin - INR and argatroban — aPTT in relation to age (Figures 13 & 14). No sex-related
differences (Figures 15 & 16) were observed. There were also no differences when smoking habit was
considered (Figures 17 & 18). No changes were observed despite the fact that females and smokers
present mostly numerically lower coagulation times.
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Figure 11. Relationship between international normalized ratio (INR) and body mass index (BMI)
in healthy donors. (A) Negative control (solvent) (DMSO 1%), (B) positive control (heparin 5 [lU/mL),
(C) rivaroxaban (1 uM), (D) apixaban (1 uM), (E) dabigatran (1 uM), and (F) argatroban (1 uM). In

case of significant relationships, also linear regression was performed.

46



Table 3. Correlation of anticoagulant activity with selected anthropological and biochemical parameters

Parameters DMSO Heparin Rivaroxaban Apixaban Dabigatran Argatroban
T p value T p value r p value T p value r p value T p value

Age -0.06 0.681 -0.326 0.022 0.091 0.528 -0.158 0.273 -0.206 0.152 -0.048 0.74
Height 0.125 0.388 0.174 0.232 0.101 0.487 0.031 0.832 0.099 0.494 0.086 0.551
Weight -0.126 0.382 -0.071 0.629 -0.244 0.088 -0.273 0.055 -0.326 0.021 -0.348 0.013
BMI -0.202 0.159 -0.205 0.158 -0.342 0.015 -0.316 0.025 -0.421 0.002 -0.438 0.002
Serum glucose -0.225 0.116 -0.306 0.03 -0.22 0.126 -0.425 0.002 -0.267 0.061 -0.257 0.072
INR Serum LDL -0.141 0.328 -0.224 0.122 0.042 0.771 -0.079 0.587 -0.294 0.038 -0.151 0.295
Serum HDL -0.184 0.2 0.094 0.52 -0.184 0.2 0.117 0.418 0.074 0.61 -0.006 0.969
Serum TG -0.221 0.124 -0.037 0.803 -0.16 0.266 -0.329 0.02 -0.222 0.122 -0.258 0.07
Total cholesterol ~ -0.175 0.224 -0.15 0.305 -0.043 0.765 -0.081 0.578 -0.285 0.045 -0.176 0.222
Serum nonHDL -0.177 0.22 -0.188 0.196 0.03 0.834 -0.127 0.379 -0.314 0.026 -0.173 0.229
Serum creatinine -0.16 0.271 -0.345 0.017 0.002 0.988 -0.116 0.426 -0.142 0.331 -0.028 0.847

Parameters DMSO Heparin Rivaroxaban Apixaban Dabigatran Argatroban

r p value r p value r p value r p value r p value r p value

Age -0.141 0.33 -0.262 0.072 -0.205 0.154 0.061 0.674 -0.203 0.158 -0.329 0.02
Height 0.013 0.927 0.045 0.762 -0.073 0.615 -0.153 0.289 0.056 0.699 0.1 0.488
Weight -0.077 0.598 -0.066 0.658 -0.181 0.208 -0.089 0.537 -0.11 0.449 -0.077 0.593
BMI -0.097 0.505 -0.099 0.501 -0.156 0.279 0.002 0.986 -0.148 0.304 -0.155 0.284
Serum glucose -0.144 0.318 -0.028 0.849 -0.145 0.315 -0.234 0.102 -0.186 0.197 -0.138 0.339
aPTT Serum LDL -0.277 0.051 -0.407 0.004 -0.338 0.016 0.121 0.404 -0.346 0.014 -0.424 0.002
Serum HDL -0.063 0.664 0.047 0.749 -0.097 0.505 -0.079 0.585 -0.025 0.863 0.111 0.443
Serum TG -0.266 0.062 -0.33 0.022 -0.404 0.004 -0.239 0.095 -0.356 0.011 -0.275 0.053
Total cholesterol ~ -0.338 0.016 -0.419 0.003 -0.433 0.002 0.02 0.893 -0.427 0.002 -0.404 0.004
Serum nonHDL -0.312 0.028 -0.44 0.002 -0.393 0.005 0.051 0.724 -0.416 0.003 -0.448 0.001
Serum creatinine ~ -0.182 0.211 -0.215 0.147 -0.1 0.493 -0.252 0.081 -0.137 0.347 -0.056 0.704

BMI=body mass index, LDL=low-density lipoproteins, HDL=high-density lipoproteins, TG=triglyceride
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Figure 12. Relationship between activated partial thromboplastin time (aPTT) and BMI. (A)
Negative control (solvent) (DMSO 1%), (B) positive control (heparin 0.5 IU/mL), (C) rivaroxaban (1

uM), (D) apixaban (1 uM), (E) dabigatran (1 uM), and (F) argatroban (1 pM).
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Figure 13. Relationship between INR and age in healthy donors. (A) Negative control (solvent)
(DMSO 1%), (B) positive control (heparin 5 [U/mL), (C) rivaroxaban (1 pM), (D) apixaban (1 uM), (E)
dabigatran (1 uM), and (F) argatroban (1 uM). In case of significant relationships, also linear regression

was performed.
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Figure 14. Relationship between aPTT and age in healthy donors. (A) Negative control (solvent)
(DMSO 1%), (B) positive control (heparin 0.5 IU/mL), (C) rivaroxaban (1 uM), (D) apixaban (1 uM),
(E) dabigatran (1 uM), and (F) argatroban (1 uM). In case of significant relationships, also linear

regression was performed.
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Figure 15. Comparison of INR values between healthy male and female donors. (A) negative
control (DMSO), (B) positive control (heparin 5 [lU/mL), (C) rivaroxaban (1 pM), (D) apixaban (1 uM),

(E) dabigatran (1 uM), and (F) argatroban (1 uM). No significant differences were found.
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Figure 16. Comparison of aPTT values between healthy male and female donors. (A) negative
control (DMSO), (B) positive control (heparin 0.5 TU/mL), (C) rivaroxaban (1 pM), (D) apixaban (1

uM), (E) dabigatran (1 uM), and (F) argatroban (1 pM). No significant differences were found.
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Figure 17. Comparison of INR values between smoker and non-smoker persons in healthy donors.
(A) negative control (DMSO), (B) positive control (heparin 5 IU/mL), (C) rivaroxaban (1 uM), (D)
apixaban (1 uM), (E) dabigatran (1 uM), and (F) argatroban (1 uM). No significant differences were

found.

53



50 o 120 o o
E] 3 =]
[ ] ) o (]
a5 ¢ 108 100 ¢ 03 80 . 20 g
° 2 . w3 7 g
40 e® © ns o 80 o ° 3 £ o
. Z 2 60l { o 2
. ns 2 T
35 xxl?;‘;gxxx : xxxx{xxlxxxo g 60 ‘.' 20 g .8: ; g
: o0 ; ............ . { ...... =1 .: =1
N EEXE BREEET o 3 3
30 -s 2 40 &, o 2 40 o 208
3 [ ) = =
25 -10 ¢ 20 20 @ F
& & & < < < < < <
S & & & & & & & &
& EA & & «eé‘ «g@ ‘9( & «é(‘ o;,(“ &
(&) O (8)
e e %((\ eo \;o %&O eo \;o %&O
- = 90 = 40 9
° £ ° £ . £
80 3 ; 20 g 100 e
20 3 80 . a t 4 a
® 20
] 10 5] I ° ns ]
P g 0.0 o " g 80 ..0 oS g
60 ° o iy g ° ° :.? % e gy el ::::{:::::: 0 g
2 ... ®..}....T--.... 0 g ‘T'% ERER. ARREEHY ) g L1 ad %' g
:“k .......... 2 60 .:: % 2 60 S 2
40{ © *3 w o ° ‘5 ® °® ]
2 » 10 8 20 8
20 » »® 7] »n
50 40
& & & & & & & & &
& & & & & & &
% ) ) & 9 ) ) & S ) ) &
0‘\ OQ 0‘. Oo 0‘\ 0‘. OQ Oo o
€ S P SR P

Figure 18. Comparison of aPTT values between smoker and non-smoker persons in healthy
donors. (A) negative control (DMSO), (B) positive control (heparin 0.5 IU/mL), (C) rivaroxaban (1
uM), (D) apixaban (1 uM), (E) dabigatran (1 uM), and (F) argatroban (1 uM). No significant differences

were found.
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The relationships between coagulation values and biochemical parameters, particularly
regarding cholesterol levels, are more pronounced in aPTT compared to that of PT (INR). Higher levels
of LDL-cholesterol were associated with shorter aPTT in 4 of the 5 tested anticoagulants, meanwhile, a
shortened INR was only found in dabigatran (Figures 16 & 20). Similar conditions were observed in
other parameters, INR correlated only with triglycerides after apixaban treatment (Figure 21). Total
cholesterol and non-HDL-cholesterol INR correlated solely with PT dabigatran-treated samples (Figures
23 & 25). Shorter aPTT times were observed in 3 anticoagulants (heparin, rivaroxaban, and dabigatran)
when the levels of triglycerides increased (Figure 22). Identical relationships were found in total
cholesterol and non-HDL as shorter aPTT was associated with higher total cholesterol and non-HDL
cholesterol in samples treated with four anticoagulants and the negative control as well (Figures 23 &
25). Among all cholesterol parameters, only HDL-cholesterol did not correlate with neither INR nor
aPTT (Figures 26 & 27). In addition, an increase in glucose levels shortened INR in heparin and

apixaban-treated samples, but not in the case of aPTT (Figures 29 & 30).
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Figure 19. Relationship between INR and LDL-cholesterol levels in healthy donors. (A) Negative

control (solvent) (DMSO 1%), (B) positive control (heparin 5 IU/mL), (C) rivaroxaban (1 uM), (D)

apixaban (1 uM), (E) dabigatran (1 puM), and (F) argatroban (1 pM). In case of significant relationships,

also linear regression was performed.
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Figure 20. Relationship between aPTT and LDL-cholesterol levels in healthy donors. (A) Negative
control (solvent) (DMSO 1%), (B) positive control (heparin 0.5 IU/mL), (C) rivaroxaban (1 uM), (D)
apixaban (1 uM), (E) dabigatran (1 uM), and (F) argatroban (1 uM). In case of significant relationships,

also linear regression was performed.
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Figure 21. Relationship between INR and triglyceride levels in healthy donors. (A) Negative control
(solvent) (DMSO 1%), (B) positive control (heparin 5 IU/mL), (C) rivaroxaban (1 pM), (D) apixaban

(1 uM), (E) dabigatran (1 pM), and (F) argatroban (1 puM). In case of significant relationships, also

linear regression was performed.
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Figure 22. Relationship between aPTT and triglyceride levels in healthy donors. (A) Negative
control (solvent) (DMSO 1%), (B) positive control (heparin 0.5 IU/mL), (C) rivaroxaban (1 uM), (D)

apixaban (1 uM), (E) dabigatran (1 uM), and (F) argatroban (1 uM). In case of significant relationships,

also linear regression was performed.
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Figure 23. Relationship between INR and total cholesterol levels in healthy donors. (A) Negative

control (solvent) (DMSO 1%), (B) positive control (heparin 5 TU/mL), (C) rivaroxaban (1 uM), (D)

apixaban (1 uM), (E) dabigatran (1 uM), and (F) argatroban (1 uM). In case of significant relationships,

also linear regression was performed.
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Figure 24. Relationship between aPTT and total cholesterol levels in healthy donors. (A) Negative
control (solvent) (DMSO 1%), (B) positive control (heparin 0.5 IU/mL), (C) rivaroxaban (1 uM), (D)

apixaban (1 uM), (E) dabigatran (1 uM), and (F) argatroban (1 uM). In case of significant relationships,

also linear regression was performed.
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Figure 25. Relationship between INR and non-HDL-cholesterol levels in healthy donors. (A)
Negative control (solvent) (DMSO 1%), (B) positive control (heparin 5 IU/mL), (C) rivaroxaban (1
uM), (D) apixaban (1 uM), (E) dabigatran (1 pM), and (F) argatroban (1 puM). In case of significant

relationships, also linear regression was performed.
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Figure 26. Relationship between aPTT and non-HDL-cholesterol levels in healthy donors. (A)
Negative control (solvent) (DMSO 1%), (B) positive control (heparin 0.5 IU/mL), (C) rivaroxaban (1
uM), (D) apixaban (1 uM), (E) dabigatran (1 pM), and (F) argatroban (1 puM). In case of significant

relationships, also linear regression was performed.
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Figure 27. Relationship between INR and HDL-cholesterol levels in healthy donors. (A) Negative

control (solvent) (DMSO 1%), (B) positive control (heparin 5 IU/mL), (C) rivaroxaban (1 uM), (D)

apixaban (1 uM), (E) dabigatran (1 uM), and (F) argatroban (1 pM).
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Figure 28. Relationship between aPTT and HDL-cholesterol levels in healthy donors. (A) Negative
control (solvent) (DMSO 1%), (B) positive control (heparin 0.5 IU/mL), (C) rivaroxaban (1 uM), (D)

apixaban (1 uM), (E) dabigatran (1 uM), and (F) argatroban (1 pM).
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Figure 29. Relationship between INR and glucose levels in healthy donors. (A) Negative control

(solvent) (DMSO 1%), (B) positive control (heparin 5 IU/mL), (C) rivaroxaban (1 uM), (D) apixaban

(1 uM), (E) dabigatran (1 puM), and (F) argatroban (1 uM). In case of significant relationships, also

linear regression was performed.
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Figure 30. Relationship between aPTT and glucose levels in healthy donors. (A) Negative control
(solvent) (DMSO 1%), (B) positive control (heparin 0.5 IU/mL), (C) rivaroxaban (1 uM), (D) apixaban

(1 uM), (E) dabigatran (1 pM), and (F) argatroban (1 uM).

4.2 Familial Hypercholesterolemia (FH)

As cholesterol plays an important role in coagulation (chapter 1.2), further experiments were
carried out with severe cases of FH patients. Fifteen patients were enrolled in this study. Although it is
a small number, this is the number of all FH patients treated at University Hospital in Hradec Kralové.
Of the fifteen patients, only twelve patients were finally analyzed in our study since three of them had

been administered anticoagulants on a long-term basis.

First, the effect of clinically used direct anticoagulants, negative (DMSO) and positive (heparin)
controls were compared between healthy individuals and FH patients, to see the possible differences

between them (Figure 31). When PT (INR) was analyzed, there were no differences in basal coagulation
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between FH and controls. There were however differences in aPTT as FH had longer aPTT than controls

in solvent-treated samples (Figure 31B).

As expected, all tested anticoagulants extended coagulation time in FH patients as it did with
healthy donors (Figure 10). Dabigatran treatment, however, prolonged coagulation in FH patients to a
significantly higher extent when compared to controls in both PT and aPTT assays. Interestingly, the
effect of rivaroxaban was only significant in the case of aPTT, while there were no differences between

FH and controls for apixaban or argatroban.

In the next step, the possible differences in three homozygous and nine heterozygous patients
were investigated. Even if the number of homozygous patients was very low, there did not appear to be
differences in coagulation based on PT and aPTT tests as well as in the effects of anticoagulants (Figure

32).
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Figure 31. Coagulation differences between generally healthy donors and familial
hypercholesterolemia (FH) patients. (A) prothrombin time (PT) values expressed as the international
normalized ratio (INR), (B) activated partial thromboplastin time (aPTT). DMSO was used as vehicle
control with a final concentration of 1% and heparin as positive control with a final concentration of 5
and 0.5 IU/mL for PT and aPTT assays, respectively. The final concentration of 1 uM was employed for
all tested direct anticoagulants. In patients treated with apheresis, solely pre-apheresis values were

considered. *p<0.05; **p<0.01
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Figure 32. Coagulation in homozygous and heterozygous FH patients. (A) PT values are expressed
as INR and (B) aPTT. DMSO was used as vehicle control with a final concentration of 1% and heparin
as positive control with a final concentration of 5 and 0.5 IU/mL for PT and aPTT assays, respectively.
The final concentration of 1 uM was employed for all tested direct anticoagulants. In patients treated

with apheresis, solely pre-apheresis values were considered. No significant differences were found.

In these patients, pharmacotherapy was not the only approach, since eight patients also
underwent apheresis, therefore the long-term impact of this treatment modality needed to be
investigated. As an anticoagulant was used within the apheresis procedure, the prolongation of post-
apheresis coagulation values was expected (Figure 33). For this reason, we could compare coagulation
parameters solely in before-apheresis samples with samples from patients not treated with this
procedure. No significant differences were obtained between patients not treated and those treated with
apheresis (Figure 34AB). As most of the patients were also treated with PCSK9Ab, the differences
between patients treated with apheresis and PCSK9AD vs. patients treated solely with PCSK9Ab were
compared. However, there were no differences in coagulation parameters observed between these two

groups (Figure 34CD).

Since vitamin K is a cornerstone for the synthesis of many coagulation factors (chapter 1.4.2,

[122]), the most important forms of vitamin K (K;, MK-4, MK-7, and MK-9) were measured in the
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serum of both healthy and FH patients (Figure 35). MK-9 was under the limit of detection in all samples
and therefore was not further evaluated. There were no differences in basal levels between healthy
donors and patients with FH, but apheresis significantly reduced the levels of MK-4 and there was a

tendency for other forms to drop as well.

Further, the possibility of an association between biochemical parameters with coagulation
patterns was studied. The most important correlations were found in lipid levels with aPTT (Figure 36).
The inverse correlation coefficients for LDL, non-HDL, and total cholesterol with aPTT indicate that
elevated serum cholesterol levels are linked to shorter coagulation times, potentially accelerating the
coagulation process. It is noteworthy that a negative correlation was also found between HDL-
cholesterol and aPTT; however, this phenomenon was only observed in the samples that contained

solvent and the addition of anticoagulants did not produce the same effect.

Complete correlation analyses of INR and aPTT with biochemical parameters are available in

Tables 4 & 5.
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Figure 33. Coagulation results in FH patients pre- and post-apheresis. (A) PT values expressed as

INR and (B) aPTT values in 5 included FH patients undergoing apheresis. *p<0.05; **0<0.01
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Figure 34. Coagulation results of FH patients without apheresis and pre-apheresis. (A) PT values

expressed as INR, (B) aPTT, (C) PT expressed as INR in PCSK9Ab-treated patients, and (D) aPTT in

PCSK9ADb-treated patients. In total, 10 FH patients were treated with PCSK9ADb, 4 of them underwent

apheresis. No apheresis means morning blood samples of patients not treated with apheresis (7 patients)

while pre-apheresis means morning blood samples before apheresis procedure (5 patients). No

significant differences were found.
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Figure 35. Detection of vitamin K forms: vitamin K, (K1) and vitamin K, forms (MK-4 and MK-
7) in plasma samples. (A) healthy donors vs. all FH patients and (B) FH patients pre- vs. post-apheresis.
Complete vitamin K data for pre- and post-apheresis were available solely for 3 FH patients not using

anticoagulants. *p<0.05
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Figure 36. Correlation of lipidic parameters with aPTT. (A) correlation between LDL-cholesterol
and aPTT, (B) correlation between HDL-cholesterol and aPTT — significant correlation was found solely
for solvent, (C) correlation between non-HDL-cholesterol and aPTT, and (D) correlation between total

cholesterol and aPTT.
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Table 4. Pearson correlations between coagulation data and biochemical parameters detected in FH patients or volunteer blood samples

DMSO Heparin Rivaroxaban Apixaban Dabigatran Argatroban
Parameters
T p value T p value T p value T p value r p value T p value
Glucose 0.491 0.009 0.112 0.593 0.24 0.229 0.201 0.316 0.181 0.368 0.091 0.651
LDL 0.003 0.988 -0.239 0.25 -0.412 0.033 -0.264 0.183 -0.389 0.045 -0.325 0.098
HDL -0.424 0.028 -0.212 0.309 -0.276 0.164 -0.219 0.274 -0.225 0.259 -0.277 0.163
TG 0.362 0.064 -0.083 0.693 0.032 0.873 0.156 0.438 -0.085 0.645 -0.191 0.339
INR Total cholesterol -0.059 0.769 -0.285 0.167 -0.448 0.019 -0.269 0.174 -0.43 0.025 -0.386 0.047
Non-HDL 0.072 0.72 -0.248 0.232 -0.392 0.043 -0.219 0.273 -0.389 0.045 -0.326 0.097
Vit. K 0.094 0.647 -0.197 0.344 -0.187 0.361 -0.122 0.553 -0.221 0.279 -0.204 0.317
Vit. MK4 -0.143 0.497 -0.255 0.219 -0.301 0.144 -0.069 0.744 -0.255 0.22 -0.377 0.063
Vit. MK7 -0.108 0.601 -0.252 0.225 -0.234 0.25 -0.119 0.563 -0.191 0.351 -0.18 0.379
Total vitamin K -0.034 0.868 -0.284 0.169 -0.369 0.064 -0.096 0.642 -0.264 0.193 -0.357 0.073
Glucose 0.219 0.273 0.648 0.0003 0.232 0.245 -0.116 0.408 0.289 0.144 0.184 0.359
LDL -0.499 0.008 -0.45 0.021 -0.501 0.007 0.073 0.716 -0.488 0.010 -0.400 0.04
HDL -0.479 0.012 -0.310 0.123 -0.371 0.057 -0.121 0.549 -0.367 0.060 -0.094 0.640
TG 0.151 0.452 0.471 0.015 0.096 0.634 -0.062 0.756 0.078 0.699 0.068 0.735
Total cholesterol -0.571 0.002 -0.411 0.037 -0.547 0.03 0.013 0.949 -0.540 0.004 -0.379 0.051
APt Non-HDL -0.459 0.016 -0.342 0.088 -0.468 0.014 0.053 0.794 -0.462 0.015 -0.377 0.053
Vit. K -0.135 0.512 0.074 0.724 -0.07 0.735 -0.036 0.862 -0.186 0.363 -0.091 0.658
Vit. MK4 -0.072 0.732 -0.085 0.693 -0.235 0.258 -0.059 0.778 -0.228 0.272 -0.265 0.201
Vit. MK7 -0.095 0.644 0.033 0.875 -0.087 0.674 -0.073 0.724 -0.141 0.491 -0.293 0.146
Total vitamin K -0.16 0.434 -0.054 0.797 -0.21 0.304 -0.024 0.907 -0.214 0.295 -0.264 0.193

LDL~= low-density lipoprotein; HDL= high-density lipoprotein; TG: triglyceride
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Table 5. Spearman correlations between coagulation data and biochemical parameters detected in FH patients or volunteer blood samples

INR

aPTT

DMSO Heparin Rivaroxaban Apixaban Dabigatran Argatroban
Parameters

T p value r p value r p value T p value T p value r p value
Glucose 0.284 0.152 0.071 0.736 0.057 0.776 -0.002 0.994 0.144 0.475 -0.004 0.986
LDL -0.092 0.648 -0.093 0.659 -0.37 0.057 -0.363 0.063 -0.462 0.015 -0.407 0.035
HDL -0.538 0.004 -0.21 0.315 -0.309 0.117 -0.272 0.17 -0.351 0.073 -0.192 0.337
TG 0.154 0.444 -0.032 0.878 -0.16 0.426 -0.014 0.946 -0.085 0.675 -0.379 0.051
Total cholesterol -0.101 0.617 -0.102 0.629 -0.325 0.099 -0.287 0.147 -0.39 0.045 -0.317 0.108
Non-HDL -0.003 0.989 -0.051 0.81 -0.324 0.1 -0.309 0.117 -0.387 0.046 -0.381 0.049
Vit. Ky 0.000 0.999 -0.179 0.391 -0.203 0.32 -0.195 0.341 -0.228 0.264 -0.149 0.469
Vit. MK4 -0.175 0.402 -0.104 0.621 -0.302 0.142 -0.192 0.357 -0.14 0.504 -0.352 0.084
Vit. MK7 -0.287 0.155 -0.357 0.08 -0.317 0.115 -0.187 0.361 -0.259 0.202 -0.194 0.343
Total vitamin K -0.091 0.658 -0.202 0.334 -0.34 0.089 -0.189 0.354 -0.243 0.231 -0.331 0.098
Glucose -0.012 0.951 0.065 0.754 -0.186 0.353 -0.213 0.287 0.026 0.898 -0.065 0.746
LDL -0.622 0.0005 -0.43 0.028 -0.629 0.0004 -0.103 0.611 -0.589 0.001 -0.6 0.001
HDL -0.525 0.005 -0.114 0.58 -0.286 0.148 -0.188 0.347 -0.421 0.029 -0.164 0.415
TG -0.039 0.846 -0.261 0.198 -0.397 0.041 -0.279 0.158 -0.145 0.47 -0.301 0.127
Total cholesterol -0.664 0.0002 -0.334 0.096 -0.619 0.0006 -0.123 0.541 -0.573 0.002 -0.512 0.006
Non-HDL -0.557 0.003 -0.383 0.054 -0.606 0.001 -0.097 0.631 -0.549 0.003 -0.6 0.0009
Vit. K -0.139 0.5 -0.466 0.019 -0.185 0.367 -0.021 0.921 -0.261 0.199 -0.183 0.372
Vit. MK4 0.013 0.952 -0.49 0.015 -0.297 0.149 -0.113 0.591 -0.253 0.222 -0.396 0.051
Vit. MK7 -0.154 0.452 -0.39 0.054 -0.093 0.65 -0.023 0.911 -0.219 0.282 -0.165 0.421
Total vitamin K -0.138 0.501 -0.563 0.003 -0.326 0.104 -0.142 0.488 -0.338 0.091 -0.318 0.113

LDL~= low-density lipoprotein; HDL= high-density lipoprotein; TG: triglyceride
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4.3 Diabetes mellitus type 1

Also, as a part of this study, coagulation activity between healthy donors and DMT]1 patients
was evaluated using PT (as INR) and aPTT (Figure 37). Plasma treated solely with DMSO as the vehicle
control at a final concentration of 1% did not differ between generally healthy individuals and DMT1
patients in both assays. However, heparin as the positive control prolonged coagulation time more
intensively in both PT and aPTT tests in patients than in the generally healthy group. Similar results
were obtained with dabigatran as it prolonged coagulation more extensively in DMT1 patients than in
generally healthy controls in both tests. However, in the case of xabans (FXa-Is), this phenomenon was
only found when PT values were compared. The second DTI, argatroban, produced the same effect both

in healthy and DMT1 patients.
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Figure 37. Coagulation differences between healthy donors and diabetes mellitus type 1 (DMT1)
patients. (A) prothrombin time (PT) expressed as international normalized ratio (INR) and (B) activated
partial thromboplastin time (aPTT). DMSO was used as vehicle control with a final concentration of 1%
and heparin (indirect anticoagulant and positive control) with a final concentration of 5 and 0.5 IU/mL
for PT/INR and aPTT assays, respectively. The final concentration for all tested direct anticoagulants

was 1 uM. ***p<0.001
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In the next step, again, the potential influence of anthropological parameters on blood
coagulation was evaluated. For the age, enrolled subjects were divided into groups of 10-year ranges.
Heparin yielded significant differences in all age groups except for the 30-39 years group (Figure 38A).
Interestingly, there was a trend that the effect of heparin dropped linearly with age in the control group
but not in the DMT1 patients (Figure 38F). The activity of rivaroxaban was significantly different in
coagulation profiles between healthy and DMT1 samples in age ranges between 30 and 59 years of age,
whereas the second xaban, apixaban, was active only in the elderly individuals (50-59 and 60+) (Figure
38BC). In dabigatran-treated samples, the differences between sample groups were observed in all age
categories (Figure 38D), whereas the effect of argatroban was much weaker than dabigatran. Regardless,
the significant differences in argatroban samples were observed solely in the oldest patients enrolled
(Figure 38E). Additionally, the effect of dabigatran, argatroban, and rivaroxaban followed an increasing

trend with age in DMT1 patients but not in healthy persons (Figure 38F).

The effects of heparin and anticoagulants were less pronounced in aPTT than in PT test (Figure
39). Significant differences in aPTT between DMT1 patients and healthy individuals in different age
groups were found only with dabigatran (Figure 39D). For both groups, there was a modest but non-
significant trend toward shorter coagulation times. The samples treated with heparin were different in
aPTT only in the age range of 50-59 (Figure 39A). In healthy volunteers, coagulation times showed an
intriguing downward trend with age for all anticoagulants used; however, this inclination was significant
only in samples treated with heparin and argatroban. Although not consistent, this tendency was noted

also in DMT]1 samples.
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Figure 38. Differences in PT (expressed as INR) based on the age ranges in healthy donors and
DMT1 patients after treatment with anticoagulants. (A) heparin, (B) rivaroxaban, (C) apixaban, (D)
dabigatran, (E) argatroban, and (F) linear regression of each anticoagulant in case significant or nearly

significant compared to healthy subjects or DMT1 patients. *p<0.05; **p<0.01; ***p<0.001
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Figure 39. Differences in aPTT based on the age ranges in healthy donors and DMT1 patients
after treatment with anticoagulants. (A) heparin, (B) rivaroxaban, (C) apixaban, (D) dabigatran, (E)
argatroban, and (F) linear regression of each anticoagulant in case significant or nearly significant

compared to healthy subjects or DMT]1 patients. *p<0.05; **p<0.01; ***p<0.001

A comparable data analysis was carried out using BMI (Figures 40 & 41). Based on the
international BMI index criteria, BMI was classified into three groups: 18.5-24.9 (normal weight), 25-
29.9 (overweight), and 30+ (obesity). With the exception of argatroban, there were notable PT
differences between the DMT1 patient groups and the healthy volunteer groups in every BMI category
(Figure 40). Generally, lower anticoagulant effects were correlated with higher BMI (Figure 40). Similar
to the age-effect analysis, aPTT (Figure 41) showed few significant differences. They were only
observed for dabigatran across all BMI categories, and for heparin, only in two BMI categories (18.5-

24.9 and 30+).
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In a complementary analysis, coagulation results were split into two groups based on glycemia
(below or above 7 mM) and glycated hemoglobin (below or above 53 mmol/mol) in individuals with
diabetes. Nearly no differences were obtained. The one exception was heparin, which, according to the
PT test, was more active in DMT1 patients whose glycated hemoglobin level was greater than 53

mmol/mol (Figures 42 & 43).
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Figure 40. Differences in PT (expressed as INR) based on the body mass index (BMI) in healthy
donors and DMT1 patients after treatment with anticoagulants. (A) heparin, (B) rivaroxaban, (C)
apixaban, (D) dabigatran, (E) argatroban, and (F) linear regression of each anticoagulant in case
significant or nearly significant compared to healthy subjects or DMT1 patients. *p<0.05; **p<0.01;

##%p<0.001
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Figure 41. Differences in aPTT based on the BMI in healthy donors and DMT1 patients after
treatment with anticoagulants. (A) heparin, (B) rivaroxaban, (C) apixaban, (D) dabigatran, and (E)

argatroban. *p<0.05; **p<0.01; ***p<0.001

8 140- Glucose <7 mM
. * Glucose 27 mM
120
6 : —_— . .
¢ . &, 100 ¢
(1’4 . — ° . °
Z 47 . =% : 50 : —i
— __’_ F- 4 Ll m Py ') _i
5 1 1% _* —% . © 60| —; it § A
=0 ? ° —‘ 40__‘ o [ 1
0 T T T T T T 20— .
(o} O O O NN
Qg ,b&\ ,o’b ,00 .é'b ,o'b Q‘b ,z}\ %o’b 600 ,éw o,ofb
LK 7 & & C D o F PP
I o F O & IO 2
é V'Q ,50 &Q .4’0‘ v f8° (Q

Figure 42. Comparison of (A) INR and (B) aPTT values of solvent and tested indirect and direct

anticoagulants based on the glucose levels of DMT1 patients. No significant differences were found.
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Figure 43. Comparison of (A) INR and (B) aPTT values of solvent and tested indirect and direct

anticoagulants based on the glycated hemoglobin levels of DMT1 patients. ***p<0.001

Next, correlations between the obtained coagulation results and the measured biochemical
values were analyzed (Table 6). All of the data — both DMT1 patients and healthy controls — were
included in this analysis. There were several important correlations between PT values and a number of
biochemical parameters. PT and aPTT were generally correlated with LDL, non-HDL, and total
cholesterol (Figures 44 & 45). Higher levels of lipids in serum, specifically of LDL or total cholesterol
shortened the coagulation time and, as a result, lessened the effect of tested anticoagulants. The
relationship between glycemia and coagulation was not found. Similarly, there were no associations
found in the entire group between glycated hemoglobin and coagulation. Figure 47 reveals some
correlations that were discovered in a subgroup analysis, but glycated hemoglobin did not differ
according to age, gender, BMI, or smoking habits (Figure 46). Higher concentrations of vitamin K
resulted in longer coagulation times because total vitamin K values were mostly correlated negatively
with PT. Figures 48 & 49, which present a sub-analysis of vitamin K forms, indicate that vitamin K; and
MK-4, a major isoform of vitamin K>, were the main drivers of the results. No correlation was found
between the MK-7 form of vitamin K and any of the determined parameters. Nevertheless, with the

exception of untreated (solvent) samples, the same correlations were not seen with aPTT.

81



Table 6. Correlations of selected biochemical profiles with the coagulation values

Factor Xa inhibitors Thrombin Inhibitors
DMSO Heparin
Parameters Rivaroxaban Apixaban Dabigatran Argatroban
T p-value r p-value r p-value r p-value r p-value T p-value
Glucose -0.053 0.6 0.194 0.055 0.08 0.427 0.046 0.647 0.335 <0.001 -0.068 0.503
gHb -0.095 0.512 0.271 0.06 0.057 0.695 0.005 0.973 -0.143 0.323 -0.122 0.398
LDL -0.227 0.023 -0.363 <0.001 -0.232 0.02 -0.452 <0.001 -0.515 <0.001 -0.335 <0.001
Total cholesterol -0.23 0.021 -0.313 0.002 -0.253 0.011 -0.465 <0.001 -0.479 <0.001 -0.321 0.001
HDL 0.071 0.482 -0.114 0.264 -0.161 0.109 0.007 0.942 -0.051 0.614 0.175 0.081
Triglycerides -0.237 0.017 -0.036 0.723 -0.223 0.026 -0.308 0.002 -0.31 0.002 -0.441 <0.001
INR  Non-HDL -0.246 0.014 -0.282 0.005 -0.215 0.032 -0.474 <0.001 -0.485 <0.001 -0.39 <0.001
Vitamin K; -0.257 0.011 0.046 0.657 -0.255 0.012 -0.188 0.066 -0.347 <0.001 -0.165 0.107
Vitamin MK-4 -0.298 0.003 -0.149 0.145 -0.37 <0.001 -0.334 <0.001 -0.477 <0.001 -0.135 0.183
Vitamin MK-7 -0.108 0.288 0.023 0.822 0.046 0.652 -0.115 0.255 0.17 0.093 -0.117 0.249
Total vitamin K -0.357 <0.001 -0.07 0.496 -0.384 <0.001 -0.37 <0.001 -0.458 <0.001 -0.225 0.024
Creatinine serum -0.065 0.521 -0.181 0.075 0.011 0.915 -0.093 0.36 -0.019 0.854 -0.036 0.719
Creatinine urine 0.035 0.732 -0.096 0.346 0.047 0.644 -0.034 0.739 0.036 0.723 0.092 0.362
Glucose 0.163 0.105 0.252 0.012 -0.106 0.296 -0.189 0.06 -0.098 0.33 -0.06 0.556
gHb -0.159 0.269 0.079 0.585 -0.032 0.825 -0.01 0.944 0.134 0.353 -0.025 0.863
wt LDL -0.353 <0.001 -0.415 <0.001 -0.142 0.16 -0.074 0.466 -0.137 0.175 -0.179 0.074
Total cholesterol -0.403 <0.001 -0.399 <0.001 -0.19 0.058 -0.111 0.271 -0.181 0.072 -0.199 0.048
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HDL 0.007
Triglycerides -0.317
Non-HDL -0.379
Vitamin K; -0.097
Vitamin MK-4 -0.269
Vitamin MK-7 -0.144
Total vitamin K -0.276
Creatinine serum 0.067
Creatinine urine -0.025

0.947
0.001
<0.001
0.344
0.007
0.154
0.006
0.508
0.802

0.013
-0.246
-0.393
-0.1
-0.188
-0.039
-0.149
-0.094
-0.06

0.899
0.015
<0.001
0.923
0.065
0.707
0.144
0.359
0.558

-0.049
-0.168
-0.148
0.026
-0.173
-0.049
-0.09
-0.058
0.155

0.63
0.095
0.143
0.801
0.087

0.63
0.371

0.57
0.124

0.036
-0.256
-0.138
-0.126
-0.193
-0.114
-0.185
-0.18
0.048

0.722
0.01
0.171
0.219
0.055
0.263
0.066
0.073
0.633

-0.05
-0.128
-0.159
-0.021
-0.144
0.097
-0.108
-0.102
0.144

0.622
0.206
0.113
0.841
0.154
0.341
0.284
0.312
0.153

-0.014
-0.123
-0.187
0.092
-0.165
0.091
-0.081
-0.029
0.092

0.889
0.222
0.063
0.368
0.103
0.368
0.426
0.775
0.361

Data were analysed for both healthy and DMT1 patients together.

gHb - glycated hemoglobin (HbAlc); LDL — low-density lipoprotein; HDL — high-density lipoprotein
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Figure 44. Correlation between PT (expressed as INR) and selected biochemical parameters (A)
fasting glucose, (B) LDL, (C) total cholesterol (TC), and (D) non-HDL; after treatment with solvent
(DMSO, at a final concentration of 1%), heparin (final concentration of 5 IU/mL) and direct

anticoagulants (rivaroxaban, apixaban, dabigatran, and argatroban, all at a final concentration of 1 pM).
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Figure 45. Correlation between aPTT and selected biochemical parameters (A) fasting glucose, (B)
LDL, (C) total cholesterol (TC), and (D) non-HDL; after treatment with solvent (DMSO, final
concentration of 1%), heparin (final concentration of 0.5 IU/mL) and direct anticoagulants (rivaroxaban,

apixaban, dabigatran, and argatroban, all at a final concentration of 1 uM).
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Figure 46. Comparison of glycated hemoglobin values from DMT1 patients in different subgroups.

(A) age groups, (B) gender, (C) BMI, and (D) smoking habit. No significant differences were found.
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Figure 47. Correlations of tested anticoagulants (reported as INR or aPTT) with HbAlc in DMT1
patients. (A) INR of heparin in age group <20-29 years old, (B) INR of heparin in males, (C) INR of

heparin in BMI 25-29.9, (D) INR of argatroban in BMI 18.5-24.9, and (E) aPTT of dabigatran in males.
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Figure 48. Correlation between prothrombin time (PT, expressed as INR: international
normalized ratio) and vitamin K forms (A) vitamin K, (B) vitamin MK-4, and (C) vitamin MK-7
after treatment with solvent (DMSQO, final concentration 1%), heparin (final concentration 5 IU/mL) and
direct anticoagulants (rivaroxaban, apixaban, dabigatran, and argatroban, all at a final concentration of

1 uM)
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Figure 49. Correlation between aPTT and vitamin K forms (A) vitamin K, (B) vitamin MK-4, and
(C) vitamin MK-7 after treatment with solvent (DMSO, final concentration of 1%), heparin (final

concentration of 0.5 IU/mL) and direct anticoagulants (rivaroxaban, apixaban, dabigatran, and

argatroban, all at a final concentration of 1 pM)
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4.4 Testing of potentially novel anticoagulants

As flavonoids and their metabolites have an effect on platelet aggregation [161, 162] and some
studies suggested their anticoagulant properties [163, 164], the potential impact of these natural
compounds on blood coagulation was tested as well. None of the tested flavonoids affected PT (Figures
50A and 51A). Solely 3 flavonoids (diosmin, epicatechin, and naringin) had a mild significant effect on
aPTT but contrary to what was expected, aPTT was slightly shortened. Therefore, these 3 compounds
acted as weak procoagulatory agents. Moreover, this effect was observed at a high final concentration
of 100 pM. Similar outcomes were observed with flavonoid metabolites formed by gut microbiota. None
of them had an effect on PT and 4 isoflavonoid-specific metabolites mildly shortened aPTT at the
concentration of 100 uM (Figures 50B and 51B). As these effects were observed solely at this high

concentration, no future testing was performed.
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Figure 50. Effect of flavonoids on blood coagulation. Reported as a percentage change on (A) PT and

B) aPTT compared to vehicle (DMSO) values. The final concentration of DMSO was 1%, for heparin
p p

was 5 IU/mL and 0.5 IU/mL in PT and aPTT assays, respectively; and each tested compound was 100

uM. *p<0.05; ***p<0.001
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Figure 51. Effect of (iso)flavonoids metabolites on blood coagulation. Reported as a percentage

change on (A) PT and (B) aPTT compared to vehicle (DMSO) values. The final concentration of DMSO

was 1%, for heparin was 5 IU/mL and 0.5 IU/mL in PT and aPTT assays, respectively; and each tested

compound was 100 uM. *p<0.05; **p<0.01; ***p<0.001
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In another experiment, synthetic complex heterocyclic compounds as well as complex
pyrano[3.4-c]pyridine derivatives, were investigated. From 34 synthetic heterocyclic compounds, only
one compound (4-N; 2-(3,3,6,6-tetramethyl-9-(4-nitrophenyl)-1,8-dioxo-2,3,4,5,6,7,8,9-
octahydroacridin-10(1H)-yl)succinic acid) significantly prolonged aPTT coagulation time but had no
effect on PT. Since this compound has a potential anticoagulant effect, further concentration-effect study
was conducted. The lowest concentration with a significant effect was 75 uM (Figure 52). As the effect
of this compound was mild (about 12%) and observed solely in a relatively high concentration, no

additional testing was performed.

Similar results were obtained with pyrano[3,4-c]pyridine. Of 10 compounds, only one
compound (3h; 3,3-dimethyl-8-(4-methoxyphenyl)-6-0x0-3,4,6,7-tetrahydro-1H-pyrano|[3,4-c]
pyridine-5-carbonitrile) showed a potential effect. Interestingly, compound 3h significantly but mildly
shortened aPTT, suggesting instead of anticoagulant, this compound had rather a procoagulant effect

(Figure 53).

We also screened the potential for an anticoagulation effect in the case of 14 alkaloids and 23
catechol compounds with the same final concentration of 100 uM, but none of these compounds affected

PT and aPTT (Figures 54 and 55).

Using a different method (chromogenic assay), we tested iso(flavonoids) and their metabolites
for direct inhibition of FXa and thrombin. None of these compounds affected thrombin although
dabigatran inhibited 70% and more than 96% at final concentrations 1 and 10 uM, respectively (Figure
56B). A potential effect was found for another test, these natural compounds inhibited 40-60% of FXa
at the highest concentration tested (100 uM) meanwhile, rivaroxaban inhibited more than 98% of FXa

at a final concentration of 0.05 pM (Figure 56A)
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Figure 52. The anticoagulant effect of synthetic heterocyclic compounds. (A) prothrombin time (PT)
and (B) activated partial thromboplastin time (aPTT). All tested compounds were incubated at a
concentration of 100 uM. DMSO was used as the solvent and negative control. Positive control was
heparin: 5 IU/mL and 0.5 IU/mL for PT and aPTT assays, respectively. (C) anticoagulation effect of
compound 4-N on aPTT in different concentrations. The compound was tested between concentrations

25— 150 uM. Concentrations 75 — 150 uM shown significant results compared with DMSO as a negative

control. *p<0.05; *** p<0.001.
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Figure 53. Anti/procoagulant effect of the pyridine and pyrano derivatives. (A) PT and (B) aPTT
values of tested compounds, heparin (positive control), and DMSO (negative control). The final

concentration for tested compounds was 100 uM in both assays, while heparin was 5 IU/mL for PT and

0.5 IU/mL for aPTT assay. *p<0.05; ***p<0.001
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Figure 54. The anticoagulation effect of alkaloid compounds. (A) PT and (B) aPTT values of tested
compounds, heparin (positive control), and DMSO (negative control). The final concentration for tested
compounds was 100 uM in both assays, while heparin was 5 [U/mL for PT and 0.5 IU/mL for aPTT

assay, respectively. ***p<0.001

95



%k %k %k

% of aPTT

T T T T T T T T T T T T T
(O IR O I I I O @ 2 oS
\&Q’c’?&“é“c}‘c’?é“c?é“c?c?&“c?c?&oé‘&o&oee S L LTS
D R g g NN N S
P PP PP PEEL PP PP’ 4}Q *\o Wwo Qoq\c? P O R
P P 0 C A D PP F oy TS O IO
S & S R E E R TP LEEE S
B AN RS FEE TS ME G »
XL L O 8 S A IR A &
@ A S 3
P ™ L0 L% W
W ANV NS
& &
L4 N
VQ
200" |
150+
L
100 “ s
50 H
03 0333333333303 C3d.2230020 0800
2 0 T T a0 0 0 0 0 0 0 0 O S S S o S e
@ 718 (@7 @7 @778 (87187 87878 & ¥ W (L ¥ ¥ @ IR
PFALPLPPPELPLLPERLEF O REPPF S
LS 0 L € S O B I F I O T
S EFE P LD REENE FEEE G STy s
2 v O F P FEF T W E TS A T
% W P OGS 0% (T &S & & N &L &
N S S NS )
o o o RO D w
% ) o~ e c»vO?‘
\j&é\' W\’\ﬂ
A

Figure 55. The anticoagulation effect of catechol compounds. (A) PT and (B) aPTT values of tested

compounds, heparin (positive control), and DMSO (negative control). The final concentration for tested

compounds was 100 uM in both assays, while heparin was 5 IU/mL for PT and 0.5 IU/mL for aPTT

assay, respectively. ***p<0.001
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Figure 56. The inhibition activity of (iso)flavonoid and their metabolites of (A) FXa and (B)
thrombin. The used concentrations for tested compounds were 0.01 — 100 pM. Rivaroxaban and

dabigatran were used as the positive control for FXa and thrombin, respectively.
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5. DISCUSSION

Blood coagulation is an essential physiological mechanism that stops excessive bleeding when
a blood vessel is damaged. Physiologically there is an intricate equilibrium between coagulation and
anticoagulation factors, so clots form only when required and are restricted to the site of injury,
preserving regular blood flow and preventing conditions like thrombosis [165]. However, this process
can be altered in individuals with metabolic disorders such as hypercholesterolemia and diabetes
mellitus, and lead to a hypercoagulable state which is consistent with the higher risk of thrombotic events
such as AMI, stroke, and VTE [166, 167]. Hypolipidemic, antiplatelet, and/or antihypertensive
medication is thought to be essential in preventing such cardiovascular events. Anticoagulant therapy is
also used for the prevention of VTE including atrial fibrillation. Currently, DOACs, or direct oral

anticoagulants, comprise most of this therapy [168, 169].

DOAC:s are clinically proven to overcome the disadvantages of conventional anticoagulants
(VKAs and heparins) such as high interindividual variability, drug-drug or food-drug interactions, and
inconvenient administration. In addition, they are administered in fixed doses [170]. However, our head-
to-head study using four clinically used DOACs, consisting of two FXa inhibitors: rivaroxaban and
apixaban, and two DTIs: dabigatran and argatroban, revealed that anthropological (BMI) and
biochemical (glucose and lipid levels) parameters might influence their pharmacodynamic effects. BMI
and lipid levels in serum correlated negatively with coagulation values (PT/INR and aPTT) [171]. This
principally means that untreated or poorly treated hyperlipidemic and obese persons can be endangered
by VTE notwithstanding anticoagulation treatment. The data on glycemia from our study are not such
clear, glycemia or higher glycated hemoglobin rather prolonged coagulation times but the results were

not unambiguous.

One important detail to emphasize is that this study was an ex vivo study, so we have not
administered the drugs to the patients, but we only treated the collected blood with equal concentrations
of anticoagulants. The tested concentrations of DOACs were always the same at 1 uM. In clinical

situation, when fixed doses are used in patients with different BMIs, differences in plasma levels must
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be observed. This in addition to observing the difference in pharmacodynamic effects creates variability
in clinical outcomes. We intentionally selected a concentration of 1 uM, which is clinically relevant.
This concentration based on our preliminary experiments, resulted in a clear and significant prolongation
of aPTT and/or PT values after being treated with all tested anticoagulants. Moreover, this concentration
was not excessively higher than the maximal plasma levels detected for these DOACs in clinical practice
since similar levels can be detected in the plasma of treated patients: rivaroxaban 571 nM, apixaban 372

nM, dabigatran 278 nM [172], and argatroban 1671 nM [173].

In this project, other factors accompanying obesity such as proinflammation which contributes
to increased blood coagulation or inhibits the effect of anticoagulation drugs [174], were not studied.
However, in the future, the study of inflammatory markers will be included in the portfolio of our

research group.

In our study, PT and aPTT assays were utilized since they are frequently used in clinical practice
to determine the level of coagulation in individuals receiving anticoagulant therapy. Moreover, these
assays are able to detect inhibition in the common coagulation pathway, therefore for both thrombin and
factor Xa inhibitors [74]. In addition, these tests are feasible, precise, and not costly. To enable

comparison with other studies, INR values were reported instead of PT [175].

We aimed to evaluate the effect of all four relatively novel anticoagulants in both healthy persons
and patients presenting metabolic disorders (FH and DMT1) to determine a) their relative potency, and
b) detect differences in their effect on healthy persons and the mentioned patients. The enrolled FH
patients were not only treated pharmacologically but some of them were also undergoing lipid apheresis.
As the apheresis procedure employs anticoagulants [176, 177] we could not compare the INR and aPTT
from healthy individuals and DMT1 patients with FH patients post-apheresis, therefore the comparison

was only for FH patients pre-apheresis and without apheresis.

Of the four direct anticoagulants used, rivaroxaban was the most active compound based on PT
assay in all groups, whereas dabigatran provided the highest activity in aPTT. When both FXa-Is were

compared, the prolongation effect of rivaroxaban was superior to apixaban. This result was quite
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expected since rivaroxaban binds free factor Xa with a 4-fold higher than apixaban [178]. These data
also seem to be consistent with clinical situations, as previous analyses found that rivaroxaban was
significantly more likely than apixaban to cause major bleeding during primary prevention [179, 180].
Concerning DTIs, on average, dabigatran prolonged aPTT slightly more than argatroban, despite the
incidence of major bleeding was higher in argatroban (£ 7%; 20 out of 269) [181] than in dabigatran (+
3.1%; 168 out of 5358) [154]. This can be however confounded by higher clinically achievable levels

of argatroban, which is given parenterally and reaches higher concentrations as reported above.

Nearly no differences were found in the basal coagulation levels of healthy individuals, FH, and
DMT1 patients, especially for INR values. This is despite the fact that FH patients were reported to have
higher levels of fibrinogen and coagulation factor VIII [182] and patients with diabetes mellitus have
insulin resistance and high glucose plasma levels which can increase pro-coagulatory activity through
an enhanced FVII conversion to its activated form (FVIla) [183]. The difference was only shown
between healthy and FH patients in aPTT (Table 7). The most plausible explanation is that the patients
were well-treated pharmacologically for major cardiovascular risk factors. It is noticeable from the lipid
levels, which were lower in patients than in healthy volunteers. As higher cholesterol values are related
to accelerated blood coagulation [71] and we have found a similar relationship in our study (Figures 19-
26, 36, 44, and 45), this can be an important determinant of our results. The same is not true for the
glucose levels of our group of patients (Table 2, Table 8). In addition, there was a difference in BMI

levels between healthy individuals and patients with FH (Table 8).

Additional differences were found when the coagulation results were compared after the
addition of anticoagulants. The prolongation of INR and aPTT was more profound in almost all
anticoagulants in FH and DMT1 patients than in healthy individuals (Table 7). Again, lower levels of
lipids might have an important role here. These outcomes are quite paradoxical, as the disease seems to
cause by itself a pro-coagulatory environment [43, 48, 50, 68], but anticoagulant treatment might be
more efficient than in controls (Figures 37 and 45) and its effect seems to be stronger in higher serum

lipid levels at least in persons with diabetes (Figures 44 and 45).
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Another very novel finding is the impact of vitamin K. It needs not to be emphasized again that
vitamin K is a key player in the synthesis of 7 coagulation and anticoagulation factors [122] and its
levels were altered in patients suffering from DMT1. This can be another factor contributing to observed

coagulation differences.

Although novel direct anticoagulants from the class FXa-I and DTI have largely replaced older
oral anticoagulants, particularly VKA, there is still a search for newer anticoagulants. This research is
driven by two crucial aspects. FXa-Is and DTIs still pose important risks of bleeding and although much
safer, they still present relevant drug interactions. There is currently a novel investigation part for new
anticoagulants, as inhibition of some coagulation factors, e.g. XI, XII is burdened by a lower risk of
bleeding [184, 185]. In this study, relatively many compounds were screened by PT and aPTT tests to
evaluate their potential anticoagulant effects. This effect can be positive under certain situations such as
additive effect to antiplatelet potential, but also negative, if unexpected as they can lead to bleeding. It
would be highly interesting to find a compound with both antiplatelet and anticoagulant effects, as
compounds with these properties are usually used together in patients with coronary heart disease and
atrial fibrillation. However, such research has not yet been successful. Apparently, the anticoagulant
effect requires much more specific structural feature compared to the antiplatelet effect. Considering
that the antiplatelet effect can happen after the interaction of the compounds with any of the receptors
present on the platelet surface or some intracellular cascade [186], this dual effect is logically hard to
find in any drug. Although the coagulation cascade is complicated, the number of involved enzymes is
quite low. In fact, all 143 compounds tested by us, failed to show any significant anticoagulation effects.
Somehow surprising was this failure with flavonoids as some of them were formerly described to
prolong the coagulation [186]. Based on our limited experimental data, we suppose that this can be
caused by the fact, that flavonoids can really inhibit FXa (Figure 56A), but this effect is observed solely

at high concentrations and is hence relatively mild and likely without clinical importance.
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Table 7. Coagulation comparison between healthy individuals, FH, and DMT1 patients

INR o aPTT .

Parameters 0 FH DMTI1 Significance q FH DMTI Significance
DMSO 0.97 +£0.06 0.99 +0.09 1+0.08 n.s. 352+3.9 38.4+2.7 36.6+3.9 *
Heparin 1.7 £ 0.46 209+1.14 323 £1.64 ++; & 50.1 £12.5 77.6 £47.1 59.6 £18.1 *E L+
Rivaroxaban 2.49+£0.33 2.87+£0.52 3.1+£0.6 *k bt 59.7+ 8.4 65.5+9.8 604+79 *
Apixaban 1.74+0.21 1.82+0.23 1.95+0.27 +++ 49.2+10.5 50+8.7 475+6.9 n.s.
Dabigatran 1.46+0.13 1.77 £ 0.45 247+047 B &&& 65.8+7.7 742+9.7 81+94 RO+ &
Argatroban 1.64 £0.17 1.72+0.24 1.69 +£0.23 n.s. 71.4+12 74.1+9.8 70.3+9.2 n.s.

INR: international normalized ratio; aPTT: activated partial thromboplastin time; H: healthy; FH: familial hypercholesterolemia; DMT1: type 1 diabetes
mellitus; n.s.: not significant in all comparisons

H vs FH: *p<0.05; **p<0.01; ***p<0.001

H vs DMT1: "p<0.01; ""p<0.01
FH vs DMT1: ¥p<0.05; ¥%4p<0.001
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Table 8. Anthropological and biochemical parameters of healthy individual, FH and DMT1 patients

Familial hypercholesterolemia

Parameters Healthy Before + without apheresis After apheresis V.8 DMTI Significance
Age 43.14+13.23 49.83+9.39 - 42.14+13.81 n.s.
BMI 26.58 +£3.82 299+434 - 27.11+4.29 *
Glucose 5.1+0.6 6.2+1.5 8.1+2.9 n.s. 74+3.1 ok 449 ;
Vit. K; 1.29+£0.77 1.23£0.92 0.79 £ 0.69 n.s. 0.95+0.97 n.s.
Vit. MK-4 3.15+1.37 391+145 0.71 £0.49 PO 1.82+1.39 999 ; +++ ; oo
Vit. MK-7 0.43+0.36 0.45+0.33 0.1 +0.08 n.s. 0.7+0.73 +
Total vit. K 4.81+1.83 527+2.67 14+1.17 D 344221 999 ; +++;©
LDL 3.41+0.73 2.44 +1.46 0.57+0.55 () 2.77+0.91 ok A9 ;8§88
HDL 1.53+0.34 1.1+0.24 0.83+0.2 n.s. 1.47+£0.44 ok 499 ; o 8§
TG 1.26 £0.47 1.58 £1.02 0.74 £0.55 n.s. 1.43+1.14 q
TC 5.42+0.85 4.11+1.57 1.58 £0.48 OI() 4.82+1.11 kx99 ++; §88
Non-HDL 3.89 £0.85 3.01 £1.56 0.74 +£0.58 oD 336+1.24 * a9+ 888

Before + without apheresis vs after apheresis: ® p<0.05; ®® p<0.01; OO p<0.001
Healthy vs FH before + without apheresis: * p<(0.05; ** p<0.01; *** p<0.001
Healthy vs FH after apheresis: § p<0.05; 499 p<0.001

Healthy vs DMT1: + p<0.05; ++ p<0.01; +++ p<0.001

FH before + without apheresis vs DMT1: & p<0.05; o p<0.01; o p<0.001

FH after apheresis vs DMT1: §§ p<0.01; §§§ p<0.001

n.s.: all comparisons were not significant

DMT1: type 1 diabetes mellitus; BMI: body mass index; LDL: low-density lipoprotein: HDL: high-density lipoprotein; TG: triglycerides; TC: total cholesterol
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)

2)

3)

4)

6. STUDY LIMITATION

There are 4 major study limitations:

The use of aPTT and PT test is easy and precise but might not be able to detect small differences
and in clinical praxis, the values are not always increased after administration of direct
anticoagulants in contrast to heparins and VKA. In particular, rivaroxaban was shown to increase
PT by 150-200%, while DTIs increased aPTT by 50-100% when compared to basal values (solvent
control).

Our collaborators from the University Hospital at Hradec Kralové prepared a method for detection
of vitamin K; and several forms of vitamin K, (MK-4, MK-7, and MK-9). They were not able due
to several reasons (e.g. lack of standards) to detect other vitamin K, forms which could particularize
the relations between coagulation responses observed and vitamin K.

The number of severe cases of FH in our study was relatively low. Although the prevalence of FH
is relatively high (1:313 individuals worldwide), particularly for the less serious heterozygous form.
However, this condition is generally highly underdiagnosed. The problem could be overcome by the
inclusion of patients being treated at other centers, but this was not possible at the time this project
was taking place.

Our data should be confirmed in real in vivo clinical conditions since this was an ex vivo study.
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7. CONCLUSION AND FUTURE PERSPECTIVES

In summary, there were no significant differences in PT/INR and aPTT values between healthy
individuals and patients with metabolic diseases (FH or DMT1). However, when FXa-Is (rivaroxaban
and apixaban) and DTIs (dabigatran and argatroban) were added ex vivo to the blood samples of healthy
donors and patients, the prolongation of PT/INR and aPTT in patients was more extensive than in the
healthy group. Correlation analyses revealed that BMI and lipid levels were critical for these results,
moreover, vitamin K (K; and K), an important player in blood coagulation, was lower in DMT1 patients
and partly in FH after lipid apheresis, compared to healthy individuals. These novel findings suggested
that the efficacy of the anticoagulation effect of DOACs can be enhanced in patients with metabolic
diseases, which are well pharmacologically treated for cardiovascular risk factors, particularly with
hypolipidemic agents. Regardless, this can be potentially also associated with increased bleeding risk if

these patients are treated with anticoagulants.

Although now DOAC:s are considered the safest anticoagulant therapy compared to VKA and
heparins, as mentioned above, the risk of bleeding and certain drug-drug interactions cannot still be
avoided. Based on this background, this study also covered the search for alternative anticoagulants
from both natural and synthetic sources. Although we included a very large number of compounds with
very different chemical structures, none of them possessed a clinically relevant anticoagulant effect.
This fact suggests that it is much more complicated to find active novel anticoagulants than antiplatelet

drugs.

Future studies in clinical praxis are needed to evaluate in detail the efficacy and adverse effects
of DOAC:s in patients with metabolic disease. In particular, the impact of low-grade inflammation should
be analyzed as they can contribute to enhanced coagulation and this analysis was not performed although
such a situation can be observed particularly in obese individuals. It would be also of interest to study
the impact of clinically used anticoagulants in real biological conditions by measuring their plasma
levels and markers of the activity of the coagulation system. This is the only way how our ex vivo data

can be confirmed in vivo and hence their clinical impact can be deciphered. Such analysis can answer
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the question, of whether tailored anticoagulant therapy will not be better than currently used fixed doses

regimen.

As the FH is much more common in the population than previously thought, more detailed data
based on genetic analysis with analysis of their coagulation system can bring future specifications for

the use of anticoagulants in these patients.
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