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Abstract: The aim of this study was to explore the effects
of dabigatran and rivaroxaban on the activities of various
coagulation factors. To achieve that, 60 rabbits were ran-
domly divided into experimental groups that received
different doses of dabigatran or rivaroxaban. The effects
of dabigatran and rivaroxaban on the activities of FII, FV,
FVIII, FX, and activated protein C (APC) were analyzed.
In the dabigatran groups, activated partial thrombo-
plastin time and thromboplastin time (TT) were prolonged
after drug administration, and the activities of FII, FV,
FVIII, and FX were inhibited as the drug concentration
increased. Low doses of dabigatran inhibited APC activity.
In the rivaroxaban groups, APTT and TT were not signifi-
cantly prolonged after drug administration. In contrast,
the high-dose rivaroxaban group exhibited prolonged
PT, and the degree of inhibition of the activities of FII,
FV, FVIII, and FX increased as the drug concentration
increased. Rivaroxaban had no significant effect on APC
activity regardless of dosage. As the drug concentration
increased, both NOACs had more significant inhibitory
effects on the activities of FII, FV, FVIII, and FX. Low con-

centrations of dabigatran generated an inhibitory effect on
APC activity, while high concentrations of dabigatran had
no significant effect. Rivaroxaban had no significant effect
on APC activity.
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1 Introduction

Atrial fibrillation (AF) is a common arrhythmia condition.
Approximately, one-third of the hospitalized patients
with arrhythmia have AF. In 2020, 5.6 million people in
the United States suffered from AF, of which half were
elderly people over 80 years of age [1]. In patients with
concurrent nonvalvular atrial fibrillation (NVAF), the
incidence of ischemic stroke is 6 times that of patients
without NVAF [2].

Oral anticoagulation therapy is the cornerstone of
stroke prevention [3]. The traditional drug warfarin has
a definite curative effect [4]. However, this drug has sev-
eral shortcomings. Its effect can be easily affected by food
and other drugs, and it is necessary to monitor the blood
coagulation function of patients. Insufficient or excessive
anticoagulation may readily occur, leading to an increased
risk of ischemia or hemorrhage in patients [5]. Therefore,
the development of direct new oral anticoagulants (NOACs)
becomes inevitable.

In clinical practice, NOACs mainly include the direct
inhibitors of thrombin FII (clotting factor II), i.e., dabiga-
tran, and the inhibitors of coagulation factor FX, i.e., riv-
aroxaban [6]. Although the mechanisms of action vary
among different types of oral anticoagulants, the final
effects are all related to the inhibition of FII. Thus, these
drugs achieve anticoagulation by reducing the production
of thrombin or inhibiting its activity [7].

Dabigatran and rivaroxaban are both newly developed
nonvitamin K-dependent anticoagulants [7,8]. Compared
with the traditional anticoagulant warfarin, these drugs
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have advantages such as a single target, fast effects, short
half-life, no need to monitor blood coagulation, and less
interaction with drugs and food [9]. At present, both oral
dabigatran (the active ingredient is dabigatran) and riva-
roxaban are effectively used in anticoagulation treatment
for patients with AF and venous thromboembolism [10].

Although dabigatran and rivaroxaban are specific
inhibitors of FII and FX, studies have found that the
activities of other coagulation factors are also altered in
patients who take dabigatran and rivaroxaban [11,12].
However, in the abovementioned studies, experiments
were conducted in vitro using the blood of volunteers.
Therefore, the present study examined the changes in
the activities of FII, FV, FVIII, FX, and activated protein C
(APC) in healthy experimental animals after the administra-
tion of various concentrations of dabigatran and rivaroxaban.
The present study intended to explore whether different
NOACs had different effects on thrombin activity.

2 Methods

2.1 Grouping of the research animals

A total of 60 healthy New Zealand white rabbits weighing
2.0–2.6 kg were selected for this study. The experimental
animals were bred and provided by the Animal Experiment
Center of Soochow University. They were divided into the
dabigatran group and rivaroxaban group according to the
principle of randomization. The dabigatran group was
further divided into the blank control, 1, 5, 10, 20, and
40mg/kg groups [13], with 6 animals in each group. The
rivaroxaban group was divided into the blank control and
the 0.3, 1, and 3mg/kg groups [14], and each group con-
tained six animals.

Ethical approval: The research related to animal use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals.

2.2 Animal experiment methods

Dabigatran capsules,with the active formof the prodrug dabig-
atran etexilate, were provided by Boehringer–Ingelheim.
After the tablets were crushed, the stock solution was pre-
pared in dimethyl sulfoxide (DMSO) in a volume ratio of
1:9. On the day of the experiment, the stock solution was
further diluted in DMSO with different concentrations pre-
pared according to the rabbit’s weight and grouping [15].

According to the Biopharmaceutics Classification System, Riv-
aroxaban is a class II drug with low solubility and high
permeability. The dosage of rivaroxaban was calculated
according to the weight and grouping of rabbits. After
being crushed, it was slightly dissolved in water and
treated by intragastric administration [16]. Before drug
administration, 3mL of blood was collected from the mar-
ginal ear vein of each animal into anticoagulant tubes.
After blood was collected, the animals were immobilized,
and a gavage tube was inserted into the stomach. Animals
in the dabigatran groups were gavaged with dabigatran
solution at concentrations of 1, 5, 10, 20, and 40mg/kg,
respectively (10mL each time), and aminals in the blank
control group were gavaged with 10mL of solvent. Ani-
mals in the rivaroxaban groups were gavaged with riva-
roxaban solution at concentrations of 0.3, 1, and 3mg/kg
respectively (10mL each time), and animals in the blank
control group were gavaged with 10mL of distilled water.
Approximately 2 h after gavage, 3% sodium pentobarbital
was injected into the animals through the marginal ear
vein at a dose of 1 mL/kg. After the corneal reflex disap-
peared, with level 1 tension in the limbs, the animals were
immobilized on an animal experimental table in the supine
position. Blood (3mL)was collected from the femoral artery,
transferred into anticoagulant tubes, and mixed immedi-
ately by inverting the tubes. Within 30min of collection,
blood was centrifuged at 2,500 rpm for 15min. The plasma
in the upper layer was collected and stored in −80°C freezer
for future assays [17].

2.3 Examination of coagulation factors

The following are the methods and required reagents for
assessing various indicators. The Jiangsu Institute of
Hematology of the First Affiliated Hospital of Soochow
University examined all the blood coagulation indicators
and coagulation factor activities using a STAGO compact
automatic blood coagulation analyzer (France) in accor-
dance with the manufacturer’s instructions. All related
reagents were also provided by the company [17].

The activated partial thromboplastin time (APTT), plasma
prothrombin time (PT), and thrombin time (TT) were mea-
sured on a STAGO compact automatic coagulometer using a
coagulation method-based APTT assay kit, PT assay kit, and
TT assay kit by the manufacturer’s instructions.

2.3.1 FII, FV, FVIII, and FX activities

The activities of FII, FV, FVIII, and FX were measured on a
STAGO compact automatic coagulometer using coagulation
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method-based kits. According to the literature, Gerotziafas
determined the activities of coagulation factors using a
method involving various folds of dilution [10]. Therefore,
we also examined the activities of FII, FV, FVIII, and FX
after diluting the samples. Specifically, the measured values
of the activities of FII, FV, and FVIII fell within the appro-
priate range after 5-, 50-, and 20-fold dilutions, respectively.
Hence, the above method was used to determine the activ-
ities of the coagulation factors.

2.3.2 APC activity

APC activity was measured on a STAGO compact auto-
matic coagulometer using an APC activity kit (chromo-
genic substrate method).

2.4 Statistical analysis

Statistical analysis was performed using the SPSS 19.0
statistical package. Measurement data are expressed as
the mean ± standard deviation. Significant differences

between measurement data were determined using the
paired sample t-test. P values of less than 0.05, 0.01,
and 0.001 indicated that the differences were statistically
significant. Plots were constructed using GraphPad soft-
ware. In the figures, # indicates that a difference was not
statistically significant (P > 0.05); *P < 0.05; **P < 0.01;
and ***P < 0.001.

3 Results

3.1 Effects of various doses of oral
dabigatran and rivaroxaban on the
coagulation function

3.1.1 Dabigatran groups

Paired t-tests were performed to analyze APTT, PT, and
TT in each group before and after drug administration.
There was no difference in the APTT between the control

Figure 1: Effects of various doses of oral dabigatran and rivaroxaban on the activated partial thromboplastin time (APTT; (a) and (d)), the
prothrombin time (PT; (b) and (e), and the thrombin time (TT; (c) and (f)) in rabbits. *p < 0.05, **p < 0.01, ***p < 0.001 versus the control
group; (mean ± S.D., n = 6).
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group and the 1 mg/kg dose group (P > 0.05) (Figure 1a).
APTT became prolonged in the 5 mg/kg dose group, and
the difference was statistically significant (P < 0.05).
There was no difference in PT among the 1 mg/kg group,
the 5 mg/kg group, and the 10mg/kg group, suggesting
that PT was not sensitive to dabigatran dose and only
began to become significantly prolonged (P < 0.05) at a
higher dose (20mg/kg) (Figure 1b). In contrast, TT was
very sensitive to dabigatran dose and became significantly
prolonged in the low-dose group (1 mg/kg) (P < 0.01)
(Figure 1c). (Note: In the 40mg/kg group, the APTT value
exceeded the upper limit of measurement (180 s), and the
result was replaced with 180 s.)

3.1.2 Rivaroxaban groups

After drug administration, there was no significant differ-
ence in PT values among the control group, the 0.3 mg/kg
dose group, and the 1.0 mg/kg dose group (P = 0.322).
However, the differences between the 3.0 mg/kg dose
group and the other three groups were statistically sig-
nificant (P < 0.01) (Figure 1e). There was no significant
difference in the APTT level among the control group, the
0.3 mg/kg dose group, the 1.0 mg/kg dose group, and the
3 mg/kg group (P = 0.246) (Figure 1d). After drug admin-
istration, TT gradually became slightly prolonged in each
group as the dose of rivaroxaban increased (Figure 1f).
However, variance analysis indicated that the change
was not statistically significant (P = 0.864). Rivaroxaban
had no effect on TT.

3.2 Effects of various doses of oral
dabigatran and rivaroxaban on the
activities of coagulation factors

FII, FV, FVIII, FX, and APC activities were examined before
and after intragastric administration of the two drugs.
Changes in the activity of these factors before and after
administration of the drugs were analyzed. The degree of
activity change before and after administration of the drugs
was analyzed, namely, the rate of change = (activity before
medication-activity after medication)/activity before medi-
cation. The results indicated no significant differences in the
activities of FII, FV, FVIII, FX, and APC in the control group
before and after treatment (P > 0.05).

In all groups, FII activity decreased after drug admin-
istration compared with that before drug administration.
Among the dabigatran groups, the decrease in FII activity

was statistically significant at 1 mg/kg (P < 0.01). From 5
to 40mg/kg, FII activity was markedly reduced and the
decrease was also statistically significant (P < 0.001)
(Figure 2a). Among the rivaroxaban groups, the decrease
in FII activity was statistically significant at 0.3 mg/kg
(P < 0.05), although it was more significant in the 1mg/kg
group and the 3 mg/kg group (P < 0.01) (Figure 2e).
Regarding the rate of inhibition of FII activity, the dabiga-
tran groups exhibited an inhibition efficiency of 15.7% at
1mg/kg and 41.4% at 40mg/kg (Figure 2b). The rivarox-
aban groups had an inhibition efficiency of 7.9% at 0.3mg/kg
and 22.6% at 3mg/kg (Figure 2f).

In all groups, FV activity was reduced after drug
administration compared with that before drug adminis-
tration. Among the dabigatran groups, the decrease in FV
activity was statistically significant at 1 mg/kg (P < 0.05).
From 5mg/kg to 40mg/kg, the decrease in FV activity
was also significant (P < 0.01) (Figure 2c). Among the
rivaroxaban groups, the 0.3 mg/kg group exhibited no
significant difference in FV activity before and after drug
administration (P > 0.05) (Figure 2g). However, FV activity
was significantly decreased in the 1 and 3mg/kg groups
after drug administration (P < 0.01). Regarding the rate of
inhibition of FV activity, the dabigatran groups exhibited
an inhibition efficiency of 5.4% at 1mg/kg and 19.2% at
40mg/kg (Figure 2d). The rivaroxaban groups exhibited
an inhibition efficiency of 3.9% at 0.3mg/kg and 20.3%
at 3mg/kg (Figure 2h).

In all groups, FVIII activity was decreased after drug
administration compared with that before drug adminis-
tration. Among the dabigatran groups, the decrease
in FVIII activity was statistically significant at 1 mg/kg
(P < 0.05). From the 5 mg/kg group to the 40mg/kg
group, FVIII activity was markedly reduced, and the
decrease was also statistically significant (P < 0.001)
(Figure 3a). In the group treated with 0.3 mg/kg rivarox-
aban, FVIII activity did not change significantly (P > 0.05).
However, FVIII activity significantly decreased in the 1mg/kg
group and the 3mg/kg group (P<0.01) (Figure 3e). Regarding
the rate of inhibition of FV activity, the dabigatran groups
exhibited an inhibition efficiency of 17.8% at 1mg/kg and
52.4% at 40mg/kg (Figure 3b). The rivaroxaban groups exhi-
bited an inhibition efficiency of 9.8% at 0.3mg/kg and 23.7%
at 3mg/kg (Figure 3f).

In all groups, FX activity decreased after drug admin-
istration compared with that before drug administration.
Among the dabigatran groups, FX activity did not change
significantly in the 1mg/kg group. The decrease in FX
activity was statistically significant at 5mg/kg (P < 0.01).
From the 5mg/kg group to the 40mg/kg group, FX activity
was reduced, and the reduction was also statistically
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significant (P < 0.001) (Figure 3c). In the group treated with
0.3mg/kg rivaroxaban, FX activity decreased considerably,
and the decrease was statistically significant (P < 0.05)

(Figure 3g). FX activity was also significantly reduced in
the 1mg/kg group and the 3mg/kg group (P < 0.01).
Regarding the rate of inhibition of FX activity, the

Figure 2: Effects of various doses of oral dabigatran and rivaroxaban on coagulation factor 2 (FII; (a) and (e)), 5 (FV; (c) and (g)) activity in
rabbits. (b) and (d) The rate of inhibition of FII and FV activity by dabigatran. (f and h) The rate of inhibition of FII and FV activity by
rivaroxaban. *p < 0.05, **p < 0.01, ***p < 0.001 versus the control group; (mean ± S.D., n = 6).

Figure 3: Effects of various doses of oral dabigatran and rivaroxaban on coagulation factor 8 (FVIII; (a) and (e)), 10 (FX; (c) and (g)) activity in
rabbits. (b) and (d) The rate of inhibition of FII and FV activity by dabigatran. (f) and (h) The rate of inhibition of FII and FV activity by
rivaroxaban. *p < 0.05, **p < 0.01,***p < 0.001 versus the control group; (mean ± S.D., n = 6).
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dabigatran groups exhibited an inhibition efficiency of
8.6% at 1mg/kg and 45.3% at 40mg/kg (Figure 3d). The
rivaroxaban groups exhibited an inhibition efficiency of
12% at 0.3mg/kg and 32.1% at 3mg/kg (Figure 3h).

3.3 Effects of various doses of oral
dabigatran and rivaroxaban on APC
activity

APC activity exhibited a small change in all groups after
drug administration comparedwith that before drug admin-
istration (Figure 4a). Among the dabigatran groups, APC
activity was inhibited only in the 1mg/kg group (inhibition
efficiency: 12.3%) (Figure 4b), and the inhibitory effect was
statistically significant (P < 0.05). Rivaroxaban treatment

had no significant effect on the rate of inhibition of APC
activity (Figures 4c and d).

4 Discussion

NOACs mainly include the FII inhibitor dabigatran and the
FX inhibitor rivaroxaban [9]. Dabigatran etexilate itself
has no activity and is a prodrug. This prodrug is metabo-
lized by serum esterase to dabigatran after oral adminis-
tration. Dabigatran binds to the fibrin-specific binding site
of thrombin. As a result, fibrinogen cannot be converted
into fibrin, preventing thrombus formation [18]. Rivarox-
aban is a specific inhibitor of factor X. It reaches peak
plasma concentration 2–4 h after oral administration. The
half-life of rivaroxaban is 9–12 h, and 40% of rivaroxaban is
metabolized through the kidneys [19].

Figure 4: Effects of various doses of oral dabigatran and rivaroxaban on activated protein C (APC; (a) and (c)) activity in rabbits. (b) and (d)
The rate of inhibition of APC activity by dabigatran and rivaroxaban, respectively. *p < 0.05, **p < 0.01, ***p < 0.001 versus the control
group (mean ± S.D., n = 6).
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To explore the effects of dabigatran and rivaroxaban
on the activities of FII and FX, the present study treated
healthy rabbits with various concentrations of dabigatran
and rivaroxaban and examined the activities of FII and
FX before and after treatment. The results showed that
the activity of FII decreased as the concentration of dabi-
gatran increased. When the dabigatran concentration
was greater than or equal to 10mg/kg, the decrease in FII
activity reached a statistically significant level. Moreover,
as the concentration increased, the rate of change increased
accordingly. Such results indicate that the degree of FII
activity inhibition was increasing. In the experimental
groups that received rivaroxaban, FX activity decreased
considerably as the rivaroxaban concentration increased.
They reached a statistically significant level at 1 mg/kg
rivaroxaban. These results confirmed that dabigatran and
rivaroxaban effectively inhibited the activity of FII and FX,
respectively, in healthy animals.

FX represents the point of convergence of the endo-
genous and exogenous coagulation pathways. FX forms a
prothrombinase complex with factor V, Ca2+, and platelet
membrane phospholipids, activating thrombin. One mole-
cule of FX can produce 1,000 molecules of FII. Dabigatran
inhibits thrombin activity by directly binding to free or
bound thrombin, directly blocking the physiological func-
tion of thrombin. In addition, dabigatran also blocks the
self-activation of thrombin, further reducing thrombin
generation [17,20]. Rivaroxaban, an FXa inhibitor, reduces
thrombin generation by inhibiting the formation of the
upstream prothrombinase complex [21,22]. Anticoagulant
assays of rabbit plasma indicated that both dabigatran and
rivaroxaban effectively reduced the activities of FII, FV,
FVIII, and FX. NOACs inhibit FII activity and reduce the
positive feedback activation of FV and FVIII, thus ulti-
mately reducing the activation of fibrinogen [7]. However,
the difference in the anticoagulant mechanisms of the two
types of drugs requires further investigation.

Although there is no need to monitor the coagulation
function when using dabigatran and rivaroxaban, the
examination of coagulation function becomes necessary
under some special conditions, such as bleeding, abnormal
renal function, chronic liver disease-related abnormal coa-
gulation function, emergency surgery, and suspected drug
overdose [23]. Cuker et al. found that APTT and plasma PT
were not sensitive to dabigatran [24]. APTT was prolonged
more than 2-fold only when the blood concentration of
dabigatran was at least 400 ng/mL [25]. Analyses of APTT
in AF patients receiving dabigatran indicated that APTT
might still be in the normal range even if the concentration
of dabigatran was 60 ng/mL. In this study, both APTT
and TT became prolonged in the dabigatran groups as the

dabigatran concentration increased. The prolongation of
APTT and PT was not statistically significant in the 1mg/kg
group. APTT and PT started to become significantly pro-
longed in the 5mg/kg group. In the 10mg/kg group, APTT
was prolonged more than 2-fold. In the 40mg/kg group,
APTT reached the upper limit of the detection range. The
APTT values of the six rabbits in the 40mg/kg group were
all 180 s, indicating that the detection of APTT and PT was
not accurate in the dabigatran group. At present, the more
reliable indicators for detecting the activity of dabigatran are
the diluted thrombin time and the Russell viper venom clot-
ting time [25]. Regarding FX inhibitors, studies have found
that compared with APTT, PT has a better linear relationship
with rivaroxaban concentration and anti-FX activity [26,27].
In this study, PTwas significantly prolonged in the 0.3mg/kg
rivaroxaban group.

Studies have found that warfarin has an inhibitory
effect on vitamin K epoxide reductase and that it has an
inhibitory effect on the production of protein C at the
initial stage of use, potentially leading to a transient
hypercoagulable state and an increased risk of throm-
bosis [28,29]. Warfarin-caused skin necrosis was also
considered to be related to a decrease in protein C [18].
In addition, a study found that the direct thrombin inhibi-
tors ximelagatran and dabigatran increased the incidence
of acute coronary events such as myocardial infarction and
that a high percentage of these acute coronary syndrome
events occurred in the low-dose treatment group [30]. At
present, there is no exact mechanism described for this
phenomenon. One possible explanation is that warfarin
has an antithrombotic effect more potent than that of dabig-
atran. In addition, damage to the APC system may also
be an influencing factor [31]. Recent studies found that
blocking APC (through the APC antibody SPC-54) reduced
the hemorrhage caused by the FX inhibitor rivaroxaban.
However, SPC-54 had no effect on the hemorrhage caused
by dabigatran [32]. This finding indicates that FX and FII
inhibitors cause hemorrhaging through different mecha-
nisms [33].

This study has limitations. Certain operations such as
exposing the femoral artery and drawing blood might
slightly activate the coagulation system, resulting in the
activation of some coagulation factors. Due to limitations
related to the experimental conditions and time, the control
variable in this study was drug concentration. The difference
in drug absorption among the rabbits was ignored, ren-
dering the study slightly less rigorous. However, the accurate
measurement of rivaroxaban concentration by liquid chro-
matography-mass spectrometry cannot be achieved in clin-
ical practice. Therefore, this study closely reflected situations
observed in clinical practice.
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5 Conclusion

Both NOACs had inhibitory effects on the activities of FII,
FV, FVIII, and FX, and the inhibitory effect was more
significant as the drug concentration increased. Low con-
centrations of dabigatran generated an inhibitory effect
on APC activity, while high concentrations of dabigatran
had no significant effect. Rivaroxaban had no significant
effect on APC activity.
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