
MOLECULAR MEDICINE REPORTS  17:  580-585,  2018580

Abstract. Pradaxa is a novel oral anticoagulant, which was 
originally used to prevent thrombosis following joint replace-
ment surgery. The aim of the current study was to investigate 
the effect dabigatran on acute myocardial infarction through 
regulating no‑reflow phenomenon and oxidative stress, neutro-
phil intraplaque infiltration and apoptosis. In the present study, 
dabigatran significantly inhibited the infarct size, increased 
arterial pressure and reduced no‑reflow phenomenon in 
acute myocardial infarction (AMI) vehicle rabbits. Treatment 
with dabigatran significantly inhibited the P65 of nuclear 
factor κB, tumor necrosis factor α, interleukin (IL)‑1β and 
IL‑6 activities and significantly enhanced the catalase and 
superoxide dismutase activities in the AMI rabbits. In addi-
tion, dabigatran significantly suppressed inducible nitric oxide 
synthase (iNOS), collagen I, transforming growth factor β1 
(TGF‑β1), α‑smooth muscle actin (α‑SMA) and connective 
tissue growth factor (CTGF) protein expression in AMI 
rabbits. Taken together, these results suggest that the effects 
of dabigatran inhibit no‑reflow phenomenon, infarct size and 
enhance arterial pressure in AMI through anti‑inflammatory 
and anti‑oxidative activity, and regulating iNOS, collagen I, 
TGF‑β1, α‑SMA and CTGF protein expression in AMI rabbits.

Introduction

Myocardial infarction (MI), commonly known as a heart 
attack, occurs when blood flow stops to a part of the heart, 
causing damage to the heart muscle (1). Common symptoms 
are chest pain and acute circulatory dysfunction (2). According 
to clinical processes and electrocardiographic results, 

myocardial infarction is classified into three phases; acute, 
subacute and chronic. Its clinical symptoms predominantly 
appear during the acute stage (3).

Acute MI (AMI) is a serious type of coronary heart disease (4). 
AMI as a result of coronary artery disease occurs when the 
blood supply of coronary artery reduces sharply or suspends 
completely, resulting in lasting and severe acute ischemia of the 
corresponding myocardium (5). Therefore, myocardial ischemic 
necrosis of this myocardium occurs.

In 2008, as a non‑pseudo‑peptide thrombin inhibitor, 
Pradaxa, which was developed by Boehringer Ingelheim, 
came into the market in Germany and the UK as a novel oral 
anticoagulant (6). In October 2010, it was approved by Food 
and Drug Administration to be employed to prevent cerebral 
apoplexy for patients with auricular fibrillation (7). Pradaxa is 
effective to reduce risks of patients with atrial fibrillation (8). 
In addition, it can avoid the reinforcement of intracranial 
hemorrhage (9). It is preferable than Warfarin and provides a 
new choice for anticoagulant therapy of atrial fibrillation (10). 
In the present study it was investigated whether effects of 
dabigatran regulate the no‑reflow phenomenon, inflammation 
and oxidative stress in AMI rabbits.

Materials and methods

Surgical and experimental procedures. Male New Zealand 
White rabbits (2.3‑3.0  kg, 4‑5  months age, n=24) were 
purchased from the Experimental Center of Hebel Medical 
University (Hebel, China) and housed at 22‑24˚C with a 12‑h 
light/dark cycle in 55‑60% humidity with access to food and 
water. All rabbits were used as AMI rabbits and anesthetized 
with ketamine (75 mg/kg) and xylazine (5 mg/kg). Rabbits 
were ventilated mechanically following intubation and its 
catheters were inserted into the jugular vein, carotid artery 
and left atrial appendage. The heart rate and arterial blood 
pressure were monitored and recorded. The coronary artery 
was occluded for 30 min following a stabilization period, 
then were reperfused for 3  h. Blue pigment was injected 
with the re‑occlusion of the coronary artery, which set the 
limits of the ischemic risk zone. Zones of necrosis stained 
with triphenyltetrazolium chloride were distinguished. The 
anatomic no‑reflow zone was measured using thioflavin S 
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(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany). Intact 
endothelium stained with fluorescent yellow dye served as 
a marker of regional perfusion. Areas receiving blood flow 
appear brightly fluorescent viewed under ultraviolet light, and 
the no‑reflow zone appears as a nonfluorescent, dark area. 
Experiments were approved by the Medical Ethics Committee 
of Cangzhou City Central Hospital (Cangzhou, China).

Treatment groups. All rabbits were randomly distributed into 
the control, AMI vehicle and dabigatran group. In the control 
or AMI vehicle groups, normal rabbits and AMI model rabbits 
received an equivalent volume of vehicle. In the dabigatran group, 
AMI model rabbits were administered as an intravenous bolus 
(0.5 mg/kg) and concomitant infusion (0.15 mg/kg/h). Prior to 
treatment initiation, the coronary artery was occluded for 15 min 
and then the infusion was continued for 2.5 h during reperfusion.

Inflammation and oxidative stress measurements. Blood 
samples were obtained at baseline, then and centrifuged 
at 2,000  x  g for 10  min at 4˚C. After centrifugation, the 
plasma was removed and the samples stored at ‑70˚C until 
required for analysis. The plasma was used to analyze the 
P65 of nuclear factor (NF)‑κB (H202), tumor necrosis factor 
(TNF)‑α (H052), interleukin (IL)‑1β (H002), IL‑6 (H007), 
catalase (CAT; A007‑1‑1) and superoxide dismutase (SOD; 
A001‑1‑1) activities using ELISA kits (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China) in accordance with 
the manufacturer's instructions.

Western blotting. Heart samples were obtained at baseline and 
were homogenated using a radioimmunoprecipitation acid lysis 
buffer (Beyotime Institute of Biotechnology, Haimen, China). 
Following centrifugation at 12,000 x g for 10 min at 4˚C, 
supernatant liquor was collected to quantify protein content 
using a Bicinchoninic Acid Assay kit (Beyotime Institute of 
Biotechnology). Proteins (50 µg) were separated on a 10‑12% 
SDS polyacrylamide gel and transferred to a polyvinylidene 
difluoride membrane (Beyotime Institute of Biotechnology). 
The membranes were incubated overnight at 4˚C with 
anti‑inducible nitric oxide synthase (iNOS; cat. no. sc‑649; 
1:500; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), 
anti‑collagen I (cat. no. 84336; 1:500; Cell Signaling Technology, 
Inc., Danvers, MA, USA), anti‑transforming growth factor β1 
(TGF‑β1; cat. no. sc‑9043; Santa Cruz Biotechnology, Inc.), 
anti‑α‑smooth muscle actin (α‑SMA; cat. no. 19245; 1:500; 
Santa Cruz Biotechnology, Inc.), anti‑connective tissue 
growth factor (CTGF; cat. no. sc‑25440; 1:500; Santa Cruz 
Biotechnology, Inc.) and anti‑β‑actin (cat. no. sc‑7210; 1:500; 
Santa Cruz Biotechnology, Inc.) antibodies after membrane 
incubation in 5% skimmed milk powder. Membranes were 
then washed twice with TBS with 0.1% Tween‑20 and incu-
bated for 1 h with the goat anti‑rabbit peroxidase‑conjugated 
secondary antibody (cat. no. sc‑2004; 1:5,000; Santa Cruz 
Biotechnology, Inc.) at 37˚C.

Statistical analysis. Data are presented as the mean and 
standard deviation using SPSS version 17.0 software (SPSS, 
Inc., Chicago, IL, USA) Statistical analysis was conducted 
using a one‑way analysis of variance. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Effects of dabigatran on infarct size in AMI rabbits. The chem-
ical structure of dabigatran is presented in Fig. 1. In order to 
examine the effects of dabigatran on infarct size in AMI rabbits, 
the AMI model of rabbits was used. The results of Fig. 2 indicate 
that infarct size and risk zone of infarct size in the AMI vehicle 
group were higher than that of the control group. In addition, the 
effect of dabigatran significantly inhibited the infarct size and 
risk zone of infarct size in AMI rabbits, compared with AMI 
vehicle group (Fig. 2).

Figure 1. The chemical structure of dabigatran.

Figure 2. Effects of dabigatran on infarct size in AMI rabbits. Effects of dabiga-
tran on (A) infarct size and (B) risk zone of infarct size in AMI rabbits. **P<0.01 
vs. control group; ##P<0.01 vs. vehicle group. AMI, acute myocardial infarction.

Figure 3. Effects of dabigatran on arterial pressure in acute myocardial 
infarction rabbits. **P<0.01 vs. control group; ##P<0.01 vs. vehicle group.
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Effects of dabigatran on arterial pressure in AMI rabbits. 
Subsequently, the effects of dabigatran on arterial pressure in 
AMI rabbits were investigated. As presented in Fig. 3, AMI 
reduced arterial pressure in AMI rabbits, compared with 
control rabbits. However, the effect of dabigatran significantly 
increased arterial pressure in AMI rabbits, compared with 
AMI vehicle rabbits (Fig. 3).

Effects of dabigatran on no‑reflow phenomenon in AMI 
rabbits. To examine the effects of dabigatran on arterial pres-
sure in AMI rabbits, no‑reflow phenomenon was measured in 
the current study. Fig. 4 indicates that no‑reflow phenomenon 
was higher in the vehicle group compared with that of the 
control group. The effect of dabigatran significantly inhibited 
the AMI‑induced no‑reflow phenomenon, compared with 
AMI vehicle rabbits (Fig. 4).

Effects of dabigatran on inflammation in AMI rabbits. The 
effects of dabigatran on arterial pressure in AMI rabbits were 
established. There was a significant increase in the activities 
of P65 of NF‑κB, TNF‑α, IL‑1β and IL‑6 in AMI rabbits, 
compared with the normal control group (Fig. 5). Inhibition 
of the P65 of NF‑κB, TNF‑α, IL‑1β and IL‑6 activities was 
observed in the dabigatran group, compared with that of AMI 
rabbits (Fig. 5).

Effects of dabigatran on oxidative stress in AMI rabbits. To 
investigate the effects of dabigatran on oxidative stress in AMI 
rabbits, CAT and SOD activities were detected using ELISA 
kits. Compared with normal control group, the CAT and SOD 
activities were significantly inhibited in the AMI rabbits group 
(Fig. 6). The effect of dabigatran significantly enhanced the 
CAT and SOD activities in the AMI rabbits, compared with 
AMI rabbits group (Fig. 6).

Effects of dabigatran on iNOS and collagen I in AMI rabbits. 
To examine the effects of dabigatran on iNOS and collagen I 
protein expression in AMI rabbits, we detected the expression 
of iNOS and collagen I using western blotting. As presented 
in Fig. 7, AMI significantly activated the iNOS and collagen I 
protein expression in rabbits, compared with the normal control 
group. However, the effect of dabigatran significantly suppressed 
the iNOS and collagen I protein expression in AMI rabbits, 
compared with AMI rabbits group (Fig. 7).

Effects of dabigatran on TGF‑β1, α‑SMA and CTGF in AMI 
rabbits. To further confirm the role of TGF‑β1, α‑SMA and 
CTGF in the effects of dabigatran on AMI, TGF‑β1 was 
measured using western blotting. As presented in Fig.  8, 
there a significant increase in TGF‑β1, α‑SMA and CTGF 
protein expression in AMI rabbits, compared with normal 

Figure 4. Effects of dabigatran on no‑reflow phenomenon in AMI rabbits. Effects of dabigatran on (A) necrotic zone and (B) risk zone of necrotic zone in AMI 
rabbits. **P<0.01 vs. control group; ##P<0.01 vs. vehicle group. AMI, acute myocardial infarction.

Figure 5. Effects of dabigatran on inflammation in AMI rabbits. Effects of dabigatran on P65 of (A) NF‑κB, (B) TNF‑α, (C) IL‑1β and (D) IL‑6 activities 
in AMI rabbits. **P<0.01 vs. control group; ##P<0.01 vs. vehicle group. AMI, acute myocardial infarction; NF‑κB, nuclear factor κB; TNF‑α, tumor necrosis 
factor α; IL‑1β, interleukin 1β.
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control group. However, the effects of dabigatran signifi-
cantly suppressed the TGF‑β1, α‑SMA and CTGF protein 

expression in AMI rabbits, compared with AMI rabbits group 
(Fig. 8).

Figure 8. Effects of dabigatran on TGF‑β1, α‑SMA and CTGF in AMI rabbits. Effects of dabigatran on TGF‑β1, α‑SMA and CTGF protein expression using 
(A) western blotting and statistical analysis of (B) TGF‑β1, (C) α‑SMA and (D) CTGF protein expression in AMI rabbits. **P<0.01 vs. control group; ##P<0.01 
vs. vehicle group. TGF‑β1, transforming growth factor β1; AMI, acute myocardial infarction.

Figure 6. Effects of dabigatran on oxidative stress in AMI rabbits. Effects of dabigatran on (A) CAT and (B) SOD activities in AMI rabbits. **P<0.01 vs. control 
group; ##P<0.01 vs. vehicle group. AMI, acute myocardial infarction; CAT, catalase; SOD, superoxide dismutase.

Figure 7. Effects of dabigatran on iNOS and collagen I in AMI rabbits. Effects of dabigatran on iNOS and collagen I protein expression using (A) western 
blotting and statistical analysis of (B) iNOS and (C) collagen I protein expression in AMI rabbits. **P<0.01 vs. control group; ##P<0.01 vs. vehicle group. iNOS, 
nitric oxide synthase; AMI, acute myocardial infarction.
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Discussion

AMI is an acute event caused by atheromatous thrombosis and 
is a major cause of angiocardiopathic mortality (11). The most 
effective treatment for myocardial ischemic injury is to recover 
the blood supply as quickly as possible (11,12). However, studies 
have identified that following a period of ischemia, myocardial 
injuries worsen upon reperfusion; reversible injuries of cardiomy-
ocytes can become irreversible. Myocardial ischemia/reperfusion 
injuries reduced cardiac function and malignant arrhythmia (13). 
An AMI rabbit model was used to verify that dabigatran signifi-
cantly inhibited the infarct size and increased arterial pressure in 
AMI vehicle rabbits.

Lesion plaques of AMI patients easily rupture and are 
unstable, resulting in acute and complete or incomplete occlusive 
thrombus lesions of the coronary arteries (14). A previous study 
suggested that the local inflammatory response could trigger 
atherosclerosis, resulting in insatiability of plaques that are easy 
to rupture (15). A literature review indicated that following AMI, 
overexpression of IL may occur, which suggested that inflam-
mation additionally participates in the occurrence of AMI (14). 
The concentration of inflammatory cytokines in the serum is 
associated with the severity of the disease. In the present study, 
dabigatran significantly reduced the no‑reflow phenomenon in 
AMI vehicle rabbits.

Atherosclerosis is a pathogenesis basis of coronary heart 
disease, while inflammation is an important feature of athero-
sclerosis  (16). With clear biological effects, inflammatory 
factors are a type of endogenous polypeptide produced 
by immunocytes  (17). They can mediate various immune 
responses and are closely associated with occurrence and 
development of atherosclerosis (18). IL‑6 is a type of inflam-
matory cytokine with multiple functions, which is secreted by 
active monocytes, macrophages, T lymphocytes, endothelial 
cells and fibroblasts (19). IL‑6 has been reported to be the most 
powerful predictive factor of heart damage and mortality for 
patients with AMI (20). TNF‑α is a multi‑functional protein 
predominantly produced by active macrophage/monocyte 
system. Under physiological states, myocardial cells do 
not generate TNF‑α. However, when myocardial infarc-
tion‑induced pump failure occurs, expression of TNF‑α greatly 
increases, thus is a reliable indicator for clinical prognosis of 
AMI (21). In the current study, it was identified that dabigatran 
significantly inhibited P65 of NF‑κB, TNF‑α, IL‑1β and IL‑6 
activities and significantly enhanced CAT and SOD activities 
in the AMI rabbits. De Boer et al (10) reported that the effect 
of dabigatran inhibits allergic lung inflammation through 
suppression of inflammation.

As a cellular messenger modulating functions of the 
cardiovascular system, nervous system and immune system, 
NO is a biological information transmitter (22). Numerous 
studies have observed that NO possesses anti‑platelet aggrega-
tion, inhibition of hyperplasia of the vascular smooth muscle, 
interaction between endothelial cells, regulation of angiostasis 
and mediation of immune and cytotoxic effects (23). AMI 
may serve an essential role in cardiovascular diseases, such 
as hypertension (24). Previously, a study identified that dabi-
gatran significantly suppressed the iNOS, collagen I, TGF‑β1, 
α‑SMA and CTGF protein expression in AMI rabbits. 
Bogatkevich et al (25,26) reported that dabigatran demonstrates 

antifibrotic effects on lung fibroblasts through α‑SMA and 
type I collagen expression and dabigatran etexilate in a murine 
model of interstitial lung disease through anti‑inflammatory 
effects and TGF‑β.

In conclusion, the effects of dabigatran on infarct size, arterial 
pressure and no‑reflow phenomenon, were observed to include 
anti‑inflammatory and anti‑oxidative effects. The effects of 
dabigatran may be mediated through downregulation of iNOS, 
collagen I, TGF‑β1, α‑SMA and CTGF expression in AMI rabbits. 
There is a requirement to conduct clinical trials to fully assess 
the effects of dabigatran no‑reflow phenomenon in AMI rabbits 
and assess the risks involved in longterm therapy with this novel 
oral anticoagulant agent.
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