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Abstract  Dabigatran Etexilate Mesylate (DEM), a salt 
of prodrug dabigatran etexilate, is a potent, oral, reversible 
and direct thrombin inhibitor with low oral bioavailability. 
The present research investigation focused on the 
formulation of immediate release (IR) tablets of DEM 
cocrystals and evaluation of In vivo anticoagulant activity. 
The results of the study showed that the formulated IR 
tablets of DEM showed improved efficacy in comparison 
with the plain drug by enhancing the pre-compression 
parameters such as bulk density, tap density, Carr's index, 
angle of repose and Hausner's ratio and post-compression 
parameters like thickness and weight variation, hardness 
and friability, In vitro dissolution parameters. The 
improved efficacy was confirmed by improvement in the 
pharmacodynamic parameters such as cutaneous bleeding 
time and clotting time indicative of enhanced 
bioavailability of dabigatran. Thus, it can be concluded that 
the IR tablets of dabigatran cocrystals can be proven to be 
more effective in producing the anticoagulant effect in 
clinical practice as compared to the plain drug resulting in 
more patient compliance. 

Keywords  Dabigatran Etexilate Mesylate, Cocrystals, 
Anticoagulant, Immediate Release, Cutaneous Bleeding, 
Clotting Time 

1. Introduction
Anticoagulant agents are used worldwide to regulate 

blood coagulation in both healthy and diseased conditions 
such as cancer, diabetes mellitus and cardiovascular 
diseases [1]. Despite the development, proven efficacy, 
and advancement of these drugs, most of them are 
associated with several undesirable adverse effects such as 
bleeding of mild or severe in vital organs, while some are 
associated with drug and food interactions [2]. 
Warfarin-based therapy requires constant drug plasma 
concentration monitoring and its indirect action 
mechanism affects various coagulation factors showing a 
high risk of bleeding [3]. 

Heparin and its fractional forms are not useful in the 
treatment of chronic thrombotic diseases due to its poor 
oral bioavailability and high molar mass [4]. Modern 
non-vitamin K antagonist oral anticoagulants achieve their 
effect through direct inhibition of key coagulation factors, 
such as thrombin or FXa [5]. They do not possess the 
aforementioned issues. Despite this, their medical use is 
associated with the risk of life-threatening bleeding events, 
which require urgent administration of a specific reversal 
agent [6]. Hence, research interest in the discovery of 
novel anticoagulant drugs from other chemical classes 
with less toxicity and fewer side effects has been 
increasing. 



2 In vivo Anticoagulant Activity of Immediate Release Tablets of Dabigatran Etexilate Mesylate Cocrystals  
 

Dabigatran etexilate is a low-molecular-weight 
non-peptide prodrug that gets converted to its active form, 
dabigatran by ubiquitous esterases upon oral 
administration. It is a univalent, competitive, reversible 
and potent direct inhibitor of thrombin, the final effector 
in blood coagulation [7]. Thrombin molecule consists of 
one active site and two secondary binding exosites. 
Exosite 1 acts as a domain for binding of substrates such 
as fibrin to enhance orientation for binding to the active 
site, whereas, exosite 2 acts as a domain for binding of 
heparin. Dabigatran acts by binding to the active site of 
thrombin, thus inactivating both fibrin-bound and 
unbound thrombin [8,9]. The ability to inhibit 
fibrin-bound thrombin is an important theoretical 
advantage of dabigatran over the heparins because bound 
thrombin can continue to trigger thrombus expansion 
[10,11]. Other advantages of dabigatran in comparison 
with other anticoagulants include predictable 
anticoagulant effect, rapid onset of action, low potential 
for drug-drug and drug-food interactions and 
target-specificity towards coagulation enzyme. By 
inhibiting thrombin, dabigatran prevents the conversion of 
fibrinogen into fibrin, positive feedback amplification of 
coagulation activation, cross-linking of fibrin monomers, 
platelet activation and inhibition of fibrinolysis [12,13]. 

Dabigatran Etexilate Mesylate (DEM) is a salt form of 
the prodrug dabigatran etexilate. It belongs to BCS Class 
II drugs i.e., low solubility and high permeability class 
with absolute bioavailability of about 3-7 % followed by 
oral administration. It has an elimination half-life of 12-17 
hours, with a dose of 75 mg, 110 mg, and 150 mg. It is 
prone to acid and in the presence of moisture, it undergoes 
degradation by hydrolytic pathways. DEM has strong 
pH-dependent solubility, in acid media, decreases with an 
increase in pH and is practically insoluble in basic media 
[14,15]. Hence, it is necessary to enhance the aqueous 
solubility and dissolution rate of DEM. It is also essential 
to maintain the stability of DEM in basic pH to achieve 
faster onset of action, minimize the variability in 
absorption and improve its overall oral bioavailability. A 
technique called "cocrystallization" has recently gained 
significant attention in drug delivery by improving the 
physicochemical properties of drugs such as melting point, 
solubility, dissolution rate, stability, and bioavailability 
without changing its chemical structure [16-18]. 

The attempt is made to formulate the immediate release 
tablet dosage form of DEM cocrystals to improve the rate 
of dissolution, absorption, bioavailability and efficacy of 
the DEM and to carry out its In vivo anticoagulant activity 
to confirm the same. 

 

 

2. Materials and Methods 

2.1. Material 

Dabigatran Etexilate Mesylate was received as a gift 
sample from Microlab research lab Bangalore India. 
Dabigatran etixilate mesylate cocrystals are prepared 
in-house. Microcrystalline cellulose was received as a gift 
sample from Colorcorn Asia Pvt. Ltd., Goa, India. 
Crosspovidone was received as a gift sample from 
Concept Pharmaceutical Pvt. Ltd., Aurangabad, India. All 
other chemicals and reagents are of analytical grades. 

2.2. Animals 

For acute oral toxicity studies female Swiss albino mice 
(22-25 g) were used and for In vivo anticoagulant activity, 
Wistar rats (150-200 g) were used for In vivo 
anticoagulant activity. They were procured from the 
National Toxicology Centre, Pune. Animals were housed 
in polypropylene cages (38 cm × 23 cm × 10 cm) under 
standard laboratory conditions at 25 ± 2°C temperature, 
60 ± 5% RH and 24 °C; 12:12 h dark/light cycle with free 
access to standard pelleted diet (Pranav Agro Industries 
Ltd., Sangli, India) and water ad libitum. Animals were 
fasted overnight on the day of study. Proper care and 
maintenance of the animals was undertaken following the 
guidelines of the Committee for Prevention, Control and 
Supervision of Experimental Animals, Govt. of India. 

2.3. Ethical Clearance 

All the studies involving animal experiments were 
carried out in accordance with the experimental protocols 
approved by the Institutional Animal Ethics Committee of 
School of Pharmacy, Dr. Vishwanath Karad, MIT WPU, 
M.S. India (Protocol No. MIP/IAEC/2019-20/M2/01). 

2.4. Preparation of DEM Cocrystals 

DEM co-crystals synthesis was performed using the 
solvent evaporation technique. Screening of formation of 
DEM co-crystals was performed by various coformers in 
an optimal molar ratio (1:1, 1:2 and 1:3). A mixture of 1:1 
DEM and Tartaric acid was dissolved in ethanol and 
continually stirred at 40 - 50 ºC for 15 min. The solvent 
evaporated at 60-65 ºC when stored for 3 h in a hot air 
oven. Cocrystals were triturated in mortar and pestle and 
stored at room temperature [18-21]. 
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2.5. Formulation of IR Tablets of DEM Cocrystals 

IR tablets of DEM cocrystals were prepared by direct 
compression method using crospovidone (CP) as 
super-disintegrant to improve the dissolution of the drug. 
HPMC K4M was used as a binder. Microcrystalline 
cellulose (MCC) and lactose monohydrate were used as 
diluents, respectively. And Talc was used as a glidant. 
DEM cocrystals equivalent to 75 mg of DEM and all the 
excipients except magnesium stearate were taken in 
mortar. All the ingredients were co-ground in a pestle and 
motor and then aerosil and magnesium stearate were 
added and mixed for 10 minutes. Then powder blend was 
mixed well for 15 to 30 min. The blends were passed 
through the # 80 sieve. Lubrication was done using 
magnesium stearate. The final blend was compressed on a 
Remake Mini Press II D Tooling 8 station compression 
machine equipped with concave punches to a weight of 
300 mg/tablet. The compressed tablets were evaluated for 
pre- and post-compression parameters [22]. 

2.6. Physical Evaluation of IR Tablets of DEM 
Cocrystals 

The prepared blends were evaluated for 
pre-compression parameters like bulk density, tap density, 
Carr's index, angle of repose, and Hausner's ratio and 
post-compression parameters like thickness and weight 
variation, hardness and friability, In vitro dissolution 
study [23]. 

2.7. Stability Studies of Tablets 

Studies were carried out for 45 days for the optimized 
batches of DEM cocrystals IR tablets at a temperature 
40±2°C/ RH 75±5% [24] 

2.8. Acute Oral Toxicity Study of Tablets 

The acute oral toxicity test was performed using the 
Acute Toxicity Class (ATC) method according to the 
Organization of Economic Co-operation and Development 
(OECD) guideline 423. Female Swiss albino mice were 
weighed and randomly divided into two groups (6 mice 
/group). The first group served as the test group and was 
administered orally with the suspension of powdered 
DEM cocrystals IR tablets in distilled water at a single 
dose of 2000 mg/kg body weight. The second group 
served the control group and received only distilled water 
at a volume of 10 ml/kg body weight. Observations were 
noted at 1, 2, 4 and 6 h after administration of test 
substance and recorded systematically. The visual 
observations like changes in the skin and fur, eyes and 
mucous membranes were recorded. Further, respiratory, 
circulatory, autonomic and central nervous systems, as 
well as somatomotor activity and behavioral pattern, were 

observed. The number of survivors was recorded initially 
after 48 h and then a further 14 days with once-a-day 
observation [25]. 

2.9. Evaluation of In vivo Anticoagulant Activity of IR 
Tablets of Dabigatran Cocrystals Using Cutaneous 
Bleeding Time Model 

Wistar rats were divided into three groups (n=6). Group 
I was considered as control group and was administered 
with distilled water at a dose of 1 ml/kg. Group II was 
administered with the suspension of plain DEM in 
distilled water at a dose of 50 mg/kg orally while group III 
was administered with the suspension of powdered tablets 
from an optimized batch of IR tablets of DEM cocrystals 
at the dose of 50 mg/kg orally. After one hour, the rats of 
all groups were anesthetized by intraperitoneal 
administration of ketamine (100 mg/kg) and xylazine (10 
mg/kg) and placed individually in a plastic rat holder with 
several openings from one of which the animal tail was 
taken out. The tail was cleaned properly with 
water-wetted cotton. Then incision (10 mm long and 1.5 
mm deep) was made with a scalpel between 8 and 9 cm 
from the tip of the tail (Figure 1). The bleeding time was 
assessed at intervals of 15s [26]. 

2.10. Evaluation of In vivo Anticoagulant Activity of IR 
Tablets of Dabigatran Cocrystals Using Clotting 
Time Model 

Wistar rats were divided into three groups (n=6). Group 
I was considered as control group and was administered 
with distilled water at a dose of 1 ml/kg. Group II was 
administered with the suspension of plain DEM in 
distilled water at a dose of 50 mg/kg orally while group III 
was administered with the suspension of powdered tablets 
from the optimized batch of IR tablets of DEM cocrystals 
at the dose of 50 mg/kg orally. After one hour, the rats of 
all groups were anesthetized by intraperitoneal 
administration of ketamine (100 mg/kg) and xylazine (10 
mg/kg) and blood was withdrawn into the capillary tube 
through retro-orbital route to fill 3/4th of the capillary tube. 
Clot formation was checked after every 30 seconds by 
breaking a piece of a capillary tube and slightly stretching 
apart the two ends of the broken capillary tube. The time 
at which a thread-like structure called fibrin extends 
between the two ends of the capillary tube is noted down 
as clotting time [26]. 

2.11. Statistical ANALYSIS 

The results were expressed as Mean + SEM (n=6). 
Comparison between the groups was made by one-way 
analysis of variance (ANOVA) followed by Tukey’s 
Kramer Multiple Comparison test using Instat Graph Pad 
software (version-3). 
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Figure 1.  Evaluation of In vivo anticoagulant activity of IR tablets of 
dabigatran cocrystals using cutaneous bleeding time model 

3. Results and Discussion 

3.1. Evaluation of Pre-Compression Parameters of IR 
Tablets of DEM Cocrystals 

Bulk density was found in the range of 0.291±0.012 to 
0.363±0.014 g/cm3, tapped density between 0.346±0.014 
and 0.514±0.023 g/cm3, using the above two density data, 
Hausner's Ratio and Compressibility Index (CI) were 
calculated. The powder blends of all formulations with 
Hausner's ratio <1.25 indicated better flow properties. The 
compressibility index was found to range between 0.01 
and 0.22% and the compressibility and flowability data 
indicated an excellent flowability of all powder blends. 
The better flowability of all powder blends was also 
evidenced from the angle of repose (in the range of 25.66 
±2.16 to 30.45 ±1.49) which is below 40 θº, indicating 
good flowability. 

3.2. Evaluation of Post-Compression Parameters of IR 
Tablets of DEM Cocrystals 

Tablet weights varied between 282 ±0.06 and 310 
±0.06 mg, hardness between 5 and 7 kg/cm2 (average 6 
kg/cm2), thickness between 3.20 and 3.60 mm (average 
3.4mm) and friability ranged from 0.04% and 0.13% 
(average 0.40%). The results of drug content and physical 
examination of all formulations were found to be within 

the official limits. Among all the 13 batches of 
formulations Batch F8 showed all the results within 
specification and was considered to be the optimized 
batch. 

3.3. In-vitro Dissolution Study of IR Tablets of DEM 
Cocrystals 

The data showed that the optimized batch shows a good 
dissolution profile and the same was selected for further 
study for in vivo activity. The optimized batch showed the 
highest drug release 100.5 % at 60 minutes when 
compared to all other batches. The obtained results of In 
vitro drug release showed a relationship between the 
binder and disintegrant concentration and the In vitro 
release of DEM cocrystals IR tablets. 

3.4 Stability Study of IR tablets of DEM Cocrystals 

All physical parameters of the optimized batch of 
tablets were found to be within the standard range when 
kept under accelerated stability conditions during the 
stability studies indicating that the formulation showed 
good stability. 

3.5. Acute Oral Toxicity Test of IR Tablets of DEM 
Cocrystals 

The results showed that immediate release tablets of 
DEM cocrystals were found to be safe without any 
mortality and morbidity up to the dose of 300 mg/kg. 

3.6. Effect of IR Tablets of DEM Cocrystals on In vivo 
Anticoagulant Activity Using Cutaneous Bleeding 
Model 

Bleeding time is the time elapsed from the moment the 
tail is incised to the first arrest of bleeding. Compared 
with the control group, all treatments significantly 
(P<0.001) prolonged the cutaneous bleeding time. 
Untreated animals (control group) showed a mean 
bleeding time of 47 secs while the animals treated with 
test drug suspensions showed comparatively increased 
mean bleeding time. However, as compared to plain DEM 
(mean bleeding time – 105 secs), the DEM Tablets (mean 
bleeding time- 157 secs) exhibited more significant 
(P<0.001) efficacy in enhancing the bleeding time which 
correlated well with pharmacokinetic data (Figure 2). 
Hence, we could conclude that the developed formulation 
exhibited better anticoagulation activity than plain drug 
suspension by improving the oral bioavailability of DEM 
[8,18]. 

2.7. Effect of IR Tablets of DEM Cocrystals on In vivo 
Anticoagulant Activity Using Clotting Time Model 

Compared with the control group, all treatments 
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significantly (P<0.001) prolonged the clotting time. 
Untreated animals (control group) showed a mean clotting 
time of 1.49 mins while the animals treated with test drug 
suspensions showed comparatively increased mean 
clotting time. However, as compared to plain DEM (mean 
clotting time – 2.53 mins), the DEM Tablets (mean 
clotting time – 3.08 mins) exhibited more significant 

(P<0.001) efficacy in enhancing the bleeding time which 
correlated well with pharmacokinetic data (Figure 3). 
Hence, we could conclude that the developed formulation 
exhibited better anticoagulation activity than plain drug 
suspension by improving the oral bioavailability of DEM 
[27,28]. 

 

Results were expressed as mean + SEM. Comparison between the groups was made by one-way analysis of variance (ANOVA) followed by Tukey’s 
test *, #-P<0.05, **, ##-P<0.01, ***, ###-P<0.001; *- DEM and DEM tablets treated groups against control untreated group; #- DEM tablet treated 
group against DEM treated group. 

Figure 2.  Comparative bleeding time in control untreated, DEM treated and DEM cocrystals IR tablet treated group 

 

Results were expressed as mean + SEM. Comparison between the groups was made by one-way analysis of variance (ANOVA) followed by Tukey’s 
test *, #-P<0.05, **, ##-P<0.01, ***, ###-P<0.001; *- DEM and DEM tablets treated groups against control untreated group; #- DEM tablet treated 
group against DEM treated group. 

Figure 3.  Comparative bleeding time in control untreated, DEM treated and DEM cocrystals IR tablet treated group 
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4. Conclusion 
 It can be concluded from the present study that the 

pH-dependent solubility and short absorption window of 
DEM was overcome by formulating it in cocrystal form 
and converting it into IR tablet formulation. The 
formulation showed significant improvement in the rate of 
dissolution, absorption and bioavailability of DEM, which 
in turn improved its In vivo anticoagulant activity by 
virtue of enhanced cutaneous bleeding time and clotting 
time. Thus, the improvement in pharmacokinetic and 
pharmacodynamic parameters of DEM would enhance the 
efficacy and increase patient compliance. 
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