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Abstract 

 
 The objective of this study was to investigate nanosuspensions for enhancing the solubility and dissolution rate of 

Prasugrel HCl (PHCl) so as to reduce the fluctuations in its oral bioavailability. Prasugrel Hydrochloride nanosuspensions 

were prepared using evaporative precipitation method. After preparation, various nanosuspensions were characterized for 

particle size, scanning electron microscope (SEM), zeta potential, drug entrapment efficiency (EE), Fourier transform 

infrared  spectroscopy (FTIR), and  differential scanning calorimetry  (DSC). Solubility and in-vitro release of the drug from 

nanoparticles are determined. The formulations were characterized using techniques such as powder x-ray diffractometry, 

scanning electron microscopy, in-vitro dissolution and in-vivo absorption in rats. The dissolution rate and oral absorption of 

Prasugrel Hydrochloride in the form of nanosuspensions was significantly higher than that of oral suspension and pure drug. 

All the techniques investigated in this study can be used to enhance dissolution rate and oral absorption of prasugrel 

hydrochloride and thus can reduce the fluctuations in its oral bioavailability. Nanosuspensions demonstrated to be better and 

superior technique when compared to other techniques investigated in enhancing oral bioavailability of Prasugrel 

Hydrochloride. Prasugrel hydrochloride nanosuspension was successfully developed using and the bioavailability is 4 folds 

increased than its pure drug.     
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Introduction 
 

Prasugrel hydrochloride is a novel member of a third generation 

thienopyridine class of anti-platelet agents1. It is a prodrug. Formulation 

strategy for the hydrochloride salt of prasugrel is focused on developing 

an immediate-release tablet for oral administration. A reaction between 

Prasugrel Hydrochloride and an excipient was observed late in the 

development stages during manufacture and storage. This reaction leads 

to a partial and irreversible formation of prasugrel free base in the tablets. 

Analysing the samples used for clinical phase-3 study indicated that salt-

to base formation of at least up to 70% had no clinical impact and a 

requirement has been included in the finished product specification2. Its 

base form had significantly lower bioavailability compared to salt form 

and its bioavailability is tremendously influenced by the changes in the 

pH3. Because of these reasons, Prasugrel Hydrochloride rather than its 

base form was selected for final development and marketing. Solubility 

determination results and permeability and metabolism information 

suggest that Prasugrel Hydrochloride is a BCS class-II compound4. 

Dissolution is affected by pH and decreases with increasing pH. The 

bioavailability of Prasugrel Hydrochloride exceeds 79%. The peak 

plasma concentration of the active metabolite occurs 30 minutes after 

dosing. The parent compound is not detectable in the plasma. Although 

the oral bioavailability is generally high, it could be variable because of 

its poor solubility5. Its aqueous solubility is 2.37e-03 g/L. At low pH values 
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from pH 1 to pH 4, it is slightly soluble and above this pH value is it is 

insoluble6. As Prasugrel Hydrochloride is a poorly soluble compound, 

many problems are encountered in its systemic delivery and achievement 

of therapeutic action. One of the critical problems associated with poorly 

soluble drugs is too low bioavailability and/or erratic absorption. The oral 

bioavailability/erratic absorption depends, on several factors including 

aqueous solubility, drug permeability, dissolution rate, first pass 

metabolism. As a formulator, the problem of poor solublility, especially 

for BCS-II class compounds, can be successfully solved by enhancing 

aqueous solubility and dissolution rate.   

Various approaches can be attempted to enhance the solubility 

of poorly soluble Prasugrel Hydrochloride. Different techniques are used 

to improve the solubility thereby increasing bioavailability of poorly 

soluble drugs and reducing the erratic absorption7. The approaches 

include aqueous pH shifted solutions (provided the drug has ionizable 

groups), micronization, solubilization using co-solvents, solid 

dispersions, oily solutions, and salt formation. These techniques for 

solubility enhancement have certain limitations. Excepting for pH shifted 

solutions, large amounts of excipients are needed to improve the solubility 

of the drugs using other techniques. A classical solubility approach 

commonly used is micronization8. In micronization, a coarse drug powder 

is milled to an ultrafine powder with a mean size being typically in the 

range of 1-10 µm. The solubility of the drugs is enhanced by increase in 

the surface area. However, new drugs such as Prasugrel Hydrochloride 

are so poorly soluble that micronization technique cannot solve the 

solubility issue. The various other techniques used to enhance the 

solubility and thereby bioavailability includes: microemulsions, 

nanoemulsions, liposomes, cyclodextrins. Excepting for addition of 

cyclodextrins, the other techniques are not practically possible because 

these formulations are poorly stable and also their manufacture is 

difficult9. Because of these reasons, there is an urgent need to find an 

efficient way of enhancing solubility and dissolution rate of poorly 

soluble drugs such as Prasugrel Hydrochloride. Recent addition to this list 

includes nanotechnology based nanosuspensions10. Nanotechnology can 

be used to solve the problems associated with various other approaches 

described. It is also a practically feasible methodology. Currently nine 

nanosuspension based formulations are available in US market and all of 

these formulations are approved by USFDA11. One aim of this study was 

to prepare Prasugrel Hydrochloride nanosuspensions, cyclodextrin 

inclusion complexes, SLS drug powders, characterize and evaluate the 

same for enhancement of dissolution rate and in-vivo absorption in rats. 

The second aim was to develop IVIVC for the Prasugrel Hydrochloride 

nanosuspensions that could aid in the further formulation development of 

nanosuspensions12.  

A series of Prasugrel Hydrochloride nanosuspensions were 

developed altering the two factors: surfactant concentrations and 

solvent/antisolvent ratio. The oral absorption of Prasugrel Hydrochloride 

from these formulations was evaluated after a single dose to the rats. 

Further optimization development of a nano formulation involving 

alterations in formulation development, preparation process, equipment, 

batch sizes would require additional animal or human studies.  These 

refinements would delay product development of a nanosuspension. It 

would be desirable to develop a relationship, referred to as an IVIVC, to 

predict in-vivo absorption of any refined formulation from in- vitro 

dissolution test as a surrogate for animal/human testing. Establishment of 

an in-vitro dissolution test as a surrogate for animal testing/human studies 

was explored in this study to support PHCl nanosuspension formulation 

development. Such a development for nanosuspensions was proposed and 

investigated for the first time13.  

 

Materials and Methods 
 

Prasugrel hydrochloride were obtained as a gift sample from 

Suven Nishtaa. Ethanol, Tween 80 and Sodium lauryl sulphate were 

obtained from S.D Fine Chemicals Limited. All the other ingredients used 

were of analytical grade14.  

Preparation of Prasugrel Hydrochloride Nanosuspensions:  

 Prasugrel Hydrochloride nanosuspensions were prepared by 

evaporative precipitation method. Ethanol was used as a solvent and 

tween-80 was used as a surfactant to stabilize the nanosuspension 

formulation. The drug was dissolved in the solvent (ethanol). The syringe 

was filled with the prepared solution and injected drop wise into the anti-

solvent (water containing tween-80) with constant stirring on a magnetic 

stirrer. Vacuum was applied while stirring till the solvent evaporates to 

form the product. Finally the product was filtered and centrifuged at 7000 

rpm for 10 min. So as to optimize the nanosuspension formulations 

prepared, several nanosuspensions were prepared based on different 

compositions given in Table-1. The two factors: surfactant concentration 

and solvent-antisolvent ratio were investigated at different levels to study 

their effect on particle size. Several previous studies indicated that these 

two factors signficantly affect the particle size of the fabricated 

nanosuspensions15,16,17.   

 

Formulation F1 F2 F3 F4 F5 

Prasugrel Hydrochloride  (mg) 100 100 100 100 100 

Distilled water (mL) 100 100 100 100 100 

Ethanol (mL) 15 10 20 20 20 

Tween 80 (mL) 0.2 0.2 0.1 0.3 0.2 

Solvent/antisolvent ratio 1:6.67 1:10 1:5 1:5 1:5 

Table 1: Composition of Prasugrel Hydrochloride Nanosuspensions 

Formulation % Drug Encapsulation Efficiency 

F1 83.25 

F2 92.98 

F3 79.78 

F4 89.34 

F5 88.76 

Table 2: Drug entrapment efficiency of Prasugrel Hydrochloride Nanosuspensions 

Formulation Particl Size in (µm) 

F1 0.79 
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F2 0.70 

F3 1.52 

F4 0.94 

F5 1.05 

 Table 3: Particle size determination of Prasugrel Hydrochloride Nanosuspensions by optical microscopy method  

Characterization of Various Formulations of Prasugrel 

Nonosuspensions   

Drug-excipient compatibility studies: 

FTIR: Fourier Transform Infrared (FTIR) spectroscopy:  
FT-IR is used for the drug-excipient compatibility samples of 

about 5mg was mixed thoroughly with100mg KBr IR powder and 

compacted under vacuum at a pressure of about 12psi, for 3min. The 

resultant disc was mounted in a suitable holder in Perkin Elmer IR 

spectrophotometer and the IR spectrum was recorded from 4000cm-1 to 

400cm-1 in a scan time of 12min. these studies were done for Prasugrel 

Hydrochloride, physical mixture and prasugrel nanosuspension18. 

Characterization of Prasugrel Nanosuspensions: 

Percentage yield:  

To determine the yield, the weight of microspheres obtained at 

the end of preparation was determined. The total weight of raw materials 

used to obtain these microspheres was determined to obtain the theoretical 

yield.  

Percentage yield was then determined using the formula:  

Percentage yield = (Practical yield/theoretical yield) x 100  

Drug entrapment efficiency:  

Drug entrapment efficiency was determined by the dialysis method. 

Drug entrapment efficiency was calculated for the samples of various 

prasugrel nanosuspensions. Take a beaker containing 100ml of phosphate 

buffer medium and keep them on the magnetic stirrer for stirring. 10mg 

of samples was weighed and taken in a broken test tube containing 10ml 

of phosphate buffer medium. Bottom end of the test tube was packed with 

the diffusion membrane. Place the test tube inside the beaker and adjust it 

such that the test tube is submerged in the beaker containing phosphate 

buffer medium. Now collect the samples 10 ml from the beaker for every 

1hr till 10 hrs and replace it with the fresh medium of buffer. 

 Entrapment efficiency % = Weight of the drug in nanoparticles x 100%           

           Weight of the nanoparticles 

Particle size: 

The mean particle size of nanosuspensions was determined 

using optical microscope. In this method size of 200 particles was 

determined by using stage micrometer. The average article size was 

determined. 

Surface morphology   
In order to examine the particle surface morphology and shape, 

scanning electron microscopy (SEM) was used. A concentrated aqueous 

suspension i.e Prasugrel Hydrochloride nanosuspension was spread over 

a slab and dried under vacuum. The sample was shadowed in a cathodic 

evaporator with gold layer 20 nm thick. Photographs were taken using a 

JSM-5200 Scanning Electron Microscope (Tokyo, Japan) operated at 20 

kV19.  

Zeta Potential:  

The electrophoretic mobility and zeta potential were measured 

using a zeta potentiometer (Malvern Zetasizer). To determine the zeta-

potential various nanosuspension samples were diluted with KCl (0.1 

mm) and placed in the electrophoretic cell where an electric field of 15.2 

V/cm was applied. Each sample was analyzed in triplicate. 

Solid State stability studies:  

Differential scanning calorimetry (DSC):  

Differential scanning calorimetry (DSC) is a thermo analytical 

method used to study thermal transitions involving energy or heat 

capacity changes. Thermal properties of the powder samples were 

investigated with differential scanning colorimetry. Approximately 10mg 

of samples was analyzed in an open aluminum pan and heated at scanning 

rate of 10oc/min between 0oC and 400oC. Magnesia was used as the 

standard reference materials. The thermograms of Prasugrel 

Hydrochloride and for the optimized formula of nanosuspension were 

determined for solid state stability studies20. 

Powder X-Ray Diffraction (XPRD) analysis: 

The drug crystalline state in the polymer sample was evaluated 

by Powder X-Ray Diffraction (XPRD) analysis. Xray spectra were 

recorded with X’Pert-PRO multipurpose X-Ray diffractometer 

(PANalytical, Tokyo, Japan) using Ni-filtered, Cu Ka radiation, a voltage 

of 45 kV, and a current of 40 mA with a scintillation counter. The 

instrument was operated in the continuous scanning speed of 4°/min over 

a 2θ range of 5° to 40°. The samples were grinded using a wedgwood 

mortar and pestle, placed into the cavity of an aluminum sample holder 

and packed smoothly using a glass slide. The smallest size 

nanosuspension was used in the study. 

In-vitro drug release studies:  

 In-vitro drug release experiments were conducted for 

prasugrel Hydrochloride drug. In-vitro dissolution studies of samples 

were carried out using USP apparatus-II paddle method by dispersed 

powder technique. Accurately weighed nanosuspension samples 

containing 50 mg of drug were added to 500 mL of buffer media at 37 + 

0.5°C and stirred at 75 rpm. An aliquot of 10mL was withdrawn at 

different time intervals. An equal volume of fresh dissolution medium 

was immediately replaced. The samples withdrawn were filtered by using 

0.2µ sterile filter. The amount of drug in the release medium was 

determined by UV-Visible spectrophotometer. The samples were assayed 

spectrophotometrically at 254 nm. Citro-phosphate buffer pH 4.0 was 

used as dissolution medium. This method is based on USFDA 

recommendations for Prasugrel hydrochloride tablets. The dissolution of 

nanosuspensions was compared with that of dissolution of equivalent 

amount of the pure drug. The cumulative amount of drug release over the 

time period was plotted21,22.   

In vivo Pharmacokinetic Studies in Rats 

 All the animal studies were conducted as per the guidelines 

of CPCSEA, India. The protocol was approved by Institutional Animal 

Ethics Committee of Geetanjali College of Pharmacy, Hyderabad (IAEC 

No. 1648/PO/a/12/CPCSEA). Wistar rats (weighted 180-220 g) were 

used as experimental animals. Eighteen rats randomly divided into three 

groups with six rats in each group. Prior to the experimentation the rats 

were fasted for 12 h with free access to water. The next day, Prasugrel 

Hydrochloride drug-complex, Prasugrel Hydrochloride nanosuspensions 

(F2), Prasugrel Hydrochloride oral suspension prepared using sodium 

CMC as suspending agent were given to the four groups of rats via the 

oral route. All the formulations contained 50 mg of drug. About 0.5 mL 

blood samples were collected via the orbit vein at 0.125, 0.25, 0.5, 1, 2, 

3, 4, 6, 8, 10, 12 and 24 hr after administration. The collected blood 

samples were placed in heparinized tube and then separated immediately 

by centrifugation at 3000 rpm for 10 min and stored at -20ºC prior to the 

analysis. The plasma samples were then extracted and the prasugrel was 

analyzed using a LCMS method as described earlier. The method was 

validated oer a concentration range of 25-10000 ng/mL.  The peak areas 

of all the metabolites was summed and assumed to be the active drug in 

the plasma that was absorbed. The plasma concentration time profile for 

all the batches was determined and plotted using excel23,24.    

 

Results and Discussion 



J. Pharmaceutics and Pharmacology Research                                                                                                                                        Copy rights@ Rajakumar Devara et.al. 

 

 
Auctores Publishing LLC – Volume 5(8)-0101 www.auctoresonline.org  
ISSN: 2693-7247   Page 4 of 9 

 
Preformulation studies for prasugrel hydrochloride have been 

performed to know the drugs physicochemical properties so as to design 

it to a suitable formulation. Prasugrel hydrochloride is a class-II drug 

classified under BCS classification with low solubility and high 

permeability. The physicochemical properties were described. Poor 

solubility leads to poor dissolution, therefore to enhance the dissolution 

of the drug, different techniques have been employed such as particle size 

reduction by forming nanosuspensions which is a novel technique. 

Nanosuspensions of Prasugrel Hydrochloride (F1-F5) were successfully 

prepared using evaporative precipitation technique. Several batches of 

nanosuspsensions altering various parameters were prepared at the initial 

step. The yield and the particle size were used to draw final conclusions 

for further studies. Subsequently, it was identified that the surfactant 

levels as well as solvent:antisolvent ratio were found to have a significant 

influence on the size. Different parameters were thus altered so as to 

obtain the smallest particle size of the nanosuspensions. The different 

batches that were prepared for studying the influence of selected 

parameters is shown in Table-1. Increase in the concentration of 

surfactant reduced the particle size. The particle size was also reduced as 

the solvent/antisolvent ratio was decreased. Based on the process 

development studies, formulation which had the lowest particle size was 

considered to be the optimized batch. F2 was considered to be the 

optimized batch. Further studies were conducted using this batch. The 

particle size is identified by optical microscopy method and size ranges 

in micron size from 0.70 to 1.05 µm shown in table-2. SEM was used to 

determine the particle size and surface morphology of optimized 

nanosuspension of prasugrel htdrochloride F2 from the figure-1 and 2, it 

was concluded that the average particle size for all formulations was 

found to be in nano range of 257 nm to 368 nm. Surface morphology and 

shape were visualized. The particles were appeared as spheres. From this 

study it has been concluded that size reduction of particle to nanosize 

results in enhancing dissolution rate of Prasugrel hydrochloride. The zeta 

potential of optimized nanosuspension was found to be -30.40 ± 0.12 mV, 

which indicates the nanosuspension is physically stable which can avoid 

ostwald ripening. The results of percentage drug entrapment efficiency 

are shown in the table. 3. From the results shown in the table, it can be 

inferred that there is a proper distribution of prasugrel hydrochloride in 

the nanosuspensions. The percentage entrapment efficiency was found to 

be 79.78% to 92.98%. A maximum of 92.98% drug entrapment efficiency 

was obtained in the F2 formulation with 1:10 solvent:antisolvent ratio. 

From, XRPD graphs we can conclude that the crystallanity of the drug 

was changed in the nanosuspensions in figure 3. The peaks obtained for 

pure drug was very clear and sharp, the intensity of the peaks was very 

high when compared to peaks of Prasugrel Hydrochloride 

nanosuspensions. The peak intensity reduction indicates the reduction in 

the crystallization nature of the drug. In-vitro drug release from the 

Prasugrel Hydrochloride and Prasugrel Hydrochloride nanosuspensions 

in citro- phosphate buffer pH 4 was performed by the dissolution 

experiment using USP dissolution apparatus II. In dissolution studies, it 

was observed that the dissolution was higher and 4 fold times for 

nanosuspensions compared to pure drug shown in table 4 and figure 4. At 

the end of 1 hr, 99.88% of drug was released with nanosuspensions, while 

this release was only 29.34% with pure drug prasugrel hydrochloride. The 

in-vivo study in wistar rats was performed to demonstrate in-vivo 

bioavailability. DSC studies were conducted with drug cyclodextrin 

complexes. From the overlay of DSC thermograms, it has been observed 

that prasugrel is in crystalline nature in figure 5. It exhibited a broad 

exotherm at 134.4°C and peak onset temperature was found at 117.82°C. 

For cyclodextrin the DSC thermogram exhibits the peak at 150.29°C and 

peak onset temperature at 107.83°C. This peak was the characteristic peak 

for cyclodextrins. The thermograms of the complexes prepared using all 

the three techniques demonstrated characteristic peaks of both PHCl and 

cyclodextrins. However, the intensity of drug peaks was lower compared 

to pure drug. In co-evaporation method an additional sharp endotherm 

peak was found at 197.78°C. This could be because of conversion of PHCl 

to its base form during the process of complexation. From all the DSC 

peaks we can conclude that the inclusion complex was formed between 

the PHCl and HPβCD. It has indicated that the amorphous form of drug 

prasugrel hydrochloride has been changed to its crystalline form. Second 

evidence is obtained from FTIR results (spectrums not shown). Pure 

HPβCD has characteristic IR peaks at 3421 cmˉ1 (H-S moiety), 2436 cmˉ1 

(pyridine group), 1757.21cmˉ1(C=O), 1689.70cm-1(C=O), 1492.95cm-

1(C-C aromatic stretch),     1232.55cm-1(C-O), 758 cm-1(C-H aromatic 

ring). Pure HPβCD has characteristic peaks at 3421.83cm-1, 2931.90 cm-

1, 1508.38cm-1, 1082.210 cm-1. In physical mixture, kneading and co- 

evaporation IR graphs both drug and cyclodextrin peaks were seen, 

however peak intensities were reduced indicating an interaction between 

two compounds. The results indicate a possible complex formation 

because of the disappearance of pyrrolidine group in IR spectra. 

Stretching bands at 1000-1200 cm-1 indicates the presence of ether 

group(C-O). The intensity of this peak appeared stronger for co-

evaporation and kneading methods. Stretching region of hydroxyl group 

(O-H) appeared at the range of 3600-3200cm-1. Carbonyl group (C=O) 

appeared at the range of 1650-1620 cm-1. Inclusion complex bands 

formed by co-evaporation and kneading methods were shifted to higher 

wave number indicating the formation of complexes. FTIR results suggest 

the formation of inclusion complexes of PHCl with cyclodextrins with all 

the three techniques. It indicates that the drug prasugrel hydrochloride is 

compatible in the formulation. After orally administration of pure drug, 

oral suspensions and nanosuspensions, the plasma concentrations were 

obtained and compared in table 5 and figure 6. The plasma concentration 

profile for nanosuspension represented significant improvement in drug 

absorption compared with the oral suspension and pure drug prasugrel 

hydrochloride. The Cmax and area under the curve (AUC) 0-24 h values 

of nanosuspensions were approximately 4-fold, greater than that of the 

oral suspension, indicating a remarkable improvement in the oral 

absorption of prasugrel nanosuspensions. The Cmax was found to be 

69.54 μg/mL at 2hr for nanosuspension. The enhancement in oral 

bioavailability can be attributed to the adhesiveness of the drug 

nanosuspension, increased surface area due to reduction in particle size, 

increased saturation solubility, leading to an increased concentration 

gradient between the gastrointestinal tract lumen and blood, and increased 

dissolution velocity. The different pharmacokinetic parameters are 

calculated given in table 6.   
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Figure 1: SEM pictogram for optimized formulation of F2 Prasugel Hydrochloride Nanosuspension for particle size 

 

Figure 2: SEM pictogram of optimized Prasugrel nanosuspensions F2 for surface morphology 
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Figure 3: XRD graph of Prasugrel Hydrochloride (PHCl) and Prasugrel Hydrochloride nanosuspensions 

Time in 

min 

Pure 

drug(PHCL) 

F1 F2 F3 F4 F5 

0 0 0 0 0 0 0 

5 8.45 61.63 74.25 68.32 63.25 64.64 

10 13.25 79.94 81.54 77.23 75.67 74.65 

15 16.54 88.32 95.43 85.63 83.22 82.34 

30 18.67 91.23 96.18 90.12 91.53 89.79 

45 21.64 93.22 98.13 92.35 94.25 92.13 

60 29.34 95.67 99.88 94.56 96.35 94.12 

Table 4: In-vitro Dissolution profile of Prasugrel Hydrochloride nanosuspensions 
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Figure 4:  Graphical presentation of in-vitro dissolution profile of Prasugrel Nanosuspensions from F1 to F5 

 

Figure 5: DSC studies of drug and various formulations of Prasugrel hydrochloride 

Time in hrs Pure drug μg/mL) 
Oral Suspension 

(μg/mL) 
Nanosuspension 

(μg/mL) 

0 0 0 0 

0.25 0.10 3.01 16.99 

0.5 2.45 6.01 22.26 

0.75 4.66 8.32 32.32 

1 6.12 15.11 51.01 

2 10.10 21.69 65.10 

3 9.82 18.32 48.12 

4 7.32 13.21 33.33 

6 5.63 9.37 22.12 

8 4.12 6.33 17.45 

10 2.31 4.03 11.23 

12 1.81 2.13 3.89 

24 1.20 0.85 0.99 

Table 5: Plasma drug concentrations of pure drug, oral suspension and Prasugrel nanosuspension: 
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Figure 6: Graphical presentation of bioavailability studies of pure drug, oral suspension and Prasugrel nanosuspension 

S.No Parameter Value 

Pure drug   Suspension  Nanosuspension 

1 AUC 80.51 μg.hr/mL 133.07 μg.hr/mL 347.75 μg.hr/Ml 

2 K -0.126/hr -0.098/hr -0.095/hr 

3 t1/2 5.51 hrs 7.06 hrs 7.24 hrs 

4 Cmax 10.12 μg/mL 23.14 μg/mL 69.54 μg/Ml 

5 tmax 2.1 hrs 1.98 hrs 1.59 hrs 

Table 6: Pharmacokinetic parameters of various Prasugrel Hydrochloride formulations 

 

Conclusions 
 
 In conclusion, nanosuspensions of Prasugrel Hydrochloride 

are better compared to oral suspension and pure drug. Thus, 

nanosuspensions of Prasugrel Hydrochloride can be used to enhance the 

bioavailability as well as to reduce the fluctuations in the bioavailability. 

The bioavailability of Prasugrel Hydrochloride nanosuspension is 

increased by 5 fold times than pure drug.   

 

References 

1. Gukathasan N, Mehran R.: Acute coronary syndromes: advances 

in antithrombotics, Curr Atheroscler Rep. 2013, 15(4), 318-323.  

2. Seiler D, Doser K, Salem I.: Relative bioavailability 

of prasugrel free base in comparison to prasugrel hydrochloride 

in the presence and in the absence of a proton pump inhibitor, 

Arzneimittelforschung. 2011, 61(4), 247-251. 

3. Small DS, Farid NA, Payne CD, Weerakkody GJ, Li YG, Brandt 

JT, et, al.: Effects of the proton pump inhibitor lansoprazole on the 

pharmacokinetics and pharmacodynamics of prasugrel and 

clopidogrel, J Clin Pharmacol. 2008, 48(4), 475-484. 

4. Anon: Committee for proprietary medicinal products. Scientific 

Discussion. Efient, International Non-Proprietary Name (INN): 

Prasugrel. The European Agency for the Evaluation of Medicinal 

Products, London, 2009. 

5. Alfred F, Xiangli L.: Drug delivery strategies for poorly water-

soluble drugs, Expert opinion on drug delivery, 2007, 4(4), 4036.  

6. Cen J, Zhang C, Zhang Q, Lu A. Pharmaceutical composition for 

improving solubility of Prasugrel and its preparation method. US 

Patent Application No. 20130045251, 2013, Jiang Su Hanso 

Pharmaceutical Group.  

7. Kawabata Y, Wada K, Nakatani M, Yamada S, Onoue S.: 

Formulation design for poorly water-soluble drugs based on 

biopharmaceutics classification system: basic approaches and 

practical applications, Int J Pharm. 2011, 420 (1), 1-10. 

8. Rasenack N, Müller BW.: Micron-size drug particles: common 

and novel micronization techniques, Pharm Dev Technol. 2004, 

9(1), 1-13. 

9. Josef P, Jan M, Henry F, Lewis P, Kaneto U.: Hydroxypropyl β 

cyclodextrin: preparation and charecterisation; effects on 

solubility of drugs, Int J Pharm. 1986, 29(1), 7382. 

10. Liu Y, Zhang D, Zou D, Wang Y, Duan C, Jia L, et, al.: 

Devlopment and in vitro charecterization of bifendate 

nanosuspensions, J Biomed Nanotech. 2011, 7(5), 6211. 

11. Bajaj A, Rao MR, Pardeshi A, Sali D.: Nanocrystallization 

by evaporative antisolvent technique for solubility and 

bioavailability enhancement of telmisartan, AAPS 

PharmSciTech. 2012, 13(4), 1331-1340. 

12. Nakarani M, Misra AK, Patel JK, Vaghani SS.: Itraconazole 

nanosuspension for oral delivery: Formulation, characterization 

and in vitro comparison with marketed formulation, Daru. 2010, 

18(2), 84-90.  

13. Farid NA, McIntosh M, Garofolo F, Wong E, et al.: Determination 

of the active and inactive metabolites of prasugrel in human 

plasma by liquid chromatography/tandem mass spectrometry, 

Rapid Comm Mass Spectrometry. 2007, 21(2), 169-179.  

14. Aukunuru JV, Kompella UB: A biodegradable injectable implant 

sustains systemic and ocular delivery of an aldose reductase 

inhibitor and ameliorates biochemical changes in a galactose-fed 

rat model for diabetic complications, Pharm Res. 2002, 19(3), 

0

10

20

30

40

50

60

70

0

0
.2

5

0
.5

0
.7

5 1 2 3 4 6 8

1
0

1
2

2
4P

la
sm

a
 d

ru
g

 c
o

n
ce

n
tr

a
ti

o
n

 μ
g

/m
l 

Time in hr

Bioavailability studies of Prasugrel HCL formulations

Prasugrel HCL-Pure
Drug

Oral suspension

Prasugral
Nanosuspension



J. Pharmaceutics and Pharmacology Research                                                                                                                                        Copy rights@ Rajakumar Devara et.al. 

 

 
Auctores Publishing LLC – Volume 5(8)-0101 www.auctoresonline.org  
ISSN: 2693-7247   Page 9 of 9 

278-85.  

15. Tran M, Tafreshi J, Pai RG.: Review article: combination of 

clopidogrel and proton pump inhibitors: implications for 

clinicians, J Cardiovasc Pharmacol Ther. 2010, 15(4), 326–337. 

16. Liversidge GG, Cundy KC.: Particle size reduction for 

improvement of oral bioavailability of hydrophobic drugs: 

Absolute oral bioavailability of nanocrystalline danazol in beagle 

dogs, Int J Pharm. 1995, 125(1), 917.   

17. Miao X, Sun C, Jiang T, Zheng L, Wang T, Wang S.: 

Investigation of nanosized crystalline form to improve the oral 

bioavailability of poorly water soluble cilostazol, J Pharm 

Pharm Sci. 2011, 14(2), 196- 14. 

18. Liu Y, Xie P, Zhang D, Zhang Q.: A 

mini review of nanosuspensions development, J Drug 

Target. 2012, 20(3), 209-23. 

19. List M., Sucker H.: Hydrosols of pharmacologically active agents 

and their pharmaceutical compositions comprising them, 1995, 

U.S. Patent 5,389,382. 

20. Van EB, Stuyven B, Froyen L, Van HJ, Martens JA, Augustijns 

P, et, al.: Downscaling drug nanosuspension production: 

processing aspects and physicochemical characterization, AAPS 

PharmSciTech. 2009, 10(1), 44-53. 

21. Tuksar M, Biljan T, Zegarac M. Crystalline forms of Prasugrel 

Salts. European Patent Application 2448945 A1, 2012, Teva 

Pharmaceuticals.   

22. Gupta S, Samanta MK, Raichur AM. Dual-drug delivery system 

based on insitu gel-forming nanosuspension of forskolin to 

enhance antiglaucoma efficacy, AAPS PharmSciTech. 2010, 

11(1), 322-35.  

23. Kurkov SV, Loftsson T.: Cyclodextrins, Int J Pharm. 2012. 

24. Bandi N, Wei W, Roberts CB, Kotra LP, Kompella UB.; 

Preparation of budesonide- and indomethacin-hydroxypropyl-

beta-cyclodextrin (HPBCD) complexes using a single-step, 

organic-solvent-free supercritical fluid process, Eur J Pharm 

Sci. 2004, 23(2), 159-68. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI: 10.31579/2693-7247/0101

 

Ready to submit your research? Choose Auctores and benefit from:  
 

 fast, convenient online submission 

 rigorous peer review by experienced research in your field  

 rapid publication on acceptance  

 authors retain copyrights 

 unique DOI for all articles 

 immediate, unrestricted online access 
 

At Auctores, research is always in progress. 

 

Learn more  https://www.auctoresonline.org/journals/pharmaceutics-and-

pharmacology-research 

http://www.ncbi.nlm.nih.gov/pubmed/15451004
http://www.ncbi.nlm.nih.gov/pubmed/15451004
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=71

