
Prajapati et al.                                                                European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com        │        Vol 9, Issue 8, 2022.         │          ISO 9001:2015 Certified Journal        │ 

 

233 

 

 

 

FORMULATION AND EVALUATION OF CONTROLLED RELEASE PELLETS OF 

ELUXADOLINE 
 

 

Dhaval Prajapati* and Jaini Patel 
 

Department of Pharmaceutics, Sharda School of Pharmacy, Pethapur. 

 

 

 

 

 
Article Received on 10/06/2022                                Article Revised on 30/06/2022                               Article Accepted on 20/07/2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction to drug delivery system 

Pellets
[1]

: Pellets are spherical, free-flowing granules 

with a narrow size distribution, typically varying 

between 500 and 1500 μm in size for pharmaceutical 

applications. They are formed as a result of a 

pelletization process which is an agglomeration process 

that converts fine powders or granules of bulk drugs and 

excipients into small, free-flowing, spherical or semi-

spherical units. There are different techniques applicable 

for the production of pellets out of which extrusion 

Spheronisation process is one of the best techniques to 

develop pellets. 

 

Spheronisation
[1]

: Spheronisation a form of pelletization 

refers to the formation of spherical particles from wet 

granulations. Since the particles are round, they have 

good flow properties when dried. The obtained particles 

contain the diameter ranging from 0.5mm to 1mm. 

Spheronisation equipment such as marumerizer (luwa 

corp) and the Granulator (vector). It is vital for ensuring 

an accurate dosage of the active ingredients within the 

tablets. It is a multi-step process used to make uniformly 

spherical particles. It is primarily used as a method to 

produce multiparticle for controlled release applications. 

 

 

 

Advantages of spheronisation
[2]

 

 Flow of particles will be optimized 

 Improves the handling characteristics 

 Spheronized particles can be mixed easily 

 Improves the friability and hardness of the particles 

 Spheres can easily be coated 

 Particles provide minimum surface area and volume 

ratio 

 

Limitations of spheronisation
[3]

 

 The amount of fluid needed to achieve spheres of 

uniform size and sphericity is likely to be greater 

than that for similar tablet granulation. Poor liquid 

dispersion will produce a poor-quality product. 

 Because it is more labor intensive than more 

common wet massing techniques, its use should be 

limited to those applications where a sphere is 

required, when other granulation techniques are 

unsuitable. 

 

Desirable properties of pellets (uncoated) include
[2]

:
 

Uniform spherical shape, Uniform size, good flow 

properties, Reproducible packing, High strength, Low 

friability, Low dust, Smooth surface, Ease of coating and 

once it is coated it must maintain all above properties 
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ABSTRACT 

In the present research work, controlled release pellets of eluxadoline were developed and evaluated analytically 

by FTIR Spectra for drug absorption and bioavailability. Eluxadoline was chosen as a model drug because its 

peak plasma concentration occurs after 1.5-2 hours of oral administration and controlled release formulation has 

not been developed yet. Pre-formulation studies were carried out to optimize the required quantity for polymers 

and excipients. Fourier transform Infrared spectroscopy confirmed the absence of any drug/polymers/excipient’s 

interactions. A total of nine batches of controlled release pellets of eluxadoline were prepared by direct 

compression technique, using polymers such as HPMC K4M, HPMC K100M, HPMC K15M in different 

combinations with other standard excipients like PVP K30, lactose and avicel pH 102. Tablets were evaluated for 

physical parameters viz. hardness, friability, thickness, weight variation and stability studies. Further, tablets were 

evaluated in-vitro for drug release. All results were found to be in acceptance criteria; hence it was concluded that 

controlled release pellets of eluxadoline can be formed as marketed formulation also. 
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and should have desired drug release characteristic. 

 

Various techniques used in production of pellets:
[3,4]

 

Solution and suspension layering, dry powder layering, 

direct powder pelletization, extrusion-spheronisation 

process. 

 

Steps involved in extrusion spheronisation process: 

Dry blending, wet granulation, extrusion, spheronisation, 

drying, optional screening. 

 

Process variables that effect spheronisation 

process:
[5,6,7] Moisture content, granulation liquid, 

extruder type, extruder screen, extruder speed, extrusion 

temperature, spheronisation speed, spheronisation time, 

spheronisation load, drying method. 

 

Introduction to eluxadoline
[8,11]

 

Eluxadoline is a white to off white solid powder. It is a 

mu-opioid receptor agonis, kappa opioid receptor agonist 

and a delta opioid receptor antagonist used to treat 

diarrhea. It possesses molecular weight of 569.6 g/mol. It 

is poorly soluble in water, methanol and ethanol. The 

oral absorption of eluxadoline is poor. The 

bioavailability is 1.02% and protein binding is 81%. 

Though metabolism of eluxadoline is unclear evidence 

suggests limited glucoronidation forms an acyl 

glucuronide metabolite that is then excreted into urine. 

Half-life is 3.7 hours. It is 82% excreted in feces and less 

than 1% excreted in urine. 

 

MATERIALS AND METHODS 

Materials: The active drug Eluxadoline was obtained 

from Zydus Research Centre, Ahmedabad, India. Other 

excipients and polymer such as HPMC K4M, HPMC 

K100M, PVP K30, lactose, avicel pH 102 were 

purchased from Astron Chemicals, Ahmedabad. All 

other solvents and ingredients used were of analytical 

grade. 

 

Methods 

Formulation of controlled release pellets of 

eluxadoline: Controlled release pellets of Eluxadoline 

were prepared by using Extrusion spheronization 

Method. For pellets preparation, Lactose and MCC was 

selected as diluents. PVP K30 was selected as binder. 

For release controlling purpose, various grade of HPMC 

was selected. A total of nine batches were prepared with 

varying composition of excipients (Table 1). 

 

Calibration curve of eluxadoline: 10 mg of 

Eluxadoline was weighed accurately and transferred to 

100 ml volumetric flask and dissolved in pH 7.4 

stimulated colonic fluids and the volume was made up to 

100 ml with respective solution to get the final 

concentration of drug 100 µg/ml. The above stock 

solutions were scanned for the maximum absorbance 

using UV in double beam spectrophotometer. The λmax 

for Eluxadoline was found to be at 238 nm in pH 7.4 

stimulated colonic fluids. Same repeat for 1.2 pH 0.1 N 

HCL and 6.8 pH phosphate buffer. The above stock 

solution (100 g/ml) was further diluted to get 

concentration of Eluxadoline in the range of 2-15 g/ml. 

Absorbance of each solution was measured using UV-

Vis double beam spectrophotometer by putting reference 

standard of respective medium. The standard curve was 

generated for entire range of concentrations. The 

experiment was performed in triplicate and based on 

average absorbance; the equation for the best line was 

generated. 

 

Drug excipients compatibility study: FTIR studies 

were carried out to determine the compatibility of 

excipients with the drug. Pure drug sample and physical 

mixture of excipients with drug compared by FTIR and 

check the compatibility. 

 

Pre-Compression parameters: Angle of repose 

The angle of repose was determined by fixed funnel 

method. The loose bulk density (LBD) and tapped bulk 

densities (TBD) were determined by using measuring 

cylinder. 

Carr’s index: The Carr’s index or Carr's 

Compressibility Index is an indication of the 

compressibility of a powder. It can be calculated by 

formula 

 
Hausner’s ratio: The Hausner’s ratio is a number that 

is correlated to the flowability of a powder or granular 

material. It can be calculated by formula 

 
 

Thickness: Thickness of tablets was determined using 

Vernier calipers. Three tablets from each batch were 

used, and average values were calculated (Indian 

Pharmacopoeia, 2014). 

Weight variation: The weight variation test was 

conducted by weighing 20 randomly selected tablets 

individually, calculating the average weight and 

comparing the individual tablet weights to the average. 

The specification of weight variation is 5%. 

Hardness: The hardness of the tablets was determined 

by diametric compression using a Hardness testing 

apparatus. A tablet hardness of about 4-5 kg is 

considered adequate for mechanical stability. 

Determinations were made in triplicate. The hardness 

was measured in terms of kg/cm
2
. 

Friability: The friability of the tablets was measured in a 

Roche friabilator. Tablets of a known weight (W0) de 

dusted in a drum for a fixed time (100 revolutions) and 

weighed (W) again. Percentage friability was calculated 

from the loss in weight as given in equation as below. 

The weight loss should not be more than 1 %. The 

percentage friability is calculated by, 

 

http://en.wikipedia.org/wiki/Compressibility
http://en.wikipedia.org/wiki/Powder_(substance)
http://en.wikipedia.org/w/index.php?title=Flowability&action=edit&redlink=1
http://en.wikipedia.org/wiki/Powder_(substance)
http://en.wikipedia.org/wiki/Granular_material
http://en.wikipedia.org/wiki/Granular_material
http://en.wikipedia.org/wiki/Granular_material
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In vitro dissolution study: Dissolution studies for each 

formulation were performed in a calibrated 8 station 

dissolution test apparatus equipped with paddles (USP 

apparatus II method) employing 900 ml of 1.2 pH 0.1N 

HCL as a medium for first two hours and in 7.4 

phosphate buffer as a medium up to 12 hours. The 

paddles were operated at 50 rpm and the temperature was 

maintained at 37 ± 0.5 0C throughout the experiment. 

Samples were withdrawn at regular intervals up to 12 

hours and replaced with equal volume of dissolution 

medium to maintain the constant volume throughout the 

experiment. Samples withdrawn at various time intervals 

were suitably diluted with same dissolution medium and 

the amount of drug released was estimated by an 

ultraviolet visible spectrophotometer. 

Drug content: Two hundred milligrams of pellets were 

dissolved in 100 ml of 0.1 N HCL. The resulting solution 

was analyzed spectrophotometrically at specific 

wavelength. 

Accelerated stability study: Optimized formulation will 

be stored at different storage conditions at elevated 

temperatures such as 40 0C ± 2 0C / 75% ± 5 % RH for 

30 days. The samples were withdrawn and checked for 

physical change, Assay and Drug release. 

Drug release kinetics: Drug release study of pellets was 

carried out in 0.1 N HCL for first 2 hours and phosphate 

buffer for remaining 10 hours. Data obtained form in 

vitro drug release studies were fitted to dissolution 

calculation software. The kinetic models used are zero 

order, first order, Korshmers and papps, Hexon Crowell, 

and Higuchi equation. 

 

RESULT AND DISCUSSION 

The reported melting point values for Eluxadoline was in 

the range of 178
◦
C-181°C which was in agreement with 

literature. The absorption maxima of the standard 

solution were scanned between 200-350 nm regions on 

Shimadzu 1800 spectrophotometer. The absorption 

maxima were found to be 238 nm. FTIR study was 

performed with the supplied sample of Eluxadoline. This 

FTIR spectrum was found concordant with the FTIR of 

Eluxadoline reported in official monograph and the 

peaks matched with the standard peaks of pure 

Eluxadoline. The infrared spectrum of physical mixture 

of excipients and Eluxadoline was studied and 

confirmed that there was no interaction with each other. 

So, the drug is compatible with excipients. 

 

The powder mixtures of all the formulations were tested 

by various studies including angle of repose (ranging 

from 35.52° to 41.08°), bulk density (ranging from 0.225 

to 0.320 gm/cm
3
), tapped density (ranging from 0.350 to 

0.697 gm/cm
3
), Hausner’s ratio (ranging from 1.70 to 

2.72) and Carr’s index (ranging from 48.46 to 54.32 %). 

All the results showed poor flow property. 

 

Drug content was in the range of 99.3±0.36. The 

results of physicochemical characterizations are given in 

Table 3. 

 

The results of drug release studies are given in Table. 

Based on drug release results, it seems that the amount 

of polymer plays an important role in the drug release. In 

first batch, the HPMC content is less which is only 2% 

and it gives faster drug release as compared to all 

batches. The higher the amount of polymer in the 

formulation, slower the drug releases. F8 batch is most 

satisfactory batch and it is consistence with respect to the 

drug release. So, it concludes that the 10 % HPMC 

K100M polymer amount was sufficient to release the 

drug up to 12 hours in sustained manner. 

 

Table 1: Calibration curve of eluxadoline. 

Sr. 

No. 

Concentration 

(μg/ml) 

Absorbance(average) ± SD (n=3) 

Calibration curve 

in 0.1 N HCl 

Calibration curve in 7.4 

phosphate buffer 

Calibration curve in 6.8 

phosphate buffer 

1 0 0.00 0.00 0.00 

2 10 0.055± 0.003 0.073 ± 0.001 0.109 ± 0.004 

3 20 0.113± 0.004 0.141 ± 0.004 0.210 ± 0.009 

4 30 0.163± 0.002 0.210 ± 0.003 0.325 ± 0.004 

5 40 0.224± 0.005 0.290 ± 0.006 0.430 ± 0.005 

6 50 0.275± 0.003 0.351 ± 0.005 0.550 ± 0.003 

7 60 0.340± 0.008 0.420 ± 0.002 0.655 ± 0.007 

 

Table 2: Flow properties of pellets. 

Batch 
Angle of repose 

(θ) 

Bulk density 

(gm/ml) 

Tapped density 

(gm/ml) 

Carr’s index 

(%) 
Hausner’s ratio 

F1 23.43±0.42 0.80±0.03 0.85±0.03 4.86±0.15 1.05±0.01 

F2 21.13±0.28 0.74±0.02 0.78±0.03 4.98±0.27 1.04±0.01 

F3 22.97±1.09 0.82±0.05 0.85±0.02 2.82±0.69 1.02±0.03 

F4 24.73±0.34 0.81±0.04 0.90±0.06 9.12±0.42 1.10±0.04 

F5 22.39±0.56 0.82±0.03 0.87±0.09 4.80±0.72 1.05±0.06 

F6 21.65±0.30 0.78±0.09 0.88±0.02 5.81±0.49 1.06±0.05 

F7 22.19±0.31 0.74±0.03 0.86±0.04 12.95±0.47 1.14±0.04 
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F8 21.69±0.30 0.72±0.05 0.80±0.07 09.01±0.42 1.10±0.04 

F9 22.13±0.28 0.75±0.03 0.83±0.04 8.93±0.32 1.09±0.03 

 

Table 3: Results of drug content of F1-F9. 

Batch Drug Content (%) 

F1 99.5±0.23 

F2 98.7±0.45 

F3 97.9±0.31 

F4 100.2±0.26 

F5 98.2±0.38 

F6 97.4±0.19 

F7 100.7±0.51 

F8 99.3±0.36 

F9 98.6±0.61 

 

Table 4: Results of drug release study. 

Time (hrs.) F1 F2 F3 F4 F5 F6 F7 F 8 F9 

1 3.8 2.6 2.2 2.4 2.6 2.6 2.4 1.4 1.2 

2 12.2 10.1 8.6 8.9 8.6 5.5 7.0 4.6 4.3 

3 42.0 35.6 32.4 34.8 38.8 24.1 26.8 21.8 20.7 

4 51.6 44.1 38.6 43.8 46.6 31.7 37.1 31.5 27.8 

5 61.4 52.1 46.3 50.9 54.4 38.3 42.5 40.4 36.2 

6 71.2 59.3 56.0 58.9 62.4 44.4 50.5 45.4 41.3 

7 80.9 70.4 59.6 62.5 68.5 50.6 52.1 51.5 47.1 

8 90.7 77.9 70.8 71.4 75.6 54.9 57.6 54.7 52.9 

9 99.5 89.5 78.0 79.5 77.8 60.7 64.2 58.3 55.8 

10  93.1 85.8 88.9 80.2 65.8 70.0 65.4 62.1 

11  98.5 93.5 95.5 86.5 71.8 76.4 72.4 68.7 

12  99.8 98.4 99.9 89.2 77.0 82.5 76.4 72.1 

13   99.6  96.2 83.1 85.9 80.7 77.2 

14     99.6 88.6 92.3 87.0 83.8 

15      95.2 98.2 93.2 90.6 

16      99.8 99.7 98.5 96.9 

 

 
Figure 1: A. FTIR Spectra of Pure Drug, B. Drug with Polymer. 
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Figure 2: Calibration curve in 0.1 N HCl. 

 

 
Figure 3: Calibration curve in 7.4 phosphate buffer. 

 

 
Figure 4: Calibration curve in 6.8 phosphate buffer. 
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Figure 5: Results of drug content of F1-F9. 

 

 
Figure 6: Results of drug release study. 

 

CONCLUSIONS 

In the present study, a novel extrusion-spheronization 

method employed to prepare controlled release pellets of 

Eluxadoline using various carrier materials to load the 

drug into pellets. Microcrystalline cellulose incorporated 

in formulation via extruder-spheronization to enhance 

the rheological properties of the wetted mass, resulted in 

good sphericity, low friability, high density, and smooth 

surface for successful extrusion and spheronization. 

Prepared pellets were checked for flow properties. It 

found that all formulation has a Hausner’s ratio below 

1.2, so all formulation has good flow properties. Drug 

content found within limit. Drug distributed properly in 

all batches. Drug release in formulation F1-F9 studied 

and it found that the low polymer concentration (5 %) 

was unable to retard the drug release up to 12 hrs. so 

concentration increased batch by batch and finally 10 % 

polymer concentration HPMC K 100M batch gives 

desired results which retard the drug release up to 12 hr. 

Based on trial batch results, factorial design will be 

applied by taking HPMC K100 M and Speed as 

independent variable. 
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