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ABSTRACT 

The present investigation highlights a significant effect of polymer on improving solubility, dissolution rate and physicochemical properties of 
loperamide hydrochloride. Spherical crystallization technique with incorporation of polymer is used to improve the bioavailability of poorly water 
soluble drugs, the flow and direct compressibility of drugs. The objective of this work was to enhance bioavailability of Loperamide Hydrochloride 
by spherical crystallization technique. Emulsion solvent diffusion technique is used with ethanol-chloroform-water as solvent system. Polyethylene 
glycol and eudragit were used as hydrophilic and hydrophobic polymers respectively for recrystallization. Pure loperamide and its spherical 
crystals were characterized by flowability, packability, dissolution rate, FTIR, SEM and XRD. As hausners ratio was less than 1.25 and Carr’s index 
values were less than 25, hence they were found to be free flowing. Among the two polymers eudragit and PEG, PEG with 1:1 proportion was found 
to be more suitable for increasing dissolution rate of Loperamide Hcl. Thus the prepared spherical crystals with PEG establish excellent solubility 
and physicochemical properties. 
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INTRODUCTION 

The quality of a solid pharmaceutical preparation is influenced by 
primary micromeritic characteristics such as the shape and size of 
drug crystals, especially when large amounts of poorly soluble drugs 
are formulated. To improve the dissolution rate of poorly soluble 
drugs, fine crystals are preferred over large crystals because they 
provide a greater surface area. Now days, the most importance is 
given to enhance the dissolution rate of the poorly soluble drugs, so, 
it increases the bioavailability of drug. [1]  

However, micronization can change drug powder properties such as 
wettability, compressibility, packability and flowability and thus 
prevent efficient powder packaging. This technique involves selective 
formation of agglomerates of crystals which could be easily 
compounded with other pharmaceutical powders due to their 
spherical shape [2]. It is a simple process and inexpensive which 
reduces time and cost by involving faster operation, less machinery, 
and fewer personnel, with great advances in tabletting technology. 
Using this technology, physicochemical properties of pharmaceutical 
crystals are dramatically improved for pharmaceutical processing [3].  

Spherical crystallization is carried out by different methods such as 
Spherical agglomeration method, Quasi-emulsion solvent diffusion 
system (QESDS), Ammonia diffusion system and Neutralization 
technique. Out of these techniques, the QESDS is most commonly 
used [4]. Using this method, spherical crystallization can be carried 
out by using a mixed system of three partially miscible solvents, i.e. 
good solvent-bridging liquid-poor solvent. When bridging liquid plus 
good solvent of API are poured into the poor solvent under agitation, 
quasi-emulsion droplets of bridging liquid or good solvent forms the 
emulsion droplets in the poor solvent and induces crystallisation of 
drug followed by drug. 

Loperamide hydrochloride (LPH), an anti diarrhoeal agent has poor 
flow properties and compressibility. It is a white or yellowish white 
crystalline powder. It has limited aqueous solubility as well as a 
slower dissolution rate, which is absorbed slowly and erratically 
after oral administration and thus requires higher dose [5]. 

In order to overcome the limitations associated with solubility, 
dissolution, flowability and compressibility, the spherically 
agglomerated crystals of LPH were prepared in the present 
investigation. A convenient and cheaper method, QESDS is used for 
its preparation.  

Additionally, hydrophilic polymers (polyethylene glycol) and pore-
forming hydrophobic polymer (Eudragit) during crystallization 

imparted better solubility, dissolution rate, compressibility and 
strength. 

MATERIALS AND METHODS 

Loperamide hydrochloride was obtained as a gift sample from Bajaj 
Health Care Pvt. Ltd., Mumbai (India). Polyethylene glycol and 
Eudragit was obtained from Sigma Aldrich Mumbai (India). All other 
chemicals like ethanol and chloroform were obtained from Loba 
Chemie, Mumbai. 

Preparation of LPH agglomerates by solvent diffusion technique 

LPH (2.5 g) was dissolved in the mixture of good solvent ethanol (15 
ml) and bridging agent chloroform (5 ml) thermally controlled at 
40°C so as to form the saturated solution of the drug. The solution 
was poured into 80 ml of distilled water (poor solvent) with a 
stirring rate of 1000 ± 50 rpm using a propeller type of agitator at 
room temperature. After agitating the system for 10 min, the 
prepared agglomerates were collected by filtration through 
Whatman filter paper no. 42 under vacuum. The spherical crystals 
were washed with distilled water and placed at 45°C for drying in a 
hot air oven for 24 h and then stored in desiccators [6], [7] [8].  

Incorporation of polymer 

Eudragit was dissolved along with LPH (1:0.8) in the mixture of 
ethanol and chloroform. PEG 4000 was first dissolved in distilled 
water and then with LPH (1:1) in mixture of ethanol and chloroform. 
The different ratios of drug: Polymers were given in Table 1.  

Table 1: Different compositions of drug and polymer 

Polymer Drug: polymer mass ratio 
Eudragit 1:0.6 

1:0.8 
1:1 

PEG 4000 1:0.8 
1:1 
1:1.2 

 

Evaluation of spherically agglomerated crystals 

Solubility Studies 

Solubility studies were carried out using deionised water as a solvent. 
The suspension was treated at room temperature with 100 rpm in an 
incubator shaker. After 24 h, the samples were withdrawn and filtered. 
The filtrate was diluted with solvent and analyzed at 237 nm by UV 
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Visible spectrophotometry. The study was performed in triplicate. The 
optimized temperature and agitation speed for drug solution and 
dispersion medium was 25°C and 1000 ± 50 rpm respectively. 

Determination of drug contents 

Prepared LPH agglomerates equivalent to 100 mg was accurately 
weighed, crushed, and transferred to a 100 ml standard conical flask. 
To this, 10 ml of ethanol was added and sonicated for 20 min, 
volume was made up to mark with 1% SLS (sodium lauryl sulphate) 
and filtered through a Whattman filter paper. From the resulting 
filtrate, 1 ml solution was taken and diluted to 50 ml so as to form 20 
mg/ml and the absorbance was measured at 237 nm against a blank 
reagent using a UV visible spectrophotometer. The concentration of 
the drug present in the formulation was computed from the 
calibration curve [9]. 

Determination of fluff density, bulk density and tapped density 

0.8gm of powder was placed in 10ml measuring cylinder and poured 
volume was determined. Measuring cylinder was tapped for 3 times 
and bulk volume was measured. Measuring cylinder was tapped for 
50 times and tapped volume was measured and fluff density, bulk 
density and tapped density were calculated [10], [11]. 

Determination of flow properties 

The flow rate and angle of repose was determined by the fixed 
funnel method. 0.8gm of powder was placed in the funnel, which is 
attached to the burette stand at 2cm above from the bottom of 
platform. Time required to flow the powder from funnel was 
measured, and flow rate was calculated [12]. Flowability of LPH and 
its agglomerated crystals were also determined in terms of Carr's 
compressibility index, and Hausnar ratio. 

Dissolution Studies 

Microcrystalline/agglomerates (25 mg) of LPH were placed in 
muslin in a rotating basket and then placed in 250 ml phosphate 
buffer and stirred at a speed of 100 rpm with temperature 
maintained at 37 ± 10C. Aliquots of 5 ml were withdrawn at 
appropriate time intervals and an equal volume of water was 
replaced in the vessel. The drug content was determined 
spectrophotometrically at 237 nm [13].  

Characterization of agglomerated crystals 

Surface Morphology by scanning electron microscopy 

The surface morphology and shape of spherical crystal containing 
LPH was investigated using SEM by using scanning electron 
microscope at suitable magnification. 

Melting point determination 

The melting points of the spherically agglomerated crystals were 
determined using the capillary tube method [14]. 

X-Ray Diffraction 

All the selected formulations and pure drug were subjected to X-ray 
diffraction study. The XRD patterns were recorded on a PW1729, 
Philips diffractometer (Institute of chemical technology Mumbai.) 
using Ni-filtered, CuKα radiation, a voltage of 40kV and a 25-mA 
current. The scanning rate employed was 10 min-1 over the 10 to 
300 diffraction angle (2θ) range. 

Infrared Spectroscopy 

In order to check any interaction between drug and excipients, the IR 
spectra of pure drug and excipients [1:1] were carried out using 
Shimadzu 8400S FT-IR spectrophotometer. The samples were prepared 
as KBr disks compressed under a pressure of 10 Ton/nm2 [15].  

RESULTS AND DISCUSSION 

Solubility Study 

The spherical crystals of LPH showed improved solubility especially in 
water as indicated in Table 2. PEG crystals (0.476 mg/ml) and eudragit 
crystals (0.348 mg/ml) showed marked increase in water solubility as 

compared to raw LPH (0.221 mg/ml). The presence of a quaternary 
group in eudragit may be responsible for increase in the solubility of 
LPH. The agglomerated crystals prepared by incorporating water-
soluble polymers can improve solubility. In the present work thus, 
addition of PEG water-soluble polymer found to increase the solubility of 
LPH in water as well as in the dissolution medium [16].  

Drug Content and production yield 

The method used for the preparation of agglomerated crystals was 
the QESD in which droplets of the solvent formed the quasi 
emulsion. The continuous phase is a liquid in which the drug 
solution is immiscible and crystallization occurs inside the droplets 
because of counter diffusion of solvents through the droplets. The 
average diameter of the agglomerated crystals increased with 
increasing content of chloroform in the system due to the enhanced 
agglomeration of powdery crystals. When the amount of ethanol in 
the system was increased keeping the amount of chloroform 
constant, the diffusion rate of ethanol and chloroform from the 
droplets were enhanced with increasing the content of ethanol in the 
system. Thus, diameter and recovery of agglomerates decreased 
with increasing the ethanol content in the system [17]. All 
agglomerated crystals showed a drug content between 80 to 88.65% 
and production yield between 75 to 81%. 

Micromeritic Studies 

Flowability of the spherically agglomerated crystals was studied in 
terms of angle of repose, Carr's index and Hausnar ratio, bulk 
density, tapped density, showed in Table 2. LPH have a significantly 
higher angle of repose in comparison with the spherical 
agglomerates, which could be due to the irregular shape of the 
crystals, which hindered in the uniform flow of crystals from the 
funnel, Results of all parameters it is conclude that agglomerates 
shows better flow properties than raw crystals. The reason for the 
excellent flowability of spherical crystals is the significant reduction 
in the inter particle friction because of the perfect spherical shape 
and the larger size of the crystals. The Carr's index revealed that the 
flowability of the LPH was significantly poor than that of the 
agglomerated crystals. The Hausnar’s ratio of the agglomerated 
crystals was found to be less than 1.25, which also indicates 
improvement in the flowability of the agglomerated crystals [18]. 

From the values of all these parameters, it is proved that the 
agglomerated crystals showed a higher packability than that of raw 
LPH crystals due to the lower surface and the wider particle size 
distribution of the spherical crystals.  

The spherical agglomerates showed a lower melting point 212-214ºC 
(PEG crystals) and 222-224ºC (Eudragit crystals) as compared with the 
raw material (228-230ºC) as shown in Table 2. This decline in melting 
point of recrystallized samples as compared with raw LPH may be 
attributed to the variation in crystallinity due to the alteration in the 
packing arrangement of the molecules in the crystals. 

Table 2: Evaluation of LPH and its agglomerated crystals 

Evaluation 
parameters 

Raw LPH PEG 
crystals 

Eudragit 
crystals 

Melting point 228-300 C 212-14 0 C  222-2240C 
Solubility (mg/ml)* 0.221±0.3 0.476±0.5 0.348±0.8 
Bulk density g/cc* 0.78 ±0.45 1.02 ±0.76 0.95 ±0.56 
Tapped density 
g/cc* 

1.34 ±0.25 1.75 ±0.11 1.62 ±0.43 

Bulkiness 1.28±0.65 0.571±0.33 0.471±0.45 
Hausnar’s ratio *  2.78± 1.33 1.05± 0.92 1.18± 0.53 
Carr’s 
Compressibility 
Index* (%) 

41.79±0.50 24.50±0.45 35.32±0.12 

Angle of repose* 42.34º±0.45 28.47º±0.33 32.47º±0.33 

* Each value represent mean S.D. ± (n=3) 

Dissolution study 

In the dissolution study, PEG agglomerates showed (92.14%) 
cumulative drug releases in 21 min followed by Eudragit 
agglomerates (87.16%) as compared with raw LPH (45.14%), 
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Figure 1. The faster and high dissolution might be due to better 
wettability of the spherically agglomerated crystals.  

Characterization of agglomerated crystals 

SEM studies of raw LPH and the prepared agglomerated crystals 
(Fig. 2) showed that the original drug were irregularly pattern as 
compared with the agglomerated crystals, which were spherical in 
shape.  

The IR spectra (Fig. 3 and 4) of drug and spherical crystals showed 
that no changes occurred in the chemical nature and did not present 
a great fingerprint difference.  

XRD analysis of the pure drug and selected batches were performed. 
It is generally stated that if three consecutive Relative intensity 
percentage values in XRD pattern decreases it can be confirmed as 
decrease in crystallinity had occurred in samples. XRD Patterns of 
LPH and selected formulations were given in Fig 5. XRD pattern of 
LPH showed numerous sharp, narrow and intense peaks, claiming 
its high crystallinity. The patterns of formulations showed no/little 
peaks indicating its amorphous nature. These observations from 
comparison of XRD pattern can be treated as confirmation tool for 
reduction in crystallinity and phase transition (from crystalline to 
amorphous form) had occurred in the samples. 

 

 

Fig. 1: In Vitro Drug Release Profile 

 

 

Fig. 2: a) SEM of LPH b) SEM of LPH Spherical Crystals of PEG 

 

 

Fig. 3: IR Spectra of raw LPH 
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Fig. 4: IR Spectra of spherical crystals of LPH 

 

 

Fig. 5: X-ray diffraction pattern of LPH, EUD and PEG Crystals 

 

CONCLUSION 

From the above observations, we can conclude that agglomerated 
crystals of LPH with different hydrophilic and hydrophobic 
polymers prepared by the Quasi Emulsion Solvent Diffusion 
technique showed an improvement in the solubility, dissolution rate, 
packability and flowability. PEG was found to be a better polymer in 
dissolution and bioavailability enhancement of LPH from 
agglomerates. 
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