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Abstract 

The in vitro release rate of hydrochlorothiazide from Avicel @ PHlOl pellets was enhanced by the incorporation 
of polyethylene glycol 400 (PEG 400) and PEG-40 hydrogenated castor oil (Cremophor@ RH40) into the formula- 
tion. Pellets containing more than 20% (w/w) PEG 400 released greater than 70% of the hydrochlorothiazide during 
the first 5 min whereas pellets without PEG 400 released only 45% of hydrochlorothiazide after 90 min. X-ray 
diffraction patterns showed that hydrochlorothiazide was completely dissolved in the PEG 400 present in the 
formulations. Reducing the amount of PEG 400 in the formulation decreased the release rate of hydrochlorothia- 
zide. The use of PEG-40 hydrogenated castor oil (Cremophor @ RH40) in the pellet formulation increased the 
release rate of hydrochlorothiazide (30% in 5 min) due to solubilisation of the drug in Cremophor@ RH40. An 
increase in the Cremophor@ RH40/hydrochlorothiazide ratio increased the in vitro release rate of hydrochlorothia- 
zide. Storage of the PEG 400 pellets under ambient conditions for 6 months did not alter their dissolution profiles. 
Pellets containing 21% (w/w) Cremophor @ RH40 showed a greater release rate after 6 months storage under 
ambient conditions. 

Key words: Hydrochlorothiazide; Pellet; Dissolution rate enhancement; Polyethylene glycol; PEG-40 hydrogenated 
castor oil 

1. Introduction 

It is well known that 
some drugs is related 
rate. Several methods 

* Corresponding author. Tel: +32-9-221-8951; Fax: +32-9- The addition of phosphatidylcholine (Law et al., 
222-8236. 1992; Fujii et al., 19931, egg albumin (Imai et al., 
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the poor bioavailability of 
to their low dissolution 
have been described in 

order to increase the in vitro release rate and the 
bioavailability of poorly water soluble drugs such 
as reduction of the particle size (Kondo et al. 
19931, the use of modified starch (Ntawukulilyayo 
et al., 1993) and of solid dispersions of high 
molecular weight polyethylene glycols (Chiba et 
al., 1991; Law et al., 1992; Varma et al., 1992). 
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1991), water soluble gelatin (Imai et al., 19891, 
hydroxypropylcellulose (Yuasa et al., 19931, poly- 
vinylpyrrolidone (Doherty and York, 19891, bile 
salt (De Smidt et al., 1991) and tensioactives 
(Kararli and Gupta, 1992) also proved to enhance 
the dissolution rate of poorly soluble drugs. The 
aim of this study was to prepare a solid dosage 
form incorporating a liquid phase in which the 
drug has completely dissolved. Two known solu- 
bilising agents, polyethylene glycol 400 and PEG- 
40 hydrogenated castor oil (Cremophor IEJ RH 40), 
were tested as to their ability to enhance the in 
vitro release rate of hydrochlorothiazide from a 
pellet formulation prepared by extrusion/ 
spheronisation. 

2. Materials and methods 

2.1. Materials 

Hydrochlorothiazide (HCT) (batch no. 5327 B; 
Ludeco, Brussels, Belgium) was chosen as the 
model drug. This diuretic drug is practically insol- 
uble in water (25°C) and has a solubility of 250 
mg/l in 0.1 N HCl (25°C). Polyethylene glycol 
400 (PEG 400) (a-Pharma, Vichte, Belgium) and 
PEG-40 hydrogenated castor oil (Cremophor @ 
RH40) (BASF, Ludwigshafen, Germany) were 
used as solubilising agents. Microcrystalline cellu- 
lose (Avicel@ PHlOl) (FMC Wallington, Little 
Island, Cork, Ireland) was taken as a filler and 
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Fig. 1. Dissolution profiles of Avicel PHlOl pellets containing 
3.5% of hydrochlorothiazide and 2, 11, 21 and 32% polyethy- 

lene glycol 400, immediately after preparation. (0) O%, (+) 

2%, (0) 11%, (A) 21%, (X) 32% 

Fig. 2. X-ray diffraction pattern of: (A) pure hydrochlorothia- 

zide; (B) pure Avicel PHlOl; and (C) Avicel PHlOl pellets 
containing 3.5% hydrochlorothiazide and 32% polyethylene 

glycol 400. 
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the pellet forming material. Demineralised water 
was used as granulation liquid, next to the solu- 
bilising agents. 

2.2. Methods 

2.2.1. Composition of the mixtures 
Pellets containing 2, 11, 21 and 32% (w/w) 

polyethylene glycol400 and 7, 14 and 21% (w/w) 
Cremophor@ RH40 were prepared. All formula- 
tions contained 3.5% (w/w) of hydrochlorothia- 
zide. The remaining part of all formulations con- 
sisted of Avicel* PHlOl. For each composition 
the amount of water was adjusted in order to 
achieve proper plasticity of the mass. 

A reference formulation was prepared contain- 
ing 3.5% (w/w) HCT and Avicel* PHlOl as a 
filler, without a solubilising agent. 

2.2.2. Preparation of the pellets 
Microcrystalline cellulose and hydrochloro- 

thiazide were mixed for 10 min at 60 rpm in a 
planetary mixer (Kenwood Chef, Han@ U.K.). 
The granulation liquid was prepared by mixing 
the dissolution enhancer, PEG 400 or Cremo- 
phor @ RH40 heated at 45”C, and demineralised 
water (heated at 45°C in the case of Cremophor @ 
RH40). The Cremophor * RH40/water mixture 
was cooled to room temperature under continu- 
ous stirring, Next, the granulation liquid was 
added to the powder mixture and granulated for 
10 min at 60 rpm in a planetary mixer (Kenwood 
Chef, Hants, U.K.). 

The granulated mass was extruded at 40 rpm 
using a basket extruder (Caleva Model 10, Caleva 
Ltd, Sturminster Newton, Dorset, U.K.) through 
a screen with a thickness of 1 mm and die perfo- 
rations of 1 mm diameter. 

135 g of the extrudate was spheronised for 5 
min at 750 rpm in a Caleva Model 15 spheroniser 
(Caleva Ltd, Sturminster Newton, Dorset, U.K.). 
The resulting pellets were dried for 12 h in a 
ventilated oven (Heraus, Obendorf, Germany) at 
3o”C, after which the dried pellets were sieved 
using a nest of sieves of 710, 1000 and 1400 pm 

vibrated on a sieve shaker (Rheostat, Willems- 
haven, Germany) at maximum vibrational speed. 

A second preparation method was used for 
PEG 400 pellets containing 32% PEG 400 and 
3.5% HCT. HCI’ was first dissolved in the amount 
of PEG 400 available. This solution was added to 
the demineralised water and next the complete 
liquid mixture was added to the microcrystalline 
cellulose and further processed as in the standard 
method. 

All formulations were stored under ambient 
conditions during a period of 6 months. 

Half of the batch formulated with 21% (w/w) 
Cremophor@ RH40 and 3.5% (w/w) HCT re- 
ceived a thermal treatment for 96 h at 45°C. 

2.2.3. Dissolution testing 
Dissolution testing was performed on 700 mg 

pellets (710-1000 pm fraction) containing 25 mg 
hydrochlorothiazide in 0.1 N HCI (37°C) using 
the paddle method CUSP XXII) at a rotational 
speed of 100 rpm. Samples of 5 ml were with- 
drawn at time ti (i = 0, 2, 5, 10, 15, 20, 30, 45, 60, 
75 and 90 min) and replaced with an equal amount 
of test medium. The samples were filtered through 
a porous metallic filter (pore diameter: 2 pm) 
and spectrophotometrically analyzed at 273 nm 
with a Zeiss spectrophotometer (Zeiss PMG-UV, 
Oberkochen, Germany). 

Each formulation was tested four times. The 
percentage of hydrochlorothiazide released from 
the formulation at time tj was calculated and 
corrected for the amount of HCT withdrawn at 
time ti_l. 

After a 6 month storage period under ambient 
conditions, the dissolution tests were repeated in 
order to assess the stability of the pellet formula- 
tions. 

2.2.4. X-ray diffraction 
X-ray diffraction patterns were taken of the 

formulations containing 11 and 32% (w/w) PEG 
400 and of the formulations containing 21% 
(w/w) Cremophor @ RH40 immediately after 
preparation, after thermal treatment and after 6 
months storage under ambient conditions. 
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3. Results and discussion 

Baert and Remon (1993) showed that it was 
possible to incorporate a liquid substance into 
microcrystalline pellets. During preliminary ex- 
periments the maximum amount of PEG 400 that 
could be incorporated into the Avicel@ PHlOl 
pellets was determined to be 43% (w/w). At this 
concentration of PEG 400, the pellets stuck to 
each other whereas below this concentration the 
pellets retained their typical free-flowing capac- 
ity. The limit of Cremophor@ RH40 concentra- 
tion that could be incorporated into the pellets 
was 21% (w/w). Increasing the concentration of 
Cremophor@ RH40 in the pellets caused the 
hardness of the pellets to drop below an accept- 
able level. 

The in vitro dissolution profiles of the formu- 
lations containing PEG 400 are shown in Fig. 1. 
Pellets containing 21 and 32% (w/w) PEG 400 
released more than 70 and 80% of the active 
ingredient within the first 5 min, respectively. 
This indicates a dramatic increase in the in vitro 
release rate compared to the reference pellets 
releasing 10 and 45% of HCT after 5 and 90 min, 
respectively. This observation led to the assump- 
tion that the HCT crystals dissolved in PEG 400 
during the manufacturing of the pellets. This 

hypothesis was confirmed for the pellets contain- 
ing 32% (w/w) PEG 400 prepared using the 
alternative method where the HCT was allowed 
to dissolve in PEG 400 before the pellets were 
prepared. No differences between the in vitro 
dissolution profiles were observed for pellets pre- 
pared by both methods. The typical X-ray diffrac- 
tion pattern of crystalline HCT in the pellets 
containing 32% (w/w> PEG 400 could not be 
detected (Fig. 2). Reducing the percentage of 
PEG 400 in the formulation to 11 and 2% (w/w) 
lowered the in vitro drug release rate to 26 and 
11% after 5 min, respectively (Fig. 1). The in vitro 
release rate of HCT from the formulation con- 
taining 2% (w/w) PEG 400 was very similar to 
that of the reference pellets. A solubility test of 
HCT in PEG 400 at room temperature showed 
that only a fraction of the amount HCT present 
could dissolve in the 2% PEG 400 formulation. 
Although the solubility test showed that all HCT 
could dissolve in the PEG 400 present in the 
formulation containing 11% (w/w> PEG 400, the 
in vitro release rate dropped compared to the 
formulation containing 21% (w/w) PEG 400. The 
X-ray diffraction patterns of the pellets contain- 
ing 11% of PEG 400 showed no difference from 
those of the pellets containing 32% of PEG 400 
(Fig. 2), indic a t ing that all the HCT had dissolved 
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Fig. 3. Dissolution profiles of Avivel PHlOl pellets containing 3.5% of hydrochlorothiazide and 0, 7, 14 or 21% Cremophor RH40, 
immediately after preparation of the pellets. ( q ) O%, (+) 7%, (0) 14%, (a) 21%. 
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in PEG 400. A possible cause of the lower in vitro 
release rate with the 11% PEG 400 formulation 
was the fact that, when the dissolution medium 
penetrated the pellet, partial precipitation of the 
dissolved HCT occurred. When 32% PEG 400 
was used in the formulation the amount of PEG 
400 present allowed the formation of a binary 
cosolvent-water mixture where all of the HCT 
was dissolved. When the dissolution medium pen- 
etrated the pores of the inert matrix of microcrys- 
talline cellulose (O’Connor and Schwartz, 1993) 
the dissolved HCT was rapidly solubilized in the 
dissolution medium. Storage of the PEG 400 pel- 
lets under ambient conditions for a period of 6 
months did not alter the dissolution profile of 
HCT. 

Fig. 3 shows the dissolution profiles of the 
pellets containing 7, 14 and 21% (w/w) Cremo- 
phor @ RH40. An increase in the in vitro release 
rate of HCT from the Avicel@ PHlOl pellets was 
seen although not as pronounced compared to 
the use of 32% (w/w) PEG 400. The X-ray 
diffraction pattern of the formulation containing 
21% (w/w> of Cremophor@ RH40 demonstrated 
the presence of HCT crystals in the formulation 
(Fig. 4A), indicating that only part of the HCT 
was solubilized. 

The dissolution profiles of pellets containing 
21% of Cremophor@ RH40 showed an increase 
in the in vitro release rate after storage under 
ambient conditions for a time period of 6 months 
(Fig. 5). The same increase in the in vitro release 
rate was observed after thermal treatment of the 
pellets at 45°C for 96 h. This is probably due to 
an increase in the amount of HCT solubilised in 
the Cremophor@ RH40 as a function of time. 
This hypothesis was confirmed by X-ray diffrac- 
tion patterns showing that crystalline HCT could 
not be detected after a storage period of 6 months 
under ambient conditions (Fig. 4B) nor after the 
thermal treatment (Fig. 40. Although all HCT 
was solubilised in Cremophor@ RH40 the release 
rate of HCT did not reach that of the pellets 
formulated with 32% (w/w> PEG 400. HCT solu- 
bilisation in Cremophor@ RH40 micelles or the 
slower penetration of the dissolution medium into 
the microcrystalline/Cremophor @ RH40 matrix 
could be the cause of this lower dissolution rate. 

Fig. 4. X-ray diffraction pattern of Avicel PHlOl pellets 
containing 3.5% hydrochlorothiazide and 21% Cremophor 
RH40: (A) immediately after preparation; (B) after 6 months 
storage under ambient conditions; and (C) after thermal treat- 
ment at 45°C for 96 h. 

From these results, it can be concluded that 
the enhancement of the in vitro release of hydro- 
chlorothiazide from Avicel@ PHlOl pellets made 
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Fig. 5. Dissolution profiles of Avicel PHlOl pellets containing 3.5% of hydrochlorothiazide and 21% Cremophor RH40, 

immediately after preparation and after a 6 month storage period under ambient conditions. ( 0) After preparation; (+ 1 after 6 

months. 

by extrusion/spheronisation using a cosolvent 
such as PEG 400 and a solubilising agent like 
Cremophor@ RH40 is a very promising tech- 
nique. Further investigations should be con- 
ducted to evaluate the formulations in vivo and 
their application to other drugs. 
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