
DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY, 19(10), 121 1-1220 (1993) 

COMPARISON OF TWO VARIETIES OF MICROCRYSTALLINE 
CELLULOSE AS FILLER-BINDERS II. HYDROCHLOROTHIAZIDE 

TABLETS 

M. Landln; M.P. G o h l e z ;  C. Souto; A. Concheiro; J.L. G6mez-Amoza and 

R. Martinez-Pacheco 

DEPARTAMENTO DE FARMACOLOGIA, FARMACIA Y TECNOL~GIA FARMACEUTICA. 

FACULTAD DE FARMACIA. SANTIAGO DE COMPOSTELA (SPAIN) 

SUMMARY 

In tests of direct-compression hydrochlorothiazide tablets prepared with either of 

two varieties of microcrystalline cellulose (Avicel PH 101 and Avicel PH 102), PH 102 

tablets had better mechanical properties (owing to lower compressibility of mixtures 

and greater Interparticle bonding), whle PH 101 tablets released the active principle 

faster. These differences are related to observed differences In tablet mlcropore 

structure. 

INTRODUCTION 

In a previous study (l), we compared two varieties of microcrystalline cellulose 

(Avicel PH 101 and Avicel PH 102) In the formulation of direct-compression tablets 

of prednisone, a poorly hydrosoluble drug compressing mainly by plastic 

deformation. Cellulose variety was found markedly to affect the mechanical, 

mlcrostructural and release properties of the tablets. We have now studied the same 

two exclpients in tablets of hydrochiorothiazide, a drug that is likewise poorly 

hydrosduble but is compressed principally by particle fragmentation (2). 
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1212 LANDiN ET AL. 

MATERIALS AND METHODS 

Active Drinciale and exciDienta 

HydrochlorothiazMe (lot 014, J. Escuder, Spain); mean particle size 56.4 pm 

(Couiter method). 

Microcrystalline celluloses (Avicel PH 101 and Avicel PH 102, nominal mean particle 

sizes 50 p m  and 100 pm respectively) and magnesium stearate as previously (1). 

Table 1 shows the characteristics defining the 18 formulations studied: variety of 

microcrystalline cellulose 0, percentage of hydrochlorothiazMe (D) and maximum 

compression force (CF). Tablet preparation was as previously (1). 

Rheoloaical characterization of the mixtures 

A Hosokawa powder tester was used to measure the tapped density as particles in a 

powder were rearranged, packed and compacted at 50 taps/min for periods of up 

to 20 min. These densities were used to calculate the compressibility (C) of mixtures 

(3) * 

Characterization of the comDression oroces,g 

Compression forcedisplacement cycles recorded for each formulation were used to 

calculate the parameters Net Work of Compression (NW) and Energy Loss Elasticity 

(WE) (1). 

Characterization of the tablets 

Tablet dimensions, cefficient of variation of weight (CV), crushing strength (CS), 

friability (Fr) and disintegration time (DT) were determined for each formulation as 

previously (1 ). 

Dissolution efficiency at 30 min (DE) was determined using six tablets in a Prolabo 

(France) Dissolutest apparatus (USP XXI Ed.); drug concentration in samples was 

determined spectrophotometrically at 242 nm (4). 

Tablet microstructure was characterlsed by total volume of water absorbed in 120 s 
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HY DROCHLOROTHIAZIDE 
0% 

H Y D R O C ~ O T H U Z I D E  
5% 

HY DROCHLOROTHIAZIDE 
10% 

HYDROCHLOROTHlAZIDE 
100% 

LAND~N ET AL. 

AVICEL PH-IOI AVICEL PH-I02 

36.3 31.4 

35.3 30.9 

35.4 30.0 

45.01 

TABLE 2 

Values of compressibility obtained for the mixtures estudied. 

0, total porosity (TP), mean (DG) and standard deviation (aG) of log pore 

diameter, specific surface area (S) and the Polanyl adsorption potentials (Eo and 

Em) (1). 

ExDerimenta I deslan and sta tisttical analyep I 

By ANOVA and stepwlse multiple linear regression (1)(5)(6) for the 2x2~3 design 

used. 

PESULTS AND DISCUSS ION 

Analysis of variance showed that cellulose variety 03 significantly Influenced all 

tablet propertles (Table 1). 

The small values of CV show that the flow properties of all formulations were suitable 

for the compression conditions used. The regression equation for CV 

CV (%) = 0.91 - 0.04 D2 (R = 0.5389; p > 99%) 

and the compressibility values (Table 2) show that addition of the drug slightly 

Improved these properties. Avlcel PH lo2 afforded better compressibilities than 

Avlcel PH 101. 
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TWO VARIETIES OF CELLULOSE. I1 1215 

AVICEL PE 102 4VICEL P 102 7 AVICEL PE 101 

AVICEL PE 101 

D, X 

PE 102 

FIGURE 1 
Response surfaces corresponding to the parameters crushing strength (CS), 

net work of comprerrlon (NW) and energy recovered by elastictty (WE). 

Loss of weight due to friability was always below the customary 0.8% upper limit. 

The regression equation for crushing strength 

V CF2 (R = 0.9154; p > 99%) CS (kg) = 4.05 + 0.13 

show the influence of cellulose type but little or no effect of drug content, reflecting 

the slight improvement of compressibility upon addttlon of drug to microcrystalline 

cellulose exclpients (7) (8). This is again reflected In the regression equations for net 

work of compression 
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1216 L A N D ~ N  ET AL. 

TABLE 3 

Mean values of the specific surface area and Polanyl adswption potentials for 
the formulations described 

D 
F 
G 

I 
M 
0 
P 
R 

1.40 
1.36 
1.02 
1.24 
1.29 
I 34 
1.37 
1.39 

4.08 
3.89 
4.46 
4.18 
4.08 
3.49 
3.98 
3.67 

1.21 
1.13 
1.56 
I .22 
1.17 
0.90 
1.20 
I .07 

NW (J) = - 0.26 t 0.76 V t 0.97 lo3 CF - 0.63 lo6 V CF t 0.13 lO-'V CF D2 

(R = 0.8618; p > 99%) 

and energy loss through elasticity 

WE(J) = -0.13+O.261O3CF-0.31 10~gVCF2-0.1410 - 8 2  CF D 

(R = 0.9064; p > 99%) 

which show that drug addition slightly increased net work but had no appreclable 

effect on energy loss (Fig. 1). 

The parameters measured by nitrogen absorption Fable 3) were not significantly 

affected by any of the independent variables, showing in particular that no 

appreciable fragmentation of hydrochlorothiazide particles took place. This is not 

the first report of such "protective" action by microcrystalline cellulose (9). 

in keeping with the above results, interparticle bonding, measured as per Stanley- 

Wood et ai. (lo), was greater for PH 102 tablets and was not affected by drug 

addition (Fig. 2). 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TWO VARIETIES OF CELLULOSE. I1 

0.090 - 

0.062 - 

0.074 - 

0.066 - 

0.056 - 

0.050 - 

1217 

a AVICEL PH 101 

A AVICEL PH 102 

A 
A 

A 

0 

I I I I I 

0 23 5.0 7.5 10 

X HYDROCHLOROTHIAZIDE 

FIGURE 2 
Relation between degree of interparticle Interaction and percentage of 

hydrochlorothladde for the two varieties of cellulose analysed. 

The regression equation for disintegration time 

DT (S) = - 5.83 + 0.30 lo3  V CF - 0.18 l o 4  V D CF + 0.14 lo-' V D2 CF 

(R = 0.9225; p > 99%) 

shows that disintegration was slower for PH 102 tablets, and was speeded by drug 

addition (Fig. 3). Similarly, the equation for dissolution efficiency 

DE = 0.64 + 0.01 V t 0.04 D - 0.88 V CF - 0.65 103 V D + 0.15 lo8 V CF2 

(R = 0.9525; p > 99%) 

shows slower release by PH 102 tablets, for which DE was more affected by 

maximum compression force and drug content than it was for PH 101 tablets (Fig. 

3). In keeping with these results, the regression equation for VW 

W(ml /g )  = 1.77 - 0.4610'CF - 0.05D + 0.1010 4 2  CF t 0.42104CFD- 

0.20 V CF - 0.23 lo6 V D CF (R = 0.9295; p > 99%) 
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AVICEL PE 102 AVICEL PE 101 

LAND~N ET AL. 

CP, N 

Ds X 

AVICEL PE 101 

IAVICEL PE 102 

Ds X 

AVICEL PE 102 
I 

AVICEL PE 1 

1.4 1.6 
M 

I 
a 

CP. N 

d e * a  
3 1 

8 . 3  

P 
8.8 

( x  l e e )  
26 

FIGURE 3 
Re8pon8e 8urfaces corresponding to the parametem dirintegration time (DT), 

dirsolution efficiency in 30 min (DE), volume of water penetrating tablet 
structure and mean pore diameter (DG). 

shows that PH 102 tablets took up less water, and were more influenced In this 

respect by NW and D, than PH 101 tablets (Fig. 3). 

Pore size, as measured by mercury intrusion porosimetry, exhibited log normal 

distributions, showing that the pores measured by this process are almost entirely 

interparticle spaces (1 1). The regression equation for mean pore diameter 

DG ( m) = 2.32 - 0.01 V - 0.64 10' CF + 0.37 V CF (R = 0.9402; p > 99%) 

shows pore size to be larger for PH 101 tablets, and independent of drug content 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TWO VARIETIES OF CELLULOSE. I1 12 19 

(Fig. 3). The equation for total porosity 

TP (%) = 33.27 - 0.20 V CF2 (R = 0.8090; p > 99%) 

likewise shows the PH 101 tablets to be the more porous; again, drug content had 

no effect. Their greater porosity may explain why drug release from PH 101 tablets 

was less affected by drug content than for PH 102 tablets. 

Comparison of the present results with those of our prevlous study (1) shows that 

the behaviour of PH 101 tablets was very similar for both prednisone and 

hydrochlorothiazide as active principles, whereas the properties of PH 102 tablets 

were much more sensitive to prednisone content than to hydrochlorothiazide 

content. The dtfferential behaviour of the PH 102 tablets may be attributed to 

prednisone particles being smaller than hydrochlorothiazide particles: the smaller 

particles mix with the microcellulose in an ordered fashion that hinders cellulose- 

cellulose hydrogen bonding (12), and the hindrance is greater for the larger 

cellulose particles (PH 102) than for the smaller (PH 101). 
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