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Evaluation with compression equations of compression behavior
of pellets with different intragranular pore volumes
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Abstract: Microcrystalline cellulose (MCC), calcium phosphate (DCP)/MCC (4 : 1, w/w) and lactose
(Lac)/MCC (4 : 1) pellets with different intragranular porosity were prepared in an extrusion-spheronizator and
three volume ratios of ethanol/water were used as binder agents to prepare pellets. The compression behaviors
of these pellets with different intragranular pore volume were evaluated with the parameters of Kawakita model.
The results showed that high pore volume of pellets made up of MCC had the best compressibility and low pore
volume of pellets had a poor compactibility. However, the compressibility of different porosity of pellets made
up of DCP/MCC (4 : 1) or Lac/MCC (4 . 1) was good, but they were not significantly different. The reason
might be the main compression mechanism of high porosity of MCC pellets was plastic deformation and that of
DCP/MCC pellets or Lac/MCC pellets was not plastic deformation but fragmentation. These results can be
observed directly by the SEM photographs. According to these results, the conclusion could be drawn that high
porosity MCC pellets and different porosity DCP/MCC pellets and Lac/MCC pellets can be used as cushion
granules to maintain the original shape and release characteristics of drug pellets when pellets were tabletted.

Key words: compression model; Kawakita equation; compression of pellet; intragranular pore volume;
compression mechanism
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Table 1 Intragranular pore volume of different types of pellets

Filler Intragranular ~ Granulation liquid Pore volume
pore volume  (water/ethanol, v/v) (mean+SD)/mL-mg”"
MCC Low 100 : 0 5.0+0.2
Middle 50 : 50 7.0+0.8
High 20 : 80 9.8+0.1
Lac/MCC Low 100 : 0 6.1+0.9
(41, ww) Middle 50 : 50 7.4 +0.1
High 20 : 80 9.2+0.3
DCP/MCC Low 100 : 0 6.2+0.2
41, ww) Middle 50 : 50 11.2+£09
High 20 : 80 14.8+0.2
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Table 2 Kawakita equations of different pore volume of pellets

Filler Pellet pore volume Kawakita equation R a 1/b
McCC Middle P/IC=2.787 8 P+21.841 0.996 6 0.358 7 7.8345
High P/C=1.563 P +39.653 0.999 9 0.638 0 25.2000
Lac/MCC Low P/C=2.0553 P+ 109.480 0.999 1 0.486 5 53.2672
(41, ww) Middle P/C=1.9729 P +93.960 0.999 5 0.506 9 47.6253
High P/C=1.9907 P+ 81.208 0.998 9 0.502 3 40.793 7
DCP/MCC Low P/C=1.8251P+44.115 0.999 9 0.5479 24.1712
(41, ww) Middle P/IC=1.6234 P+42.033 0.992 4 0.616 0 25.8920
High P/C=1.507 6 P+40.389 0.9959 0.663 3 26.1270
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Figure 1 Digital and SEM photographs of surfaces and
cross-sections of tablets prepared of high, middle pore volume of
MCC pellets (x35). (a) Surface of tablet formed from high pore
volume (9.8 mL'mg ") of MCC pellets; (b) Surface of tablet
formed from middle pore volume (7.0 mL-mg™") of MCC pellets;
(c) High pore volume of MCC pellets at 100 MPa; (d) High pore
volume of MCC pellets at 600 MPa; (¢) Middle pore volume of
MCC pellets at 600 MPa

(c) (d)

Figure 3 SEM photographs of cross-sections of tablets
prepared of high, middle and low pore volume DCP/MCC (4 : 1,
w/w) pellets (x35). (a) high pore volume (14.8 mL-mg') of
DCP/MCC pellets at 100 MPa; (b) middle pore volume (11.2
mL-mg™") of DCP/MCC pellets at 100 MPa; (c) low pore volume
(6.2 mL'mg™") of DCP/MCC pellets at 100 MPa; (d) low pore
volume (6.2 mL-mg'l) DCP/MCC pellets at 600 MPa

U]

Figure 2 SEM photographs of cross-sections of tablets pre-
pared of high, middle and low pore volume Lac/MCC (4 : 1, w/w)
pellets (x35). (a) High pore volume (9.2 mL-mg™") of Lac/MCC
pellets at 100 MPa; (b) High pore volume (9.2 mL'mg ") of
Lac/MCC pellets at 600 MPa; (c) Middle pore volume (7.4
mL~mg’1) of Lac/MCC pellets at 100 MPa; (d) Middle pore
volume (7.4 mL-mg ") of Lac/MCC pellets at 600 MPa; (¢) Low
pore volume (6.1 mL-mg™") of Lac/MCC pellets at 100 MPa; (f)
Low pore volume (6.1 mL-mg ") of Lac/MCC pellets at 600 MPa
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