


















































































































































































CHAPTER IV 

 

RESULTS AND DISSCUSSION 

 
1. Characterization of raw materials used in pelletization 

 

1.1 Morphology 

 

Lactose, dibasic calcium phosphate (CaHPO4), microcrystalline cellulose 

(MCC), sodium carboxymethyl cellulose (NaCMC 1180), methylcellulose (MC 15), 

hydroxyethyl cellulose (HEC 4000), hydroxypropyl cellulose (low-substituted) (HPC-

L), hydroxypropyl methylcellulose (HPMC E15), propranolol hydrochloride 

(propranolol HCl) and ibuprofen were examined by scanning electron microscopy 

(SEM) for morphology.  The shape and surface topography were present in Figures 

44-46. 
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Figure 44. Scanning electron photomicrographs of (a) lactose and (b) dibasic calcium  

phosphate, in magnification of x75. 
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Figure 45. Scanning electron photomicrographs of (a)NaCMC 1180, (b) MC 15,  

(c) HEC 4000, (d) HPC-L, (e) HPMC E15 and (f) MCC  

in magnification of x75. 

 



 76
 

 

 

 

 

 

 

 

(a) (b) 

 

Figure 46. Scanning electron photomicrographs of (a) propranolol HCl and  

(b) ibuprofen in magnification of x75. 

 

The shape of lactose, dibasic calcium phosphate and propranolol hydrochloride 

was irregular while the cellulose ethers were fibrous.  Ibuprofen showed crystalline 

rod shape.  The particle size from scanning electron photomicrographs of dibasic 

calcium phosphate compared with that of other materials was relatively small and 

agreed with the results obtained from a laser light diffractometer. 

 

1.2 Particle size and size distributions 

 

 The particle size and particle size distributions of raw materials were measured 

by using a laser light diffractometer and the results are shown in Table 7. 

 

The particle size distribution profile of CaHPO4 showed a bimodal distribution.  

Lactose and HEC 4000 had a normal distribution.  MC 15, HPC-L, HPMC 15 

exhibited negative skewness whereas NaCMC 1180 was positively skewed.  The 

material which had the smallest particle size, 21.89±3.61 µm, was CaHPO4.  
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1.3 Flowability and angle of repose 

  

The flowability and angle of repose of raw material were presented in Table 8.  

Only HPMC E15 could flow through a glass funnel with 15 mm orifice, so that it had 

the less interparticular cohesion than other materials. 

 

Table 7. The geometric mean particle size of distribution by volume, (n=5). 

 

D[4,3] aµm Spanb

Material 
mean (SD) mean (SD) 

Lactose  98.65   (1.64) 2.11 (0.01) 

CaHPO4  21.89   (3.61) 4.41 (0.15) 

NaCMC 1180 112.51  (17.61) 2.16 (0.08) 

MC 15 105.40  (2.21) 1.95 (0.04) 

HEC 4000 180.00  (1.94) 1.59 (0.03) 

HPC-L  71.19   (2.87) 2.26 (0.07) 

HPMC E15 212.26  (5.63) 1.88 (0.07) 

MCC 102.26  (0.73) 1.83 (0.01) 

Propranolol HCl  56.99   (1.46) 3.10 (0.04) 

Ibuprofen 237.46  (4.33) 1.75 (0.02) 

Note: Propranolol HCl = Propranolol hydrochloride 
aD[4,3] is the volume mean diameter. 
bThe span is defined as the difference between the diameters at 
the 90 and the 10 percentage points relative to the median 
diameter. 
 

1.4 Bulk and tapped densities and percent compressibility 

 

Percent compressibility or Carr’s index is a one-point determination and does not 

always reflect the ease or speed with which the powder consolidates.  Indeed, some 

materials have high index, suggesting poor flow, but may consolidate rapidly.  Rapid 

consolidation is essential for uniform material which posses compressibility, would be 

the less flowable.  As the results in Table 9, MCC and propranolol hydrochloride was 

a free-flowing material while other materials could be non-free flowing.  The HPMC 
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E15 results disagreed with the flow character of flow rate and angle of repose from 

which HPMC E15 showed excellent flowability.  It might be due to that HPMC had 

better the bridge strength (Saenz et al., 2001)  

 
Table 8. Flowability and angle of repose of raw materials, (n=3). 

 

Flow rate (g/sec) Angle of repose (degree) 
Physical properties 

mean (SD) mean (SD) 

Lactose NA NA 

CaHPO4 NA NA 

NaCMC1180  NA NA 

MC15 NA NA 

HEC4000  NA NA 

HPC-L NA NA 

HPMC E15 10.1 (0.74) 23.3 (0.51) 

MCC NA NA 

Propranolol HCl NA NA 

Ibuprofen NA NA 

Note: NA = The material could not flow. 

 

1.5 Apparent  density 

 

 The apparent density of raw materials was determined by using helium gas 

displacement.  The result was shown in Table 10.  This technique was not only for 

material volume and density determination, but also as a mean for porosity 

determination (Webb, 2001).  The CaHPO4 possessed the highest apparent density 

than other materials. It can be described that it has the less apparent volume (the total 

volume of solid matter, open pores and closed pores and interstices) and porosity. 
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Table 9. Bulk and tapped densities and percent compressibility of raw materials, 

(n=3). 

 

Bulk density 

(g/ml) 

Tapped density 

(g/ml) % Compressibility Physical properties 

mean (SD) mean (SD) mean (SD) 

Lactose 0.56 (0.02) 0.74 (0.00) 25.0 (2.09) 

CaHPO4 0.45 (0.01) 0.72 (0.03) 36.4 (2.00) 

NaCMC1180  0.48 (0.01) 0.65 (0.02) 26.2 (2.15) 

MC15 0.28 (0.00) 0.44 (0.00) 36.6 (0.57) 

HEC4000  0.24 (0.33) 0.33 (0.44) 25.0 (0.52) 

HPC-L 0.35 (0.00) 0.53 (0.00) 32.9 (0.69) 

HPMC E15 0.45 (0.00) 0.59 (0.00) 24.9 (1.57) 

MCC 0.31 (0.00) 0.38 (0.01) 18.5 (0.98) 

Propranolol HCl 0.47 (0.01) 0.56 (0.00) 15.9 (0.60) 

Ibuprofen 0.39 (0.00) 0.49 (0.00) 21.5 (0.30) 

 

Table 10. Apparent density and moisture content of raw materials, (n=5). 

 

Apparent density (g/ml) Moisture content (%LOD) 
Physical properties 

mean (SD) mean (SD) 

Lactose 1.41 (0.00) 0.1 (0.01) 

CaHPO4 2.85 (0.02) 2.0 (0.05) 

NaCMC1180  1.54 (0.00) 12.7 (0.11) 

MC15 1.29 (0.00) 5.7 (0.06) 

HEC4000  1.29 (0.00) 7.8 (0.06) 

HPC-L 1.36 (0.01) 9.4 (0.02) 

HPMC E15 1.23 (0.00) 4.1 (0.04) 

MCC 1.23 (0.00) 4.32 (0.05) 

Propranolol HCl 1.21 (0.00) 0.19 (0.05) 

Ibuprofen 1.13 (0.00) 0.25 (0.06) 

  Note: % LOD = % Loss on drying 
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1.6 Moisture content 

 

 The results of moisture content in terms of loss on drying (LOD) are presented 

in Table 10. The moisture content of NaCMC 1180 is the highest, 12.70±0.11 %, due 

to hygroscopic property of this material.  

 

1.7 Viscosity of binder solution 

 

 The viscosity of NaCMC 1180, MC 15, HEC 4000, HPC-L and HPMC E15 

solution was measured by using Brookfield viscometer DV II+.  The viscosities of 

solutions are presented in Table 11.  The value in bracket were obtained from 

commercial source 

 

Table 11. Viscosity of binder solutions. 

 

Polymer 

Concentration 

(%w/v) Viscosity (cps) Temp. (˚C) 

NaCMC1180 1 680.1 (1300-2000) a 26.8 

MC15 2 7.7 (12-18)b 27.0 

HEC4000 2 N/A (4000)c 27.2 

HPC-L 2 N/A (6-10)d 27.1 

HPMCE15 2 11.0 (12-18)e 27.1 

Note : aDiacel Chemical Industries, Ltd. (1% w/v, Brookfield 60 rpm at 25˚C) 
  bDow Chemical Company (2% w/v at 20˚C) 

cSigma (2% w/v at 25 ˚C) 
dNippon Soda Co., Ltd (2% w/v at 20˚C) 
eDow Chemical Company (2% w/v at 20˚C) 
N/A = The viscosity could not be measured because the polymer could 

not be fully hydrated in present study 
 

1.8 Rheological property of gel 

 

  The NaCMC 1180 gel was used as a model to study the effect of rheological 

property of gel due to that NaCMC 1180 has been used to facilitate extrusion and bind 

moisture in formulation of pellet (Hoefler, 2000). It also reduced MCC content in 
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formulation for extrusion-spheronization process (Funck et al., 1991).  The results 

are shown in Table C-1, C-6 and C-11 in Appendix C 

 

 1.8.1 Creep experiment 

 The creep and recovery curve of NaCMC 1180 gel exhibited a typical 

viscoelastic behavior combining both viscous and elastic component.  The 

instantaneous compliance (Jo) is a compliance or deformation in which the bonds 

between the structural units were stretched elastically.   This value reciprocated to 

instantaneous elastic modulus (G0), (Equation 21.). 

 

o
o

G
J 1
=     …( 21) 

 

When the concentration of NaCMC 1180 gel increased, the instantaneous 

compliance decreased (Figure 47.).  It represented that the gel structure was more 

elastic with increased concentration of gel (Rao, 1999).  In Figure 48, it was shown 

that the NaCMC 1180 gel content in wet mass should have, J0 value of 5.52E-3, 

7.60E-3, and 5.55E-4 1/Pa for CMC2-G/W50, CMC2-G/W51 and CMC3-G/W46 

respectively, so that the lactose pellets could form. 

 

1.8.2 Oscillation experiment 

The results of the oscillation experiment for NaCMC 1180 gel (Table C-11 in 

Appendix C) showed that the storage modulus (G') was larger than loss modulus (G") 

for all concentration studied, indicating the NaCMC 1180 gel was a viscoelastic 

material that showing a elastic behavior rather than viscous behavior.  The 

concentration of NaCMC 1180 gel increased causing G', which expressed the elastic 

portion of material, also increased (Figure 48).  This agrees with the results from creep 

experiment.   
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Figure 47. Creep experiment-effect of NaCMC 1180 concentration (%w/v) on the 

instantaneous compliance (1/Pa), circled bullets: rounded pellet were 

formed. 

  

 In Figure 49, the storage modulus (G') was larger than loss modulus (G") over 

the time range of 200 sec.  It indicated that the NaCMC 1180 gel structure was stable 

when it was sheared over the time.  Moreover, when the content of NaCMC 1180 was 

constant, the water content had more effect on storage modulus than loss modulus. 
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Figure 48. Oscillation experiment-effect of NaCMC 1180 concentration (%w/v) on 

shear modulus (Pa). 
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Figure 49. Oscillation experiment-effect of time on shear modulus for NaCMC 1180 

gel at different water contents 
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2. Pelletization 

 

2.1 Preparation of pellets 

 

 In present study, dibasic calcium phosphate (99.75-98 %) could not be 

prepared the pellets by using NaCMC 1180, MC 15, HEC 4000, HPC-L and HPMC 

E15 (0.25-2.0% w/w) as formulation aids and water or 50% ethanol as liquid binder 

because of the wet mass of these formulations was very rigid and difficult to be 

extruded, requiring high pressure.  On the contrary, lactose pellets could be prepared 

by using some of these formulation aids with water and/or 50% ethanol and liquid 

binders as presented in Table 12.  The processibility was identified when rounded 

granules could be prepared. 

 

 The lactose pellets were prepared by using NaCMC 1180, MC 15 and HPMC 

E15 as formulation aids. However, when HPMC E15 was the formulation aid, the 

pellets could be prepared with 50% ethanol only.   

  

The lactose pellets could be prepared with NaCMC 1180 (0.5 and 1.0% w/w) 

as the formulation aid and either water or 50% ethanol as a liquid binder.  When water 

was used, the water content decreased with increased NaCMC 1180 in the 

formulations.  On the contrary, the content of 50% ethanol increased with an 

increasing NaCMC 1180.  The formulation was sensitive to change in water content as 

the range of liquid binder that could produce pellets was narrow.  Increasing NaCMC 

1180 content affected sensitivity formulation to 50% ethanol content; only one level of 

this liquid binder could form pellets.  In the same way, MC 15 (0.5-1.0%w/w) could 

prepare the lactose pellets by using either water or 50% ethanol.  At 1.0% MC the 

range of liquid binder was wider than that required for NaCMC 1180 formulations.  

For the formulation with HPMC E15, the lactose pellet could be prepared by using 

0.5-1.0% w/w of HPMC E15 and 50% ethanol.  The liquid binder range of MC 15 and 

HPMC E 15 was wilder than NaCMC 1180, so that the formulations were less 

sensitive to change in liquid binder content.  This might be due to the fact that the 

viscosity of NaCMC 1180, 680.1 cps, was more than MC 15 and HPMC E15, 7.7 cps. 

and 11 cps. 
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Table 12. Formulations of lactose pellets. 

  

Polymer Lactose H2O 50% Ethanol 
Code Polymer 

%w/w %w/w g (%w/w)* g (%w/w)* 

CMC1-L NaCMC1180 0.25 99.75 - - 

CMC2-L   0.50 99.50 50-51 (16.6-17.0) 82-87 (27.3-28.0) 

CMC3-L   1.00 99.00 45-46 (15.0-15.3) 90 (30.0) 

CMC4-L   2.00 98.00 - - 

MC1-L MC15 0.25 99.75 - - 

MC2-L   0.50 99.50 45 (15.0) - 

MC3-L   1.00 99.00 42-45 (14.0-15.0) 62-68 (20.6-22.6) 

MC4-L   2.00 98.00 - - 

HEC1-L HEC4000 0.25 99.75 - - 

HEC2-L   0.50 99.50 - - 

HEC3-L   1.00 99.00 - - 

HEC4-L   2.00 98.00 - - 

HPC1-L HPC-L 0.25 99.75 - - 

HPC2-L   0.50 99.50 - - 

HPC3-L   1.00 99.00 - - 

HPC4-L   2.00 98.00 - - 

HPMC1-L HPMC E15 0.25 99.75 - - 

HPMC2-L   0.50 99.50 - 65-66 (21.6-22.0) 

HPMC3-L   1.00 99.00 - 63-67 (21.0-22.3) 

HPMC4-L   2.00 98.00 - - 

CT-L MCC 50.00 50.00 195 (65.0) - 

            

*% based on dry weight 
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Table 13. Formulations of propranolol hydrochloride and ibuprofen pellets. 

 

Model 

drug MC 15 H2O 50% Ethanol Code Model drug 

%w/w %w/w g (%w/w)* g (%w/w)* 

MC1-P Propranolol HCl 99.00 1.00 - 58 (19.33) 

MC2-P   98.00 2.00 41 (13.66) - 

MC4-I Ibuprofen  96.00 4.00 70 (23.33) - 

MC8-I   92.00 8.00 - 106 (35.33) 

*% based on dry weight 

 

In present study, pellets could not be produced from the formulations with 

0.25-2.0% w/w HEC 4000 and HPC-L using water or 50% ethanol as liquid binder.  

The amount of the cellulose may be too small to bind lactose powder.  However, 

Kanbe et al. (2006) showed that diphenhydramine pellets could be prepared without 

MCC by using HPC-L (10-90%) and 15% ethanol as liquid binder.  Chatlapalli and 

Rohera (1998) reported that HEC 4000 and HPMC E15 (95%) could not prepare the 

pellet by using water as liquid binder due to tacky mass.  These results were similar to 

this study. The formulation of HPMC E15 gave rod shaped product, while extrudate of 

HEC 4000 formulation stick on the plate during spheronization until spheronization 

time was over (10 minutes).  In this study, it was found that HPMC E15 could form 

pellets by using 50% ethanol as liquid binder while HEC 4000 could not form. This 

may be attributed to solubility of HEC 4000 and HPMC E15.  HEC 4000 and HPMC 

E15 are practically insoluble in ethanol but HPMC E15 is soluble in binary organic-

water solvent system, 50% ethanol.  The presence of ethanol in liquid binder might aid 

to reduce stickiness in the formulation of pellets using water as liquid binder as 

reported earlier (Chatlapalli and Rohera, 1998) 

 

Liquid contents in the formulations of the lactose pellets with NaCMC 1180, 

MC 15 and HPMC E15 and using water as liquid binder were less than those in the 

formulation of pellets using 50% ethanol. On the other hand, ethanol in formulation of 

pellets resulted in increase in liquid content required to form pellets.  This might be 
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that these celluloses could be practically insoluble with ethanol, thus they did not 

cause tackiness or decrease viscosity.  The binding property of the cellulose was 

reduced (Hongprapas, 2002; Chatlapalli and Rohera, 1998). 

 

In general, MCC has known as the formulation aid for formulation of pellets 

by using water as liquid binder (Fechner, 2003).  However, it was not suitable as a 

formulation aid by using alcohol or hydro-alcoholic mixture as liquid binder (Agrawal 

et al., 2004; Millili and Schwartz, 1990).  Schröder and Klienebudde (1995) reported 

that MCC could not prepare the pellets by using 70%w/w 2-propanol. In present study, 

the results showed that the water content, based on dry weight, in MCC formulation 

(CT-L/W195) was higher than the formulation using NaCMC 1180 and MC 15.  This 

may be due to high amount of MCC which could absorb, water, in the structure, in the 

formulation.   However, the ratios of water content to formulation aids indicated that 

MCC (1.3:1) was less than NaCMC 1180 (33-46:1) and MC 15 (30-45:1).  According 

to Jerwanska et al. (1995), the water was taken up and included in the cellulose 

structure and form gel while MCC could absorb and swell.  The variation of water 

content in formulation affected the production, the quality of the extrudate and the 

ability to form pellets (Pinto et. al., 2001).  The water should be available for the 

filling of the void space.   

 

For propranolol hydrochloride and ibuprofen, MC15 was selected as a 

formulation aid, due to this formulation aid could form pellet either water or 50% 

ethanol and the sensitivity of liquid content was less than NaCMC 1180.  Propranolol 

hydrochloride pellets could produce from the formulation with 2% w/w MC 15 using 

41 g (13.66%), MC2-P/W41, and 1% w/w MC 15 using 58 g (19.33%) of 50% 

ethanol, MC1-P/A58.  On the other hand, ibuprofen pellets were prepared by 4% w/w 

MC 15 using 70 g (23.33%), MC4-I/W41, and 8%w/w MC 15 using 106 g (35.33%) 

of 50% ethanol, MC8-I/A58. As these results, it was observed that MC 15 in ibuprofen 

formulation was at least 2 times that required for propranolol hydrochloride 

formulation; similar to liquid binder content in these formulations.  These results 

might be due to that propranolol hydrochloride was soluble in water so that, the 

binding property increased, while ibuprofen was not soluble in aqueous binder. 
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3. Evaluation of wet mass 

 

3.1 Creep experiment 

The creep and recovery curve of wet mass also exhibited a typical viscoelastic 

behavior combining both viscous and elastic component. The instantaneous 

compliance of NaCMC 1180 wet mass was lower than NaCMC 1180 gel (Figure 50), 

ensuring solid property of wet mass. 
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Figure 50. Creep experiment curve of NaCMC 1180 gel (CMC2-G/W51) and wet 

mass (CMC2-L/W51); inset shows the creep experiment for CMC2-L/W51 

at large scale. 

 

The  higher contents of NaCMC 1180 in wet mass containing constant water 

level (15.0% w/w) resulted in higher instantaneous compliance (Figure 51), while 

those in wet mass containing 50% ethanol (30.0% w/w) caused lowered instantaneous 

values (Figure 52).  This indicated that the content of NaCMC 1180 had some 

influence on elasticity of the wet mass.  The elastic character of the wet mass was 

changed by more NaCMC 1180, depending on the type of liquid binder used.  In 

present study, there was an appropriate amount of the cellulose, i.e. 1.0% w/w 

NaCMC 1180 that could form pellets with 15% w/w water.   
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Figure 51. Creep experiment- effect of NaCMC 1180 and water contents in the wet 

mass on the instantaneous compliance (1/Pa); circled bullets: rounded 

pellets were formed. 
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Figure 52. Creep experiment- effect of NaCMC 1180 and 50% ethanol contents in the 

wet mass on the instantaneous compliance (1/Pa); circled bullets: rounded 

pellets were formed. 
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When the amount of NaCMC 1180 in the wet mass was kept constant and 

the content of liquid binders was varied, the instantaneous compliance value were 

likely to increase with increased liquid content and then decreased when the liquid 

content was too high.  This could be observed with 1.0% NaCMC 1180 wet mass 

granulated with water and 0.5% NaCMC 1180 wet mass granulated with 50% ethanol.  

According to these results, there appeared to be an optimum liquid content, hence 

instantaneous compliance value of wet mass that could form the pellets.  These values, 

however, would be different, depending on the amount of the NaCMC 1180 and type 

of liquid in the formulations.  

 

In general, the instantaneous compliance values of the wet mass that could 

form pellets were varied, depending on the formulations, i.e. the amount of NaCMC 

1180 as well as type and amount of liquid content.  The measurement of the 

instantaneous compliance might be useful to identify an appropriate amount of liquid 

that could form pellets with certain amount of NaCMC 1180.  
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Figurer 53. Creep experiment- effect of MC 15 and water or 50% ethanol contents in 

the wet mass on the instantaneous compliance (1/Pa); circled bullets: 

rounded pellet were formed. 
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The result of creep experiment of MC 15 wet mass was illustrated in Figure 

53.  It was shown that the formulation which had same water content (15% w/w) and 

varied MC content, i.e. 0.5-1.0% w/w MC 15, the instantaneous compliance was rather 

similar (8.71 E-08 1/Pa and 8.70E-08 1/Pa).  This suggested that the values of 

instantaneous compliance was related to water content.  In addition, the wet mass of 

these instantaneous compliance values could produce pellets, regardless of MC 15 

contents.  The values seemed to be closed to those of 1.0% w/w MC 15 wet mass 

granulated with 50% ethanol.  Therefore, in the case of using MC 15 as formulation 

aid, it was possible that the wet mass which would produce possessed the values of 

instantaneous compliance within range 8.70E-08 to 8.77E-08 1/Pa which not sensitive 

to the formulation variables studied, i.e. type of liquid and the amount of MC 15.  
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Figurer 54. Creep experiment- effect of HPMC E15 and 50% ethanol contents in the 

wet mass on the instantaneous compliance (1/Pa); circled bullets: rounded 

pellets were formed. 

 

  As described earlier, HPMC E15 could aid the formulation of lactose pellets 

when 50% ethanol was used as liquid binder (Figure 54).  The instantaneous 

compliance of the wet mass granulating with the same liquid content, i.e. 21.7% w/w, 

was higher with increased HPMC E15 contents from 0.5% w/w to 1.0% w/w.  In the 

other words, the presence of more HPMC E15 in the wet mass caused a less elastically 
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wet mass.  The results disagreed with the results for the NaCMC1180 wet mass 

granulated with the hydroalcoholic solution of 23.3%w/w content, where the elasticity 

was enhanced with the increased amount of NaCMC1180.  

 

In addition, the instantaneous compliance values were varied with the 50% 

ethanol content of 1.0 % w/w HPMC E15 wet mass.  Similar to the results for the 

0.5% w/w NaCMC 1180 wet mass granulating with 50% ethanol, the instantaneous 

compliance modified the deformation of wet mass appeared to show an optimum value 

that could produce pellets.  In Figure 55, it could be observed that the higher liquid 

binder, result in the higher instantaneous compliance, in general, regardless of the type 

and quantity of polymer because of the liquid binder was one of the significant factor 

that wet mass could form pellets. 
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Figurer 55. Creep experiment- effect of type of formulation aid and water or 50% 

ethanol contents in the wet mass on the instantaneous compliance (1/Pa); 

circled bullets: rounded pellets were formed. 
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3.2 Oscillation experiment 
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Figure 56. Oscillation experiment curve of NaCMC 1180 gel (CMC2-G/W51) and  

wet mass (CMC2-L/W51); inset shows the oscillation experiment for  

CMC2-G/W51 at large scale. 

 

The oscillation curve showed that the shear modulus, storage modulus (G') and 

loss modulus (G"), of NaCMC 1180 wet mass is higher than NaCMC 1180 gel (Figure 

56).  This indicated that the elastic character of NaCMC 1180 wet mass was higher 

than NaCMC 1180 gel.  In general, the pattern of oscillation curve of wet mass 

formulation that used in this experiment was similar; i.e. storage modulus was higher 

than loss modulus, signifying rather elastic mass.  

 

In Figure 57-60, it was shown that overall the shear modulus of NaCMC 1180 

wet mass could not directly be related to the processablilty. However, there were 

optimum values of the shear modulus of the wet mass granulated with water that could 

form pellets; these values were changed when the NaCMC 1180 was increased from 

0.5 % w/w to 1.0 % w/w (Figure 57-58). The results agreed with the instantaneous 

compliance values of the wet mass.  However, this effect was not clearly observed for 
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the wet granulated with 50% ethanol as the slight change in the value of shear 

modulus (Figure 59-60). 

 

For the MC 15 wet mass, it was found that with the same water content, and 

increase from 0.5% w/w to 1.0% w/w of MC 15 content caused lower shear modulus. 

The pellets could be formed with the same amount of water even though the MC15 

content was changed.  For certain amount of MC 15 in the formulation e.g. 0.5% w/w, 

there appeared to be optimum values of shear modulus that could form pellets; 

relatively low values for both storage and loss moduli were observed when the 

formulation was too wet or too dry.  Likewise, for the wet mass granulated with 50% 

ethanol, there were also appropriate range of 50% ethanol content providing the 

viscoelastic property that were suitable to form pellets. However, in this case it was 

observed that the too dry formulation gave relatively high value of storage modulus, 

and the too wet formulation gave relatively low value of storage modulus (Figure 61-

62). 

 

The  higher contents of NaCMC 1180 in wet mass containing constant water 

level (15.0% w/w) resulted in higher instantaneous compliance (Figure 51.), while 

those in wet mass containing 50% ethanol (30.0% w/w) caused lowered instantaneous 

values (Figure 51-52.).  This indicated that the content of NaCMC 1180 had some 

influence on elasticity of the wet mass.  The elastic character of the wet mass was 

changed by more NaCMC 1180, depending on the type of liquid binder used.  In 

present study, there was an appropriate amount of the cellulose, i.e. 1.0% NaCMC 

1180 that could form pellets with 15% w/w water.   
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Figure 57. Oscillation experiment-storage modulus (G′) of wet mass with NaCMC 

1180 as the formulation aid and water as liquid binder; circled bullets: 

rounded pellets were formed. 
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Figure 58. Oscillation experiment-loss modulus (G″) of wet mass with NaCMC 1180 

as the formulation aid and water as liquid binder; circled bullets: rounded 

pellets were formed. 
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Figure 59. Oscillation experiment-storage modulus (G′) of wet mass with NaCMC 

1180 as the formulation aid and 50% ethanol as liquid binder; circled 

bullets: rounded pellets were formed. 
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Figure 60. Oscillation experiment-loss modulus (G″) of wet mass with NaCMC 1180 

as the formulation aid and 50% ethanol as liquid binder; circled bullets: 

rounded pellets were formed. 
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Figure 61. Oscillation experiment-storage modulus (G′) of wet mass with MC 15 as 

the formulation aid and water or 50% ethanol as liquid binder; circled 

bullets: rounded pellets were formed.  
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Figure 62. Oscillation experiment-loss modulus (G″) of wet mass with MC 15 as the 

formulation aid and water or 50% ethanol as liquid binder; circled bullets: 

rounded pellets were formed. 
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Figure 63. Oscillation experiment-storage modulus (G′) of wet mass with HPMC E15 

as the formulation aid and 50% ethanol as liquid binder; circled bullets: 

rounded pellets were formed. 
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Figure 64. Oscillation experiment-loss modulus (G″) of wet mass with HPMC E15 as 

the formulation aid and 50% ethanol as liquid binder; circled bullets: 

rounded pellets were formed. 
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The loss tangent (tan δ) is a dimensionless parameter which is a measure of 

the ratio of energy lost to the energy stored in an oscillation experiment.  It was 

defined by equation (21).  Data for the loss tangent (tan δ) provided a comparative 

measurement of both the elastic and viscous contributions.  The biggest in loss tangent 

(tan δ) could be indicated the predominantly viscous nature of the material, and a 

lesser degree of particle association (Rudraraju and Wyandt, 2005). 

 

G
G
′
′′

=δtan     …(21) 

 

The loss tangent (tan δ) values of 0.39-0.49 and 0.41-0.43 for NaCMC 1180 

wet mass granulated with water and 50% ethanol, respectively, were required to form 

lactose pellets.  In case of MC 15 as the formulation aid, it found that the loss tangent 

(tan δ) which could form the lactose pellets were 0.38-0.40 and 0.31-0.35, for water 

and 50% ethanol, respectively (Figure 67).  When HPMC E15 was used to prepare 

lactose pellets, the loss tangent (tan δ) could form the pellets was 0.31-0.32 (Figure 

68).  These results showed that the loss tangent which could form the pellets 

depending on type and quantity of the formulation aids and liquid binders.  It was 

observed that the loss tangent (tan δ) of water formulation was higher than 50% 

ethanol formulation when NaCMC 1180 or MC 15 as the formulation aids; i.e. the loss 

tangent (tan δ) of MC 15 were 0.38-0.40 and 0.31-0.35, for water and 50% ethanol, 

respectively.  It suggested that ethanol reduced solubility of the formulation aid 

resulting in a decrease in viscous property relative to elastic property of wet mass. 

 

 The loss tangent of the wet mass granulated by water and 50% ethanol are 

illustrated in Figure 69-70.   It was observed that the loss tangent (tan δ) of 0.38-0.49 

and 0.30-0.43 of the wet mass granulated with water and 50% ethanol, respectively, 

were required to form pellets.  If the loss tangent (tan δ) exceeded than 0.50 or 0.43, 

for water and ethanol, respectively, the pellets could not be formed.  Likewise, when 

the loss tangent (tan δ) was lower than 0.38 or 0.30, for water and ethanol, 

respectively, the lactose pellets could not be formed.  However, for all of formulations 

which could form pellets, the loss tangent would be within the range of 0.07-0.49.  

Moreover, it could be observed that for 50% ethanol containing formulations, the loss 
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tangent values of MC 15 and HPMC E15 formulation were overlied.  It might be 

possible that the viscosity of MC 15 and HPMC E15 was similar, i.e. 7 and 11 cps, 

respectively. 

 

Propranolol hydrochloride had the loss tangent of 0.07 and 0.10 for water and 

50% ethanol, respectively.  These results indicated that wet mass of propranolol 

hydrochloride contributed elastic property more than viscous property.  It might cause 

the propranolol hydrochloride pellets had the dumbbell shape due to it could not be 

break off and sphere into pellets.  In case of ibuprofen formulation, it had the loss 

tangent of 0.23 and 0.33 for water and 50% ethanol, respectively.  These results 

indicated that wet mass of ibuprofen contributed elastic property more than viscous 

property, however, the elastic property of ibuprofen was less than propranolol 

hydrochloride wet mass.  These results might be due to that propranolol hydrochloride 

was soluble in the aqueous binder so that the binding property increased while 

ibuprofen was not soluble in aqueous binder.  Because of the less elastic property of 

ibuprofen wet mass, the extrudates could be broken off into smaller strand and easier 

deformed into pellets.  These results might cause the smaller size and rather rounder 

shape ibuprofen pellets in comparison with propranolol hydrochloride pellets. 

  

When lactose in the formulation of pellets formed with MC 15 was replaced 

with propranolol hydrochloride and ibuprofen, the rheological properties of the wet 

mass, in terms of instantaneous compliance, storage modulus, loss modulus and loss 

tangent were changed.  The amounts of MC 15 and liquid content which was change 

in this formulation might cause the rheological properties of the wet mass changed in 

formulation. Although both lactose (1 in 4.6 ml) and propranolol hydrochloride (1 in 

20 ml) was water soluble material.  The presence of these materials in the pellets 

formulation could contribute to rheological properties of wet mass differently.  These 

must be some other properties of the material, apart from the solubility, that affect the 

consistency of the wet mass. For ibuprofen, it was not soluble in water so that the 

rheological property of wet mass was different from lactose and propranolol 

hydrochloride, reflecting might be assumed to be in that the MC quantity required to 

forming pellets were at least twice that of propranolol hydrochloride. 
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Figure 65. Oscillation experiment-loss tangent (tan δ) of wet mass with NaCMC 1180 

as the formulation aid and water as liquid binder; circled bullets: rounded 

pellets were formed. 
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Figure 66. Oscillation experiment-loss tangent (tan δ) of wet mass with NaCMC 1180 

as the formulation aid and 50% ethanol as liquid binder; circled bullets: 

rounded pellets were formed. 
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Figure 67. Oscillation experiment-loss tangent (tan δ) of wet mass with MC 15 as the 

formulation aid and water or 50% ethanol as liquid binder; circled bullets: 

rounded pellets were formed. 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

12 14 16 18 20 22 24 26 28 30 32 34 36

liquid binder content (%w/w)

ta
n 
δ

0.5%HPMC E15-alc.
1.0%HPMC E15-alc.

 
Figure 68. Oscillation experiment-loss tangent (tan δ) of wet mass with HPMC E15 as 

the formulation aid and 50% ethanol as liquid binder; circled bullets: 

rounded pellets were formed. 
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Figure 69. Oscillation experiment-loss tangent (tan δ) of wet mass with NaCMC 1180, 

MC 15 and HPMC E15 as the formulation aids and water as liquid binder; 

circled bullets: rounded pellets were formed. 
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Figure 70. Oscillation experiment-loss tangent (tan δ) of wet mass with NaCMC 1180, 

MC 15 and HPMC E15 as the formulation aid and 50% ethanol as liquid 

binder; circled bullets: rounded pellets were formed. 
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4. Characterization of products 

 

4.1 Morphology 

 

Photomicrographs of shape and size of pellets from main sieves were taken 

with a digital camera (EOS 100, Cannon, Tokyo, Japan), linked with a 

stereomicroscope system (ML9300, Meiji, Tokyo, Japan).  The morphology and 

surface topography of pellet were investigated by scanning electron microscopy and a 

stereomicroscope (ML9300, Meiji, Tokyo, Japan).   

 

In present study, the lactose pellets could be formed with 0.5-1.0% of NaCMC 

1180, MC 15, HEC 4000, HPC-L and HPMC E15 was used to prepare pellet as 

formulation aids.   Only, NaCMC 1180, MC 15 and HPMC E15 could be form pellet.   

 

 When NaCMC 1180 was used as the formulation aid and water was used as 

liquid binder, rod shaped (Figure 71) and rough surfaces of pellets (Figure 78-79) were 

obtained.  When 50% ethanol was used as a liquid binder, the pellets seemed to have 

rounder shape (Figure 72) and smoother surface (Figure 80-81) than using water as 

liquid binder, except for CMC3-L/A90 which contained 1% NaCMC 1180.  The 

pellets of CMC3-L/A90 had rough surfaces (Figure 72 and 81).  It might be caused by 

balling effect.  

 

 The pellets were prepared by using MC 15 as the formulation aid and water as 

liquid binder, had round shape and smooth surface.  The shape and surface of pellets 

which were prepared by using 50% ethanol as liquid binder were rounder (Figure 73)   

and smoother (Figure 82-83). 

 

 When HPMC E15 was used as the formulation aid and 50% ethanol as liquid 

binder, round shape (Figure 74) and smooth surface of pellets (Figure 84-85) were 

obtained.  Increasing HPMC E15 content caused the rod shape pellet.  This might 

suggest that the higher HPMC E15 resulted in increasing elastic property of 

extrudates.  Hence, in spheronization process, extrudates could not be broken off into 

cylindricals and easily deformed into pellets. 
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Figure 71. Photomicrographs of lactose pellets formed with NaCMC 1180 and water 

in magnification x7: (a) CMC2-L/W50, (b) CMC2-L/W51, (c) CMC3-

L/W45 and (d) CMC3-L/W46. 
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Figure 72. Photomicrographs of lactose pellets formed with NaCMC 1180 and 50% 

ethanol in magnification x7: (a) CMC2-L/A83, (b) CMC2-L/A84,  

(c) CMC2-L/A85, (d) CMC2-L/A86, (e) CMC2-L/A87 and  

(f) CMC3-L/A90. 
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Figure 73. Photomicrographs of lactose pellets formed with MC 15 and water in 

magnification x7: (a) MC2-L/W45, (b) MC3-L/W42 and (c) MC3-L/W45. 

Photomicrographs of lactose pellets formed with MC 15 and 50% ethanol 

in magnification x7: (d) MC3-L/A64, (e) MC3-L/A66 and (f) MC3-L/A68. 
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Figure 74. Photomicrographs of lactose pellets formed with HPMC E15 and 50% 

ethanol in magnification x7: (a) HPMC2-L/A65, (b) HPMC2-L/A66,  

(c) HPMC3-L/A64, (d) HPMC3-L/A65, (e) HPMC3-L/A66 and  

(f) HPMC3-L/A67. 
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Figure 75. Photomicrograph of lactose pellets formed with MCC and water (CT-

L/W195) in magnification x7. 
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Figure 76. Photomicrographs of propranolol hydrochloride pellets formed with MC 15 

in magnification x7: (a) MC2-P/W415 and (b) MC1-P/A58. 
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Figure 77. Photomicrographs of ibuprofen pellets formed with MC 15 in magnification 

x7: (a) MC4-I/W70 (b) MC8-I/A106 

 

For propranolol hydrochloride and ibuprofen pellets, they seemed to have 

irregular shape and rather remained at rod or dumbelled shape (Figure 76-77). These 

results might be due to the loss tangent of propranolol hydrochloride is very low, 0.07 

and 0.10 for water and 50% ethanol, respectively.  It indicated that propranol 

hydrochloride wet mass is very elastic and could not be broken off and deformed into 

pellets.  As these results, propranolol hydrochloride had larger and agglomeration 

more than ibuprofen pellets both water and 50% ethanol as liquid binder.  Due to 

stickiness of the pellets, the small particles adhered to large pellets.  This might be lead 

to balling and uncontrollable process in late stage.  Spheronization time for these 

formulations was limited at 3 min because of product adhered to spheronization plate.  

The formulation of pellet which prepared by using microcrystalline cellulose, CT-

L/W195, had the best size, shape and smooth surface as shown in Figure 75 and 86. 
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Figure 78. Scanning electron photomicrographs of lactose pellet formed with NaCMC 

1180 and water in magnification x75: (a) CMC2-L/W50, (b) cross-section 

of CMC2-L/W50, (c) CMC2-L/W51 and (d) cross-section of  

CMC2-L/W51. 
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Figure 79. Scanning electron photomicrographs of lactose pellet formed with NaCMC 

1180 and water in magnification x75: (a) CMC3-L/W45, (b) cross-section 

of CMC3-L/W45, (c) CMC3-L/W46 and (d) cross-section of  

CMC3-L/W46.  
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Figure 80. Scanning electron photomicrographs of lactose pellet formed with NaCMC 

1180 and 50% ethanol in magnification x75: (a) CMC2-L/A83, (b) cross-

section of CMC2-L/A83, (c) CMC2-L/A84, (d) cross-section of CMC2-

L/A84, (e) CMC2-L/A85 and (f) cross-section of CMC2-L/A85.  

 



 114
 

 

 

 

 

 

 

     

     (a)            (b) 

 

 

 

 

 

 

 

 

      (c)            (d) 

  

 

 

 

 

 

 

 

          (c)             (f) 

 

Figure 81. Scanning electron photomicrographs of lactose pellet formed with NaCMC 

1180 and50% ethanol in magnification x75: (a) CMC2-L/A86, (b) CMC2-

L/A86, (c) CMC2-L/A87 and (d) cross-section of CMC2-L/A87,  

(e) CMC3-L/A90 and (d) cross-section of CMC3-L/A90. 
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Figure 82. Scanning electron photomicrographs of lactose pellet formed with MC 15 

and water in magnification x75: (a) MC2-L/W45, (b) cross-section of  

MC2-L/W45, (c) MC3-L/W42, (d) cross-section of MC3-L/W42,  

(e) MC3-L/W45 and (f) cross-section of MC3-L/W45. 
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Figure  83. Scanning electron photomicrographs of lactose pellet formed with MC 15 

and 50% ethanol in magnification x75: (a) MC3-L/A64, (b) cross-section 

of  MC3-L/A624, (c) MC3-L/A66, (d) cross-section of MC3-L/ A66,  

(e) MC3-L/A68 and (f)cross-section of MC3-L/ A68. 
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Figure 84. Scanning electron photomicrographs of lactose pellet formed with HPMC 

E15 and 50% ethanol in magnification x75: (a) HPMC2-L/A65, (b) cross-

section of HPMC2-L/A65, (c) HPMC2-L/A66, (d) cross-section of 

HPMC2-L/A66, (e) HPMC3-L/A64 and (f)cross-section of HPMC3-L/A64  
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Figure  85. Scanning electron photomicrographs of lactose pellet formed with HPMC 

E15 and 50% ethanol in magnification x75: (a) HPMC3-L/A65, (b) cross-

section of HPMC3-L/A65, (c) HPMC3-L/A66, (d) cross-section of 

HPMC3-L/A66, (e) HPMC3-L/A67 and (f) cross-section of HPMC3-

L/A67  
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             (a)         (b) 

Figure 86. Scanning electron photomicrographs of lactose pellet formed with MCC 

and water in magnification x75: (a) CT-L/W195 and (b) cross-section of 

CT-L/W195 
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     (a)           (b) 

 

Figure 87. Scanning electron photomicrographs of propranolol hydrochloride pellet 

formed with MC 15 and water in magnification x75: (a) MC2-P/W41 and  

(b) cross-section of MC2-P/W41 in magnification x75 
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 (a)         (b) 

 

Figure 88. Scanning electron photomicrographs of propranolol hydrochloride pellet 

formed with MC 15 and 50% ethanol in magnification x75: (a) MC1-P/A58 

and (b) cross-section of MC1-P/A58  

 

 

 

 

 

 

 

 

 

   (a)         (b) 

 

Figure 89. Scanning electron photomicrographs of ibuprofen pellet formed with MC 

15 and water in magnification x75: (a) MC4-I/W70 and (b) cross-section of  

MC4-I/W70  
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            (a)        (b) 

 

Figure 90. Scanning electron photomicrographs of lactose pellet formed with MC 15 

and 50% ethanol in magnification x75: (a) MC8-I/A106 and (b) cross-

section of MC8-I/A106  

 

4.2 Particle size and size distribution 

 

The median size diameter and interquartile range (IQR) representing size 

distribution of pellets prepared by using various cellulose ethers, i.e. NaCMC 1180, 

MC 15 and HPMC E15 was determined by using sieve analysis method.  The percent 

retained on each sieve was calculated and plotted against sieve size as illustrated in 

Figure 87-93. The value of median size diameter and IQR were also determined and 

the results were shown in Table 14. 

 

 In general, as presented in Table 14, For the size distribution of pellets 

prepared by using NaCMC 1180 as the formulation aid and water as liquid binder, it 

was found that 1.0% w/w NaCMC 1180 formulations were likely to form smaller size 

than 0.5% w/w NaCMC 1180.  The median size diameter of pellet of NaCMC 1180 as 

formulation aid was shown in Table 14.  The result agreed with those prepared with 

50% ethanol.  When 1.0% w/w MC 15 and 45 g (15.00%) water was used to prepare 

pellet, MC3-L/W45, had the largest size, 2.1 mm.  This because the higher either MC 

15 or water content in wet mass resulted in increased the elastic property of wet mass.  
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Thus, the extrudates could not be broken off and deformed into spherical.  These 

results agreed with the lower value of loss tangent in case of water formulation (Figure 

69).  For 50% ethanol formulation, the median size diameter was rather similar with 

increased liquid binder content. The pellets formed by using HPMC E15 and 50% 

ethanol were found to have bigger size when the amount of formulation aid was 

increased, except for HPMC3-L/A67 which was 1.0% w/w HPMC E15 and 67 g 

(22.33%) of 50% ethanol.   

 

 The size distribution of pellets  using NaCMC 1180, MC 15 and HPMC E15 as 

formulation aid reflected in the value of interquartile range (IQR), were not clearly 

different and rather similar both water and 50% ethanol as liquid binder (Table 14), 

Except for 0.5% w/w HPMC E 15 and 65g (21.66%) ethanol, HPMC2-L/A65. This 

formulation had the broadest size distribution, IQR 0.74 mm.   

 

 For propranolol hydrochloride or ibuprofen formulation containing MC 15 as 

the formulation aid, the median size diameter was smaller than using lactose pellets.  

Due to the physico-chemical property of propranolol hydrochloride, ibuprofen and 

lactose were different, e.g. solubility and particle size, could change the rheological 

properties of wet mass.  Ibuprofen was insoluble in water so that the quantity of MC 

15 used in formulation was more than that required for propranolol hydrochloride.   

 

 For MCC formulation, because of the amount of MCC in formulation was high 

(50%), It absorbed the water and then swell. After drying those pellets would shrink 

(Kleinebudde, 1994). As the result of that effect, the pellets prepared from MCC was 

rather small, 0.78 mm. 

 

The rheological property of wet mass might affect on size and size distribution 

as presented in Figure 94-95. It showed that the higher storage modulus resulted in the 

larger size of pellets due to elastic property.  This result same as IQR, the higher 

storage modulus resulted in the broadest particle size distribution.  For 50% ethanol 

formulation the tended was not clearly. 
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Figure 91.  Size distributions of lactose pellets prepared by using NaCMC 1180 as the 

formulation aid and water as liquid binder. 
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Figure 92. Size distributions of lactose pellets prepared by using NaCMC 1180 as the 

formulation aid and 50% ethanol as liquid binder. 
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Figure 93. Size distributions of lactose pellets prepared by using MC 15 as the 

formulation aid and water as liquid binder. 
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Figure 94. Size distributions of lactose pellets prepared by using MC 15 as the 

formulation aid and 50% ethanol as liquid binder. 
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Figure 95 Size distributions of lactose pellets prepared by using HPMC E15 as the 

formulation aid and 50% ethanol as liquid binder. 
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Figure 96. Size distributions of propranolol hydrochloride and ibuprofen pellets 

prepared by using MC 15 as the formulation aid. 
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Figure 97. Size distributions of lactose pellets prepared by using MCC as the 

formulation aid. 

 

4.3 Flowability and angle of repose 

 

 Flowability and angle of repose of pellet using NaCMC 1180, MC 15 and 

HPMC E15 as the formulation aids was presented in Table 15.  The angle of repose 

and flow rate of all formulations were in range of 9.3- 26.4 degree and 8.43-11.58 

g/sec, respectively.  These results could be classified as good flowability.  The 

minimum value of the angle of repose was 9.31 degrees for HPMC3-L/A67.  The 

angle of repose was a method of indirectly measuring a combination of the following 

properties that affect to flow property; i.e. shape, size, cohesion, and surface area 

(Saenz, 2001).  For pellets, flowability depended on surface characteristic, sphericity 

and cohesion.  If pellets was smooth surface, round shape and less cohesion, it posed 

good flowability.  It indicated that HPMC3-L/A67 had smooth surface, round shape 

and less cohesion between particles.   
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Table 14. Median diameter and interquartile range (IQR) of pellets prepared by 

using NaCMC 1180, MC 15 or HPMC E15 as the formulation aid and water 

or ethanol as liquid binder. 

Formulation 
Median diameter 

(mm) 

IQR 

(mm) 

CMC2-L/W50 1.20 0.12 

CMC2-L/W51 1.42 0.16 

CMC3-L/W45 0.92 0.22 

CMC3-L/W46 0.94 0.16 

CMC2-L/A82 1.40 0.16 

CMC2-L/A83 0.98 0.14 

CMC2-L/A84 1.70 0.18 

CMC2-L/A85 2.00 0.24 

CMC2-L/A86 1.78 0.26 

CMC2-L/A87 1.44 0.14 

CMC3-L/A90 0.92 0.20 

MC2-L/W45 1.22 0.16 

MC3-L/W42 1.24 0.18 

MC3-L/W45 2.10 0.30 

MC3-L/A62 1.34 0.26 

MC3-L/A64 1.45 0.30 

MC3-L/A66 1.50 0.20 

MC3-L/A68 1.46 0.16 

HPMC2-L/A65 1.38 0.74 

HPMC2-L/A66 1.20 0.10 

HPMC3-L/A63 1.30 0.24 

HPMC3-L/A64 1.30 0.24 

HPMC3-L/A65 1.46 0.18 

HPMC3-L/A66 1.42 0.18 

HPMC3-L/A67 0.90 0.22 

CT-L/W195 0.78 0.20 

MC3-P/A58 1.00 0.34 

MC4-P/W41 0.86 0.46 

MC4-I/W70 0.72 0.18 

MC8-I/A106 0.78 0.20 
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Figure  98. Effect of storage modulus (G′) on median size diameter (mm) of water 

formulation 
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Figure 99. Effect of storage modulus (G′) on IQR (mm) of water formulation 
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Table 15. Flowability, angle of repose, bulk and tapped densities and percent   

     compressibility, (mean (SD), n=3) 

Formulation 
Flow rate 

(g/sec) 

Angle of 

repose (degree) 

Bulk density 

(g/cm3) 

Tapped 

densnity 

(g/cm3) 

% 

Compressibility 

CMC2-L/W50 10.64 (0.01) 19.45 (1.35) 0.74 (0.01) 0.76 (0.00) 2.33 (1.26) 

CMC2-L/W51 10.01 (0.05) 21.18 (0.56) 0.68 (0.00) 0.76 (0.01) 10.73 (0.98) 

CMC3-L/W45 9.69  (0.15) 16.94 (0.68) 0.65 (0.00) 0.73 (0.01) 10.61 (2.02) 

CMC3-L/W46 9.75  (0.07) 22.94 (0.22) 0.63 (0.00) 0.71 (0.00) 12.50 (0.00) 

CMC2-L/A82 11.13 (0.07) 21.55 (0.51) 0.64 (0.00) 0.72 (0.00) 10.65 (0.56) 

CMC2-L/A83 9.83  (0.17) 14.87 (0.11) 0.65 (0.00) 0.79 (0.00) 9.72 (0.61) 

CMC2-L/A84 10.28 (0.10) 21.80 (0.07) 0.63 (0.00) 0.70 (0.00) 9.47 (0.09) 

CMC2-L/A85 10.02 (0.02) 20.25 (0.19) 0.62 (0.00) 0.69 (0.00) 10.72 (0.69) 

CMC2-L/A86 10.69 (0.05) 17.25 (0.15) 0.64 (0.00) 0.71 (0.00) 10.16 (0.83) 

CMC2-L/A87 9.86  (0.11) 22.07 (0.12) 0.64 (0.00) 0.72 (0.00) 11.44 (0.63) 

CMC3-L/A90 9.54  (0.13) 16.83 (0.33) 0.62 (0.00) 0.69 (0.00) 9.36 (0.03) 

MC2-L/W45 11.58 (0.07) 17.06 (0.48) 0.62 (0.00) 0.68 (0.00) 9.12 (0.69) 

MC3-L/W42 11.01 (0.15) 18.51 (0.03) 0.61 (0.00) 0.68 (0.00) 10.61 (0.00) 

MC3-L/W45 10.93 (0.07) 18.59 (0.17) 0.66 (0.00) 0.72 (0.00) 8.99 (0.82) 

MC3-L/A62 12.30 (0.03) 16.41 (0.21) 0.68 (0.00) 0.74 (0.00) 8.47 (0.00) 

MC3-L/A64 11.09 (0.09) 18.49 (0.15) 0.67 (0.00) 0.74 (0.00) 10.00(0.00) 

MC3-L/A66 12.51 (0.16) 19.00 (0.56) 0.68 (0.00) 0.74 (0.00) 8.93 (0.39) 

MC3-L/A68 11.00 (0.01) 19.84 (0.19) 0.68 (0.00) 0.74 (0.00) 8.47 (0.00) 

HPMC2-L/A65  9.95  (0.20) 18.53 (0.37) 0.62 (0.00) 0.68 (0.01) 9.00 (0.53) 

HPMC2-L/A66 10.22 (0.37) 16.21 (0.74) 0.64 (0.01) 0.70 (0.01) 9.73 (0.24) 

HPMC3-L/A63 11.48 (0.09) 16.66 (0.41) 0.68 (0.00) 0.75 (0.00) 9.21 (0.37) 

HPMC3-L/A64 10.65 (0.12) 20.84 (0.57) 0.68 (0.01) 0.76 (0.00) 10.67 (0.86) 

HPMC3-L/A65 11.00 (0.03) 20.11 (0.50) 0.68 (0.00) 0.74 (0.00) 8.47 (0.00) 

HPMC3-L/A66 10.73 (0.24) 18.38 (0.51) 0.67 (0.00) 0.74 (0.00) 9.78 (0.34) 

HPMC3-L/A67 8.43  (0.02) 9.31 (1.43) 0.67 (0.00) 0.73 (0.00) 8.33 (0.00) 

CT-L/W195 11.43 (0.10) 17.93 (0.18) 0.72 (0.00) 0.78 (0.00) 7.44 (0.36) 

MC1-P/W41 7.20  (0.02) 26.47 (0.56) 0.48 (0.00) 0.55 (0.00) 12.10 (0.08) 

MC2-P/A58 7.98  (0.03) 24.14 (0.59) 0.54 (0.01) 0.61 (0.01) 12.59 (0.09) 

MC4-I/W70 10.02 (0.38) 23.66 (0.57) 0.55 (0.00) 0.61 (0.00) 10.02 (0.38) 

MC8-I/A106 10.26 (0.00) 22.82 (0.24) 0.51 (0.00) 0.57 (0.01) 10.26 (0.00) 
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4.4 Bulk and tapped densities and percent compressibility 

  

The results of bulk and tapped densities and percent compressibility were 

shown in Table 15.  Percent compressibility or Carr’s index was calculated by bulk 

density and tapped density. The borderline between free flowing and non free flowing 

is about 20% to 21%.  Percentage compressibility was an excellent indication of 

uniformity in size and shape, and moisture content (Saenz, 2001).  All formulations 

which could form pellets, the bulk density was close to tapped density.  Thus, percent 

compressibility was low, 2.33-12.59 %.  The minimum and maximum value of percent 

compressibility was obtained from formulation containing 0.5% w/w NaCMC 1180 

and 50 g (16.66%) water, CMC2-L/W50, 2.33 % in case of minimum value and MC2-

P/WA58, which was the formulation contain 0.5% w/w MC 15 and 58 g (19.33%) of 

50% ethanol, 12.59% for maximum value. 

 

4.5 Apparent  densities 

  

 Apparent densities of pellets were in the range of 1.41-1.62 g/cm3 as presented 

in Table 16.  In general, the apparent density of CT-L/W195 of MCC formulation was 

the lowest, 1.41 g/cm3, in comparison with that of pellets formed with NaCMC 1180, 

MC 15 and HPMC E15 as formulation aid.  The effect of formulation aid on the 

apparent density was not clearly observed. 

 

4.6 Friability 

 

The friability is an indicator of pellets strength or hardness, the less friability, 

the greater hardness (Vervaet et al., 1995).  Percent friability was shown in Table 16.  

All of lactose pellet formulation had the percent friability close to zero, 0.01-0.15%, 

due extrusion-spheronization process produced spherical, dense and smooth surfaces 

(Lindner et al., 1994).  Furthermore, the percent friability was unclearly related to type 

of the formulation aid used.  It has been reported that MCC formulation produced 

friable pellets if hydroalcoholic was used as liquid binder (Chatlapalli and Rohera, 

1998).  In this study, fraiable pellets could be avoided if MCC was removed from the 

formulation 
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 For propranolol hydrochloride and ibuprofen pellets, the higher value of 

friability was observed as opposed to the lactose pellets. Percent friability was within 

range 0.23-0.60%.  It might be inferred that these pellets were the agglomerated 

pellets. 

 

4.7 Sphericity 

 

 In this study, degree of sphericity was derived from two parameters; i.e., aspect 

ratio and roundness, which based two dimensional image of the particle.  Image 

analysis was used to obtain these parameters and results from various formulation 

were present in Table 17.  The values of aspect ratio and roundness were close to 1; 

this meant more sphericity.  In this experiment, aspect ratio 1.099 ± 0.55 and 

roundness 1.042 ± 0.052 were obtained from MCC.  It exhibited that MCC was a 

practical formulation aid to manufacture spherical granules with high sphericity.  The 

sphericity of MCC pellets increased with an increase in the amount of MCC (Kanbe et 

al., 2006; Alvarez et al., 2004; Heng and Koo, 2001b).  The pellets prepared by using 

NaCMC 1180, MC 15 and HPMC E15 as the formulation aids were found that CMC3-

L/A90 had the greatest aspect ratio, 1.418.  For roundness, there is not clearly 

different.   

  

 The aspect ratio and roundness of pellets prepared by using water as liquid 

binder was in the range of 1.087-1.281 and 1.053-1.128, respectively (Figure 100 and 

102).  According to Chopra et al. (2002) the threshold value of an aspect ratio was 1.2 

or less so that only MC2-L/W45 and MC4-I/W70 were the best sphericity.  The results 

of MC2-L/W45 agreed with the results from roundness.  It indicated that MC2-L/W45 

was the pellets with the best sphericity.  However, the values of instantaneous 

compliance which could form lactose pellets with NaCMC 1180, MC 15, and HPMC 

E15 as the formulation aids were in the range of 8.70E-08 1/Pa to 2.20E-07 1/Pa for 

water and 7.77E-08 to 1.74EE-0.7 1/Pa in case of 50% ethanol. 
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Table 16. Apparent density, friability and moisture content of pellets, (mean (SD)) 

 

Formulation 
Apparent density 

(g/cm3)  

(n=5) 

Friability 

(%) 

(n=3) 

Moisture content 

(% LOD) 

(n=3) 

CMC2-L/W50 1.57 (0.00) 0.01 (0.001) 0.20 

CMC2-L/W51 1.55 (0.00) 0.15 (0.001) 0.16 

CMC3-L/W45 1.60 (0.00) 0.12 (0.001) 0.25 

CMC3-L/W46 1.56 (0.00) 0.11 (0.009) 0.30 

CMC2-L/A82 1.52 (0.00) 0.04 (0.001) 0.23 

CMC2-L/A83 1.59 (0.00) 0.01 (0.002) 0.23 

CMC2-L/A84 1.57 (0.00) 0.10 (0.003) 0.18 

CMC2-L/A85 1.56 (0.00) 0.04 (0.002) 0.16 

CMC2-L/A86 1.56 (0.00) 0.08 (0.004) 0.29 

CMC2-L/A87 1.54 (0.00) 0.00 (0.002) 0.20 

CMC3-L/A90 1.53 (0.00) 0.04 (0.001) 0.30 

MC2-L/W45 1.54 (0.00) 0.00 (0.001) 0.13 

MC3-L/W42 1.55 (0.00) 0.07 (0.012) 0.30 

MC3-L/W45 1.52 (0.00) 0.04 (0.001) 0.36 

MC3-L/A62 1.56 (0.00) 0.04 (0.001) 0.23 

MC3-L/A64 1.62 (0.00) 0.03 (0.007) 0.21 

MC3-L/A66 1.61 (0.00) 0.04 (0.013) 0.23 

MC3-L/A68 1.51 (0.00) 0.08 (0.005) 0.21 

HPMC2-L/A65 1.61 (0.00) 0.09 (0.022) 0.18 

HPMC2-L/A66 1.58 (0.00) 0.08 (0.006) 0.24 

HPMC3-L/A63 1.60 (0.00) 0.01 (0.001) 0.20 

HPMC3-L/A64 1.53 (0.00) 0.01 (0.007) 0.17 

HPMC3-L/A65 1.62 (0.00) 0.01 (0.001) 0.15 

HPMC3-L/A66 1.56 (0.01) 0.05 (0.006) 0.19 

HPMC3-L/A67 1.53 (0.00) 0.07 (0.014) 0.14 

CT-L/W195 1.41 (0.00) 0.01 (0.001) 0.42 

MC1-P/W41 1.21 (0.00) 0.33 (0.115) 0.26 

MC2-P/A58 1.21 (0.00) 0.23 (0.027) 0.15 

MC4-I/W70 1.10 (0.00) 0.60 (0.197) 0.11 

MC8-I/A106 1.11 (0.00) 0.57 (0.179) 0.40 
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Table 17 Sphericity and roundness of the pellets  

 

  Aspect Roundness 
Formulation 

mean (SD) mean (SD) 

CMC2-L/W50 1.362 (0.275) 1.142 (0.120) 

CMC2-L/W51 1.281 (0.184) 1.057 (0.050) 

CMC3-L/W45 1.278 (0.250) 1.114 (0.083) 

CMC3-L/W46 1.416 (0.275) 1.118 (0.067) 

CMC2-L/A82 1.215 (0.184) 1.045 (0.045) 

CMC2-L/A83 1.216 (0.157) 1.037 (0.039) 

CMC2-L/A84 1.251 (0.134) 1.052 (0.038) 

CMC2-L/A85 1.251 (0.157) 1.069 (0.055) 

CMC2-L/A86 1.207 (0.126) 1.038 (0.037) 

CMC2-L/A87 1.340 (0.191) 1.085 (0.052) 

CMC3-L/A90 1.418 (0.251) 1.139 (0.076) 

MC2-L/W45 1.087 (0.073) 1.054 (0.053) 

MC3-L/W42 1.148 (0.108) 1.061 (0.052) 

MC3-L/W45 1.237 (0.191) 1.055 (0.052) 

MC3-L/A62 1.093 (0.081) 1.032 (0.051) 

MC3-L/A64 1.120 (0.088) 1.067 (0.181) 

MC3-L/A66 1.202 (0.102) 1.116 (0.154) 

MC3-L/A68 1.296 (0.140) 1.067 (0.041) 

HPMC2-L/A65 1.068 (0.046) 1.061 (0.059) 

HPMC2-L/A66 1.087 (0.074) 1.079 (0.086) 

HPMC3-L/A63 1.206 (0.587) 1.117 0.416) 

HPMC3-L/A64 1.274 (0.196) 1.077 (0.057) 

HPMC3-L/A65 1.208 (0.116) 1.043 (0.048) 

HPMC3-L/A66 1.171 (0.151) 1.048 (0.051) 

HPMC3-L/A67 1.169 (0.116) 1.028 (0.270) 

CT-L/W195 1.099 (0.55) 1.042 (0.052) 

MC1-P/A58 1.233 (0.133) 1.095 (0.067) 

MC2-P/W41 1.262 (0.175) 1.128 (0.095) 

MC4-I/W70 1.157 (0.105) 1.053 (0.055) 

MC8-I/A106 1.216 (0.169) 1.096 (0.064) 
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Figure 100. Effect of instantaneous compliance on aspect ratio of the pellets for water 

formulation. 
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Figure 101. Effect of instantaneous compliance on aspect ratio of the pellets for 50% 

ethanol formulation. 
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Figure 102. Effect of instantaneous compliance on roundness of the pellets for water 

formulation. 
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Figure 103. Effect of instantaneous compliance on roundness of the pellets for 50% 

ethanol formulation. 
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4.8 Moisture 

 

The moisture contents of pellets are shown in Table 16.  The values are in the 

range of 0.11-0.42%. The maximum value was obtained from CT-L/W195. According 

to Charoenkitpaiboon (2003), reported that the moisture content of pellet depended on 

the amount of water used and the drying period. In this study, pellets were dried at 

same drying period so that, CT-L/W195 which was granulated with the higher water 

content in formulation, 65% w/w based on dry weight, resulted in maximum moisture 

content.  

 

4.9 Dissolution 

  

 Dissolution of propranolol hydrochloride pellets was shown in Figure 104.  It 

showed that dissolution of the propranolol hydrochloride pellets prepared by using 

water and 50% ethanol as liquid binder were similar.  Dissolution profile exhibited 

that propranolol hydrochloride was immediately released.  It reached to almost 100% 

within 5 min. O′connor and Schwarts (1985) showed that the dissolution profile of 

pellets depended on the formulation aid and drug solubility.  Their pellets were 

prepared by using MCC as the formulation aid; the drug release of some drugs was 

very slow particularly the hydrophobic drug (Pinto et. al., 1992).  Propranolol 

hydrochloride was a water soluble drug and the formulation of propranolol 

hydrochloride pellets composed with 98-99% w/w drug so that the dissolution profile 

might depend on the water solubility propranolol hydrochloride.   

 

 As the result of dissolution of ibuprofen, dissolution profiles were different 

between using the water and 50% ethanol formulation (Figure 105).  Dissolution 

profile of ibuprofen indicated that using water as liquid binder, ibuprofen could be 

released faster in early stage than using 50%ethanol as liquid binder. Similar to 

propranolol hydrochloride, ibuprofen in the formulation using water and 50% ethanol 

as liquid binder was 92% and 96% w/w, respectively.  Costa et al. (2004) reported that 

the excipient in formulation could be changed the dissolution profile.  Hence, using 

50% ethanol as liquid binder might influence the drug release because of MC 15 could 

not be soluble in ethanol and the MC 15 in 50% ethanol formulation was 8% w/w 
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higher than water formulation (4% w/w).  After 3 hours, it was found that 

ibuprofen pellets prepared with both water and 50% ethanol as liquid binder remained 

intact, although the reduction of size was observed.  

 

Dissolution profile of propranolol hydrochloride
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Figure 104. Dissolution profile of propranolol hydrochloride pellets in dilute 

hydrochloric acid (1:100). 
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Figure 105. Dissolution profile of ibuprofen pellets in pH 7.2 phosphate buffer. 
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Appendix A 

 

PARTICLE SIZE AND SIZE DISTRIBUTION 

 
 The particle size and size distribution were determined by a laser light 

diffractometer equipped with a wet dispersion part (Mastersizer 2000).  It is a range of 

light scattering based particle sizers (Mastersizer particle size analyzer, Insrtument 

manual).  The result from the analysis is volume based particle size.  The span and 

uniformity are described for the distribution of particles.  The span gives a description 

of the width of the distribution, which is independent of median size.  The uniformity 

is a measure of the deviations from the median. 

 

 The 50% volume percentile, d(v,0.5), is the  median of the volume 

distribution. The d(v.0.9) and d(v,0.1) are 10% and 90% cut offs for distribution curve. 

The span of the particle size distribution curve is defined as: 

 

        
)5.0,(

)1.0,(9.0, vdvSpan )(
vd

d −
= ( A-1) 

The uniformity of the particle size distribution curve is defined as: 

 

                     

   …

 

 

( )
Xivd
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∑
−∑

=
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)5.0,(                                …(A-2 ) 

The Particle size and size distribution of material are shown in Table A-1 

  

 Where di and Xi are the mean diameter and result in size class i, respectively 
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able A-1. Particle size and size distribution of raw materials 

 

d (v,0.1) d (v,0.5) d (v,0.9) D[4,3] 

T

µm µm µm µm Span Uniformity Material 

 

mean 
(SD) 
2

mean 
(SD) 

mean 
(SD) 

mean 
(SD) mean (SD) mean (SD) 

Lactose 6.44 
(0.31) 

79.90 
(2.07) 

194.94 
(4.78) 

98.65 
(1.64) 2.11 (0.01) 0.67 (0.02) 

CaHPO4
2.84  

(0.07) 
10.99 
(0.58) 

51.353 
(2.84) 

21.89 
(3.61) 4.41 (0.15) 1.51 (0.26) 

NaCMC 1180 

HEC 4000 

HPMC E15 

Propranolol 

.55 (0.06) 

26.36 
(0.38) 

79.98 
(1.15) 

199.29 
(8.75) 
204.98 

112.51 
(17.61) 2.16 (0.08) 0.84 (0.20) 

MC 15 31.55 
(0.36) 

88.94 
(1.25) 
159.06 

(5.49) 
105.46 
(2.21) 
179.98 

1.95 (0.04) 0.60 (0.01) 
70.07 
(0.37) (1.49) 

323.3 
(4.90) (1.94) 1.59 (0.03) 0.49 (0.01) 

HPC-L 17.60 
(0.19) 

54.50 
(0.85) 
188.68 

140.50 
(5.77) 

71.19 
(2.87) 2.26 (0.07) 0.75 (0.03) 

53.15 
(0.63) (2.60) 

407.20 
(17.06) 

212.26 
(5.63) 
102.26 

1.88 (0.07) 0.58 (0.02) 

MCC 27.46 
(0.39) 

91.43 
(0.67) 

193.89 
(1.41) (0.73) 1.83(0.00) 0.56 (0.01) 

11.78 
(0.06) 

38.34 
(0.64) 

130.59 
(3.46) 

56.99 
(1.46) 3.10 (0.04) 0.95 (0.10) 

Ibuprofen 75.00 
(0.94) 

212.12 
(2.98) 

447.09 
(10.48) 

237.46 
(4.33) 1.75 (0.02) 0

Note:  , d(v, 0.5) and d(v,0.9) are standards percentile readings from the 

r and 50% 

0.9) gives a size of particle for which 90% of the sample is below this 

- D[4.3] is the volume mean diameter. 

 

- d(v, 0.1)

analysis. 

- d(v, 0.1) is the size of particle for which 10% of the sample is below this size.  

- d(v, 0.5) is the size of particle at which 50% of the sample is smalle

is larger than this size . This value is known as the median diameter. 

- d(v, 

size. 

 

 

 

 

 

 



 153
APPENDIX B 

 

PREPARATION OF PELLETS 
1. Formulation 

 

Table B-1.  Formulations of lactose pellets using cellulose derivatives – sodium 

carboxymethylcellulose (NaCMC 1180) as the formulation aid and water as 

liquid binder. 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

CMC1-L/W30 NaCMC1180 0.25 99.75 30 (10.00%) (-) 

CMC1-L/W32      32 (10.66%) (-) 

CMC1-L/W34       34 (11.33%) (-) 

CMC1-L/W35       35 (11.66%) (-) 

CMC1-L/W36       36 (12.00%) (-)(-) 

CMC2-L/W42   0.50 99.50 42 (14.00%) (-) 

CMC2-L/W45       45 (15.00%) (-) 

CMC2-L/W49       49 (16.33%) (-) 

CMC2-L/W50       50 (16.66%) + 

CMC2-L/W51       51 (17.00%) + 

CMC2-L/W52       52 (17.33%) (-)(-) 

CMC3-L/W43   1.00 99.00 43 (14.33%) (-) 

CMC3-L/W44       44 (14.66%) (-) 

CMC3-L/W45       45 (15.00%) + 

CMC3-L/W46       46 (15.33%) + 

CMC3-L/W47       47 (15.66%) (-)(-) 

CMC3-L/W48       48 (16.00%) (-)(-) 

CMC3-L/W49       49 (16.33%) (-)(-) 

CMC3-L/W50       50 (16.66%) (-)(-) 

CMC3-L/W51       51 (17.00%) (-)(-) 

CMC3-L/W52       52 (17.33%) (-)(-) 

CMC3-L/W53       53 (17.66%) (-)(-) 
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Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

CMC3-L/W62  NaCMC1180  1.00  99.00 62 (20.66%) (-)(-) 

CMC3-L/W65       65 (21.66%) (-)(-) 

CMC4-L/W36   2.00 98.00 36 (12.00%) (-) 

CMC4-L/W38       38 (12.66%) (-) 

CMC4-L/W40       40 (13.33%) (-) 

CMC4-L/W42       42 (14.00%) (-)(-) 

CMC4-L/W43       43 (14.33%) (-)(-) 

CMC4-L/W44       44 (14.66%) (-)(-) 

CMC4-L/W45       45 (15.00%) (-)(-) 

CMC4-L/W46       46 (15.33%) (-)(-) 

CMC4-L/W47       47 (15.66%) (-)(-) 

CMC4-L/W48       48 (16.00%) (-)(-) 

CMC4-L/W49       49 (16.33%) (-)(-) 

CMC4-L/W50       50 (16.66%) (-)(-) 

CMC4-L/W51       51 (17.00%) (-)(-) 

CMC4-L/W52       52 (17.33%) (-)(-) 

CMC4-L/W53       53 (17.66%) (-)(-) 

CMC4-L/W54       54 (18.00%) (-)(-) 

CMC4-L/W55       55 (18.33%) (-)(-) 

CMC4-L/W60       60 (20.00%) (-)(-) 
(-), Too dry formulation; (-)(-), Too wet formulation; +, Rounded/spherical granules 
* % of liquid binder based on dry weight 
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Table B-2. Formulations of lactose pellets using cellulose derivatives - 

methylcellulose (MC 15) as the formulation aid and water as liquid binder. 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

MC1-L/W39 MC15 0.25 99.75 39 (13.00%) (-) 

MC1-L/W42       42 (14.00%) (-)(-) 

MC1-L/W45       45 (15.00%) (-)(-) 

MC2-L/W39   0.50 99.50 39 (13.00%) (-) 

MC2-L/W42       42 (14.00%) (-) 

MC2-L/W45       45 (15.00%) + 

MC2-L/W48       48 (16.00%) (-)(-) 

MC2-L/W50       50 (16.66%) (-)(-) 

MC3-L/W39   1.00 99.00 39 (13.00%) (-) 

MC3-L/W42       42 (14.00%) + 

MC3-L/W45       45 (15.00%) + 

MC3-L/W48       48 (16.00%) (-)(-) 

MC4-L/W45   2.00 98.00 45 (15.00%) (-) 

MC4-L/W48       48 (16.00%) (-) 

MC4-L/W50       50 (16.66%) (-)(-) 

MC4-L/W52       52 (17.33%) (-)(-) 

MC4-L/W55       55 (18.33%) (-)(-) 
(-), Too dry formulation; (-)(-), Too wet formulation; +, Rounded/spherical granules 
* % of liquid binder based on dry weight 
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Table B-3. Formulations of lactose pellets using cellulose derivatives-

hydroxyethylcellulose (HEC 4000) as the formulation aid and water as 

liquid binder. 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) rResults 

HEC1-L/W45 HEC4000 0.25 99.75 45 (15.00%) (-) 

HEC1-L/W50       50 (16.66%) (-) 

HEC1-L/W50       55 (18.33%) (-) 

HEC1-L/W60       60 (20.00%) (-)(-) 

HEC2-L/W45   0.50 99.50 45 (15.00%) (-) 

HEC2-L/W50       50 (16.66%) (-) 

HEC2-L/W55       55 (18.33%) (-)(-) 

HEC3-L/W35   1.00 99.00 35 (11.66%) (-) 

HEC3-L/W45       45 (15.00%) (-) 

HEC3-L/W50       50 (16.66%) (-) 

HEC3-L/W55       55 (18.33%) (-)(-) 

HEC3-L/W60       60 (20.00%) (-)(-) 

HEC4-L/W45   2.00 98.00 45 (15.00%) (-) 

HEC4-L/W50       50 (16.66%) (-)(-) 

HEC4-L/W55       55 (16.66%) (-)(-) 
(-), Too dry formulation; (-)(-), Too wet formulation; +, Rounded/spherical granules 
* % of liquid binder based on dry weight 
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Table B-4. Formulations of lactose pellets using cellulose derivatives-

hydroxypropyl cellulose, low-substituted (HPC-L) as the formulation aid 

and water as liquid binder. 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

HPC1-L/W38 HPC-L 0.25 99.75 38 (12.66%) (-) 

HPC1-L/W40       40 (13.33%) (-) 

HPC1-L/W43       43 (14.33%) (-) 

HPC1-L/W45       45 (15.00%) (-) 

HPC2-L/W40   0.50 99.50 40 (13.33%) (-) 

HPC2-L/W43       43 (14.33%) (-) 

HPC2-L/W45       45 (15.00%) (-) 

HPC2-L/W50       50 (16.66%) (-) 

HPC3-L/W50   1.00 99.00 50 (16.66%) (-) 

HPC3-L/W52       52 (17.33%) (-) 

HPC3-L/W55       55 (18.33%) (-) 

HPC3-L/W58       58 (19.33%) (-) 

HPC3-L/W60       60 (20.00%) (-) 

HPC4-L/W40   2.00 98.00 40 (13.33%) (-) 

HPC4-L/W45       45 (15.00%) (-) 

HPC4-L/W50       50 (16.66%) (-) 

HPC4-L/W53       53 (17.66%) (-) 

HPC4-L/W55       55 (18.33%) (-) 

HPC4-L/W60       60 (20.00%) (-) 
(-), Too dry formulation; (-)(-), Too wet formulation; +, Rounded/spherical granules 
* % of liquid binder based on dry weight 
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Table B-5. Formulations of lactose pellets using cellulose derivatives-

hydroxypropyl methylcellulose (HPMC E15) as the formulation aid and 

water as liquid binder. 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

HPMC1-L/W30 HPMC E15 0.25 99.75 30 (10.00%) (-) 

HPMC1-L/W35       35 (11.66%) (-) 

HPMC1-L/W38       38 (12.66%) (-)(-) 

HPMC2-L/W35   0.50 99.50 35 (11.66%) (-) 

HPMC2-L/W36       36 (12.00%) (-) 

HPMC2-L/W38       38 (12.66%) (-)(-) 

HPMC3-L/W35   1.00 99.00 35 (11.66%) (-) 

HPMC3-L/W38       38 (12.66%) (-) 

HPMC3-L/W39       39 (13.00%) (-) 

HPMC3-L/W40       40 (13.33%) (-) 

HPMC3-L/W41       41 (13.66%) (-)(-) 

HPMC3-L/W42       42 (14.00%) (-)(-) 

HPMC3-L/W43       43 (14.33%) (-)(-) 

HPMC3-L/W44       44 (14.66%) (-)(-) 

HPMC3-L/W45       45 (15.00%) (-)(-) 

HPMC3-L/W50       50 (16.66%) (-)(-) 

HPMC4-L/W30   2.00 98.00 30 (10.00%) (-) 

HPMC4-L/W34       34 (11.33%) (-) 

HPMC4-L/W35       35 (11.66%) + 

HPMC4-L/W36       36 (12.00%) (-)(-) 

HPMC4-L/W38       38 (12.66%) (-)(-) 

HPMC4-L/W40       40 (13.33%) (-)(-) 

HPMC4-L/W45       45 (15.00%) (-)(-) 
(-), Too dry formulation; (-)(-), Too wet formulation; +, Rounded/spherical granules 
* % of liquid binder based on dry weight 
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Table B-6. Formulations of lactose pellets using microcrystalline cellulose PH 101 

  (Avicel®PH 101(MCC)) as the formulation aid and water as liquid binder. 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

CT-L MCC 50.00 50.00 195 (65.00%) + 
(-), Too dry formulation; (-)(-), Too wet formulation; +, Rounded/spherical granules 
* % of liquid binder based on dry weight 
 

Table B-7. Formulations of lactose pellets using cellulose derivatives – sodium 

carboxymethylcellulose (NaCMC 1180) as the formulation aid and 50% 

ethanol as liquid binder 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

CMC1-L/A60 NaCMC1180 0.25 99.75 60 (20.00%) (-) 

CMC1-L/A65       65 (21.66%) (-) 

CMC1-L/A66       66 (22.00%) (-)(-) 

CMC1-L/A67       67 (22.33%) (-)(-) 

CMC1-L/A68       68 (22.66%) (-)(-) 

CMC1-L/A69       69 (23.00%) (-)(-) 

CMC1-L/A70       70 (23.33%) (-)(-) 

CMC1-L/A84       84 (28.00%) (-)(-) 

CMC2-L/A65   0.50 99.50 65 (21.66%) (-) 

CMC2-L/A70       70 (23.33%) (-) 

CMC2-L/A80       80 (26.66%) (-) 

CMC2-L/A82       82 (27.33%) + 

CMC2-L/A83       83 (27.66%) + 

CMC2-L/A84       84 (28.00%) + 

CMC2-L/A85       85 (28.33%) + 

CMC2-L/A86       86 (28.66%) + 
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Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

CMC2-L/A87  NaCMC1180 0.50 99.50 87 (29.00%) + 

CMC2-L/A88  88 (29.33%) (-)(-) 

CMC2-L/A90  90 (30.00%) (-)(-) 

CMC3-L/A65   1.00 99.00 65 (21.66%) (-) 

CMC3-L/A70       70 (23.33%) (-) 

CMC3-L/A71       71 (23.66%) (-) 

CMC3-L/A75       75 (25.00%) (-) 

CMC3-L/A80       80 (26.66%) (-) 

CMC3-L/A82       82 (27.33%) (-) 

CMC3-L/A84       84 (28.00%) (-) 

CMC3-L/A85       85 (28.33%) (-) 

CMC3-L/A86       86 (28.66%) (-) 

CMC3-L/A88       88 (29.33%) (-) 

CMC3-L/A90       90 (30.00%) + 

CMC3-L/A92       92 (30.66%) (-)(-) 

CMC3-L/A94       94 (31.33%) (-)(-) 

CMC3-L/A96       96 (32.00%) (-)(-) 

CMC3-L/A98       98 (32.66%) (-)(-) 

CMC3-L/A100       100 (33.33%) (-)(-) 

CMC3-L/A102       102 (34.00%) (-)(-) 

CMC4-L/A100   2.00 98.00 100 (33.33%) (-) 

CMC4-L/A101       101 (33.66%) (-) 

CMC4-L/A102       102 (34.00%) (-) 

CMC4-L/A103       103 (34.33%) (-) 

CMC4-L/A104       104 (34.66%) (-) 

CMC4-L/A105       105 (35.00%) (-) 

CMC4-L/A106       106 (35.33%) (-) 

CMC4-L/A107       107 (35.66%) (-) 

CMC4-L/A108       108 (36.00%) (-) 
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Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

CMC4-L/A109  NaCMC1180 2.00 98.00 109 (36.33%) (-) 

CMC4-L/A110  110 (36.66%) (-) 

CMC4-L/A111  111 (37.00%) (-)(-) 

CMC4-L/A112       112 (37.33%) (-)(-) 

CMC4-L/A115       115 (38.33%) (-)(-) 

CMC4-L/A123       123 (41.00%) (-)(-) 
(-), Too dry formulation; (-)(-), Too wet formulation; +, Rounded/spherical granules 
* % of liquid binder based on dry weight 
 

Table B-8. Formulations of lactose pellets using cellulose derivatives -methylcellulose  

(MC 15) as the formulation aid and 50% ethanol as liquid binder. 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

MC1-L/A54 MC15 0.25 99.75 54 (18.00%) (-) 

MC1-L/A56       56 (18.66%) (-) 

MC1-L/A58       58 (19.33%) (-)(-) 

MC2-L/A58   0.50 99.50 58 (19.33%) (-) 

MC2-L/A59       59 (19.66%) (-) 

MC2-L/A62       62 (20.66%) (-)(-) 

MC3-L/A58   1.00 99.00 58 (19.33%) (-) 

MC3-L/A61       61 (20.33%) (-) 

MC3-L/A62       62 (20.66%) + 

MC3-L/A64       64 (21.33%) + 

MC3-L/A66       66 (22.00%) + 

MC3-L/A68       68 (22.66%) + 

MC3-L/A72       72 (24.00%) (-)(-) 
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Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

MC4-L/A50  MC 15 2.00 98.00 50 (16.66%) (-) 

MC4-L/A54       54 (18.00%) (-) 

MC4-L/A58       58 (19.33%) (-) 

MC4-L/A60       60 (20.00%) (-) 
 

Table B-9. Formulation of lactose pellets using cellulose derivatives-

hydroxyethylcellulose (HEC 4000) as the formulation aids and 50% ethanol as 

liquid binder. 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

HEC1-L/A22 HEC 4000 0.25 99.75 22 (7.33%) (-) 

HEC1-L/A36       36 (12.00%) (-) 

HEC1-L/A42       42 (14.00%) (-) 

HEC2-L/A22   0.50 99.50 22 (7.33%) (-) 

HEC2-L/A36       36 (12.00%) (-) 

HEC2-L/A42       42 (14.00%) (-) 

HEC2-L/A48       48 (16.00%) (-) 

HEC2-L/A56       56 (18.66%) (-) 

HEC3-L/A55   1.00 99.00 56 (18.66%) (-) 

HEC3-L/A60       60 (20.00%) (-) 

HEC3-L/A64       64 (21.33%) (-) 

HEC3-L/A76       76 (25.33%) (-) 

HEC4-L/A74   2.00 98.00 74 (24.66%) (-) 

HEC4-L/A76       76 (25.33%) (-) 

HEC4-L/A77       77 (25.66%) (-) 
(-), Too dry formulation; (-)(-), Too wet formulation; +, Rounded/spherical granules 
* % of liquid binder based on dry weight 
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Table B-10. Formulations of lactose pellets using cellulose derivatives-

hydroxypropyl cellulose, low-substituted (HPC-L) as the formulation aid and 

50% ethanol as liquid binder. 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

HPC1-L/A38 HPC-L 0.25 99.75 38 (12.66%) (-) 

HPC1-L/A40       40 (13.33%) (-) 

HPC1-L/A43       43 (14.33%) (-) 

HPC1-L/A45       45 (15.00%) (-) 

HPC2-L/A40   0.50 99.50 40 (13.33%) (-) 

HPC2-L/A43       43 (14.33%) (-) 

HPC2-L/A45       45 (15.00%) (-) 

HPC2-L/A50       50 (16.66%) (-) 

HPC3-L/A50   1.00 99.00 40 (13.33%) (-) 

HPC3-L/A52       50 (16.66%) (-) 

HPC3-L/A55       55 (18.33%) (-) 

HPC3-L/A58       58 (19.33%) (-) 

HPC3-L/A60       60 (20.00%) (-) 

HPC4-L/A40   2.00 98.00 40 (13.33%) (-) 

HPC4-L/A45       45 (15.00%) (-) 

HPC4-L/A50       50 (16.66%) (-) 

HPC4-L/A53       53 (17.66%) (-) 

HPC4-L/A55       55 (18.33%) (-) 

HPC4-L/A60       60 (20.00%) (-) 
(-), Too dry formulation; (-)(-), Too wet formulation; +, Rounded/spherical granules 
* % of liquid binder based on dry weight 
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Table B-11. Formulations of lactose pellets using cellulose derivatives-

hydroxypropyl methylcellulose (HPMC E15) as theformulation aid and 50% 

ethanol as liquid binder. 

 

Code Polymer Polymer  
(%) 

Lactose 
(%) 

H2O 
g  (%*) Results 

HPMC1-L/A57 HPMC E15 0.25 99.75 57 (19.00%) (-) 
HPMC1-L/A60       60 (20.00%) (-) 
HPMC1-L/A62       62 (20.66%) (-) 
HPMC1-L/A65      65 (21.66%) (-)(-) 
HPMC2-L/A62   0.50 99.50 62 (20.66%) (-) 
HPMC2-L/A65       65 (21.66%) + 
HPMC2-L/A66       66 (22.00%) + 
HPMC2-L/A67       67 (22.33%) (-)(-) 
HPMC2-L/A68       68 (22.66%) (-)(-) 
HPMC3-L/A62   1.00 99.00 62 (20.66%) (-) 
HPMC3-L/A63       63 (21.00%) + 
HPMC3-L/A64       64 (21.33%) + 
HPMC3-L/A65       65 (21.66%) + 
HPMC3-L/A66       66 (22.00%) + 
HPMC3-L/A67       67 (22.33%) + 
HPMC3-L/A68       68 (22.66%) (-)(-) 
HPMC3-L/A70       70 (23.33%) (-)(-) 
HPMC3-L/A87       87 (29.00%) (-)(-) 
HPMC4-L/A58   2.00 98.00 58 (19.33%) (-) 
HPMC4-L/A60       60 (20.00%) (-) 
HPMC4-L/A62       62 (20.66%) (-)(-) 
HPMC4-L/A64       64 (21.33%) (-)(-) 
HPMC4-L/A65      65 (21.66%) (-)(-) 
HPMC4-L/A68       68 (22.66%) (-)(-) 
HPMC4-L/A71       71 (23.66%) (-)(-) 

(-), Too dry formulation; (-)(-), Too wet formulation; +, Rounded/spherical granules 
* % of liquid binder based on dry weight 
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2. Percentage yield during extrusion-spheronization process 

 

Table B-12. Percentage yield during extrusion-spheronization process of preparation 

of pellets, calculated based on total weight of wet mass. 

 

% Yield 
Formulation Extrude Spheronization 

CMC2-L/W50 63.46 59.37 
CMC2-L/W51 61.76 59.19 
CMC3-L/W45 55.18 51.76 
CMC3-L/W46 53.15 48.94 
CMC2-L/A82 64.40 60.49 
CMC2-L/A83 66.34 61.62 
CMC2-L/A84 65.92 60.89 
CMC2-L/A85 66.81 61.62 
CMC2-L/A86 66.95 62.61 
CMC2-L/A87 65.47 61.11 
CMC3-L/A90 65.07 56.53 
MC2-L/W45 66.30 63.48 
MC3-L/W42 63.46 58.83 
MC3-L/W45 62.56 60.45 
MC3-L/A62 59.94 47.78 
MC3-L/A64 66.84 63.33 
MC3-L/A66 66.01 61.51 
MC3-L/A68 65.74 61.40 
HPMC2-L/A65 68.80 55.38 
HPMC2-L/A66 66.89 60.76 
HPMC3-L/A63 66.73 43.98 
HPMC3-L/A64 64.09 58.16 
HPMC3-L/A65 66.68 61.98 
HPMC3-L/A66 69.61 64.50 
HPMC3-L/A67 67.28 52.11 
CT-L/W195 67.95 64.33 
MC1-P/W41 64.52 59.37 
MC2-P/A58 43.86 59.19 
MC4-I/W70 76.43 51.76 
MC8-I/A106 57.31 48.94 
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APPENDIX C 

 
1. Amplitude sweep 

 

Amplitude sweep test is used to determine the upper boundary of the linear 

viscoelatic (LVE) range from a stress sweep. 

 

Table C-1. Linear viscoelastic range (LVE) for NaCMC 1180 gel. 

 

Formulation LVE (mNm) Formulation LVE (mNm) 

CMC1-G/W30 1.45E-03 CMC3-G/W43 4.85E-01 
CMC1-G/W32 3.86E-02 CMC3-G/W46 5.47E-01 
CMC1-G/W34 2.11E-03 CMC3-G/W51 3.80E-01 
CMC1-G/W35 4.15E-02 CMC3-G/W52 1.74E-02 
CMC2-G/W49 9.71E-03 CMC4-G/W40 1.23E-01 
CMC2-G/W50 7.05E-02 CMC4-G/W46 2.42E+00 
CMC2-G/W51 5.00E-02 CMC4-G/W52 1.74E+00 
CMC2-G/W52 6.32E-02 CMC4-G/W55 1.38E+00 

 

 

Table C-2. Linear viscoelastic range (LVE) for wet mass of lactose, with NaCMC 

1180 as the formulation aid. 

 

Formulation LVE (mNm) Formulation LVE (mNm) 

CMC2-L/W45 1.89E+00 CMC1-L/A65 1.99E+00 
CMC2-L/W50 1.88E+00 CMC1-L/A70 2.56E+00 
CMC2-L/W51 1.13E+00 CMC2-L/A70 6.46E+00 
CMC2-L/W52 1.16E+00 CMC2-L/A83 1.77E+00 
CMC3-L/W43 5.63E+00 CMC2-L/A84 1.52E+00 
CMC3-L/W45 9.99E-01 CMC2-L/A86 2.12E+00 
CMC3-L/W50 1.05E+01 CMC2-L/A90 1.90E+00 
CMC3-L/W52 4.86E+00 CMC3-L/A68 4.24E+00 
CMC4-L/W43 2.23E+00 CMC3-L/A90 1.98E+00 
CMC4-L/W45 3.46E+00   
CMC4-L/W52 4.16E+00   
CMC4-L/W55 5.84E+00     
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Table C-3. Linear viscoelastic range (LVE) for wet mass of lactose, with MC 15 and 

HPMC E15 as the formulation aid. 

 

Formulation LVE (mNm) Formulation LVE (mNm) 

MC2-L/W39 5.60E+00 MC3-L/A58 3.72E-01 
MC2-L/W45 4.61E+00 MC3-L/A64 2.70E+00 
MC2-L/W50 2.80E+00 MC3-L/A68 3.17E+00 
MC3-L/W45 3.30E+00 MC3-L/A72 4.89E-01 
   HPMC2-L/A65 1.27E+00 
   HPMC3-L/A62 7.42E-01 
   HPMC3-L/A65 3.80E+00 
    HPMC3-L/A68 1.95E+00 

 

Table C-4. Linear viscoelastic range (LVE) for wet mass of lactose, with MCC as the 

formulation aid. 

 

Formulation LVE (mNm) 

CT-L/W195 5.35E-01 
 
Table C-5. Linear viscoelastic range (LVE) for wet mass of propranolol hydrochloride 

or ibuprofen, with MC 15 wet mass as the formulation aid. 

 

Formulation LVE (mNm) 

MC1-P/A58 3.84E-01 
MC2-P/W41 2.80E-02 
MC4-I/W70 1.21E+00 
MC8-I/A106 5.92E-01 
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2. Creep experiment 

 

Table C-6. Data of creep experiment for NaCMC 1180 gel.  

 

Creep phase Recovery phase 

J0 (1/Pa) Je (1/Pa) Jv (1/Pa) Je /Jmax(%) Jv /Jmax(%)
Formulation 

mean 
SD 

mean mean mean mean 
SD 

CMC1-G/W30 1.31E-02 6.12E-04 2.33E-02 2.91E-02 44.88 55.52 3.51E-04
CMC1-G/W32 1.34E-02 7.09E-04 2.27E-02 3.64E-02 38.38 61.62 3.36E-04
CMC1-G/W34 2.19E-02 9.28E-04 4.43E-02 5.52E-02 44.55 55.45 7.63E-04
CMC1-G/W35 1.47E-02 8.76E-04 2.56E-02 4.37E-02 36.94 63.06 3.77E-04
CMC1-G/W36 3.27E-02 1.72E-03 6.41E-02 1.11E-01 36.68 63.32 9.82E-04
CMC2-G/W49 6.38E-03 2.48E-04 1.15E-02 1.42E-02 44.90 55.10 1.95E-04
CMC2-G/W50 5.52E-03 2.51E-04 1.20E-02 1.18E-02 50.38 49.62 1.84E-04
CMC2-G/W51 7.60E-03 2.73E-04 1.21E-02 1.67E-02 42.14 57.86 1.76E-04
CMC2-G/W52 7.95E-03 3.92E-04 1.79E-02 1.92E-02 48.26 51.74 2.93E-04
CMC3-G/W43 7.20E-04 2.32E-05 9.26E-04 1.34E-03 40.88 59.12 1.20E-05
CMC3-G/W46 5.55E-04 1.15E-05 8.00E-04 5.97E-04 57.26 42.74 9.88E-06
CMC3-G/W49 9.24E-04 3.39E-05 1.49E-03 1.97E-03 43.07 56.93 2.17E-05
CMC3-G/W51 9.69E-04 3.69E-05 1.56E-03 2.17E-03 41.74 58.62 2.21E-05
CMC4-G/W40 1.20E-04 3.19E-06 1.48E-04 1.84E-04 44.59 55.41 1.94E-06
CMC4-G/W43 1.86E-04 5.96E-06 2.51E-04 3.82E-04 39.66 60.34 2.96E-06
CMC4-G/W46 1.87E-04 5.33E-06 2.24E-04 2.24E-04 39.09 60.91 2.78E-06
CMC4-G/W52 2.22E-04 5.62E-06 2.38E-04 3.68E-04 39.26 60.74 2.80E-06
CMC4-G/W55 2.44E-04 7.23E-06 3.34E-04 4.15E-04 44.58 55.42 4.02E-06
Note:  J0 =  instantaneous compliance 

 Je  =  elastic compliance 

 Jv = viscous compliance 

 Je /Jmax = elastic shear of compliance 

 Jv /Jmax = viscous shear of compliance 
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Table C-7. Data of creep experiment for wet mass of lactose, with NaCMC 1180 

as the formulation aid. 

 

Creep phase Recovery phase 

J0 (1/Pa) Je (1/Pa) Jv (1/Pa) Je /Jmax(%) Jv /Jmax(%)
Formulation 

mean 
SD 

mean mean mean mean 
SD 

CMC2-L/W45 1.78E-07 8.40E-09 3.91E-07 1.09E-06 26.30 73.70 4.90E-09
CMC2-L/W51 1.31E-07 1.12E-08 3.41E-07 1.27E-07 21.22 78.78 4.65E-09
CMC2-L/W52 2.14E-07 1.12E-08 5.64E-07 1.19E-06 32.22 67.78 6.68E-09
CMC2-L/W55 1.41E-07 7.60E-09 4.79E-07 7.90E-07 37.75 62.25 5.79E-09
CMC3-L/W43 1.17E-07 5.64E-09 3.09E-07 6.49E-07 32.27 67.76 3.56E-10
CMC3-L/W45 2.20E-07 1.09E-08 3.55E-07 1.18E-06 23.06 76.94 4.62E-09
CMC3-L/W50 2.48E-07 1.04E-08 4.25E-07 9.96E-07 29.90 70.10 5.32E-09
CMC3-L/W52 1.59E-07 1.01E-08 4.65E-07 9.80E-07 32.16 67.84 5.68E-09
CMC4-L/W43 2.39E-07 4.72E-09 4.41E-07 7.98E-07 35.56 64.44 4.72E-09
CMC4-L/W45 2.79E-07 1.16E-08 4.03E-07 1.07E-06 27.36 72.64 4.70E-09
CMC4-L/W52 1.67E-07 8.77E-09 4.33E-07 9.18E-07 32.08 67.92 5.16E-09
CMC1-L/A65 3.15E-07 1.10E-08 2.53E-07 1.32E-06 16.08 83.92 3.84E-09
CMC1-L/A70 1.93E-07 8.23E-09 3.13E-07 8.48E-07 26.96 73.04 4.15E-09
CMC2-L/A70 1.49E-07 3.75E-09 3.84E-07 8.62E-07 30.83 69.17 4.45E-09
CMC2-L/A83 1.74E-07 7.47E-09 3.00E-07 1.22E-06 19.75 80.25 4.20E-09
CMC2-L/A84 2.04E-07 1.48E-08 4.51E-07 1.71E-06 20.85 79.15 5.48E-09
CMC2-L/A86 2.47E-07 1.08E-08 6.29E-07 1.50E-06 29.57 70.43 6.91E-09
CMC2-L/A90 2.20E-07 9.12E-09 5.16E-07 1.42E-06 26.58 73.42 7.11E-09
CMC2-L/A90 1.64E-07 8.46E-09 5.14E-07 1.41E-06 26.71 73.29 6.67E-09
CMC3-L/A68 9.21E-08 2.88E-09 3.45E-07 5.15E-07 40.14 59.86 4.13E-09
CMC3-L/A90 3.14E-07 5.00E-09 5.28E-07 1.29E-06 29.08 70.92 6.54E-09
Note:  J0 =  instantaneous compliance 

 Je  =  elastic compliance 

 Jv = viscous compliance 

 Je /Jmax = elastic shear of compliance 

 Jv /Jmax = viscous shear of compliance 
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Table C-8. Data of creep experiment for wet mass of lactose, with MC 15 and 

HPMC E15 as the formulation aids. 

 

Creep phase Recovery phase 

J0 (1/Pa) Je (1/Pa) Jv (1/Pa) Je /Jmax(%) Jv /Jmax(%)
Formulation 

mean 
SD 

mean mean mean mean 
SD 

MC2-L/W39 6.33E-08 2.50E-09 1.23E-07 4.10E-07 23.17 76.83 1.58E-09
MC2-L/W45 8.71E-08 5.44E-09 1.57E-07 6.27E-07 19.97 80.03 2.00E-09
MC2-L/W50 1.21E-07 3.46E-09 1.74E-07 8.77E-07 16.53 83.47 2.56E-09
MC3-L/W45 8.70E-08 5.06E-09 3.01E-07 4.53E-07 39.94 60.06 3.38E-09
MC3-L/W45 1.14E-07 5.91E-09 2.48E-07 7.59E-07 24.62 75.38 3.03E-09
MC3-L/A58 7.90E-08 3.09E-09 1.46E-07 4.51E-07 24.45 75.55 2.02E-09
MC3-L/A64 8.77E-08 4.46E-09 2.48E-07 5.18E-07 32.39 67.61 3.17E-09
MC3-L/A72 1.06E-07 4.13E-09 2.44E-07 6.63E-07 26.88 73.12 3.66E-09
HPMC2-L/A65 7.77E-08 4.40E-09 1.49E-07 6.08E-07 19.64 80.36 2.21E-09
HPMC3-L/A62 1.17E-07 4.02E-09 2.25E-07 6.54E-07 25.58 74.42 3.44E-09
HPMC3-L/A65 1.66E-07 7.43E-09 2.35E-07 8.64E-07 21.36 78.64 3.17E-09
HPMC3-L/A68 8.76E-08 2.39E-09 1.27E-07 5.23E-07 19.57 80.43 2.02E-09
Note:  J0 =  instantaneous compliance 

 Je  =  elastic compliance 

 Jv = viscous compliance 

 Je /Jmax = elastic shear of compliance 

 Jv /Jmax = viscous shear of compliance 
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Table C-9. Data of creep experiment for wet mass of lactose, with MCC as the 

formulation aid. 

 

Creep phase Recovery phase 

J0 (1/Pa) Je (1/Pa) Jv (1/Pa) Je /Jmax(%) Jv /Jmax(%) 
Formulation 

mean 
SD 

mean mean mean mean 
SD 

CT-L/W195 1.25E-06 3.24E-08 2.12E-06 1.97E-06 51.82 48.18 2.76E-08 
Note:  J0 =  instantaneous compliance 

 Je  =  elastic compliance 

 Jv = viscous compliance 

 Je /Jmax = elastic shear of compliance 

 Jv /Jmax = viscous shear of compliance 

 

Table C-10. Data of creep experiment for wet mass of propranolol hydrochloride or 

ibuprofen, with MC 15 as the formulation aid 

 

Creep phase Recovery phase 

J0 (1/Pa) Je (1/Pa) Jv (1/Pa) Je /Jmax(%) Jv /Jmax(%)
Formulation 

mean 
SD 

mean mean mean mean 
SD 

MC1-P/A58 7.04E-08 5.40E-09 2.39E-09 7.50E-07 0.32 99.68 1.10E-08
MC2-P/W41 9.43E-08 1.62E-09 1.17E-07 1.77E-07 40.03 59.97 1.94E-09
MC8-I/A106 2.97E-07 3.38E-08 7.01E-07 3.98E-06 14.97 85.03 1.41E-08
MC4-I/W70 1.53E-07 5.82E-09 2.80E-07 8.81E-07 24.08 75.92 4.85E-09
Note:  J0 =  instantaneous compliance 

 Je  =  elastic compliance 

 Jv = viscous compliance 

 Je /Jmax = elastic shear of compliance 

 Jv /Jmax = viscous shear of compliance 
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3. Oscillation experiment  

 

Table C-11. Data of oscillation experiment for NaCMC 1180 gel. 

 

G′ (Pa) G″ (Pa) G* (Pa) Formulation 

mean (SD) mean (SD) mean (SD) 

CMC1-G/W30 1.62E+02 (9.64) 8.28E+01 (4.18) 2.90E+01 (1.63) 

CMC1-G/W32 1.74E+02 (5.13) 8.71E+01 (2.93) 3.10E+01 (0.88) 

CMC1-G/W34 1.04E+02 (3.41) 5.36E+01 (1.51) 1.86E+01 (0.58) 

CMC1-G/W35 1.48E+02 (4.20) 7.48E+01 (2.75) 2.64E+01 (0.76) 

CMC1-G/W36 6.76E+01 (2.10) 3.99E+01 (1.34) 1.25E+01 (0.36) 

CMC2-G/W49 3.67E+02 (10.90) 1.49E+02 (6.97) 6.30E+01 (1.89) 

CMC2-G/W50 3.51E+02 (9.24) 1.47E+02 (6.22) 6.06E+01 (1.67) 

CMC2-G/W51 3.12E+02 (8.68) 1.28E+02 (5.10) 5.36E+01 (1.52) 

CMC2-G/W52 2.49E+02 (14.53) 1.16E+02 (6.62) 4.37E+01 (2.46) 

CMC3-G/W43 3.20E+03 (31.73) 8.60E+02 (8.96) 5.27E+02 (4.85) 

CMC3-G/W46 2.86E+03 (23.52) 9.15E+02 (32.87) 4.78E+02 (2.47) 

CMC3-G/W49 2.14E+03 (13.33) 6.64E+02 (13.64) 3.56E+02 (2.19) 

CMC3-G/W51 2.02E+03 (22.47) 6.51E+02 (17.62) 3.38E+02 (3.12) 

CMC4-G/W40 1.58E+04 (66.24) 2.60E+03 (12.74) 2.54E+03 (9.06) 

CMC4-G/W43 1.03E+04 (48.80) 1.98E+03 (1.47) 1.66E+03 (6.73) 

CMC4-G/W46 1.14E+04 (61.38) 2.17E+03 (4.53) 1.84E+03 (8.68) 

CMC4-G/W52 1.01E+04 (53.70) 1.97E+03 (4.44) 1.64E+03 (7.43) 

CMC4-G/W55 7.83E+03 (28.10) 1.64E+03 (0.00) 1.27E+03 (5.37) 
Note:  G′ = storage modulus, G″ = loss modulus, G* = complex modulus 
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Table C-12. Data of oscillation experiment for wet mass of lactose, with NaCMC 

1180 as the formulation aid 

 

G′ (Pa) G″ (Pa) G* (Pa) Formulation 

mean (SD) mean (SD) mean (SD) 

CMC1-L/A65 8.24E+07 (4.07E+06) 3.37E+07 (1.09E+06) 1.42E+07 (6.69E+05)

CMC1-L/A70 7.54E+07 (3.31+E06) 3.02E+07 (8.85E+05) 1.29E+07 (5.39E+05)

CMC2-L/A70 5.06E+07 (4.02E+05) 2.28E+07 (2.64E+05) 8.83E+06 (5.06E+04)

CMC2-L/A83 5.39E+07 (1.33E+06) 2.21E+07 (3.49E+05) 9.28E+06 (2.17E+05)

CMC2-L/A84 4.46E+07 (9.51E+05) 1.82E+07 (2.52E+05) 7.66E+06 (1.54E+05)

CMC2-L/A86 5.02E+07 (1.71E+06) 2.09E+07 (4.95E+05) 8.66E+06 (2.81E+05)

CMC2-L/A90 3.61E+07 (1.16E+06) 1.79E+07 (4.86E+05) 6.41E+06 (1.97E+05)

CMC3-L/A86 5.61E+07 (9.66E+05) 2.78E+07 (3.99E+05) 9.97E+06 (1.65E+05)

CMC3-L/A90 5.12E+07 (1.31E+06) 2.19E+07 (3.76E+05) 8.86E+06 (2.13E+05)

CMC2-L/W45 7.60E+07 (3.26E+06) 3.76E+07 (1.21E+06) 1.35E+07 (5.50E+05)

CMC2-L/W45 9.61E+07 (6.57E+06) 3.91E+07 (2.10E+06) 1.65E+07 (1.08E+06)

CMC2-L/W50 9.11E+07 (3.57E+06) 3.52E+07 (9.46E+05) 1.55E+07 (5.78E+05)

CMC2-L/W51 8.21E+07 (2.99E+06) 4.05E+07 (1.53E+06) 1.46E+07 (5.02E+05)

CMC2-L/W52 5.60E+07 (1.69E+06) 3.08E+07 (7.74E+05) 1.02E+07 (2.86E+05)

CMC3-L/W43 7.16E+07 (2.05E+06) 3.82E+07 (6.62E+05) 1.29E+07 (3.31E+05)

CMC3-L/W45 6.57E+07 (2.56E+06) 3.08E+07 (4.04E+06) 1.16E+07 (4.37E+05)

CMC3-L/W50 6.50E+07 (2.56E+06) 3.43E+07 (8.02E+05) 1.17E+07 (4.21E+05)

CMC3-L/W52 7.92E+07 (2.67E+06) 3.99E+07 (7.34E+05) 1.41E+07 (4.30E+05)

CMC4-L/W43 9.02E+07 (2.77E+06) 4.41E+07 (9.33E+05) 1.60E+07 (4.55E+05)

CMC4-L/W45 5.68E+07 (1.38E+06) 3.07E+07 (4.85E+05) 1.03E+07 (2.30E+05)

CMC4-L/W52 5.22E+07 (5.67E+05) 3.02E+07 (3.73E+05) 9.60E+06 (1.05E+05)

CMC4-L/W55 6.43E+07 (1.33E+06) 3.62E+07 (5.18E+05) 1.18E+07 (2.19E+05)
Note:  G′ = storage modulus, G″ = loss modulus, G* = complex modulus 
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Table C-13 Data of oscillation experiment for wet mass of lactose, with MC 15 and  

             HPMC E15 as the formulation aids 

 

G′ (Pa) G″ (Pa) G* (Pa) Formulation 

mean (SD) mean (SD) mean (SD) 

MC2-L/W39 9.67E+07 (2.30E+06) 2.37E+07 (2.17E+05) 1.58E+07 (3.56E+05)

MC2-L/W45 1.46E+08 (8.11E+06) 5.85E+07 (1.86E+06) 2.51E+07 (1.29E+06)

MC2-L/W50 1.12E+08 (3.31E+06) 4.85E+07 (1.46E+06) 1.95E+07 (5.33E+05)

MC3-L/W45 9.82E+07 (2.50E+06) 3.71E+07 (7.57E+05) 1.67E+07 (4.14E+05)

MC3-L/A58 1.00E+08 (5.59E+06) 2.97E+07 (6.79E+05) 1.66E+07 (8.82E+05)

MC3-L/A64 8.78E+07 (3.69E+06) 2.76E+07 (8.33E+05) 1.46E+07 (5.94E+05)

MC3-L/A68 8.40E+07 (3.59E+06) 2.97E+07 (1.09E+06) 1.42E+07 (5.96E+05)

MC3-L/A72 7.28E+07 (1.88E+06) 1.87E+07 (2.59E+05) 1.20E+07 (3.00E+05)

HPMC2-L/A65 9.50E+07 (4.63E+06) 2.90E+07 (1.12E+06) 1.58E+07 (7.59E+05)

HPMC3-L/A62 7.20E+07 (2.37E+06) 1.69E+07 (3.23E+05) 1.18E+07 (3.70E+05)

HPMC3-L/A65 8.69E+07 (2.54E+06) 2.80E+07 (5.63E+05) 1.45E+07 (4.10E+05)

HPMC3-L/A68 1.28E+08 (4.83E+06) 4.52E+07 (1.22E+06) 2.17E+07 (7.81E+05)
Note:  G′ = storage modulus, G″ = loss modulus, G* = complex modulus 

 

 

 

 

 

 

 

 

 



 175
Table C-14. Data of oscillation experiment for wet mass of lactose, with MCC as 

the formulation aid  

 

G′ (Pa) G″ (Pa) G* (Pa) Formulation 

mean (SD) mean (SD) mean (SD) 

CT-L/W195 1.85E+06 (1.17E+04) 2.20E+05 (1.96E+03) 2.96E+05 (1.82E+03)
Note:  G′ = storage modulus, G″ = loss modulus, G* = complex modulus 

 

Table C-15. Data of oscillation experiment for wet mass of propranolol hydrochloride 

or ibuprofen with MC 15 as the formulation aid  

 

G′ (Pa) G″ (Pa) G* (Pa) Formulation 

mean (SD) mean (SD) mean (SD) 

MC1-P/A58 1.27E+08 (1.22E+07) 1.33E+07 (2.56E+06) 2.03E+07 (1.92E+06)

MC2-P/W41 9.95E+07 (4.70E+06) 7.38E+06 (1.62E+06) 1.59E+07 (7.34E+05)

MC4-I/W70 2.54E+07 (2.20E+05) 5.93E+06 (7.29E+04) 4.15E+06 (3.41E+04)

MC8-I/A106 2.20E+07 (1.07E+06) 7.16E+06 (2.36E+05) 3.68E+06 (1.71E+05)
Note:  G′ = storage modulus, G″ = loss modulus, G* = complex modulus 
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APPENDIX D 

 

SIEVE ANALYSIS 
1. Sieve analysis 

 

Table D-1. Sieve analysis of CMC2-L/W50. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 3.65 2.22 100.00
2.00-1.70 1.850 0.29 0.18 97.78
1.70-1.40 1.550 9.74 5.91 97.61
1.40-1.18 1.290 120.02 72.86 91.69
1.18-1.00 1.090 22.85 13.87 18.83
1.00-0.71 0.855 5.23 3.18 4.96
0.71-0.50 0.605 1.14 0.69 1.78
  < 0.500 1.80 1.09 1.09
  Total 164.72 100.00   

 

Table D-2. Sieve analysis of CMC2-L/W51. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 8.90 5.60 100.00
2.00-1.70 1.850 7.20 4.53 94.40
1.70-1.40 1.550 118.14 74.31 89.87
1.40-1.18 1.290 18.27 11.49 15.57
1.18-1.00 1.090 3.49 2.20 4.08
1.00-0.71 0.855 2.40 1.51 1.88
0.71-0.50 0.605 0.49 0.31 0.37
  < 0.500 0.10 0.06 0.06
  Total 158.99 100.00   
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Table D-3. Sieve analysis of CMC3-L/W45. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 0.66 0.45 100.00
2.00-1.70 1.850 0.16 0.11 99.55
1.70-1.40 1.550 0.51 0.35 99.44
1.40-1.18 1.290 2.56 1.75 99.09
1.18-1.00 1.090 92.30 63.02 97.34
1.00-0.71 0.855 40.00 27.31 34.32
0.71-0.50 0.605 4.54 3.10 7.01
  < 0.500 5.73 3.91 3.91
  Total 146.46 100.00   

 

 
Table D-4. Sieve analysis of CMC3-L/W46. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) opening (mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 1.48 0.98 100.00
2.00-1.70 1.850 0.20 0.13 99.02
1.70-1.40 1.550 0.36 0.24 98.89
1.40-1.18 1.290 4.45 2.94 98.65
1.18-1.00 1.090 108.81 71.77 95.72
1.00-0.71 0.855 20.80 13.72 23.94
0.71-0.50 0.605 3.78 2.49 10.22
  < 0.500 11.72 7.73 7.73
  Total 151.60 100.00   
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Table D-5. Sieve analysis of CMC2-L/A82. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 20.39 11.48 100.00
2.00-1.70 1.850 4.96 2.79 88.52
1.70-1.40 1.550 134.78 75.87 85.73
1.40-1.18 1.290 11.08 6.24 9.86
1.18-1.00 1.090 1.92 1.08 3.62
1.00-0.71 0.855 0.97 0.55 2.54
0.71-0.50 0.605 0.08 0.05 1.99
  < 0.500 3.46 1.95 1.95
  Total 177.64 100.00   

 

 
Table D-6. Sieve analysis of CMC2-L/A83. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 3.03 1.64 100.00

3.35-2.80 3.075 4.66 2.52 98.36
2.80-2.36 2.580 14.83 8.01 95.85
2.36-2.00 2.180 137.05 74.05 87.83
2.00-1.70 1.850 19.26 10.41 13.79
1.70-1.40 1.550 2.37 1.28 3.38
1.40-1.18 1.290 1.14 0.62 2.10
1.18-1.00 1.090 0.93 0.50 1.49
1.00-0.71 0.855 1.03 0.56 0.98
0.71-0.50 0.605 0.27 0.15 0.43
  < 0.500 0.52 0.28 0.28
  Total 185.09 100.00   
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Table D-7. Sieve analysis of CMC2-L/A84. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.16 0.09 100.00

3.35-2.80 3.075 0.28 0.15 99.91
2.80-2.36 2.580 1.17 0.63 99.76
2.36-2.00 2.180 19.00 10.29 99.13
2.00-1.70 1.850 149.92 81.18 88.84
1.70-1.40 1.550 4.63 2.51 7.66
1.40-1.18 1.290 1.39 0.75 5.15
1.18-1.00 1.090 1.05 0.57 4.40
1.00-0.71 0.855 1.14 0.62 3.83
0.71-0.50 0.605 0.32 0.17 3.22
  < 0.500 5.62 3.04 3.04
  Total 184.68 100.00   

 

 

Table D-8. Sieve analysis of CMC2-L/A85. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 10.05 5.49 100.00

3.35-2.80 3.075 3.99 2.18 94.51
2.80-2.36 2.580 15.07 8.23 92.34
2.36-2.00 2.180 119.95 65.48 84.11
2.00-1.70 1.850 19.24 10.50 18.63
1.70-1.40 1.550 3.97 2.17 8.13
1.40-1.18 1.290 2.26 1.23 5.96
1.18-1.00 1.090 1.78 0.97 4.73
1.00-0.71 0.855 1.80 0.98 3.76
0.71-0.50 0.605 0.41 0.22 2.77
  < 0.500 4.67 2.55 2.55
  Total 183.19 100.00   
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Table D-9. Sieve analysis of CMC2-L/A86. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 3.23 1.70 100.00

3.35-2.80 3.075 2.38 1.25 98.30
2.80-2.36 2.580 3.98 2.09 97.05
2.36-2.00 2.180 59.64 31.39 94.95
2.00-1.70 1.850 112.42 59.16 63.57
1.70-1.40 1.550 3.28 1.73 4.40
1.40-1.18 1.290 1.43 0.75 2.68
1.18-1.00 1.090 1.01 0.53 1.93
1.00-0.71 0.855 1.29 0.68 1.39
0.71-0.50 0.605 0.55 0.29 0.72
  < 0.500 0.81 0.43 0.43
  Total 190.02 100.00   

 

 

Table D-10. Sieve analysis of CMC2-L/A87. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 2.40 1.30 100.00
2.00-1.70 1.850 16.15 8.73 98.70
1.70-1.40 1.550 158.73 85.80 89.97
1.40-1.18 1.290 2.70 1.46 4.18
1.18-1.00 1.090 1.40 0.76 2.72
1.00-0.71 0.855 1.73 0.94 1.96
0.71-0.50 0.605 0.86 0.46 1.03
  < 0.500 1.04 0.56 0.56
  Total 185.01 100.00   
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Table D-11. Sieve analysis of CMC3-L/A90. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative  

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 0.11 0.06 100.00
2.00-1.70 1.850 0.12 0.07 99.94
1.70-1.40 1.550 86.19 50.65 99.86
1.40-1.18 1.290 69.29 40.72 49.22
1.18-1.00 1.090 2.58 1.52 8.50
1.00-0.71 0.855 2.12 1.25 6.98
0.71-0.50 0.605 1.50 0.88 5.74
  < 0.500 8.26 4.85 4.85
  Total 170.17 100.00   

 

 

Table D-12. Sieve analysis of MC2-L/W42. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 24.05 13.58 100.00
2.00-1.70 1.840 103.53 58.48 86.42
1.70-1.40 1.545 39.70 22.42 27.94
1.40-1.18 1.295 3.15 1.78 5.52
1.18-1.00 1.090 1.88 1.06 3.74
1.00-0.71 0.854 2.44 1.38 2.68
0.71-0.50 0.604 0.65 0.37 1.30
  < 0.500 1.65 0.93 0.93
  Total 177.05 100.00   
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Table D-13. Sieve analysis of MC3-L/W42. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 14.81 9.18 100.00
2.00-1.70 1.840 93.89 58.23 90.82
1.70-1.40 1.545 41.27 25.59 32.59
1.40-1.18 1.295 2.26 1.40 7.00
1.18-1.00 1.090 1.01 0.63 5.59
1.00-0.71 0.854 0.89 0.55 4.97
0.71-0.50 0.604 0.14 0.09 4.42
  < 0.500 6.98 4.33 4.33
  Total 161.25 100.00   

 

 

Table D-14. Sieve analysis of MC3-L/W45. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.000 100.00

3.35-2.80 3.075 0.00 0.000 100.00
2.80-2.36 2.580 0.00 0.000 100.00
2.36-2.00 2.180 5.98 3.672 100.00
2.00-1.70 1.840 50.36 30.920 96.33
1.70-1.40 1.545 102.14 62.713 65.41
1.40-1.18 1.295 2.36 1.449 2.70
1.18-1.00 1.090 1.10 0.675 1.25
1.00-0.71 0.854 0.84 0.516 0.57
0.71-0.50 0.604 0.06 0.037 0.06
  < 0.500 0.03 0.018 0.02
  Total 162.87 100.00   
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Table D-15. Sieve analysis of MC3-L/A62. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 6.75 4.99 100.00
2.00-1.70 1.840 46.44 34.35 95.01
1.70-1.40 1.545 72.61 53.71 60.66
1.40-1.18 1.295 2.61 1.93 6.95
1.18-1.00 1.090 1.09 0.81 5.02
1.00-0.71 0.854 3.22 2.38 4.22
0.71-0.50 0.604 0.72 0.53 1.83
  < 0.500 1.76 1.30 1.30
  Total 135.20 100.00   

 

 

Table D-16. Sieve analysis of MC3-L/A64. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.000 100.00

3.35-2.80 3.075 0.00 0.000 100.00
2.80-2.36 2.580 0.00 0.000 100.00
2.36-2.00 2.180 19.28 10.514 100.00
2.00-1.70 1.840 2.20 1.200 89.49
1.70-1.40 1.545 105.48 57.523 88.29
1.40-1.18 1.295 28.96 15.793 30.76
1.18-1.00 1.090 8.59 4.685 14.97
1.00-0.71 0.854 8.86 4.832 10.29
0.71-0.50 0.604 4.46 2.432 5.45
  < 0.500 5.54 3.021 3.02
  Total 183.37 100.00   
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Table D-17. Sieve analysis of MC3-L/A66. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.000 100.00

3.35-2.80 3.075 0.00 0.000 100.00
2.80-2.36 2.580 0.00 0.000 100.00
2.36-2.00 2.180 0.49 0.273 100.00
2.00-1.70 1.840 0.56 0.313 99.73
1.70-1.40 1.545 119.31 66.594 99.41
1.40-1.18 1.295 53.63 29.934 32.82
1.18-1.00 1.090 3.21 1.792 2.89
1.00-0.71 0.854 0.64 0.357 1.09
0.71-0.50 0.604 0.12 0.067 0.74
  < 0.500 1.20 0.670 0.67
  Total 179.16 100.00   

 

 

Table D-18. Sieve analysis of MC3-L/A68. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.000 100.00

3.35-2.80 3.075 0.00 0.000 100.00
2.80-2.36 2.580 0.00 0.000 100.00
2.36-2.00 2.180 0.25 0.139 100.00
2.00-1.70 1.840 3.13 1.749 99.86
1.70-1.40 1.545 141.95 79.200 98.11
1.40-1.18 1.295 29.31 16.353 18.91
1.18-1.00 1.090 2.07 1.155 2.56
1.00-0.71 0.854 0.90 0.502 1.40
0.71-0.50 0.604 0.17 0.095 0.90
  < 0.500 1.45 0.806 0.81
  Total 179.23 100.00   
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Table D-19. Sieve analysis of HPMC2-L/A65. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.000 100.00
2.80-2.36 2.580 0.00 0.000 100.00
2.36-2.00 2.180 10.00 6.238 100.00
2.00-1.70 1.840 47.43 29.585 93.76
1.70-1.40 1.545 53.12 33.134 64.18
1.40-1.18 1.295 7.80 4.865 31.04
1.18-1.00 1.090 5.85 3.649 26.18
1.00-0.71 0.854 5.51 3.437 22.53
0.71-0.50 0.604 2.88 1.796 19.09
  < 0.500 27.73 17.297 17.30
  Total 160.32 100.00   

 

 

Table D-20. Sieve analysis of HPMC2-L/A66. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 15.31 8.65 100.00
2.00-1.70 1.840 118.74 67.06 91.35
1.70-1.40 1.545 33.07 18.68 24.30
1.40-1.18 1.295 1.30 0.73 5.62
1.18-1.00 1.090 0.59 0.33 4.89
1.00-0.71 0.854 0.38 0.21 4.55
0.71-0.50 0.604 0.19 0.11 4.34
  < 0.500 7.49 4.23 4.29
  Total 177.07 100.00   
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Table D-21. Sieve analysis of HPMC3-L/A63. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 0.93 0.72 100.00
2.00-1.70 1.840 62.87 48.87 99.28
1.70-1.40 1.545 49.63 38.58 50.41
1.40-1.18 1.295 1.92 1.49 11.83
1.18-1.00 1.090 2.32 1.80 10.34
1.00-0.71 0.854 5.90 4.59 8.53
0.71-0.50 0.604 0.69 0.54 3.95
  < 0.500 4.39 3.41 3.41
  Total 128.65 100.00   

 

 

Table D-22. Sieve analysis of HPMC3-L/A64. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 1.08 0.60 100.00
2.00-1.70 1.840 80.23 44.54 99.40
1.70-1.40 1.545 86.61 48.08 54.86
1.40-1.18 1.295 2.51 1.39 6.78
1.18-1.00 1.090 2.92 1.62 5.39
1.00-0.71 0.854 4.07 2.26 3.77
0.71-0.50 0.604 2.10 1.17 1.51
  < 0.500 0.62 0.34 0.34
  Total 180.14 100.00   
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Table D-23. Sieve analysis of HPMC3-L/A65. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.00 100.00

3.35-2.80 3.075 0.00 0.00 100.00
2.80-2.36 2.580 0.00 0.00 100.00
2.36-2.00 2.180 0.08 0.04 100.00
2.00-1.70 1.840 0.37 0.20 99.96
1.70-1.40 1.545 137.63 73.79 99.76
1.40-1.18 1.295 38.33 20.55 25.97
1.18-1.00 1.090 3.20 1.72 5.42
1.00-0.71 0.854 3.80 2.04 3.70
0.71-0.50 0.604 1.35 0.72 1.67
  < 0.500 1.76 0.94 0.94
  Total 186.52 100.00   

 

 

Table D-24. Sieve analysis of HPMC3-L/A66. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.00 0.000 100.00

3.35-2.80 3.075 0.00 0.000 100.00
2.80-2.36 2.580 0.00 0.000 100.00
2.36-2.00 2.180 3.72 1.965 100.00
2.00-1.70 1.840 9.43 4.982 98.03
1.70-1.40 1.545 155.36 82.075 93.05
1.40-1.18 1.295 10.13 5.352 10.98
1.18-1.00 1.090 1.82 0.961 5.63
1.00-0.71 0.854 1.95 1.030 4.66
0.71-0.50 0.604 0.47 0.248 3.63
  < 0.500 6.41 3.386 3.39
  Total 189.29 100.00   
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Table D-25. Sieve analysis of HPMC3-L/A67. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  >3.350 0.50 0.325 100.00

3.35-2.80 3.075 0.34 0.221 99.68
2.80-2.36 2.580 61.15 39.703 99.45
2.36-2.00 2.180 78.65 51.065 59.75
2.00-1.70 1.840 3.90 2.532 8.69
1.70-1.40 1.545 1.64 1.065 6.16
1.40-1.18 1.295 0.96 0.623 5.09
1.18-1.00 1.090 1.20 0.779 4.47
1.00-0.71 0.854 3.85 2.500 3.69
0.71-0.50 0.604 0.70 0.454 1.19
  < 0.500 1.13 0.734 0.73
  Total 154.02 100.00   

 

 

Table D-26. Sieve analysis of CT-L/W195. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  > 2.000 0.01 0.006 100.00
2.00-1.70 1.840 0.07 0.040 99.99
1.70-1.40 1.545 1.22 0.689 99.95
1.40-1.18 1.295 5.02 2.835 99.27
1.18-1.00 1.090 41.40 23.382 96.43
1.00-0.71 0.854 129.25 72.998 73.05
0.71-0.50 0.604 0.07 0.040 0.05
0.50-0.35 0.428 0.01 0.006 0.01
  < 0.355 0.01 0.006 0.01
  Total 177.06 100.00   
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Table D-27. Sieve analysis of MC2-P/W41. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  > 2.000 0.00 0.000 100.00
2.00-1.70 1.840 4.17 3.445 100.00
1.70-1.40 1.545 6.24 5.156 96.55
1.40-1.18 1.295 28.50 23.548 91.40
1.18-1.00 1.090 39.69 32.794 67.85
1.00-0.71 0.854 18.34 15.153 35.06
0.71-0.50 0.604 12.67 10.468 19.90
0.50-0.35 0.428 7.04 5.817 9.44
  < 0.355 4.38 3.619 0.94
  Total 121.03 100.00   

 

 
Table D-28. Sieve analysis of MC1-P/A58. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  > 2.000 0.00 0.00 100.00
2.00-1.70 1.850 3.34 1.85 100.00
1.70-1.40 1.550 12.94 7.17 98.15
1.40-1.18 1.290 51.61 28.60 90.98
1.18-1.00 1.090 55.10 30.53 62.38
1.00-0.71 0.855 36.14 20.02 31.85
0.71-0.50 0.605 15.30 8.48 11.83
0.50-0.35 0.428 4.36 2.42 3.35
  < 0.355 1.69 0.94 0.94
  Total 180.48 100.00   

 

 

 

 

 

 

 



 190
Table D-29. Sieve analysis of MC4-I /W70. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  > 2.000 0.00 0.000 100.00
2.00-1.70 1.840 0.52 0.262 100.00
1.70-1.40 1.545 1.85 0.932 99.74
1.40-1.18 1.295 9.66 4.869 98.81
1.18-1.00 1.090 37.53 18.916 93.94
1.00-0.71 0.854 117.88 59.415 75.02
0.71-0.50 0.604 24.08 12.137 15.60
0.50-0.35 0.428 5.30 2.671 3.47
  < 0.355 1.58 0.796 0.94
  Total 198.40 100.00   

 

 

Table D-30. Sieve analysis of MC8-I /A106. 

 

Sieve size 
Arithmetic 

mean  
Retained 
weight % Retained Cumulative 

(mm) 
opening 

(mm) (g)   % undersize 
  > 2.000 0.00 0.000 100.00
2.00-1.70 1.840 0.59 0.399 100.00
1.70-1.40 1.545 0.84 0.569 99.60
1.40-1.18 1.295 8.14 5.512 99.03
1.18-1.00 1.090 65.15 44.113 93.52
1.00-0.71 0.854 45.75 30.977 49.41
0.71-0.50 0.604 13.59 9.202 18.43
0.50-0.35 0.428 7.51 5.085 9.23
  < 0.355 6.12 4.144 0.94
  Total 147.69 100.00   
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2. Size and size distribution 

 

Table D-31. Median size diameter and intrquartile range (IQR). 

 

Interquartile Code 
Q1 Q2 Q3 IQR 

CMC2-L/W50 1.12 1.20 1.24 0.12 
CMC2-L/W51 1.34 1.42 1.50 0.16 
CMC3-L/W45 0.80 0.92 1.02 0.22 
CMC3-L/W46 0.86 0.94 1.02 0.16 
CMC2-L/A82 1.34 1.40 1.50 0.16 
CMC2-L/A83 0.92 0.98 1.06 0.14 
CMC2-L/A84 1.62 1.70 1.80 0.18 
CMC2-L/A85 1.88 2.00 2.12 0.24 
CMC2-L/A86 1.68 1.78 1.94 0.26 
CMC2-L/A87 1.36 1.44 1.50 0.14 
CMC3-L/A90 0.80 0.92 1.00 0.20 
MC2-L/W45 1.14 1.22 1.30 0.16 
MC3-L/W42 1.14 1.24 1.32 0.18 
MC3-L/W45 1.98 2.10 2.28 0.30 
MC3-L/A62 1.20 1.34 1.46 0.26 
MC3-L/A64 1.34 1.45 1.64 0.30 
MC3-L/A66 1.40 1.50 1.60 0.20 
MC3-L/A68 1.38 1.46 1.54 0.16 
HPMC2-L/A65 1.22 1.38 1.96 0.74 
HPMC2-L/A66 1.16 1.20 1.26 0.10 
HPMC3-L/A63 1.20 1.30 1.44 0.24 
HPMC3-L/A64 1.20 1.30 1.44 0.24 
HPMC3-L/A65 1.40 1.46 1.58 0.18 
HPMC3-L/A66 1.34 1.42 1.52 0.18 
HPMC3-L/A67 0.78 0.90 1.00 0.22 
CT-L/W195 0.69 0.78 0.89 0.20 
MC3-P/A58 0.78 1.00 1.12 0.34 
MC4-P/W41 0.68 0.86 1.14 0.46 
MC4-I/W70 0.66 0.72 0.84 0.18 
MC8-I/A106 0.69 0.78 0.89 0.20 

Q2  = median size diameter 
IQR = Q3-Q1
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Figure D-1. Effect of instantaneous compliance on median size diameter (mm) of 

water formulation. 
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Figure D-2. Effect of instantaneous compliance on median size diameter (mm) of 50% 

ethanol formulation. 
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Figure D-3. Effect of storage modulus (G′) on median size diameter (mm) of water 

formulation. 
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Figure D-4. Effect of storage modulus (G′) on median size diameter (mm) of 50% 

ethanol formulation. 

 

 

 

 



 194

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

2.20

0.
00

E+
00

1.
00

E+
07

2.
00

E+
07

3.
00

E+
07

4.
00

E+
07

5.
00

E+
07

6.
00

E+
07

loss modulus (Pa)

m
ed

ia
n 

siz
e 

di
am

et
er

 (m
m

NaCMC 1180-water
MC 15-water
CT-L/W195
MC2-P/W41
MC4-I/W70

 
Figure D-5. Effect of loss modulus (G″) on median size diameter (mm) of water 

formulation. 
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Figure D-6. Effect of loss modulus (G″) on median size diameter (mm) of 50% ethanol    

formulation. 
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Figure D-7. Effect of tan δ on median size diameter (mm) of water formulation. 
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Figure D-8. Effect of tan δ on median size diameter (mm) of 50% ethanol formulation. 
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Figure D-9. Effect of instantaneous compliance on IQR of water formulation. 
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Figure D-10. Effect of instantaneous compliance on IQR of 50% ethanol formulation. 
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Figure D-11. Effect of storage modulus (G′) on IQR of water formulation. 
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Figure D-12. Effect of storage (G′) modulus on IQR of 50% ethanol formulation. 
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Figure D-13. Effect of loss modulus (G″) on IQR of water formulation. 
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Figure D-14. Effect of loss modulus (G″) on IQR of 50% ethanol formulation. 
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Figure D-15. Effect of tan δ on IQR of water formulation. 
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Figure D-16. Effect of tan δ on IQR of 50% ethanol formulation. 
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APPENDIX E 

 

SPHERICITY 
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Figure E-1. Effect of instantaneous compliance on aspect ratio of water formulation. 
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Figure E-2. Effect of instantaneous compliance on aspect ratio of 50% ethanol 

formulation. 



 201

1.000

1.100

1.200

1.300

1.400

1.500

0.
00

E+
00

2.
00

E+
07

4.
00

E+
07

6.
00

E+
07

8.
00

E+
07

1.
00

E+
08

1.
20

E+
08

1.
40

E+
08

1.
60

E+
08

storage modulus (Pa)

as
pe

ct
 ra

tio
NaCMC 1180-water
MC 15-water
CT-L/W195
MC2-P/W41
MC4-I/W70

 
Figure E-3. Effect of storage modulus (G′) on aspect ratio of water formulation. 
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Figure E-4. Effect of storage modulus (G′) on aspect ratio of 50% ethanol formulation. 
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Figure E-5. Effect of loss modulus (G″) on aspect ratio of water formulation. 
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Figure E-6. Effect of loss modulus (G″) on aspect ratio of 50% ethanol formulation. 
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Figure E-7. Effect of tan δ on aspect ratio of water formulation. 
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Figure E-8. Effect of tan δ on aspect ratio of 50% ethanol formulation. 
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Figure. E-8. Effect of instantaneous compliance on roundness of water formulation. 
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Figure. E-9. Effect of instantaneous compliance on roundness of 50% ethanol  

 formulation. 
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Figure.E-10. Effect of storage modulus (G′) on roundness of water formulation. 
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Figure E-11. Effect of storage modulus (G′) on roundness of 50% ethanol formulation. 
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Figure E-12. Effect of loss modulus (G″) on roundness of water formulation. 
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Figure E-13. Effect of loss modulus (G″) on roundness of 50% ethanol formulation. 
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Figure E-14. Effect of tan δ on roundness of water formulation. 
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Figure E-15. Effect of tan δ on roundness of 50% ethanol formulation. 
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APPENDIX F 

 

CALIBRATION CURVE 

 
1. Calibration curve of propranolol hydrochloride for dissolution studies 

 

 The concentration (µg/ml) versus absorbance of propranolol hydrochloride in 

dilute hydrochloric acid at a maximum wavelength of 286 nm are presented in Table 

F-1. The standard curve of propranolol hydrochloride in these media is illustrated in 

Figure F-1. 

 

Table F-1. Absorbance of propranolol hydrochloride in dilute hydrochloric acid at the 

maximum wavelength 286 nm 

 

Absorbance   
Concentration (µg/ml) 1 2 3 Average 

9.94 0.1860 0.1860 0.1861 0.1860 
19.89 0.3898 0.3895 0.3896 0.3896 
29.83 0.5956 0.5952 0.5951 0.5953 
39.78 0.8045 0.8046 0.8047 0.8046 
49.72 0.9982 0.9989 0.9986 0.9986 
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Standard curve of propranolol hydrochloride in dilute hydrochloric 
acid (1:100) at 286 nm
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Figure F-1. Standard curve of propranolol hydrochloride in dilute hydrochloric acid  

(1:100) at 286 nm. 

 

2. Calibration curve of ibuprofen for dissolution studies 

 

 The concentration (µg/ml) versus absorbance of ibuprofen in phosphate buffer 

pH 7.2 at maximum wavelength 269 nm are presented in Table F-2. The standard 

curve of ibuprofen in these media are illustrated in Figure F-2. 
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Table F-2. Absorbance of ibuprofen in phosphate buffer pH 7.2 at the maximum  

 wavelength 269 nm 

 

 

Standard curve of ibuprofen
 in phosphate buffer pH 7.2 at 269 nm
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Figure F-2. Standard curve of ibuprofen in phosphate buffer pH 7.2 at maximum  

  wavelength 269 nm. 

Absorbance   
Concentration (µg/ml) 1 2 3 Average 

10.14 0.0591 0.0590 0.0589 0.0590 
20.28 0.0731 0.0729 0.073 0.0730 
40.56 0.1067 0.1062 0.1061 0.1063 
202.80 0.3469 0.3462 0.3456 0.3462 
304.20 0.4995 0.4992 0.4993 0.4993 
405.60 0.6488 0.6489 0.6489 0.6489 
507.00 0.7901 0.7900 0.7900 0.7900 
608.40 0.9479 0.9477 0.9478 0.9478 
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APPENDIX G 

 

DRUG RELEASE DATA 

 
1. Propranolol hydrochloride 

 

Table G-1. Percentage amount of propranolol hydrochloride release from pellets 

  

drug dissolved  (mg) % dissolved   Formulation Time  
(min) 1 2 3 mean SD 1 2 3 mean SD 

5 19.5 20.1 19.4 19.7 0.4 96.0 95.0 95.3 95.4 0.5 
15 20.1 21.1 20.3 20.5 0.6 99.0 99.6 99.5 99.4 0.3 
30 20.5 21.4 20.3 20.7 0.6 100.5 100.7 99.6 100.3 0.6 
45 20.5 21.3 20.3 20.7 0.5 100.8 100.1 99.6 100.1 0.6 
60 20.4 21.2 20.6 20.7 0.4 100.0 99.7 101.2 100.3 0.8 

 
 
 
MC1-P/A58 

 
 

 90 20.6 21.4 20.5 20.8 0.5 101.3 100.7 100.5 100.8 0.4 
5 20.3 19.8 19.55 19.9 0.4 97.4 97.2 96.9 97.2 0.2 
15 20.8 20.5 20.1 20.4 0.3 99.9 100.1 100.0 100.0 0.1 
30 20.9 20.3 19.6 20.3 0.7 100.5 99.6 97.4 99.2 1.6 
45 20.9 20.4 20.2 20.5 0.4 100.8 100.2 100.5 100.5 0.3 
60 21.0 20.4 20.3 20.6 0.4 101.0 100.3 100.6 100.6 0.3 

MC2-P/W41 
 

90 21.2 20.6 20.5 20.7 0.4 101.6 101.2 101.6 101.5 0.2 
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2. Ibuprofen  

 

Table G-2. Percentage amount of ibuprofen release from pellets 

  

drug dissolved  (mg) % dissolved   Formulation Time  
(min) 1 2 3 mean SD 1 2 3 mean SD 

5 1.8 4.1 5.3 1.8 4.1 9.1 20.3 26.2 18.5 8.7 
15 5.0 5.9 8.3 5.0 5.9 24.7 28.9 41.0 31.5 8.4 
30 8.7 8.6 8.5 8.7 8.6 42.9 42.0 42.0 42.3 0.5 
45 10.9 10.9 11.0 10.9 10.9 53.6 53.5 54.2 53.8 0.4 
60 11.2 14.4 11.9 11.2 14.4 55.4 70.8 58.7 61.6 8.1 
90 14.5 13.6 13.6 14.5 13.6 71.3 66.7 67.1 68.4 2.5 

 
 
 
MC4-I/W70 

 
 

 
180 18.2 14.1 17.4 18.2 14.1 89.4 69.2 86.2 81.6 10.9 
5 3.0 1.8 1.5 3.0 1.8 13.4 8.4 6.5 9.4 3.6 
15 5.5 3.7 3.7 5.5 3.7 24.7 17.1 16.5 19.4 4.6 
30 7.4 7.4 7.4 7.4 7.4 33.2 33.6 32.7 33.2 0.5 
45 9.2 9.6 9.6 9.2 9.6 41.5 44.0 42.2 42.5 1.3 
60 11.2 11.0 11.6 11.2 11.0 50.3 50.3 50.9 50.5 0.4 
90 14.1 13.6 14.4 14.1 13.6 63.4 62.2 63.3 63.0 0.7 

MC8-P/A106 
 

180 18.1 17.1 18.1 18.1 17.1 80.9 78.2 79.8 79.6 1.4 
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