
C H A P T E R  I I

E X P E R IM E N T A L

1. M a te ria ls

The fo llo w in g  substances w ere ob ta ined fro m  com m ercia l sources.

- Tapioca starch (T h a i-W h a  C o., L td ., B an gko k,T h a ila nd )

- Potato starch (su p p lie d  by W in n e r G roup E nterprise, B angkok, 

T h a ila n d )

- R ice starch ( m & k , T h a i B e tte r Foods C o., L td ., B angkok, 

T h a ila n d )

- G lu tin o u s  rice  starch (E raw an brand, C ho Heng R ice V e rm ice lli 

Fac., C o., L td ., B angkok, T h a ila n d )

- C om  starch (su p p lie d  b y  P harm aceutica l Sciences L td ., B angkok, 

T h a ila n d )

- C h lo roace tic  acid  ( L o t num ber 6 2 H 0 6 1 1, Sigma, U S A )

- Paracetam ol pow der USP X X II ( L o t num ber P A  15/224 

supplied by S richand U n ite d  D ispensary C o .,L td ., T h a ila n d )

- M e thano l anhydrous (M a llin c k ro d t, U S A )

- A bso lu te  e thanol (E . M e rck , G erm any)

- Isopropano l (C a rlo  E rba, G erm any)

- G lac ia l acetic acid  (E . M erck, G erm any)

- A ce tic  acid  (R iede l-de  Haen, G erm any)

- Sodium  h yd rox id e  (E ka  N obe l, Sweden)
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2. E q u ip m e n t

- B rabender A m ylog ra p h  (M o de l PT 100 , D IS B U R G ,

G erm any)

- P lanetary' m ixe r (M o d e l A R 400, E rw eka, G erm any)

- O sc illa tin g  g ra n u la to r (K a n  Seng Lee L td ., P artnership ,

B angkok)

- LGS w et g ra n u la to r (M o d e l A R 400 , E rw eka, G erm an

- D rum  hoop m ixe r (M o d e l A R 400, E rw eka, G erm any)

- H o t a ir oven (M e m m ertt, G erm any)

- M agne tic  s tirre r (m ode l SP-18420, N uova 7 s tir 

p la te, Syborn T herm olyne, U S A )

- A n a ly tic a l balance (S atorious, G erm any)

- M o is tu re  de te rm ina tion  balance (O H A U S , D IS B U R G , G erm any)

- C arver press

- H ardness tester (S ch leun iger, S w itze rland)

- M ic rom e te r (T e c lo ck  C orp., Japan)

- D is in te g ra tio n  apparatus (H anson-Research, U S A )

- M echan ica l sieve shaker (Jose f D eckelm ann,

A scha ffenburg , W estern G erm any)

- D isso lu tion  apparatus (H anson-Research, U S A )

- F o u rie r T ransfo rm  In fra re d  Spectrom eter (m odel 1760x,

P erk in  E lm er, U S A )

- Scanning E lectron  M icroscope (m odel JS M -T  2 2 0 A  Jeol,

Japan)

- Roche F ria b ila to r (E rw eka , G erm any)

- U V /v is ib le  spectrophotom eter (M ilto n  R oy spectron ic  

3000 A r ra y , E ng land)
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3. M e th o d s

The experim ent was d iv id e d  in to  fo u r parts. The firs t was a 

prepara tion  o f  w ate r-so lub le  o f carboxym ethyl-e thers o f starches. The 

second was an eva lua tion  o f  the properties o f the m od ified  starches. The 

th ird  was a p repara tion  o f  paracetam ol granules and tablets. The las t was 

an eva lua tion  o f th e ir physica l properties.

3 .1 . P re p a rin g  w a te r-s o lu b le  o f c a rb o x y m e th y l-e th e rs  o f s ta rch e s

Five native  starches used in  th is  study were rice  starch, 

g lu tin o u s  rice  starch, com  starch, tap ioca  starch and pota to  starch. These 

native  starches were substitu ted  by three d iffe re n t m ethods and the 

m ethods m o d ifie d  fro m  those described by F ilb e rt (1 9 52 ).

M e th o d  1

2 0 4  parts o f  anhydrous m ethanol and 2 7 .6  parts o f 

m onoch loroacetic acid  were th ro u g h ly  m ixed and heated to  60  ° c . 109 

parts o f fin e ly  d iv id e d  starch (m o is tu re  content 13% ) were added w ith  

con tinuous m ix in g . A fte r tha t, 55 parts o f  50%  aqueous sodium  

h yd rox id e  were added. The reaction m ix tu re  was held a t 60 ° c  fo r 1 hour 

w ith  good a g ita tio n , then cooled to  about 40  ° c , and then neutra lized  

w ith  acetic acid . A fte r the rem oval o f  the m other liq u o r, the p ro du ct was 

washed several tim es w ith  80%  m ethanol and fin a lly  w ith  anhydrous 

m ethanol. The p ro du ct was d ried  in  a ho t a ir oven a t 50 ° c  over n igh t. 

The d ry  p ro du ct was sieved th rough  N o. 80 mesh screen.
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M e th o d  2

875 parts o f  isop ropano l and 59 parts o f  m onoch loroacetic 

acid  were m ixed and heated to  45 ° c  . 231 parts o f  fin e ly  d iv ided  starch 

(m o is tu re  conten t 13% ) w ere added w ith  a g ita tio n , fo llo w e d  b y  238 parts 

o f  a 50%  aqueous so lu tio n  o f  sod ium  hyd rox ide . A fte r re flu x in g  a t about 

75 ° c  fo r 30 m inutes w ith  a g ita tio n , the  s lu rry  was cooled to  about 40  ° c , 

and neutra lized  w ith  g la c ia l acetic acid . A fte r th is , fo llo w e d  the same 

procedures as m entioned in  the m ethod 1, beg inn ing  w ith  “  the p roduct 

was washed several tim es w ith  80%  m e thano l...” .

M e th o d  3

286 parts o f  absolute e thanol, 2 9 .2  parts o f  m onoch loroacetic 

acid , and 102 parts o f  starch (m o is tu re  conten t 2 % ) w ere s lu rried , and

38.4  parts o f  fla ke  sodium  h yd rox id e  d isso lved in  69 .0  parts o f  w ater 

w ere added w ith  the m aintenance o f  s lu rry  tem perature be low  50 ° c . 

A g ita tio n  a t 50 ° c  was con tinued  fo r 2 hours. The s lu rry  was cooled to 

about 40 ° c , and neutra lized  w ith  acetic acid . A fte r the rem oval o f 

m other liq u o r, proceeded as d irected  in  the m ethod 1, beg inn ing  w ith  “  

the  p roduct was washed several tim es w ith  80%  m ethano l...” .
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3 .2 . E v a lu tio n  th e  p ro p e rtie s  o f  m o d ifie d  s ta rch e s

3 .2 .1 . D e te rm in a tio n  o f  d e g re e  o f  s u b s titu tio n

The m ethod to  determ ine a degree o f  su b s titu tio n

was fo llo w e d  the m ethod as d irected  fo r degree o f  su b s titu tio n  under

sodium  starch g lyco la te  in  USP X X II.

The degree o f  su b s titu tio n  w as ob ta ined b y  the fo llo w in g

procedure.

•  Sam ple 1 gm . (accurate w e ig h t) w ere placed in  a 500 m l. 

glass-stopped con ica l fla sk .

•  300 m l. o f  sod ium  ch lo rid e  so lu tio n  (1 in  10) w ere added 

and agitated u n til starch d isso lved.

•  A dded 25 m l. o f  0.1 N  sod ium  h yd ro x id e  (V o lu m e tric  S o lu tions ; V S ) 

and inserted stopper.

•  The m ix tu re  was a llow ed  to  stand fo r 5 m inu tes w ith  

in te rm itte n t shaking.

•  Then 5 drops o f  m -cresol p u rp le  (T e s t S o lu tions ; T S ) w ere m ixed.

•  A fte r tha t, 15 m l. o f  0.1 N  h yd ro ch lo ric  acid  (V S ) were 

added, inse rt stopper and shake.

•  I f  so lu tio n  is  pu rp le , add 0.1 N  h yd ro ch lo ric  acid  (V S ) in  1-m l. 

p o rtio n  u n til the  so lu tio n  was y e llo w  (sh a k in g  a fte r each a d d itio n ).

•  T itra te d  w ith  0.1 N  sod ium  h yd ro x id e  v s  u n til i t  reached the 

end p o in t (p u rp le  co lo r).

•  C alcu lated  the net num ber o f  m eq (M )  o f  base requ ired  fo r 

neutra lized  1 gm . o f  ca rb oxym e th y l starch, on d ry  basis.
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•  D eterm ined the percentage o f  residue on ig n itio n  (C ) using 

su lp h u ric  acid  m o is tu re  the en tire  residue a fte r the in itia l ch a rrin g  

step.

•  C a lcu la ted  the degree o f  ac id  ca rboxym ethy l su b s titu tio n  (A ) by

A  =  1150 M

( 7 1 0 2 - 4 1 2 M - 8 0 C )

•  C alcu lated  the  degree o f  sod ium  carboxym ethy l su b s titu tio n  (ร )  b y

ร  =  (1 6 2  + 5 8 A ) C

7 1 0 2 - 8 0 C

•  The degree o f  su b s titu tio n  was the sum  o f  A  + ร

D .s . =  A +S

3 .2 .2  D e te rm in a tio n  th e  fu n c tio n a l g ro u p  o f p ro d u c t

F o u rie r tra n s fo rm  in fra re d  spectrom eter (P e rk in  E lm er, 

m odel 1760x, U S A ) was used to  determ ine the fu n c tio n a l groups o f  the 

products com pared w ith  th e ir native  starches.

3 .2 .3  M o is tu re  d e te rm in a tio n

The m o istu re  conten t o f  the m od ified  starches was 

determ ined by using  an O H A U S  m o istu re  de term ina tion  balance
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(O H A U S  D IS B U R G , G erm any). The 3 gram s o f sam ple w ere exposed to 

an IR  lam p set a t 1.5 inch  m ark w ith  an in te n s ity  o f  6 w a tt u n til constant 

w e ig h t was reached. The percent m o is tu re  content was calcu la ted from  

the fo llo w in g  equation.

percent m o istu re  conten t =  ( w e t mass - d ry  m ass) X 100

w et mass

3 .2 .4 . V is c o s ity  m e asurem en t

T h is  experim ent used B rabender11 A m ylog raph  (m ode l 

P T100, D U IS B U R G , G erm any), a v iscosim eter, w h ich  designed to  p e rm it 

a con tinuous m easurem ent o f  the v isco s ity  o f  starch and products 

co n ta in in g  starch d u rin g  cooking  and, i f  desired, d u rin g  co o lin g  w ith  

ca rtrid g e  700 cm g. to  measure the v isco s ity  o f  native  and m o d ifie d  

starches by the fo llo w in g  m ethod.

T w e n ty  fives gram s (except po ta to  starch and g lu tin o u s  rice  

starch uesd ten gram s), on d ry  basis, o f  a starch were suspended in  

d is tille d  w ater and made fin a l w e ig h t to  500 gram s. The suspension was 

poured in to  the m easuring b ow l ro ta ted a t 75 rpm . and a m easuring fee ler 

w ith  m etal p ins was pro jected dow n in to  the b o w l. The p ins p rovided a 

good m ix tu re  o f  the sam ple and prevented the sam ple from  

sed im enta tion. The starch s lu rry  was heated ra p id ly  fro m  30 to  95 ° c  a t a 

rate o f  1.5 °c /m in . I t  was then held a t th a t tem perature fo r 15 m inutes 

and then cooled to  50 ° c . The v isco s ity  values w ere expressed in  

B rabender U n its  (B U ).
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3.3 . P re p a ra tio n  o f  g ra n u le s  and  ta b le ts

The m o d ifie d  starches fro m  3.1 were used as b inders in  

paracetam ol tab le ts  and com pared w ith  th e ir native  starches and o the r 

reference b inders. The com positions o f  paracetam ol stud ied in  th is  รณdy 

were show n in  Tables 1-2 and a batch size fo r each fo rm u la tio n  was 300 

gm. The p repara tion  o f  granu les can be d iv ided  in to  2 m ethods.

A . S o lu tio n  in c o rp o ra tio n  m e th o d

Paracetam ol w as sieved th rough  o sc illa tin g  g ra n u la to r 

(K a n  Seng Lee L td ., P artnersh ip , B a n gko k) equipped w ith  a 30 mesh 

screen. E xp lo tab  w as inco rpo ra ted  extrag ranu la r and in tra g ra n u la r a t 

ra tio  1:1. The m o d ifie d  starches, P V P  K 3 0  and E ra -G e lR w ere prepared 

by s lo w ly  d ispersed in  co ld  w ate r and adjusted to  8%  พ /พ . The na tive  

starches w ere prepared b y  heating the starch suspension to  be starch 

paste. A ll b inde rs w ere evaluated a t 1, 1.5 and 2%  d ry  w e igh t. 

Paracetam ol, lactose and exp lo tab  were d ry  m ixed in  p lane ta ry m ixe r 

(E rw eka , m odel A R 4 00 , G erm any) fo r 5 m inutes. The paste was 

g ra du a lly  m ixed  to  the m ix tu re  in  p lane ta ry m ixe r and kneaded every 

each p o rtio n . A fte r th a t, fu rth e r knead ing  fo r 5 m inutes. Then, the w et 

mass was screened th ro u g h  an 18 mesh sieve and w et granules w ere d ried  

in  a tra y  d rye r a t 50 ° c  fo r 6 hours. The d ry  granules w ere sieved th ro u gh  

a w e t g ra n u la to r (E rw eka , m odel A R 400 , G erm any) equipped w ith  a 20  

mesh screen.
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T ab le  1 The com positions o f  paracetam ol ta b le t fo rm u la tio n s  in  
so lu tio n  in co rp o ra tio n  m ethod.

In g re d ie n t A m o u n t (m g ./ta b )
A B c

Paracetam ol 500 500 500
Lactose 58 52
B in d e r 6 9 เ ฒ เ ร
E xp lo tab 12 12 W m  ■
M agnesium  stearate 6 6 :: 6
Ta lc. 18 18 18

Cone, o f binder = 8 % พ /พ
Binder: native starches, modified starches, PVP K30 or Era-GelR

T ab le  2 The com positions o f  paracetam ol ta b le t fo rm u la tio n s  in  
d ry  in co rp o ra tio n  m ethod.

In g re d ie n t A m o u n t (m g ./ta b )
A B c

Paracetam ol 500 500 50 0
Lactose 58 55 52
B in d e r 6 'iim 12
E xp lo tab 12 ;:1 2 - 12
M agnesium  stearate 6 W iM 6
Ta lc. 18 18 y ù i i
W a te r (m l.) 0 .15 0 .1 5 0 .15

Binder: m odified starches, PVP K30, Era-PacR or Era-GelR
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B. D ry  in c o rp o ra tio n  m ethod

The procedure was fo llow ed the same as m entioned in  

so lu tion incorporation method, except tha t the binder was incorporated to 

the m ixtu re  in  d ry  fo rm  and tha t the w et granulation was made by 

transfe ring  w ater to  the m ixture.

The granules from  the tw o method were kep t in  a dessicator 

fo r seven days. A nd then, they were m ixed w ith  extragranular 

d is in tegrant and lub rican t by tum b ling  fo r one m inute. The blended 

granules were compressed using 1/2-inch round fla t punch and hydrau lic 

press w ith  com pression force o f  2000 pounds. The w eight o f each tab let 

was about 600 mg.

3.4. E va lu a tio n  o f  g ranu le  and ta b le t p ro p e rtie s

Th is part can be subdivided in to  3 steps.

1 ) Evaluated the physical properties o f paracetamol granules 

and tablets conta in ing various types, degrees o f substitu tion  and 

concentrations o f the native and m odified starches.

2 ) Chose the form ula tion  from  the step 1 w hich exh ib ited 

good physica l properties.

3 ) Compared the fo rm u la tion  obtained from  the step 2 w ith  the 

fo rm u la tion  conta in ing reference binders.

3 .1 ) In  so lu tion incorporation method, PVP K 30 and 

Era-G elR were used as com parable b inder m aterials.
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3.2 ) In  d ry  incorporation method, PVP K 30, Era-PacR and 

Era-G elR were used as com parative m aterials.

The evaluation o f granules and tablets was fo llow ed under these

topics.

3 .4 .1. G ra n u le  eva lua tions

The fo llo w in g  physical properties o f granules were

examined.

3.4 .1.1 . P a rtic le  size d is tr ib u tio n

Particle size d is trib u tio n  o f granules was 

exam ined by sieve analysis method, using a nest o f sieve and a 

m echanical sieve shaker (Josef Deckelm ann, Aschaffenburg, W estern 

G erm any). F ifty  grams o f sample were placed in  the top  sieve o f a US 

standard sieve series (Endecotts L td ., London, England) ranging from  

850, 425, 250, 180 and 150 um, respectively. Then the nest o f  sieve was 

placed on the sieve shaker and shaken fo r 10 m inutes. The results were 

reported as percentage o f w eight retained on each sieve size and 

geom etric mean diameter.
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3.4.1.2. B u lk  de ns ity , tapped de ns ity  and pe rcen t

co m p re ss ib ility

The b u lk  density was determ ined by weighing 

sample 30 gm. and pouring in to  a 100 m l. graduated cylinder. Then, the 

in itia l volum e was recorded and the d iv is ion  o f w eight by the in itia l 

volum e showed b u lk  density. Tapped density was perform ed by dropping 

the graduated cy linde r on a hard wood surface from  a height o f 5 cm. 

u n til no fu rthe r reduction in  volum e was noted. The d iv is ion  o f w eight by 

th is  tigh test volum e showed tapped density. Both densities were average 

from  three determ inations. The percent com pressib ility  was calculated 

from  the fo llo w in g  equation.

Percent com pressib ility  =  ( T  - B  ) X  100

T

T  and B are tapped and b u lk  density, respectively.

3.4.1.3. A ng le  o f repose

Angle o f repose was determ ined by funnel 

method. A n am ount o f 30 gm. o f granules was fille d  in  a glass funnel 

w ith  6 mm. in terna l stem diam eter fixed  on a clam p. The tim e was 

recorded when the granule started to  flo w  u n til fin ished. F low  rate was 

calculated in  gm ./m in. and angle o f  repose was calculated from  the 

fo llo w in g  equation.
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^  = ta n 1 u_
R

W here ci is the angle o f repose, H  and R are the height and radius o f 

granule pile, respectively.

3.4 .1.4 . P e rce n t fr ia b ility  o f g ranu le

Ten grams o f 20/40 mesh granules and five 

stainless spheres (each sphere weigh 2.0470 gm. and diam eter 7.932 

m m .) were fille d  in to  a po lyv iny lch lo ride  container o f 9.5 cm. in  length 

and 6 cm. in  diam eter. The cy linde r was fixed  in  R M  5 D rum  hoop m ixer 

(Erweka, m odel AR 400, G erm any) rotated at 25 rpm . fo r 4 m inutes. The 

granules fin e r than 80 mesh were sieved o f f  by shaking on the sieve 

shaker fo r 5 m inutes. The granules retained on the 80 mesh sieve 

(Endecotts L td ., London, E ngland) were weighed. The percent granule 

fr ia b ility  was calculated as percentage o f  w eight loss based on the in itia l 

weight.

3.4.2. T a b le t eva lu tions

A fte r the granules were compressed to  be tablets, the 

tablets were stood over n igh t before evalutions.
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3.4.2.1 . Th ickness

The thickness o f tab le t was measured by using 

m icrom eter (Teclock C orp., G erm any) and expressed in  m illim eter. The 

thickness value was an average o f  ten determ inations.

3.4 .2.2 . H ardness

The hardness o f tab le t was determ ined by using 

the Schleuniger-2E hardness tester (Schleuniger-2E, Germ any). The 

mean and standard deviation o f  ten determ inations were calculated and 

expressed in  kilopound (K p ).

3.4 .2.3 . F r ia b ility

Tw enty tablets were dusted, and accurately 

weighed. Then placed in  Roche fria b ila to r (E rw eka, G erm any) rotated at 

25 rpm . fo r 4 m inutes. A fte r tha t, the fine  powder was gently brushed o ff  

and reweighed the tablets. Percent fr ia b ility  was calculated from  the 

fo llo w in g  equation

Percent fr ia b ility  = w eight loss X  1 0 0

in itia l w eight
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3.4 .2 .4 . D is in te g ra tio n  tim e

The d isintegration tim e o f paracetamol tab let 

was determ ined in  deionized w ater at 37+2 ° c  w ith  d isk by using a 

d isintegration test apparatuร (Hanson Research Corp., M odel Q C-21, 

U SA) and the procedure was fo llow ed according to USP X X II method. 

The average was calculated from  s ix  determ inations.

3 .4 .2 .5 . D isso lu tio n  tim e

The fo rm ula tion , using m odified starch as a 

b inder and e xh ib iting  the m ost satisfactory physical property according to  

3.4.1-3.4.2, was selected to  test fo r d isso lu tion in  com parison w ith  those 

tab let products using the standard binder.

N ine  hundred m illilite rs  o f phosphate bu ffe r pH 

5.8+0.05 un its as the d isso lu tion  m edium  were placed in  the glass vessel 

o f the apparatus 2, assembled the apparatus, and equilibra ted the 

d isso lu tion m edium  to  37+0.5 °c . One tab let was placed in  each vessel 

and the paddle was placed a t the center o f the vessel and at 2.5 cm. above 

the bottom  o f the vessel. The disso lu tion apparatus (Hanson Research 

Corp., M odel SR-2, U S A ) was operated at the speed o f 50 rpm .

A t the tim e in te rva l o f 5, 10, 15, 20, 40 and 60 

m inutes, five  m illilite rs  o f  specimen were w ithdraw n from  a zone m idw ay 

between the surface o f the d isso lu tion medium and the top o f the ro ta ting 

paddle, not less than 1 cm. from  the vessel w all. The same quantity  o f
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m edium  was added im m ediate ly a fter each sam pling to keep the volum e 

o f the medium  constant du ring  the experim ent. A fte r each sample was 

suitably d ilu ted  w ith  d isso lu tion medium , the sample was then 

determ ined spectrophotom etrica lly (M ilto n  Roy Spectronic 3000 A rray, 

England) in  a 1-cm. cell at 243 nm . and the am ount o f paracetamol 

released at any tim e in te rva l was calculated from  standard absorbance- 

concentration curve presented in  F igure 5.

C a lib ra tion  curve : Paracetamol 250 mg was 

accurately weighed and dissolved in  phosphate bu ffer pH  5.8 in  a 250 

m l. vo lum etric flask. Then, the solution was adjusted w ith  the phosphate 

bu ffe r to  volum e. A fte r tha t, pipetted the solution 1 m l. and d ilu ted  w ith  

the bu ffe r to  10 m l. and used as stock solution.

The paracetamol d ilu tions o f 2, 4, 6, 8 and 10 

ug./m l. were prepared by in d iv id u a lly  pipetted the stock solution 0.2, 0.4,

0.6, 0.8 and 1.0 m l., respectively, in to  10 m l. volum etric flask  and 

adjusted to  volum e.

The absorbance o f each solution was determ ined 

by a spectrophotom eter (M ilto n  Roy Spectronic 3000 A rray, E ngland) in  

1-cm. cell at 243 nm . using phosphate bu ffe r pH  5.8 as b lank solution. 

The ca lib ra tion  curve, slope and intercept were determ ined.
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Y = 0.063 X - 0.004 โ2 = 1.000

F igures Standard curve o f paracetamol in  phosphate bu ffe r 

pH 5.8 at 243 lim .
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