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t, CHAPTER II
GENERAL BACKGROUND

Since processing steps of direct compression technique are only mixing and
tabletting the blended powder, fewer unit operations are required. This leads to short

processing time and less energy consumption. The advantages and disadvantages of this

process are listed in Table 2-1 (Jivaraj ini, and Thomson, 2000). Because the
granulation step that enhances \ ; ibility properties of the powder is
omitted, the directly compiressible-di! | ust possess these properties.
Moreover, the following requirement’properiies shou 1ncluded.

\\\“‘
\\

e into a tablet of specified

1. Compactibility cublhty 1s defined as the
ability of the powg
strength. Coffprgs powder to decrease its volume
under pressure’ ‘ ‘ ession force used should not
be so high to give'a r, :
2. Flowability : This pfopé - ate Iy factors, one is the shape, size, and
particle size_ distribu f-‘ﬂ ; ;»;._‘ general, the particles should be in
spherical “:“:T-—__——_:; the particles to
enhance their fowz '
3. Has dlsmtegra on propertles

. mghmammmwmm

5. Physicalegical inert, no reactlon with drug or other exc1plents

AT INGAD

8. Good stability

9. No odour or taste

10. Reasonable price

Direct comp-essible excipients can be classified into four groups according to

their disintegration property and flowability (Jivaraj, Martini, and Thomson, 2000).
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1. Poor flow materials that have disintegration properties e. g. MCC (Avicel®)

and directly compressible starch (Starch® 1500)

2. Free flowing materials which do not disintegrate, such as dibasic calcium

phosphate dihydrate

3. Free flowing materials that disintegrate by dissolution e. g. lactose, mannitol,

and maltose

beneficial than p
MCC ( Cel -O- @

and cellulose (Ce -v

Table 2-1 Advantages g@nd

(Jivaraj, Martii,

Advantages

. For certain co

. “Requires fewer unit ope
compared with we ug
(shorter processing i
lower energy cons 0

. Fewer stability issues or actlves
that are sensiti

ATHRA L

dissolution rates may be generated ¢

compBb T o oh A Tnaeld &

granulafion ; for example, norfloxacin.

. Fewer excipients may be needed in a
direct compression formula™.

| N \
A

ynergistic manner and more

CC (Prosolv®) ; CaSO, and

' an \ idone (Ludipress®) ; lactose

0mpression process.

Disadvantages

es with segregation — these can be
ced by matching the particle size
“z: f the active drug

eCs-With excipients.

c

U
2. In general, the drug content is limited

9 0)¢ 0% or approximately

‘j Wyﬁ:ﬁs d Roy, 1978).
3. Maysnot be applicable for materials
e 58 A2 o < e
afterfico 10 lets produced

may be toc thin.

4. Not suited for poorly flowing drug
compounds.

5. Static charges may develop on the drug
particles or excipierts during mixing,
which may lead to agglomeration of
particles producing poor mixing”.
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As this research is focused in producing of the coprocessed excipient between rice
starch and cellulose then only rice starch, cellulose, and coprocessed excipients are

discussed.

Rice Starch
Starch, by itself, is not suitable to be used as DC diluents. Bos et al. (1987)

investigated various native starches withgréspect to their properties on compaction. They

r flowability due to the smallest

of the starch grain. Man st e (he*flowability and compressibility of

Physically modifi : h Y s produce ] by spray drying technique. This
spherical form that lead to improve
flowability and can be used as ildent withieod disintegration properties.

Mitreve;j et al. (199 et al. (1997) evaluated modified rice

R

starch that is marketed unde dename of E empared with other DC diluents
(Avicel® PH102, Tablé —9,

tabletting properties. T@r oune
those of lactose and MCC Were poor. Moreovb Eratab® had more compressibility than

R TITHOTITE ST p——

strength of the tabﬂs, however, the tablets propemeawas still in accegtable range while

that of @gw{ﬁ}@g&ﬂ Cfhd150b] et il relifeddf Moreover, the

disintegratin time of Eratab® tablets was independent on the lubricant concentration.

: ;) in term of physical and

of ratab® was excellent while

When using it in the preparation of drug tablets, it gave the fast and complete dissolution
regardless of drug solubility.

Bos et al. (1992) examined spray dried rice starch that is available under the
trade name of Primotab®ET in Natherlands (or Eratab®in Thailand) with other DC
diluents such as Starch®1500, and Avicel®PH102. It was found that spray dried rice

starch gave excellent flowability and disintegration properties. When mixing with
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lubricant, the binding properties were sufficient while other starch-based filler was

markedly reduced. When it was used as a single diluent or physical combination with
other DC diluents at 1 : 1 ratio in making tablets using Oxazepam as a model drug. This
modified starch can be used as a unique diluent or in combination with other excipients
€.g. oa-lactose monohydrate or anhydrous lactose while the combination with MCC

should be avoided due to the poor flowability and slow disintegration time of the tablets.

.
ang @92) investigated the modified
rice starch by deproteini / I fore subjecting to drying by
spray drying technique. // \»\" o oteinization and crosslinking
for 6 hours was a useful*prod .' ' tal ;.‘ .\ IreCt compression. Moreover, it

2N

\\

2. Chemical Modificati
Timaroon (1993

gave the tablets with gog

d disintegration properties.
Weecharangsan (1995) cg

characteristics and tabletting
properties of this modified star DC diluents such as Eratab®,

Starch®1500, Avicel® PH102/% found that this modified starch

had the higher compressibility than iether I erits but inferior to MCC. Tablets

containing drugs gave,th¢good results in both of the phs ssicaliand dissolution properties.

3. Enzymatic l\'glifica OT
Trubiano and Kasiea (1985) prepared compressible starches as a binder for

tablets and capsvﬂ buﬁa@mgnwm&qtmum below the starch

gelatinization temgrature. The level agd type of treatment not only depended greatly on
the starlewlw ata-ﬁ&ﬂcﬁ)mm%ﬂarmge%a&m the granule.
Rice starchqneeded only enzyme treatment to sufficiently alter it granular structure. This
modification could be seen by altered, weakened of granules with a less dense inierior
and ruptured surface. The resulting modified starch was compressible and could be used
as a binder for tablets when admixed with a wet granulation binder (e.g. pregelatinized
starch) in wet granulation process. And it was also useful as a binder-diluent for capsules

in direct compression or dry granulation with good binding and disintegration properties.
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From the above researches, it can be summarized the advantages of the modified

rice starch as the followings.

1. Excellent flowability
2. Good binding properties and the compressibility can be improved by either
physical and/or chemical modification

3. Has self lubrication then tabl a high concentration of it can be prepared

with much lower magn oneentrations than 0.5%. Moreover, it

was less sensitive to agémte than the other starch-based

filler such as Starc ——

\-.\, \ er Of pores between each granules
\\\\

rth ‘\_‘ .

4. Has disintegratio

(4]
which water can Fu \ X Sintegration properties is not

dependent on co g ’\ nixing time with the lubricant.
i \ \~ ~\ ith lactose due to Maillard
reaction ' : |
6. Canbeusedasa umqu xgjpient or W diluents except MCC
7. Cheap and widely avallq: ] ’z 7

s

Cellulose y ; V’Q ‘

0 gﬂlps : the cellulose flocs and
microcrystalline cellulose (€zeisler and Perlmany 1991; Shangraw, 1991). Cellulose flocs

s ot by [ STREII T I 2o s e

powdered cellulosglor microfine cellulgse. Mlcrocrymllme cellulosgy(MCC) is prepared
by chemic GG Ab | G i deiicl) B
q

Powdered Cellulose

Naturally occumg cellulose is

Powdered cellulose or microfined cellulose is cellulose which prepared by
mechanical disintegration. The products are sold under the trade name of Solka-Floc®
and Elcema®. Solka-Floc® is introduced firstly as a filler disintegrant. However, it can be
used as diluents, binder, and absorption aids. It has many grades with corresponding to its

particle size. Due to this material has poor flowability and compressibility then it is not
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used as a direct compression diluent. Elcema®(Degdssa Co.,) 1s microfined cellulose
which has many grades attributed to its particle size such as Elcema® P050, Elcema®
P100, Elcema® F150 and Elcema® G250. The last one is granular grade that possesses
sufficient flowability to be used in direct compression. Lamberson and Raynor (1976)
compared the tabletting properties of MCC and different grade of powdered cellulose
which is called microfined cellulose. It found only Elcema®G250 would form tablets.

However, the force used in productien o a®G250 tablets was three times higher

ess. The low compressibility of
microfined cellulose is attributedto'a Ji Sl@ dislocations in the cellulose
granules. Then it forms a

= NS
interparticulate binding. Unlik€ ) / A \\\\L

/ l q\ \ dilution potential, losing its
¢d 'wath-nOncon ble drugs or lubricant,
TR N es

compaction leading to little

compressibility rapidly wheaf€omb

, @ (2

Microcrystalline Gellulose ( mcq’
S& JNICIopn sfs atiis derived from a special grade
..ii"gla e

of a-cellulose by acid hydro ig- s hyd is artially removes the amorphous

(1
Wy
|

MCC is aggregated o

portions of the cellulose ﬁbers Th.i_ fn'c i

T b= )

MCC has many grades withrespect to its particle size such A icel®PH101 that is small
size. Avicel PH102 V’— csulting io
1[‘ ecrease in compressibility. m

As MCC rfm ent compressibility at
low pressure, mﬁm yﬁm ELb]IT perties, low lubricant
requireme ﬁ ﬁ;j a) ﬁﬁyﬁtﬂjﬁjﬁjﬁuwﬂ ;j}é‘gl‘compression.
However s¥poar or ulator do not

use it as the unique diluent but usually combine it with the other DC diluents to improve

€&.of polymerization is around 200-300.

gher flowability than the

former with no significan

the flowability and reduce the cost of the product. The high compressibility of MCC is
attributed to hydrogen bonds between adjacent cellulose particles. Moreover, the
aggregated form of cellulose microcrystals contain large numbers of dislocation and slip
planes which can allow fracture, deformation, and realignment during compression.

These are responsible for their large number of clean area which brought in contact and
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formed hydrogen bonds during plastic deformation, resulting in the excellent
compressibility and the binding ability of less compressible ingredient.

MCC has an extremely low coefficient of friction and therefore has no lubricant
requirements itself. However, the lubrication is necessary when the formulation contains
drug or other excipients in more than 20%. MCC is also lubricant sensitivity because of

it deforms by plastic deformation therefore no new particles or surface area from particles

fragmentation under compaction i Because of its high compressibility, the

¢ small amount of the lubricant.

l&ty of mixing are also affected

the hardness of prepared tablets#fiGr€iore care should be aware in using of it or choosing

reduction of compact strength. \

However, the large amountof

the mixer in preparing of thed0rmatilatic

MCC has good disi icking action of the cellulose

y o 1! \
leading to immediate bréakigf o 1»'*‘ o \\ \\ on tablets were contacted to
iﬂf

il

the water. Owing to its diintggration, ;. depé . k ont compressional force and it is

et

not act as a primary disin ors tyfkﬁ:’ ma; as an auxillary disintegrant in

combination with other disint€grat . T 1 soluble, the delayed wetting and

- Ji-?F__ r L . - .
incomplete dlssolutlon_of active ingredient, espee nsoluble drug, is obtained because

of the physically entrap J;:f*mm:“m"‘"ﬁi:#g in the MCC particles,

usually in formulation contained 7
Due to the numerous MCC products are avallable in the market. The differences

in their physwalﬁrdﬁrﬂ ‘a'adqﬁbﬁjlﬁ ﬁé‘aﬂeﬁﬁ ﬂsfj’m various grade and

manufacturers. Méhy researchers have been evaluated the phy51cal properties and
tablettin ﬂ] ﬁﬁ mwuiﬁx’qﬁgﬂlﬁzﬂlja Eais They found
their physigal properties such as particle size, particle density, moisture content,
silicification of MCC were all important in affecting the compression and tablet
characteristics (Doelker, 1987, 1993; Hwang and Peck, 2001; Williams III, Sriwongjanya
and Barron, 1997). The big differences in the tabletting properties among the numerous
MCC products are obtained although they comply with compendium specifications.

However, the difference between lot to lot variability of the same supplier was
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within acceptable limits. Therefore the substitution of the product should be avoided or

validated before using.

Coprocessed Excipients
The successful in production of direct compression depends on proper selection of
suitable DC diluents which have many properties such as free flowing, highly

compressible, soluble, and so on. Due to ingle DC diluents is ideal and possess all of

the required properties therefore ents are blended together to achieve

'débcessing. Coprocessing is the

excipients are combined via
\\l\’\ gging (Bolhuis and Chowhan,

1996). The resulting ex€ipigft £of] A,_. alle: f \

process of producing ne

d excipients or composite
ntageous properties of each
excipient by producing sup . ;;..k d tabletting properties to single excipient or
physical mixture of the dilue . u ¢ sed’ excif "n;cs can be divided in three

categories according to the m > ent i ent in the powder or the main

xeipients e.g. Cellactose®;

¢ ctosa& modified glutinous rice

1. Lactose T;',_J—
MicroceLac®ﬂ,u1
starch; and composite ite particles of 1 se and sodium alginate

2 Ceuuﬁau&j]ww ﬁlweﬂﬂnﬂ Gmprised  coprocessed

exc1p1eﬂs such as Cel-O-QCal coprocgsed MCC & &aCO;, Prosolv®;

PRIV IR ARG BEARY oo e

Byclodextrin
3. Starch mainly comprised coprocessed excipients e.g. coprocessed starch or

modified starch & cellulose or microcrystalline cellulose

Cellactose®
Cellactose® is composed of 75% a-lactose monohydrate and 25% cellulose

powder (Bauer, Pritzwald-Stegmann, and Luft, 1986). This excipient is rather spherical
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form and has microporous within the particles.. This material produces good flowability,
higher compressibility and short disintegration time. Comparing with other lactose-based
filler, with respect to rheological and the fundamental DC properties, Cellactose®
produced good flowability than other lactose-based diluents (Tablettose®, Fast-Flo
lactose® and anhydrous lactose) but inferior to Ludipress®. In addition, the compression

characteristics of Cellactose® are better than other lactose-based diluents (Mufioz-Ruiz

etal, 1993). When compared to other I s e.g. lactose and mixture of 75% MCC
and 25% dibasic calcium phos phate : , with respect to their tabletting

property, Cellactose® produeed-stronger tablets ther excipients. Moreover, the

strength of tablet produced ?: acto nt diminish with increasing
compression speed as wasgound i ' e D\X\‘- -\ his can be attributed to the
synergistic effect of consolilatioryby _' \ 0 "\ lactose component coupled

\ ercfore this excipient can be
obtained optimum partic | \ \ 991). Using this excipient in
producing drug tablets, som€ pgocessi ‘J , es e.g cessing method (dry blending,
grinding, or spray drying) a Gilationt
anhydrous theophylling and 80%Cef iclose® 18 is 20% drug, 60% lactose and 20%
MCC) had been eX

ry or ternary blend, binary is 20%

| & of characteristics and the
compressibility of the oﬂnn e anﬂshowed that the mechanical
properties relied on the fox;nulailon whereas ﬂow properties and densification depended

on the process. ﬂwmq@%‘%w Ejﬂ ﬁﬁes of the formulation

(Viana et al., 2002

eroceﬂ RN TUNRINYIY

Ne coprocessed filler — binder for direct compression consists of 75% lactose
and 25% microcrystalline cellulose produced by spray drying is sold under the trade
name of MicroceLac®100. This excipient is the product of Meggle. Michoel, Rombaut
and Verhoye (2002) investigates the influence of drug (folic acid) addition on flow
behavior, binding properties , interaction and segregation behavior of the drug compared
with three different lactoses mixed with MCC. MicroceLac®100 gave superior flow and

binding properties to other lactose blend excipients. Moreover, the drug demixing and
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segregation was decreased by good adhesion of the drug to the porous surface of
excipient. Low dose drug, such as folic acid could be formulated with MicroceLac®100

to give the tablet that conformed to the requirements of content uniformity test.

Ludiprexss®

Ludipress® is a coprocessed excipient that consisted of three components, a filier,

material produces tablet with" grcarliaidness, low ab; , and excellent disintegration
properties (Lang, 1991): A 8F lllty because this material
consists of spherical pa ' ] f'small crystals with smooth
surfaces. The flowabilit it 13 . - ical blend, Cellactose®, and
Avicel®PH 200. Moreoves off 688, ~ . ’ ibit a good batch to batch
uniformity and flow characteris - ; n profile of single excipient,
_ end but inferior to Avicel® PH 200
(Rubensdorfer and Schmidt, 9% _4 otential of it, with paracetamol as a
model drug, is lower than that of Ax 02 “Eleema %6/250, and Elcema®P 050
(Baykara et al., 1991). ’ £ g with micronized drug,

glibenclamide, the disint€gration time and dissolution rate*Show superior results to that

e O NN AT [
R T A I Ta

Coproc&ssed Lactose and Modified Glutinous Rice Starch

Manopaiboon (1997) prepared co-spray dried powders of lactose and sodium
carboxymethyl glutinous rice starch having 0.35 degree of substitution for the use as
directly compressible diluent. It was found that the better tabletting characteristics was
obtained in the formulation with 50% solid content and 3% (on dried basis) of sodium
carboxymethyl starch. When comparing this excipients with the other DC diluents e.g.
Avicel®PH 102, Emcompress®, Ludipress®, Starch®1500, and Super-Tab®. It exhibited
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good flowability and compressibility propertiés comparable with Ludipress®, better than
Emcompress®, Starch®1500, and Super-Tab® , however, lower than Avicel®PH 102.
Magnesium stearate had the negative effect on tablet hardness and prolonged
disintegration time of this co-spray dried powder. When using it in manufacture of drug
tablets, the tablet quality and drug dissolution conformed to the requirement.

Alginate

Composite Particles of Lactose an
A novel composite partic : ium alginate was prepared by spray

drying technique. This exci seéas gontrolled release matrix tablet.

The flowability of this di 7 llent g cal shape and sharp particle
size distribution. Tabl : i X\\h‘a. “With sodium alginate in the
composite particles < v \ tensile strength than that of
commercial lactose for e of lactose and sodium
alginate. This was attribut, : ’ abil f particles with a decrease in
d with the presence of sodium
ablets of this excipient was more

prolonged than that of physical mi ife because ofithe improved gel forming property of
} TN

Coprocessed MCC anﬂjs O4

Coprocessed MCC @nd, CaSO, or CehQ—Cal"D (FMC corp.) comprised of 70%
anhydrous CaSOﬂx%&JMacmﬁm mﬂm‘i}us material combines
the advantages ofqlllghly compressiblg and dlsmteﬂmon propertieg, of MCC and low
e of QR T B A3 4 s i
lower friab‘llity than physical mixture of the two excipients. Due to Cal-O-Cal® is
composed of two excipients that are water insoluble then care should be taken in using it,

especially in the preparation of drug with low water solubility (Shangraw, 1991).

Coprocessed MCC and CaCO;
Mehra, West, and Wiggins (1988) produced and examined the coprocessed MCC

and CaCO; in the ratio 75 : 25 to 35 : 65 at the concentration at least 10% (preferably
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20 — 30%) and subsequently spray drying. Théy found MCC and CaCOj; were intimately
associated in the coprocessed particulate product and presented as an agglomerates of the
two components which had the particle size less than sieve no. 60 (250 um) and
preferably had an average size in the range of from 20 um to 150 um. The powder was
free-flowing and suitable to be used as a excipient for vitamins preparations prepared by

direct compression. Moreover, this coprocessed excipient was low lubricant sensitivity.

ll//

Due to the dramatic

111ty of cellulose was observed
after wet granulation. Silici ed to overcome this problem.
MCC that is silicified with

de name of Prosolv®SMCC

SMCC is a co-processed
2% colloidal silicon dio, \ \
(Mendell Division, Penwg 2deutiea , o3 \\ o materials are formed by
spray drying process toprogdiic '& ’~ J.‘-'_h stals which are formed as a
result of the strong physicalfasse ' % tween the two excipients. This excipient is
claimed to enhance compres -_-_'~' of A CC in both direct compression and wet
granulation formulation, give be , ffow propetties compared with conventional grades
of MCC and a low lub ricant sensitivity il ' -‘), ith magnesium stearate,
producing tablets of V 7 on 4 d mixing. The advantages
of this excipient can be summenze as 1n the followiﬂ (Staniforth et al., 1999 ;

SherWOO.d aIr:pr ﬁ (LLET g"na)nﬁpw ﬂ:;l tl]iccommodates pocrly

ﬁa'“i%i RN AN A e e

granular addition of MCC in wet granulation processes
Increases drug carrying capacity resulting in reduced tablet size
Provides excellent disintegration properties

Reduces lubricant sensitivity

S = & W

Improves drug content uniformity and material flow in high speed

applications
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7. Produces harder, less friable tablets

8. Very low strain-rate sensitivity (effect of tabletting speed) therefore increased
tabletting production speeds and also increased production capacity
SMCC is available into three grades, SMCC®90M, SMCC®HD90 and SMCC®
50M. They are different in particle size and the density of the powder. SMCC®90M is a
large particle grade having particle size distribution equivalent to that of Emcocel®90M
and Avicel°PH 102. SMCC®HD90 has the Safme particle size as in SMCC®90M but the
difference is having high densi \\\ ‘ /

two grades are recommended for

he
use in direct compression. S€750M has thw distribution similar to that of

Emcocel®50M and Avicel" g grade | as_excipient for wet granulation

}p;'“\x ad 3
{4 / \k\ SMCC®90M. to minimize
.'" ?. : A % E 9

f /1 84
Coprocessed MCC and 34D g N
. Yy e Te ' . .
Tsai et al. (1998) modif 'mml al Characteristics of MCC by codrying with
A ;,'f?]— 4 \
B-CD. The slurry form of _ “biendec
50%w/ lated with wat
ow/w, granulate w1 wa eyg@ 7
weight was reached. | Co g ~and. pnly the fraction between

W

61 and 150 um was evaluate:

and direct compression, cith

segregation (Sherwood and Bec

D at concentration of 10% to

50°C for 12 hours or until a constant

Y] .
properties compared to various

grade of MCC and phy al mixture. Codrying with f3- G‘! significantly improved the
flowability of ‘c I 'm icles. Moreover, the
compressibility b@uﬁm;fle t:T md from the codried
products were better than those of m h Ixtures, ious grades of
MCC. Maql ﬁlﬁﬁﬁ ﬁi ﬁg ﬁ ﬁg‘l M Ziﬂcts due to the

larger amount of water that helped to obtain higher solubility of 3-CD and promoted the

interaction between B-CD and MCC. This codried product was useful as a excipient for

direct compression.

Coprocessed Starch and Cellulose or MCC
Bavitz and Schwartz (1974, 1976) evaluated the physical and compression

properties of physical mixture of various DC diluents with MCC at the ratio of 1 : 1 with
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product of FMC Corp. which is the coprocessed starch USP ( starch USPXVIII implied

starch that derived from corn) and MCC at 84 : 16. It was found that physical mixture of
MCC and starch USP could not be produced tablets because of its poor flowability while
coprocessed excipient gave tablets with acceptable hardness and good disintegration.
However, the production of drug tablets that had the required hardness could not be

obtained even at the highest compression force. This might be due to the type of starch

WMCC in the coprocessed excipient.

re el coprocessed DC diluents by
1&0 £

and cel intheratioof 1 :9t0o 6 : 4

in aqueous medium or solutiefi of stz O\ ~...-_ entration of 0.5 — 5% and
\\ lulose used should be reduced

used, the modification of the starch

its size to obtain 90% of pafti C Sige” | lp ough a 250-mesh screen or
higher. The step of mixing ‘ -‘ ’\ \ water in any order to get the

final concentration around 0° % solid ¢ content '\ oprocessed excipient had the
physical behavior e.g. flowabili : ¥-; Sibili properties higher than unique HPS
or cellulose or physical mixture @ fff:-, 2} ose 1n the same ratio. When making

tablets with rotary-type. tabletting Thachi excipient produced good mold

with low disintegratio E’; — ’:.} hanical mixture of HPS
and cellulose were roughE mold due Tov abi and/or low compressibility
compared with coprocessed‘e&pient Moreox@r’ this coprocessed excipient can be used

as only single e)ﬁzu &]tﬂg %’ﬂ ‘ﬁrﬁﬁ:ﬂn’q ﬂt% powder for making

tablets. The mi%ed powder gave sgloothly tablettmg with hargltablets and low

QR NINIUUNINGIAY



	Chapter II General Background

