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Chapter Four

Discussion and Conclusions

1. The Optimum Conditio the Fluidized Bed Granulator

baration of the sugar-

granulator were
investigated with Qv e s | inder as previously shown
in Table 1. Inid l was concerned
with the amount ; j-; v Be \formula and binder
e of binder as least as

possible which proyl 1%%;”"; anulation and tabletting

characteristics would bhe smpls in formulation. Binder
would_bapme
solution conceptration should provided.Lthe ease and smooth

\7 A
th ﬂ‘ f'.;‘;gf.mt'au-:i that low

percent cnnnent-atinn of binder sulutlrn must be used in

oier o GASAN IRIWETNT, o

bulk density)] improvement of granule flow . It could

o Y B YR YR R o

cellulo®e and tapioca starch employed in the granulating

pattern of

process were lower than those of PVP and gelatin binders
since higher concentration of binder solution of
methyleellulose and tapioca starch binders were too
viécoua and difficult to spray. However, the binder

solution concentration should not be too diluted as this
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would cause the prdduction time unnéscessarily lunﬁ. The
adjustment of the other process parameters i.e., inlet air
temperature, nozzle pressure and binder solution spraying
rate employed in the granulating process certainly

depended on the binder solution concentration and the

amount of binder in However, low inlet air

temperature, high bimnc Epraying rate, and low

nozzle pressure mMOS wide good granule

qualities as descrit®oehy//dull ton andiBanks (15).

2. Physical Propertdegd fof Pdu ar-Tapioca Starch-

PVP Granules.

The sugar-Stare “gtramule’ Size using PVP as a

binder increased w he amount of sugar in

granule fnrmulaticnsL é;f' IV he explained that the

granules of these formul e iainlyh omposed of sugar

‘v
)

I

As expecuédh the granples made by fluidized bed

granulator ﬂul&hqm %Jlﬂﬁwt&l’}ﬂ i‘”ﬂ because the

as entrapped in thé grsnules, by the flwidizing air

dumﬁ ROVANTEEN APV Y B g oree

exartad on the powder during wet massing. This phenomenon

crystals whichls%~-, of starch grain.

made the granules become more porous and bulky. However,
no relationship could be found among bulk density and the

proportion of sugar and starch in the formula.
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If the percent compressibility values were used to
determine the Fflowing property of the granules, the
granules of formula 9 would be classify into Ffair flow
granule as having percent compressibility between 18-21

where the rests would be classify into poor flow granules

as having percent compne ity between 23-35 (30).

However, Lhe weight blets prepared Ffrom all
granulations were specified in USP
standard. So this cent compressibility

value may not assess the flowing

characteristic of y factors can affect
flowability of thgVgfs ‘ﬁ?r s e h| e p3 rticle size, shape,
surface roughness J‘};;niﬁ '73if~ and chemical nature

as described by Uﬁn- af;i;'-r @30). It was seen that
though the flow raﬁﬁ by -4#;{ of granules of formula 1
to 3 were unsu@eg 11, the afiations of tablets

were relativalﬁﬂ; .
J , J
It is notghle that thg percent moisture content of

o e BUBARENG YR re snome o

starch in qthe formula. ¢ This may be attr ted to the

tnee ) Wﬂﬁﬁﬂﬁﬂdﬂﬂ@ﬁﬂﬂ?@ fiam vas

higher than of powdered sugar (1.1 %) and tendency of
starch to absorb moisture from binder solution during
granulation process and difficult to eliminate during

normal drying cycle.
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The binding properties of the different Fformunla
were characterized by means of hardness of tablets
compressed at different compressional forces. A gdeneral
trend of increase in hardness with increasing

compressional forces could be seen in all nine formula

though the tablets were gsed under low 'incr&asing

rate of compressiona. iy = (1000-1800 lbs).

Furthermore, compression=z]l f6rc tad*no effect on tablet
diﬁinte‘grﬂtiﬂ-ﬂ EY 21y ] & 01 mula. This may be
due to the propergsf FYP-g4h :\\\\ sed as the binder

could be readil \\THRC tegration medium.

)
Therefore, the adVvafitfge., o8 th \x\ of PVP binder to
prepare the table -F;;ﬂ'? ugar and starch as the

diluents 1is the vari réssional forece during

tabletting will substantial change in

disintagration_;_.

v,

When tablet , TET ig
¥ " . ']

of granules were

investigated on agsingle punch ,tabletting machine, great

differenee.; ﬂu%}gatw%ﬂt@w Ej’}ﬂiﬁ:inn of tablet

hardness and tablet disingegrationtime amongypine formulsa

ﬂ%%ﬂﬂﬂ‘iﬂdrﬂ%’l@% TEV- (TR

h&rdness occurred in the formula which contain high amount

of starch.

Obvious difference in percent tablet friability

andng nine formula ecould be Ffound after the frisbility
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determination was prolonged to 15 minutes. The high
values occurred in the formula which possesed high amount
of sugar. This can be explained that sugar ecrystals are
britkle and easy to break up by impsct during Efriability

test.

Base on granule and tablet

properties, it couldwbe mt formula 5 exhibitead

satisfactory gr:a.-ll!-_'“-I _ﬁ_ *.x:%\ yv. It provided the

following prope¥® 3ibility with low

variation in time at any
compressional tablet hardness,

and lowest vari These properties
t compression tablet

mula 4 exhibited the

diluent. Although "“5’ o

iation in tablet

best compressibili

hardness and 5555"

3. Physiecal Prnpgmties of Poﬁderad Su"u r-Tapioca Starch-

Gelatin GraﬁluEJ’J ‘n H\V]jw E]’Tﬂi

Sugar starch-gelat’in granudes which gontained high
orapoxBlal| oo\ Simkn Cidabbed WabbE) dPht or  eine
granules than of the formula which contained high amount
of sugar. High amount of the fine granules may be caused
by the Fracture of gelatin bonding among the particles in

granules from the abrasion effect of the Ffluidizing air
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during granulation process. This effect 1less occurred
with the formula contained higher suﬁar content since
sugar also has binding property which promoted stronger
adhesion between particles. As expected, all of
the granule fomulations presented low wvalues of bulk

density. The explanati-t‘: the same as described for

sugar-starch-PVP gr&f=* they were denser than

the granules prepar® inder.

Accordin ressibility wvalues,

almost of the Jjustified as poor

flow granule. with the weight

It was f1low rate of granules
ff‘;a ' ".I 7;
from formula 9 could bécmeasus e flowability test of

LRIk

the granules was e Lo containing the

high prcpcrtiai;ﬂ“—“ gr f’

The mn:.
using galaﬂnuﬂfaWﬂ ﬂéﬂ’cﬂﬂﬁ}ﬂ Tecmased with

decreasing amount Gf starch The reasuns are the

e QR RIPFRISIRATT HAGE

ﬂﬁ expected, a genaral trend of increase in

U

the

content nf granules prepared

hardness with inerease in compressional forces can be
observed but lower trend of increasing in hardness than

those of sugar-starch-PVP granules was Found. This may
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be caused by the nature of binding capacity of each
binder. However, it can be concluded that compressional
forces had little effect on tablet disintegration time.
Their disintegration times were nearly the same at
increased compressional forces. The use of gelatin as a

binder in the formula may produce very hard tablet and

retard disintegration tim this experiment, tablets

prepared using gela integrated within a

contrast with ths

// \\ granules were

investigated on ll A ,\\ \ \ g machine. The

formula 1, 2, and w“ 9

Bl \\

exhibited high varift ons S d

short period (3-4

general descriptig

Tablet

igh amount of starch
ation time since the

starch may form more viseous tacky mass and delay of

disintegration &g “occurre EifeCt could be

observed during R bE | took longer time

to disintegrate blﬂfarn g gelatinous ﬂﬂhtiﬂla adhering to
the hole of elfdlsxntefiatlnn apparatus
which led tu@iuﬂagmﬂmimﬂg n time.

’Q‘Wﬁﬂ#ﬂﬁwﬂ.ﬂﬁ“l@“ﬂﬂ?ﬁﬁm“ o

sugar e hibltﬂd high values of percent Friability. The

reasons are the same as for sugar-starch-PVP granules.

In conclusion, it can be convinced that formula 5

exhibited better granule and tablet quality than of the
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others. These can be explained that granules from formula
5 provided the best compressibility, lowest percent
coefficient of wvariation of tablet hardness and tablet
disintegration time, and accepted as good tablet weight

uniformity. This means that Formula 5 gave hard tablets

..;/;;’re1ght variation.

gar—Tapznca Starch-

with low disintegration |

4. Physical Properties

Hethylcellulose

Inconsis stribution of each

granule Eﬂrmula_ bhylcellulose as a

binder was observed

As expectéd e by fluidized bed

granulator exhibited because the air was
entrapped in thg g ites by idizing air during the

- - -
et

granulating progesSsT Thi ] mide the ‘granules

become more pnuigus AL -'evm , bulk density of

the granulas made £pgm methylggllulose binder was higher

than those ﬂ u&gdﬂﬂnﬂﬁ WL D vinders.
YRS BINYINg AT - -

determifle the Fflowing property of the granules, the
granules of formula 9 was classified as good flow,
granules of formula 4 and 5 were indicated fair flow
whereas the rests were exhibited poor Plow (30). However,

the weight variations of tablets prepared from all nine
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formulations were relatively low. The conclusion of
percent compressibility are the same as descreibed for
sugar-starch-PVP granules. It was seen that though the
flow rate measurement of granules of formula 1, 2, 3, B8

and B8 were unsucessful, the weight wvariation of tablets

exe Wnnably low.
x p@moisture content of
—

prepared from granules

From the 7_'“

the granules, it ’ .ﬂviisif;;; sing the amount of
starch in the ' - ;=3§§3\ ination are previously
discussed. V \

The bindig Aop 3 sy Qf -‘gferent formula were

characterized by f tablets compressed
at different comp esdinria = es. Tablet hardness

increased with cessional forces but the

magnitude of ingd less than those of

tablets J"" n binders. One

prepa
|‘I
reason El 1%} concentrafion (1.0%) of

methylce lluﬂsﬁ E‘]“"J 'ﬂ’ﬁﬂﬁ‘wg ’Tfﬁ

Frnm compressionad furcas— 131ntegra&)un profile,
1t cont) B 48] Fleg She ladid WihrbBllns moen
eullulase as a binder spent longer time to disintegrate
than those ﬂf PVP and gelatin binders though they were
softer. Compressional force had an effect on

disintegration time. This may be due to the nature of the
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binders. However, because of the water soluble property
of sugar. the tablets contained high amount of sugar took

shorter time than the tablets contained high amount of

starch.

Tabletting characteristics of granules were
investigated on a singley \puf, tabletting machine. No
relationship batweau' aris : __tablet hardness and
variation in table ntegra o, tine was found.

nf sugar exhibited

£ \ an those contained
\\\ dnation may be base

Tablets
higher wvalues

high proportio

on the brittle peOpgrtly. f
:
- ﬁif
n summary & if-ean ) udad that formula 9

exhibited better gra;;gﬁf;fgg et quality than of the

others. This_- ‘u he explained ,:L»‘;; e tablets from
\Yy o AY

formula 9 provide ﬁzsibility and the

]

hardness of the tahlets had

d 151nteEratﬁrum ﬂ%ﬁﬂﬂf‘ﬂl?est variation

of weight and hardness

5 Phﬁcﬂ’kﬁﬁﬂ 30 NWJQ ihd lﬁﬂ Stazeh-

Tapioca Starch Granules.

)
little effect on tablet

It can be observed from the data that the
granules prepared using starch as a binder exhibited

larger size than the granules prepared using other binder
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materials. This may be due to more viscosity of the
binder solution ;esulted in larger spraying droplet size
hence tﬁe larger granule size. Large size of the granules
were found in the formula contained high amount of sugar.

This can be explained in the same reason as previously

desecribed. "“

The ‘& granules prepared
using starch as o observed. The
explanation as described for

sugar-starch-PVP g

As a resu 7 t:-‘xibility, formulsa i

to 5 and formula B. .-Y\L\x : as poor flow and
fair flow, respec owever the weight
variation of from all granule
formulations wegde' within the 1imi. r" secified in USP

standerd.

he moistWne. content @Ff the granules prepared

using Starcﬂ uﬂﬂnﬂnimﬂflh incruased with
increasinjgihe amount snnsldra the same

e A SR TR

The hardness of the tablets prepared using sugar-
starch-starch granules increase with increasing
compressional forces but the lower trend of increase in

tablet hardness than those of sugar-starch-PVP and sugar-
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starch-gelatin granules were found. One reason is that

the amount of starch as a binder was used in low

concentration.

Obvious difference in tablet disintegration time

betweenin nine Fformula prepg using sugar-starch-starch
omp @/ 1 forces may be due to

solution during

granules at differen :
poor distribution
granulation proec of the binder

solution might bE thE £, ‘3£  - = of droplet

Tabletting  ;"% .;v:l ‘ granules were

investigated 3 ﬂﬂr-kfav; al ting machine. The

the granules ipdx is is the sequence of the
soluble propert$ 5 he“formula contained

high amount of sw, friability.

This ca tﬁﬁgﬁeqﬂiﬂ mwﬂmrﬂcjas previously

described,

%W'lﬂﬁoﬁlﬁcﬂd UAIANYVR: ooeees

granule and tablet quality than of the others. This can
be explained that tablets took least time to disintegrate,
having low wvaristion in tablet hardness and tablet

disintegration. Although the compressional force had less
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effect on the disintegration time of tablets prepared from
formula 9 but the varistion of tablet weight was so high.
In addition, the particle size distribution of formula 8
were appeared to be better than of formula 9. The high

amount of large granule size of formulas 8 may cause

Ws with drug substances of
The selectEE"ESrml Q types of granule

exhibited better ha \fﬁataa‘onp&cts than those
\ cept the compacts

sugar-starch-starch
; i\\\

segregation during mixing

smaller size.

of five direct eg

of sugsr-starch-

granules which s rofiles of compacts

than those of Emde: “ -f the others (Figure

18).. The compress ~;\ little effect to the

disintegration of cnqu:;?-f; zxed using sugar-starch-PVP
and sugar-st;ﬁz~__.______;; ulesyh in addition, the

L7 RY |
compacts disin¥eg P ne (3-4 minutes)
- p

despite no add% 1cn of disintegrant This results was

:ZiZiZ:iiﬂ'fféLmﬂ I
o ERIRINTUUM TN

The content uniformity of diazepam and
chlorpheniramine maleate tablets prepared using sugar-

stérch—F?F, sugar-starch-gelatin, and sugar-starch-
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methylcellulose granules were within the USP requirement
while tablets prepared from sugar-starch-starch granules
did not meet the compendial limit. This may be due to the
greater difference in size between the granules and drug

particles in comparing with the other types of granules

which led to segregratie ; rug and diluents during

mixing process.

In dire : ‘.5 0*7 Teley special attention
| ty of the tablets.

shern"stored under humid

should be paid

Sugar are known
condition (32) ficient quantities
the tablet will h would interfere
with the dissolu he tablet (33). The

physical properti dissolution behavior of
aging tablets contaim - ?' ances prepared from the
l}g_gated to  develop

.Anqas storage.

sugar-starch ;’-?‘

a comprehensive &t :

slﬁﬁ:ﬁﬁ 9 8Z§n§ﬂegﬁia““m and

ﬂhlnrphen1rqm1ne maleate prepared using

T LI TIE TR,

dramatic decrease of tablet hardness among all type of
granules were raked as follows ; sugar-starch-PVP > sugar-
starch gelatin » sugar-starch-methylcellulose ~~+ sugar-

starch-starch (as shown in Figures 21-28). Tablets
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prapared. using sugar-starch-PVP showed rapid decrease in
tablet hardness because PVP tended to pick up moisture and
the moisture uptake made the tablet became softer. The
tablets prepared using gelatin as a binder or high sugar

content in this experiment were not harden with time at

the room condition stopage is finding is in contras-

with the general diﬂgﬂi‘ felatin and sugar (33).

In addition, th&"HGiskure upmtha tablets caused

inereasing table 1ickness in the same

order as previao olet hardness. The

change in these gh iere clearly observe

during only the firs ; this may be due tr

reaching the sat ieisture obsorption of

tablets. Their phy; did not significantly

change at the nnrnagﬁgﬁr'r low humid conditions.

Finally, it cgf<be concluded that #he shange in tablet

yf_________— g}d
f

weight, tablet: thickness Wwere

depending upon the nature nf the hin-ers However, 1in

practice, ﬂ—lugw ﬂmw]ﬂﬁ‘jm high humid

condition uffo 75 X R.H. fnr a8 1nng time.

RELIER AR AUNAIANYUAG Horeee e

not currespnnd with the change in disintegration time.
Tablets were soften with aging but inereasing in
disintegration time were observed in tablets prepared

using sugar-starch-PVP and sugar-starch-starch granules



167

stored at 75 % R.H.(Tables 32 and 33). Tablets prepared
from sugar-starch-methylcellulose and sugar starch-starch
granules spent longer time to disintegrate than those of
PVP and gelatin binders, this is because mefhylcellulase
and tapioca starch retarded tablet disintegration by
ﬁ’ the granules. However, it

@tic change in tablet
zd

fnrmulations during

forming viscous layer ar
can be concluded

disintegration time ™

2 1 \7Y during 3 months
of storage was at the storage
bo the decreasing in
tablet hardness. ab1lit? from all of
the formulations ly low within very

satisfactory limit.

THe -_———:* diazeépam and

chlorpheniraminelnna cate t ‘siﬂ@' sugar-starch-PVP

and sugar-starch-gglatin grapules were within the USP

raquuementﬂ u &Lg tn&w ﬁﬂw ﬂ’}ﬂ ‘51“59 remalned

unchange after storagef for 3 gmonths unde various
cond itérmmba ﬂyivmlu w }g ng q aﬂ‘ltairat ion
times and water soluble prnperty of the binders. The
slight difference in chlorpheniramine maleate release rate
among each month interval was observed in the same

storage condition. The difference in dissolution profiles
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of these tablets might be the result of high variation in
content of chlorpheniramine maleate. The dissolution of
diazepam and chlorpheniramine maleate tablets prepared
pusing sugar-starch-methylcellulose and sugar-starch-starch
granules did not meet the USP requirement. This is due

issolution medium, methyl

to, when contacted
cellulose and starch 52& fgf g viscous layer around

granules which drug release Ffrom

tablet. However) ay further 1increase

by the addition o ‘he formula.

Diszepam maleate tablets

prepared from al rnulations taken at

the end of the f 4 third month could be
‘manufactured to ;'__-.% ic properties i.e.,

hardness, disintagratx« ght variation, thickness

and friabilitw ;;:de from freshly

prepared granule

The dlssaiutlan of diazepam and chlorpheniramine

satests tao i bocbodeld BV JHEL M NG ve ana ongar-

starch- tm granules USP requiremenht both at
- mmmmmnnamsm G
release he explanation are the same as described
previously Eor tablet storage. In addition, the

dissolution prnfilés of tablets prepared from storage

granules are the same pattern as of tablets under storage.
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This may be concluded that tabléts prepared from storage
granules at room condition for 3 months still provided
dissolution profiles at the same rate as freshly prepared
granules. So in practice, the granules can be prepared 1in

large quantity and storage for later use.

In contrast, the I'f£solution of diazepam and
chlorpheniramine : prepared from sugar-
starch-methylcelluTBSeSand [AF=Sthrch-starch granules
did not meet t 4

failure are the
Conclusions

sgod fluidization of

been achieved during

processing without o) e iculties. Satisfactory

granulsations «f sugar-stareh mixturesyith four binders
— C—
(PVP, gelstin, et oca starch) could

be conducted. rnpertias of granul depended on the

“““”“’“ﬁﬁ‘ﬁqﬂﬁ BTN Eié'lﬂ“?”"’ e

the type of Winder matarﬁpls empln?ed

A AIASUABIANYIAY. e <

prapare the tablet products of microdose drug substances
by direct compression. Among four binders employed, PVP
and gelatin provided good granule and tablet properties

while the granules prepared using methyleellulose and
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tapioca starch as binders gave satisfactory granule and
tabletting characteristics but poor disintegration time

and dissolution rate of drugs were observed.

However, the tablets prepared from sugar-starch-
PVP granules tended to be soften when exposed to high

relative huomidity duri In this study gelsatin

should be the best der materials used to

prepared the sugaw=stsrch Erapgtes ™ The tablet products
made from sugar- jel&Atih “SEsnules could ~ retain
required prope ‘exbibited lower moisture

absorption durin

:tdrers may apply the

fluidized bed g ady exists in their

plants to produce h Zranules in this manner

for later use in Dy direct compression

e
t1itveatrtion ot

process. The Pz tarch may reduce

_ i
the cost of pr€§:¢'. W pri:ass development is

required and grgnulation ppocess should be carefully

controlled Fq]l u Havw eﬂ‘ %x@ﬂo&]’]\ﬂt@en production

batches. F
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