CHAPTER IV

DISCUSSION AND CONCLUSIONS
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cost of developmentsFequired 6 i gher standards of quality
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means for developing diazepam capsule to have therapeutic effectiveness

and performancel Y& 18

and inexpensive formulation by way of studying the influence of

dispersion method in various diluents on dissolution rate of diazepam

capsule.
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The dispersion methods used in the experiment were simple and
L]
may be used in the local pharmaceutical manufactures. The dispersion
methods were simple blending method, solvent deposition method and

ball-milling or frictional deposition method.

Juent may produce some effects on

As it is obvious that d
selection of diluents in order

to ensure that bioa f L g S will not be hindered.

The diluents usedw arimen Weredivided into two groups,

water-soluble gro ngeluble gFoups. Mannitol and sucrose

were selected fo sic calcium phosphate

and microcrystal insoluble groups. All

diluents used in | ) ; Cylddg ) ‘dommonly employed in the loecal

pharmaceutical man #of diluent used were also

limited in the pract 2 bfofe, it was trusted that the

results of this inves ul for the manufacturers

in order to dev@lep—thesr—ow

wbstance can be classified ‘jj being crystalline,

‘o 2 5 n crystalline
materials, mﬂciﬂﬂﬂ HHF]I]::EE:H in a three-
dmerﬂwq ﬁ l:ir: les.
This ogdering ﬁmﬁtﬂpanﬂs ‘VIEJ ']n non-crystalline

material. Non-crystalline solids sometimes are referred to as

A solid

non-crysta

glasses or amorphous solids. Most of drugs are crystalline and
hence show some symmetry and regularity. This can be made visible
by X-Ray diffraction or diffractometry. Every crystal form of a

compound produces its own characteristic X-Ray diffraction patterns
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as a "fingerprint". The spacing between and the relative intensities

of the diffracted maxima can be used for qualitative and quantitative
analysis of crystalline materials. When analysing a mixture, X-Ray
diffraction patterns show the typical lines of each component separately.

These diffraction patterns can be derived either from single crystal

destructive in naturgsfndd4s

During mafitifadt ,'

to a variety of ud ol 'L‘diﬁ { Thase le grinding, in order to

dtug substance is subjected
produce the drug pg L\:H\L face area available for
dissolution and alsg 'nﬂéﬁ-_jg_ ?én=i y®of drug to provide dosage
uniformity. These fine .é:;;hi-J .d ced must then be mixed together
with diluents in ordes ‘=v~v;»fij of the drug so that a correct
dose will be ,———__I;" It has been reported
that a strong gri{? ng for ave -uli-ﬁincreased the activation
energy on the surfage _and the distgution of the crystal lattice together

o ] WU INUNINE AT reoenre st

these studies is called "mechfinochemistpg' (37). Hexsey (40) proposed
that gﬂnﬁﬂcﬁ]ﬂ &wuma gtnﬂ:] ﬁiEJ could increase
in solugility and dissolution rate of drug. In pharmaceutical processes,
mechanical activation may be occured during milling, granulating and
tabletting. These processes, particulary that of milling can cause

a mechanical activation of drug, where by the crystal structure of

the drug molecule can be disturbed. Such lattice changes or disorder

of the crystal can be manifest through out the entire crystal or at
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at the surface of the drug particle only. The crystalline changes

can be readily demonstrated by using a variety of techniques

including X-Ray diffraction, electronmicroscopy, density determination,
dilation on melting, differential thermal analysis, differential

scanning calorimetry. A number of indirect method including rate of

hydrolysis and water absorpfd@: also be used. In this experiment,

X-Ray diffraction technique was Sf#fefed to determined the change in

thk mé:f diazepam and diluents,

crystallinity of diasepam-in ti
because of the ad I gk \ ues in that the sample
was examined as preg -/ L its of sample were needed,

t{ud was non-destructive

\r&te comparing to the other

the sample could begfe
and finally the tec

techniques which mighff naeded. : \ nced person.

In the exper hat the major portion of
diazepam in the drug i f"’-’«mm of all diluents prepared by
simple blendlng '-'*‘f?*?TT. : ‘*""““'—“ yere In crystalline form,

u-'
in the X-Ray diffrarizl:ic:-n patterns the diazepam-diluent mixtures.

e, I} " T —

mixtures of 1 diluents maygbe change in crystallwit}r, especially
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in inte%sil:y of diazepam diffraction peaks compared to simple blending

because the diazeﬂn d3 , 0 Ibe observed obviously

method. There was a change in crystallinity of diazepam during
grinding of diazepam in all diluents. It was found that at the ratio
of 1:20 and 1:10 of diazepam in all diluents, the diazepam diffraction

peaks in the X-Ray diffraction patterns of diazepam-diluent mixtures
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were disappeared after twenty-hour grinding and thirty-hour grinding
respectively. It seemed to be that the crystallinity of diazepam in
the diazepam-diluent mixtures were destroyed and changed to an amorphous
state. At the ratio of 1:5 of diazepam in all diluents, the diazepam

diffraction peaks in the X-Ray diffraction patterns of diazepam-diluent

mixtures were not disappearadjaffer sixty hour grinding, however the

ghised in the intensity with the

increasing of grin' : me Cly tion did not appear to be
a major factor fcn( nsit}r of diazepam. It

was likely that the | :Lﬂzepam were remained

{ _."w

Owing to t J_‘ epgm in diluents, it was also
‘- \
understandable that JEhe fealh ratio of drug to diluents
above which grinding EpTof hase change. For all diluents,

a non-crystalline state 6f 2 ; n was obtained when the percentage

of diazepam in e 8 t or less. If the

percentage of I- & was above 10 percent, the
|

i)

non-crystalline sta}a of the diazepam was difficult to obtained after

i BERBNINYINT

to_table &G = pﬂuimnte timeélfequired for
grindﬂgﬁgj é imym g nuflﬁhzlahate appeared
to indicate the amorphous nature of diazepam was five hours shorter
than the other diluents at the same ratio. The mechanism of ball
milling, impact type comminution is the impaction of grinding media

and particles. Abrasion will also produce a comminution during ball

milling. Dibasic calcium phosphate is hard and abrasive, comparing
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to the other diluents used in the experiment . Since the abrasive
property of dibasic calcium phosphate may induce the destructive
process of the crystalline property of diazepam faster than the other
diluents, therefore the approximate time required for milling the 1:20

ratio of diazepam in dibasic calcium phosphate dihydrate appeared to indicate

han the other diluents.

As described be -r : r@ powder of diazepam
was grinding with dilu B ] ent in the percentage

of diazepam less than teg : \\ Lstate of the diazepam

could be obtained. Whega & Fetal \ diazepam was grinding
F e JaBsang \\ I:s, the X-Ray diffraction
1% che, clhig ’-_. ‘ phenomena may be resulted

from the agglomeration o azepamn - af & iL ding, where no Ffurther

i

in similar manner, bu

peaks of diazepam had &

destructive process of the cry azepam and the non-crystalline

state of the diazepamyc
Vor i)

From the prev i , . ,J dissolution
y

d

characteristics of drug ‘gnuld be altered by dispersing it on the
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methods were chnsﬂu, simple blend‘tng met‘hnd solvent de ition method
and ball-mj lwl%aﬁﬂ?ﬁ*%%@’a w qulamyhud gave
the shorter 1iissnlu|:iun time than solvent deposition method and

simple blending method in all of four diluents used. According to
simple blending method,simple blending method of milled diazepam gave
the shorter dissolution time than simple blending method of unmilled

diazepam in all of four diluents used.
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And it was found that solvent deposition method gave the shorter
dissolution time than simple blending method of unmilled diazepam

in all of four diluent used.

As described before, it was found that the major portion of

major portion of dimwepam—tn the |z20wamé™l:10 ratio of diazepam in

diazepam-diluent mixgk L. milling method were in

amorphous form aftg apd 30 hours respectively,

however the major g 1 5 ratio of diazepam

in diazepam-diluent gm: 1 milling method were in

crystalline Form aftg '#;;fg ;
ARG
A 2

The significafit dEEfefent lissolution rate of diazepam from

S ——

AT
‘diazepam capsule prepa Ef’n»{:;éf ferent dispersion methods were

concerned with ,*— tatiin i-—i:*' the drug-diluent

mixtures. The ap"ﬂaen ;  na of g azepam in the drug-diluent
L ¥ |

mixtures could be c dere& to b ainly responsible for the enhanced

ssssorvsonfihil ) EJVITW A8l
L W"I‘ﬁ‘ﬂﬂ'ﬁ’f’ﬂi};ﬂ“\‘?ﬂ Q e

the Figure 32-43. 1In the experiment, it was found that the four diluents
produced some effects on dissolution rate of diazepam in the diazepam

capsule concerning to the three diapersion methods.
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1 G Simple Blending Method

According to the dissolution rate of unmilled diazepam
capsules at the first interval (approx. 0-25 min.) of dissolution
profiles, prepared by simple blending method, it was found that

the diazepam capsule prepared from drug-diluent mixtures, the

diluent which gave fastepn &iS8& on rate was ranked as follow :
gdibasic calcium phosphate>

sucrose. Mannitol™SHa S5 #6luble diluents. Shah et.

al, (44) demuns b viero. d sgolution test, soluble

tvitro .
diluents, releasg 2 - I\QSJQS;E\\‘than the insoluble ones.
t \\ dissolution profiles

ife, however sucrose, soluble

In the experiment,

mannitol gave the

diluent gave the s fe. The failure of sucrose

as diluent to enhan rate of diazepam from

diazepam capsules may ?ﬁ%ﬁgl agglomeration of sucrose after

milling and ahsar g mofsture. NN L.
- yi' g 1" '

The 5u-1 oTi PVEr the microcrystalline

L} d

cellulose was that mannitul was a soluble diluent hence had

solubilizﬂ %ﬁgﬁa.wmrwﬂﬁ]lﬂa?euume and dibasic

calcium phéUphabe in the fﬁrst intarval of dissulution profiles,

mcﬂﬁﬂﬁé&ﬂl’uﬁfﬂsﬂ%’ﬁﬂﬂ'}&ﬁ e

dihas ¢ calcium phosphate. This result may be due to the superior
wettability of microcrystalline cellulose over dibasic calcium

phosphate.
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The second interval of dissolution profiles (approx. 25-
60 min.) dibasic calcium phosphate gave the fastest dissolution rate.
The performance of dibasiec caleium phosphate in this case was
unexpected. The solubility of dibasic calcium phosphate in dissolu-
tion media likely accounted for these observation, since after the
dibasic calcium phosphate digsdlyed, calcium salt of diazepam may be
occured hence enhanced dissolut ' rate of diazepam around the

dibasic caleium phgs; & p anth ﬁthe second intervals of

dissolution profile: A1 a?“_w}f-::ve the faster dissolution

rate of diazepam wg asir: caleium phasphate)

mannitol) microcrygfaf

Accordingftofrie 7-;ﬂ. ior (dte of milled diazepam from

the diazepam capsuld aff BHE“F1rs 1t8rval of dissolution profiles

MJT

(approx. 0-25 min.), pregated b

Ve

found that the d1333P=';5%§§)J:§; ared from drug-diluent mixtures,
= e _;, Y g

plél blending method, it was

the diluent whichdg tg¢ was ranked as follow :

microcrystallide e calcium phosphate )

sucrose. As decribed befare; reduction of “particle size of poorly

water-so luﬂeﬂ:é iﬂﬂlﬂﬁﬂm ﬂ?g lomeration of the

fine drug partic e to their increased surface energy. The

: , ponbilis e ol J L
A RTANN TN ATIVIE IR P oo vomire
diazefam. In this case, the aggregation of the diazepam seemed to be

the greater effect on dissolution rate of diazepam than the poor

wettability of milled diazepam resulting from particle size reduction.
The superiority of microcrystalline cellulose over the mannitol in
this case may by due to the higher efficiency in reduction of

aggregation of milled diazepam.
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The second interval of dissolution profiles (approx. 25-60 min.)
the diluents that gave faster dissolution rate of diazepam was
ranked as follow: dibasic calcium phosphate dihydrate> microcrystalline
cellulose> mannitol> sucrose. The superiority of dibasic calcium

phosphate over microcrystall cellulose in the second interval of

dissolution profiles wasyne The solubility of dibasic

calcium phosphate dihgwdeare media likely accounted for

these observation m phosphate dissolved,

caleium salt of d 2 enhanced dissolution

rate of diazepam osphate particles.

From the e luded that the mechanism

in dissolution enha ending method was depended

on the agglomeration 1:=¢I"5:? apility or solubility of the

The ideal. gave the maximum dissolution

diluent used.
uenc u —*J

enhancement in (COd y
|ri.

= after preparing the drug-
!

diluent mixture

ﬂ u’ﬂ:& TfleEJst] § wagﬂaﬂ @dia or dissolved

in the dissn&Ltion media
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II. Solvent Deposition Method.

According to the disselution rate of diazepam capsule at the
first interval (approx. 0-25 min.) of dissolution profiles, prepared
by solvent deposition method, it was found that the diazepam capsule

prepared from drug-diluent mixtures in which mannitol and microcrystalline

cellulose were used as diluBnEs N2y insignificant difference in

dissolution rate. The Wiazepam cg A pared from the drug-diluent

mixtures in which maw

diluents gave faste 5ic calecium phosphate.

The diazepam capsulé uent mixtures, in

which mannitol was est dissolution rate,

where as sucrose usedfas st dissolution rate.

The failure of sucrosefas he dissolution rate of

the diazepam from diazeps due to the agglomeration

of sucrose in the diazepafi~siickosg | 5. The insignificant

difference in ; T6n-rate - M azel:ram capsule

using mannitol and 1!}rac- i diluents may be

due to the small diffefeace in specific surface area of mannitol and
1&! ummmwmn Te specific surface
area of manni:ul and microcrysgalline celdulose were Qpf4 m fgm and

0.37 m !a ﬁfﬂeﬁ Qm imumq q wiy 'la']ge and

dibasic calcium phosphate in the first interval of the dissolution
profiles, microcrystalline cellulose gave the faster dissolution rate
than dibasic calcium phosphate. This result may be due to the superior

wettability of microerystalline cellulose over dibasic calcium

phosphate dihydrate.
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The second interval of dissolution profiles (approx. 25-60 min.},
dibasic calcium phosphate gave the fastest dissolution rate. The
performance of dibasic calcium phosphate dihydrate in this case was
unexpected. The solubility of dibasic calcium phosphate dihydrate

in dissolution media likely accpunted for these observation. After

the dibasic calcium phosg dissolved, calcium salt of

diazepam may be occured ssolution rate of diazepam

around the dibasi

From the e peluded that the mechanism

My

in dissolution enhg L yen leposition method was

; \
depended on the surfficd afea, agglo ﬁ‘*‘A tendency and wettability

lat gives the maximum

] .\; ould

of the diluent used.

dissolution enhancemeny h;;;gh_
7

l. own lar LT

= _-"’llv"i’
;iﬁt preparing the drug-
diluent mixture.

.!l
L

3. be wgtted easily by dissolut on media
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ﬂmaﬂnimumqwmaﬂ
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III. Ball milling method

Milling or comminution operations are used to produce fine
particulates having increased surface area available for dissolution.

Milling produces particle size reduction, but as the particle size

is reduced, it becomes incke A?’ more difficult to obtain furthur

reduction size. Even‘::, rind limit attained (65).

The most important I3 quﬂ— mi‘ g ~u1ﬁ__ductiun is the tendency

for the fine produ 1?;’; . panilling to reaggregate

and establish a dy between the two operation

of agglomeration agd Gragme hin Figure 44,

Figure 44 Diagrammatic representation of the mechanism of milling

equilibrium.
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It was found that comminution consisted of three phase as
shown in Figure 45. The phase was nominal grinding phase or
Rittinger's stage. At this stage the particles were beginning to
break down. The second phase was aggregation phase resulting in

crystal clevage and formationgaf, platelets. This stage of aggregation

was due to Van der Waal'se uld be mechanically reversed

since the ener invotwed amount s é—f».ﬂ ky/mole. The third
gy invol : > %7

phase was agglomerasd® - «,,*:,

decreased incidence of
ifon of particle resulting

\\
A%
from much higher €hegdy [ \"-\-.h‘x._ \‘ pole). At this agglomerative

stage the process#ls #f - ¥ ’ L)

size reduction du#

I
|
: o Y,

‘imuﬁﬂ?ﬂ&l” aE

2)
=2
-

—_

-

.

Milling time

Figure 45 Theoretical diagram illustrating the three phases of fine

dry grinding.
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The agglomeration process in the ball mill was characterized
as a "balling up", where the material appeared damp (65). Prior to
balling-up, the powders took on a fluffy appearance and ultimately
became completely caked. It was found that grinding of many materials

in a ball mill for long periods, resulted in agglomeration, where no

further size reduction could| e &gca . The irreversibility of
agglomeration operatiags ‘ Taf ' milling times suggested that

Inde nilnmeratian was likely to

gring the agglomeration might

/// \\\ les. To overcome the
ZP AN\

milling could not p
be the major proble

be resulted in the

were used to solve this

agglomeration prob },

w,

problem.

a. If wet m d, agglomeration could be

delayed resulting, in, iner particles,

b. 1If dry m 35 necessary to decrease

the energy ;— =2y =yr-n : I:inrt. This might be

dchieved by reducﬁ the , e Size of the grinding media

or the time of grinddpg

. B4 (L ANANINHUIN ...
" fmﬁ ORUE I L0

the aggregative phase.
d. Mechanical removal the fine powders as soon as they reached
the desired degree of fineness was a most practical way of eliminating

agglomeration.
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In fine, dry grinding of solids considerable energy was supplied
to the material, of which only a fraction was used in the formation of
new surfaces. The remainder was converted directly into heat or stored

r

in the material, causing plastic deformation, "mechanical activation"

and "amorphisation" (40, prolonged grinding atoms or ioms
were removed from t h-.,‘ 'ystal lacttice, creating
el

mechanically activ mics lwefeut sites. The individual
activated particl it ted, bul intained their high energy
content. i

In the gXpedingnf , it pa oune grinding of diazepam-
diluent mixture fn pe . mify ‘& large Tease in dissolution rate
of diazepam was defecgte ., supparfing the concept of "mechano-
activation". ibasic caleium phosphate
dihydrate were tended Eo agp ; ar milling with diazepam.

I :'j' agglomerate after
milling with diapmu W 2 L'_ diluents. As aforementioned
there was a chanéat%crystallini@ of diazepam during ball milling

of diﬂEEPﬂﬂdu%l qmrgnsww Elrg naﬁthe approximate time
required l’u?'I milling 1:20 rdtio of diamepam in dibdkic calcium phosphate
to I:ﬂ ﬁ%ﬁqmeﬁvm uiﬂ ﬂu.g: moﬂ:r] ﬁrﬂe other

dilue:?ts at the same ratio. 1In this' case the hardness and abrasive
property of dibasic calcium phosphate dihydrate likely accounted for

these observation. According to ball milling method, the hardness

and abrasive property of diluents were considered as well as the

agglomeration tendency of diluents in selecting the most suitable

diluents. From the dissolution profiles of diazepam capsule prepared
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by ball milling method, the diazepam capsules prepared from drug-
diluent mixture, the diluent which gave faster dissolution rate
was ranked as follow : microcrystalline cellulnse) mannitul)
dibasic calcium phnsr.uhate) sucrose. The diazepam in the diazepam

diluent mixtures at the ratio of 1:20 and 1:10, was found in an

amorphous state after o 20 hours and 30 hours respectively,
however some portig the 1:5 ratio of diazepam in
diazepam-di luent s ot wll milling were remained in
crystalline fo 3 ng for 66, ho The results may be due

to the high pe o ‘ az@pa '_‘- e diazepam-diluent mixtures,

and the agglome g8 | :luent mixtures after prolonged

grinding.

From th concluded that the mechanism

in dissolution milling method was depended on

the amounts of diazaggif.t*ﬂ; diluent mixture, the milling time,

the agglomergfion tendency of diluents—Sfier prolonged grinding. The

-
-

k.t

ideal di[uent rh *ﬁt should be compromised
. i

among the Eollnw.;.ng prapert‘iEs . .

ﬂUBQﬂ&M?WMﬂ‘i

the agglomgration tengdency of dilygpts after prolonged

@W]Mﬂ‘im URIINYIA L

3, does not cause drug-diluent interactions.

The combination of two or more diluents in order to get the
ideal desirable properties of diluents may be succeeded in enhancement

of dissolution rate by this method.
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Conclusion

Diazepam is a psychotropic benzodiazepine, exhibiting poorly

water-soluble and absorption irregularities (62). For this reason,

the experiment had been performed with an aim to develop the

As previoug sE been used to enhance the
-t\\&

dissolution rate « s. Lt was believed that

the solid disper pharmaceutical techniques

which effective of many poorly water-

soluble drugs (22-% 2s were limited to

manufacture, because Vlems of solid dispersions,

which tend to be wax [32) and poor flowability.

The process of preparing on system might cause degradation

of drugs or exc ;, the solid surface

dispersion system[ias ,; s problems of solid

J

dispersion system. ‘ﬁn known before the salid surface dispersion

system was ﬂnHeE] ’J ﬂ Et‘ﬁ]:i wﬂ’]dﬁition method

and frintinngq deposition ar‘mEchanical depnsitinn hod. 1In this

A AE AT BRI B i

method 10 accomplish the best way that gave the highest dissolution

rate of drug and ease to manufacture.



149

The results of the experiment may be concluded that:-

L. Among the three dispersion methods, mechanical deposition
method exhibited the highest dissolution rate, followed by solvent

deposition and simple blending method.

3. A great eased a higher dissolution

rate of diazepam three dispersion method,

however the amount 4 iy the practical rage.

4. The me "ia o blending method was depended on the

agglomeration tende ' ot cabil r 8olubility of the diluent used.

5. cposition method was depended on
the surface area, agglo ‘f'f?”_“* and wettability or solubility
of the diluent :,i- - ' ] ‘

e 1

:;i:;:::ﬁ uﬁﬁ‘mmm’;::i?::i::‘":;_::;
ammnimwﬂﬂmaﬂ

According to the mechanism of the three dispersion method

i

the suitable diluent may be selected to achieve the highest dissolution

rate of the drug.



150

The solid surface dispersion method was successful to overcome
some processing problems of solid dispersion system especially in the
production of wax like sticky mass and poor flowability. However the

other problems such as, the limitation of solid dispersion method in

poor stability of solid dispersions

large dose drug and the geneg

had not been solved by S | “,’ Ersicrn systems. Since the
s @lecule were activated to

solid surface dispecsdds t

of drug may be reduced

higher energy level, / a \\&x N\\\
after storage for a JOng" 'i?xn%“”x er experiments about the
: N "N\
stability of the sygfen / > b \ \* \ \\\
' AR AN
- i fﬁ‘l’p\C\\ \}
It is thE 4 i E = e @. . ¥,

and development pharme

be useful to research
op the appropriate

formulation of diazepa¥ o¥ed in the manufacturing

practices.
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