Chapter IV
Discussion and Conclusions
Discussion

I
Famotidine , a qug-ac}iLJ é{ eptor antagonist developed

initially for once nigh&hﬁerapj ﬁc ulcer, markedly inhibits
acid secretion. It exhibited very limited

basal and stimula‘)tyz
aqueous solubili Y, quailafﬁﬁty-..( 3745 % , Campoli-

Richards and Clis€o 6; Kromer and Kiotz, 1987 ). Solid

o
dispersion is a po

-
4
e

.'change the physicochemical

properties of such ! in :;rder to improve the
solubility and dissolutio [gl;e‘.'fﬂ; Lis con 'dterably important in the
manufacture of thi let.prod , ince it was claimed that the
products which producé&?t:;gh' @concentration at the site of
absorption could exhibit hfdh‘er M%ﬁ
) VA

|

rea by the fusion method

Although the_: motidine pow
could highly increas;d the solubility qgf the drug, the obtained product
=

was not stm mﬂ im Cw Eje'bfﬂ-qion of famotidine
injection, many solven werc:: careEly tested whether it was able to
be use WQIQ: ﬁm ﬂrﬁ ﬁt the drug
has low aqueo lub ow stabili :E’Tacdc ution, it is

therefore, most suitable to produce it as lyophilized powder.



1. Selection for Appropriate Carrier System

The physical mixture of famotidine and polymer carriers ( PVP

12 PF, PVP 17 PF and PEG 6000 ), sugar carriers ( xylitol, mannitol,

glucose and sorbitol ) and the combination of polymer and sugar
carrier had slight effect on increaﬁ)y the solubility of famotidine.

Solid dispersions of famiotidifie prepared by solvent method

were difficult to find"a st bli{:olvent. Sifice the drug can most

highly soluble in < 1amide ( 568.mg/ml ), unfortunately,
there is no apparat dgd‘:_ia' the laboratory to eliminate the
residual solvent very- armful to the body. Glacial acetic
olv.ént nhmce because it is the second

$olved otldlne ( 498 mg/ml ). However,

all the preparation s nt -more ﬁ?ba week to be dried despite

acid was the foll
solvent that can mo

keeping in the desswator wuth vacuﬁh pump.
Hl ——
The fuéwh method can be used to predare famotidine solid
dispersion only wh,bn melted with mannitol, sorbitol and xylitol. The

obtained dispersions from the threeisugar carriers were dried quickly
and very easy to be pulverized. Other preparations prepared with
glucose, citric acid , PVP 12 PF and the combination of these carriers
were 00 liygroscopic| and Viscous to |be quickly dried."The results

were due to the typical properties of each carrier with famotidine.

Famotidine is very stable in the presence of heat. ( Pepcid
Prescribing Information, 1990 ). Thus, there was no problem occurred
with the dispersion prepared by the fusion method. The percentage
content of famotidine in each dispersion system was between 93.58-
104.12 ( Table 4 ).
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1.1 Solubility Determination

The aqueous solubility of famotidine powder was 1.1 mg/ml

at 37 + 0.5 ° C. Dispersion of 1:10 famotidine-mannitol produced the

highest solubility ( 260 % ), foIW by the dispersions of sorbitol
(54 % ) and xylitol ( 26 % ) wh

ratio. The solubility ms;%g wai not ional to the increase in
carrier concentraticy [ —

= =

d at the same drug carrier

Among y g carrlers mannitol was the carrier

that could most increase’t sq[uﬁuny of famotldme solid dispersion.

As aresult, it was ch ber us,yd" in'the productlon of famotidine

tablets.

1.2 X-Ray Di ffractlonisguﬂggi_f

.-.-___.. _____.

b _af
The Soiid—dispersion—spectrum | of famotidine -

mannitol , famotidine-sorbitol and famot nerxylltol still exhibited

some characterlstlcs of carrier peaks whlle general absence of

crystalline q B W?Wrﬂ dispersion of
orbitol (

famotidine-s ( Figure 14 ). This may indicate that famotidine

i b, Wb 01 ) R e

extremely fine dispersion of famotidine in the dispersion .
1.3 DTA Studies

DTA thermograms of all solid dispersion systems ( Figure

19-24 ) were interpreted. The thermograms of famotidine- carrier
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solid dispersions showed only the carrier peaks, and the endotherm
peaks of famotidine were not found. Since no new peaks were
observed in the thermogram, it is not chemical interaction. Only the
endotherm of famotidine-sorbitol solid dispersion was shift

differently from that of the pure drug and carrier, indicating perhaps
the formation of a eutectic mixtt'lre’ Wieux, F; Henry, S, 1981 ).
o

—
- I

1.4 IR AbsorptionStudies
ar d&

G

The absorptio

characteristic ( Figure 16-18 )

of famotidine was al ffected in. all disbersion system except
the shortening of €o
at 1700 cm ' and

complexation betwe

C of f-émptidine-sorbitol solid dispersion
W b,

" As'a frgsult , there was no evidence of

#. 7 d ok .-,.-_r}* ¥

motidine af}g the carrier since no new peaks
Py x -

were observed and nofie 6f the shaT_t?‘gan& in the dispersion system

disappeared. /

e e ] ] =
h £)
p & —
1.5 SEM ﬁgies e
4 1)

The microseopic. image “of , pure. famotidine was well
define as needle shapé@. 'The.'SEMCof " famotidiné' - mannitol solid
dispersion exhibited fine particle, leadingsto a markedly increase in
the aqueous | 8lubility cof, ifamotidine (! 260 % )5 AlfHough the
photomicrograph of the powder may result from the size of particle
during pulverization, they were all subsequently passed through 80
mesh-sieve. This could be explained that these carriers offered an
opportunity of making available an extremely fine state of subdivision

of famotidine in solid dosage form.
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Solld dispersions SEM images of famotidine - sorbitol
and famotidine-xylitol turned to more coarse particles, yet they could
potentiate the solubility up to 54 % and 25 %, respectively. This

could be explained as follows:

1. The carrie act as protective colloid in
retarding coaggulatlon, y coarsening of the fine

crystallites before s

Rlegelman 1971 ).

ect by the carrier

mediately surrounded

of increase solubility by
the sugar carrielﬁ shOuI uted to u\e formation of glass

solutions by xyhtokﬂd simple e utectic mixtures by mannitol and

ool R Y4B VIEJV]‘?WEJ’]T’I?
) T 1) 67 A4 by doatons by

its transparency and brittleness below the glass-transforming
temperature. Moreover, xylitol solid dispersion produced strong and
sharp crystalline diffraction effects ( Chiou, WL;Riegelman, S, 1971).

The enhancement of dissolution characteristics of glass

solutions may be explained by the following factors :
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a) Because of its viscosity, a high supersaturation of the drug
in the glass solution is much more likely to take place ( Chiou, WL
and Riegelman, S, 1971; Puisieux, F and Henry, S, 1981 ). Moreover,
the particle size of crystallization of the drug solute is also quite

small due to the difficult growth of the crystal in its viscous medium

Chiou, WL and Rlegelman\ilfp

b) The ﬁ mokcuﬁzollmdal dispersion of drug in
iou“@ﬁegelman s,1971; Allen

ness.DD, 1977

glass solutionis p

sorbitol should be

characteriz ,s simple eutectic m iice they consist of two

crystalline combonents i mixed (Jj}msneux F and Henry , S,

1981 ). When & eutectic composed of a poorly soluble drug is

exposecﬂouay Q Mfﬁjm gtW&larﬂ\é may simultaneously

crystalhze out in very small particulate sizes. The increase of the

@ <% atepladel} Bigtddhedph rmpARB ppigderany increases

rates of dissolution of poorly soluble drugs ( Chiou, WL and

Riegelman, S, 1971 ).

The following factors may contribute to the faster dissolution

rate of a drug dispersed in the eutectic :



1. The increase of drug specific surface area due to its

extremely small crystallites ( Chiou, WL and Riegelman, S, 1971 ).

2. A possible solubilization effect by the carrier in the
microenvironment ( diffusion layer ) immediately surrounding the

drug particle in the early‘sta 1 1 dissolution since the carrier

completely dissolves in a short ti iou, WL and Riegelman, S,

1971 ; Goldberg , AH , GZ@Q:, M"‘and{&, JL, 1966 ). This was

demonstrated by th:y olution rate.of,acetaminophen from
its physical mixture wi impared to thatefithe pure compound
with comparable parti

sold erg AH, Gibaldi, M and Kanig,
JL, 1970 ).

3. The absence 2 a’ggﬁlomeration between
fine crystallites of the/ pure: hy hobic drug because the
individually dispersed partleres-_aregﬁunded in the matrix by
carrier particles. Su_gih an atfvﬁ'nt-age wi!?dé'rnonst iated in the in vivo
absorption of grisecfuivin-when-dispersed ‘—'='- 000 ( Chiou, WL

and Riegelman, S, 19? ). i

4, Excﬁr Pedp |I(ﬂ EJWI?ﬁ EJQI fl] ﬁdrug from a

eutectic or o |spersmn system prepared: wnth a water-

e TR A e

readily dissolve and cause the water to contact and wet the drug
particle. The encycling carrier also prevents the drug powders from
being surrounded by the non-polar air. This advantage was observed
with various solid dispersions such as hydrocortisone-PEG 4000

dispersions ( Ho, DSS and Hajratwala, BR, 1981 ).
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5. Anincreased rate of dissolution and absorption also occur
if a drug crystallizes in a metastable form after preparation method
( Chiou, WL and Riegelman, S, 1971). A metastable, crystalline form
has a higher solubility which leads to a faster dissolution rate
according to Noyes-Whitney equ!a;tilpn.

W

From the data, —the most effééﬁ:r’e— carrier with optimum

drug-carrier ratio ibited the good solubility was 1:10 .

chosen to use in the production of

Consequently, ma

tablet. It possesse ; .‘ntages above other carriers that it is
ensive, physiological acceptable and
usually utilized as tabjet dil ent;for%llrect compression ( Kanig,1964;
rtano 1@?8: ). Moreover, it has been
indicated that mannito |s“§ gonﬁ:z carfier since it formed a

nonhygroscoplc and free-ﬂé\')\'é;g dlngs‘ion system.

B ..:_j::"'-:“‘

b Y
2. Famotidingw =

=

M

(S

Solid dispersion tablets of 1:10 famotﬁine-mannitol were
very conveniéent! fo produce 'by| the direct compression method,
whereas the physical mixtures were more difficult to be compressed
as tablet, As canhe seendrom Figure28)-299/tabléts Brepared from
solid dispersioh “technique displayed the highest dissolution rate,
followed by physical mixture. Pure famotidine powder presented the
slowest dissolution rate eventhough there was no compression
force to interfere the dissolution profile like other tablet products
and the higher surface contact to the medium. Nevertheless, all the
prepared tablets showed the dissolution rate within the UsP
requirement.

128



The higher dissolution rate of the dispersion system may be
attributed to the presence of mannitol, by reducing the. surface
tension of the medium. Other factors such as increased wettability,
reduction or absence of aggregation and agglomeration and
solubilization of drug by the carrier at the diffusion layer of particles

may also partially contribute ‘t(* “ ?-nhancement of dissolution of

famotidine dispersed system ( Chio ).
= |, =

” T . -'""h-.‘
Three comn’l‘!ﬁ‘""r vailable famotidine tablet brands
;“H_.‘ LY i
were also studied("Fi T blets composed of 1:10 famotidine-

brands. This may due the—yana in. formulations especially the

type and quantity of exctplentsmg' manufacturing process.

-rl_'_,.___‘_“

However, the dlsaolutlon of all tested commeﬁg)al tablet products

4
were met the USé_kqunrements 73—-’
J ‘ - {1} !

Although all=, the fameotidine ,‘ﬁroducts possessed

fine .dlssoluﬂ u&J '}1%] S_L%ﬁuw & j; jported very low

(37-45% ). “This could be explained that the famotidine exhibited

betterspliilty i a&idic mediorn | s} grabeitba bigh aissolution

rate in phosphate buffer PH 4.5. However, it is susceptible to acid -

catalyzed hydrolysis in the acidic environment of the stomach
( Suleiman et al., 1989 ). As a result, its oral bioavailability was very
low. One possible way to solve this problem is to prepare as

injection. And since the drug has low water soubility and low
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stability In acidic solutlon, It Is therefore suitable to produce in the
lyophilized powder . This dosage form is not only make the product
stable but also very beneficial in giving rapid solubility to the drug
before injected into the body.

3. Lyophilized Product

3.1 Selection fo%&%nphiﬁzeg Famotidine Product
o
=

3.141

ug, thus it has a

tendency to increase i i wer pH solution. However,

Suleiman and et it was very susceptible to
acid catalyzed h . f ent. For this reason, this
experiment was care _"'. T motidine to dissolve in the
high pH medium as possﬂzb:_"" e same time the filled volume

The following vehlcle system were used :

AU .Iiﬁmjﬂﬁﬁ’mﬁ
M7 aﬂﬁmmﬂmﬁﬂ.ﬂ ¢

- L-aspartic acid pH3.3, 2ml

. Concerning the pH value of the reconstituted

solution, the time used in the lyophilized cycle and the reconstitution



time, 2 ml of acetate buffer pH 3.7 and 2 ml of L-aspartic acid pH 3.3
were selected for further study. The reasons to the selection can be

explained as followed :

1. The acidity of the solution was sufficient to

completely dissolve the drug , pr of reconstituted solution was

in the range ( about 4@\)\

physiological fluid oft P

) M was optimum for the

about 30 hours .

uld be compatible with the

Qless when compared

ther vehicles.

In the penment, inert carrier s as mannitol, glycine
was adde ﬂm f important in the
formulaﬂoElvm 'ﬁi] ﬂﬂy‘] m It was obviously
that pro repared b rug carr ti re‘more bulky and
spe ﬁmﬁ jy mﬁlh’gsﬁﬁﬁ E.I:arrler ratio
( Table 8-12).

b) Carrier Type

Varlous carrler : PVP 12 PF, PEG 6000, glycine, mannitol,

sorbitol, xylitol, glucose and citric acid were used as bulking agents.
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The preparatlon containing citric acid was too acldic to
use while products from PVP 12 PF, PEG 6000, sorbitol, xylitol,

glucose spent more time than preparation in mannitol and glycine.
The moisture content was considered an important factor for the

reconstitution time use.

3.1.3 pH Value &f\f‘%‘#ted Solution
=
Iyopﬁmm..powder had pH value
approxlmately i $
pH value of th

after d| with 5 mi of water. The
was 1 pH unit shift up,

sol tion pr‘bmred in L-aspartic acid
shtuteg solution of famotidine

reafed about 2 pH units.

T ,
Accordi t(iS:ﬁle"iJ and et al. ( 1989 ) famotidine was
susceptible to acid-cat’a'&’z‘éﬂ h@sns in the acidic environment,
therefore the pg increase of the: Eﬁbt 102.5

X

—

olution should be an

advantage to

j

3.1.4 Morphology of Lyophilized Product

AUEIANENINGINT

& mICl'OSCODIC images the prepared lyophilized

T s e T o

subdivision ( Geneidi, AS; Adel , MS and Shehata, E, 1980).

From the selected vehicle systems ( Table 9 and 12 ) mannitol

was the common carrier that applied the shortest reconstitution time



( 15-20 sec ). Besides, the preparations after freezed dry had the pH
range of 4.4 to 5.7 which is physiological compatible to the body
fluid ( this was not so crucial since it would be administered by i.v.
route ). Furthermore, products prepared by 1:2 drug-carrier ratio
were more bulky, leading to less time to reconstitute. The SEM
microscopic appearance ( Flg

very fine particles. : }//

- 33 ) of all systems exhibited

As reasons m

a ved;“'ha..tamotidine - mannitol was
uction of I\Eiphi.lized powder. And two

selected to use i

]

The Uf FDA*prdpbses s keep at 37-40 °C,

5 % relatlve Uinidily for three months, anc

3

a ss‘ﬂned that it can be last

Il exhibit the content
remained within the USP requirem
for 2 years at the r?om temperature ( US Food Drug Administration,

18T ﬂﬂﬂﬁ%ﬂﬂiﬂﬂﬁﬂi
BBV b rinTor n o bitsgt | etel

kept at 45 °C, 75 % relative humidity was in the range of 92 - 100 %.
Thus, the prepared famotidine powder may last about 2 years at the
room temperature, according_ to- the US FDA. However, long term

stability should also be observed.
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Stability study of commercial lyophilized product brand A was
also tested. After kept as dry powder at the same condition, the
percentage content remain was in the acceptable range and can also

be assumed that its expiration date is about 2 years.

33 Reconstitu;g @P//_/g

The aci phili

n had a tendency to

increase. Moha suggested that the

decomposition of id solution may occur

according to the fo

R—‘s\/\(N . * . \/\]/Nusouu,
i I
%ﬂ%ﬂ Er qﬂﬁx\r

Q‘W’] RINTUINIANYIAY "

As can be seen that the final degradation product (Iil)
contained carboxylic group indicating an acid form. This coincided

with the decrease in pH of solution. When the degradation products



were increased as time passed, the osmolarity of the solution was

also increased.

Serveral treatments of data in Table 17 and 18 , the
correlation coefficient of the d 'z’treated as zero and first order

A
reaction were closer to 1 or -1 value of data treated as
second order. For shelf-life calculatr concentration change is

generally no more ‘?p %, the-dls_nnctlon between orders
is relatively unimpo

ore, drug-product exprratlon dates
are uaually based op/as

K.A.,Amidon,G.L.an

constant and the shelif-li

d zéro or first order kinetics ( Connors

L rszgi Therefore, the degradation rate
éré c*cﬁlated upon treated the data as
zero and first order reaction. Ii‘ha sp\geen reported that the acid
amo‘li‘dm .& ov‘ra‘ll followed a pseudo -

e

first order kmetlcs(SulleinaELan -, 1989).

,,.a I r.rj o
—] -"'"‘-" = 'r "i-r"'-|

catalyzed hydrolysis of

The shé[fl i

A comparision of the shelf-life calcu

rhenius equation .
d for each kinetic order

showed that the apparent valued was higher “than the extrapolated

one, and th han that of zero
order. Besuj‘-31 , the Sh?f-llfeg the rﬁ\gﬂﬁ'ﬁglutlon produced
in ac t m ed in L-
o'y i N e 1oyl

The activation energy ( Ea ) of reconstituted solution famotidine
produced in L-aspartic acid solution was lower than the product
produced in acetate buffer. Thus it has more tendency to degrade
more quickly since the energy required for the excited state was
lower.
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Conclusions

Solid dispersions with various carriers yielded more rapid
solubility rate of famotidine than pure drug and corresponding
physical mixtures. The carriers ti?le faster solubility characteristics
of famotidine were ranked as fol )anmtol > sorbitol > xylitol
which potentiated tae._solubilty up t0+260 %, 54 % and 25
% , repectively. Th:y at of the drug increased as the ratio

of carrier to dr creased. From x-ray diffraction, IR

absorption, DTA studie : EN photomrcroqraphy, the important
role in improving the's i ty clj'gracterlstlc of famotidine in solid

of}' né and less crystallme particles.

Al i.l

dispersion was the prés

The dissolution proﬁlés i the‘\ t‘wee commercial and
prepared tablets from sofld._dlspe@ physical mixture and pure
drug were all cor;nphed Wrtﬁ-USP ré'ﬁﬂ?rement The prepared solid
dispersion exh'p .__

commercial tablet EdeUCt brand A, and

As we Wuﬁ@wﬂmw'ﬁ G‘SFTI? better in acidic

solution, so there was no problem with the dlssolutlon rate tested in

Sy (W AI Y RPNl

parenteral dosage form is an alternative way to solve this problem.

s good as the
rlfhan brand B and C.

Further research should be directed towards the study of the
stability and methods for improving stability of solid dispersions and
to examine feasibility of using dispersion technique in manufacturing

process.
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The freezed dried powder leads to the increase in solubility
and stability for famotidine. The activation energy ( Ea ) of

reconstituted famotidine produced in L-aspartic acid solution was

less than that of the produ

;i ared in acetate buffer pH 3.7 .
Shelf - life of reconstituted \‘é&&; famotidine ( prepared in

L-aspartic acid solutlem_d aje er pH 3.7 ) at room
ere calculated from the apparent and

temperature ( abouyf
extrapolated speci ; t'x}»lheh-\i_t_réated as zero and first

order. The preparati via thé‘{gophilization process

could be an advan eous sglubility and to avoid

e

lyophilized powder by us%n;_—r'néﬁ# as a carrier, varing two
vehicles: L-aspartuj acid soTutron énﬁggfa ufer pH 3.7 was only
a preformulatlon‘i_' tage. Since the pharmacol ogical effect of the

prepared dosage fcfjn had not been d, eﬁ fomulas should not

be utilized at the mopent The further investigation should be to

select other ﬁﬁrﬂd@i %ﬁﬁ%ﬂ ’]\ﬂﬁinvestlgate the

kinetics potefcy loss as wesll as feaslblllty of predlctlon from

R WTRIN I8 UANINYAY
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