Charpter i
Results

Standard Curve Determmatnon

The data and wEie&da/& for famotidine in 0.1 M
phosphate buffer qpper@prem Appendix 3 and 4 ,

respectively. The co i0] f the standard curve was
0.9994.
The HPLC curve of lyophilized

famotidine were nd 6 , respectively.

Chromatograms of dation products were

exibited in Figure 36
curve was 0.9999.

Solubmé studies wefe carried ©ut on famofidine - carrier

ohysiEhi Wit W b d dohbthrd wbihet hrodeiine powder

to 10 na water in 20 ml screw capped test tube. Before mounted on a

top-to-bottom shaker, duplicate of test tubes were added with 40 mg
of each type of carrier. Various carriers used were : PVP 12 PF, PVP
17 Pf, PEG 6000, xylitol, mannitol, glucose, sorbitol and mixed carrier

systems. After 1 hour of equilibration at 37 +1°C, each test tube



was eye observed , any carrler system that could completely
dissolved the drug was noted. The amount of carrier was gradually
added to each test tube until clear solution was observed, and the

drug carrier ratio was presented in Table 3 .

Table 3 Ratios of famotid; \&%A\\ll//ﬁi when physically mixed

in 10 ml water wi com /dissolved the drug at

Q
o 1:30
; 1:30
Famotidine-PEG 6000 . T 1225
Famotidine-Xylitol I 2 ;g—m..__ _ >1:50

Famotidine-Manqri@[

Famotidine-Glucose

Famotidine-Sorbitol :
Famotidine-PVP.12 PF 6 W 12.5:12.5
eln sV
Famotidine-PVP! X 0 L TT4:12.5:125
Famotidine-PVP 17 PF-Mannitdl o 1:25:5745 -
Famotidi I :2 '
Famotidine-PVP 17PF-Sorbitol 1:25:30
Famotidine-PVP 17PF-Xylitol 1:25:45
| Famotidine-PVP 12PF-PVP 17 PF-PEG 6000 1:8.75:8.75:8.75

* average from two values ( n=2)



The physical mixtures of famotidine with polymer
carriers produced little effect on increasing the drug solubility. The
ratiios of famotidine:PVP 12 PF , famotidine:PVP 17 PF and PEG 6000
were 1:30, 1:30 and 1:22.5 , respectively . Both PVP 12 PF and PVP

17 PF demonstrated the same effect on the solubility of the drug.

x\\ ' /
The famotidine ahstca"y |th sugar carrier - xylitol

, mannitol , glucose Wtol ﬁ/ere-faﬂ-te-mcrease the solubility of

the drug. All the drug were:}?;ore than 1:50.

s.ugaF" carriers potentiated

Combination
very slightly eff solubility in the physical

mixtures.

. "'-F""-—"..-' F¥ i{.'!-‘m
2.1 Solvent Method
\7

~l i —

The far'u%tidinéus_o | |spersionsl'_brepared by solvent
method wer ic fi iate solvent system. As
can be seeﬁ ﬁ gffﬁ ﬂﬂnﬁdﬂ |ghly soluble in
dimethyl formamlde 568 dmg/ml ) mfortunately,q_.there is no

sppafatie prbiied AN TR B oo

re5|dual which is very hazardous to the body.

Glacial acetic acid is the second solvent that can most
dissolved famotidine (498 mg/ml). However, almost all the
preparations spent more than 7 days to be dried under the vacuum
system. Besides, the famotidine-glucose solid dispersion was very

moisten and sticky. ( see Table 4)
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Table 4 Duration used to obtain dry solid dispersions when

prepared by solvent and fusion method.

b5

Carrier Method

Fusion
Mannitol immediately
Glucose hygroscopic
Sorbitol 1 day
Xylitol 3 days
PEG 6000 7 days
Citric acid anhydrot - :;.'1 Sk : viscous
PVP 12 PF ) wax-like
50 % Mannitol-50 % P . >1wk
50 % Mannitol-50 % PVP"E;E}: >1wk

* least amount of glacial acetic acid ©

2.2 Fusion Mett
bl L) ¥ IR Syom s cery

observed%lefore the meltlng» occured Thls can be attrlbuted to the

o Ao FYE MR A i T e ey

brow’vn mass was abtained.

After heating famotidine-PVP 12 PF physical mixture to
about 168-169 ° C produced the pale-yellow melt with suspended

particles. After cooling, the wax-like pale-yellow mass was abtained.




The famotidine-glucose physical mixture were melted at
about 100 ° C and the yellow to brown masses were obtained. The

dispersions absorpted moisture very quickly, and spent more than 7
days to be completely dried.

The mixture of famltn[j(#:’;ric acid was obviously

become viscous after a_qu__minl:‘te _
o dry. Combinations of mannitol-PEG
ere also studied. Mannitol was molten

is made it more difficult

for the obtained preizy'
6000 and mannitol-P\VF

The physica x.ture otr* am tldme and mannitol was
molten at about 160 nd itnimedi liately dﬁe!! after the preparation.
Solid dispersions of famottdme@ol and famotidine-sorbitol
were obtained aftg{ heating at the téh“bﬁrature flose to 100 °C. The
famotidine-sorbitol - solid—dispersions  were White , while the
: . assl-like transparent , and

brittle. Famotldlne-sogbltol molted drl£9 within 1 day , while the xylitol

system took ﬂ‘emfﬁé}% B% W EJ '.] ﬂ j

famotidine-xylitol sgid dispersions wer

Typical calibration curves of famotidine in 0.1 M phosphate
buffer pH 4.5 as determined using linear regression was presented in

Appendix 4 .

The percentage content of famotidine in each dispersiion
system obtained are shown in Table 5 . The famotidine content was
between 93.58-104.12 % .
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Table § The percentage content of famotidine in solid dispersion

and physical mixture systems. -

System Percentage content *

Physical mixture

\1\34’? ispersion

1:1 Famotidine-MannitqQ 101.34
1:2 Famotidine Mannitol | 7 9467 99.31
1:5 Famotidine-Mannite 96.58 99.87
1:10 Famotidine-Ma 103.31
1:20 Famotidine- ) : 102.11
1:30 Famotidine-Mén Il A 98.81
1:40 Famotidine-Manni I 4 100.02
1:1 Famotidine-Sork 102.95
1:2 Famotidine-Sorbite 97.9%
1:5 Famotidine-SorbitoLHj_:- 10412
1:10 Famotidine-85bitol 101.28
1:20 Famotidine-S‘&‘ﬁibitol 98.81
1:30 Famotidine-Sorbitol 98.21 - 100.14

a
1:40 Famotiﬁ? bi

ﬁ’ EE | q ﬂ 99.10
5 v 98.23

1:1 Famoti&@ﬂe- ol

i

7 -~ .100.36
0 G la ETXY aF- 1 i

3

1:2 F idine- {Ht%ﬁ_.
1:5 dine*Xylitol! ©

1:10 Famotidine-Xylitol 98.65 103.86
1:20 Famotidine-Xylitol 99.09 101.21
1:30 Famotidine-Xylitol 97.21 99.98
1:40 Famotidine-Xylitol 86.23 98.81

* average from three values ( n=3)




From above data, the dispersions prepared in mannitol
» sorbitol and xylitol by the fusion method were selected for the
solubility studies. This was dued to their fine physical appearance ,
easily to prepare and still possessed high percentage content

despite of high temperature wh h prepared by the fusion method.The

results were also confirmed b LC method and no peak of
degradation product wﬁhservsd

L

2.8\

o.tidi-ﬁe in manmtpl sorbitol and xylitol

e:%o?u ility Curves was presented in
' ‘n water was 1.1 mg/ml.
Famotidine-mannitol di pe[emn m h d the highest solubility
followed by sorbitol and, ﬁnally XW The solid dispersion of 1:10
famotidine with {nanmfo j“sorb ‘T“;ﬁd xylﬂol could markedly

increase the about 260 %, 54 ¥ m_ﬂ5 % of the pure

QWWWTMEHQ d

Photomicrographs of pure drug, carriers and all types of
1:10 dispersion systems ( physical mixtures and solid dispersions),
were presented in Figure 13 -16 with magnifications X 350. The
general shape and surface topography could be observed.
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EFFECT OF MANNITOL ON AQ. SOLUBILITY

5 Solubility of Famotidine (mg/ml)

i
4 - £
3—://
2 =
* “hysical Mixture
T Solid Dispersione
amotidine Powder
0 1
11 12 1:40
Figure 9 The aqueo ies ,of famotidine from

nesmannitol physical
at 37 40.5° C.

pOWd :-_-_ -".: = eE =
mixture ﬁd solic

AULINENINYINg
PR TUAMINAE
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EFFECT OF SORBITOL ON AQ. SOLUBILITY

. 5~So|ubility of Famotidine (mg/ml)
: I

25}

2...

1.67

*
1F

Physical Mixture
0.5k > ' 0w Ild Dlaperalqns
- »“\ amotidine Powder
0 1 L il . W
11 12

1:30 1:40
atio
Figure 10 The aqu e itigs of famotidine

from fx;;i derof p Mo idine-sorbitol

physical |mix u
AULINENINYINg
PRIAATUAMINYAE

dispersions at 37 + 0.5° C.
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EFFECT OF XYLITOL ON AQ. SOLUBILITY

Solubility of Famotidine (mg/m1)
2.5

|
|
|
2r s
gt T
1.5
>
1F
0.5 ysical Mixture
. d Dispersions
: Famotidine Powder
0 1
L 12 1:40
Figure 11 The agiieous eguilibrivm. solubiliiie.

&S of famotidine
= ¥ amotidine-xylitol

physica mlxture and solid dlspersmns at37+0.5°C.

ﬂ‘lJEl’J‘VIEWIﬁWEI'm‘i
ammnim NN Y

. fl'0m D f-' ®
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SOLID DISPERSION POWDER
MANNITOL SORBITOL XYLITOL

Solubility of Famotidine (ma !

4l

3t o

ol

1;‘~

o |

11 1.2 1:30 1:40
—— Mannitol —— 8orbitol —5— Pure Famotidine

]

Z

Figure 12 Compaﬂtive aqueous equlibrium sc@ubilities of famotidine

iﬂ’ﬂﬁﬁjﬂ'%fﬂ 361 ﬂ"? various types
RINNTUANININY



Figure13 SEM photomicrographs of pure famotidine (A);mannitol(B);
1:10 famotidine-mannitol physical mixture ( C ); and 1:10
famotidine-mannitol solid dispersions (D) in magnifications

x350.
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5.1.1 Pure Famotidine Powder

The microscopic appearance of pure famotidine
powder were shown in Figure 13 - 13 . Pure famotidine powder
composed of needle shape in various width, and the surface of

powder was smooth.

5.1.2 Pure

mannitol physical mixture w e 13. Most needle
shape particle amotidine 3d-on the surface of

mannitol particles.

5.1 Su& ; w EJ zh i E!:EJ ;!Q;anmtol

AR RIRIAINAY Trameid ) Lharnite

solid dlgperslon was exhibited in Figure 13 . The shape of particies
seen were almost totally different from pure drug and carrier. It

showed fine and irregular shape particles.



Figure14 SEM photomicrographs of pure famotidine (A);sorbitol(B);
1:10 famotidine-sorbitol physical mixture ( C ); and 1:10
famotidine-sorbitol solid dispersions (D) in magnifications
x350.



5.1.5 Pure Sorbitol Powder

The microscopic appearances of pure sorbitol
powder was introduced in Figure 14. Pure sorbitol powder composed

of agglomerative fine needle-liked particles.

5.1.6 Physical ] . otidine Sorbitol

T — 'J
The | _- sC « DIC _image 1:10 famotidine-

sorbitol physical vas gure 14 . It presented
very fine paticle Sg '. g ~\ me needle shaped

particles of famotidine

6.1.7 Solid Disp,

5.1.8 Pure Xylitol Powder

ﬂum‘nﬂmwmm

Xylltol powder, was sho n in Flgu The

partic} TRAAH P TR Wﬁ@ W‘EIBW e

surface!l
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Figure 15 SEM photomicrographs of pure famotidine (A);xylitol(B);
1:10 famotidine-xylitol physical mixture ( C );and 1:10
famotidine-xylitol solid dispersions ( D ) in magnifications
x350.



5.1.9 Physical Mixture of 1:10 Fmotidine-Xylitol

Famotidine - xylitol systems ( Figure 15), consisted
of particles in two types of shapes ; spherical and needle-like . The
needle-like particles of famotlfj\r‘e? were bound to the spherical of

xylitol. 2 4 /{("

aply of 1:10 famotidine- xylitol solid
Ig__rg“JS . The two components were
talde pérffc s with rough surface.

Al idd

SGEL) ?
¥ 13 A
J.tJ’-"-:' i "*-l&l

‘i

5.2 Infrared S

| L

Yol - R

The IR spectra-d'f-*pure ‘-‘STI\“Ghdme [carrlers physical
mixture and ,ﬂ 1011S |, using three typ of sugar carriers-
led in Fjgure 16 -18. At the
bottom of every | spectra system , it showed the peak of

famotidine. T ﬂ ﬂ %ﬁ‘rmwzs and 1140

cm™, resulte O stret ng and the other two peaks at 3500

ot MR Pt e

resulted from =CH stretching, C-H stretching and C=C stretching of

mannitol, sorbitol aijl xylitol were pres

thiazole ring, respectively. The second upper from the bottom, were
the spectra of sugar carrier. Peak at 3320 cm™ resulted from c-0
stretching of the primary alcohol.
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TRANMITTANCE
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Solid dispersiyns

TRANSMITTANCE

qwﬁ“ T0d31 WW it

? \
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had 0.0 "weR owm wslcm’)
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Figure17IR spectra of pure famotidine; sorbitol; 1:10 famotidine-
sorbitol physical mixture and 1:10 famotidine-sorbitol
solid dispersions.



TRANSMITTANCE

Figure18IR spectra of pure famotidine; xylitol; 1:10 famotidine-

-~

Solid dispergions

F - =
.......

¢ o

’.
|

UNIN

!! | ) N
HPRTR W) iR
N e LI R )
WAVE NUMBER

xylitol physical mixture and 1:10 famotidine-xylitol
solid dispersions.
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The absorption band characteristics of the physical mixture
systems exhibited very similar band to those of the sugar carriers,
and some peaks of the drug could also be seen in the system
contained famotidine-sorbitol physical mixture. The IR spectra of the
solid‘dispersion still not much presented the main absorption band of
the sugar carrier, no peak drug could be seen. In the
famotidine-sorbitol solid. dlspe @s , some peaks were

weaker or disappear . "'---_

--"'""-.F
5.3 DTA Then/

_ motldiqe, carrier, physical
e s vm lq Figure 19 -24 . The
thermogram of pur Q'é':qndj ann of“characterlstlc melting
endotherm at 161 °C, ile_;'gérrsbft
St o
endotherm at 100 °C and 98"16‘ reﬁvely Both 1:5 and 1:20 drug-
-

o

..-.-___, et

xylitol exhibited the melting

carrier dlsperslon systems présented very §mlar endothermic

thermogram pattku’i_ 7;
- —
Y )

5.3.1 Famotidine-Mannital s

ﬂummmwmm

Thermograms of famitidine - mannitol dispersion

aopGbd i 149780 4 3 YAE b bb-manio

physical mixtures combined the features of the thermograms of each

component. The solid dispersion system showed only the features of

mannitol thermograms.
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SOLID DISPERSIONS /\

s | PHYSICAL . Mix
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AU INENTNENNS
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\ 100 160
TEMPERATURE (°C)

Figure1S DTA thermograms of pure famotidine ; mannitol ; 1:5

famotidine-mannitol physical mixture and 1:5 famotidine-

mannitol solid dispersions.
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SOLID DISPERSIONS

PHYSICAL MIXTURE

> EXOTHERM

ENDOTHERM <

futiinaninehng

AN TR IR §

Figure20DTA thermograms of pure famotidine ; mannitol ; 1:20

famotidine-mannitol physical mixture and 1:20 famotidine-

mannitol solid dispersions.
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SOLID DISPERSIGNS

PHYSICAL MIXT ?‘

§

#
== ‘ * ‘
® {

» EXOTHERM

ENDOTHERM <

P —
AULINYNINGINT
CUREXHETIET Tu R E

Figure 21 DTA thermograms of pure famotidine ; sorbitol; 1:5
famotidine-sorbitol physical mixture and 1:5 famotidine-
sorbitol solid dispersions.
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SOLID DISPERS%IQ NS

PHYSICAL MIXTYRE

? EXOTHERM

ENDOTHERM €—

AUt IngnIngns
RN TR RY 18 Y

Figure22DTA thermograms of pure famotidine ; sorbitol ; 1 20
famotidine-sorbitol physical mixture and 1:20 famotidine-

sorbitol solid dispersions.
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SOLID DISPERSIONF

PHYSICAL MIXTUR /_/\

> EXOTHERM

ENDOTHERM &

AULINENINENNS
QU977 Gbeiherand v 11

Figure23DTA thermograms of pure famotidine ; xylitol ; 1:5
famotidine-xylitol physical mixture and 1:5 famotidine-
xylitol solid dispersions.
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SOLID DISPERSIONS
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Figure 24DTA thermograms of pure famotidine ; xylitol ; 1:20
famotidine-xylitol physical mixture and 1:20 famaetidine-
xylitol solid dispersions.
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5.3.2 Famotidine-Sorbitol

Solid dispersion thermograms of 1:5 and 1:20
famotidine-sorbitol ( Figure 21-22 ) , shift from 100 °C to about 90

°C,eventhough the baseline of fﬂ idine endothermic peak was still
occurred in 1:5 solid dlspe[glo::q\ tidine thermogram was not

showed in 1:20 solid dr!ho 3he of the physical mixture
from 1:5 and 1:20 r‘tlo app\smllar to that of the
carrier. '

Therm rﬁs&*of.-'*’ 5 famotidine-xylitol physical
_ 23-24 ) revealed the

-H_: ka4 S

characteristic melting pomt-:of xylitol._Similar thermogram pattern

S

also appeared in 1 }0 solid dlsﬁerglo SYS&J

54 X-Ra Dl acti

Xﬂa?‘l ﬂé%ﬁaﬂ %w E f}ﬂiﬁotidine ,carriers .

, physical mixtures and solid désperswns were shown J_’} Figure 25 -
27. M 81 ) and
WIS S8 PTTVEN R e )
Simonelli et al. ( 1969 ) , have stated that weak diffraction or
scattering spectrum indicates the presence of substance in
amorphous or extremely fine dispersed form while the diffraction

peaks reveal the existence of crystallinity.

19
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Solid dispersjon
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Figure25X-ray diffractograms of pure famotidine ; mannitol ; 1:10
famotidine-mannitol physical mixture and 1:10 famotidine-
mannitol solid dispersion . : '
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Figureés X-ray diffractograms of pure famotidine ; sorbitol ; 1:10

famotidine-sorbitol physical mixture and 1:10 famotdine-
sorbitol solid dispersion.
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Figure 27 X-ray diffractograms of pure famotidine ; xylitol ; 1:10
famotidine-xylitol physical mixture and 1:10 famotidine-
xylitol solid dispersion.



X-ray diffraction patterns of pure famotidine and pure
mannitol showed characteristic diffraction peaks. The spectrum of
famotidine:mannitol ( 1:10 ) solid dispersion still exhibited some
characteristic mannitol peaks ,» while general absence of crystalline
famotidine peaks was observed. This was alsd occured in the

diffraction pattern of famc ol ( 1:10 ) solid dispersion .The

x-ray diffraction pattern \Q\ dildingisorbitol exibited absence of

carrier in the p I famotidine solid dispersions that could

most dramatica 2 drug. Consequently,

it was selected to be fomulated in the

ﬂumwﬂmwmm
Q‘W’Waﬂﬂiﬁu NN Y



5.5 TabIet Evaluations

Famotidine-mannitol physical mixture and solid dispersions
were produced as tablets by direct compression method in the
formula mentioned earlier ( page 48 ). Together with three other
commercial famotidine table\tww the prepared tablets were
observed for their physical pro

follows :

the prepared tab
Table 6. Inall cas

ﬂhe resdrtk" of R"grage__ﬂa;dness and standard

otidine tablets were shown i Ijable 6 .The average
hardness of physEal mixture and solic
and 7.35 Kp, respegtive'ly While th%data of average hardness from

all tested Wﬂ%ﬂ%@%%’rmp Moreover, the

average hardness of brand A Bgablets was exceeded 20 Kp

Qﬁl@\‘lﬂ‘ﬁm UANINYAY

Thickness

qufflon tablets were 3.86

The data of average thickness and standard
deviations were displayed in Table 6 . The thickness of commercial

products was in the range of 4.40-4.43 mm, except for that of
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brand C which was 3.51 mm. Where as the average values of
solid dispersion tablets appeared very close to those of commercial
products.

554 Disintegration Time

The aug% rage d l@on time of famotidine

tablets was presentod_-;_—-"l-'ablds —h—aﬂ-cases, the disintegration

times were about 60 sece lets fr.om%lcal mixture exhibited

ﬁ)eir lower hardness .

discovered that the data of ﬂzcasaw_the USP. requirement . The
standard curve of\ famotidine in 0. 1_&%& buffer pH 4.5

was shown in AW7:
)]
5.5.6 Dlssoﬁm f Table
AEIHESNYNg

q'IThe dissolution‘profiles and data of pure famotldme
powd@a-W Plepared tblefs el displaybdih Figute28.. The solid
dlspefsn n tablets were initially dissolved slowly but gave the
highest amount of famotidine dissolved after a few minutes passed.
Tablets. produced from famotidine-mannitol physical mixture
exhibited the second fastest dissolution rate where as the pure

drug appeared the slowest. However, all of them possessed
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the dissolution studies in the limit of the USP. standard of which the
time requires for 75 % of famotidine to dissolved was 30 minutes.

The dissolution profiles of three commercial tablet
products from various sources of manufacture were illustrated in

Figure 29 . Tablets that perfor | the fastest dissolution rate were
rate as tablets prepared by

brand A, which displaye

C and B. Tablets p idine-mannitol physical
tidine powder alone

which presented All the experimental

samples exibited USP. requirement.

AUEINENTNYINT
AMIANTUUNIINYAY

86



DISSOLUTION OF FAMOTIDINE
1:10 MANNITOL TABLET PRODUCTS

% Drug Dissolved
120

otidine Powder
\ cal Mixture Tab
d Dispersion Tab

20

f#

Figure 28 Disso "I

’Q‘WW&NﬂiﬂJ UAIINYAY

famotidine powder -
and tablée tsof 1:10 famotldne-manmtol physical mixture

ﬂnﬂ‘ Fhil E!n ? wgﬂmuffer pH 4.5 at
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COMPARATIVE DISSOLUTION OF FAMOTIDINE
FOWDCR FORM AND SOME TABLET PRODUCTS

% Drug dissoived

120 f—————— e e - - ey
{ i
f = |
100 | . B '
80+ rT !
! f/// S
N i
i :
60r /¥ g
;
a0 ¥
’ i 1l .
2ol P
1y
Ol"/.ﬂ.{_ e m—— |
o) g 20 25

Flgure 29 Dlsst G ofii famotidine powder

-
-

and a;;,e:‘ Midi physical mixture

et

: 0 som ,', commercial tablet
productsgn0.1 M phosphate buffer pH 4.5 at 27 +0.5°C.

AULANENINGNS
PRIAINTUUMINYAE
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Table 6 Physical properties of prepared

commercial tabiet products.

and some

famotidine

Physical properties

Type of famotidine tablet products

of tablets Sol.Disp | Phy.Mix | BrandA | BrandB | Brand C
Weight ( mg. ) 249.01 249.89 | 212.73 | 215.68 | 150.33
| Standard deviation 0.88 | ‘ [p 32 | 146 | 084 4.18
Relatived Standard 0.35 | qg/ , 0.89 0.29 2.78
Deviation . _/ 4
Maximum Deviation ( % ) ! &gﬁ?s 0.47 2.58
Minimum Deviation ( % ) | 0.23 0.45 2.88
| Hardness ( kp. ) 13.75 11.25
Standard Deviation 1.20 1.06
| Thickness ( mm. ) 4.40 3.51
Standard Deviation 0.021 0.065
Disintegration Time 63.50 60.00
(sec.)
Standard Deviation 11.10 10.03

fabie 7 Content umformlty Gf:pre

..-.-___, s

VA \
GGl - e
and some commercial
-‘4 - e

famotidine tablet products £ )
Z —y ¥
™ : .
sample : L, % Drug in tablet'
number Sol.Disp } .Phy.Mix Brand A Brand B Brand C
1 10238 ¢ W ‘ / 67 98.47
2 _ibhbé L | goig%l ||1E%6 4 102.34
3 102.59. 103.5& 98.84 , 101.02
N _,A__a%@izﬁ.ﬂ £ 9834; 099,46 of) o1 99.36
5 10 | | 9988 ¢f V10254 01 Y 102.23
6 98.87 100.63 103.72 100.73 100.04
7 104.62 97.85 101.53 99.62 101.37
8 101.91 102.54 103.62 98.86 99.84
9 100.23 | 10i.03 100.37 101.92 101.94
10 99.65 100.58 102.42 102.68 102.76
- Mean 101.87 100.25 102.06 100.71 100.94
S.D 2.35 1.86 1.42 1.41 1.44
% C.V 2.30 1.85 1.39 1.40 1.43
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Selection for Appropriate Lyophilized Famotidine Product.

Famotidine lyophilized products of 1:1 and 1:2 drug-carrier
ratios were prepared, using various carrier---PVP 12 PF, PEG 6000,
glycine, mannitol, sorbitol, xylitol, glucose and citric acid. Various
types of vehicles that could be applied in parenteral formulation
had been tested to use th\z\h : /”d solution ( famotidine is a basic
drug and decompo@;’bﬁiy In‘acidi€ environment ), and the least

volume as poss;/‘_ﬂ:!ﬁzoul comlssolve the drug in order

to stabilize the d en the\‘du.qtlon applied in the dried
stage of the lyophi n

1. Vehicle

Some physic herﬂn‘,é.%ilJ roperties’ of famotidine lyophilized

e@é‘é*ph@e

varing acidity were presented y‘ W to 12 , respectively.
b . £

Most of the products produ / "“Lljsmg acetate buffer
pHS55 and phJsphate buffer pH 4.5, spenjrlmore than 5 minutes to

;:r::::aﬂﬁﬁ%wﬁiwwﬁ? be applied in the
9 ﬂ%ﬁaﬁﬂﬁﬂ&i&?&ﬂﬂﬂﬁ,&kc acid pH

3.7, l?tilized more than 48 hours to dry, while other systems applied
less time. As a result, the two vehicle systems: 2 ml of acetate buffer

pH 3.7 and 2 ml of L- aspartic acid pH 3.3 were selected to produce

product made in uffer and L;aspartic acid,

the famotidine lyophilized product for further study.



Table 8 Some physicochemical properties of famotidine lyophilized
product using various carriers prepared in 6 ml acetate

buffer pH 5.5.
Carrier acetate buffer pH 5.5, 6 ml

Appearance | Reconstitution Time (min) pH

PVP 12 PF not dry 6.6

PEG 6000 notdry | | 6.9

»Glycine | very r&Q | 6.7
Mannitol Vv ky ‘ 6.6 |

| Sorbitol 3 v 6.6

Xylitol slig | 6.5

Glucose tdry, 6.5

Citric acid n 4.9

l.: ey <+
Table9 Some physucoché*miﬁal p%s of famotidine lyophilized
productrjjsmg vari’dﬂs' ‘carrie m ;ed in 2 ml acetate

buffer J

Carrier ﬂ . 3.7,2ml

Appearance | Recgnstitution Time (min) pH

PEG 6000 ©| notdry 40 sec. 6.4

ower 1T (IR T T VB TALE o

Mannitol very bulky 15 sec 5.7

Sorbitol slightly bulky 15 sec 6.0

Xylitol slightly bulky 20 sec 6.2

| Glucose not dry 1 6.0
| Citricacid | not dry 1 37




Table 10 Some physicochemical properties of famotidine lyophilized
product using various carriers prepared in 5 ml phosphate

buffer pH 4.5.
Carrier phosphate buffer pH 4.5, 5 ml
Appearance Raconstitution Time (min) pH
PVP 12 PF shghtly " 6.2
PEG 6000 ky | - 6.1
Glycine 6.2
Mannitol 6.2

Sorbitol 5.4

| L'y/! NN
Xylitol slightly, l"fjﬁ’\\\\ 5 8.2

Citric acid 4.0

Glucose sllg llﬂﬂ ‘\\\\ 6.1
g\

ﬂﬁﬁl?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
Q‘W’W&Nﬂiﬁu NN Y



Table 11 Some physicochemical properties of famotidine lyophilized

product using various carriers prepared in 5 mli L-aspartic

acid pH 3.7.
Carrier L-aspartic acid pH 3.7, 5 m|
Appearance | Reconstitution Time (min) pH
PVP 12 PF notd 2 4,
TN \Il i

PEG 6000 snght§u‘n@ / 2 4.8
_Glycine _..--—"30 sec 4.9

Mannitol ?:ec 47
Sorbitol A ‘\\ \ 4.8

Xylitol 18lic _r}q__(: ;@\\\ -] 4.3

Glucose Y s I\\\ 2 4.8

Citric acid n ] ] \ \1 3.7

Table12 Some physmoctm‘uc

.-"" ..-'H't.-

d'(scarri_emgred in 2 ml L-aspartic

erties of famotidine lyophilized

prodgft using vario
aadT-' .

Carrier IJ ic acid pH 3.3, 2 mi
Appearance | Regonstitution Time (min) pH
Mololsoanol
PVP 12 PF | Eugwmmylll I 13 45
Il
PEG 6000 Y bulky ¢ P (V) 4.6
D1~ ™ Ol

Glyci | | 6Y 45
Mannitol very bulky 20 sec 44
Sorbitol bulky 2 4.5
Xylitol bulky 2 4.4
Glucose slightly bulky 2 4.3
[ Citric acid slightly bulky 1 3.9




2. Carrier

2.1 Carrier Ratio

From the experimental results , it was discovered that

products prepared by 1:2 drug carrier ratio were more bulky and

spent less time to reconsti ‘lw hose of 1:1. Consequently, the
1:2 drug carrier ratio w. " , ollowing studies.
4

22 Carrierg;"ﬂ . -‘-‘-'_'

Con

of acetate buffer pH
3.7 and L-aspar /sical appearance and
reconstitution tim

carrier type were ¢

‘aid.'ﬁ

PEG 6000, glycine, mafnital; sort
o

=
a2

were not dried when prod.ugﬁig 2 mi acetate buffer pH 3.3. Thus,
:_,r' . - gl -

S ¥ .
to a IM}% for reconstitution

the undried products leaded

l e

TR ANV INYINT
The pH value of prepared lyophilized powder, after diluted
with GoF el 34 FapEAEED ) 4 v e, about
one p!-ﬂunit was shift up from that of the initial pH value of
vehicle. Freezed dried products prepared in citric acid played an
important role in acidifying the solution, its pH value was in the range

of about 3-4 which considered too acidic conditioning for the

parenteral preparation and the stability of famotidine.
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4. Morphology of Lyophilized Product

SEM photomicragraphs of lyophilized powder of famotidine
-glycine produced in L-aspartic acid, famotidine-mannitol made in

acetate buffer and famotidine-

were shown in Figure 32

nnitol prepared in L-aspartic acid
1} ely. The microscopic images

of all systems exhibit , and products from 1:2

drug-carrler ratio pr

,'on time and the fine

Concernin S5 ! \
microscopic appear : ‘ fame i\ \ |to| was then selected
\

as the most suit ophilized powder as

final product for tk

ﬂﬁﬁl?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
Q‘W’W&Nﬂiﬁu NN Y
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Figure30 SEM photomicrographs of pure famotidine(A);glycine(B);
1:1 famotidine-glycine lyophilized powder produced in
acetate buffer ( C ) and 1:2 famotidine-glycine
lyophilized powder made in acetate buffer (D )in
magnifications x350.
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Figure 31 SEM photomicrographs of pure famotidine ( A ); glycine
( B ); 1:1 famotidine-glycine lyophilized powder produced
in L-asparticacid (C); and 1:2 famotidine - glycine
lyophilized powder produced in L - aspartic acid (D) in
magnifications x 350.



o8

Figure32 SEM photomicrographs of pure famotidine(A);mannitol(B);
1:1 famotidine-mannitol lyophilized powder produced in
acetate buffer ( C ); and 1:2 famotidine-mannitol lyophilized
powder made in acetate buffer ( D ) in magnifications x350.



Figure 33 SEM photomicrographs of pure famotidine ( A ); mannitol

( B ); 1:1 famotidine-mannitol lyophilized powder produced
in L-asparticacid (C); and 1:2 famotidine - mannitol
lyophilized powder produced in L - aspartic acid (D) in
magnifications x 350.
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Evaluation of Lyophilized Product

1. Reconstitution Time, pH Solution and Osmolarity

Determination

The reconstitution ti H value and osmolarity of

solution at different tem were exibited in Figure 34

to 36, respectively. Th%
| m——

Code of fa./

3 parts :
- DP
- lett
- num
from dried powder form,
Ietter'A and L repre!etth’é;{ ich the lyophilized

powder produc .._..-_..’:":T?::f ‘(ﬂ L-aspartic acid
pH 3.3, respectiﬁ(y. ood for commercial

lyophilized product brand A. Lastl number 45 or RT resembled

the temper Wﬁ ﬁ kept during the

stability Stlﬂ 1{'&2“}' A 21:3:0?!; r:j)rﬂture respectively. .
Q‘W’] a\‘m‘sm URIANYIAY
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;: —&@—DPLRT
30 —l—DP ART
- 25 —&A—DPL45
- 20 —>—DP A45

15 —J— DPBra45
10

5

04

\\
Figure 35 Reconstitution'ti o s‘,:_-p ophilized famotidine

powder kept atvari or three months .

Q EE TR

Eﬁ | mﬁ
quﬂawﬂﬂ§Wﬂqﬂﬁ

AR ANNIUNNIINYIA Y
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Figure 35 pH of famotidine iyop d powder kept at various
conditior - nth

7 I

R g
AUEINENTNYINT
RINNTUUNININY
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Table 13 pH change of Iyophllized famotidine powder produced in
L-aspartic acid after reconstituted with wate_r and kept as

solution at various conditions.

103

Day pH of reconstituted solution at *
Room Temp. 3 §6°C 65°C
Initial 4.3 4.3 4.3
1 4. " 4. 4.4 4.3
2 N 4.4 4.2
3 , N 43 42
4 TEGEN, 43 41
6 4, 4 y h) : 43 4.2
8 37 @33‘ | 4.2 4.1
10 4 10774 4.1 4.1
16 43" =2 42 4.0
25 4.3 J:-;-.‘:a’fﬁ L2 14.2 4.0
45 e ) A 4.1
60 ﬂ\ -1 4.0 40
90 3.9

t‘averageofﬂp ﬂg,}qaﬂjw EJ’.] ﬂ‘j

QW’]&Nﬂim URNINYAY




Table 14 pH change of lyophllized famotidine produced In acetate

solution at various conditions.

buffer pH 3.7 after reconstituted with water and kept as

104

Day pH of reconstituted solution at *
Room Tem . 55°C 65°C
Initial 5. 5.9 5.8
1 - . - 58 5.8
2 538 5.8 5.7
3 15 D, 57 5.7
4 5_1 5.7 5.6
6 5 WNE 5.8 5.7
I T
8 ) 5.8 5.8
10 ) 5.8 538
15 68 i - 68 5.8
25 5.3, _‘?}g ,53,{_ Fs.s, 5.8
45 58 15.7 5.7
60 r ~ 5.6 - 56
ll g
90 5.6 5.6

o@um 0z "ﬂ‘ﬁ ne
AMIANTAUUNIINYAY

nq
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0.08yy. 3¢
Osmol/Kg 0.06 ¢ +z: :::
0.04 1 DP L 45
0.02 J —>&—DPAss5
04 : DP Br.Ad5

atRT or 4 IS /o, RH, an: -onstituted with water.

were presented in Fi ime of famotidine and

2 internal standard ) wasr about 9 and 13

Ry sm‘ﬁ NEINS
AMIANTUUNIINYAY

sulfamerazine ( t



RESPONSE

DETECTOR

106

‘”}:‘.r-;- ————

sulfamerazme ( the mternal standard ), respectively. Peak

urlh il e on o
Do pes o ety



2.1 Lyophilized Powder

All the prepared lyophilized powder kept at 45°C, 75 %
RH for 3 months exhibited the percent content remains within the
USP requirement. The commeirci Iyophilized product ( brand A )

also presented the percek of the drug within the USP
requirement ( Table 1

Table 15 Concen 1 : 1 amotidine powder
keptatr ature or 45 ¢ % RH.

107

Preparation

3
DPLRT 98.55
DP ART 95.95
DPL 45 95.28
DP A 45 100.0 92.90
DP Br.A45 1ﬂo 00 - 19719 95.64

.averageo&luil Qﬂﬂﬂ‘ﬁ“ﬂ&’]ﬂ'ﬁ
AR AINIUNAINYIRY




Table 16 Data of famotidine content (produced in L-asuﬂﬁ;/id) at room temperature ( 27.5°C), 45°C, 5§5°C and 65°C

e —

at Room Temp ( 25-30 °c ) P 86 °c 65°c
day % AJAo* In AJAo % AlAo* In A/Ao % AJAo* In A/Ao
0 100.00 4.6051 100.00 4.6051 100.00 4.6051
1 99.95 4.6047 "84.72 4.5510 96.26 4.5671
- 2 99.70 4.6021 .90.72 4.5078 82.74 4.4158
3 98.40 4.5891 86.01 4.4545 70.72 4.2587
4 95.98 4.5641 78.95 4.3689 62.31 4.1321
6 97.92 4.5842 . 72,93 4.2895 44 .93 3.8051
8 92.44 4.5266 69.72 4.0897 34.61 3.6442
10 94.65 4.5492 53.03 3.9709 19.77 2.9844
16 93.05 4.5331 - - - -
25 72.37 4.2818 - - - a
| 'g_/

Y = 7]
Note A/Ao: The ratio of famotidine content remained at any time ( A ) to the initial content{ Ao )

a :average of two values ( n=2)

L)

|
T

801
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Table 17 Data of famotidine content (produced.in acetate 3”

[

ﬂ@om temperature ( 27.6°C), 46°C, 56°C and 65°C

at Room Temp ( 26-30 °c ) /] X . 65 °c 65°c

day % AlAo* In A/Ao // \nA/Ao % AlAo* in A/Ao % AlAo* In AJAo
0 100.00 4.6051 /4.6051 100.00 4.6051 100.00 4.6051
1 102.04 4.6254 4.6306 101.46 4.6107 102.59 4.6308
2 102.06 4.6256 ~ 4.6287 101.39 4.6190 100.70 4.6122
3 101.69 4.6219 28.6111 . 100.55 4.6107 100.32 4.6084
4 101.32 46183 ",45087 " | 100.54 4.6106 99.47 4.6999
6 100.35 4.6087 99.97 |- *4.6049~ | | 99.57 4.5991 97.95 4.58456
8 99.54 4.6006 99.83 “F 46035 7|  99.39 4.6009 96.51 45697
10 99.38 4.5990 98.91 | 45942 | 9952 45968 95.57 4.5599
15 99.31 4.5983 ,98.13 1 2.6638 94 89 45537 92.78 4.5303
25 98.59 45910 79499146637 | 9014 45014 86.36 4.4586
36 98.12 4,6862 - 89.89 | 4.4986 86.41 4.4591 64.29 4.1636
45 94.56° 4.5492 79.52 4.3759 70.90 42612 . <
60 90.87 4.5095 75:15 4.3196 , . - . =

Note A/Ac : The ratio of famotidine content remained-at any time/( A ) to the initial content ( Aol) ¢
a : average of two values ( n=2) |

601
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Table 18 Correlation coefficient (r?)of the rate constant (k) of
reconstituted famotidine solution produced in L-aspartic

"acid treated as zero, first and second order reaction.

Temp order of reaction
°C zero first second
N Sl
45 ‘ 0.9235 0.9278
55 « ‘ 934 0.9978
65 22 | | 08850 0.9896

\,,,
rate constant (k) of

oduced in acetate

d second order reaction.

second

0.9328

e -
55 cm ﬂsoioh s 0.8741
65 ' ‘08757 “ 0.8382

AMIANINNNINGIAE




2.2 Reconstituted Solution

The accelerated thermodegradation process were
performed at 65°C, §5°C, 45°C and at apparent room temperature
(25-30 °c ). The Iyophilized powd?r was reconstituted with 5 ml of

water and kept as these conditions /ﬁ}hcate of the reconstituted
products from each condmon wsre and';sg at the suitable interval

of time by the HPLC y

Table

remains which pro

: hOWed the data of famotidine content
_L-aspartlc acid, and acetate buffer,
respectively. The cor coef#nént (\r*) calculated from each
linear of 65° C , §5° C: and mym: temperature ( 27.5° C) when
treated as zero, first and ecoﬂd ord(éuas exhibited in Table 18 and

19. The degradation rate censtantﬁ* 1@ reconstituted famotidine
solution treated aslzero and first ord”ér reactlon was shown in Table

—— 4
20 and 21, respecliysly - A
j ‘ *'—~

The percentage .remaining of .the famotidine reconstituted
solution plotted|as'zerol order was presented!in Figure 38 and 39.
Concentrationiremains profiles of the first order reaction were
plottediin Figure 49 and 41:

The Arrhenius plot of the reconstituted famotidine solution
treated as zero order kinetic was shown in Figure 40 and 41. The
correlation coefficient ( r? ) of the famotidine solution produced in L-
aspartic acid and acetate buffer was 0.9935 and 0.9694, respectively.

111
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Table 20 Comparison of the extrapolated and apparent rate constant
famotidine reconstituted solution at room temperature

treated as zero order reaction.

prepared in Extrapolate ( day) Apparent( day)

L-aspartic acid 0.1577

acetate buffer ‘ E 3. 0.0861
f 4 ?

Table 21 Comparis ithe ‘exts ind apparent rate constant
itu . at room temperature

prepared in late (d Apparent ( day )

L-aspartic acid 11.59 x10°
acetate buffe\rl i 0.9567 x10™

y 5
AUEINENTNYINT
ARIAN TN ING Y
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% REMAINED
120
1008 S
\:,'
\ +
. : -
80 * T+
- *
60 - O ¥ +
¥
[ 3
40| — Room Temp
— 45°C —
20| % 55°C '—-..H 0)
-5~ 65°C \
| . 1 1

) of famotidine

Figure 38 Remaining concentration {ze {,
] in L-aspartic acid.

reconstitu

—%~ Room Temp
—— 45°C
70| % s5°%
-8 65°C

1 1 1 1 1 1 1 1

0 1 2 3 4 6 8 10 1 25 35 45 60
TIME (day)

60

Figure 39 Remaining concentration ( zero order ) of famotidine
reconstituted solution produced in acetate buffer.
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In % remained

—— Room Temp
—— 48°C

—¥- 55°C
-B- 65°C

4.55

4.45

4.35

4.25

4.15

In % REMAI

aos e

order ) of famotidine
n L-aspartic acid.

10 16 25

. Room Temp
—+ 45°C
—*- §5°C o
-8 65°C
1 1 1 1 1 1 Lp 1
1 2 3 4 6 8 10 1 25 35 45

TIME (day)

Figure 41 Remaining concentration ( first order ) of famotidine

reconstituted solution produced in acetate buffer.
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Similarily, the Arrhenius plot of the reconstituted famotidine
solution treated as first order reaction was presented in Figure 42
and 43. The correlation coefficient ( r’ ) of the famotidine solution
produced in L- aspartic acid and acetate buffer was 0.9064 and

0.9634, respectively.

By plotting the rate co‘hx\ugl/ :us 1/T, the activation energy

( Ea ) can be obtamed.mt_he slo extrapolated value of the
r%ure«.,wo calculated from the

rate constant at ro

linear regression li ion en s shown in Table 22.

N
The shelf-life d fallgotidine solution was
calculated by the Arr arison of the extrapolated
and apparént shelf-iif irst order was exhibited
in Table 23 and 24, r

The statlstlg values ¢ n remains of the
lyophilized prod" vas piesented in T, “":‘ {The variance ratio
(F), the reactlon : te constant ( k 3 its ':‘ tandard error of the

products made in L-aspart|c acid and acetate buffer at various

e NNy
AR ﬂ\‘iﬂ‘ﬁﬂ«l URIAINYIAY
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specific rate constant (k)

Figure 42 Arrhenius, ( ; 0 ord otldme reconstituted
solution produc ﬂ‘

129586 3.0488 3.1447 | 3.3227
1/T (x 1000,1/K)

Figure 43 Arrhenius plot ( zero order ) of famotidine reconstituted
solution produced in acetate buffer.
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. Specific Rate Constant ( In k )

-0.005

-0.01 +

-0.015 +-

-0.02 -
2.9586 3:0488 3.14 4 3.3227

Figure 44 Arrhenius

ptidine reconstituted
solution pgod i

Specific Rate Qo

qm'ﬁwmm
_[ARIAINIUUN

1/T (x 1000, 1/K )

Figure 45 Arrhenius plot ( first order ) of famotidine reconstituted
solution produced in acetate buffer.
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Table 22 Activation energy of famotidine reconstituted solution.

prepared in zero order( kcal/mol) first order( kcal/mol )
L-aspartic acid 2.54 16.89
acetate buffer 6.52 26.80

xxw///

Table 23 Comparlsonm extﬂpoﬂnd apparent shelf-life of

famotidin

treated as ze

prepared in

L-aspartic acid

acetate buffer

d g;hn‘{at room temperature

Apparent( day)

62.95-63.88

95.52-148.12

AT 2
7)) T

Table 24 Comp r&on of the extr:

Ql:. ne rent shelf-life of
famoti(mf_; reconstituted? '

treated 38} first ofde_r reaction. U

L

room temperature

L-aspartic acid 18.97-19.12
s 5 RN

prepar%%ﬂgmmppamm (day )
B 2 7 >/

-9.60

-129.99




Table 25 The statistic values ( r?,K,F,sk ) of lyophilized famotidine.

Lyopholized famotidine ( produced in L-aspartic acid )

118

emp (°c)
statistic 27.5 45 55 65
value
r 0.9323 .0.9276 0.9970 0.9922
F 53.04 i 1027.22 381.02
K (day ") 477x10° | 1. 2.21x102 | 3.76x107
sk s.ssr&"-' 58x " 6.91x10* 1.92x10~
Lyophilized famotidit roduced in acetate buffer )
] —
65
0.9098
126.84
5.76x10°7 |
5.11x10*

quﬂiwaw%ﬂanﬂi*
AMIAN TN INYAE
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