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Famotidine ( 3-IT 2-i¢ aminoiminomethyl ) amino ]4-thiazolyl ]

Rationale

methyl ] -N{ aminosuifényl ) progp *\ \\"; a relatively new and
potent histamine-2 re€€ tagonis “g-\ poli and Clissold,1986 ).

It is structurally related o/ cimetidi \
principally in having &£ teus which is .. iazole rather than an
1¢ n ng ( Fig.1).

: ranitidine, but differs

imidazole ( cimetidine
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Figure 1 Structural formula of famotidine, ranitidine and cimetidine.



Famotidine has been found to be effective for acute treatment of
duodenal ulcer, maintenance therapy in duodenal ulcer and treatment
of pathological hypersecretory conditions like Zollinger Ellison
syndrome. The drug is available as tablets of 20 and 40 mg and as
vials for injection containing 20 |"nd }71otidine.

The drug is incompletely absorbed;-iis-oral bioavailability being
37-45 % ( Campoli ?ﬁcﬂ' d, 1&986; Kromer and Klotz, 1987 ). This

s low water solubility ( Vincek, 1988 )
idicé__ta'iyzed hydrolysis in the acidic
It‘wa§ found fo lose about 34 % of the
original concentration in 1 hour.an .about 88 % in 3 hours ( Suleiman

etal., 1989 ).

has been partly attrib
and its susceptibili

environment of th
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Famotidine has an aqueous sﬁﬁlb;hty of 01 % wivat 20°C
( Vincek et al., 1_935 ). Itis possnble to change fbe physicochemical

properties of sueﬁ poorly soluble drug in oN“er to improve the

solubility and dlsJqutlon rate. This is, therefore considerably
important in_the manufacture of ,this"rtab_letiproduc__.t. Since it was
claimed that'theproducts which produced high!drugtconcentration at

the site of absorption could exibit higher kioavailability:

While in the production of famotidine injection, there are also
some factors to be concerned with. Since the drug has low water
solubility and low stability in acidic solution, it is therefore suitable to
produce as solid dispersion powder via lyophilized technique. This
dosage form is not only make the product stable but also very
benefitcial in giving rapid dissolution of the drug when adding the

vehicle before injected into the body.



Mohammad et al. ( 1990 ) prepared an inclusion complex
between famotidine and P-cyclodextrin by mixing the two
components in a millimolar ratio in distilled water and heating under
reflux for one hour followed by stirring at room temperature for §
days. Phase solubility studsg1 aled the formation of a 1:1
complex of the A_ type: with a stant of 7496 M"' . The

formation of the com@'t_njhe splld MS confirmed by infrared
spectroscopy and -différenti s nning calerimetry. The inclusion
| der diffraction to be significantly

complex was sho
less crystalline than a e pt'i‘re, components. More significantly,
from constant surface area discs

tw' ce @nd :\nx times higher than that of

e pu‘re *ret\peftlvely

the dissolution ratefof
was determined to

the physical mixture

fli‘f--- m
One of the suggested tEhmq@ér increasing dissolution rate
of relatively msoluple drug is “ solid d'rs‘:;ersi% { The exact physical
nature of these s believed that the
insoluble drug is dgpersed molecular the rg__llptrix of the ( soluble )
inert carriers. Upon exposure to the,dissolution medium, the carrier
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then released with optimum prppenles foh dissolution. _a'_l:pese reports

Cohi) PR THGEQM TN IVEH R B 1)

attributed the observed effects principally to a decrease in particle-

size.

Mummareni and Vasavada (1990 ) prepared famotidine-xylitol
solid glass dispersions by fusion method and investigated the

aqueous solubility and dissolution rate. Solubility of famotidine from



solid glass dispersions and physical mixtures containing varing
proportions of famotidine and xylitol at 37 + 0.5 ° C was found to be
higher than that of famotidine alone in water. Dissolution studies on
glass dispersions with famotidine : xylitol ratios of 1:1, 1:10 and 1:20
rate of famotidine. The solid disp;/{{pﬁﬁ obtained by differential
scanning calorimetry showed ng evidence of chemical interaction
' between famotidine and Xyiitol. Tt:-: phase diagram of the dispersion

in water at 37 + 0.5 ° C revealed a Frrked increase in the dissolution

system by the capi ' method suggested the formation of a

eutectic mixture 1 a_;n‘;i,:-xylitol at a drug : carrier ratio

—_——t

approaching 1:40. :
7
, ﬁdv'gisp’%fén systems in solubility and

The advantages
ent have a well documented. A number
JJJ_ sk nmd --.':--rﬁ-' -

dissolution rate enhanc

of publications have shown that car@(x such as urea, polyethylene-
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glycol can increase the solubility and dissoiution rate of various

— e
drugs ( Chiou and/Riegelman, 1970; Mayersohn and Gibaldi, 1966;
Ford and Rubinsteif_:j 1977 ). However, most of_ these systems have

shown to be of limited' application to manufacturing due to their poor
processing |properties résulting | from\| fhe | use )of hydrophilic
compbunds slich as polyethylene glycol and polyvinylpyrrolidone,
whichimpart \wWakdike | Stickiness ‘td “thé |systém” { Khan, 1981 ).
Therefore, if appropriate carriérs can be found, this pharmaceutical
technique and its underlying principles will be essential in ihcreasing

therapeutic efficacy of many drugs.

In addition to dissolution and absorption enhancement, the

solid dispersion technique may have numerous pharmaceutical
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applications which remain to be further explored. It is possible that
such a technique can be used to stabilized unstable drug ( Thakar,
Hirsch and Page, 1977 ).

On the basis of explanJﬂW%tuoned earlier , the solid
dispersion technique -@d be develop the quality of
famotidine products i eshave been divided into two parts.

,fd's on method of the solid dispersions

‘d d _;ol tion rate of famotidine which

| from tablets that eventually
A\

2. the utilization of bijphmz@chmque in the production of
famotidine powqir for rﬁjé”ctlonf mf‘“'lﬁ‘ér to nr:rease the solubility

and maintain stability of the drug that couid b s applied in parenteral
4 "
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formulation.

with v

b) compare some physicochemical properties of the prepared

solid dispersions with pure drug, pure carrier and physical mixture.

c) obtain famotidine solid dispersions which possess good

tableting characteristics that can be practically applied to



manufacture and compare their dissotution rate with those of
commercial tablet products.

d) select appropriate s ispersion system from the
lyophilization process a stability of the products
both in the solution can be formulated as
injection. |
Famotidine

1. Formular ( Unitéd Statés. hatmacopei onvention, 1990 )

H,N
A\
C=N.
-
H,N
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Famotidine occures as a white to pale yellow , odorless,
nonhygroscopic crystalline powder having a moderately bitter taste

( Pepcid Prescribing Information, 1990 ).



3. Solubility

Famotidine is soluble in dimethylformamide, freely soluble in

glacial acetic, slightly soluble in methanol, and very slightly soluble in

water ( Pepcid Prescribing InfO(bey) 1990 ).

4. Stability — 2 ___."""

7 0
Famotidinei€'v e in the presenice of heat. It should be

, ;SJS,QQnt containers.( Bullock and et.
al., 1989; Jay, Fani oun v 1989; Montoro and et. al., 1989;
ea and Souney, 1990 ).

preserved in well-clos

el ¥

L
The tablets have 4n gﬁ#: tlw%te 30 months following the
AUoR
date of manufacture when st'oTed a@emperature of 40 ° C or less.

A

-rl_-_,. ..-__-‘

( Pepcid Productibn information for Ameﬂmr_frr Hospital Formulary

Service, 1986 Océ._‘l__J 7_;7.”
Y . )

Famotidine infjection should e refrigerated at 2-8 ° C. The

powder fornﬁi uﬂ ?w%la%]ﬂ ifmﬂ;}t@ jllowmg the date

of manufacture when stored at40 ° C or less. When diluted with most
commobiy useH I Satians el 85 % sbatd Enlombd hiection,
or 10 q% dextrose injection, Lactated Ringer’'s, 5 % sodium
bicarbonate ) , famotidine solutions containing approximately 0.2-4
mg/ml are stable for 48 hours at room temperature ( Pepcid

Prescribing Information; 1989 ).



5. Pharmacology

After oral administration, famotidine in a range of 5 to 40 mg,
inhibites basal and stimulated gastric acid secretion in a dose related
manner. Peak antisecretory aq\t reached within one to three
hours, and inhibition lasts 10 to 2 & travenous administration
of famotidine producas-:'a."'-tilmlag anﬂﬂbw profile, with these

s pG%e oral doses.

doses being approxi

Controlle
that famotidine
those associated

been observed to

"ﬂ,p*, ;,,l'rf._.

e L

Famotldlnb 40 mg twnce a dgmdfes not alter gastric
emptying time . Blood pressure,
heart rate, and eleqﬂ'ocardlogra erns rgjnain unchanged after
oral or intrav ﬁfous dose 40 and 20 mg, respectively. Levels of serum

uELQ m&%@ M f}ﬂ %of famotidine 20

mg. During four weeks of treatment with famotldlnvo mg daily,

evlsob il 45 bfohd A et rtict

stlmulaimg hormone ( FSH ), luteinzing hormone ( LH ), and other

prolactin do

circulating hormones remained unchanged ( Campoli and Clissold,
1986 ).



6. Pharmacokinetics

After oral administration, dose related peak plasma
concentrations are achieved within 1 to 3.5 hours. Mean peak plasma
concentrations are between 50\a ﬂ &aﬂer a 20 mg oral dose. A

ed for 50 % inhibition of
tetragastrin-stimulated _gastric acid sem in healthy volunteers.
ined at tgrsj?kI for 12 hours after a

plasma concentration of 13 ugll w

Plasma concentratio

40 mg oral dose. Bioa

and is not dose de

reported. Protien bindin sﬁ;ﬂvem 18t022% ).

i, el e

/7%, -
. ey
Famotldmg; ‘is excreted in the urmg.gts@ both glomerular
&) From 25 to 30 % of

|
orally administration doses are recovered unchanged in the urine.

The elimination half-lifecof orally administered famotidine is between

25and 4 hon.ﬂ u&‘ Qsmtﬁ}'nmn‘; %*i}lﬂcﬂ)ﬁbut increase to

approxmatelyq‘h hours in patients with a creatinine clearance of less

v 5 i 4 8 i i B 0 .

7. Use

Famotidine is recommended for the following uses : ( 1 ) the
short term treatment of active duodenal ulcer and acute benign

gastric ulcer; (2 ) the prevention of relapses in duodenal ulcer



disease;( 3 ) the treatment of patients with pathologic hypersecretory
conditions, such as Zollinger Ellison syndrome and ( 4 ) the

treatment of both symtomatic and erosive GERD ( Campoli and
Clissold, 1986; Pepcid Prescribing Information,1990 ).

8. Side Effect . \ "l,///

d uropﬁh“ﬂd.-effect data from short
etu le‘s of \tﬁe\(reatment of peptic
n treatment for longer periods

Cumulated J

term  controlled

ulceration, and paii ne
(up to 10 weeks ), unotidine 20.mg twice daily or 40 mg
'\ 4 \ .

The recommended oral dose gf famotidine for acute duodenal

oronstic e b4 434 BTN BT T 4 100 weske

However, the“duration of trea?ent may be shortened |f endoscopy

evelS) G54 E) T B o 1] 0o of e

recurrefce, maintenance therapy with 20 mg daily at bedtime is

recommended. Patients with Zollinger Ellison syndrome should be
started on a dose of 20 mg 6 hourly and dosage adjusted to individual
patient needs; doses of up to 480 mg daily have been used for up to

one year.

10
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Dosage may be decreased in patients with impaired renal

function ( Campoli and Clissold, 1986 ).

10. Preparations in Thailand ( TIMS 1994 )

Famotidine prepara@h}é' zand are described in trade
dos

name, distributor, dosa

Table 1 Famotidine

age form in Table 1.

Trade Name

Dose/Dosage form

1. Fadine 20 mg

2. Famoc 20 and 40 mg

3. Fanitin 20 and 40 mg

4. Pepcidine 20 and 40 mg

ohwne y ecuo 20 mg (lyophilized)
5. Pepfamin 20 and 40 mg
Phan?a&eutical e

6. Peptoci F‘W’ﬁ Fj ms‘ r f}; 40 mg

7.Pepzan ‘) Douglus ¢ ';:blet 20 and 40 mg
~8. ul ﬁwnﬁtg ~ @ ?Iand 40 mg

9. Ulcofan odal Synto ablet 20 and 40 mg




Literature Review

1. Historical Background of Solid Dispersion

It has been observed that the rate of absorption of many

\
poorly water-soluble drugs from strointestinal tract is limited
by the rate of dissoluﬂon of the

Attwood, 1981 ). Erﬁ@‘ment“-‘f disgolition properties generally
improves the rate }ud/ ent of gastrointestinal absorption and
bioavailability of suc

ubstance ( Florence and

i’li and Rlegelman 1970; Wiseman ,
‘pale-ahd Bates;1972 ).

\' beé‘n ’}l%de for increasing dissolution
-watéi’-séﬁjple or insoluble drugs. These
include the use of sol ble-salts p%orphs hydrates or solvates,
molecular complexes; agsorptlonq-‘gm an inert water soluble
compound ( Monkhouse and Lacl ,1981; Wiseman,

Mcllhenny and Bettis

Many effo

characteristics of p

—

Mcllhenny and Betﬁs 1975 ); the use of drug de‘rflvatwes ( which is a
chemical approach-( Slnkula and Yalkowsky, T975 ) and reduction of

particle size 4 Ammar, Kassem and Salama, 1980--). Among these
techniques, ?eduetion ch particle ' size remains thé most accepted
method for, mcreasmg drug d|ssolut|on Partlcle slzg reductnon is
usually achieved by«

1. Conventional trituration, grinding and other methods such
as ball milling and fluid energy micronization ( Chiou and Riegelman ,
1971).

12



2. Controlled precipitation by change of solvents or
temperature on application of ultrasonic waves and spray drying
( Chiou and Riegelman, 1971; Hem, Skauen and Beal, 1967; Sheikh
Price and Gerraughty, 1966 ).

 §

3. Administration of llqu‘d fl tions from which, upon dilution
with gastric fluids, the dlssolved precnpltate in very fine
particles.

4, Adminisd/ wat -‘éolUble giﬂs of poorly soluble
a;ei:t.,;- neutral forms may precipitate in

4

compounds from Whi

_ IO'F ﬂd iegelman; 1971 ).

& i 5
' -4

ultrafine form in Gifluids |

er uction of particle size can

od mentioned aboved, the

resultant fine particles nrgy not: '_ duce the expected faster

dissolution and absorp;;nﬁfhls is > primarily ﬂye to the possible
#———-—!—:{J particles and air
adsorption cause_-a by their increased surface energy and the
subsequent stronger ~Van Der Waal's attraction between nonpolar

molecues farhen] paot Wetabliy i Miaker, Moraover, arug with

plastic propeﬂles are difficultto subdivide by method 1-4. Controlled
prcial b clan 3o bS] melhd 1 jf reauenty
employed in commercial market due to such reasons as selection of
a nontoxic solvent, limitation to low dose, and high costs of
production. The water-souble salts of many pooly soluble acidic or
basic drugs have been widely used clinically in solid dosage forms

and have been shown frequently to produce better adsorption

13



than their parent compounds. Nevertheless, the sodium and
potassium salts may react with atmospheric carborn dioxide and
water to precipitate out poorly soluble parent compounds. This
occurs especially on the outer layer of a dosage form and thereby
retards the rate of dlssolut\cﬂ/ bsorption. In addition, the
alkalinity of some subi;ances & use epigastric distress
following admlnlstramlou’an an, 1871; Ford, 1986;

Bloch and Speiser,gr/ 7,

A unique a bl_idij__dis rsion to reduced particle size
and increase diss p%q tjP tes was first int_roduced by
Sekiguchi and Obi ) The;l propo: e formation of a eutectic
mixture or molecular/di érgizn J;%;,a‘ poorly soluble drug such as

sulfathiazole with a sglid, -!ﬂatux ﬁ;hy iologically inert , easily

water-soluble carrier such. a;—ufea.; exposure to aqueous fluids

, the carrier dlsso]ZVeds rapidly and Méd active drug was
' s for dissolution.

Since then , exten.s*ve studies and excellent »\o}ork were made and
modifications of this technique havetbeen sugi fie | ( Anastasiaduo

et al., 1983; ﬂiug l-'lgb%] EJ&] Eﬂﬂ ski, 1983 ).
Zﬁl?ﬂﬂwﬁieﬂﬂﬂﬁ-m URIINYIRY

The term “ solid dispersion ” refers to “ the dispersed system
of one or more active ingredients in an inert carrier or matrix at solid
state prepared by melting ( fusion ), solvent, or melting-solvent

method " . Since the dissolution rate of a component from a surface

14



Is affected by the second component in a multiple-component
mixture , the selection of the carrier has an ultimate influence on the
dissolution characteristics of the dispersed drug. Therefore, a water-
soluble carrier results in a fast release of the drug from the matrix,
and a poorly water soluble carrier leads to a slower release of the
drug from the matrix. Since t\ Q!hlque is commonly used for

increasing dissolution, this revi mphasizes on fast-release

solid dispersion. Howe&goms of= rmmples may also be
applied to slow-rel |sper7tm-.system ( Chiou and
Riegelman, 1971; BI 1987; F6rdy 1986 ).

L

The solid d be called under a variety of

names, including soli solid solutlon eutectics ,
fast release solid dis i 1 n co ec{pltates . The term
“ coprecipitates ” has been fr used to refer to those

preparations obtained by the" so!ventﬁfods such as reserpine-PVP
coprecipitates ( GEIieldl AT“in‘thaiaﬁi’“"*TQ?S Mfalles Mcginty and
Martin , 1982; Red{! Khahi,-and-Gouda; 1976; Si nelll Mehta, and

v ¢ - o/
3 ting'M ,
YRR IUUNRIINYIQ Y
9
The melting or fusion method was first proposed by
Sekiguchi and Obi and was subsequently employed with some
modification by many investigations ( Ford and Elliott, 1985;

Jachowicz, 1987; Jain and Parikh, 1986; Ravis and Chen, 1981).

A schematic diagram of preparation steps is shown in Figure 2.

16
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Active Drug Carrier
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Figureq ﬁaawﬁrﬂi&ﬁ:}ﬁ m&lialﬁ.:ﬂs by

melting method.




The advantage of melting method are:

1. Its simplicity and economy.
2. A supersaturation of a solute or drug in a system can

often be obtained by quenching the melt rapidly- from a high

temperature. “' {y
3. A much finer @& éhtes was obtained for

systems of simple eut@turﬁ l-oueh-quenchmg techniques
-"—-f

were used. — S \

The disadv.
€ r carriers may
decompose or evaporate duri ‘ 3 i process at high

2. Only low melting. cgmprsj an be used.

et =

1’{ o .
3. The resulting product from mel%d is always
difficult to be pulver !

3.2 Solvent Method-,

RUTINENTNYINT

This mythod was initially used by Tachibana andeNakamura
(Tachibdna Biid NaKar i3, Budetéclih Ford) 1998 ).” Artbthatit was
widely uséd in the preparation of many solid dispersion systems,
such as chlorpropamide-PVP ( Deshpande and Agrawal, 1984 ),
frusemide - PVP ( Doherty and York, 1987 ), nalidixic acid - Myrj ®
( Elgindy, Shalaby, and Elkhalek, 1983 ), corticosteroid-PEG ( Khalil ,

Elfattah , and Mortada, 1984), prednisolone - gelatin ( Kimura et al.,
1980).
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Solid dispersions prepared by solvent removal processes
were termed by Bates ( 1969 ) as “ coprecipitates " and this term has
been misconstructed by many other wokers. They should, more
correctly, be designated as “ coevaporates ”, a term that has been

recently adopted ( Sekikawa et al., 1983 ). A schematic diagram of

™, h

-
The advam@
1. Ther i

prevented becau:

this method is shown in Figur\?\‘ ' ,

d are:

n f\!- or carriers can be

pera required for the
evaporation of orgar

The disadvan gegqg_te :

d--r_',..-"‘" AN

1. The p_gpher cost of pl’éparaﬁml §

which may affect t } chemical stability of the @g.
3. The difficulty in selecting.a common volatile sovent.

s FHJ fculy 6f fepiotusing drystalform.

supersaturatlog of the solghe in the sollgjsystem

o) T 541 e B9 4

properties.
6. Solvent flammability and toxicity.

18
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By the solvent method, organic solvent can be eliminated
by three possible techiques.

1. simple evaporating

2. freeze drying ( lyophilization )

3. spray drying
Wy,
- Method by Chiou and
‘that

% ( wiw ) of liquid
6000 without sigificant

3.3 Meltin -So

then incorporating the s Iqt[é&dlr tly into he melt of PEG, obtained

below 70°C, without remu?:ii?ag ::"—fu‘_ﬂ i

n in mgﬁ feasibility of this

method was nonstrated on -PEG 6000 and
griseofulvin-PEG 69!}0 sys nd Riegelman, 1971 ).

The aﬂ %g ’:jfnﬂaqtﬁzw\gm&nethéds from a

practical stan"upomt are only limited to drugs with a low therapeutic

o FRAPIATE A S B ¢

'"’-!".--’

diagram of this n)gthod is show

20
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4. Method for Determination of Types of Solid Dispersion
Systems

Many methods are available for contributing information

regarding the physical nature of I olid dispersion system. In many
instances, a combination Qf tv}o ; methods is required to study
its complete picture ( Chn.gnd Rleg@ﬂ Mcginity, 1978 ).

9

f [ “E
4.1 Method forEstablishment of Phase Diagrams

-

These methods co c'eﬂétﬁ]e nal analysis. From phase

diagram, the type of sys cari obtained),
v:9

411 T bmicrbscopic Method - By this method ,

polarized microscopy v itH"’aT_fh:Bt s@ used. The thaw and melting
points of binary systemsmg,de}em by visual observation and

various forms i i Jucted ( Chiou and
Riegelman, 1971;E:

fguﬁ*ﬁﬁ?ﬂﬁ’m {r W
e AN

and utlllzed by using a stirring divice in capillary tube for more

. d

accurate results, the stirring facilitates the attainment of a
homogenous system ( Chiou and Riegelman, 1971 ).

4.1.3 Cooling-Curve Method - In this method, the physical

mixtures of various compositions are heated until a homogeneous



melt Is obtalned. The temperature of the mixture is then recorded as a
function of time. From a series of temperature-time curves, the phase

diagram can be established ( Chiou and Riegelman, 1971 ).

4.1.4 Differential Thermal Analysis and Differential
Scanning Calorimetry - These “;/ tive thermal methods for
studying a pure compgbbnd or yc re Differential effects,
associated with ph‘—ys;;;-_'g_r ch‘émlcaf-ch'aﬂges are automatically

recorded as a funW a&ture or\u%as the substance is

heated at a uniform r d decomposition can be setected.

-

detecting the presence of small ﬁnou oﬁ eutectic in the mixture,
because its melting ;
detected ( Chiou, 1971; hjg:q::ﬁnd @19 1; Chiou and Riegelman,
1971; Ford, 1978, ford aqd;@?jn?tgmﬂ ). )

Dispersions Y ' g

i v f
4.ﬂ uﬂ 13[1 &Lmﬁ -Wiﬂ:lﬁyias been used to
study m ﬁhdoéy and polymd'riL m of solid dispersions. The high

resolutbr) lor| 8 \eiecuart ickodcbok duad [usehilol buuay the

dlspersed particle of hydrocortisone in PEG dispersions. Photoplan

microscope was also used to study aging of indomethacin-PEG 6000
solid dispersion ( Ford and Rubinstein , 1979; Kaur, Grant, and
Eaves, 1980 ).
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4.2.2 Spectroscopic Method - IR spectroscopy is usually
used to study polymorphic phenomena or complex formation in solid
dispersion systems. For example, the utilization of IR spectrum could
indicate the complexation between PVP and cholic acid in the

coprecipitate ( Chiou and Riegelman, 1971; Geneidi, Adel, and

Shehata, 1980 ). |
L

4.2.3 X-Ray Dlﬁnchon Met In this method, the

intensity of the X-r on| ( or Mn ) from a sample is

measured as a fun

p{ex formation since its

different from those of

(D

spectra or lattice para eteﬁk* are%k
” ‘2

pure components. It has*ken ﬁ' to study quantitatively the

concentration of a_icrystallme compo‘{'lenti ﬁe fmxture This method

f““‘m——“—“ """ 5 Chlou 1971; Chiou

and Niazi, 1971; Cﬂlou and Riegelm 371 ; Christian and Oreilly,

1986; Ravis and Chep, &981; Takaya&a, Nambu and Nagai, 1982 ).

Lyophilization'

ARANTY UNIANEIQY

Lyophilization frequently term “freeze drying” is a drying

was used to stu o

process where the solvent normally water, is first frozen and then
removed by sublimation in a vacuum environment. In the
pharmaceutical industrial, the aqueous solution is filled into suitable

container, generally vials, which are loaded onto temperature-

24



controlled shelves installed in a large drying chamber ( see the
process and model of basic industrial lyophilizer in Figure 5 and 6,

respectively ).

In the lyophilization procqu b ,jvater is removed from a frozen
solution by sublimation to leave orous solid that is easy to
redissolve. The sublm‘ratoon of t_I]e fré‘!olutnon is occured at the

pressure and tem:e?‘é’&_ ow the tripple-point ( see Figure 7 ). A
i

product is freeze the| aquepus solution does not have

sufficient stabili
crystallized in bulk

tmé and if the product cannot be

L tq- spray drying , freeze drying is
S, an T ally regarded as being less
m,wparﬁyli:& fo; protiens. In addition,
control of sterility and foreign- pan%te ;*atter is relatively stralght
forward. Thus, although mhes:ently@fnswe from the view points of

plant cost and -energy consumpt‘g‘r;*freeze idrymg is often the

a low temperature pr
destructive to the

-

processing method of choice - or the product Vlipn of a parenteral

product. The |m;; jt of high costs ¢ reeze drying is often the

processing method gféhmce for qqf}lty and the realization that raw

material coﬁ %@WHW? %%ﬁ‘gts Moreover, an

understanding of the freeze &drymg process coupled with process
cPUnGaOf PR LA TGS I8 fyrfon . an
therefore costs of the precess as well as ensure control of product

quality (James, C. and Boyle, N, 1992).

Example of some typical materials which are dried by freeze
drying : ( James M. Flink and Henning Knudsen, 1983 ).
- Microorganisms ( bacteria, yeast) and Virus

- Vaccines , antitoxins and blood fraction
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- Enzymes ( for analytical systems and / or reactions in general )
- Tissues and bone materials for transplants

- Biological reagents and standards

- Food materials ( beverages, fruit, vegetables, meat, fish )

- Pharmaceutical preparaticlr‘s

r‘/é;t emical / biochemical

- Most types of sensi_tjve a\g

laboratories ( including&adic:ls iological media )
- Tissues and cells.

electron micrescopy
be divided into three stages :

-
| f:.

The freeze dryi
( N.A. Williams and

3. Secondary Dryi =
The three stages cawbi*éipléiﬂmhﬂetails f§ follow :
A i,

S
\

— ———— 74
1. Freezing - 7
. Freezin N i
L) | )
d v
in g rﬁﬂﬁrﬁﬁﬂ jrwmﬂ?ary solution |,
consisting:ﬂ solute In water, may be considered to occur as

e TR Y e o

temperature usually below 0°C. As the ice crystals form and grow

throughout the system, the remaining solution , referred to as
“ interstitial fluid ” , becomes more concentrated in the solute. If the
solute forms a true eutectic with water e.g., sodium chloride, a
eutectic phase consisting of finely divided crystals of the solute and

ice crystallizes out and the whole system becomes solidified.
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Figure § A schematic diagram for preparing dry powder by
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PRODUCTS ON SHELVIS/ /— DRVING CHAMBES
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~
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Critical Temperature

1. The temperature of complete solidification ( Tcs ) is the
highest temperature at which any liquid state ceases to be present in

the preduct during cooling. It\ l\l@e that must be achieved if a

solution is to be conside({‘d;{re_ei he strict sense.

2. The temperatﬂﬂ'—-( j tmm ). Itis often referred
AN

to as the eutectic e,| only equivalent to the eutectic

temperature in co chlorl‘e, which form true

eutectic mixtures i

_ *,f; :_‘: ‘.-"f.i;i
As described earlier.;b the p drying stage involves
S e L ? ol

sublimation of ice from frozen product. In Mffss :

T;—‘f/—?
| —
(1) Heat is;}ransfé’r‘ the sﬂlf to the frozen

solution through the trayy( if there is ahyqr)‘qand the vial, and conducted

to the sublim%u&;ltaglrﬂ.m_‘j 211
QIFA A IATORLIAAD P YR asoes

through the dried portion of the product to the surface.

(iii) The water vapor is transferred from the surface of the
product through the chamber to the condenser.

(iv) The water vapor condenses on the condenser.



Figure 8 Diagram s

shelf to a fr:

the . removal of observed water

¢hich did not separate out as

e off. It is usually
present in enough quantities to « i decomposition of the

product, if itis st I

The ﬁmm DEDIHEADT product wonaty

determines the length of time devotedsto secondary drying. For

Phar'a m’la ‘ﬂﬂg mw fl”a %Bq a1ﬂ and less

are the most desirable. Since it is impossible to achieve zero percent

at room terﬁperature as itis.

moisture content in the dryer, a limit somewhere below 1 % must be
selected.

To accomplish the desorption of the water, the

product temperature is usually raised and the chamber pressure
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further reduced. Although the secondary drying stage generally
occures after primary drying , some desorption of water may

accompany the sublimation of ice.

The temperature to wh h the product must be raised
during secondary drying must be red carefully. For example,
exposure of heat-labile substance‘& antibiotics, to high
temperatures for a Iorlg_peﬂod ma) causé significant decomposition.
Sometimes, a choicyﬂ/ e made between exposure to a high
temperature for a sh [ a longer temperature for a longer

period.

precise method of determiﬁmg th;ﬂ‘int at which the moisture

content is low enough forethe run «fé‘-be termilfnated the dryer is
b ‘

allowed to run fo 'S WG 1oie
hand, this may regf% in an unnecessary wasiefb\hf time and energy if
the product dries quickly. On the other hand, if the desorption of
moisture occtires glovﬁy; itomay ﬁes‘»—s;llt' in“jhighér than desired
moisture contents beéCause of premature termination of the cycle.

To help in d’ete‘rmination much more precisely the'“‘end point
of secondary drying, several methods have been developed. These

include :

(1) Windmil Device ( Couriel, B., 1977 )
(ii ) Trapped Pressure Ratio ( Mellor,J.D., 1978 )
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(iii ) Sample Thief Probe ( LeFloc’h, L. )
(iv) Residual Gas Analytical System ( Jennings, T.A., 1980 )

Windmill Device
The windmill device has scribed by Couriel. Sensitive
windmills mounted on a.t[}y are pl: }certain locations above the
Is being f -dwtakwmﬂ t of the vial
vials being freeze - E or flows out of the vials ,

mg and .tl‘product is considered
ces consistent moisture contents.

it spins the windmill
dry. This method re

Since successful u il device depends on proper

observation, it ne we
there was no indic how 5|t_i th_e device is to low partlal

pressure of water o am,p)g s

|u-

'.-\,i

[ -
I | hasd |

i | b

Trapped Pressure Rg.t;o J%_
b

\
This method works on the |

at the lower the
moisture contentJf the product being dned,ithe lower the partial
pressure of EI 5’% e beginning of
secondary cﬁi ij i‘f{l EIiL E[Zj ﬁﬁﬁchamber will be
high and will gradually decrease to an equilibrium value’at the end of
the cyele/ il sppafduds sideribactly Wl bakittsbid copper U
tube conncted to a Pirani vacuum gauge at one end, while the other
end opens into the drying chamber by a connection which can be

closed or opened by a valve. The end connected to the chamber has

a tube inside the chamber that can be directed close to the product.
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To make a measurement, the valve is opened and the total
pressure ( water vapor and air ) is read on the gauge. Then the valve
is closed, the water vapor is condensed out by means of a Dewar
flask placed under the U-tube and the pressure again read. The
trapped pressure ratio ( TPR ) |s def ned as the pressure, after the
water is condensed out divided by U{/ essure before condensation.
Typically, TPR starts _out being le Aﬁu, 0.1 , increases and then
levels out as it approaches 1 ,%e., as.the partial pressure in the
chamber decreases

te TPR measurements to actual moisture

content, samples s enout and analyzed for moisture and

the values correlat PR val‘ues A calibration curve of TPR

versus moisture contén y therﬁbe drawn from a few points. The

apparatus is said to'b e, to dete;@me TPR values in the range 0.5

to 5 % with an accuracy fo_@ : ";J}.

Sample Thief SECAreA ,
‘ n;‘é —_— = = {/
| -

The sam;;Ieithief probe is now a common optional feature

of many laboratory-size freeze-dryers desigiied for freeze-drying

liquids on vijalsy It allowsan operator to select avial, stopper it, and
retrieve it from the drying~ chamber, during ‘any stage of the
lyophilization.process-without altering the-conditions in“the chamber.
Thus, via|§ can'be taken out and'analyzed for moisture'content ( often
by the Karl Fischer Method ), weight loss, or any property desired
without having to stop the cycle. This facilitates the determination of
the end point of secondary drying by following the moisture

content or weight loss ( of preweighed vials ) with time.
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Residual Gas Analytical System

The Residual Gas Analytical System (RGAS ) is a mass
spectrometer specially disigned for analysis of the vapor and
gaseous contents of the freeze-dryer chamber. To obtain the mass

spectra of the chamber contelittj Ive connecting the chamber to
the RGAS is adjusted to allow the

pressure. The fragmgm paﬂernﬂs gases and vapors are

then obtained. 7 "

in only at a specified low

The comp er are identified by their mass
to charge ratio m/ k appears at an m/e of 17 and
18. To be able to u ] iné,the end of secondary
drying, a pressure J? “co nq.:ted to the chamber.
Assuming the gauge is . Jto | pressure accurately, the
partial pressure of water in tEcha L may be calculated as follows

: the peak helghts_»pf all tﬁe aases{ (e.g., NzMCOz ) and water are
summed up. Th tio of the peak height ler to the total is then

equated to the ra}_I;b of the partial ssuquof water to the total

pressure. Since the fotal pressure ig ,known, the partial pressure of

watercanb%%@@ﬂﬂﬂ‘ﬁwgqﬂi
IR INYIA Y

1. Selection of Optimum Fill Volume

For a given dose, a decision must be made regarding the

concentration ( and therefore the fill volume) to be used. In general,
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the primary drying time increases as the concentration decreases

and the fill volume increases. Basically, three factors are involved :

(a) a lower fill volume means less ice to sublime, and
therefore a shorter drying time results. ,

(b) alower volume meal."ls"'rd' : ller cake depth which, if the
corresponding higher gg_ncentratioh' “did” not increase the product
resistance at a given @rodu ct thickness, and therefore a shorter

drying time would reg;k'./ ,

(c) a lower filifv

ns a higher concentration which,

- & w, B 3 - - %
in general, increas ried=product resistance at a given
—

For freeze- drieda‘;pt_gdu_ctsi‘_ie.‘farmulatit‘)rn and process are

interrelated. Propetti : fion i riicular the collapse

temperature, havé‘é’.signiﬁcant impact on desiﬁ of the freeze-drying
process, and excipient selection may, in large flfért, determination the
process econoemicsqln addition to/the active;component ( the drug ),
other components ‘may”be " added for spécific purposes. Bulking
agents, such_as mannitol. or, glycine,~ are added- to ; enhance
appearancer as well as o' prevent ' product' ““blow 'out ”. With
formulations very low in total solids ( about 1 % ) , the streaming
water vapor can disrupt cake structure and carry some or all of the
dried material out of the container with the water vapor stream, thus
giving product “ blow out ”. Buffers are frequently added for pH
control, and salts ( e.g., NaCl ) may be added to yield an isotonic
solution. Use

TAINLTIGN
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of NaCl in the formulation may lower the collapse temperature of the
system, if NaCl fails to crystallize ,or give a relatively low eutectic
temperature ( -21 ° C ), if NaCl does crystallize . To avoid these
problems, tonicity is best addressed in formulation of the diluent
provided to reconstitute the sollg I? special cases, exipients may be

used to increase solubility and %eyty For example , tissue

plasminogen activator doées not Ibav nt solubility for clinical

use In a pHrange ;Xl fith stébﬂ&ty (~pH74),but when
arginine is incorp .to e formulation, the solubility is
acceptable at pH 7.

' n qutlon stability is enhanced in the
n ‘R‘and Nguyen T. H, 1989 ).

| o be;iadded to increase collapse

presence of arginine

Excipients ma
cn’llapsé[hmperature of the mixture is
intermediate between that of_the mdi;%g‘;‘al components, but collapse
temperatures of gandldafe' fermula!‘b‘hs‘mustibe measured. They

generally cannotwwhaum.alﬁcuracy Collapse

temperature can bi‘}nodlﬁed by dextran ( -10|'°C) ficoll(-20°C),

temperature. Usually,

gelatin ( -8 ° C), human serum albumin ( -9.5 ° C) ,and hydroxyethyl
starch (> §0° C) . it should be ‘émphasized that the composition of
the amorphods phase formed durring _freezing determines the
collap§e témperature; THeréforeé, organic” solvent impurities, buffers
and other salts, which do hot crystallize, also affect ( usually
decrease ) the collapse temperature. Particularly with protiens, an
excipient ( a so called lyoprotectant ) is frequently added to enhance
stability during the freeze drying process as well as increase the

stability of the freeze-dried solid during storage. Commonly , sugars
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( e.g., trehalose, sucrose ) and protiens ( e.g., human serum albumin,
bovine serum albumin ) are used as lyoprotectants. Unfortunately , of
the many materials that have been shown to stabilize protiens
during or after freeze drying, only a few ( mannitol, glycine, arginine,
lactose ) have a “ generally accefated ” history of use in formulating

products for parenteral therag;y / ntraditional ” excipient may
cause toxicology or mankgtsaccep@ concerns. Several other

potential excipients W se"umm dextran, hydroxyetyl-
starch ) have the ; en used inparenteral therapy and
therefore should no 'pfqblems of E_oxicity.

o

huﬁér}_{’ em 'ebends on the ratio of the

thégeid- @se components of the buffer

—

system. As long as al&'ﬁ-bii?fer}"%‘énents remain in solution,
“1. .
temperature changes do not greatly affect the pH. However, during

the freezing process, buffer components may crystallize, resulting in
large pH shifts. Tﬁé differences between the cooling and warming

s 171011 P e
“rIRIANIUNRIINGIA Y
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