CHAPTER I

INTRODUCTION

Suppositories are solid medication for insertion into body ca-

vities. Currently, only rectal and vaginal suppositories are in use.
Besides there is urethral suppository which dose not often use in
the present. They disintegrate in the/body cavity either by melting
or by dissolution. The term vaginal €uppository is now used rather
loosely . -and - ds;roftent applied to vaginal tablets. Rectal sup-
positories are an infrequentliy used but long known form of medica-
tion which is employed for both local and systemic distribution of

a drug. (4

These suppositOries gave their therapeutic action locally or
systemically, either by melting at body temperature or by dissolving
in the aquepus of the mucous membranes and thus allowing the release
of the active ingredients. A number of other terms have been used
to identify this dosage form.  The term "bougie" was used as a
synonym but, presently, it is more commonly used to desingnate an
instrument which may be inserted through the urethra or other body
passage for dilatation or exploration. Vaginal suppositories have
also been known by the name "pessary". However, in the United Stated
this term is usually reserved for a device which is inserted into the

vagina to suppotrtythe muterus.s(9)

Suppositories were known _to the Assyrians about 2600 B.c., to

the Egyptians athousand years | lateriand tollthe ancitnt Greeks and
Romans. While the 'Egyptians confined the use' of suppositories to
the treatment of local conditions, Hippocrates also used them to

improve breathing in children and Dioscorides to produce sleep. Galen,

in the second century, applied suppositories for their purgative ef-

fect only.
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The vehicle was at first a shaped chip of wood or bone, which
was dipped into a coating mixture of warm fat or honey and ground
drug. The chips were retrieved, cleaned and used again. Other core

materials, which were introduced later, were pieces of soap, raisins

vegetable or cabbagevstock and piecessof cloth. The suppository

ranged in size from a small pellet t6.6ne weighing as much as 20 g.

The lack of dosage uniformity in such diverse forms of rectal
application is prokably re;ponsibie for the neglect of the supposi-
tory in subsequent century and the introduction in the 19th century
of molds, first of paper, then wood and, finally, metal, the use of

suppositories becamé more widespreads

h
Tere is no consens@is about the etymologic origin of the word
suppository, which is the samé in Romanic and Germanic languages.

However, the most likely origin is from the Latin ' participle sup-
positus, which means placed underneath. . Until the last century,
the term was gapplicdmostly to shaped medicatidn inserted into any
body cavity except the mouth; in the beginning of the 201-_'h century

urethral suppositories, called bougies, wers not uncommon.

As a useful formifexr drug administration, suppositories have
been more popular| in Burope than in the United States. In recent
vears about one percent of all prescriptions in the U.S. have been
for rectal ;suppositories ;r~a . good; many Suppository preparations exist

that do notl require a.prescri?ti@&q_(4, 13)



Suppository Bases

The function of materials other than medication in suppositories
is to present an acceptable and usable dosage form. The suppository
base may be required for dilution of the drug to a nonirritating con-
centration. Thus, the irritant local action and the volatility of
‘chloral hydrate are reduced to acceptable levels byincorvoration into
- a suppository base. Othey possible functions of the base are to

stabilize or to control thé rate of release of the drug(13 )

A general classification of suppository bases is possible

on the basis of their physical properites.

a. Oleaginous Bases

The oleaginous bases dnclude cocoa butter and synthetic trigly-

ceride mixtures.

1. Cocoa Butter (Theobroma 0Oil)

Cocoa butter is the mest widely used suppository basej; it is

often used in compounding prescriptions when no-base is specified

It satisfies many of the requirements for an ideal base, since

it is innocuous, bland, nonreactive, and melts at body temperature.

However, cocoa butter|stildihas (several |disadvantages, for it can
rancidify, melt in'warm'weather,’ 'liquify-when' incorporated with
drugs, and with overheating, iSomerizes to an undesifable lowered

melting jpoint.

Cocoa butter is primarily a triglyceried, with the predominant
glyceride chains bheing oleopalmitostearin and oleodistearin. It is
a yellowish - white, solid, brittle fat, which smells and tastes
like chocolate. Its melting point lies between 30° Cc . .and 35° C
( 86° F to 95° F), its iodine value between 34 and 38, and its acid

value not higher than 4.
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' Because cocoa butter can easily melt and rancidify, hit must be

 stored in a cool, dry place, and be protected from light.

Cocoa butter exhibits marked polymorphism (the property of
existing in different crystalline forms), a phenomenon probably at~
tributable to the high proporticn of unsaturated triglycerides. Each
of the different form of cocoa butter has different melting points,
as well as different drug release /rates. When cocoa butter is heated
above its melting temperature (about"36°¢c) and chilled_to its soli-
dification point (below 15°C), immediately after returning to room
temperature this cocoabutter will have a melting point of about
24°¢, approximately 12°cibedow | its original state. A knowledge
of these polymorphic states is essential for an understanding of how

uniform drug release patterns can be obtained from suppository bases

. consisting primarily Of cocoa butter.

Cocoa butter is thought to be capable of existing in fcur Cry-~-

staline states:

1. The o form, melting at 24°C, is obtained by suddly cooling
melted cocoa butter to 0°C _

2. The B form crystallizes out of the liquefied cocoa butter
with stirring at 18-23°Cc. Its melting point lies between 28 and 31i°c

3. The stable B form is obtained from B8 form melting between
34°c ana 35°¢

4. The y form, melting at 18°C, is.'obtained by pouring a cool
(20°C) cocoa butter, before it solidifies, into a container, which is

. cooled at deep ireeze |temperature.

The formation of the various forms of cocoa butter depends on
the degree of heating, the cooling process, and the conditions during
this process. At temperatures below 36°¢, negligible amounts - of
the unstable form are obtained, but prolonged heat above that cri-

tical temperature.



5.
causes the formation of the unstable crystals with resulting lowered
melting points. The reconversion to the stable B form takes one to
four days, depending on the storage temperature the higher the tempe-

rature, the faster the change.

The formation of the unstable forms can be avoided by varidus
methods : _

1. if the mass is not complétely melted, the remaining cry-
stals prevent the formation of the unstable form;

2. small amounts of stable crystals added to the melted cocoa
butter accelerate the ehange from the unstable to the stable form;
this process is called "Sceding"

3. the solidified melt is tempered at temperatures between
28°C and 32°C for hours or days,,K causing a comparatively quick change

from the unstable to the /stable form.

All these proporties of cocoa butter may cause considerable. dif-
ficulties in the manufacturing procdess. As a general rule, the
minimal use of heating inm the process to melt the fats is recommended.
Prolonggd heating must be- avoided as much as possible. There are se-
veral additional ‘disadvantageous characteristics inherent - to cocoa
butter as a suppository base. Low contractiiity during solidifica-
tion causes the suppositories to adhere to molds and necessitates

the use of mold release agents or,lubricants.

The solidificatién point of €ocoa butter 'lies about 12°C to
13°C below its melting poing. This property can be jutilized in wor-
king with cocoa, butter in suppository formulationsy, where the mass
can be kept in a fluid state at comparatively low temperatures. Con-

stant agitation maintains cocoa liquid at temeratures below its soli<

dification points.

Cocoa butter does not contain emulsifiers and, therefort, does
not take up large gquantities of water (maximum 20 to 20 Gm. of water

to 100 Gm. of cocoa butter).
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The addition of emulsifiers such as Tween 61 (5 to 10%) in-
creases the water absorption considerable. Emulsifiers also help to
keep insoluble substances suspended in the fat. Suspension stability
is further obtained by the addition of materials (aluminum monostea-
rate, silica) which give melted fat thixotropic properties. There is
always the possibility that the suppositories, containing these
aeditives, will harden on storage. Therefore, prolonged, careful

stability observations are recommended.

Such drugs as wolatile oils, creocsote, phenol, and chloral hy-
drate lower the melting point of cocoalsutter to a considerable ex-
tents. To correet this condition, wax and spermaceti were commonly
‘used. Now special bases with high melting ranges are available for

this purpose.

The quality of cocoa butter varies with the origin and treat-
ment. Thus, it is guite pessible to obtain different physical cha-
racteristics with two cocea butters from different sources, al-~
though both are within all the specifications of the U.S.P. The se-
lection of a reliable source of supply is imperative to eliminate

broad variationsiin color and consistency bétween batches. (7)

2. ~Synthetic Trigiyceride Mixtures:-

Because.of the disadvantages of, . cocoa butter ,a number of newer
materials have been developed| for the preparatiébn of suppositories.
These materials generally consist of hydrogenated wegetable oils
and do not have the same ‘tendency toward polymorphism as cocoa butter.
As is the case with nearly all bases, drug availability from these
bases may be somewnhat different from that which is normally expected -
from theobroma oil. These products are available in a series of
synthetic mixtures which bear designations specific for each. The
Wecobeein (Drew chemical Co) and the Witepsole are examples. (9) We-
cobee.s is triglycerides which derived from coconut oil, its melting

pointhbetween 33-35° ¢, (g)
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Wipepsol suppsitory excipients are mixture of trigiYcerides of
natural saturéted‘fatty acids with a chain length qf C12~ C18 which
contain a quantity, corresponding to the stated hydroxyl number, of
partial glycerides of the same fatty acids. For the manufacture of
the most variegated suppository recipes, a whole range of WITEPSOL

types is available, divided into Series H, W.S and E.

b, Water-Soluble Bases

The most important.water soluble bases are those. containing;gly-

cerinated gelatin and_ighe polyethlene glycol polymers.

1. GlycerinatedlGelatin Bases -A base comprised of 70 parts

glycerin, 20 parts gelatin, and ‘10 parts water furnishes é; useful
mixture, eﬁpecially foxs the preparation of vaginal or urethral sup-~
positories. Suppositories made with this mixture are translucent, re-
silient solids that disperse or dissolve very slowly in the mucous

secretions to release ingorporated active . ingre=dients (9)

2. The Polyethylene Glycols

The various polyethylene glycols polymers are marketed in the
United States as Carbowax and Polyglycols and suggested for use as
suppository bases. ILong-chain polymers of ethylene oxide exist ~as
liquids when their average molecular weight ranges from 200-600, and
as wax-like solids with .~moelecular weightsy abevesy, 1000 . Their water
solubility, hygroscopicity and.vaporipressure decréase with increa-
sing average molecular weightss The wide range of meltingj points and
solubilities makes\possible formulation of suppositories with various
degrees ofi heat stability and with different dissolution rates.'They
do not hydrolyze or deteriorate, also they are physiologically inert,

and will not support mold growth. (7)

Several combinétions of polyethylene glycols have been prepared
for suppository bases having different . ,physical . cba;aéteristics.
Examples of these formulars can be illustrated by a few suggested

in the work of Collins, Hohmann, and Zopf ‘as follow :



Base 1
Polyethylene glycol 1000 96%
Polyethylene glycol 4000 4%

This base is low melting and may require refrigeration during -

the summer month. It is useful if rapid disintegration is desired.

Base 2

Polyetaylene glycol 1000 75%
Polyethylene 'glycol 4000 25%

This base, more heat stable than Base o, may be subjected to
storage at higher temparatures than the Previous one. It is useful

when a slow release offactive ingredients is preferred.

Bases 1 and 2, which do not contain water, are generally dipped
in water before insertion,so that ©ossible irritation to mucous mem-
branes may be eliminated. | This irritatien, or "sting", is caused
when the water is drawn from the mucosa., Most pétients do not feel
discomfort from the use of these suppositories. Chevmol, Buffet, and
Lechat suggested the addition of 10% of water to facilitate solution

of the suppositorv after insertion.

The polyethylene glycol suppositories can be prepared by both -
ﬁmoldlng and cold compressxon method. A mixture of 6% hexanetrxol*l

2,6 with polyethylene glycol 1540, and 12% of the rolyethylene oxide
polymer 4000 are especlally suitable bases for ‘the ¢old compression
technigue. The drug is™ incorperated by dissolving or dispersing in
the molten base, Special precautions are necessary in preparing a
molded suppésitorv with' the pelyethylene glyeol bases. The mold must
be dry because of the solubility of the base in water. The melted

mass must be allcwed to cool almost to ‘€he congedling ‘pdint befare-
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poimt, or the resultant suppository will be fissured owing to the cry-
stallization and contrdtion of the polymer. Such suppositories may

be easiiy fractured in packaging or handling. The polyethylene
glycol base suppositories cannot be prepared suitably by hand roll-
ing; Polyethylene glycol suppositories do not reguire a mold lubri-
cant and are easier to prepare than cocoa butter suppositories.

D1s1ntegratlon times of polyethylene glycol type suppository -
bases; measured in vitro by determiningsthe rate of solutlon in water
at body temparature, do not coincide with the human in vivo results,
measured by x-ray study of suppositories containing barium sulfate.

See Table 1 for comparative results. Thus elinical results seem 2 be
the best criterion for ghog€ing the desired polyethylene glycol base,
and in vitro test method/should be used for controlling product uni-
formity of different production lots.

Reports of many workers on adverse reactions of these polymers
indicated little difference in sensitivity to individual bases,but a
diminished reaction with 6000 polyvmer, In one study the problem of
safety,sensitization, and chémical inertness was attributed to impu-

rities and not to the base itself.

TABLE 1 Comparision of In Vivo Soidtion Time to-Ih Vitro Disinteg-

ration Time of Thrée, Suppository Bases :
Solution| Time Disintegration Time
Base | .
(min) (min)
Pol; ethylene glycols 1000 13 45
Cocoa butter 3 3

A Base made of :
Polyethylene glycol 1540-94%
Hexanetriol 1.2.6. - 6% IR- 40

From Collins, A.P., Hohmann, J.R., and Zopf, L.E.; American Professio-

nal Pharmacist, 23:231,1957.
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c. Hydrophilic Bases :

Cocoa butter can be modified into oil-in-water (O/W)or water-in
oil (W/0) emulsion type suppository bases by the incorporation of
suitable emulsifying agents. In the preparation of suppositories it
is generally more desirable to form emulsions of the W/O type be~
cause those of the O/W variety are more prone to lose their water by
evaporation, with the result that these preparations are relatively
unstable. (9)°

Sometime surface active agents (surfactants) are also ﬁsed in -
combination with these bases to in crease the rate of drug releasing.
Because of their high wetting and detergent properties surfactants -
are used so widely as emulsifier, solubilizers and formulation
adjuncts. When a surfagtant, is'dissolved in water at very low con-
centrations, a fraction of it will be adsorbed at the air-water in-
terface, and the remainder will ¥yeside in the bulk in the form of mo-
nomers. As the concentration is increased,a level is reached where
the interface becomes saturatediwith surface active agent and,usual-~
ly simultaneously, the limiting sclubility of monomer in theb ulk is
approached. At this concentration an unusual phenomenon occurs. Ra-
ther than precipitate, the monomers in the bulk/tend to form colloi-
dal aggregates termed micelles, consisting of 50 to 150 molecules or
ions of surface active agent. The concentration at which aggregation
occurs is called the critical micelle concentration or CMC. The mo-
lecules in the micellar unitfhavela definite Oriéntation: the hydro-
carbon or nonpolar'portion is oriented to the center of the micelle
and is shielded from the agueou$ solutiong In essence a micellar
solution gonsists oOf ‘many nonpolar “"droplets!, which /can-function as
a discrete'phase and there by interact with or "dissolve"” drugs that
normally would be insoluble in aqueous systems. This phenomenon is
termed micellar solubilization (7)

Surfactants can exert a two-phase effect which is a function of
concentration. Below the CMC, absorpion of drugs may be enhanced due

to better contact of solution with the membrane; this is a "wetting"
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or spreading effecéaresulting from adecrease in the surface tension of
the solution. There may also be a direct effect of the surfactant on
the permeability of the bioligic membranes. Above the CMC, a portion of
the drug molecules may become entrapped in micellg and, as such, be un-

available for absorption.

The net effect (absorption enhancement or retardation) depends to
some degree on the relative magnitude 0f interaction between drug and
surfactant. The absorption-retarding effect usually predominated at
higher surfactant concentrations bécause a iarger fraction of the drug -
is bound to micelles. wHowever; repeated or Prolonged exposure to high
doses of surface-active agent may lead to partial disruption of biologic
membranes and there byi/redtice theiy barrier effect significantly. In this
case, a high concentration/of surfactant would increase absorption of

the drug. (13)

The Ideal Suppository Base (7,12)

The ideal suppository base may be described as follows;

(1) melt at rectal temparature 37.5°C, but bases with —~higher melting
points are employed for steutéectic mixtures, addition of oils, balsams,

and suppositories inteanded for-use-in-tropicai climates;

(2) completely nontoxic and nonirritatiflg to sensitiVe-and infadEREd. €isx

sues.
(3) compatible(with| a broad /variéty ‘of drugs.

(4) no metastable forms.

(5) shrinks'sufficiently én cdoling to' reélease itself from the mold with

out the need for mold lubricants.
(6) nonsensitizing,
(7) has wetting and emulsifying properties.

(8) "water number" is high- a high percentage of water can be incorpo~

rated in it.

(9) it is stable on storage, does not change color, odor, and drug re-

lease pattern.
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(10) can be manufactured by molding sither by hand, machine, com-

pression or extrusion.

If the base is fatty, it has the following additional require-
ments.
(11) “acid value" is below 0.2.
(12) "Saponification value" iange from 200 to 245.
- {13) "iodine value" is less than 7.
(14) the interval between "melting point" and™olidification point™"

is small,

Factors Affecting«Drug Absorption from Suppositories

Rates of absorption'of active ingredients from | suppositories
may vary not only withi/different formulations, but also with  iden-
tical formulations, in @different patients, depending upon a number

of factors which come into play.

1. Physiological Factors- When a rectal suppository is ad-
ministered it is subjected to'a number of environmental conditions
which frequently have a profound effect upon its therapeutic effi-

ciency. These factors are:-

1.1 Colonie-content When systemic effects are desired from

the administration of a medicated suppository, greater absorption

may be expected from a rectum that is void than £rom one that is dis-

tended with fecal mattexr. A drug will obviocusly have greater op-
portunity tc make contact with the absorbing surface of the rectum
and colon in the absence cof fecal matter. Therefore, when deemed

desirable ,, an-evacuant-enenma, may beqadmninistered.and allowed to act
before the administration of “suppositorylof al.drug to $he absorbed.
Other conditions such as diarrhea, colonic obstruction due to tumo -
rous growths, and tissue dehydration can all influence the rate and

degree of drug absorption from the rectal site.

1.2 (Circulation route Drugs absorbed rectally, unlike those

absorbed after oral administration, bypass the portal circulation,

thereby enabling drugs otherwise destroyed .in the liver to exert

systemic effects. The lower hemorrhoidal veins surrounding the
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colon receive the absorbed drug and initiate its circulation through-
out the body, bypassing the liver. Lymphatic circulation also

assists in the absorption of rectally administered drugs:

1.3 pH and Lack of Buffering Capacity of The Rectal Fluids.
Unionized drug are generally more readily absorbed from the va-
rious sites of absorption than highly ionized drugs. Since the’
rectal fluids are essentially neutral in pH and have no effective
buffer capacity, the form in which the drug is administered will
not generally be chemically changed by the rectal environment.
Thus, for increased absorptidn, a drug may be issued by the sup-
pository in the unionized form, or the pH of the rectal fluids may
be modified easily'bi afformulative component of the supposifory

to maintain the pH at which the drug is best absorbed.

2. Physicochemical Factors of the Drug and Suppository Base

Physicochemical /factors include such properties as the re-
lative solubility of the drug in 1lipid and in water and the particle
size of a dispersed drug. Physicochemical factors of the base
include its ability to melt, socften, or dissolve at body tempera-
ture, its ability to release the drug substance, and its hydrophilic .

or hydrophobic character

2.1 Lipid-Watex Solubility. The lipid=water partition co-

efficient of a drug-is an important consideration in the selection
of suppository base andsin anticipating drug release from that
base. A lipophilic drug, that is distributed in a fatty suppository
base in low cortentration has less of a tendency to escape to the
surrounding,aqueous fluids-than would & hyditophiliec Sabstance pre-
sent in a fatty base ‘to an' extent approaching its saturation. Wa-
ter-soluble bases-for éxample,-polyethylene glycols+which dissolve
in the anorectal fluids, release for absorption both water-soluble
and oil-soluble drugs. Naturally, the more drug a base contains,
the more drug will likely be released for potential absorption. How-
ever, if the concentration of a drug in the intestinal lumen is
above a particular amount, which varies wiin the drug; the rate
of absorption is not.>:changed by a.further increase in the concentra-

tion of the drug. so, drug concentration in a suppository may mean



more drug liberated for absorption, but it does not necessarily

mean that more drug will actually be absorbed.

2.2 Particle Size. For drugs present in the suppository in

the undissolve state, the size of the particle will influence the

amount released and dissolved for absorption. As . indicaded wmany
times previously, the smaller the particle size, the more readily
the dissolution of the particle and the greater the chance for ra-

pid absorption.

2.3 Nature of the Base. Bs indicated earlier, the base must

be capable of melting, softening, or dissolving to release its drug
components for absorption. If the base interacts with the drug in-
hibiting its release, drug absorption will be impaired or even pre-
vented. Also, if the bas€ i€ drritating to the mucous membranes of
the rectum, it may initiate a colonic response and prompt a bowel
movement, negating thesprospect of thorough drug release and ab-

sorption. (1)

Phenobarbital (Phenobarbitone) is 5-ethyl-5-phenyl-barbituric acid.

PACAT CTH

=5
Qt\/
s
H

O kt_/

It is a white cryatallifiecpowder, oddurless; taste slightly bitter,
and soluble at 20°C in-1000 parts of water; "also|soluble in al cohol
(95%) , solvent either, chloroform, and in solutions of alkali hy-~

droxides and ;carbonates..(2)

Phenobarbkital is classified into a long-actiag barbiturate. It
is used for hypnotic, sedative and anticonvulsant. The sedative
dose is 15 to 30 mg, repeated two to four times daily. The -avatage
hypnotic dose for adults is 100 mg. The daily intake should not
exceed 600 mg. The drug is supplied as a powder, as an elixir con-
tainin-g 4 mg/ml, and as tablets containing 15, 30, 60, and 100 mg .
Phenobarbital Sodium, U.S.P., is available for parenteral use in
ampuls containing 60, 125, 200, and 300 mg of sterile powder, and

in ampuls or vials containing solution of 25, 50, 60, 125 or 150 mg /

ml. (3,5)

14
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Toxicity; The adverse effects of phenobarbital have been re-
viewed by Browning and Maynert (Symposium, 1972 a). Sedatlon,the most
frequent undesired effect of phenobarbital, is apparent to some ex-
tent in all patients upon initiation of therapy, but tolerance deve-
lops during chronic medication. Nystagmus and ataxia occur at exces-
sive dosage, Phenobarbital sometimes produces irritability and hy-

peractivity in children and confusion in the elderly.

Scarlatiniformor morbilliform rash, possibly with other manifes-
tations of drug allergy, occuirs in I to 22 of Patients. Fatal exfo-
liative dermatitis is rare: Hypoprothrombinemia with hemorrhage has
been observed in the newborn#of mothers who have received phenobarbi-
tal during Pregnancy; vitamin K is effective for treatment or prophy-
laxis. Megaloblastic anemia/that responds to folate and osteomalacia
that responds to high doses.of vitamin D occur during chronic pheno-~

barbital therapy of epilgpsy, las they do during phenytoin medication.
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Statement of the Problems

In spite of the widespread utilization of barbiturates, dosage
forms were usually be made in tablet and barenteral, not in supposi-
tory. Sometimes these dosage forms might not be appropriated for
using with mentally disturbed patients, or whooping cough children.
In the case of mentally disturbed patients, or whooping cough child-
ren who refused to take drugs, suppository might be more appropriated.
Besides these conditions, suppositories had been found important ap-
Plication in administering drug to infantse Ox small children, to se-
verely debilitated patients) to those who cannot take medication oral-
1y, e.g comatos or nauséated individuals, and to those for whom the

bparenteral route might be unsuitable. (9)

Therefore it is the purpose, ofjthis study to investigate the best
suppository base, whiéh would result in highly effective releasing
rate of phenobarbital. | The study was initiated to measure the con-
centration of phenobarbital .and compare the releasing rate of drugs
with different kind of suppository bases, i.e. PEG bases, Witepsol E
85, Witepsol S 55 and cocoa butter plus 10% white beeswax. The ef-
fect of surfactant on the releasing rate of phénocbarbital from sup-

pository bases was also study.
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