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1. INTRODUCTION

Nowadays one of the basic tasks of drug formulaisoto develop an already existing
dosage form in a way which makes drug release thst possible under the given
circumstances, that is to enhance bioavailabititthis way [1-4]. The other important aim is
to widen the choice of products with respect toages that is to make a given drug available
in as many dosage forms as possible [5-10].

In view of the above the future objective of reshactan be to formulate a diuretic rectal
suppository of proper biological effectiveness, athis missing from present pharmaceutical
trade in spite of the fact that internists exprdssencrete therapeutic need for the formulation
of a rectal preparation containing furosemide. Reget al. were the first to deal with this task
[11]. The formulation of this dosage form would atidthe choice of existing treatment
methods and would also improve the possibilitiesndividual cure in cases when oral and
intravenous administration should be avoided (vimgjtshock, patient with bad compliance,

injury of oesophagus, diseases of liver).

2. LITERATURE SURVEY

2.1. Rectal absorption

The lowest section of the intestinal tract is tle2D cm-long rectum, which is moistened
by about 1-3 ml mucus and the pH value of whichiegarbetween 6.8-7.9 [12-13].
Anastomoses are found between the arteries and wéithe rectal area. The absorbed drug is
transported by blood in two different directionsofa the anal region the absorbed drugs enter
the blood circulation bypassing the liver, whiclelgis useful advantages in certain cases: on
the one hand the onset of the effect is very rapachn equal even the speed of an intravenous
injection [14-15], and on the other hand drugs rethie organism bypassing the first-pass
metabolising effect of the liver, which can be ar#peutic advantage in the case of liver
diseases and also in the case of drugs which ateabsformed by the liver into ineffective

products [16-18]. Drugs absorbed from the uppet parthe rectum enter the circulation



through the liver, thus the rate and intensity led effect of the administered drugs can be
characterized similarly to oral administration [18-20].

In view of the fact that the melted (or dissolveejtal suppository spreads in the rectum,
the lower few centimetres of which are not sepdratearply from the pelvic upper part with
respect to blood paths either, if a drug is adrenesl rectally into the body, the rate of a drug

administered in the form of an intramuscular ing@etican be expected [12-13, 21].

2.2. Biopharmacy of the suppositories

Modern drug administration today requires that oy the quantity and stability of the
active agent have to be ensured but the subsefgierdf the administered drug should also be
known in the organism. According to Ritschedlefinition [22] biopharmacy deals with the
physical and chemical properties of both drugs dnd) preparations, as well as with the
biological effectiveness after application, thatish the availability of the drug from a given
dosage form in the human or animal organism.

Similarly it was_Ritschelvho pointed out the importance of liberation [2Absorption
and thereby therapeutic effect can take place aftér liberation. Thus it is indispensable to
be familiar with the factors influencing drug lilag¢ion, the major ones of which are the
following [22-25] :

- the properties of the drug to be used (chemitalcture, solubility, particle size,

polymorphy, etc. )

- properties of the vehicle (melting point, lipolhior hydrophilic nature, spreadability,

HLB value, hydroxyl value, etc.)

-use of various additives (additives increasindulsibty, viscosity, melting point,

consistence softening additives, etc.)

- the relationship of the drug with the vehiclel¢ality, distribution quotient, dissolved

or suspended form, concentration used, interagtions

- properties of the medium used (pH, temperatungantity, solubility distribution

between the acceptor phase and the base).



Thus it must be emphasized that the fate of the dinuthe living organism depends
largely on the dosage form and on the productiahritelogy used. The primary task of
pharmaceutical technology is to select the based additives which suit the
biopharmaceutical purpose the best and also warkha@ubest composition from among the

available and ever-increasing choice [26-28].

2.3. Rectal route of drug application nowadays

Rectal drug administration has undergone major gbsirfor the last decades, which is
partly shown by the increased number of rectal g@garms. In Ph. Eur. 3 and in Ph. Eur. 4
official as of 2002 the following rectal dosagenf are official: suppositories, rectal capsules,
rectal solutions and suspensions, powders andtsafde rectal solutions and suspensions,
semi-solid rectal preparations, rectal foams, teatapons [29-30].

In addition to the traditionally formulated rectalppositories, rectal drug carrier systems
providing sustained effedtl4, 31-33] anccontrolled drug releas¢34-37] have come to the
foreground. Several studies have repofégeéred suppositorief38-39], coated suppositories
[40], Suppo-Kagd41-43] and rectal dosage forms such as:

¢ “thermo-reversible liquid suppositoriesivhich are easy to administer to the anus, since
they are in a liquid form at room temperature amch tinto a gel instantly at physiological
temperature and are also mucoadhesive to the tessaés without leakage after the dose [36,
44-45],

¢ “solid-reversed-micellar-solutions (SRMS) suppasés” after contact with water or
any physiological aqueous media exhibit an appboatinduced transformation into a
semisolid system of liquid crystalline microstruet(i34],

¢ “pre-microemulsified suppositoriesare mixtures of oil, surfactants and co-surfactant
they are solid at room temperature, and they seiftgeify into water (at 37°C) under
moderate stirring [46].

Moreover, in addition to the frequently used triaxhial active agent groups (antipyretic,
analgesic, spasmolytic, antiemetic, purgative,-baémorrhoidal), several new drugs have

proved to be suitable for rectal administrat{@able 1).



Tablel  Some drugs used rectally [13,48]
Therapeutic Literature
indications, purpose Active agents sources
of effect
Narcotics Morphine Hydrochloride, Pethidine, Metbad 35, 48-51
Cardiacs Nitroglycerin, Lidocaine 14, 52
Hormones Progesterone, Testosterone, Insulin, hCG 44, 53-59
Diuretics Furosemide, Spironolactone 11, 60-61
Anticoagulants Heparin 62
Antihypertensive Propranolol 45, 63-64
Antibiotics Beta-lactam antibiotics, cephalosporins 65-66
Chemotherapeutics |  Amoxicillin, Ampicillin, Chloratnenicol, 67-71
Erythromycin, Gentamicin, Trimethoprim,
Sulfonamide derivatives, Metronidazole
Anxiolytics Diazepam, Nitrazepam 72-75

24. Influencing factorsof drug liberation and rectal absor ption

24.1.

Drug liberation can be greatly enhanced, decreataddyed or almost entirely prevented
by the vehicle. [12-13]. For this reason the choatethe proper vehicle is of primary
importance in developing a new suppository compmsivith a given drug.

Hydrophilic (water-soluble) and lipophilic (watersoluble) suppository bases are

Properties of suppository bases

distinguished according to solubility.




Water necessary for dissolution is very often maky the hydrophilic base from the
surrounding interstitial space. This process igt@none hand opposite to absorption, and on
the other hand it can induce local irritation ahdréeby a stimulus of defecation. Therefore
hydrophilic suppositories cannot be expected tce gavrapid effect. Their application is
indicated in cases when this base is specificatgqribed by the doctor, is recommended by
FoNo or when so-called tropics-resistant suppdssaare formulated [76-77].

The melting oflipophilic suppository bases is a faster process. Besidesetigng point,
the rheological behaviour of the melt is extremiaiportant as it determines the extent of
spreading and consequently the area of the cosiiaietce with the rectal fluid. With respect to
absorption, the HLB value of the suppository basalso essential, absorption is generally
worse from a purely triglyceride base than fromagdowhich contains a certain amount of
monoglyceride, too.

The active agent can be present in both typeasédin a dissolved or suspended form.
Experiments have shown that in the case of botledbé&sster drug release can be expected
from the suspension from as here passing from e o the rectal fluid takes place
depending on the distribution coefficient.

Further requirements expected from an ,ideal” sigipry base are listed by Racz and
Selmeczi[12, 78], such as e.g. that it should melt und&C3or dissolve in the rectal juice, it
should solidify fast, should not have a polymorpmmdification, should have proper
viscosity, etc. Unfortunately, the available choimie Hungarian suppository bases is very
limited, there are only 5 official bases parthtie pharmacopoeia [79] and partly in the FoNo
[80]. In the fourth enlarged edition of Fiedler fisbed in 1996 [81] approximately 200
suppository bases are mentioned. Therefore it ighwobtaining information about other
suppository bases widely used in European counsiesh as e.g. about the French Suppocire

or German Witepsol products.

2.4.2. Effect of surfactants

Lipophilic suppository bases can be turned inpohiydrophilic by adding a few per cent

of surfactants. Their characteristic property iattthey do not dissolve in water but they



moisten. The surfactant component has a favouraffect on consistency, shortens the
disintegration time and frequently accelerates drbgration, which is mainly due to the
change in the moistening ability of the drug, ahtha same time the spreading of the melt on
the rectal mucosa is also influenced favourablyg§8Pp

The rate of absorption is usually enhanced, tath the exception of cases when large-
molecular surfactants form a stable complex with ¢hug molecule, or if the dissociation
conditions change unfavourably due to the effe¢hefadditive. Besides the moistening of the
drug, there can be two reasons for the increatigeadbsorption rate by surfactants: one reason
is that they denature the proteins on the intelstimacosa and thus disrupt its integrity, the
other is that by cleaning the surface of the mu¢bsg increase the number of the absorption
placeg(Fig. 1) [12, 84-87].

However, some of their unfavourable propertiestnalso be mentioned. Surfactants are
not inert biologically, if their concentration isd high, they may damage epithelial cells. They
may cause irritation and topical hyperaemia, whky lead to a stimulus of defecation or to
effects on absorption. However, today fourth-geti@manon-ionic surfactants are available
(BASF, SEPPIC products), which have a negligibleosa-irritating effect [88-89].

Fig. 1 Effect of surfactants
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24.3. Increase of drug solubility by cyclodextrin

The solubility of the drug is a decisive factortlwrespect to liberation and absorption,
therefore it may be important to make substancssluble or poorly soluble in water to be

soluble. [2, 90-91]. One possible method for tlsiga form inclusion complexes. Inclusion



complexes are molecule compounds in which the mtdeof the other component (guest
substance) is found in the inner cavity of the cdtrite carrier (host molecule) without any
change in the structure of the latter one. The arm shape of the available cavity typically
remains unchanged. The best-known host molecuéesyatodextrins (CD). CDs can form an
inclusion complex with every compound which has@eunular size suitable for the size of the
cavity. Complexes can be formed with larger molesutoo, but in this case only a certain
group of the molecule or its side chain is buitbithe cavity.

The principle of complex formation with cycloders is the following: the outer surface
of the CD ring is polar and as such is surroundgdabhydrate envelope in an aqueous
medium. However, due to the apolar cavity wall, Weter molecules in the ring cavity are in
an unfavourable energetic situation. During comgdlexnation the apolar part of the guest
molecule enters the cavity of the ring and thusapalar-apolar interaction results, which is
more favourable energetically. The dissolution fatgely depends on the crystalline structure
of the substance and on the size of the crystad dytlodextrin complexes of substances
which have poor water solubility and consequently absorbed to a limited extent can be
dissolved better because the complex separatinghtiecules of the drug has to be broken
during dissolution. This represents a much weakedtihan the crystal lattice of the drug [92-
94].

2.4.4. Influenceof pH changeon drugrelease

In the gastrointestinal tract the pH increasedgmly from the stomach towards the
rectum. The pH of the fluid in the lumen of thettew ranges between 6.8-7.9 [12-13].
However, experimental results indicate that immietijabefore the epithelic membrane a
mucus layer of pH 5.4 is found, which the drug tagass through in order to be absorbed
[13]. The distribution behaviour of substances wiltious pK values and the laws of their
passing through the membrane can be explainedibtilg pH of the membrane is 5.4. The
buffer capacity of the rectal fluid is small so stamces with an acidic or alkaline character can

change the pH of the rectum, which may elicitatiitn and may influence absorption.
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75 % of the materials available in commerce iseakbase, 20 % is a weak acid and 5 %
has a non-ionic, amphoteric character, thus thavaitability of the majority of drugs depends
on the pH of the site of application to a greateekt The solubility and membrane
permeability of the drug is decisive with respecbtoavailability [82, 91].

The proportion of the dissociated and non-dissedidorms of weak acids and bases is
determined by the dissociation constant and bypHeof the medium according to the

Henderson-Hasselbach equation [12]:

1. For weak acid

(dissociated form)

pH-pKa =log ----------------m-mmmeme o (X
(non-dissociated form)

2. For weak base

(non-dissociated form)
pH-pKa=log . : pKa=14Kb (2)
(dissociated form)

The solubility of a slightly acidic substance da@ increased with pH increase as the
dissociation equilibrium is shifted towards thestisiated form. In the stomach, however, it is
present mainly in a non-dissociated form, its sidilybis generally poor, but it has good
permeability. In this case the decrease of thagbarsize can improve solubility and thereby
increase the quantity of the drug available forogbison. After entering the duodenum, its
solubility is considerably improved as a resultsalt formation, but at the same time the
absorption ratio will decrease due to the pronodnaeic character, as only a small part of the
drug molecules is present in a non-dissociateddigoluble form.

In view of the above the drug with a weak acidiamacter can be expected to have good
solubility and bad permeability on the rectal pHhile weak bases can be expected to exhibit
bad solubility and good absorption. However, it e pointed out here that the pH of a
given absorption area may be different from the egain pH of the content of the
gastrointestinal tract. Consequently, absorptiamfran ionic solution is not necessarily so

limited as could be expected according to the grleof pH distribution [12, 84].
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2.5. Examination of suppositories
Table 2 presents the examinations concerning the recipgpations official in the

Hungarian Pharmacopoeia VIl [79] and in the fowetiition of the European Pharmacopoeia

[30] published in 2002:

Table 2  Official pharmacopoeial examinations otaiesuppositories

Ph. Hg. VII. (1986) Ph. Eur. 4. (2002)
Quality requirements
¢ Dosage form examination ¢ Uniformity of content
¢ Individual and average mass ¢ Uniformity of mass

¢+ Composition examination
Methods for controlling physical parameters

¢ Melting point ¢ Melting point

¢ Drop point ¢ Drop point

+ Solidification temperature ¢ Freezing point

¢ Penetrometric examination ¢ Measurement of

consistency by penetrometry
Biopharmaceutical examinations

¢ Dissolution, melting ¢ Disintegration test
¢ Dissolution test

The comparison of the data of the two pharmac@soaieveals that only the
biopharmaceutical examinations have been extendkd. in vitro determination of drug
liberation was not official in the Hungarian Phaoopoeia VII although various models have
been set up based on different principles for shgdyhe influence of various bases and
additives on drug liberation during formulation &giffusion method, test tube shaking
method, membrane diffusion method, Cox model, DibtWirbitzki rotation cell, flow-
through cell method, etc.) [13, 95-96]. All of theessentially determine the first kinetic

concept of the LADMER system, that is liberation¢c@ding to_Ritsché& viewpoints. From
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among them the flow-through cell method is recomaeeinby the fourth edition of the
European Pharmacopoeia for the examination andifitadion of rectal suppositories [30].

The examination of drug liberation forms part bé tbiopharmaceutical assessment of
suppositories but the results published in varisogrces of literature cannot be compared
even if the drug is the same. Yet, as biopharma@@yireliminary experiments, they can give
reliable predictions about in vivo results [13, 200].

The release apparatus used for determining theeaegent liberated from various
suppository bases is presented by Bornscheal [101] and the in vitro / in vivo correlation
coefficients are determined. They found that thgliegbility order of suppository bases for a
given drug can be given with proper in vitro exaations. The correlation of in vitro / in vivo
results was reported by Regdenal in several publications, e.g.: sodium-séditey[102-103],
sulphadimidine [104], theobromine-sodium-salicylggé], diazepam [105-106]. They found
that in vitro examinations constituted proper gmbaifor choosing the suppository bases which

later gave good in vivo resuli@ able 3).

Table 3  Possibilities for determining bioavailatyili22]

Phenomenon Method Example
1. liberation and rate of dissolution in vitro:
dissolution water, buffer, artificial gastric juice,

saliva, rectal fluid
2. free drug in the systemiblood level curve, blood |in vivo:

circulation level peak, time to reach| whole blood, plasma, serum
this, AUC
3. pharmacological effect| onset of effect, durationn vivo:
of effect, intensity of distinctive measurement of

effect pharmacological effect
4. clinical response controlled clinical blind| in vivo:

or double blind test evaluation of clinical response
5. elimination entire quantity of the  |in vivo:

selected drug urine

13



AIMS

In order to extend the therapeutic possibilitidse formulation of diuretic rectal
suppositories from which the liberation and absormpbf the two studied active agents

(ethacrynic acid and furosemide) is to the greatbetnt possible.

Formulation of the active agents in suppositoages with various physical-chemical
properties, examination of several vehicles nociaif but obtainable in Hungary, such
as e.g. Witepsol bases (CONDEA Chemie GmbH) or 8cipp products (Gattefosseé).

Examination of in vitro drug release as the fiomcof the pH of the acceptor phase.

Improvement of drug liberation by adding variawsfactants, with special respect to

examining how the concentration of the additivékiences in vitro drug liberation.
Examination of in vitro drug liberation of théhacrynic acid+cyclodextrin inclusion
complex with good water solubility, comparison bketresults with those of poorly

water-soluble ethacrynic acid.

Determination of the in vitro / in vivo corrala of furosemide in the case of rectal

suppositories.
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4. EXPERIMENTAL WORK

41. Materials

4.1.1. Activeagents

Ethacrynic acid and furosemide, which belong to gheup of loop-diuretics, are very
effective (high-ceiling) in draining all kinds obdemas (of cardiac, hepatic or renal origin), in
mild or moderate hypertension (in itself or comlingith other antihypertensive drugs), or
used in greater doses in acute and chronic reratefain oliguria [84]. Loop diuretics block
the Na/K*/2CI- carrier at the luminal side, thus inhibiting thbsarption of sodium,
potassium and chloride ions in the thick ascentimg of the loop [107]. Currently they are
available as oral and parenteral solutions, tapéatgsules or granules for oral administration
[108].

ETHACRYNIC ACID (UREGYT®) [109]
Physical properties:white or almost white, odourless, crystalline pewdvery slightly
soluble in water

Chemical structuréFig. 2): phenoxyacetic acid derivative, weak acid, pKa=pL3]

Fig. 2 Structural formula of ethacrynic acid
a d
I _0O
H2C:(|3—C 0—CH,—CT
|CH2 OH
CHs

Dosage formtablet, injection

Dose:50 mg - 200 mg

PharmacokineticsThe absorption of ethacrynic acid is very rapid.a¥ladministered orally,
its effect can be detected in half an hour andastd for 6-8 hours, with intravenous

administration the onset of the effect is withinminutes and lasts for 2 hours. It is largely



bound to proteins, it is secreted by the proxinublutes of the kidney. Animal experiments

have confirmed that it is decomposed into its &ctivetabolite in the liver. Its 30-65 % is

excreted in the urine, 35-40 % is secreted in tleeito the form of active metabolite.

When given orally, ethacrynic acid may cause watiisgrhoea and other gastrointestinal
disturbances. Gastrointestinal bleeding occurresome patients during intravenous therapy.

For example abnormal results of liver functionddsive been reported rarely [107].

FUROSEMIDE (FURON®, FUROSEMID PHARMAVIT®, FUROSEMID®, HUMA-
SEMIDE®) [109]
Physical propertieswhite or slightly yellow, odourless, almost tdsss crystalline powder,
practically insoluble in water

Chemical structuréFig. 3): sulphonamide, weak acid, pKa=3.9 [12]

Fig. 3 Structural formula of furosemide
Cl
HOOC
b o)

O

Dosage formtablet, injection, infusion

Dose 20 mg - 600 mg

Pharmacokineticsit is absorbed from the gastrointestinal tradtexely well, diuresis arises
within 30 minutes after oral administration andetect lasts for 6-8 hours. With intravenous
administration diuresis is elicited within 5 minsitgpeak diuresis is reached in 30 minutes and
the diuretic effect lasts for about 2 hours. Italates in the blood bound to proteins (mainly to
albumin). The half-life of furosemide is approximigt 2 hours, it is excreted rapidly with
glomerular filtration and tubular secretion.

The bioavailability of oral furosemide is 60% to%9n normal subjects but is reduced to 43%

to 46% in patients with end-stage renal diseaseneSgeneric products may show lower
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bioavailability. Food slows the rate of absorptibnt does not alter the total amount of
furosemide absorbed [107, 110-111].
4.1.2. Suppository bases

Table 4 contains the properties of Witepsol and Massariasta type bases produced by
the German CONDEA Chemie GmbH and those of the &ipp suppository bases of the
French Gattefossé. More than 20 types of Witepsplpssitory bases are commercially
available in Germany, while in Hungary only Witep%é 35 and Massa Estarinum 299 are
official from among them under the name of "Adepkdsis 50" and "Adeps solidus 3". Adeps
solidus compositus is a lipohydrophilic suppositbase official in FONo VI, it contains not
only Witepsol W 35 base but Polysorbatum 20 angd@obatum 61 as well in a concentration

of 10 % each. Macrogolum 1540 is a suppository bffsgal in Ph.Hg. VII.

4.1.3. Surfactants

Four surfactants were tested for enhancing thexdiibn of poorly water-soluble drugs.
Solutol HS 15, Cremophor RH 40, Cremophor RH 60 $BAGermany) Montanox 60 DF
(SEPPIC, France) non-ionic surfactants were addeslippository bases. These are all well-
known additives which had not been used in thegm$arm of rectal suppositories before.

These surfactants have good physiological toleraaod considerable efficiency as
regards solubilization and emulsification. Solutd§ 15 is recommended as a non-ionic
solubilizing agent to be added to injection solasiowhile the use of Cremophor products is
proposed to make fat-soluble vitamins, essentikl, diydrophobic drugs, cosmetics water-
soluble and to improve bioavailability in solid ége forms. The Montanox products are used
to obtain oil/water emulsion, for the dispersionsotubilization of essential oils or vitamins,

for some problems of gelification, in cosmetic dne pharmaceutical industri€Bable 5).
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Table 4  Property of suppository bases [79-80, 11Z}-1
Name of bases Chemical description M elting range (°C) Hydroxyl value Function

Witepso|® H 15 Triglycerides (Gg-Cig) 33.5-35.5 5-15 lipophilic base

Witepsol® S 58 Higher proportion of mono- and diglycerides;{Cg) 31.5-33 60-70 lipophilic base
with the presence of cetostearyl alcohol

Witepso® W 35 Higher proportion of mono- and diglycerides {C5) 33.5-35.5 40-50 lipophilic base

Adeps solidus compositus  Witepsol W 35 with thespree of two non-ioni¢ 32-36 50-60 lipohydrophilic base
emulsifying additives

Massa Estarinuf® 299 Triglycerides (Gy-Cig) 33.5-35.5 max. 5 lipophilic base

Massa Estarinuff B Higher proportion of mono- and diglycerides £C5) 33.5-35.5 20-30 lipophilic base

Massa Estarinuff BC Higher proportion of mono- and diglycerides £C5) 33.5-35.5 30-40 lipophilic base

Suppocir@ AML Triglycerides (G-Cig) with the presence of g 35-36.5 max. 6 lipophilic base
phospholipid

Suppocir@ AP Saturated polyglycolysed glycerides 33-35 30-50 fapiplic base

Suppocir@ ASX Higher proportion of mono- and diglyceridesg{Cig) 35-36.5 15-25 lipophilic base
with the presence of a non-ionic emulsifying aditi

Macrogolum 1540 Polyethylen glycol (n 28-36) Solidification range (°C) 70-80 hydrophilic base

40-50
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Table 5

Property of surfactants [88-89]

—

Name of surfactants Chemical description Solidification range (°C) HLB value Hydroxyl value Function
Solutof® HS 15 Polyethylene glycol 660 12- 25-30 about 15 90-110 non-ionic solubilize
hydroxystearate
Cremopho@ RH 60 Polyoxyl 60 hydrogenated castor olil 20-28 15-17 50-70 non-ionic solubilize
and emulsifier
Cremopho@ RH 40 Polyoxyl 40 hydrogenated castor oil 20-28 14-16 -760 non-ionic solubilizer
and emulsifier
Montano¥® 60 DF Polysorbate 60 14.9 81-96 non-ionic emulsifier

(DF= less than 3 ppm 1-
Dioxane and less than 1
ppm ethylene oxide)

4(Polyoxyaethylated sorbitan monosteara

e)
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414 Random-methyl-B-cyclodextrin (RAMEB)

B-cyclodextrin is cyclic, non-reducting oligosacddarbuilt up from seven glucopyranose

units. Degree of substitution: DS:12-13 methyl groups / CD ring.

Formula CgssHg5035

Molecular Weight1318.4

AppearanceWhite or slightly yellow powder

Melting point 177-182°C

Solubility: (in 100 cn® solvent, at 23C)
Water >40 g
Methanol >25¢
Chloroform >25¢g
Acetone <b5¢g

Cavity diameter0.78 nm

Diameter of outer peripherni.53 nm

Height of torus0.78 nm

Number of water molecules filling the cavityl

Crystal water contentl3.2-14.5 % [114].

42. Methods

4.2.1. Preparing of thecyclodextrin (CD) complexes

The effect of the different CD derivatives on thelubility of ethacrynic acid was
determined: a mixture of 0.1 g of ethacrynic aand 8.5 of CD derivative diluted to 20.0 g
with water was stirred for 10 min with a magnetixen. Suspension systems were filtered
through filter paper and, after suitable dilutidhe UV spectra were recorded. A system
without CD was used as a control. DimetByED, methyl3-CD, random-methy-
cyclodextrin (RAMEB) had the highest influence dme tsolubility of the active agent.
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RAMEB was chosen for further examinations on theelaof the costs and the solubility-
increasing effect: the solubility was increasedalfgctor of 9.33 [115].

The two-component products were prepared in faterdnt mole ratios (drug:CD mole
ratio = 2:1, 1:1, 1:2 and 1:3) The ethacrynic amdtent of the products was 35.91%, 21.88%,
12.29% and 8.54%.

Physical mixtureThe ground components were mixed in a mortar &wed through a
100um sieve.

Kneaded productsPhysical mixtures of the drug and CD were mixBdMgka LK5S) in
the same quantity of ethanol + water (1:1). Theyewaneaded until the bulk of the solvent
mixture had evaporated. After this, they were daédoom temperature and then at 205
and were next pulverized and sieved through aui0Gieve.

Products were stored under normal conditions amrdemperature in closed glass
containers.

The 1:1 kneaded product was selected for furtheestigations on the bases of the
dissolution and in vitro membrane diffusion resulfhis high active agent-containing
composition with improved solubility and diffusiityl is suitable for incorporation into

lipophilic suppository bases [115].

4.2.2. Suppository formulation methods

Suppositories were formulated by moulding. In ¢hse of in vitro experiments the drug
content was 2.5 w/w%, which corresponded to theaffeutic dose, that is a 2 g adult
suppository contained 50 mg drug. For the animadedrments 0.3 g suppositories were
prepared, adjusted to the anatomical size of ttagsgdrug content was 15 mg/suppository. The
additives were incorporated in the suppository basa concentration of 1, 3, 5 or 10 %.
Suppositories were stored under normal conditidn®@m temperature and examined after

one week.
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4.2.3. Invitroreleasestudy

Experiments were performed with the method of dyicamembrane diffusion [116],
which is a useful method for following the ratedstig release and membrane diffusion from
the powder without excipient and from the differenuppository compositions, too. The
acceptor phase was distilled water at a pH 6.8 laysphate buffer at a pH 7.5. The
suppositories were individually packed in a kidmkglysing membrane (VISKIN% Dialysis
Tubing 36/32SERVA, Germany [117]) and placed into 20 ml (liptichbase) or 40 ml
(hydrophilic base) acceptor phase of body temperd@r+ 0.5°C). The samples were placed
into VIBROTHERM shake bath [118] and exposed tghdlishaking (50/min.). The acceptor
phase was replaced after 30, 60, 120, 240 min. qUaatity of drug in these samples was
measured with a spectrophotometekat278 nm in case of ethacrynic acid and=at274 nm
in case of furosemide, using the absorbance vli€]. The results were evaluated and
analysed statistically with the Prism 2.01 (GraphBaftware, USA) computer program. The
data are the averages of the results of five emmeris + S.E.M. (*p<0.05; **p<0.01;

***n<0.001 versus control, analysis of variance Nean-Kleus test).

Composition of the phosphate buffer pH=7.5:

Sodium Hydroxide 2,445 g
Potassium dihydrogen phosphate 10,569 g
Distilled water up to 1000 ml

4.2.4. Invivostudy *

Animal investigations were carried out with thepegval of the Ethical Committee for

Animal Research, University of Szeged (Registratiomber: 23/1999).
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*The animal investigations were carried out in thep&tment of Pharmacodynamics and Biopharmacyef th
University of Szeged. | would like to thank Proft. 5y6rgy Falkay, Head of Department, and EsztecZay
assistant lecturer, for their co-operation andséasce in evaluation.

The animal studies were performed with SpragueiBawale rats of 280-300 g. After 6
hours’ fasting the oral administration was donehvatal tube and the suppository was placed
in the animals in ether anaesthesia, then theyiviete20 ml/kg water per rat. They were
placed in special cages where urine was collectedyel0 minutes during 150 minutes. The
control rats received only 20 ml/kg water. The hesswere evaluated and analysed statistically
with the Prism 2.01 (GraphPad Software, USA) compptogram. The data are the averages

of the results of six experiments + S.E.M. (*p<0Q.6%<0.01; ***p<0.001 versus control,

analysis of variance Newman-Kleus test).

4.3. Experimental conditions

The conditions of the experiments carried out wiie two drugs are summarized in
Table 6. In the case of ethacrynic acid 11 various suppgsbases were examined in two
acceptor phases with different pH values. 3 noteisarfactants were tested for enhancing
the membrane diffusion of the drug, and liberatieas increased by making the drug water-
soluble. In addition to in vitro experiments, inveistudies were also performed, but no
evaluable dose-effect relationship was found enstudied rats.

In the course of furosemide examinations 7 diffesaippository bases were examined in
phosphate buffer of pH = 7.5. 3 non-ionic surfatdamere used to facilitate drug liberation. In

vitro membrane diffusion examinations were accongzhhy in vivo animal investigations.
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Table 6

Summary of experimental conditions

Drugs In vitro membrane diffusion In vivo study
Acceptor phase Suppository bases Surfactants Cyclodextrin
distilled water Witepsol H 15; S 58; W 35; | Solutol HS 15 Random- no dose-effect curve
Ethacrynic acid | pH=6.8 Adeps solidus compositus; | Cremophor RH 40 | methyl{3- could be evaluated
Massa Estarinum 299; B; BC;Cremophor RH 60 | cyclodextrin
phosphate buffer | Suppocire AML; ASX; AP; (RAMEB)
pH=7.5 Macrogolum 1540
phosphate buffer | Witepsol H 15; W 35; Solutol HS 15 no results In vitro / in vivo

Furosemide

pH=7.5

Massa Estarinum B; BC;
Suppocire AML; ASX; AP

Cremophor RH 60

Montanox 60 DF

correlation
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5. RESULTSAND DISCUSSION

51  Preiminary examinations

5.1.1. Plotting of calibration lines

A stock solution of known concentration was prepafrom the active agents and
measurements were made from dilutions made fromdtack solution ak=278 [120] and
A=274 [120] nm in the case of ethacrynic acid amddamide, respectively. Based on the six
parallel measurements, a linear relationship wasmdobetween the concentrations of the
active agent and the extinctions measured. Theeshopl intercept of the lines as well as the
value of the correlation coefficient confirming th#oseness of the correlation were

determined with the help of a computer; these ware shown ifable 7.

Table 7 Characteristics of the calibration lines

Active agent Slope Intercept Correlation Coefficient
Ethacrynic acid 0.0128 0.0085 0.9992
Furosemide 0.0616 0.0123 0.9998

5.1.2. Powder diffusion studies

50 mg of the active agents was measured on ant@ahlbalance into the previously
prepared kidney dialysing membrane and five pdraiasurements were carried out in each
case according to the method of dynamic membraffigsitin described above. The quantity
of the diffused drug was determined in(%able 8). The powder diffusion results were taken
as control in subsequent examinations. It was fahadl the diffusion of the drug increased
considerably in the phosphate buffer of pH=7.5jgnicant difference could be observed
with the change of the acceptor phase at the sgnide level of §0.001, which can be

explained by the better solubility of the drug iikaéne pH.
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Table 8  Power diffusion results of drugs

Ethacrynic acid (%) Furosemide (%)

time (min.) distilled water phosphate buffer | phosphate buffer
pH=6.8 pH=7.5 pH=7.5
30 1.84 13.24 7.37
60 2.06 25.84 15.29
120 4.64 48.42 34.15
240 7.69 79.88 65.07

5.2. Influence of pH change on ethacrynic acid release from different

suppository bases

The pH of the rectum varies between 6.8-7.9 [TBf experiments were carried out in
distilled water (pH=6.8) and phosphate buffer (pts¥7 The membrane diffusion of the
powder without a suppository base was regardecdbrisat. Release values obtained with the
hydrophilic Macrogolum 1540 (***g0.001) base in aqueous medium were manifold higher
then those determined with lipophilic bases or pawv(Eig. 4). This can be due to the fact that
poorly water-soluble drugs are better released fharophilic suppositories, and the base
may moisten or solubilize the drug, therefore dsotubility and membrane diffusion were
increased. Results of membrane diffusion were 7480 lipophilic bases, which were near
the membrane diffusion of the powd€&rg. 5).

It, however, the results obtained in aqueous nmedind buffer medium are compared, it
can be seen that the change of the acceptor plasetdhave a significant influence on drug
release from Macrogolum 1540, but from lipophilesks it was increased about tenfold in the
acceptor phase of pH= 7(big 6). This result can be explained by the change o&tihebility
of the drug, as ethacrynic acid is a weak acidssedlubility will increase with the increase of
pH, which facilitates drug liberation from lipopigilbases, and the membrane diffusion of the

drug will also be enhanced. As concerns lipopluses, bases with a small hydroxyl value
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Fig. 4 Ethacrynic acid release from different suptmoy bases after 240 minutes
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Fig. 5 Ethacrynic acid release from different lipdjg suppository bases after 240 minutes
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Fig. 6 Ethacrynic acid release from different suptmoy bases after 240 minutes

Acceptor phase: Phosphate buffer
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gave better results. In the case of Massa Estari2@®n Massa Estarinum B and Suppocire
AML there was no significant decreasesQ5) compared to the membrane diffusion values
of the powder either in aqueous or buffer mediumihe suppository bases did not have a
retaining effect. Witepsol W 35 (***0.001), Adeps solidus compositus (*#0.001) and
Suppocire AP (***p<0.001) with a greater hydroxyl value gave the waesults in both
acceptor phases. Adeps solidus compositus coniafibspsol W 35 and two non-ionic
surfactants, too, so drug diffusion could be exgecto increase with the moistening,
solubilization of the drug and by making the bageHydrophilic. The membrane diffusions of
Witepsol W 35 and Adeps solidus compositus showadignificant difference, which can
probably be explained by the fact that the joinamjity of 20 % of the two surfactants has an
unfavourable influence on drug liberation (seefitpgres in 5.2).

It is obvious that the kinetics of release fronoppilic and hydrophilic bases differ, as
drug diffusion from the hydrophilic base showedoasiderable increase only after the first
hour. This finding is related to the longer dissody time of hydrophilic bases. As the

efficiency of the two active agents used in thedgtis not independent of time, in order to
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achieve faster and better effect, the combinatmwibpophilic bases and various additives

(surfactants, cyclodextrins) were used to furthgsrove the results.

5.3. Influence of surfactant concentration on ethacrynic acid release

from Witepsol H 15 base

The surfactants were incorporated in the Witepsdb base in a concentration of 1, 3, 5
and 10 %. The Witepsol H 15 suppository base wasen because it did not yield maximum
results in the two acceptor phases, so the usalditiges was expected to enhance drug
liberation. The membrane diffusion of the drug fraxitepsol H 15 base was regarded as a
control. The diffusion of the drug was found towarith their concentration. When distilled
water was used as the acceptor phase, the cortaamivé 3 % yielded the best results in the
case of all the three surfactants, this led to ailbotwofold increase in liberation. Except for
5% of Cremophor RH 60, their use in a concentratibh-5-10 % did not change or decrease
drug liberation(Fig 7), which can probably be explained by the conceptmabf surfactants
accumulated on the boundary surface as the quanttithe diffused drug is increased by
proper saturation, while a too small or too greabant of surfactants may lead to its decrease.

When the same examinations were performed infetofedium, 1, 3, 5 % of Solutol HS
15 (***p<0.001) and Cremophor RH 40 (*0.01) led to increase in diffusion, while the use
of Cremopor RH60 (#0.05) (which gave the best results in distilledewatid not bring about
a change in the extent of drug releéiSg. 8).

Consequently, it can be established that the asereof the pH of the acceptor phase
decreased the drug liberation-increasing effec@r@mophor RH 60 surfactant, while Solutol
HS 15 and Cremophor RH 40 were more effective inuier medium. However, in the

phosphate buffer 1 % of the given additive wasisitft for eliciting the required effect.
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Fig. 7 Influence of additives on drug release &#0 minutes
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Fig. 8 Influence of additives on drug release &#0 minutes
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54. Results of ethacrynic acid and random-methyl-B-cyclodextrin

complex release from different suppository bases

Ethacrynic acid and the previously selected etmacracid + RAMEB 1:1 kneaded
product were incorporated into 5 different, pregiguexamined lipophilic suppository bases
(Witepsol H 15, Witepsol W 35, Massa Estarinum 28@ppocire AML, Suppocire AP). The
membrane diffusion of ethacrynic acid without a magitory base was regarded as control.
The amount of ethacrynic acid released in distiNeater was under 10%. This can be
explained by the aqueous solubility of the actigerd, resulting in an unsatisfactory liberation
from lipophilic suppository bases. Witepsol H 15ipfocire AML and Massa Estarinum 299
afforded the best results as concerns the invéstigeuppository bases. The diffusion of the
drug from all the suppository bases was higher whenCD complex of ethacrynic acid was
used. A 10-fold increase in liberation was expergehin the cases of Witepsol H 15,

Suppocire AML and Massa Estarinum 299 (*#(n001)(Fig 9).

Fig. 9 Solubility and diffusibility increasing effeof RAMEB in distilled water
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The solubility of ethacrynic acid increased witle fH increase of the acceptor phase, and

so did the diffusibility through the membrafieig 10). The best suppository bases in the
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distilled water experiments (Witepsol H 15, SuppedML and Massa Estarinum 299) were

also the best in the phosphate buffer medium. Tiffastn results for the suppositories

containing CD complexes were poorer than those tf@ suppository containing pure

ethacrynic acid, which can be explained by the dérigbolubility of ethacrynic acid in the

phosphate buffer. The rectal pH range is 6.8-79th% liberation and diffusion of the active

agent are pH-dependent processes, the diuretict efém fail if the rectal pH lies out of the

physiological range. The CD complex of ethacryrimavas found to be appropriate for the

production of suppositories that are effective petedently of the pH of the surrounding

media.

Fig. 10 Solubility and diffusibility increasing ekt of RAMEB in phosphate buffer
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5.5. In vitro membrane diffusion of furosemide from different

suppository bases

The membrane diffusion of the powder without a sgipry base was regarded as

control during the in vitro experiments. It can $tated that drug diffusion from Suppocire
AS,X (***p<0.001), Massa Estarinum B (**p<0.01) anditd@psol H 15 (*p<0.05) was about
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the same as from the powder without a suppositaseb Suppocire AML (***p<0.001),
Massa Estarinum BC (**p<0.01) and Suppocire AP (%0.001) decreased drug release to a
smaller extent, while Witepsol W 35 (***p<0.001),hweh has a relatively high hydroxyl
value, decreased drug release with orders of madg{Fig. 11). This is contradicted by the
fact that the hydroxyl value of Suppocire AP is Emately the same as that of Witepsol W
35, nevertheless furosemide liberation shows afgignt difference. This is probably due to
the amphiphilic properties of Suppocire AP, whicHor most drugs - lead to increased

bioavailability compared to traditional lipophilszippository bases.

Fig. 11 Furosemide in vitro release study fronfiedént suppository bases
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5.6. Diuretic effect of furosemide from different suppository

compositions

In the course of the in vivo trials the dose-dffeslationship was examined after the
administration of furosemide orally and rectallypository with the Witepsol H 15 base)
(Fig. 12). The ED50 value was calculated from the figuréath cases (ED5{,~15.39 mg,
EDS50per 0519.03 mg), which revealed that rectal administrats slightly more effective than
oral administration. In the case of furosemidelttbpatic first-pass effect is almost negligible,
the major site for the first-pass metabolism of theg in rats is probably the GI tract.

Gastrointestinal and intestinal first-pass effe@s hbeen described in rats concerning
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furosemide, where 20-40 % of the administered drsigmetabolised [46]. Further
examinations were carried out with the ED50 valwdcudated from the dose-effect

examinations.

Fig. 12 Dose-dependent effect of furosemide
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Furosemide was incorporated in suppository basesatier application in rats urine was
collected for 150 minutes. Compared to the conadignificant increase was observed in the
quantity of urine when Suppocire AP (* p<0.05), t&isol H 15 (* p<0.05), Witepsol W 35
(** p<0.01), Massa Estarinum B (*** p<0.001) andugpocire ASX (*** p<0.001)
suppository bases were used. The use of Suppodile @& d Massa Estarinum BC did not
bring about a significant difference in urine qugntompared to the contrdFig. 13). The
effectiveness of Suppocire A6 and Massa Estarinum B is clearly shown by thé¢ tiaat the

amount of urine collected for 150 minutes came neahe 24-hour urine quantity of rats
[121].

5.7. Influence of surfactantson furosemiderelease and diuretic effect

Three non-ionic surfactants were also tested foregsing furosemide liberation. The

surfactants were incorporated in the Witepsol Hbd%e in a concentration of 1, 3, 5 and 10 %.
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The Witepsol H 15 suppository base was chosen Becaulid not yield maximum result
either during the in vitro or - mainly - in the wivo examinations, so the use of additives was

expected to enhance drug liberation and diurefecefDuring the in vitro examinations only
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Fig. 13 Diuretic effect of different suppositorydes containing furosemide in rats

20+

control

Witepsol H 15
Witepsol W 35
Massa Estarin. B
Massa Estarin. BC
Suppocire AML
Suppocire AS,X
Suppocire AP

10+

volume (ml)
4 » H @ O

* ¢

- T
0 50 100
time (min)

the 1 % concentration of Cremophor RH 60 led tagyaiicant increase, in the other cases no
significant differences were observed, or furosemdiffusion even decreased with the
increase of the surfactant concentrat{brg. 14). The decrease in drug diffusion through the
membrane is due to two causes: 1. The additivey a@nd base formed a stable complex, or the
conditions of dissociation were influenced unfawadaly by the additive. 2. Although the drug
was released from the suppository base, a certdiente of increase in the surfactant
concentration resulted in the formation of micelkéscolloidal size, so it is possible that the
drug molecules closed in the micelles were unablpass through the dialysing membrane
which had a pore size of 85This latter supposition is confirmed by the tesaf the in vivo
experiments, in which the diuretic effect was digdily enhanced by the surfactants, and in the
case of Cremophor RH 60 the critical micellar covicion was probably over 1 % so no
aggregate was formed and the drug could diffusautiir the membrane.

In the in vivo examinations the use of surfactdatsto the significant increase in the
amount of the collected urin@=ig. 15). Their effect is composed of several factors: they
moisten the drug, they denaturate the protein;idoan the intestinal mucosa thereby
disrupting the integrity of the membrane, and ferthore they increase the number of

adsorption places by cleaning the membrane surféaeirkaret al. [122] suggest that
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Fig. 14 Influence of additives on drug releaserd#® minutes
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Fig. 15 Influence of additives on diuretic effectrats
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surfactants, which are commonly added to pharma@tuiormulations, may enhance the
intestinal absorption of some drugs by inhibiting apically polarized efflux system. In the
animal experiments performed with rats all the e¢haglditives increased the quantity of the
excreted urine approximately to the same extentclwindicates increased drug liberation.
Figure 15 also shows that the increase of the ciaria concentration was not accompanied

with significant changes, so a concentration of is%nough to achieve the desired effect.

5.8. Mathematical evaluation of experimental data

Linear regression was used to find a relationgi@pveen the process of dissolution and
time. The calculations revealed that the procesdisdolution could be characterized by a
power function, which is also confirmed by the fdbat lines were obtained when the
logarithm of the quantity of the dissolved drug wéstted against the logarithm of the time. If
the parameters of the functions are known, thengéxtiedrug liberation or its diffusion through

the membrane can be calculated at any intermetilia¢e

logC=K*logt+B (3)

where C is the amount of material released aftee ti, K is the slope and B is the intercept of
the straight line.

The following tablegTable 9-16) show the slope (K) and intercept (B) of the linis
values of the correlation coefficients indicatimg tcloseness of the correlation (R), the time
needed for the liberation of 50 % of the drugpftand in vitro availability, the values over 90
% are presented in red colour. The slope is the ganstant of the process, the value of the
intercept (liberation belonging to 0 time) shoukl®in principle. The negative values are due
to the fact that first the membrane has to be igmaeed with the drug, and diffusion starts

after impregnation.
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Table 9  Ethacrynic acid in distilled water
slope inter cept R tso invitro
(K) (B) (min.) availability
powder 0.7357 -1.1578 1.0000 2977 100.00
Witepsol H 15 0.7009 -1.1042 0.9994 3714 91.27
Witepsol S 58 0.7596 -1.4462 0.9990 5549 58.10
Witepsol W 35 0.7772 -1.3843 0.9986 3800 70.15
Adeps solidus comp. 0.7865 -1.5221 0.9996 5160 %53.9
Massa Est. 299 0.8566 -1.5246 0.9998 2581 80.36
Massa Est. B 0.6991 -1.1566 0.9997 4508 80.03
Massa Est. BC 0.7865 -1.3312 0.9997 2951 83.61
Suppocire AML 0.8075 -1.3366 0.9995 2434 96.53
Suppocire ASX 0.7126 -1.2410 0.9993 5049 73.34
Suppocire AP 0.5916 -1.3561 0.9990 45210 28.06
M acr ogolum 1540 1.2891 -1.3200 0.9778 128 795.31
Table 10 Ethacrynic acid in phosphate buffer
slope inter cept R tso invitro
(K) (B) (min.) availability
powder 0.7724 -0.2184 0.9981 123 100.00
Witepsol H 15 0.8165 -0.3866 0.9843 153 77.81
Witepsol S 58 0.8200 -0.4005 0.9920 156 78.56
Witepsol W 35 0.5091 0.1263 0.9958 314 50.61
Adeps solidus comp. 0.9811 -0.9323 0.9989 237 53.15
M assa Est. 299 0.7149 -0.0763 0.9948 115 95.50
Massa Est. B 0.7975 -0.2485 0.9916 116 98.29
Massa Est. BC 0.7743 -0.3427 0.9995 177 73.41
Suppocire AML 0.8740 -0.4548 0.9935 131 93.06
Suppocire AS;X 0.7492 -0.1524 0.9864 117 91.46
Suppocire AP 0.8006 -0.4079 0.9963 180 70.62
Macrogolum 1540 1.7240 -2.2859 0.9740 137 85.24
Table 11 Influence of additives in distilled water
slope | intercept R t5o invitro
(K) (B) (min.) availability
powder 0.7357 -1.1578 1.0000 2977 100.00
Witepsol H 15+Solutol HS 15 1% 0.820¢ -1.4113 0®99 2645 86.35
Witepsol H 15+Solutol HS 15 3% 0.7927 -1.1752 0.9991 1762 137.84
Witepsol H 15+Solutol HS 15 5% 0.8857 -1.4947 0.9991 1844 102.08
Witepsol H 15+Solutol HS 15 10% 0.9526 -1.8391 0®O| 2500 63.41
Witepsol H 15+Cremophor RH 40 1% 0.9361L -1.6892 90D 1985 85.33
Witepsol H 15+Cremophor RH 40 3% 0.8532 -1.3351 0.9997 1596 125.61
Witepsol H 15+Cremophor RH 40 5% 0.941B -1.6885 9019 1900 84.86
Witepsol H 15+Cremophor RH 40 10% 0.8754 -1.5585 9987 2352 86.82
Witepsol H 15+Cremophor RH 60 1% 0.7950 -1.3355 900 2740 87.99
Witepsol H 15+Cremophor RH 60 3% 0.9208 -1.3924 0.9990 1072 153.61
Witepsol H 15+Cremophor RH 60 5% 1.0336 -1.7984 0.9976 1237 112.24
Witepsol H 15+Cremophor RH 60 10% 0.865]7 -1.5947 9991 2863 89.14

39



Table 12

Influence of additives in phosphate buffer

slope | intercept R t5o invitro
(K) (B) (min.) availability
powder 0.7724 -0.2184 0.9981 123 100.00
Witepsol H 15+Solutol HS 15 1% 0.7329 -0.0780 0.9936 103 103.16
Witepsol H 15+Solutol HS 15 3% 0.7639 -0.2044 0.9978 125 95.88
Witepsol H 15+Solutol HS 15 5% 0.7358 -0.1302 0.9954 119 94.54
Witepsol H 15+Solutol HS 15 10% 0.8778 -0.5965 039 187 73.27
Witepsol H 15+Cremophor RH 40 1% 0.7470 -0.1563 0.9976 120 98.46
Witepsol H 15+Cremophor RH 40 3% 0.7764 -0.2226 0.9958 122 96.58
Witepsol H 15+Cremophor RH 40 5% 0.8297 -0.3568 0.9973 130 95.52
Witepsol H 15+Cremophor RH 40 10% 0.873p -0.54[12 9992 165 81.65
Witepsol H 15+Cremophor RH 60 1% 0.758p -0.2853 90P 166 77.07
Witepsol H 15+Cremophor RH 60 3% 0.778B -0.3711 999 187 72.96
Witepsol H 15+Cremophor RH 60 5% 0.9304 -0.7113  99(® 184 74.59
Witepsol H 15+Cremophor RH 60 10% 0.881P -0.61p2 9994 193 70.78
Table 13 Ethacrynic acid with RAMEB in distilled tea

slope inter cept R tso invitro

(K) (B) (min.) availability
powder 0.7357 -1.1578 1.0000 2977 100.00
Witepsol H 15 0.6334 -0.0729 0.9792 209 629.59
Witepsol W 35 0.6287 -0.8194 0.9998 3364 119.41
M assa Est. 299 0.9056 -0.8332 0.9987 290 511.70
Suppocire AML 0.7349 -0.3751 0.9861 258 548.76
Suppocire AP 0.5401 -0.7437 0.9907, 9231 82.89

Table 14  Ethacrynic acid with RAMEB in phosphatdféu

slope inter cept R tgo invitro

(K) (B) (min.) availability
powder 0.7724 -0.2184 0.9981 123 100.00
Witepsol H 15 0.7619 -0.2315 0.9890 137 85.42
Witepsol W 35 0.5516 -0.3051 0.9922 1223 22.73
Massa Est. 299 0.9114 -0.6119 0.989f 160 79.94
Suppocire AML 0.8965 -0.6637 0.9955 199 68.29
Suppocire AP 0.9120 -0.8208 0.9977 270 51.56
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Table 15 Furosemide in phosphate buffer

slope inter cept R tgo invitro
(K) (B) (min.) availability
powder 1.0782 -1.0414 0.9994 182 100.00
Witepsol H 15 0.7829 -0.3301 0.9965 161 96.24
Witepsol W 35 0.5417 -0.8751 0.9997 15708 7.78
Massa Est. B 0.7797 -0.2971 0.9972 149 102.92
Massa Est. BC 0.7287 -0.2350 0.9988 174 91.86
Suppocire AML 0.6669 -0.1323 0.9963 197 81.19
Suppocire AS;X 1.0197 -0.8398 0.9966 156 107.24
Suppocire AP 0.7444 -0.3142 0.9972 199 80.46
Table 16 Influence of additives in phosphate buffer
slope inter cept R t5o invitro
(K) (B) (min.) | availability
powder 1.0782 -1.0414 0.9994 182 100.00
Witepsol H 15+Solutol HS 15 1% 0.8646 -0.6586 0®99 239 75.26
Witepsol H 15+Solutol HS 15 3% 0.9678 -0.828% 0®98 199 85.79
Witepsol H 15+Solutol HS 15 5% 1.0667 -1.0641 0399 203 86.07
Witepsol H 15+Solutol HS 15 10% 1.1462 -1.3409 0®9| 245 60.17
Witepsol H 15+Cremophor RH 60 1% 0.7005 -0.1155 0.9987 144 115.42
Witepsol H 15+Cremophor RH 60 3% 0.7554 -0.2519 0.9975 152 100.15
Witepsol H 15+Cremophor RH 60 5% 0.9276 -0.8776 99M 283 51.02
Witepsol H 15+Cremophor RH 60 10% 0.9773 -0.8228 9992 187 89.69
Witepsol H 15+M ontanox 60 DF 1% 0.8075 -0.4895 0.9989 217 91.33
Witepsol H 15+M ontanox 60 DF 3% 0.9797 -0.7562 0.9957 158 97.84
Witepsol H 15+Montanox 60 DF 5% 1.0667 -1.0641 039| 203 86.06
Witepsol H 15+Montanox 60 DF 10% 1.1421] -1.335§ 969 247 77.78
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6.

SUMMARY

Having considered the characteristics of rectayjdxdministration, the physiological state

of the rectum, the properties of drugs, bases afditizes, | have drawn the following

conclusions and | am proposing the following conijpmss for the formulation of diuretic

rectal suppositories:

Considerations in the technological formulation of rectal suppositories containing

ethacrynic acid:

1.

The solubility of the drug was increased madifoy changing the pH of the acceptor
phase. As a result drug liberation from variouspagitory bases changed. Liberation
from lipophilic bases was increased about ten titmgsncreasing the pH. The best
results were given by bases with a small hydroxglug and by lipophilic bases
containing an additive. Hydrophilic Macrogolum 15d8ve good results both in an
aqueous and buffer medium, but because of its ldisgtegration time it can be
proposed for the formulation of diuretic supposésronly under certain conditions (e.g.

tropics-resistant suppositories).

When non-ionic surfactants are used with lipbpHiases, drug liberation increases
independently of the pH due to the base becompwhiidrophilic. The extent of the

increase was greater in distilled water (pH=6.8)hassurfactant contributed not only to
making the base lipohydrophilic but it also solig@t the poorly soluble drug. The
guantity of the surfactant is one of the most intgoatr factors in the formulation of rectal
suppositories. Drug liberation changed accordin@ tmaximum function. In aqueous
medium a surfactant concentration of 3-5 % prowedbé optimal, while in a buffer

medium 1 % was enough to give the best results.physical-chemical parameters of

the surfactant were also decisive, which modiflesiresults with pH change.

42



3. The formulation of the cyclodextrin complex dfetdrug resulted in about a tenfold
increase in the solubility of ethacrynic acid istdied water, and as a consequence the
membrane diffusion of the drug also improved comsitlly. The solubility of ethacrynic
acid increases with the pH increase, so the restiltgclodextrin complexes were worse
than those of the membrane diffusion of the putgdin this case the retaining effect of

the complex may have to be reckoned with.

In view of the above summary, with the considenatibthe pH of the rectum, the following is

proposed for the formulation of rectal suppositsr@ntaining ethacrynic acid:

¢ Witepsol H 15 base containing 3% Solutol HS 15 additive, or
¢ ethacrynic acid + random-methyl-f-cyclodextrin complex incorporated in

Witepsol H 15 suppository base.

Considerations in the technological formulation of rectal suppositories containing

furosemide:

1. When the membrane diffusion examinations arepawed with the actual diuretic effect,
it can be stated that drug liberation and pharnwagodl effect showed the same
tendency in 70 %, that is a greater extent of ®emude liberation was accompanied with
a greater amount of animal urine. The best result® given by the Suppocire &6
base in both cases, which means that the liberafithe drug was about 70 % and the
animal produced approximately 15 ml of urine in I¥Butes, which equals the daily

urine quantity of a rat according to literatureadat

2. The Witepsol H 15 base yielded better resultdeunn vitro conditions than in the
animal investigations, and in the case of the VéiépV 35 base the pharmacological
effect proved to be better than the results ofnieenbrane diffusion examinations. This

also confirms that if the best composition is tachesen, it is essential to supplement in
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vitro results with in vivo experiments in order form a clear picture about the

interactions between the active agent-base-liviggrmsm.

3.  When non-ionic surfactants were used, in vitkanginations revealed a significant
increase only with the use of 1 % Cremophor RH @@astant concentration, in the
other cases there was no significant differenctherdiffusion of furosemide decreased
with the increase of the surfactant concentratlanthe in vivo experiments diuretic
effect was definitely increased by surfactants,b%i of them was sufficient for eliciting

maximum effect.

Based on the results, | have found two compositgntable for formulating furosemide-

containing suppositories:

¢ Suppocire AS;X suppository base in itself, which proved to be the best both in
the membrane diffusion and during the animal experiments, or
¢ Witepsol H 15 suppository base with 1% Cremophor RH 60 additive, which

also gave optimal resultswith both examination methods.
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