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ABSTRACT

In the formulation of different drugs as supposésr there is the need to determine the optimumddation factors
which depend on the drug candidate itself, supppsibase and the presence of an adjuvant or abgwrpt
enhancers. 1g paracetamol suppositories each coinigi250mg of paracetamol were prepared by theofusi
method (BP, 2012) utilizing cocoa butter, PEG 158&G 4000, PEG 1500/4000(3:1) and Suppocire® as
suppository bases. A proper combination of the gtbljlene glycol bases (PEG) i.e. PEG 1500/4000atio rof
75%:25% gave more suitable release profile thandingular use of either water soluble base examifé base
Suppocire S2 blend incorporating 0.5% tween 40 thasbest base in terms of release profiles withr @886 of
paracetamol being released within 10minutes. Thpnmaechanism of drug release fit the Higuchi rale&inetic
model. The presence of 2% span 80 and 0.5% tweeaotddnly affected drug release but also the plogdiemical
characteristics of the suppository bases.

INTRODUCTION

The mechanism of drug absorption from the rectumprabably not different from that in the upper paftthe

gastrointestinal tract despite the presence oftanhal differences in the physiological conditibe. pH, surface
area and fluid content between the two regionsoAdi®n of drugs from suppositories is dependenthemnature of
the suppository base, the use of surfactants ar attiditives and the solubility of the drug in gwppository base

[1].

In the formulation of different drugs as supposésr there is the need to determine the optimumdiation factors
which depend on the drug candidate itself, supposibase and the presence of an adjuvant or almorpt
enhancers.

Cocoa butter (theobroma oil) as a suppository limseell known [2], however, its use poses sevelalllenges
during formulation of dosage forms of suitable dyabnd stability. It is for this reason that resgwa and
development initiatives have focused on the se@schmore appropriate and suitable synthetic or sgmthetic
alternatives that retain the desirable charactesisget eliminate the inappropriate ones of coco#teb, as a
suppository base.

Semi-synthetic fats are usually white, brittle idobdorless and unctuous to touch and producecsitopies that
are white and have an attractive, clean, polishgzearance. Hard fats are available in a varietgrafies with
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different melting ranges, hydroxyl values and otphysicochemical characteristics. Examples of sgmthetic
fatty suppository bases that are available comrakydnclude fractionated palm kernel oil B.P arardh fats such
as Massa Estarium®, Massupol®, Suppocire® and \Afiti&p

Macrogol or polyethylene glycols (PEGs) are amotigstmost widely used hydrophilic polymer suppayitoases.
PEGs are polymers of ethylene oxide and water,goegbin a variety of chain lengths, molecular wsgand

physical states [2]. PEGs with a molecular weiginiging between 200 and 600 exist as liquids andhas
molecular weights increase to above 1000- theyt esisvax-like solids [3,4]. In addition, as the emilar weights
increase, their water solubility and hygroscopidgcrease [4]. The wide range of melting points soldbilities

make possible the formulation of suppositories wilious degrees of heat stability and with diffeérdissolution

rates [4]. PEGs of different molecular weights d#n combined to achieve a suppository base of tisgrede
consistency and that can achieve a specific driepse rate profile. The use of high melting poiolids as

suppository bases permits convenient storage ofuppositories without the need for refrigeration avithout the

danger of excessive softening in warm climates.

Surfactants have been used as adjuvants in forimulaf suppositories and they have been seen tallaedand
increase the release of drugs from various badeseffect of non ionic surfactant (Solutol HS 1%ei@ophor RH
60 and Montanox 60 DF) on furosemide release frappScire AS2X suppository have been previouslyistl[8].
Surfactant concentration of 1% w/w with Suppocii®2X showed maximum diffused drug percentage condp@are
other bases. Nair and Bhargava (1999) discussegamative in-vitro release studies of fluconazolenir PEG,
Suppocire AP (a polyglycolised glyceride), cocodtdruand Witepsol (W45 and WW 45). They observet the
order of drug release is fast with PEG> SAP > WWA4&coa butter. Literature states successful usauppocire
bases as suppository base [6,7]

Paracetamol also known as Acetaminophen sodiumsignthetic non-opiate derivative of p-aminophendiick
produces analgesia and antipyresis. Acetaminopbdiura a major metabolite of phenacetin occurs aghiie
crystalline powder with a slightly bitter taste.

The aim of the study is to assess the effect ofvimous bases and adjuvants utilized and thegcefon the
pharmacokinetic release parameters of the supppsito

EXPERIMENTAL SECTION

Paracetamol BP was purchased from Sigma chemiogp@oy St Louis USA, Theobroma oil from Raymond lamb
chemicals United Kingdom; Tween 40 (Polyoxyethlsoebitan monopalminate), Brij 30 (Polyoxyethlenautyl
ether), Sodium lauryl sulphate, from Sigma chemémahpany St Louis USA. PEG 1500 and PEG 4000 frermP
Pharmaceuticals Ltd United Kingdom. Suppocire® 1®2fcolorcon Asia pvt Itd Gattefosse, France.

All the reagents used were of pharmaceutical aatyfcal grade.

FORMULATION OF PARACETAMOL SUPPOSITORIES.

1g paracetamol suppositories each containing 25gfrpgracetamol were prepared by the fusion metB&J 2012)
utilizing cocoa butter, PEG 1500, PEG 4000, PEGDISM00 and Suppocire® as suppository bases. ArhQfesh
sieve was utilized to sieve the paracetamol povedier to addition of the base. Suppositories weeppred with
and without surfactants. The displacements vale® obtained prior to formulation incorporating-getamol
[18,9]. To ensure uniform solidification and crylsteansformation the suppositories were kept ahrdemperature
for 24 h after removal from the mould after whibley were stored af’€.

Dissolution test (In vitro release study)

The apparatus used was designed to provide redsocatirol over the interfacial area for drug dlagon. The

method employed was based on the apparatus uskthtiyn Siewartet al 200310,11]. Dissolution test for the
various paracetamol suppositories was carried @sollition test apparatus. Each suppository waseplan a

beaker with a stirrer at a height of 2mm from tloétdim of the beaker. The stirrer rotated at 100gpw the system
was maintained at constant temperature of 3Z+IThe beaker contained 500ml of 0.2 M phosphatteh pH 7.0

(USP 2002). 5 ml samples were taken at differenétintervals and replaced with 5 ml of fresh disoh medium
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maintained at the same temperature. Filtered sampdee suitably diluted and assayed spectrophotaraky at
243nm. Results obtained were expressed as m&a&nof three determinations.

Content uniformity

Randomly selected Paracetamol suppositories frach ef the batches of the samples were melted GnndlOwith
the dissolution medium containing phosphate byftér7.2 and shaken on a shaker for 19minutes tovélio the
drug to dissolve. The solution was diluted, filttrand assayed using a UV/Visible Spectrophotomatea
wavelength of 243nm and compared against blankapeepwithout drug. The mean concentrations of drigp
was calculated.

The crushing strength of the suppositories wasaéted using a Monsanto hardness tester.

Disintegration time (D.T.)
Disintegration time (D.T.) for suppositories wasetmined in water maintained at 37+0.5°C. Disin&tigin criteria
(British Pharmacopoeia 2012) was followed to caltrithe D.T. of test suppository.

Weight variation of these varying suppositories as® assessed.

Solidification point was also determined. The msgppository was melted in a test tube &A%\ thermometer was
dipped inside the cooling mass and rotated mechbyid he temperature at which the mass first begaadhere to
the thermometer was recorded as the solidificgtmint.

Data analysis

The extent of drug release was assessed from tddeatnount of drug present in the dissolution medat the end
of the drug release experiment. The type of delegase kinetics applicable for the Suppocire suppgsases was
determined by evaluation of different kinetic maderhe model that consistently produced the higbestlation
among the suppository preparations was used foasBessment of drug release rates, and a slopeezbfaom
linear regression analysis of the plot was deteethias the drug release rate constant. The respitsssed as mean
+ SD were generated from replicate determinationgéch suppository preparation.

TABLE 1. PHYSICOCHEMICAL PARAMETERS OF FORMULATED PARACETAMOL SUPPOSITORIES

Drug

. . e Melting .
. Weight composite DT Solidification ; Crushing
Base Adjuvant (+SD) Assay % Appearance (minutes) point (OC) E)gg)t strength (N)
(+SD)
Cocoa Butter 1.005(0.014) __89.9 (3.2) Good 28 27.9 (050 367 6.510.9)
Good
PEG 1500 1.103(0.323)|  85.7(1.6) | (butquite soft| 27 28.8(0.10) 345 203 (0.6)
to touch)
PEG 1500 2% Span 80 | 1.055(0.124) _ 98.5(1.6) Good 29 29.8(04]  36.9 28.8 (1.2)
PEG 1500 0.5%Tween 40| _1.084(0.045) __ 99.6(0.9) Good 28 3B6]0. 36.7 30.0(0.9)
PEG 4000 1.089(0.74 | _80.0(0.1 Gooc 35 35.5(0.91 43F 355 (L1
5’3?1?1500’4000 1.099(0.13) | 90.9(0.7) Good 30 30.0(0.33) 36.0 02
g?ﬁ 1500/4000 20 Span 80 |  1.035(0.24 99.8(1.2) Good 30 29.8(0.83) 358 29.1(0.5)
(F;'_ES 15004000 | § 504 Tween 40| 1.103(0.74]  101.4(0.9 Good 30 302)0 355 29.8(0.83)
Suppocire 52 1.09(0.24) | 97.2(1.0) Good 30 30.2(0.10) 35.1] 7001)
Suppocire S2 2%Span8 | 1.002(0.54 | 100.0(0.5 Gooc 27 28.3 (0.10 36.2 283 (0.1
Suppocire S2 0.5% Tween 40| 1.025(0.099) __ 99.99(1.2 Good 30 PPBY 365 282 (0.2)

RESULTSAND DISCUSSION

Table 1 shows that all the suppository formulatigatisfied the BP requirement for drug contentfarmity of

weight and appearance. Weight variations recordem \ess than 5%. The Suppocire and cocoa butseshwere
evaluated for displacement value with respect &odhug paracetamol. Values of 1.40 and 1.33 wetairsdd for
Suppocire and cocoa butter respectively. Valuegitether used to calculate the amount of base tadaled in the
formulation. The average weight of suppositoriesppred using cocoa butter, PEG 1500, PEG 4000, P38
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/4000(3:1) and Suppocire S2 were 1.005, 1.010841ahd 1.004 g, respectively. Further additioadjfivants did
not grossly affect the average weight of the suippass.

Melting point range for Suppocire S2 was 35°C-36,5Cocoa butter 36°C PEG (39°C—40°C) (Table 1).
Incorporation of adjuvant Span 80 and tween 40eebanges in melting point of suppositories meghatilizing
Suppocire S2, and PEG 1500/4000 bases. A slighedse in the melting point compared to that ofrpuppocire
S2 suppositories was observed and an increasee inPlBG 1500/4000 suppositories incorporated wijbvaahts.
Hardness was determined using monsato hardness, testshing strength in newtons (N) was measusaalg 1).
The PEG 1500 base experienced an increase in tsareieen either span 80 or tween 40 was incorpqrateite a
reduction in the hardness was observed for the @uiggpbases where a reduction of almost 2N wagdedo These
results are in accordance with that of other warkgl.

Disintegration (DT) for plain suppositories prepghmas averagely all less than 30 minutes. The poesef 2%span
was attributed with a slight reduction in the DT ®fippocire S2 suppository, however this was notstrae
observed with the PEG 1500 suppository where arease was observed as reflected in table 1. Treepce of
2%span 80 and 0.5% tween 40 however had no effetieoDT of the PEG blend of 1500/4000 which gavedd
about 30 minutes. PEG 4000 reflected the high@sde to the high molecular weight ethylene glygolymer
which it contains. Cocoa butter gave a DT of 28rtesawa slightly higher time than 27minutes recorftgdPEG
1500.

All the suppositories formulated with and withodd#ives showed drug content of 80%—110%.

100

90 : :

20 %%7
60 /A i 4—cocoa butter
50

% OF PARACETAMOL RELEASED

—i—PEG 1500
40
PEG 4000
30 _
20 === SuUppocire 52
10 —+=PEG 1500/4000
0
0 20 40 60 80

TIME IN MINUTES

Figure 1 Dissolution profiles of Paracetamol suppositories

The dissolution profiles of paracetamol from sugioos from varying formulations shown in Fig 1hdse results
indicate that in the absence of surfactants thgepioylene glycol blend of 1500/4000 evidently extad the best
release characteristics, with 90% of the drug seldan less than 30minutes. Polyethylene glycasaater soluble
polymers that often melt at temperatures highen tha rectal or physiological temperature of 37G8nsequently,
when used in rectal formulations, the drug is elagradually, as a result of the progressive hlissa of the PEG
excipients in an aqueous dissolution medium HigHemdar weight PEGs have high melting points, ansia
Tablel, and consequently have slower dissolutitesyacompared to PEGs of intermediate moleculaghteand
this was the basis of formulating the PEG 1500/4b@édd. PEG 4000 released paracetamol at a slatertan
PEG 1500. The PEG 1500/4000 released paracetaraajreater extent than from fatty base supposgphiewever
a need to improving the rate and extent of reledgaracetamol from fatty bases is required, sSPES bases have
been reported to be irritant to mucosal tissue ifikeraction of a base and a base/drug compléx tivé rectal
mucosa can significantly alter the physiologicalries in drug absorption [12,13]. The interactiohaonumber of
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fatty bases, like Suppocire and cocoa butter wighrectal mucosa, was reversible within 24 houtereas that of
the PEG bases appeared to aggravate the mucosdramentissue irritation for a longer period. Hydfoxalue
appears to be of some significance for supposgom@nufactured using various grades of Suppocifd®. S2
grade was utilized due to the fact that the drugdeelivered is therapeutically an antipyreticghrequiring fast
release. The melting of a base is a prerequisitelfiag liberation, in addition to contributing todéssolution lag
time ( time in which less than 5% of the drug hasrbdissolved) [14]. Melting of a fatty base iddwaled by several
successive mechanistic steps, such as spreaditige afnolten mass, particle sedimentation, passagessthe
interface and finally dissolution of the drug irethydrophilic rectal fluids or dissolution test needl15]. It is
therefore clearly evident that the complete meltofga suppository in a dissolution vessel is reeglifor
paracetamol to have the potential to be releasegplately duringn vitro testing. The melting point observed were
favourable except where PEG4000 was utilized. @Hpl

The effect of surfactant Paracetamol release

To evaluate the effects of incorporating surfagtanto the paracetamol suppository bases, dissolutites, the
dissolution behavior of formulations containingheit 2%Span 80 (HLB 4.3)or 0.5%Tween 40 (HLB 15.6@ve
were compared to that of drug release from fornuist that contained paracetamol alone using only
PEG1500/4000 and Suppocire as the base Fig2.

Suppocire 52 with 0.5% tween 40 __“
Suppocire 52 with 2% span 80 | fi
PEG 1500/4000 with 0.5% tween 40 : T 60minutes
PEG 1500/4000 with 2% span 80
w _ ) S —— A5minutes
e PEG1500with 0.5% tween 40
E PEGEOOWHhZ%ﬁpanSO,: = — S0minutes
s PEG 1500/4000 |t = B 13minutes
Suopocire 2 =_H-|—|—4 B 10minutes
PEG 4000 _=—|—r-=|—|—|—| 7 minutes
PEG 1500 EEmpsr=ere B 3 minutes
cocoabutter | - = m0Ominutes
0 20 aa ea &0 100 120
% OF PARACETAMOL RELEASE

Figure 2 Effect of Base type and surfactants (adjuncts) on the dissolution profile release of paracetamol at varying timeintervals

It is evident from these studies that the additidna surfactant to a fatty suppository base apptarisave a
significant effect on the release of paracetamainfibases with high hydroxyl values. The mechanignwhich

added surfactant may influence release rates igplexmand is not fully understood, due to the lavgeiety of

effects surfactants may produce. It has been repaat, in the presence of a surfactant, drugaselerom
suppositories is favored by various mechanisnisjncreasing the surface area of the suppository ne&sa result
of their moistening effects, shortening disinteigmrattimes of lipophilic suppositories as a resulctbanging their
lipophilic characteristics to a lipo-hydrophilictoae [16.17]. The HLB value of a surfactant proddm indication
of the hydrophilic-lipophilic balance of the compwland the higher the HLB value, the more hydrophhe

compound [18]. The action of Tween 40 a non —i@uidactant, is due to the increased water incurisittnthe base
thereby decreasing interfacial tension, althoughigher concentration of this surfactant has beeseonled to
decrease drug release due to the formation ofpgrdchdrug molecules in an emulsion like matrix.

In addition, an increase in the hydrophilic chaeaaf a fatty base may reduce the affinity of aebfs lipophilic

substances, thereby promoting drug release. Theeteffare pronounced on the Suppocire base as l#aseeof
100% of the drug was obtained within 15mins wité tise of tween 40. There was no profound differémtlee use
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of either tween or span as a surfactant as thdy inoteased incursion of fluid into the bases fatihg increase
drug release in to the dissolution medium for kbthPEG blend utilized and the Suppocire S2 base.

Table 2 Kinetic Release Parameter sobtained from fitting Paracetamol dissolution data to Zero order, First order and Higuchi
mathematical models

Zero Order model First order modp Higuchi modp

R Ko R Ky R Kn

Cocoa butter 0.531 0.019 0,501 0.00p7 0951 1.94273
PEG 1500 0.9315] 0.0812 0.633 0.0d6 0.814 1.7614
PEG1500 with 2% Span 80 0.964 0.07¢9 0481 0.0p489730| 1.5671
PEG1500 with 0.5% tween 40 0.961 0.07y7 0487 (@0P50.951 | 1.6991
PEG4000 0.320 0.0234 0.444 0.006 0.7p2 1.448
PEG1500/4000 0.9214 0.087¢ 0.575 0.0048 0.973 2p01

PEG1500/4000 with 2% Span 80 0.9472 0.0493  0.5420050.| 0.950 1.886
PEG1500/4000 with0.5% tween 40  0.91]11 0.0489  0.482.0037 | 0.9182] 1.879
SuppocireS 0.698: | 0.081: | 0.471 [ 0.003: | 0.940: [ 1.99¢

SuppocireS2 with 2% Span 80 0.7301 0.0341 0.462 03@d 0.9731| 2.001
SuppocireS2 with 0.5% tween 40 0.7915 0.0239  0.44Q.0035| 0.995 1.997]

The release kinetics of paracetamol suppositories fitted to the Higuchi, Zero and First order msdmd the
model with the highest fdjusted value was selected as the best fit. Atewlere best fitted to the Higuchi model,
which complements so we can say that the releashanism from suppositories involves more than awegss,
such as diffusion, and should consider the combaiftts of melting and drug partitioning in addliitito diffusion.
The PEG 1500 however was bet fit to the zero ordedel Table 2 where the drug is released in a obatt
manner irrespective of concentration. This has beported by other workers as well [19, 20, 21 dwdver it is
worthy of note that in the PEG 1500 paracetamppssitories incorporated with either span 80 oremwvdO the
release rate followed the Higuchi release, as &tges obtained were just slightly higher than thalsined for the
zero order rate [22,23,24,25]. Based on these teetulvas inferred that in the development of aprapriate
mathematical model is necessary for the evaluaifairug release and characterization of dissolutiafiles from
suppository dosage forms.

CONCLUSION

A proper combination of the polyethylene glycol éa¢$PEG) i.e. PEG 1500/4000 in a ratio of 75%:2%%egnore
suitable release profiles than the singular useeittier water soluble base. The base Suppocire 8&dbl
incorporating 0.5% tween 40 was the best baserinstef release profiles and physicochemical charestics. The
addition of surfactant facilitated and increasddage of Paracetamol on from the base into theldiésn medium
generally following the Higuchi model in both thegpocire S2 and the PEG 1500/4000 bases.
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