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ABSTRACT

A study has been made on the formulation and evaluation of Acetylsalicylic acid
(ASA) suppositories using Goat fat (GF) and its binary blends with Palm Kernel oil
and Liquid Paraffin.

Cocoa butter was used as the standard reference suppository base. Rectal supposito-
ries containing ASA (300 mg) in pre-calibrated mould were prepared by fusion meth-
od and evaluated for appearance, crushing strength, weight variation, melting point,
liquefaction time, content uniformity and in-vitro release using standard procedures.

Liquefaction or disintegration time (minutes) followed this order: ACB(4.40+0.84)
<AGL(6.20£0.83) <AGP(7.14+0.84) < AGF(11.45+2.20) while cumulative drug re-
lease (%) is AGP> AGF >AGL>ACB (p<0.05). Results obtained indicated that the
bases used generally could be ranked in the order of GL > GP > GF > CB (p<0.05) in
terms of favourable physicochemical properties investigated.

The foregoing indicates that GL or GP has promising potential and could be a substi-
tute suppository base in the formulation of ASA suppositories.
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INTRODUCTION

Meat production worldwide has been estimated to increase annually by 1.9 %
excluding nations like China where meat is not consumed often.! Consequent-
ly, the amount of waste or byproducts such as fats obtained from this indus-
try has been increasing. Animal fats are lipid materials that can be obtained
from pigs, cows and goats and it has been proven that, the biological source
of the fat affects its characteristics? ; for human health concerns, attention has
shifted to the application of these fats in non-food industries such as manufac-
ture of soaps, fatty acids lubricants, feedstuffs, candle waxes and liniments.3
They also find wide application in cosmetics, pet food, animal food, biodiesel
production and pharmaceutical industry.#5 Pharmaceutical uses of animal fat
have been extensively investigated 47%9° and the findings showed that goat fat
is a cheap raw material which is suitable in developing several drug delivery
systems. Nnamani et al* investigated the functional properties of goat fat in
topical nano-drug delivery systems and concluded that goat fat is an effective
lipid drug carrier. The study by Esimone et al** demonstrated the effectiveness
of goat fat and shea butter in encapsulating benzyl penicillin in liposphere for-
mulations. However, they reported that the presence of goat fat in one of such
formulations impacted its stability. Goat fat has also been exploited as a co-
lubricant in tablet formulations and found to improve granule flow and pack-
ing into the tablet die resulting in production of compact tablets.’3 In another
study, Momoh et al** investigated the use of goat fat and phospholipids admix-
ture in the formulation of solid-lipid nanoparticles. Their results showed that
the drug-loaded nanoparticles improved drug bioavailability and therapeutic
activity. In a similar but different study, herbospheres of Vernonia amygda-
lina prepared by using a lipid matrix containing the combination of goat fat
(70 %) and Phospholipon 9oH (30 %) were observed to be significantly more
effective in inhibiting the growth of Staphylococcus aureus than Tetracycline.
The emulsifying effect of goat fat has also been reported.’s*'7 One study dem-
onstrated the capability of the admixtures of goat fat and melon oil employed
in the formulation of self-nanoemulsifying systems (SNEDDS) to deliver indo-
methacin.’®

Rectal drug delivery though unconventional, is an apt substitute for oral drug
administration, because it circumvents unwanted gastrointestinal (GIT) side
effects, reduces hepatic first pass effect and problems relating to drug absorp-
tion. They are also beneficial for patients who cannot tolerate oral drugs due to
reasons like vomiting or age; particularly the young children. Suppositories are
solid medicated formulations designed to be inserted into the rectum where
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they melt, dissolve or disperse and elicit local or systemic effect. Suppository
bases are carriers of active medicaments that are incorporated into supposi-
tory formulations; they are usually hydrophilic or lipophilic. The bases deter-
mine the rate of drug release and absorption from suppository formulations
as well as the onset of drug action, as such, appropriate bases are selected for
suppository formulations.

Acetylsalicylic acid (ASA) is a non-steroidal anti- inflammatory drug (NSAID)
with analgesic, antipyretic, anti-inflammatory and antiplatelet properties. It
elicits these effects by inactivating cyclooxygenase enzymes (COX-1 and 2) re-
quired for prostaglandin synthesis." Low dose acetylsalicylic acid irreversibly
blocks the formation of thromboxane A2 in platelets, producing an inhibitory
effect on platelet aggregation.2° Oral NSAIDS like acetylsalicylic acid cause up-
per and lower GIT disorder such as gastric ulcers due to direct irritation of the
gastric mucosa.? As a result of various challenges to oral medication of ASA
as enunciated above including problem of emesis in critically ill patient, other
dosage forms such as suppository maybe considered to avoid these drawbacks.
Therefore, acetylsalicylic acid suppositories will be formulated by using goat
fat, goat fat/palm kernel oil (3:1) and goat fat/liquid paraffin (3:1) admixtures
and their effects on the physicochemical properties of the suppositories will be
compared.

METHODOLOGY

Materials used include Acetylsalicylic acid powder (Sigma, Germany), Alu-
minum foil (Novena 85 foil, China), Liquid paraffin (BDH Chemicals ltd,
Poole, England), Palm Kernel Oil, Cocoa butter, Hydrochloric acid (Emprove-
Exp Merck, Germany), Goat fat obtained from a batch processed in the labo-
ratory, Distilled water (National Institute for Pharmaceutical Research and
Development, Laboratory, Nigeria).

Extraction process

The goat fat was extracted from its adipose tissue. The extraneous parts of it
(adipose tissue) was manually separated and the separated fat thereafter was
mashed together by using mortar and pestle. The mashed sample was melted
using water bath and filtered through a 250-mesh sieve. The extracted fat was
stored in a refrigerator until further use.
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Gas Chromatography-Mass Spectrometry (GC-MS)
analysis of Goat fat

The protocol of Okhale et al,** was adopted in carrying out this analysis. Shi-
madzu QP-2010 GC with QP-2010 Mass Selective Detector [MSD, operated in
the EI mode (electron energy=70 eV) was used within the scan range of 45 and
400 amu, a scan rate of 3.99 scans/sec], and Shimadzu GCMS solution data
system. The Gas chromatography column used was Optima-5 ms fused silica
capillary with 5 % phenyl-methylpolysiloxane stationary phase, with length of
30 m, 100 internal diameter of 0.25 mm and film thickness of 0.25 pm. The
carrier gas was helium with flow rate of 1.61 mL/min. The program used for
Gas chromatography oven temperature was 180 °C at a rate of 10 °C/min, then
held at 180°C for 2 min, followed by 18-280 °C at a rate of 15 °C/min, which
was again held at 280 °C for 4 min. The injection port temperature was 250
°C while detector temperature was 280 °C. The goat fat sample was diluted;
1/100 v/v in hexane then 1.0 pL was injected using autosampler and in the
split mode with ratio of 10:90. Individual constituents of the goat fat were
identified by comparing their mass spectra with known compounds and NIST
Mass Spectral Library (NIST 11).

Preparation of Acetylsalicylic acid suppositories
using different bases

The bases used were goat fat, goat fat/palm kernel oil (3:1) and goat fat/liquid
paraffin (3:1) and cocoa butter. Fusion method was employed in the produc-
tion of the suppositories in pre-calibrated mould with different bases. Required
quantities of the bases were weighed into a beaker and placed in a water bath
at about 43°C to melt. Acetylsalicylic acid was weighed into a beaker (300mg
per suppository); portion of melted base was mixed with the drug and then the
required amount of base was added and the content of the beaker was stirred
at about 39°C by using a magnetic stirrer until homogenous. The mixture was
poured into the mould cavities until overflowed; the cavities were filled with
the melted base as the solidifying mixture was shrinking. The mould content
was allowed to solidify after which the mould was unscrewed. The supposito-
ries were removed and wrapped in aluminum foils until further analysis was
carried out.

Evaluation of Suppositories
Appearance (visual characterization)

Ten randomly selected suppositories (from each batch) were examined as a
whole and also after splitting them longitudinally; the colour, odour, shape as
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well as presence or absence of fissuring, pitting, exudation, sedimentation and
migration of active ingredients were assessed.

Weight variation

The weight variation test was carried out according to British Pharmacopoe-
ia.22 Twenty suppositories were randomly selected from each batch of the for-
mulations, weighed individually using an analytical balance (Mettler Toledo,
Switzerland), the mean weights and standard deviations were calculated.

Hardness/Crushing test

The crushing strength, a measure of mechanical strength or hardness of the
suppository was determined using the hardness tester (Erweka GmbH Ger-
many). Three suppositories were randomly selected from each batch. The force
under which each suppository cracked was recorded.

Liquefaction time

From each batch, one suppository was placed in a beaker with a thermometer
inserted and placed in a thermo regulated heating mantle to maintain the tem-
perature at 39 + 1°C. The time taken for the suppository to completely melt was
recorded as the liquefaction time. Three suppositories from each batch were
evaluated for this purpose.

Melting point determination

The melting point of the suppositories was determined according to method
reported by Adebayo and Akalazs. -Briefly, a suppository, randomly selected
from each batch, was placed in a beaker with a thermometer inserted. The
beaker was placed on a water bath and regulated to a gradual temperature in-
crease of 1°C/2 min. The temperature at which the suppository sample began
to melt was taken as the melting point. The results obtained were average of
quintuplicate determinations.

Content uniformity

The method of Setnikar and Fontani** was adopted with some modifications.
Three suppositories were randomly selected from each batch and assayed for
drug content individually. The suppository was placed in a beaker containing
60 mL of 0.1N HCl solution that was pre-heated to and maintained at 37 + 1°C.
The suppository was allowed to melt. The mixture was made up to 100 mL
and then stirred at 100 rpm for 5 minutes using magnetic stirrer and filtered
through a cotton plug. This volume was essential to allow for sink condition in
order that the required amount of drug may be released from the product into
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the medium. The absorbance of smL of filtrate was measured using UV-Vis
spectrophotometer (Jenway 6505, UK) at 230 nm. The concentration of the
acetylsalicylic acid in the solution was calculated using a standard Beer- Lam-
bert curve obtained from the plot of absorbance against several dilute concen-
trations ranging from 2 x 10 —5 to 5 x 10 2 pg/mL as shown in Figure 1.
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Figure 1. Gas chromatography spectra of goat fat showing the saturated fatty acids (a)
hexadecanoic acid and (b) octadecanoic acid.
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Release studies

The release studies were carried out using a magnetic stirrer assembly. A 100
mL quantity of 0.1N HCI solution was maintained on the magnetic stirrer as-
sembly at temperature of 37+ 1°C. One suppository from each batch was placed
in the solution and the magnetic stirrer was set at 50 rpm. 5mL portion of the
release medium was withdrawn at an interval of 5 minutes and was filtered
through a cotton plug. The volume of the release medium was kept constant by
replacing the amount withdrawn with 0.1N HCl after each withdrawal. Absorb-
ance of 5 mL of filtered portions was determined using UV-Vis spectrophotom-
eter (Jenway 6505, UK) at 230 nm.

RESULTS AND DISCUSSION

Gas Chromatography (GC)/Mass Spectroscopy (MS) has long been used for the
selective qualitative and quantitative analysis of non-polar compounds particu-
larly fatty acids with long chain alkyl groups. The detection of structural molec-
ularions generated from the MS source provides more sensitive and selective as-
say of varied arrays of fatty acids present in lipid samples.?> The GC-MS spectra
in Figure 1 shows that goat fat contains mainly long chain fatty acids and methyl
esters; chiefly cis-vaccenic acid (52.29 %), saturated fatty acids such as octade-
canoic acid (38.26 %), hexadecanoic acid also known as palmitic acid (8.46 %)
and alcohols. Vaccenic acid (VA) is a positional and geometric isomer of oleic
acid, and is reported as the predominant trans-isomer in ruminant fats. The
chemical and physical stability, non-reactive and widely compatible properties
of these fatty acids confer on goat fat the properties of a good suppository base.
The outcome of various physicochemical assessments carried out on the sup-
positories is presented in Table 1. The goat fat extracted was off white coloured
solid with characteristic odour. The formulated suppositories were solid at
room temperature and assessed to be consistent in appearance with no air
bubbles. The dissected suppositories have no holes or were not brittle and as
such were not fragile. This implies that they could withstand transportation
and other mechanical stresses they may be exposed to.2¢
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Table 1. Suppository formulations and their composition

Ingredients AGF AGL AGP ACB

Acetyl salicylic

acid 0309 0.30¢g 030¢g 0.30¢

Goat fat to 39.35¢ - -

Goat fat + Liquid

paraffin (3:1) to ) 37.44 -

Goat fat + Palm
kernel oil (3:1) - - 39.10
to

Cocoa butter to - - - 39.80

AGF= acetylsalicylic acid + goat fat, AGL= acetylsalicylic acid + Goat fat/ liquid paraffin (3:1),
AGP-= acetylsalicylic acid + goat fat/palm kernel oil (3:1), ACB= acetylsalicylic acid + cocoa
butter

The physicochemical properties of the suppositories that are presented in Ta-
ble 2 shows that all of the suppositories conform to BP requirement for weight
uniformity. Not more than two individual suppositories deviated from the
average weight by more than 5% and no suppository differed from the aver-
age weight by more than 10%.22 The relative standard deviations (RSD) of the
mean weight of the suppositories were less than 3.5%. Results of the crush-
ing strength shows that, there were significant (p<0.05) differences between
the values obtained for the suppositories and the placebo; with the order of
strength being Goat fat alone; GF (3.43N) > Goat fat and liquid paraffin; GL
(3.11N) > Goat fat and Palm kernel oil; GP (2.39N) and Goat fat + Acetylsali-
cylic acid; AGF (8.01N) > Goat fat and liquid paraffin + Acetylsalicylic acid
AGL (6.54N) > Goat fat and palm kernel oil + Acetylsalicylic acid; AGP (3.27N)
for placebo and medicated suppositories respectively. Although there is no of-
ficial requirement as regards the acceptable values for the crushing strength
of suppositories, it is nonetheless recognized that, crushing strength helps in
identifying the mechanical strength of suppositories during handling, packag-
ing and shipping. The mechanical strength can be valuable to avoid problems
with formulations in which the melting point has been depressed by inclusion
of either active pharmaceutical ingredient or an adjuvant.
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Table 2. Physicochemical parameters of the suppositories

Physicochemical

AGF GF AGL GL AGP GP ACB CB
parameters
Shape Torpedo | Torpedo | Torpedo | Torpedo | Torpedo | Torpedo | Torpedo | Torpedo
Colour Wite | Offwhite | Offwhie | Offwhite | Offwhie | sy | oont | Lo
yellow yellow
Mean weight (g) | 2.05:0.03 - 2.01£0.02 - 2.02:0.02 - 2.0110.01

Hardness (N) 8.01:0.28 | 3.48:0.85 | 6.54:0.57 | 6.11:0.28 | 3.27:0.57 | 2.39:0.39

Melting point (°C) | 36.70+0.06 | 38.30<0.03 | 38.20+0.36 | 38.30:0.70 | 37.30+0.15 | 36.60+0.76 | 31.00:0.61 | 30.10+0.71

L'q”ef:‘;‘ig”“me 1145:2.20 | 14.47:2.10 | 6201083 | 6.25:2.30 | 7.14:0.84 | 7.11:064 | 440:084 | 320:063
Displacement value 1.35 - 1.87 - 1.29 - 1.12

AGF= Acetylsalicylic acid + Goat fat; GF= Goat fat, AGL= Acetylsalicylic acid + Goat fat/Liquid
Paraffin (3:1); GL= Goat fat/Liquid Paraffin (3:1); AGP= Acetylsalicylic acid + Goat fat/Palm
kernel oil (3:1); GP= Goat fat/Palm kernel oil (3:1); ACB= Acetylsalicylic acid + Cocoa butter;
CB= Cocoa butter

Acceptable or “good” crushing strength values are suggested to be in the range
between 17.7 and 19.6 N; although the results obtained from this present
study are not within this range, it was noted that, throughout the period of
this study, the suppositories remained non-brittle and solid at room tempera-
ture except for those that were formulated with cocoa butter. This suggest that
they can withstand the mechanical rigours of handling and transportation. The
inclusion of acetylsalicylic acid increased the crushing strengths of the sup-
positories, probably because of its high concentration (300mg) in the bases.
However, crushing strength of formulations with cocoa butter could not be de-
termined due to its instability during production. It is a known fact that cocoa
butter could exist in different polymorphic forms depending on the exposure
to varying temperature conditions. The melting points of AGF, AGL and AGP
are 36.7, 38.2 and 37.3°C respectively (Table 2).

These values fall within the acceptable range for suppository formulations. The
melting points of AGF was observed to be lower than its respective placebo
base which is 38.3°C while that of AGL and AGP are higher than their respec-
tive placebo bases, 37.3 and 36.6 °C respectively. The change in temperature
is probably as result of the inclusion of the active ingredient which may affect
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the release of the drug.27 The melting point of cocoa butter with the drug is
31°C as shown in Table 2; this is low for storage in tropic conditions. The lique-
faction times for all suppositories showed significant (p<0.05) difference with
an order of AGF (11.45+2.20)> AGP (7.14+0.84)>AGL (6.20+0.83); however
all of these values fall within the acceptable limits as suggested by Saho 0*®
which says that liquefaction time influences drug absorption after release and
subsequently influences the time it takes for the drug to reach peak plasma
concentration.

Invariably there is a better patient compliance unlike when there is a prolonged
liquefaction time. On the other hand, a suppository that takes a longer time to
liquefy may exert irritant action on the rectal mucosa and as such increase re-
lease time and delay onset of action. Drug content of all the suppositories was
computed from the calibration curve given in Figure 2.

2.5

=
(5]

Absorbance
=

0.5

0 0.01 0.02 0.03 0.04 0.05 0.06
Concentration (ug/ml)

Figure 2. Calibration curve of Acetyl salicylic acid in 0.1 N HCI

The mean drug content for AGF and AGL suppositories met the USP require-
ment for the content uniformity. The mean drug content of these two batches
fall within (96.7- 99.2%) as seen in Figure 3. This is an indication of even dis-
persion of active ingredient in the base. In some other instances inconsistency
in active ingredient content in suppositories is usually due to the improper
mixing of the molten bases or due to sedimentation of the drug by gravity dur-
ing production.? This factor may account for why AGP and ACB mean drug
content of 84.5 and 94.6% respectively was outside the acceptable range. The
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most important thing is to realize that for the patient, the release character-
istics are the determining properties towards the therapeutic success. What
must be targeted is an optimal bioavailability which for the formulator means
ensuring optimal and reproducible release in vitro/in vivo. As can be seen in
Figure 4, there is no significant difference (p<0.05) in the rate and extent of
release of the medicament from AGP, AGL and AGF. It can be concluded that
there is little or no affinity between the bases and the medicament. Barring
other physiological conditions of the rectum, there is relative assurance that
the drug will be available biologically to elicit its action. The case is different
for ACB (Figure 4); where the rate and extent of release was the least of all the
bases interrogated in this study. It goes to suggest that, there might be some
level of affinity between the drug and this base.

120 +
100 -
80 -
60 -

40 -

Percentage content (%)

AGF AGL AGP ACB

Formulations

Key: AGF= Acetylsalicylic acid + Goat fat; AGL= Acetylsalicylic acid + Goat fat/Liquid paraffin
(3:1); AGP= Acetylsalicylic acid + Goat fat/Palm kernel oil (3:1); ACB= Acetylsalicylic acid +
Cocoa butter

Figure 3. Percentage content of acetylsalicylic acid suppositories
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AGF= Acetylsalicylic acid + goat fat; AGL= Acetylsalicylic acid + Goat fat/ Liquid Paraffin (3:1);

AGP= Acetylsalicylic acid + Goat fat/Palm kernel oil (3:1); ACB= Acetylsalicylic acid + Cocoa
butter

Figure 4. Release profile of Acetylsalicylic acid suppositories

Drug release kinetics studies were analyzed using Zero-order, First-order and
Higuchi release models as shown in Table 3. Adjusted Coefficient of Deter-
mination (R adjusted) was used in selecting the best-fit release method. AGF
(R2=0.999), AGL (R2=0.998), AGP (R2=0.998) and ACB (R2=0.993) were
found to follow Zero-order model. AGL (R2=0.992) fitted also perfectly on Hi-
guchi model.

The release mechanism of acetylsalicylic acid from the suppositories was ana-
lyzed with Korsmeyer-peppas model. The release exponents, n, for all the for-
mulations range from 0.76 to 0.98. These values of ‘n’ for all the formulations
were greater than 0.5 suggesting non-Fickian diffusion mechanisms of drug
release from the suppositories. It indicates that the release of drug from the
bases involves melting of the base and partitioning of the drug between the
molten base and the dissolution medium. Non-Fickian diffusion mechanism is
able to ensure better release of the medicament, faster absorption and timely
onset of action.
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Table 3. Release rate constant and model fitting parameters for release kinetics of different
Acetylsalicylic acid suppository formulations

Release ;
Kinetic | Sclection AGF AGL AGP ACB
models parameters
Zero order K, (min) 3.068 2.737 3.145 2.616
R? 0.999 0.998 0.998 0.992
First order K, (mg/min) 0.027 0.023 0.027 0.029
R? 0.943 0.945 0.959 0.939
Higuchi K., (mg/min-*?) 23.70 21.23 24.03 20.09
R? 0.986 0.992 0.976 0.967
Korsmeyer- -
Peppas K. (Mg/min") 0.901 0.762 0.885 0.986
R? 0.999 0.999 0.997 0.996

AGF= Acetylsalicylic acid + Goat fat; AGL= Acetylsalicylic acid + Goat fat/ Liquid paraffin (3:1);
AGP= Acetylsalicylic acid + Goat fat/Palm kernel oil (3:1); ACB= Acetylsalicylic acid + Cocoa
butter

From the results of this study, Acetylsalicylic acid suppositories were successfully
prepared using single and binary blends of goat fat with palm kernel oil, liquid
paraffin and cocoa butter. Any of the blends; goat fat and liquid paraffin or goat
fat and palm kernel oil, may be a very good substitute to the more expensive bases
used in formulation of suppositories. The in vivo performance tests of the opti-
mized formulations is ongoing in our laboratory and will form a separate report.

The Acetylsalicylic acid suppositories prepared using single and binary blends of
goat fat with palm kernel oil, liquid paraffin and cocoa butter showed that, any
of the two blends may be a very good substitute to the more expensive bases. The
in vivo performance of the optimized formulations is ongoing in our laboratory
and will form a separate report.
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