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Abstract

Purpose: To evaluate the bioadhesion properties and drudolding endurance, drug content, moisture contemd a
release profile of mucin-based ibuprofen (IBF) tderesnal  uptake with increasing volumes of PEG incorporatethe
patches. formulated patches. Moisture content and uptakaegbf
Methods. Mucin was extracted from the giant African patches made from mucin precipitated with alum ezsed
snail, Archachatina maginata, by differential ppéeition  from 17 and 80 % with increasing PEG volumes toahd
with acetone and alum. Various batches of IBF loaded0 %, respectively. All the patches showed bioaidimes
transdermal film patches were prepared with thevalues between 0.87 g/sec and 1.46 g/sec andrmgiitig
precipitated mucin and varying volumes (0.2, 0/8d &  release gave 78 % after 2 h while ex-vivo diffusammoss
mL) of polyethylene glycol (PEG) as plasticizerepared treated rat skin reached 74 % after 12 h.

patches were evaluated for weight uniformity, patchConclusion: Snail mucin showed promise as a transdermal
thickness, folding endurance, moisture content @idke, drug delivery base in the formulation of IBF patches
bioadhesion, drug content, in-vitro and ex-vivo iffsk because of its bioadhesion property and drug releas
permeation) release profiles. profile.

Results: Extraction of mucin with acetone and alum gave a

mucin yield of 0.1 and 0.08% wi/w, respectively. DSC Keywords: Acetone-precipitate, alum-precipitate,
analysis showed no interaction between the drug andioadhesion, ibuprofen, in-vitro release, mucin.
excipients. There was an increase in the weightkriess,

Indexing: Index Copernicus, African Index Medicus

Introduction side effects usually associated with its oral
administration, different dosage forms such asctpi
A transdermal patch is a medicated adhesivéBF gel, have been formulated. However, very few
formulation that is placed on the skin to deliver aformulations can by-pass oral route of administrati
specific dose of the medication through the skio in and still achieve systemic delivery. Transdermal
the bloodstream [1]. An advantage of transdermafielivery of IBF has been formulated in eutectic
bioadhesive drug delivery system over other routesomposition with a biocompatible emollient (shea
such as oral, topical, intravenous, intramuscudty,,  butter) or a suitable common solvent (ethyl acgtate
is that the patch provides controlled release oproduce O/W micro-emulsification in smart patches
medication into the patient systemic circulatiohisT  [2]. This was found to be cost-effective with a
is usually through either a porous membrane cogerinscalable technique to enhance permeation rateaFof |
a reservoir of medication or through body heatransdermal patches, but there was difficulty in
melting thin layers of medication embedded in argissolution of IBF to produce an effective oil pgas
adhesive [1]. Unfortunately, only medications whoseBF transdermal patches using chitosan and hydroxyl

molecules are small enough to penetrate the skin caopyl methyl cellulose (HPMC) [3] showed an
be delivered by transdermal drug delivery systems. niimum sustained release characteristics but the

_ .. polymers used are quiet expensive. IBF loaded fiber
Ibubrofen (IBF) is a common orally used medicationat patches inhibits IBF re-crystallization and has
because of its anti-inflammatory and analgesigq,y release rate of active ingredients [4]. Howeve
properties. In order to minimize the gastrointeati ,,cin has often been used for drug modelling of
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bioadhesive systems [5] as it is negatively charge®reparation of drug loaded transdermal film
making it a good candidate for drug delivery asalt  patches

be conjugated to positively charged drug molecules

and targeted to various tissues. It is highlyFilms of equal thickness and diameter were prepared
biocompatible, non-toxic and easily biodegradalile. by making a 10% w/v aqueous dispersion of mucin in
is ubiquitous in many human and animal tissues and beaker. To the aqueous dispersion was added a 2 g
found in the intestine, eye, ovaries and salivaryluantity of ibuprofen and 0.2 mL of polyethylene
glands etc. and Its is]. The interaction of vasiou 9lycol (Tween 80) (Batch A). The same procedures
polymers at the mucin-polymer interface is ofteacus Were repeated with 0.5 mL and 1 mL of polyethylene

to explain the mechanism of mucoadhesion. Th@ycol to give batches B and C respectively. The
various dispersions were poured into petri dishies o

molecular bridges which result between mucin-15 it L di t q all dt t intondil
polymer interaction account for the adhesive stifeng cm internal diameter and aflowed 1o set Intmsi
by air drying. The casted films were sectioned ihto

ﬁ;%iri:]fg)e?] Eze;icbor;j dgheess’i(t;etﬁlic::;?i% prii)?oer:abie cnt patches and thereafter stored in a desiccator unti
P 9 ?equired for use. This was done with mucin

high potential as a pharmaceutical excipient [5]. precipitated with acetone (Batches A, B and C) and

- . with alum (Batches D, E and F).
The objective of this study was to assess the

bioadhesive properties of transdermal patcheg, guation of the patches
formulated with snail mucirand to evaluate thin-

vitro drug release profile of these patches loaded witlyransdermal films: The prepared transdermal films

the drug ibuprofen. of the various batches were microscopically and
. macroscopically examined for some physical
Materials and M ethods parameters including homogeneity and cracking
tendency.
Materials

Differential scanning calorimetry (DSC): DSC
Terrestrial snails(Archachatina marginatafamily: ~ thermographs were obtained using a Netzsch DSC
Arinidae) were purchased from a local market in204F1 t-sensor/E apparatus (Netzsch, Germany). The
Benin City, Nigeria. Acetone was a product of BDHsamples (1 to 2 mg) were placed in sealed aluminum
chemicals (Poole, England). Polythylene glycolP@ns with pierced lid. The equipment was set at a
(PEG, Tween 80) was purchased from Sigma-AIdricH;'eat'”g rate of 16C from room temperature to_350
(Germany). Ibuprofen powder was a gift from Fidson C under nitrogen gas at a flow rate of 70 mL/min.

Drugs Limited (Lagos, Nigeria). All other chemicals

used were of reagent grade and were used Witho@imensions: Tep patc_he§ .Of 1x1 (frﬁrom ea(_:h
further purification. atch were weighed individually by using a digital

balance and the average weight of the 10 patches
were calculated and recorded. The thickness of the
patch from the various batches of patches was
measured using a micrometer screw gauge at differen

Mucin was extracted from the African giant land spots on the surface of the patch and the average
snails Archachatina marginatausing the method hickness was documented.

described by Adikwet al, [6]. Briefly, the snail shells
were cracked and their fleshy bodies removed fronko|ging endurance: This was determined by

the shells with the aid of a metal rod. Excretoryrepeated f0|d|ng and Opening of the patches at the
materials accompanying the bodies were theame point until it cracked or broke. The resulésev
removed. A 200 mL quantity of water was introducedexpressed as numbers of repeated folds.

into a container containing 10 g of the snail's ilesd

and the slime was squeezed off the fleshy bodieMloisture content and uptake: Each patch was
repeatedly into the water. The water-slime mixtureweighed and placed in a desiccator containing
was decanted into another container and the processtivated silica gel as desiccant. The patches were
was repeated up to 4 times to give a total pod bf then withdrawn every 24 h and weighed until no
of the water-slime mixture. Mucin was precipitatedfurther loss in weight was observed. Moisture conte
out of the pooled water-slime mixture using 2.5fL o Was calculated as a difference between initial and
acetone. The precipitate was filtered, air-dried 40 final weight with respect to the initial weight and
day to give brown flakes. The flakes were blended i €xPressed as a percentage. To determine the neistur
an electric blender to give mucin powders which wad!Ptake, a patch from each batch was weighed and
stored in an airtight container until use. This eam Placed on a soaked mass of cotton wool in a pishi d

process was repeated using a 2 % alum solution d small amount of amaranth powder was placed on
precipitating liquid upper surface of the patch. The patches were

observed until a development of a red color on the

Extraction of snail mucin
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upper surface [7]. The patches were then reweigheghake it a semi permeable membrane. The patches
and the moisture uptake for each of the patches wagere pressed firmly to the semi permeable rat skin
calculated as the difference between the final angnd tied to ensure adhesion throughout the
initial weights with respect to the initial weigahd  experiment, forming the donor unit. The donor unit
expressed as a percentage. was introduced into a dissolution apparatus acisg

) ) ) ) the receptor compartment containing 500 mL
Bioadhesion test: This test was carried out for each phosphate buffer (pH 6.8) maintained at 37+0C5

batch of patches by using a modified _version of_ the,nd stirred at 50 rpm. Aliquots of 5 mL of sample
method of Attamaet al, [8]. Freshly excised rat skin were withdrawn from the receptor compartment at

was glued to the glass slide placed at an angi0of : L : .
°C and the patch was placed on the exposed surface g U time intervals up to 12 h, replacing witual

the skin for a period of 15 min, to allow for polgm volume of the receptor medium with each Witho!rawal.
interaction and hydration. A burette was then dille The samples were then a_nalyzed using  a
with water and then allowed to flow over the pabch spectrophotometer at 266 nm against a blank.

the skin using lamina flow rate of 2 mL/sec unhiét N
patch detaches from the excised rat skin. The maggeleasekmencs
flow rate of water (g/sec) was then used as a measu
of bioadhesion. The test was carried out in trgiks
and the average values recorded.

Data of in-vitro release was fitted into different
equations to determine the release kinetics of IBF
from the transdermal patches. The kinetic equations
used were zero order, first order, Higuchi and
Korsemeyer-Peppas models to interpret the drug
gelease mechanism from the patches.

Drug content

A patch from each batch was cut into small piece
and placed in a 50 mL beaker and 10 mL of 5 %

NaOH was added and shaken intermittently for 19R€sSUlts

min until complete dissolution. One milliliter ohe

sample was withdrawn and diluted with 4 mL of DSC spectra

phosphate buffer (pH 6.8). The solution was filtere

and the IBF content was then determined byrhe DSC spectrum of pure IBF (Fig. 1a) and mucin
measuring the absorbance at 266 nm against (&ig. 1b) were characterized by sharp endothermic
similarly prepared blank of 5 % NaOH in phosphatepeak at 81.3 °C and 82.9 °C (melting point)

buffer (pH 6.8). respectively. A physical mixture of PEG, IBF, mucin
. . (acetone-precipitated) (Fig. 1c) and PEG, IBF, muci
In-vitro release studies (alum-precipitated)  (Fig. 1d); both exhibited

endothermic peaks, although their peaks were

The transdermal patches from the different batchegppreciably broadened. The broad trough was as a
were evaluated using the USP paddle method oveggyit of mucin which is a complex glycoprotein

disc dissolution apparatus prescribed for transeerm material of natural origin. Part of it may also & a
drug dosage systems. The dissolution test apparatyssit of loss of water.

was maintained at 37+ 0% and stirred at 50 rpm.
Each of the patches was fixed on inverted glass-pet prgperties of | BF transdermal patches
plate using cyanoacrylate adhesive allowing drug

release only from the upper surface. This was placeraple 1 shows the results of different propertiés o

at the bottom of the vessel containing 500 mL éf 0. |gF transdermal patches. There were variationgen t
% sodium hydroxide in phosphate buffer (pH 6.8) agjimensions and folding endurance of the patches
dissolution medium. Aliquots of 5 mL of sample werefrom patch to batch. The acetone-precipitated mucin
withdrawn at 20, 40, 60, and 120 min, filtered andysiches gave higher weight values than those of
analyzed spectrophotometrical 266 nm against a 5jym-precipitated mucin. The folding endurance of
blank. Equal volumes of fresh dissolution mediumine various patches indicated increase in folding
were used to replace those withdrawn for analysis. endurance with increasing volumes of PEG in the
_ ) _ _ patches. Moisture values of the various patches
Ex-vivo skin per meation studies indicated that the batches prepared with acetone-
_ ) ) o precipitated mucin had more moisture content than
This study was carried out using the principlesaof those prepared with alum-precipitated mucin and the
Franz diffusion cell. A highly vascularised dorsal ygisture content and uptake of the patches incdease

section of full thickness of an albino rat was usedyih higher volumes of polyethylene glycol in
The section was soaked in 5% NaOH for 30 min t0;cetone-precipitated mucin patches, but decreased i
remove the hair from the skin. It was defatted byne alum-precipitated mucin patches. The results of

soaking in acetone for 1 h. After complete defattin pjpadhesion indicated that higher resistance to
it was soaked in pH 6.8 phosphate buffer overnight
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Table 1: Properties and drug contents of mucin/ibuprofendmarmal patches

Batch
Parameters A B C D E =
Weight (g+SD) 0.12t0.04  0.2240.05  0.280.05 0.1880. 0.180.06  0.09:0.02
Thickness (mm+SD) ~ 1.24+0.16  1.60:0.20  1.49+0.29 040643 1.01:+0.49  1.430.06
Folding Endurance (n)  1.67¢0.58  2.00+1.00  2.33+1.18.00:0.00  1.00:+0.00  1.00%0.00
Moisture Content (%)  16.00 11.11 18.19 17.65 1154 7.69
Moisture Uptake (%)  116.70 126.67 123.08 80.00 B9.5  50.00
Drug content (%) 9.59 10.50 10.66 9.77 9.83 10.00
Bioadhesion (mass ) g7 0.90 1.06 1.20 1.42 1.46
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Figure 1: DSC thermograph of IBF (a), mucin (b) and
mixture of IBF and mucin precipitated by acetone gojl
alum (d)

50

In-vitro and ex-vivo release results

The in-vitro and ex-vivo (skin permeation) release
profiles of IBF patches are shown in Figures 2 and
respectively. Thén-vitro results showed that all the
patches prepared from both acetone and alum
precipitated mucin had variable release profiles
depending on the concentration of polyethylene
glycol in the formulation. In general, there was
increased drug dissolution as polyethylene glycol
concentration increased. Up to 78 % release of IBF
was observed after 2 h for batch E patches. &he
vivo diffusion across rat skin also showed variable
results. There was however a significant differefpce
< 0.05) among IBF diffusion from the different
patches. As polyethylene glycol concentration
increased, IBF diffusion decreased in batches
prepared with acetone precipitated mucin but this
result was opposite for batches prepared from alum-
precipitated mucin. Nevertheless, the batch F gatch
reached 74 % drug release within 12 h.
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Figure 2: In-vitro diffusion release of IBF from mucin

based transdermal patches on glass dish
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washing was also observed with increasing volumeBigure 3: Ex-vivo diffusion of IBF from mucin based

of PEG for all the batches of the transdermal pch

transdermal patches across treated rat skin
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Release kinetic showed’Ralues ranged from 0.5 to indicates that the properties of mucin are retained
0.9 (Table 2). There were higher values for Firdieo  despite the two methods of extraction.

and Higuchi suggesting that the release of the drug

follows a first order kinetics with a diffusion- Although the release profiles of IBF from the p&sh

controlled mechanism. on glass disk were similar, the increase in release
with increasing volumes of PEG could be as a result
Table2: R? values for different release models of a reduced surface tension of the patches by the
: incorporated PEG, facilitating interpenetrationghodf
Zero First Higuchi R orsmeyer dissolution medium and resulting in increased
Batch _Order  Order Peppas solubility of IBF in the aqueous medium and
R? diffusion of the drug out of the patch. Similarfpr
0.5716  0.7186 0.6396  0.5921 the ex-vivo release of IBF using treated rat skin,
0.7405  0.9665 0.8441  0.7425 where lesser amounts of the drug was released, the
0.8593  0.8494 0.9823  0.9593 probable reason would be that the solubility of IBF

0.9092 0.9283 0.9152 0.8854
0.7914 0.9192 0.9840 0.7686
0.8817 0.9572 0.9235 0.8682

increases more in favour of the aqueous phase and
hence its partitioning to the organic layer of tia¢

mTmoOO >

skin is reduced, hence lesser amounts of the drug
. . diffuse across the rat skin. But the reasons fer th
Discussion decrease release of the drug in acetone precipitate
mucin patches and increase in alum precipitated
Very few formulations have been successfullymucin patches are not clear. It may probably ba as
produced as transdermal delivery devices fokesult of possible interaction between residuatmalu
commercial purposes mainly because of theiland the polyethylene glycol and the skin layecalh
inability to overcome the skin diffusion barriem | therefore, be inferred that polyethylene glycol can
this study, the patches formulated showed an isereafacilitate solubilisation and drug diffusion up
in the weight, thickness, folding endurance, drugcertain concentration beyond which it will become
content, moisture content and uptake with incregsincounter-productive. The diffusion of IBF across
volumes of PEG incorporated in the formulatedireated rat skin implied that Ibuprofen can diffuse
patches with good moisture content, uptake anghrough the skin and be absorbed into systemic

bioadhesion valuesn-vitro andex-vivodrug release circulation if formulated into mucin patches withl
were as high as 78 % and 74 % within 2 and 12 Roncentrations of PEG.
respectively.

Snails are cultivated locally for their fleshy pag
The effect of increasing volume of surface activecuisine delicacies mainly in the Southern region of
agent (PEG) on the moisture content and uptake, driNigeria. The slime of the snails are washed off and
content and bioadhesion of the patches prepardd withrown away as waste products. The use of thisevast
acetone or alum precipitated mucin can be attributeproduct as excipients in pharmaceutical formulation

to the surfactant (PEG) activity of altering thewill increase its demand and this will in turn bbtre
distribution of drugs between the hydrophobic andeconomic viability of snail cultivation.

hydrophilic domain of the snail mucin residue and
may cause emulsification at the interface betwee ;
these two phases [9]. This effect leads to an asme Conclusion
in the interfacial area across which partitioniranc
occur and, therefore increase the amount of dru
incorporated. The high moisture uptake of the pech
from acetone-precipitated mucin also indicates th
this type of mucin with PEG facilitated hydratiofh o
the patches than the alum precipitated one. Th

increase in the folding endurance of the aceton ) . . L
g arnessed in the formulation of bioadhesive ibugmof

precipitated mucin patches with increase in PEt d | batch ialized d dell
volumes is due to the plasticizing property of PEG ransdermal paiches as a specialized drug delivery

[10] and this is in line with Madhulatha and Naga [ SYSttM
who worked with glycerol as plasticizer. .
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