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ABSTRACT
Eudragit microparticles have been commonly regarded as potential carriers for the mucosal delivery of therapeutic peptides because of their biocompatibility,
bioadhesion and permeation enhancing properties. It can also be readily formed into microparticles able to entrap drugs or drugs related materials. Studies
on the formulation and oral delivery of such eudragit microparticles have demonstrated their efficacy in enhancing drug delivery. However, their rectal
delivery of peptide has not been widely investigated. In the current study, we formulated mucin-insulin Eudragit microparticles using simple complexation, and evaluated for the rectal delivery of insulin. Some physical characteristics of the formulations such as particle size, morphology and rheological
properties were determined. The microparticles were filled into hard gelatin capsules and the blood glucose reduction after rectal administration to diabetic
rabbits was determined. The particles sizes were smooth; the rheological properties were mucin concentration dependent. Among the three ratios, insulin:
mucin: eudragit; C(0.1:125:50), D(0.1:250:50) and E(0.1:375:50) used in the study. The blood glucose reduction effect produced by the rectal administion
of formulation C(0.1:125:50) was the best, however, it is not equal to that produced by commercial insulin. (A) Mucin and (B) Eudragit when used
individually produced very low effect. We therefore concluded that rectal delivery of insulin is much better than oral, however, it need modification before
it can replace subcutaneous route.
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INTRODUCTION
Delivery of macromolecular drugs such as peptides, proteins and vaccines,
using oral route remains the most recently researched route for administration. Barriers, however, exist in successfully administering these classes of
drugs via the gastrointestinal tract and achieving a predictable and increased
absorption remains a big mirage [1]. The primary barrier to effective oral
protein delivery is the inability to obtain adequate bioavailability due to
drug degradation by proteolytic enzymes [1], as well as to low membrane
permeation owing to the hydrophilic character of this substance class or
poor transport as it passes through the gastrointestinal tract [2]. Ideally,
oral protein delivery has the potential to increase patient compliance, lower
medical costs and provide superior pharmacokinetic profiles [3]. Several
approaches to overcome these barriers have been described in the literature,
including the co-administration of protease inhibitors [4], the utilization of
multifunctional polymers [5] and micro/nanoparticulate drug delivery systems [6]. Others include hydrogel and microsphere technology, which has
been studied extensively over the last 2 decades [7]. Modifying the chemical structure and thus increasing its stability is another approach to enhance
bioavailability of insulin. An example of chemical modification is that of
hexyl-insulin monoconjugate (HIM-2) wherein a short chain polyethylene
glycol (PEG) linked to an alkyl group is in turn linked to LYS-29 of the beta
chain of insulin [8]. Alteration of the physicochemical characteristics leads
to enhanced stability and resistance to intestinal degradation of oral insulin
[9]. Shen et al [10] recently demonstrated improved efficacy of orally administered insulin by conjugating insulin with transferrin through disulfide
linkages.
Mucin or mucus glycoproteins are a family of polydisperse molecules,
which carry out multiple tasks at mucosal surface throughout the body.
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They contribute to the mucus gel barrier and are part of the dynamic,
interactive mucosal defensive system [11]. Mucus is a very high molecular
weight, carbohydrate rich protein with up to 80 % O-glycosidically linked
carbohydrate. Several studies carried out on mucus glycoproteins from
many organs have suggested that these macromolecules consist of subunits
held together by inter-chain disulphide bonds and further stabilized by noncovalent interaction. The end result of multiple interconnections is an extended and random network, which imparts to mucus secretions their characteristic property of viscoelasticity. Evidence that S-S bond play an important structural role has been provided by demonstrations that thiolgroup reagents decrease the viscosity and increase the solubility of the
native mucus secretions [12]. Eudragit- RS is a polycationic non-biodegradable acrylic polymer (Eudragit® RS). Due to its polycationic groups,
Eudragit-RS could favor mucoadhesion and has already demonstrated its
properties to enhance oral delivery of insulin from nanoparticles [13] .
This study was designed to formulate insulin- mucin-Eudragit complexation, and it effect on glucose reduction after administered through rectal
route.
2. MATERIALS AND METHODS
2.1. Materials
The following materials were purchased from their local suppliers and used
without further purification. Insulin injection (Novo Nordisk- 100 iu/ml),
Eudragt E-100,(BDH, England) phenobarbtone injection, gelatin capsules.
Distilled water was obtained from an all glass still. All other reagents were
of analytical grade and were used as such.
2.2. Animals
Mature Wistar albino rats weighing between 95-130 g obtained from the
Department of Biochemistry, University of Nigeria and fed on ‘chicks
marsh’` (Top Feed, Nigeria) were used for the study. After the purchase, all
the rats were allowed to equilibrate in standard and conditioned animal
houses at the Department of Biochemistry, University of Nigeria for a
period of one week before use.
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2.3. Extraction of bovine mucin
The small intestines of freshly slaughtered cow were obtained from the
Nsukka abattoir and dissected starting from the beginning of the jejunum to
the ileocaecal sphincter. The intestines, sectioned into short lengths, were
flushed through with chilled saline, and the mucosal surface was exposed
by longitudinal dissection. By using a microscope slide, the mucus layer
was gently scraped off into chilled saline. The mucus was pooled together
in an aluminum bucket, precipitated with chilled acetone and then lyophilized. Briefly, during lyophilization (Labconco Free zone, USA) at 0 °C
for 24 h, the precipitated mucin pooling was frozen and then, inserted into
a vacuum chamber of the lyophilizer. The temperature was further lowered
to -250 C The greyish-brown lyophilized flakes of the bovine mucin were
pulverized into fine powder using a mortar and pestle and stored in an
airtight container until used.
2.4. Methods
2.5. Preparation of insulin mucin-eudragit microparticles.
Mucin was weighed in three batches of 125, 250 and 375 mg using an
electronic balance (Mettler M3 Microbalance) into three different 100-ml
measuring beaker and was labeled as A, B and C. Approximately 10 ml of
double distilled water was added into each of the sample and was allowed to
hydrate for 24 h. A 0.1 ml of 100 i.u /ml of insulin was added into each of
the mixture and stirred for 15 min. A 50 mg of Eudragit E-100 was added
into each of the preparation and mixed thoroughly for 10 min, until a
uniform mixture was obtained. The mixtures were then lyophilized as described earlier. The resultant microparticles were then encapsulated in hard
gelatin capsule and used for the study (Table 1). The procedures were the
same in all the batches.
Table 1.

Composition of Insulin loaded mucin-eudragit preparation

Formulations Route of
Administration
A
B
C
\
D

Rectal
Rectal
Rectal

E

Rectal

F

Intra-peritoneal

Rectal

Quantity of ingredients
125 mg mucin alone
50 mg Eudragit alone
0.1 ml of 100 i.u of insulin + 125 mg of mucin + 50 mg of
Eudragit E-100,
0.1 ml of 100 i.u of insulin + 250 mg of mucin + 50 mg of
Eudragit E-100,
0.1 ml of 100 i.u of insulin + 375 mg of mucin + 50 mg of
Eudragit E-100,
0.1 ml of 100 i.u of insulin alone

and the electrophoretic mobility determined at 25°C and dispersant dielectric constant of 78.5. The obtained electrophoretic mobility values were
used to calculate the zeta potentials using a computer software (DTS Version 4.1 Malvern, UK) and applying the Henry equation.
UE = [2eZf(Ka)]/3h Eqn……1
where Z is the zeta potential, UE is the electrophoretic mobility, e is the
dielectric constant, h is the viscosity of the medium and f(Ka) is Henry’s
function.
2.7. Preparation of the capsules
The insulin loaded mucin-eudragit capsules used for the study were prepared, using manual filling into the hard gelatin capsule with the prepared
MIE matrices with an average capsule size of 150 mg in all the batches.
2.8. Determination of the rectal absorption of Insulin from the formulation
The animal experiments in this work complied with the regulations of the
Committee on Ethics of animal use in the Faculty of Pharmaceutical Sciences, University of Nigeria, Nsukka. Sixteen non-diabetic Wistar rats aged
eight weeks with a mean weight of 200 g, were purchased from the Department of Biochemistry, University of Nigeria, Nsukka. The rats were allowed to acclimatize to the laboratory conditions for 7 days before use. The
Wister rats were randomly divided into four groups of four rats in each
group. They were fasted over night with free access to water. The rats were
hypnotized with 0.5 ml of 7.5 mg/kg stock solution of phenobarbtone
sodium. The experimental rats were divided into four groups of four rats in
each group and labeled as (A-D). The administration of the preparations
were are as follows: rats in group A received preparation A, rats in group B
received preparation B, Group C received preparation C all through rectal
route. The rats in group D received 0.1 ml of commercial Insulin (Novo
Nordisk- 100 IU/ml) subcutaneous (s.c).
Blood samples were taken from the tail of the rats at predetermined time
intervals of 0, 1. 2, 3, 4 and 5 h after drug administration and examined for
the basal blood glucose levels using glucometer (AP-PLUS, MEDNET
GmbH, Germany). The post-dose levels of the blood glucose were expressed as a percentage of the predose level. The percent basal blood
glucose concentration was plotted against time for the various groups.
% Glycaemic change = Initial Conc − Final Conc × 100

2.6. Rheological study

Eqn……2

Initial Conc

2.6.1. Nature of mucin-eudragit flow
The nature of flow of the mucin-eudragit dispersion were determined using
an Ostwald viscometer which had been aligned and equilibrated in a water
bath at 30 o C. Flow-through times ranged from 50 to 300 sec. The shearing
stress obtained from the viscometer was plotted against the rate of shear

2.9. Statistical analysis
The values was expressed as the mean ±SD. For group comparisons, the oneway layout ANOVA with duplication was applied. Significant differences in
the mean values were evaluated by the Student’s unpaired t-test. A p value of
less than 0.05 was considered significant.

2.6.2. Effect of concentration on the viscosity of mucin-eudragit
Dispersions containing 2, 3, 4, 5, and10 % w/v mucin-eudragit were prepared and their viscosities determined with the rotoviscometer (Universal
Torsion Viscometer US-10 Gallenkamp) at 50 o C.

3. RESULTS AND DISCUSSION
In our previous studied [15], we reported that mucin been a biopolymer with
both hydrophilic and hydrophobic component were used in the delivery oral
insulin, and thereby resulted in enhanced the release of insulin by maintained
high binding activity.. Therefore, hydrophollic drugs, such as insulin used in
this work can be easily complexed with mucin- Eudragit for rectal administration. The characterizations of the microparticles were discussed as follows:

2.6.3. Surface characterization of the preparation (morphology)
The surface morphology of the microparticles were examined by mounting
a 5 mg sample on a slide and mounted on the microscope connected to a
camera after a fine adjustment the image was captured and examined as
discussed [14].
2.6.4. Zeta potential analysis
The zeta potentials of the microparticles were determined by Phase
Analysis Light Scattering using a Zetasizer Nano Series (Nano ZS, Malvern
Instruments, UK). Briefly, each sample was diluted with distilled water

3.1. The rheological tests
The need for a proper understanding of the rheological properties of pharmaceutical materials is an essential fundamental to the preparation, development and evaluation of pharmaceutical dosage forms, most especially emulsions, suspensions and delivery system that involve interaction with biological fluid like in this study of ours. The need to use mucin in pharmaceutical
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preparation necessitated the study of the rheological properties of bovine
mucin.
3.2. The nature of flow
The result of the flow property of the mucin-eudragit complexation is shown
in (Figure 1). The mixture exhibited pseudoplastic type of flow since at
higher shear stresses, the flow curve tended towards linearity indicating that
minimum viscosity was attained. This is due to the presence of long high
molecular weight molecules in solution resulting in entanglement alongside
the association of immobilization of the solvent so that under the influence of
shear, the molecules became loose and align themselves in the direction of
flow in addition to the release of some of the solvent resulting in the reduced
viscosity earlier observed. There is no satisfactory quantitative explanation
of pseudoplastic flow. The relationship which is often used is empirical and
is given as follows:

The SEM photomicrographs of the microparticles are shown in (Figs 3a-c)
confirm the formation of smooth and tiny fairly spherical microparticles
with vary sizes. The size of the microparticles depend largely on the amount
of mucin incorporated into the formulation. The growth of the sizes follows: A<B< C. The trapped of the insulin incorporated into the preparation could obvious be enhanced by the particles size accommodate more of
the drug within it structure and possibly enhanced high doses of the drug
delivered.

Tn = η’ D ….Eqn.3,
Where η’ is the viscosity coefficient and the exponent n an index of
pseudoplasticity, T is the shear stress and D is the rate of shear. However,
the flow property are mucin concentration dependent as evident in the graph,
the order of the flow are; Batch C >B >A.

Figure 1. Type of flow exhibited by the mucin-eudragit dispersion.

3.3. Effect of concentration on the viscosity of mucin-eudragit complexation
The result effect of mucin concentration on viscosity is presented in Figure 2. All the complexation show a linear graph, however, the mixtures of
mucin-eudragit show an increase higher viscosities than those of individual
as shown in our previous studies [16]. In all the formulations, an enhanced
elastic response was observed, this may be due to the binding activity of
the mucin. The observed effect is an indication that there were enough
binding interactions between the mucin and the Eudragit. This activity was
more as the mucin concentration was increased. This effect has been demonstrated by many polymers that exhibit high viscosity as the polymer
concentration increases [17].

Figs 3a-c: Surface morphology of the preparation

Figure 2. Effect of concentration on viscosity of the mucin-eudragit dispersion.

3.4. Zeta potential study
Zeta potential measurements of the preparation revealed that the complexation microparticles had a negative surface charges and the value decreased
as the mucin concentration increases. The formulations A, B and C show a
zeta values of -12, -7 and -5 mV respectively. The negative value could be
attributed to the ionized charges in both mucin and the insulin complexation. This negative charges often serve as a pointer towards the less aggregation of the microparticles complexation, hence good dispersion of the
formulation at the site of administration, which help in the ease of absorption at the site than when the formulation is completely aggregated. This
effect is much visible in the glucose lowering potential of the formulation
when administered rectally (Figure 4).

Journal of Pharmacy Research Vol.5 Issue 4.April 2012

2052-2056

Momoh, M. A et al. / Journal of Pharmacy Research 2012,5(4),2052-2056
glycoproteins that are the major component of the mucus that lines most
hollow organs of the body and those organs that come into contact with
exogenous environments [20-21]. This is a key factor that really played
out in this formulation, with more effect on formulation (1:1). The result
here is in agreement with earlier researchers [22-23] who demonstrated that
surface-active agents wash off mucin from the intestinal or rectal surface
promote drug absorption drug from the treated region.
Table 2. Paired sample statistic of the preparations
Formulation
0
*

A
B
C
D
E
F
*

Figure 3. The percentage basal blood lowering effect of the formulations
Key:
A. Mucin alone
B. Eudragt E-100 alone
C. 0.1 ml of 100 i.u of insulin + 125 mg of mucin + 50 mg of Eudragt E-100,
D. 0.1 ml of 100 i.u of insulin + 250 mg of mucin + 50 mg of Eudragt E-100,
E. 0.1 ml of 100 i.u of insulin + 375 mg of mucin + 50 mg of Eudragt E-100,
F. 0.1 ml of 100 i.u of insulin alone

3.5. Effect of the formulations on basal glucose level
The result of the blood lowering level is presented in Figure 4. The graph
revealed that there are remarkable differences in the glucose lowering level
effects of the various formulations administered rectally, compared to the
marketed standard insulin. It can be generally noted that as the mucin
concentration increases the effect decreases. From the graph it is clear that
batch A (mucin alone) and batch B(Eudragit alone) show a glucose lowering
effect 17 and 15 % respectively. Batch C, D, E and F shows 29.1, 25.5, 22
and 49.9 % respectively. It is obvious that batch C with least mucin
concentration showed highest glucose level reduction at 3 h as compared D
and E. The commercial insulin (F) is much better than any of the formulation, although it was through subcutaneous route as compared to the rectal
route used for the preparation used in this study. The insulin-loaded
microparticles prepared with the various ratio mixures of mucin and eudragit
produced blood glucose lowering effect higher than those of either mucin
alone or eudragit alone. The high blood glucose reduction resulting from
insulin-loaded microparticles prepared with the mucin and eudragit indicates that there may be synergism between the two component or a
potentiation from one of the component. The batch that composed 1:1 of
mucin/eudragit produced the highest blood glucose reduction as compared
to 2:1 and 3:1(mucin: Eudragit) throughout the study. The blood glucose
reduction effect in the formulation (1:1) is lower than than that of subcutaneously administered insulin.
The observed effect in the formulation contained high composition of mucin (D and E) indicates that, there was a delayed in the insulin released from
the preparation as a results of solubility profile of both insulin (hydrophilic) and the mucin (hydrophilic and hydrophobic component). It may
also be probably due to a weakly physical- adsorbed insulin in the complexes. Previous works have demonstrated that Eudragit S100 and E-100
microspheres on oral administration protected insulin from proteolytic
degradation in the GIT and produced hypoglycemic effect [18-19]. It was
also observed that mucinated-insulin complexed with Eudragit E-100 has
an absorption enhancing effect leading to increase in bioavailability of insulin, hence a reduction in glucose level. The statistical results obtained from
formulation C, produced a predominantly non-significant difference in blood
glucose lowering effect, while that of formulation D and E produced a
predominantly and significant difference (p>0.05) respectively in blood
lowering level as compared to (A) mucin, (B) eudragit alone (rectal route)
and insulin administered subcutaneouslly (Table 1). Mucin are filamentous

1

43.00± 0.33
44.00±1.33*
53.00±1.83*
50.50±5.51*
51.50±3.51
67.50±5.07

Time (h)
2

36.00±0.22
37.00±0.12
43.00±0.82
44.0±7.39*
41.0±4.39
29.50±1.29

34.20±3.11
37.50±13.2
40.50±3.11
41.0±16.5
45.0±12.5 *
29.00±1.63*

3
26.5±3.11
31.0± 4.11
39.5±3.11
42.0±16.5 *
46.0±9.5
29.00±1.63

4

5
*

31.0±1.1
34.0±4.21
40.0±4.34*
44.0±15.7 *
40.4±11.7 *
29.00±1.63

32.0±12.0
37.0±4.22
42.0±4.33
43.7±15.88*
46.1±14.88*
29.00±1.63

Significant at P<0.05, ±SD= standard deviation

4. CONCLUSION
Insulin- complexed microparticles for rectal insulin delivery were successfully prepared with, mucin–Eudragit mixtures. The glucose effect obtained
from our studies show the effectiveness of the mucin-eudragit complexation as a potential carrier system for rectal insulin delivery. The blood
glucose lowering effect is not mucin concentration dependent. The observed effect in the formulations is lower than what was observed in subcutaneous rout of insulin administered (positive control). But, the rectal
was able to show good glucose lowering effect as seen in the results; this
indicates that rectal delivery of insulin for effective control of blood glucose is indeed possible using this combination.
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