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Abstract 

Purpose: To prepare Eudragit® S100/gelatin-based insulin-loaded microparticles for improved oral 
delivery of insulin in diabetes management. 
Methods: Eudragit® S100 and gelatin were employed in the formulation of insulin microparticles (EGel-
MPs) for oral delivery at different ratios (0:1, 1:0, 1:1, 1:3, and 3:1 for Y1, Y2, Y3, Y4, and Y5, 
respectively) using double emulsion technique. A 1:1 ratio of Eudragit® S100 and gelatin microparticles 
not loaded with insulin (Y0) was used as a negative control, while aqueous insulin dispersion was used 
as a positive control. EGel-MPs were characterized for encapsulation efficacy (EE), scanning electron 
microscopy (SEM), and differential scanning calorimetry (DSC). In vitro drug release and in vivo 
antidiabetic activity in rats were also determined. 
Results: Encapsulation efficacy ranged from 78.84 ± 0.24 to 89.43 ± 1.13 %, with Y4 as the highest, 
while SEM indicated spherical shapes and rough surfaces with pores. Particle sizes ranged from 6.22 ± 
3.07 to 18.27 ± 0.02 µm. Batch Y3 depicted the broadest peak and lowest enthalpy, indicating an 
amorphous state and enhanced drug entrapment. In vitro insulin release exhibited a characteristic slow-
release pattern, which may be attributed to mucoadhesiveness, leading to slow hydration, swelling, and 
gelling of particles within the buffer system. The in vivo antidiabetic activity was significantly better (p < 
0.05) than that of both the negative and positive controls. 
Conclusion: Bioavailability of orally delivered insulin has been improved using co-polymers of 
Eudragit® S100/gelatin microparticles (EGel-MPs). However, further studies are needed to quantify the 
bioavailability, rate of absorption and duration of glycaemic control.  
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INTRODUCTION 
 

Formulation scientists have been battling 
challenges in developing oral insulin delivery. 
Currently, parenteral insulin is the most common 

drug product used to control Type I diabetes 
which has been taken as the most effective 
therapy [1]. This pharmaceutical parenteral 
dosage form has certain shortfalls such as erratic 
blood sugar levels associated with poor patient 
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compliance due to multiple dosing, 
inability to maintain a normal basal insulin rhythm
, substantial tissue stress and aches, hypoglycae
mic episodes, and so on. Development of oral 
insulin would be the preferred option to prevent 
these challenges in order to improve insulin 
efficacy. To achieve effective oral insulin therapy, 
functional carriers must be designed to protect 
insulin from gastrointestinal enzymes and pH [2]. 
One of the strategies is cross-linking of different 
polymers with unique properties. The cross-linker 
should possess good muco-protective and pH-
responsive properties [3]. Cross-linking insulin 
into a polymeric matrix has incomparable merits 
over conventional dosage forms. The polymeric 
matrix keeps the encapsulated medicine in a 
specific area in the body, allows for extended 
contact with tissue, and promotes 
pharmacological efficacy. This strategy is 
required because localizing the medicine at a 
particular location of absorption and channeling 
the drug across the intestinal epithelial barrier 
are the key issues associated with the low 
bioavailability that frequently plagues oral insulin 
delivery [4]. 
 
pH-sensitive medicines, engrafting polymers of 
methacrylic acid, sodium alginate, and 
polyethylene glycol, have been extensively 
studied for oral insulin delivery. Eudragit® has 
recently received a lot of attention for its potential 
to preserve peptide and protein medications for 
oral administration. Some advantages of 
Eudragit®, such as biocompatibility, 
mucoadhesive characteristics, and permeation-
enhancing effects, have been reported [5]. 
Gelatin is another carrier polymer that is derived 
from the collagen of animals and contains 
peptides. It has muco-adhesive properties owing 
to its swellability and is used to control 
the release of active ingredients. Gelatin in 
combination with biopolymers, such as chitosan 
and polyvinyl alcohol, has been used as drug 
carrier [6]. 
 
Double microemulsion method of preparation of 
microparticles is a strategic technique that 
facilitates the formulation of oral insulin. This is a 
thermodynamically stable system that assists 
in the delivery of some sensitive moieties. The 
system prevents degradation of drug molecules, 
has ease of preparation, and high encapsulation 
efficiency in addition to other advantages [7]. 
This study aimed to take advantage of gelatin's 
bio-adhesive properties and Eudragit® S100's 
protective coating properties to boost the 
entrapment of insulin in the polymers' 
core, resulting in a more stable formulation with a 
greater protective role against acidic and 
enzymatic degradation in the GIT environment. 

EXPERIMENTAL 
 
Materials 
 
Human recombinant insulin (Elly Pharm. Ltd., 
India), Eudragit®S100 (Evonik, Darmstadt, 
Germany), paraffin oil (Moko Pharm. Ltd, 
Nigeria), Gelatin (Yasin Gelatin Pvt. Ltd, India), 
Span®60 (BDH, Poole, England), Acetone 
(Merck, Germany), Glucometer (Accu-Check®, 
USA) and insulin (Eli Lilly, Nigeria), and other 
reagents were used without further treatment. 
 
Preparation of microparticles 
 
Double emulsion process was used to generate 
Eudragit® S100/gelatin microparticles (EGel-
MPs) containing insulin, as shown in Table 1 [8]. 
Using 20 mL of distilled water, a 10 %w/v 
homogeneous mixture of 1 g Eudragit® S100 and 
1 g of gelatin (1:1) was prepared. This was 
sonicated for 1 hour at 100 rotations per minute 
(rpm) with an Ultrasonic probe (Athena 
Technology, Virginia, USA), then sonicated for 
another 10 minutes after adding 10 mL of insulin.  
Each dispersion was poured into a 100 mL 
beaker containing 10 mL of liquid paraffin while 
being stirred with a magnetic stirrer set at 300 
rpm. A 0.4 g of Span® 60 was dispersed in 1 mL 
of ethanol, mixed into the dispersion, being 
swirled at the same speed with a magnetic 
stirrer. The dispersion was gently poured into 
200 mL of acetone kept at 2 oC and mixed at a 
slower speed for about 10 minutes before being 
placed in an ice jar to reduce the increase in 
temperature. The particles were recovered using 
filtration with filter paper and rinsed many times 
with acetone to eliminate any remaining liquid 
paraffin. The organic solvent was allowed to 
evaporate at room temperature, and the 
formulation was made up to 100 mL with distilled 
water. The microparticles were split into two 
parts: one was freeze-dried, while the second 
one was kept at 10 oC for further investigation. 
The method was repeated with various 
combinations of Eudragit® S100 and gelatin (0:1, 
1:0, 1:1, 1:3, and 3:1). The microparticle 
compositions were kept in sealed plastic bottles, 
away from light, until they were used. 
 
Percentage recovery (Y; %) 
 
After lyophilization, the moisture-free dried 
Eudragit® S100/gelatin microparticles (EGel-
MPs) from every batch were measured in order 
to determine the yield (Y) of the microparticles. 
Equation 1 was used to calculate the percentage 
yield. 
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Table 1: Composition of Eudragit® S 100-engrafted gelatin insulin microparticles 
 

Batch Gel (g) E.S (g) I (100 IU/mL) Liq. P (mL) Span®60 (g) W (mL) 

Y0 1 1 0 1 0.4 100 
Y1 0 1 5 1 0.4 100 
Y2 1 0 5 1 0.4 100 
Y3 1 1 5 1 0.4 100 

Y4 1 3 5 1 0.4 100 

Y5 3 1 5 1 0.4 100 

Y0 – Y5 (contain Eudragit®S100: gelatin ratio 1:1, 0:1, 1:0, 1:1, 1:3, and 3:1, respectively); Gel (gelatin); E.S 
(Eudragit® S100); I (insulin); Liq. P (liquid paraffin); W (water) 
 

Y (%) = (W1/W2+W3)100 ………………. (1) 
 
Where W1 is the weight of recovered 
microparticles, W2 is drug weight, and W3 is 
weight of polymer plus other excipients. 
 
Determination of entrapment efficiency  
 
The entrapment efficiency (EE) and loading 
capacity (LC) of EGel-MP preparations were 
calculated by centrifuging the microparticles at 
roughly 5000 rpm for half an hour, and the 
supernatant was analyzed for non-encapsulated 
insulin content using a spectrophotometer [9]. 
Equations 2 and 3 were used to compute EE and 
LC, respectively. 
 
EE (%) = (Ti-Fi/Ti) 100 ………………… (2) 
 
LC (%) = (Ti-Fi/Mn)100 ………………... (3) 
 
Where Ti is total amount of insulin, Fi is free 
insulin in supernatant Mn is mass of 
microparticles. 
 
Characterization of microparticles 
 
Scanning electron microscopy  
 
Scanning electron microscopy (Hitachi Japan, 
Model 3400N) was used to assess the size and 
surface morphology of Eudragit® S100/gelatin-
engrafted insulin-loaded microparticles. The 
microparticle suspension (10 µL) was put on a 
glass slide and dried at 25 ± 0.5 ⁰C. 
 
These specimens were mounted to the stub and 
gold-sputtered to reduce the charging effects 
before scanning with a 20 kV acceleration 
voltage. These specimens were mounted to the 
stub and gold-sputtered to reduce the charging 
effects before scanning with a 20 kV acceleration 
voltage. 
 
Particle size and morphology analysis 
 
The shape and size of the microparticles were 
measured utilizing computerized image 

processing using a polarized light microscope. In 
brief, one drop of insulin-loaded MPs from each 
batch was placed on a slide (Mansfield, 
Germany). 
 
The specimen was then covered with a cover slip 
and examined using a polarized light 
microscope. Particle morphologies were studied 
using the microscope's software, and 
photomicrographs were produced at x1000 
magnification. The particle sizes were measured, 
and an average time was recorded. 
 
Polydispersity Index 
 
The mean diameter and polydispersity index of 
drug-loaded MPs were determined using a 
Zetasizer (Nano-ZS, Hitachi, Japan). Before 
photon correlation spectroscopic (PCS) analysis, 
all samples were diluted with a constant amount 
of double-distilled water to achieve the desired 
intensity of scattering. 
 
Differential Scanning Calorimetry 
 
A calorimeter (Netzsch DSC 204 F1, Germany) 
was used to carry out thermal analysis and 
measure changes in heat capacity of pure drug, 
microparticles, and excipients. To evaluate 
thermal behavior, 5 mg of each material was 
placed into an aluminum pan, sealed 
hermetically, and heated at 5 ⁰C/min from 0 and 
300 ⁰C. An empty pan was used to establish the 
baselines and used as a reference to correct all 
of the thermograms. 
 
Stability study 
 
pH stability  
 
The pH and organoleptic evaluations of 
microparticle suspension were used to determine 
changes in formulation quality. The pH of the 
MPs was measured on the first, seventh, and 
twenty-eighth days after formulation to assess 
potential pH variations caused by API or 
excipient degradation. The pH of every 
batch was measured potentiometrically using a 
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pH meter, and the mean pH was determined in 
triplicate after calibration with a pH 7.0 standard 
buffer. 
 
Re-dispersibility and Sedimentation rate 
 
The formulations were rotated vertically and the 
amount of oscillation required to re-disperse the 
formulation was measured quantitatively. This 
was estimated at 24, 168, and 672 hours. The 
formulations were left standing and undisturbed, 
and sedimentation rates (Sr) were calculated 
using Eq 4. 
 
Sr = (TL-SL/TL)100 ……………………. (4) 
 
Where TL is total formulation length, SL is 
supernatant length (uppermost clear zone 
length). 
 
In vitro release studies of Eudragit® 

S100/gelatin engrafted insulin microparticles  
 
The drug release patterns of insulin-loaded 
microparticles in vitro were studied using a 
membrane dialysis method. A 1.5 mL formulation 
was applied to a dialysis membrane (MWCO 
8000 - 10000, Spectrum Labs, Netherlands) that 
had been prepared with phosphate buffer 
overnight, along with 1 mL of buffer dilution (pH 
7.2). The membrane was immersed in 500 mL of 
pH 7.2 phosphate buffer and agitated with a drug 
dissolving equipment set to 100 rpm and 37 ± 1 
⁰C (Glass Agencies, India). A 5 mL sample was 
extracted at 30 minutes, 1, 2, 4, and 8 hours. The 
aliquots were withdrawn and replaced with 5 mL 
of the fresh buffer solution. The withdrawn 
samples were then filtered using a 0.22 µm filter 
(Millipore, USA). The amount of insulin in each 
sample in the aliquot was measured using 
Lowry's test at 271 nm with a UV 
Spectrophotometer (Spectrum Lab, the 
Netherlands). All dissolution experiments were 
done three times. The total quantity of insulin 
released at different times was calculated using 
the method described above and plotted against 
time to obtain the release profile. The above 
method was repeated with the remaining 
batches. 
 
Determination of the mechanism and drug 
release kinetics 
 
To evaluate the insulin release kinetics and 
mechanisms of microparticles, in vitro insulin 
release values were fitted into 4 different 
release models: zero order, first order, Higuchi 
and Korsmeyer-Peppas models as illustrated in 
Equations 5 – 8 [9]. The R2 values were 
calculated for the following plots: zero-order 

(cumulative drug release versus time), first-order 
(log cumulative of % drug remaining vs. time), 
Higuchi (cumulative % drug release vs. square 
root of time), and the integral form of Higuchi, 
log. Cumulative % drug release vs. log time and 
Korsmeyer-Peppas (log fraction of drug release 
versus log time). 
 

t  ……………………… (5) 

 
t/2.303 ..………... (6) 

 
 ………………….. (7) 

 

 ……………………. (8) 

 
Note: Q is the quantity of drug released at time t, 
Q0 is the initial quantity of the drug in the matrix, 
K0, K2, and K3 are zero-order, first-order, Higuchi 
and Korsmeyer -Peppas kinetic constants. Mt/M∞ 
is the fraction of drug released at time t; n is the 
diffusion exponent indicative of the mechanism of 
drug release from the matrix. 
 
In vivo study in diabetic rats 
 
Induction of diabetes 
 
Prior to the start of the experiment, the Animal 
Committee on Ethics at the University of 
Nigeria, Nsukka, approved the procedure for the 
use of animals (approval no. FVM-UNN-IACUC-
2018-058). All experiments conformed to the 
International Ethical Standards for Use of 
Animals. 
 
Wistar rats (males) weighing 98 - 110 g were 
confined for one week to adapt to the ambient 
temperature and relative humidity (22 ± 2 °C and 
45 - 65 %) of the laboratory. 
Conventional meal (Feeds BC, Nsukka, Nigeria) 
was used to feed the rats, but with unlimited 
access to potable water. The lighting was set to a 
conventional 12-hour on, 12-hour off schedule. 
Diabetes was created in the rats with a single 
intraperitoneal administration of newly 
prepared alloxan solution (in citrate buffer) at the 
dose of 150 mg/kg body weight [10].  
After 14 days, rats with fasting blood sugar levels 
of more than 250 mg/dL were chosen for the 
studies. 
 
Antidiabetic test 
 
The forty-two rats with diabetes were assigned 
randomly to six distinct groups, with each group 
housed in its own cage. The animals went 
without food for 12 hours prior to and during the 
testing period, though they were permitted to 



Akpa et al 

Trop J Pharm Res, August 2025; 24(8): 973 

 

drink freely. Rats were given different ratios of 
Eudragit® S100 - engrafted gelatin insulin 
microparticles intragastrically via gavage needle, 
with a dose of insulin of 100 IU/kg on the basis of 
the microparticles' total insulin content.  
The rats were divided into six groups in the 
following manner: Group 1 received formulation 
Y3 (Gelatin: Eudragit® S100; 1:1); Group 2 
received formulation Y4 (Gelatin: Eudragit® 
S100; 1:3); Group 3 received formulation Y2 
(Gelatin: Eudragit® S100; 1:0); Group 4 (Control) 
received formulation Y0 (placebo); Group 5 
received positive control (aqueous insulin 
dispersion per oral) and Group 6 (Control 3) 
received subcutaneous insulin.  
The animals fasted for 12 hours before the 
beginning of the trial. The rats were subsequently 
treated according to the procedure, and blood 
glucose concentrations were measured at 
specified periods, 0.5, 1, 3, 6, 9, 12, and 24 
hours. 
 
Statistical analysis 
 
The Instant 2.00 Macintosh application 
(California) was used to perform one-way 
analysis of variance, Dunnett multi-comparison 
test and Duncan post hoc test. A p-value < 0.05 
indicated a significant difference between means. 
 

RESULTS 

 
Encapsulation efficiency, drug loading 
capacity, and percentage yield 
 
The MPs showed EE (%) range from 78.84 ± 
0.24 - 89.43 ± 1.13 %. Y4 (containing Gelatin: 
Eudragit® S100 ratio 1:3) exhibited the highest 
EE % (89 %). Increasing carrier concentration 
considerably (p < 0.05) increases EE (%). 
 
Percentage recovery 
 
The method directly affects the formulation's 
percentage yield. Table 2 shows that the loaded 
formulation had the highest yield. A high 
percentage of MPs recovered from formulations 

(≥ 80 %) indicates a reliable formulation 
procedure. 
 
DSC findings 
 
The DSC results showed insulin, Eudragit® S-
100, and gelatin had points at 138.47, 65.03, and 
107.41 ⁰C, respectively, with corresponding 
peaks at -97.71, -1.16, and -2.10. Thermal peaks 
for the formulation (Figure 1) containing gelatin 
and Eudragit® S100 codded as: Y0, Y1, Y2, Y3, 
Y4, and Y5 showed thermal endothermic peaks 
147.71, 147.48, 145.44, 143.68, 148.26, and 
143.94 ⁰C with corresponding enthalpies of -
77.55, -0.48, -49.01, -114.50, -41.17, and -49.32, 
respectively. However, formulation Y3 showed 
the broadest peak with the lowest enthalpy, 
unlike others that exhibited sharper peaks. The 
sharpness and symmetry of the endothermic 
peaks indicate high-purity matrices, as shown in 
formulations Y0, Y1, Y2, Y4, and Y5. The broad 
peaks, as in formulation Y3, indicate an 
amorphous state. 
 
Scanning electron microscopy, particle size 
and polydispersity index 
 
Scanning electron microscopy (SEM) study of 
Eudragit®S100/gelatin engrafted microparticles 
(Egel-MPs) prepared with Eudragit® S100: gelatin 
ratios 1:1 (Y3) and 1:3 (Y4) is presented in 
Figure 2. The surface morphology of the 
unloaded formulation Y0 (Figure 2 i) was 
observed to be uniformly dispersed with pores. 
The surface morphology of the loaded 
formulation Y4 (Figure 2 ii) was a mixture of 
spherical shapes and rough surfaces with pores. 
Particle size growth was also observed in Y4. 
These structural deformations are a result of 
drug diffusion and the lyophilization processes. 
The particle sizes of EGel-MPs as presented in 
Table 1 ranged from 6.22 ± 3.07 to 18.27 ± 0.02 
µm. It was discovered that particle sizes 
increased with increase in the concentration of 
the polymer, such that particle sizes of Y1 
(containing Gelatin: Eudragit® S 100) 0:1 were 
7.63 ± 3.08 µm, while in a higher concentration 
of Y4, it was doubled (14.45 ± 1.12 µm). 

 
Table 2: Encapsulation efficiency, drug loading, % yield, and particle sizes of EGel MPs 
 

Batch EE (%) LC (%) Yield (%) Particle size (µm) 

Y0 - - 88.35 ± 1.12 6.22 ± 3.07 

Y1 85.49 ± 0.49 7.45 ± 0.24 86.34 ± 1.83 7.63 ± 3.08 

Y2 78.84 ± 0.24 2.23 ± 0.96 76.43 ± 2.93 13.47 ± 2.04 

Y3 89.24 ± 0.64 6.43 ± 0.37 89.47 ± 1.34 7.04 ± 2.03 

Y4 89.43 ± 1.13 6.45 ± 1.63 83.36 ± 1.47 14.45 ± 1.12 

Y5 78.93 ± 1.93 7.1 ± 0.74 87.37 ± 1.93 18.27 ± 0.02 

Key: Y0, Y1, Y2, Y3, Y4, and Y5 are gelatin-Eudragit® S100 polymer microparticles in the ratio of 1:1 (unloaded), 
0:1(loaded), 1:0 (loaded), 1: 1(loaded), 1:3(loaded) and 3: 1(loaded), respectively 
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Figure 1: DSC thermograms of Eudragit® S 100, insulin, gelatin, and microparticles. Batches C1, C3, C4, C5 are 
Gelatin-Eudragit® S100 polymer microparticles in ratios of 0:1, 1:1, 1:3 and 3:1, respectively 
 

Moreover, the type of polymer employed is a 
factor affecting particle sizes. Eudragit® S100 
MPs exhibited lower particle sizes, unlike gelatin 
MPs. Loaded formulation Y3 (7.04 ± 2.03 µm) 
showed no significant change in particle sizes 
from unloaded formulation Y0 (6.22 ± 3.07 µm). 
The PDI of the microparticles are 0.884 ± 0.01, 
0.301 ± 0.15, and 0.109 ± 0.27 for formulations 
Y1, Y3, and Y4, respectively. PDI decreased as 
the concentration of Eudragit®S100 increased in 

the formulation. Therefore, the PDI was poor, 
with the highest value for Y1 (Gelatin: Eudragit® 

S100 ratio 0:1) being 0.884. The implication of 
this may be an increase in the residence time in 
the stomach, which might lead to the degradation 
of the polymeric microparticles and 
subsequently, the insulin drug. Thus, MPs-Y3 
and Y4 might show better biodistribution and 
subsequently bioavailability than Y1. 
 

 

        
 
Figure 2: SEM of unloaded (Y0) and loaded (Y4) microparticles. Key: i and ii are Gelatin-Eudragit® S100 
microparticles formulated with the ratio of 1: 1 (Y0) and 1:3 (Y4), respectively 
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Stability 
 
The pH of EGel-MPs ranged from 7.3 - 9.5 
(Figure 3). In these formulations, there was a 
gradual increase in pH from 1st day to the end of 
the 28th day. The presence of moisture may 
induce microbial activity, causing a change in pH. 
This change in the pH may affect the insulin 
stability because it is higher than the established 
stable pH of insulin, which is 7.3. The active 
ingredient's denaturation results in a loss of 
potency. The incorporation of preservatives in 
these MPs during formulation is recommended, 
or the product should be freeze-dried. 
 
Egel-MPs' in vitro drug release and kinetics  
 
Insulin release in vitro from the Gelatin-Eudragit® 
microparticles (EGel-MPs), as presented in 
Figure 5, ranged from 19 – 98 %. There was 
gradual drug release in all formulations except 
formulation Y3, which showed a burst effect 
before gradual drug release. Other formulations 
have typical sustained release patterns such that 
most of the formulations have not released up to 
40 % within the experimental time of 8 h, even 
though all showed EE ≥ 78 %. The kinetics of 
drug release from the formulations was 
investigated using important release models 
such as first order, Higuchi's, zero order, and 
Korsmeyer-Peppas. 
 
Table 2 shows the computed R2 coefficients of 

the trendlines for several release models, 
revealing a very strong fit with the data from 
experiments and the Korsmeyer-Peppas 
concept. 
 
The Korsmeyer-Peppas model for EGel-MPs 
yielded n values that were below 0.45, implying 
that the microparticles released the entrapped 
drug via Fickian diffusion by erosion of the 
surface. 
 
In vivo drug activity 
 
Figure 6 shows the effectiveness of two 
formulations of insulin-loaded microparticles 
prepared with Gelatin: Eudragit® S100 1:1 (Y3) 
and 1:3 (Y4) on the alloxan-induced diabetic rats. 
The orally and subcutaneously (SC) 
administered commercial insulins acted as the 
positive controls, and the unloaded formulation 
Y0 was employed as a negative control. All the 
groups received an equivalent of 100 IU/kg of 
insulin in order to obtain a direct comparison of 
the dose-response in the experiment. In both 
positive controls, SC insulin decreased blood 
sugar levels (BSL) significantly (p < 0.05) within 
1 hour and reached 45 mg/dL at 2 hours post-
injection. However, the BSL then increased to 80 
mg/dL after 12 hours of injection. The formulation 
Y0 (placebo) treated diabetic rats showed no 
sign of a drop in their BSL, ruling out the 
possibility of the polymers having hypoglycemic 
effect. 

 

 
 
Figure 3: pH of Eudragit® S100/gelatin engrafted insulin microparticles. Key: Y0, Y1, Y2, Y3, Y4, and Y5 are 
gelatin-Eudragit® S100 polymer microparticles in the ratio of 1: 1 (unloaded), 0:1 (loaded), 1:0 (loaded), 1:1 
(loaded), 1:3 (loaded), and 3:1 (loaded), respectively 
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Figure 4: In vitro release of Eudragit®-gelatin engrafted insulin microparticles. Key: Y1 – Y5 (microparticles 

containing Gelatin: Eudragit® S100 ratios (0: 1, 1:0, 1:1, 1:3, and 3:1, respectively), (n = 3) 

 
Table 3: Mathematical models for drug release mechanisms of EGel-MPs 
 

Batch Zero-order First order Higuchi’s Korsmeyer’s Peppers 
 R2 R2 R2 R2 n 

Y1 0.8273 0.8273 0.9191 0.9421 0.108 
Y2 0.9527 0.9527 0.967 0.9409 0.174 
Y3 0.4168 0.4168 0.3856 - - 
Y4 0.8187 0.8187 0.9111 0.9505 0.163 
Y5 0.9096 0.9096 0.9662 0.9575 0.251 

Y1 – Y5 (microparticles containing Gelatin: Eudragit® S100 ratios (0:1, 1:0, 1:1, 1:3, and 3:1), respectively), (n = 

3) 
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Figure 5: Percentage decrease of the blood glucose level in Wistar male rats treated with insulin-loaded 
microparticles. Key: Y2 – Y4 (microparticles containing insulin-loaded Gelatin: Eudragit® S100 ratios 1:0, 1:1, 
and 1:3, respectively), Y0 (microparticles containing unloaded Gelatin: Eudragit® S100 ratios 1:1; n = 7) 
 

Formulations F3 (containing Gelatin: Eudragit® 
1:1) and F4 (containing Gelatin: Eudragit® 1:3) 
exhibited significant (p < 0.05) % reduction in 
BSL to 25 mg% for over 24 h. In the first half 

hour post-administration of formulation Y4, the 
BSL increased continuously before reducing in 
the second half of the hour. Since Eudragit® 
S100 is pH sensitive, this could be due to 
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resistance in drug release at lower pH and partly 
due to the swelling, gelling, and ionization of the 
polymer at an appropriate pH medium. This 
phenomenon was not observed in formulation Y3 
as it had a lower concentration of Eudragit® 
S100. Also, the opposing charge created by 
Eudragit®/gelatin and the mucus membrane of 
the GIT facilitated insulin absorption through 
Peyer’s spots. 
 

DISCUSSION 
 
The goal of any pharmaceutical delivery device is 
to transport the entrapped drug to the tissues 
that are targeted with little or no negative impacts 
on tissues or body functions [11]. High yields (≥ 
80 %) of MPs indicate a reliable formulation 
procedure. The percent yield of MPs is directly 
proportional to the procedures used [12]. Table 1 
shows that the MPs produced good yields. 
Formulation Y3 produced the highest percentage 
yield. In storing MPs under refrigerated 
conditions (4 oC), the activities of micro-
organisms were low but were not eliminated. In 
the MPs of Eudragit® S100, there was a reduced 
activity of micro-organisms since the pH could 
not create a favourable condition for microbial 
growth. Moreover, there were no significant 
changes in the appearance and odour of the 
formulations, especially in Y4 (containing gelatin: 
Eudragit® 1:3). This shows that an increase in 
the concentration of Eudragit® S100 protected 
the formulation from micro-organisms and acted 
as a preservative, inhibiting microbial growth. 
However, further study may be conducted over a 
long period to determine the stability. It has been 
reported that some microemulsions containing 
peptides and proteins formulated using 
the double emulsion technique exhibited 
a substantial tendency for the drugs to move to 
the aqueous medium during the release study, 
thus concentrating at the surface, which results 
in a burst release effect. This is consistent with a 
previous report [13]. This burst release effect is 
of clinical importance as a loading dose if it is 
needed in the management of some ailments, 
such as diabetes. 
 
Insulin release from microparticles was pH-driven 
and took into account the rate of polymer 
degradation. As a result, the erosion of the 
polymer caused the release of an encapsulated 
protein, which then diffused through the channels 
created by this process [14]. Erosion has been 
shown to generate molecules that are able to 
interact with the entrapped protein, resulting in 
denaturation [15]. Slow release from formulations 
may also be attributed to slow hydration rate, 
swelling, and gelation of the formulation in 
phosphate buffer. These formulations will be 

patient-friendly since the administration will be 
once in 24 h. Particle size is another factor that 
may affect drug release. Formulation Y3 depicted 
the highest insulin release (98 %) after 8 h of the 
experiment and exhibited the smallest particle 
sizes (7.04 ± 2.03 µm). It has been reported that 
the lower the particle sizes, the higher the drug 
release [16]. 
 
Previous reports have shown that the synergistic 
mucoadhesive properties of hybridized polymers 
(Eudragit® and gelatin) and their cationic natures 
allow insulin to be absorbed via lymphatic uptake 
through the M cells of the Peyer's patches in the 
gastrointestinal tract, leading to an increase in 
the glycemic effects of insulin-loaded 
nanoparticles [17]. Finally, the observed burst 
insulin release effect in F3 supplied the 
immediate loading dose to suppress the BSL. 
The % blood glucose level reduction observed 
with orally administered EGel-MPs in diabetic 
rats was achieved through the prominent 
mucoadhesive properties of the hybridized 
polymers, which are cationic and provide a 
sheath over insulin in GIT harsh environment of 
the GIT absorptive site. Thus, the oral 
administration of insulin is a possibility through 
the right choice of polymers and formulation 
technology. 
 

CONCLUSION 

 
Eudragit® S100/gelatin engrafted insulin 
microparticles (EGel-MPs) have been 
successfully prepared for oral insulin delivery in 
order to enhance the insulin payload in the inner 
core of co-polymers and achieve a more stable 
formulation with a greater protective role against 
acidic and enzymatic degradation in the GIT. The 
extended insulin release maintains plasma 
concentration over a significant period. 
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