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ABSTRACT

The purpose of this research was to investigate whether
Eudragit S100 microspheres have the potential to serve as
an oral carrier for peptide drugs like insulin. Microspheres
were prepared using water-in oil-in water emulsion solvent
evaporation technique with polysorbate 20 as a dispers-
ing agent in the internal aqueous phase and polyvinyl
alcohol (PVA)/polyvinyl pyrrolidone as a stabilizer in the
external aqueous phase. The use of smaller internal aque-
ous-phase volume (50 mL) and external aqueous-phase
volume (25 mL) containing PVA in the manufacturing
process resulted in maximum encapsulation efficiency
(81.8% 6 0.9%). PVA-stabilized microspheres having
maximum drug encapsulation released 2.5% insulin at pH
1.0 in 2 hours. In phosphate buffer (pH 7.4), microspheres
showed an initial burst release of 22% in 1 hour with an
additional 28% release in the next 5 hours. The smaller the
volumes of internal and external aqueous phase, the lower
the initial burst release. The release of drug from micro-
spheres followed Higuchi kinetics. Scanning electron
microscopy of PVA-stabilized microspheres demonstrated
spherical particles with smooth surface, and laser diffrac-
tometry revealed a mean particle size of 32.51 6 20 mm.
Oral administration of PVA stabilized microspheres in nor-
mal albino rabbits (equivalent to 6.6 IU insulin/kg of
animal weight) demonstrated a 24% reduction in blood
glucose level, with maximum plasma glucose reduction of
76 6 3.0% in 2 hours and effect continuing up to 6 hours.
The area under the percentage glucose reduction-time
curve was 93.75%. Thus, our results indicate that Eudragit
S100 microspheres on oral administration can protect insu-
lin from proteolytic degradation in the gastrointestinal tract
and produce hypoglycemic effect.

KEYWORDS: insulin, oral, Eudragit S100, microspheres,
hypoglycaemic

INTRODUCTION

Peptides exhibit the widest structural and functional varia-
tion and are integral to the regulation and maintenance of
all biological processes. The increased biochemical and
structural complexity of proteins compared with conven-
tional drug-based pharmaceuticals makes formulation
design for delivery of therapeutic proteins a very challeng-
ing and difficult task. The key to the success of proteins as
pharmaceuticals is to have in place an efficient drug deliv-
ery system that allows the protein drugs to gain access to
their target sites at the right time and for the proper dura-
tion. Four factors that must be considered to fulfill this goal
are route of administration, pattern of drug release, method
of delivery, and fabrication of formulation.1

The delivery of insulin by nonparenteral routes has gained
significant attention over last 2 decades. The alternate
routes explored are ocular,2,3 nasal,4 buccal,5,6 rectal,7 pul-
monary,8,9 and oral.10,11 Among all of the alternative
routes of administration of insulin, the oral route offers
the maximum advantage in terms of patient compliance.
However, there are several limitations to the oral route.
These include low oral bioavailability because of degrada-
tion in the stomach, inactivation and digestion by proteo-
lytic enzymes in the luminal cavity, poor permeability
across intestinal epithelium because of its high molecular
weight, and lack of lipophilicity.

Researchers have attempted to deliver insulin orally using
poly(alkyl cyanoacrylate)12 and poly(lactide-coglyco-
lide)11 nanospheres, poly(vinyl alcohol)-gel spheres with
protease inhibitor,13 bioadhesives, like hydroxypropyl cel-
lulose, with permeation enhancers, like salicylate,14 perme-
ation enhancers, like bile salt-fatty acid-mixed micelles,15

hydroxypropyl methylcellulose phthalate enteric micro-
spheres with sodium N-(8-[2 hydroxy benzoyl] amino)
caprylate (SNAC),16 and Eudragit S100-coated insulin
hard-gelatin capsules with sodium salicylate as a permea-
tion enhancer.10 Poly(alkyl cyanoacrylate) nanospheres
without the assistance of surfactants (like poloxamer 188
and deoxycholic acid) or surfactants and miglyol 812
cannot protect insulin against in vivo proteolytic degra-
dation,12 polylactide-coglycolide being a nonenteric poly-
mer would have pH-independent release, and the released
insulin would be degraded by proteolytic enzymes.11

Poly(vinyl alcohol)-gel microspheres also suffer from a
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similar drawback and, thus, need the protection of a pro-
tease inhibitor.13 Hydroxypropyl methylcellulose phtha-
late dissolves at a pH between 5 and 5.5; thus, it would
release insulin in the small intestine itself, where it will be
degraded by trypsin and chymotrypsin. In fact, insulin-
loaded hydroxypropyl methylcellulose phthalate micro-
spheres made by double-emulsion solvent evaporation,
given orally with SNAC (a permeation enhancer), have
been reported to be weakly hypoglycemic in normal rats
compared with an oral insulin solution and SNAC.16 Insu-
lin is better absorbed from the ileum and large intestine
compared with jejunum.13 Thus, a polymer that would
release the drug at pH > 7 appears to be suitable for oral
insulin delivery. Eudragit S100 is such a polymer. It is an
anionic polymer synthesized from methacrylic acid and
methacrylic acid methyl ester and has a pH-dependent sol-
ubility. It is slowly soluble in the region of the digestive
tract where juices are neutral to weakly alkaline. When
used to entrap insulin in microspheres, it is expected to
protect insulin from degradation by gastric juice and
allow it to be released in the region of the gastrointestinal
tract of pH > 7, that is, the large intestine or colon where
proteolytic enzymes are low in concentration. It is widely
known that permeation enhancers affect not only the cell
membrane but also the intercellular route with resultant
increased permeability. One of the most commonly used
permeation enhancers, salicylate, besides damaging the
cell membrane also acts on the protein components of the
plasma membrane, red blood cell membrane, and small
intestine brush border membranes17,18 and decreases the
levels of nonprotein thiols,19 which are believed to play a
major role in maintaining cell integrity. Moreover, salicy-
late is a potent inhibitor of prostaglandin (PGE2 and PGI2),
which has marked cytoprotective activity; therefore, it
tends to irritate the mucosa causing epigastric stress, ulti-
mately leading to ulceration.20 Hence, considering the ill
effects caused by these agents on long-term use, it appears
reasonable to formulate insulin microspheres without any
permeation enhancer. Thus, the purpose of this research
was to investigate whether Eudragit S100 microspheres
have the potential to serve as an oral carrier for peptide
drugs, like insulin. Attempts were made to prepare insulin-
entrapped Eudragit S100 microspheres and to study drug
loading and in vitro release profile. Efforts were also made
to evaluate the oral hypoglycemic activity of microspheres
having maximum insulin encapsulation.

MATERIALS AND METHODS

Methacrylic acid copolymer (Eudragit S100) was supplied
as a gift by R€ohm Pharma (Weiterstadt, Germany). Porcine
insulin injection, conforming to Indian Pharmacopoeia,
(Abbott India Ltd, Mumbai, India) was subjected to purifi-
cation and concentration as mentioned subsequently. Poly-

sorbate 20, polyvinyl alcohol ([PVA] cold, Mw 30 to
70,000), polyvinyl pyrrolidone ([PVP] grade K 29-32),
potassium dihydrogen phosphate, and sodium hydroxide
were obtained from Central Drug House (Mumbai, India).
Ethanol, dichloromethane, isopropyl alcohol, and hydro-
chloric acid (HCl) were obtained from Merck (Darmstadt,
Germany). Deionized water was used for all of the experi-
ments.

Purification and Concentration of Insulin

Porcine insulin injection conforming to Indian Pharmaco-
poeia (40 IU/mL) was used as starting material. A concen-
trated solution of insulin was obtained by using a Centricon
pressure filtration unit (Amicon, Beverly, MA). It con-
tained a filter capable of removing particles having a
molecular weight �3,500 daltons. Additives in the com-
mercial product, such as m-cresol, glycerin, and hydro-
chloric acid, were removed. All of the excess water was
removed to yield a concentrated insulin solution. The aque-
ous insulin solution was centrifuged in SORVALL Evolu-
tion RC centrifuge, in a Centricon unit at 3,000 rpm until
the volume of insulin solution reduced considerably (from
40 to 1 to 2 mL). The temperature was maintained at 4�C
throughout centrifugation. The concentrated insulin solu-
tion was stored in an Eppendorf in a refrigerator between
2 and 8�C for future use. The protein content of the con-
centrated insulin solution was estimated using Micro BCA
Protein Assay Reagent kit (Pierce, Rockford, IL).

Preparation of Microspheres

Insulin-loaded microspheres were prepared by double-
emulsion solvent evaporation technique. Rosa et al21

encapsulated insulin in poly(lactide-coglycolide) (PLGA)
microspheres by double-emulsion solvent evaporation. The
authors reported that polysorbate 20 at 3% w/v concentra-
tion was most effective in giving regular-shaped particles
with good insulin loading and improved insulin stability in
the microspheres. Hence, polysorbate 20 was used in our
study. In a typical experiment, an insulin aqueous solution
of 32-mg/mL (ie, 800 IU/mL) concentration was taken in a
5-mL beaker. The dispersing agent polysorbate 20, was
added to this ��internal aqueous phase�� ([IAP] W1) at a con-
centration of 3% v/v and mixed well. IAP (W1; 1.0, 0.5,
0.2, 0.1, or 0.05 mL) was emulsified with 5 mL of organic
phase for 1 minute using an ultrasonic disruptor (30-W
output power, 40% duty cycle; Branson Sonifier 450,
Danbury, CT). The temperature was maintained at 4�C
using an ice bath. The organic phase (O) consisted of
300 mg of Eudragit S100 polymer in 5 mL of a ��mixed sol-
vent system�� of dichloromethane-to-ethanol-to-isopropyl
alcohol in a ratio of 5:6:4.22 The resulting ��primary emul-
sion�� (W1/O) was added drop by drop to ��external aqueous
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phase�� ([EAP] W2; 100, 50, or 25 mL) of 2% w/v PVA sol-
ution. The aqueous PVA solution acts as an emulsion sta-
bilizer. Emulsification was continued using a homogenizer
(750 W; Virtis, SENTRY Microprocessor) at 10,000 rpm
for 4 minutes to form ��multiple emulsion�� (W1/O/W2).
The resulting W1/O/W2 emulsion was stirred at room tem-
perature for 16 to 18 hours with a magnetic stirrer to allow
the solvent to evaporate. The microspheres were collected
and washed 3 times with distilled water by centrifugation
at 10,000g for 10 minutes. The microspheres were resus-
pended in distilled water and lyophilized for 24 hours. The
final product was stored in a desiccator at 2 to 8�C. Micro-
spheres made using 1.0, 0.5, 0.2, 0.1, or 0.05 mL of IAP,
5 mL of O, and 100 mL of EAP were designated as S-a1,
S-a2, S-a3, S-a4, and S-a5, respectively. Similarly micro-
spheres made with 0.05 mL of IAP, 5 mL of O, and 50 or
25 mL of EAP were designated as S-b1 and S-b2. One
batch was made with 0.05 mL of IAP, 5 mL of O, and
25 mL of EAP containing 2% PVP, and the same was des-
ignated as S-g1 (Table 1).

Particle Size Measurements

Particle size was measured for a selected batch of micro-
spheres. Freeze-dried microspheres were dispersed in
2-methyl propane-1-ol (Iso-butyl-alcohol) after treatment
in an ultrasonic disperser (Seishin) for 5 minutes to bring
about disaggregation of the microspheres. The micro-
spheres were sized by ��laser diffractometry�� using laser
particle size analyzer, GALAI, CIS-1. Particle size was
expressed as volume mean diameter in microns (6SD) of
values collected from 2 different batches.

Microsphere Morphology and Surface
Characteristics

Microsphere shape and morphology were analyzed by scan-
ning electron microscopy (Leo, VP-435, Cambridge, United
Kingdom) for selected batches. Samples mounted on alumi-
num stubs were sputter-coated with carbon under reduced

pressures and 30-nm to 40-nm thick carbon coat was applied
using Agar sputter carbon coater B-7367. The sample
assembly was placed in the microscope, and a vacuum was
created. The microspheres were observed under the scanning
electron microscope at an accelerating voltage of 15 KV.

Encapsulation Efficiency

Twenty milligrams of microspheres were accurately
weighed. They were added to 5 mL of ethanol. After the
microspheres dissolved completely, 5 mL of phosphate
buffer (pH 7.4) was added to this solution and mixed thor-
oughly. The resulting solution was analyzed for insulin
content by measuring absorbance in a UV-spectrophotome-
ter23 (1601, Shimadzu, Kyoto, Japan) at 276 nm using
phosphate buffer (pH 7.4) and ethanol mixture (1:1) as
blank. Results were expressed as mean (6SD) of 3 experi-
ments. Encapsulation efficiency (%) was calculated using
the following formula:21

Actual loading ð%Þ ¼ mg of encapsulated

insulin/100 mg microspheres

Encapsulation efficiency ð%Þ ¼ (actual insulin loading/

theoretical insulin

loading) 3 100

Enteric Nature of Microspheres

This test was performed to determine whether the drug
would be released in the acidic environment of the stomach
(ie, pH between 1 and 3). Twenty milligrams of micro-
spheres were soaked in 10 mL of 0.1 N HCl that was
equilibrated at 37�C 6 0.5�C in a water bath. After the
immersion of the microspheres for 2 hours, the sample was
centrifuged (3,000 rpm, 15 minutes, at room temperature),
and the insulin content of the supernatant was analyzed
by measuring absorbance in UV spectrophotometer23 at
276 nm against 0.1 N HCl blank.

Table 1. Different Batches of Eudragit S100 Microspheres*

S No. Formulation Code Vol of IAP (W1) (mL) W1:O Vol of EAP (W2) (mL) O:W2

1 S-a 1 1.0 1:5 100 1:20
2 S-a 2 0.5 1:10 100 1:20
3 S-a 3 0.2 1:25 100 1:20
4 S-a 4 0.1 1:50 100 1:20
5 S-a 5 0.05 1:100 100 1:20
6 S-b 1 0.05 1:100 50 1:10
7 S-b 2 0.05 1:100 25 1:5
8 S-g 1 0.05 1:100 25 1:5

*Volume of organic phase (O) 5 5 ml; Stabilizer S-a 1 to S-b 2 5 PVA; S-g 1 PVP. Vol indicates volume.
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In Vitro Drug Release

In vitro release of insulin from microspheres was evaluated
in phosphate buffer (pH 7.4). The buffer was prepared by
mixing 5.0 mL of 0.2 M KH2PO4 and 3.9 mL of 0.2 M
NaOH and volume made up to 100 mL with water.
The pH was adjusted to 7.4 with 2 M NaOH or 2 M HCl.
Microspheres equivalent to 10 IU of insulin were trans-
ferred to the prewarmed dissolution media (20 mL) and
maintained at 37�C 6 0.5�C under stirring at 50 rpm. Sam-
ples were withdrawn every hour up to 6 hours, and the
volume was replaced immediately by fresh phosphate
buffer. The sample withdrawn was centrifuged (3,000 rpm,
15 minutes, at room temperature). Insulin content of the
supernatant was estimated by measuring absorbance in a
UV-spectrophotometer23 at 276 nm against a phosphate
buffer (pH 7.4) blank. Results were expressed as mean
(6SD) of 3 experiments.

In Vivo Studies

Healthy albino rabbits of either sex, weighing 2.5 6 0.2 kg,
were housed in the ��animal house�� of the institute. All of
the animals used in this study were caged according to the
principles established for care and use of laboratory ani-
mals. Animals were fasted over 18 hours before starting
the test, but water was provided ad libitum. The animals
were divided into 3 groups of 3 animals each. The treated
group was administered oral insulin-loaded microspheres
(equivalent to 6.6 I.U. insulin per kg of animal weight) by
accurately weighing them into dry syringes followed by
flushing with 10 mL of water through a stomach tube. The
second group was administered oral insulin solution
(equivalent to 6.6 I.U. insulin per kg of animal weight) by
flushing with 10 mL of water through a stomach tube. The
control group was given 10 mL of distilled water using a
stomach tube. Insulin absorption was monitored by its
effect on the blood glucose level. Blood samples were
obtained from the external marginal ear vein at 0, 30, 60,

90, 180, 240, and 360 minutes after microsphere or insulin
solution or distilled water administration. Blood glucose
level was determined immediately after sample with-
drawal, using Accutrend Glucometer (Roche Diagnostics,
Mannheim, Germany) and was expressed as a percentage
of the initial level.14

RESULTS AND DISCUSSION

The effect of formulation variables on yield and encapsula-
tion efficiency of insulin-loaded Eudragit S100 micro-
spheres is shown in Table 2. It was observed that as the
volume of IAP was decreased from 1.0 to 0.05 mL (or
50 mL), the encapsulation efficiency increased from 8.22%
to 71.7%. The results suggest that for higher encapsulation
of insulin, a smaller volume of IAP is desirable. Uchida
et al24 have reported a similar finding while encapsulating
insulin in polylactic acid microspheres by double-emulsion
solvent evaporation method. The batch with formulation
code S-a5 showed maximum encapsulation efficiency. The
optimized ratio of IAP to O was 1:100, that is, 50 mL of
IAP and 5 mL of O. The yield of microspheres obtained
from batches S-a1 to S-a5 varied from 82.5% to 42.5%.
The low yield in some cases could be attributed to the
losses occurring during various steps of processing, such as
sticking of the polymeric solution to the glass container,
loss of microspheres during the washing step, and so forth.
Loss because of sticking could be minimized by using an
apparatus made of plastic or polyethylene.

Keeping the ratio of IAP to O constant (ie, 1:100), the
effect of changing the volume of EAP on encapsulation
efficiency of microspheres was studied next. It was
observed that as the volume of EAP was decreased from
100 to 25 mL, the encapsulation efficiency increased from
71.7% to 81.8%. Use of PVP in the EAP (instead of PVA)
also provided high-encapsulation efficiency of 79.8%. The
yields of these batches of microspheres (S-b1, S-b2, and
S-g1) were between 55% and 58% (Tables 1 and 2).

Table 2. Effect of Formulation Variables on Yield and Encapsulation Efficiency of Eudragit S100 Microspheres Prepared by
Double-Emulsion Solvent Evaporation Technique*

S No.
Formulation

Code
Yield %

(Mean 6 SD)
Theoretical

Loading (%)
Actual

Loading (%)
Encapsulation

Efficiency % (Mean 6 SD)

1 S-a1 82.5 6 2.2 9.63 0.79 8.22 6 1.5
2 S-a2 64.0 6 1.4 5.06 0.88 17.6 6 0.9
3 S-a3 46.5 6 4.9 2.0 0.60 29.5 6 2.8
4 S-a4 36.5 6 2.1 1.0 0.44 44.3 6 0.4
5 S-a5 42.5 6 3.5 0.53 0.38 71.7 6 1.8
6 S-b1 55.5 6 0.7 0.53 0.40 76.7 6 1.0
7 S-b2 58.3 6 2.3 0.53 0.43 81.8 6 0.9
8 S-g1 57.4 6 3.5 0.53 0.42 79.8 6 1.6
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Microsphere formulation S-b2 showed maximum encapsu-
lation efficiency (81.8%) where the ratio of O: EAP was
1:5. Thus, for maximum encapsulation of insulin in micro-
spheres, the optimized ratio of IAP (W1) to O to EAP (W2)
was 1:100:500 (ie, 50 mL IAP to 5 mL O to 25 mL of
EAP). Rosa et al21 encapsulated insulin in PLGA micro-
spheres by multiple-emulsion solvent evaporation using a
IAP (W1) to O to EAP (W2) ratio of 1:10:200 and 2% PVA
in EAP and 3% polysorbate 20 as the surfactant for pri-
mary emulsion. The authors reported an encapsulation
efficiency of 33%.

The transit time of a drug through the absorptive area of
the gastrointestinal (GI) tract is between 9 and 12 hours,25

whereas g scintigraphy studies confirm a short GI transit
time from mouth to cecum of 4 to 6 hours.26 Thus, assum-
ing a maximum GI tract transit time of 12 hours, a formu-
lation in the cecum is expected to release its drug load
within 6 hours. Considering the same, in vitro drug release
from all the batches of microspheres was studied for a
duration of 6 hours. An initial burst release was observed
in the release profile. Smaller IAP was advantageous for
controlling the initial burst release. It was noticed that as
the ratio of IAP to O was changed from 1:5 to 1:100, the
burst release decreased from 48.5% to 27.7% (Figure 1).
The reason could be that during formation of primary
emulsion, sonication of a lesser volume leads to smaller
drug droplet formation with less surface protein; therefore,
relatively little quantity of drug will be released during the
first hour. For microspheres made with larger IAP (1000 or
500 mL), large droplets are formed during sonication,
which could account for high burst release because of sur-
face-associated protein. It would be appropriate to mention
here that Rosa et al,21 while studying insulin release from
PLGA microspheres, observed that microsphere formula-
tions having a high quantity of insulin located on or near
the surface of microspheres showed higher burst release.

The cumulative percentage release of insulin after 6 hours
was found to be higher for batches made with a larger IAP
(S-a1 5 74%) in comparison to batches made with smaller
IAP (S-a5 5 49.8%). These results are consistent with
those obtained by Uchida et al,24 who used polylactic acid
to encapsulate insulin. Keeping IAP-to-O ratio as 1:100,
when EAP was reduced to 50 or 25 mL (S-b1 and S-b2),
burst release was reduced from 27.7% to 24.6% and
22.3%, respectively, and cumulative release after 6 hours
was 57% and 50%, respectively (Figure 2). The addition of
PVP in the EAP (S-g1) showed 20% release in 1 hour and
54% in 6 hours. The effect of stabilizers (PVA and PVP)
added to EAP was studied, keeping other parameters con-
stant. The stabilizer molecules present in the EAP associate
with the surface of the protein-containing droplets pro-
duced in the primary emulsion and, because of resultant
steric and charge effects, prevent their coalescence. Poly-
mer precipitation and gradual diffusion of solvent from the
polymer solution droplets into the aqueous continuous
phase (W2) subsequently lead to microparticle hardening.
The PVA-stabilized and PVP-stabilized microspheres
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(S-b2 and S-g1) did not show any significant difference in
encapsulation efficiency. The in vitro drug release profiles
of the batches revealed a burst effect of 22.3% for S-b2
and 20% for S-g1. These results are contrary to those
obtained by Coombes et al,27 who reported that PVP-stabi-
lized PLGA microparticles exhibited higher encapsulation
efficiency of ovalbumin (70% for PVP-stabilized and 30%
for PVA-stabilized system) and a reduced burst release
(20% for PVP-stabilized and 60% for PVA-stabilized sys-
tem). The release mechanism of drug from microspheres
(S-b2 and S-g1) was evaluated. A plot of 100-amount
released vs

p
t for the formulations was linear, which indi-

cates a diffusion controlled release, following Higuchi
kinetics (Figure 3).

The PVA-stabilized and PVP-stabilized microspheres were
subjected to scanning electron microscopy. The shapes of
microspheres were mostly spherical, as visible from the
photographs. Figure 4 reveals good spherical forms for
PVA-stabilized (S-b2) microspheres with smooth surface

and fiber/thread-like structures in the PVP-stabilized batch
(S-g1), indicating PVP as an inferior stabilizer for Eudragit
microspheres. Furthermore, PVA-stabilized microspheres
(S-b2) were tested for enteric nature of the coating. Abso-
lute enteric coating could not be achieved; 2.5% of the
drug was released in 0.1 N HCl medium (pH 1) in 2 hours.
This could be attributable to adsorption of insulin chains
on the surface of microspheres. Another reason could be
leaching of drug from the microspheres, where inefficient
coating could have occurred. Recently Sajeesh and
Sharma28 have reported that insulin-loaded polymetha-
crylic acid and polymethacrylic acid-alginate micropar-
ticles released around 30% of loaded insulin within 2 hours
at pH 1.2. Polymethacrylic acid alginate microparticles
showed burst release of 90% loaded insulin in 1 hour at pH
7.4, whereas polymethacrylic acid microparticles exhibited
sustained release of insulin for >5 hours, at the same pH.
Similarly, insulin-loaded hydroxypropyl methylcellulose
phthalate enteric microspheres made by double emulsion
solvent evaporation released 20% insulin in 2 hours at pH
1.2 and released the entire drug in 10 minutes in phosphate
buffer (pH 6.8), whereas enteric microspheres made by
O1/O2 emulsion solvent evaporation did not release insulin
at pH 1.2 for 2 hours, but released the entire drug at pH
6.8 in 75 minutes.16 Thus, based on the available literature,
we can say that the performance of PVA-stabilized micro-
spheres (S-b2) was satisfactory with respect to drug
release. The formulation would protect insulin from gastric
degradation and would release its drug load slowly at pH
7.4 in the colon. The mean particle size of microspheres
(S-b2) was 32.51 6 20 mm. The frequency distribution
curve showed Gaussian distribution profile with 98% of
microspheres in the size range of 4 to 70 mm.

Mesiha and Sidhom14 evaluated the hypoglycaemic effect
of orally given insulin in rabbits using 2 different absorp-

Figure 4. Scanning electron micrographs of insulin-loaded
Eudragit S100 microspheres.
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tion promoters and 2 different carriers, wherein insulin sol-
ution with no additive was given orally as control. Damge
et al,12 while evaluating the biological effect of insulin-
loaded poly(alkylcyanoacrylate) oral nanospheres in dia-
betic rats, administered the control, that is, insulin in
miglyol 812 containing 1% poloxamer 188 and 0.01 M
deoxycholic acid, by oral route. Recently, Qi and Ping,16

while evaluating the GI absorption enhancement of
insulin from hydroxypropyl methylcellulose phthalate
enteric microspheres by SNAC in rats, also used an oral
solution of insulin containing SNAC as control. In the
same line, in vivo studies were performed in albino rabbits
after oral administration of insulin-loaded Eudragit S100
microspheres or aqueous solution of insulin at a dose of
6.6 IU/kg. Formulation S-b2 was chosen for in vivo study
based on encapsulation efficiency, enteric nature, and in
vitro drug release. The hypoglycaemic effect was taken as
a monitor for insulin absorption in its physiologically
active form. The results are shown in Figure 5. A promi-
nent hypoglycaemic effect was noticed with S-b2 formula-
tion from 30 to 120 minutes, and the effect was visible up
to 360 minutes. The maximum plasma glucose reduction
(% of initial) was found to be 76% 6 3% and the time to
reach the maximum plasma glucose reduction was 2 hours.
The area under the percentage glucose reduction-time
curve, as determined by trapezoidal rule, was 93.75%.
Orally administered insulin solution at the same dose
showed no reduction in blood glucose level similar to con-
trol experiments, which appear to be because of degrada-
tion of insulin by proteolytic enzymes in the GI tract or
presystemic metabolism. It would be worthwhile to men-
tion here that insulin-loaded poly(alkyl cyanoacrylate) oral
nanospheres dispersed in miglyol 812 containing surfac-
tants (1% poloxamer and 0.01 M deoxycholic acid) on oral
administration to diabetic rats decreased glycemia by 50%
to 60%, but insulin-loaded nanospheres dispersed in water
alone did not modify significantly fasted glycemia over
the whole experiment similar to control animals, which
indicates that poly(alkylcyanoacrylate) nanospheres, as
such, cannot protect the insulin against in vivo proteolytic
degradation.12 Similarly, insulin-loaded hydroxypropyl
methylcellulose phthalate enteric microspheres (made by
double-emulsion solvent evaporation) and SNAC on oral
administration to normal rats showed a very weak hypogly-
caemic effect compared with that observed with an oral
insulin solution containing SNAC, whereas enteric micro-
spheres made by O1/O2 emulsion solvent evaporation
showed a hypoglycaemic effect only in the presence
of SNAC.16 The data suggest that hydroxypropyl methyl
cellulose phthalate enteric microspheres also could not
protect insulin against proteolytic degradation in the GI
tract and needs the assistance of SNAC for insulin absorp-
tion. Insulin-loaded Eudragit S100 microspheres, on the
other hand, when administered by oral route along with

water produced a hypoglycaemic effect visible from 30 to
360 minutes, indicating that the microspheres protect insu-
lin against proteolytic degradation in the GI tract.

CONCLUSION

Insulin-loaded Eudragit S100 microspheres retard the
release of insulin at low pH and release insulin slowly at
pH 7.4 in the colon. In vivo study with microspheres dem-
onstrated a prominent hypoglycaemic effect, suggesting
that the polymer could protect insulin against proteolytic
degradation in the GI tract. Eudragit S100 microspheres,
thus, have the potential to serve as an oral carrier for pep-
tide drugs like insulin.

REFERENCES

1. Sinha VR, Trehan A. Biodegradable microspheres for protein
delivery. J Control Release. 2003;90:261-280.

2. Lee VC, Yalkowsky SH. Ocular devices for the controlled systemic
delivery of insulin: in vitro and in vivo dissolution. Int J Pharm.
1999;181:71-77.

3. Pillion DJ, Atchison JA, Stott J, McCracken D, Gargiulo C. Meezan
E. Efficacy of insulin eye drops. J Ocul Pharmacol. 1994;10:461-470.

4. Mitra R, Pezron I, Chu WA, Mitra AK. Lipid emulsions as vehicles
for enhanced nasal delivery of insulin. Int J Pharm. 2000;205:127-134.

5. Morishita M, Barichello JM, Takayama K, Chiba Y, Tokiwa S, Nagai
T. Pluronic F-127 gels incorporating highly purified unsaturated fatty
acids for buccal delivery of insulin. Int J Pharm. 2001;212:289-293.

6. Yang TZ, Wang XT, Yan XY, Zhang Q. Phospholipid deformable
vesicles for buccal delivery of insulin. Chem Pharm Bull.
2002;50:749-753.

7. Hosny E, el-Ahmady O, el-Shattawy H, et al. Effect of sodium
salicylate on insulin rectal absorption in humans. Arzneimittelforschung.
1994;44:611-613.

8. Kawashima Y, Yamamoto H, Takeuchi H, Fujioka S, Hino T.
Pulmonary delivery of insulin with DL-lactide/glycolide copolymer
(PLGA) nanospheres to prolong hypoglycemic effect. J Control
Release. 1999;62:279-287.

9. Steiner S, Pfutzner A, Wilson BR, Harzer O, Heinemann L. Rane K.
Technosphere/Insulin——proof of concept study with a new insulin
formulation for pulmonary delivery. Exp Clin Endocrinol Diabetes.
2002;110:17-21.

10. Hosny EA, Al-Shora HI, Elmazar MA. Oral delivery of insulin from
enteric coated capsules containing sodium salicylate: effect on relative
hypoglycemia of diabetic beagle dogs. Int J Pharm. 2002;237:71-76.

11. Carino GP, Jacob JS, Mathiowitz E. Nanosphere based oral insulin
delivery. J Control Release. 2000;65:261-269.

12. Damge C, Vranchx H, Balschmidt P, Couvreur P. Poly
(alkyl cyanoacrylate) nanospheres for oral administration of insulin.
J Pharm Sci. 1997;86:1403-1409.

13. Kimura T, Sato K, Sugimoto K, et al. Oral administration of insulin
as poly(vinyl alcohol)-gel spheres in diabetic rats. Biol Pharm Bull.
1996;19:897-900.

14. Mesiha M, Sidhom M. Increased oral absorption enhancement of
insulin by medium viscosity hydroxypropyl cellulose. Int J Pharm.
1995;114:137-140.

AAPS PharmSciTech 2005; 6 (1) Article 16 (http://www.aapspharmscitech.org).

E106



15. Scott-Moncrieff JC, Shao Z, Mitra AK. Enhancement of intestinal
insulin absorption by bile salt-fatty acid mixed micelles in dogs.
J Pharm Sci. 1994;83:1465-1469.

16. Qi R, Ping QN. Gastrointestinal absorption enhancement of insulin
by administration of enteric microspheres and SNAC to rats.
J Microencapsul. 2004;21:37-45.

17. Nishihata T, Higuchi T, Kamada A. Salicylate promoted permeation
of cefoxitin, insulin and phenylalanine across red cell membrane:
Possible mechanism. Life Sci. 1984;34:437-445.

18. Kajii T, Hori T, Hayashi M, Awazu S. Effect of salicylic acid on the
permeability of plasma membrane of small intestine of the rat:
Fluorescence spectroscopic approval to elucidate the mechanism of
promoted drug absorption. J Pharm Sci. 1986;75:475-478.

19. Susuka T, Tata N, Sakai K, Nishihata T. The effect of salicylate
concentration on the uptake of salicylate and cefmetazole into rat
isolated small intestine epithelial cells. J Pharm Pharmacol.
1988;40:469-472.

20. Insel PA. Analgesic, antipyretic and anti-inflammatory agents and
drugs employed in the treatment of gout. In: Hardman JG, Limbird LE,
Molinoff PB, Ruddon RW, Gilman AG, eds. Goodman and Gilman�s-
The Pharmacological Basis of Therapeutics. 9th ed. New York:
McGraw-Hill; 1996.

21. Rosa GD, Iommelli R, Rotonda MIL, Miro A, Quaglia F. Influence
of the co-encapsulation of different non-ionic surfactants on the

properties of PLGA insulin-loaded microspheres. J Control Release.
2000;69:283-295.

22. Lee JH, Park TG, Lee YB, Shin SC, Choi HK. Effect of adding
non-volatile oil as a core material for the floating microspheres prepared
by emulsion solvent diffusion method. J Microencapsul. 2001;18:65-75.

23. Paul W, Nesamony J, Sharma CP. Delivery of insulin from
hydroxyapatite ceramic microspheres: Preliminary in-vivo studies.
J Biomed Mater Res. 2002;61:660-662.

24. Uchida T, Nagareya N, Sakakibara S, et al. Preparation and
characterization of polylactic acid microspheres containing bovine
insulin by w/o/w emulsion solvent evaporation method. Chem Pharm
Bull. 1997;45:1539-1543.

25. Gibaldi M, Perrier D. Pharmacokinetics. 1982; 2nd ed. New York:
Marcel Dekker, 189.

26. Shargel L, Yu A. Applied Biopharmaceutics & Pharmacokinetics.
1999; 4th ed. London, United Kingdom: Prentice-Hall International,
Inc; 173.

27. Coombes AGA, Yeh MK, Lavelle EC, Davis SS. The control
of protein release from poly (DL-lactide co-glycolide) microparticles
by variation of the external aqueous phase surfactant in the
water-in-oil-in-water method. J Control Release. 1998;52:311-320.

28. Sajeesh S, Sharma CP. Polymethacrylic acid—alginate semi- IPN
microparticles for oral delivery of insulin: a preliminary investigation.
J Biomater Appl. 2004;19:35-45.

AAPS PharmSciTech 2005; 6 (1) Article 16 (http://www.aapspharmscitech.org).

E107



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


