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Colon targeted bioadhesive pellets of curcumin and cyclosporine
for improved management of inflammatory bowel disease
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Abstract
The objective of the present work was to develop and optimize multiparticulate pH-dependent bioadhesive pellets of curcumin
and cyclosporine for the management of intestinal bowel disease (IBD). The bioadhesive sustained release pellets were intended
for targeting the affected site for an improved therapeutic effect. Bioadhesive pellet cores of curcumin and cyclosporine were
formulated using Carbopol 940 (CP940) and hydroxypropyl cellulose (HPC-H) by the extrusion/spheronization method, and
drug delivery to the colon was controlled by the pH-sensitive polymer Eudragit® S100. Microcrystalline cellulose (Avicel
PH101) was found to be the best forming agent for pellet core. The ratio of CP940 to HPC-H was kept at 1:1 to achieve
100% bioadhesion. The in vitro dissolution profiles of coated pellets depicted that 12.327 ± 0.342% of curcumin and 14.751
± 0.112% of cyclosporine were released at the end of 6 h (at pH 6.8), whereas 71.278 ± 0.100% of curcumin and 76.76 ± 0.195%
of cyclosporine were released at the end of 24 h (at pH 7.4). The drug release profile was found to follow zero-order kinetics for
both drugs. The selected formulation was evaluated on an acetic acid-induced ulcerative colitis in the rat model to evaluate the
efficiency of drug-loaded pellets coated with Eudragit®S100. The pharmacodynamic study revealed the therapeutic efficacy of
Eudragit®S100-coated pellets of curcumin and cyclosporine in alleviating the conditions of the acetic acid-induced colitis model
as reflected by weight gain as well as improvement of clinical, macroscopic and microscopic parameters of induced colitis, as
compared with free curcumin and cyclosporine. The combination of curcumin and cyclosporine has been proven to have a
synergistic effect for the successful management of IBD when used in a low dose as compared with individual drugs with high
doses. Hence, curcumin- and cyclosporine-loaded bioadhesive pellets may act as a promising targeted drug delivery system in the
management of IBD.
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Introduction

Oral colon targeted drug delivery is broadly utilized in the
treatment of intestinal bowel disease (IBD) viz. Crohn’s dis-
ease and ulcerative colitis (UC) [1, 2]. The treatment strategies
include the utilization of aminosalicylates, corticosteroids, im-
munosuppressants, antibiotics and biologics [3, 4]. The con-
ventional drug delivery system of these therapeutic agents
causes unfavourable adverse drug reactions and side effects
to neighbour organs and furthermore limits the therapeutic

efficacy of the medications [3–5]. For this purpose, a colon
targeted drug delivery system (CDDS) has been developed for
the management of IBD with a goal to increase the drug lo-
calization and drug accessibility at the target site, dose reduc-
tion and the reduction of adverse effects fundamentally en-
countered when the drugs are released in the gastrointestinal
tract (GIT) [3–6]. Moreover, a colon targeted drug delivery
system guarantees maximum drug release in the colonic re-
gion with less vacillations in drug concentration at the site,
presenting a better therapeutic management of the disease [1,
2, 4, 7]. IBD is characterized by the aggravation of the intes-
tinal mucous layer, bringing about decimation of intestinal
motility, thereby causing bloody andmucous diarrhoea, which
leads to the variation of the intestinal pH, intestinal volume,
intestinal microbial flora and mucosal integrity [3–5]. For
such conditions, the multiparticulate targeted drug delivery
system with better mucoadhesion, and a higher residence time
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of the formulation and localized delivery of the drug to the
inflamed tissue is highly preferred. Various multiparticulates
like pellets, granules, microspheres and nanoparticles have
been broadly studied for their therapeutic efficacy in the man-
agement of IBD [8–11]. As a result of their smaller particle
size, these systems are capable of passing through the GIT
easily when contrasted with single-unit conventional dose
structures. As the units of multiparticulate frameworks are
distributed unreservedly all through the GIT, their transport
is affected to a lesser degree than single-unit formulations by
the transit time of food [7]. For intestinal delivery,
multiparticulates are favourable as compared with single-unit
dosage forms because of better distribution along the intestinal
wall, and the increased total surface area available for adhe-
sive bonds [12]. Besides, the gastrointestinal transit of
multiparticulate formulations is less variable than single-units,
and transit through the colon is slower because of a sieving
effect, with monolithic dosage forms moving quicker [13, 14].
In this way, a tremendous amount of work has been done on
the development of mucoadhesive nanoparticles [15, 16], mi-
croparticles [17, 18] and pellets in the millimetre range [14,
19] for the treatment of ulcerative colitis. There is a clear trend
in colon drug delivery to develop multiparticulate formula-
tions instead of single-unit systems. The advantages are sim-
ilar as for mucoadhesive multiparticulates i.e. prolonged tran-
sit time, closer contact to the diseased tissue and more repro-
ducible drug release [20, 21]. The development of colon-
targeted pellet formulations has already led to the launch of
several products in the market (Apriso and Salofalk Granu-
Stix) [20, 21], while the colonic-targeted formulations based
on multiparticulates or nanoparticles require further advance-
ment, particularly in regard to their systemic toxicity profile
and manufacturability on an industrial scale. Multiparticulates
for colon delivery are an intriguing option to nanoparticles as
they are not internalized by epithelial cells, and consequently,
there is a much lower risk of systemic drug toxicity [22].
There have been numerous reports on multiparticulate colon
drug delivery systems in the micro-size range; the vast major-
ity of them are dependent on bacteria-degradable or pH-
sensitive release mechanisms [11]. Mucoadhesive
functionalization of multiparticulate colon drug delivery sys-
tems can increase the colonic transit time and thus they can
improve their therapeutic efficiency. In general, processing of
multiparticulates is simpler when compared with nanocarriers
because of the improved flowability of larger particles and the
possibility of utilizing easier standardized processes appropri-
ate for scale-up. Pellets in the millimetre range have better
flowability and show better mucoadhesive performance be-
cause of the increased surface area accessible for
mucoadhesive bonds as contrasted to large tablets [23].

The pH-dependent drug delivery systems developed using
Eudragit® S100 polymer have unique properties, for example,
they improve therapeutic efficiency by confining drugs to the

target site, increase bioavailability, facilitate intimate contact
of formulation to the affected site and prolong residence time
in the target region [12]. It was accounted that the pH-
dependent system was utilized to deliver mesalazine at the
colonic site using Eudragit® S100 and Eudragit® L100 and
methacrylic acid copolymers [24, 25]. Therefore, pH-
dependent polymer-coated bioadhesive pellets have a poten-
tial benefit for the treatment of IBD [6, 20, 26]. Furthermore, it
is also reported that the utilization of bioadhesive polymers in
pharmaceutical formulations could advantageously improve
the therapeutic efficiency by localizing the drug to the target
tissue [27]. It has also been indicated that the utilization of
mucoadhesive agents such as Carbopol 940 (CP940) and hy-
droxypropyl cellulose (HPC-H) brought about a strong reten-
tion of particles at the mucosal surface which preferentially
extends the retention time of the formulation in the target
region [14, 21, 26]. The colonic pH is fundamentally low in
certain IBD conditions like ulcerative colitis. Under this acidic
condition, the bioadhesive property of Carbomer® is progres-
sively enhanced in the colon as compared with the small in-
testine [14, 28]. The combination of the bioadhesion concept
alongside a colon-targeted drug delivery system will contrib-
ute to a more efficient targeting to the colon and avoid the drug
release at the upper GI tract [14].

Statistically, it was observed that very nearly 25% of the
patients with IBD are analysed in the initial 2 decades of their
life, not many of them being diagnosed in the early period of
youth (i.e. 13–18 years of age). Furthermore, it is additionally
reported from various countries that the pervasiveness of IBD
is expanding broadly in adolescence [12]. Upon current ex-
amination, the most elevated yearly occurrence of IBD in
Europe was found to be 24.3 per 100,000 person-years for
UC, and 12.7 per 100,000 person-years for CD, that in
North America was 19.2 per 100,000 person-years for UC
and 20.2 per 100,000 person-years for CD and that in Asia
andMiddle East was 6.3 per 100,000 person-years for UC and
5.0 per 100,000 person-years for CD [29, 30].

As the reason for IBD is as yet obscure, the present treat-
ment regimen involves the utilization of anti-inflammatory
agents, immunomodulators, corticosteroids and antibiotics.
From the class of anti-inflammatory agent’s curcumin, the
principal active component is widely utilized as the treatment
regimen for IBD because of its high inhibitory action on in-
terleukin and cytokine development factors. Curcumin was
found to be isolated from the rhizomes of the plant Curcuma
longa and has different organic, biological and pharmacolog-
ical activities, such as antioxidant, anti-carcinogenic, anti-in-
flammatory, anti-virus, anti-proliferative and chemo-
preventive activities [31]. The primary mechanism by which
curcumin intercedes these effects is associated with the activ-
ity of suppression of the nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB). Additionally,
curcumin suppresses interleukin-1 (IL-1), interleukin-2 (IL-
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2), B lymphocytes and tumour necrosis factor-alpha (TNF-α),
the principle inflammatory mediators in the regulation of in-
flammatory responses. For these crucial activities, curcumin is
considered a potential and effective drug in the management
of IBD [32].

Curcumin in combination with cyclosporine is found to be
effective in subsequent studies for the treatment of IBD be-
cause of its complementary mechanism of action to decrease
the aggravation and henceforth exhibit an appealing alterna-
tive for adjunct therapy in managing IBD [7, 29]. Thus, cy-
closporine was chosen as the second medication of decision to
demonstrate the synergistic effect. Cyclosporine is an immu-
nomodulator drug and is thought to act by decreasing pro-
inflammatory lymphokines by inhibiting their antigen-
induced secretion through the binding of calcium-
calmodulin-dependent protein phosphatase calcineurin. The
significant property of cyclosporine is its ability to hinder
the production of cytokines, which are engaged in the regula-
tion of Tcell activation. Particularly, it inhibits the synthesis of
interleukin 2 (IL-2) and interleukin 1 (IL-1) at the level of
gene transcription. This action is accomplished by complex
formation with cyclophilin, which leads to reduced function of
effector T cells. Various studies have reported that curcumin
can modulate the proliferation and activation of the T cell. It
can also induce apoptosis to reduce the proliferation of B cell
lymphoma. It can likewise inhibit the proliferation induced by
concanavalin A, phytohemagglutinin (PHA) and phorbol-12-
myristate-13-acetate (PMA) of lymphocytes. Likewise,
curcumin additionally suppresses IL-2 synthesis and IL-2-
induced proliferation of lymphocytes, suggesting that it ex-
hibits immunosuppressive properties [29]. It was also reported
that curcumin inhibits the proliferation induced by PMA and
anti-CD28 antibody as well as the proliferation induced by
PHA of T lymphocytes isolated from healthy donors. In cor-
relation, cyclosporine has demonstrated to have a guarantee in
the induction of remission of refractory ulcerative colitis and
suppresses PHA-induced T cell proliferation but not the ones
induced by PMA and anti-CD28 antibodies [33]. Thus,
curcumin can overcome the resistance of PMA and CD28
pathway to cyclosporine, featuring its immunomodulating
properties. Hence, curcumin, when added to both immuno-
modulator and non-immunomodulator medication, shows a
synergistic effect [29].

The present research work is an innovative concept for
exploring the pH-dependent solubility of Eudragit®S100,
bioadhesion and swelling properties of HPC-H and CP940,
anti-inflammatory effects of curcumin and the synergistic ef-
fect when utilized in combination with cyclosporine. In this
research study, we prepared curcumin and cyclosporine
bioadhesive pellets containing CP940 and HPC-H for colonic
delivery for the potential benefit for the treatment of IBD.
Pellets were prepared by the extrusion/spheronization method
with CP940 and HPC-H as bioadhesive core material.

Prepared pellets were coated with Eudragit® S100, a pH-
sensitive polymer to deliver both the drugs at the target site
so as to minimize the drug release at the upper GIT and pre-
vent adverse drug reactions to the neighbouring organs. The
acetic acid-induced ulcerative colitis model was chosen to
assess the in vivo efficacy of curcumin and cyclosporine pel-
lets [26].

Materials and methods

Materials

Curcumin (99.9% pure) was procured from Otto Chemie
pharmaceuticals (Mumbai, India). Cyclosporine was received
as a gift sample from Concord Biotech Limited (Ahmedabad,
India). Eudragit® S100 was purchased from Evonik India Pvt.
Ltd. (Mumbai, India). Microcrystalline cellulose PH 101
(Avicel PH101), Carbopol 940 (CP940) and hydroxypropyl
cellulose (HPC-H) were received from Signet Chemical
Corporation (Mumbai, India). Acetic acid was purchased from
S. D. Fine Pvt., Ltd. (Mumbai, India).

Bioadhesive pellet preparation

Pellets of different compositions were prepared by an
extrusion/spheronization method as shown in Table 1. All
the excipients were sifted through 40# mesh separately and
mixed in geometric proportion and blended for about 10 min.
The dry powder blend was homogenized in a mortar and then
wetted using purified water as a granulating liquid until a wet
mass was obtained. The plastic mass was fed into the one-
screw axial extruder (Umang Pharm Tech., Mumbai, India)
operated at a speed of 100 rpm with the perforations of
1.2 mm in diameter to form the extrudate. The extrudates were
then placed into the spheronizer (Umang Pharm Tech.,

Table 1 Percent composition of the powder mixture

Batch Avicel PH101 CP940 HPC-H

B1 60.33% 11.5% 11.5%

B2 66.08% 8.62% 8.62%

B3 71.82% 5.75% 5.75%

B4 71.82% 7.66% 3.84%

B5 71.82% 3.84% 7.66%

*From B1 to B5, curcumin and cyclosporine were used as an active
pharmaceutical ingredient in bioadhesive pellet core in the concentration
of 4% and 2% respectively. Avicel PH101 was used as a diluent/forming
agent which imparts sphericity. CP940 and HPC-H were used as
bioadhesive agent in the pellet core. NaCl was used as an anti-sticking
agent in a concentration of 10.68%.Water was used as a common binding
agent in an adhesive pellet core

1290 Drug Deliv. and Transl. Res.  (2020) 10:1288–1301



Mumbai, India) operated at a speed of 1500 rpm with the
perforations of 3.2 mm in diameter for 3 min to form the
pellets. The prepared pellets were dried in a tray dryer
(Dolphin, Mumbai, India) at 40 °C for 0.5 h and then dried
in a fluidized bed dryer (Glatt Integrated Process, Mumbai,
India) at an inlet temperature of 40 °C and airflow rate of
80 m3/h until the product temperature reached 40 °C for
0.5 h. The pellets were then sifted through a 40# mesh sieve
for separation of fines and the pellets that were retained on the
sieve were selected.

Enteric coating of pellets

Enteric coating of the bioadhesive pellets with the material
such as Eudragit® S100 (pH-sensitive polymer), talc (anti-
tacking agent) and triethyl citrate (plasticizer) as an outer layer
can improve the concentration of curcumin and cyclosporine
at the affected site in the colon. For coating of the drug-loaded
pellet core, the polymer percentage attempted were 1%w/v,
2%w/v and 3%w/v using isopropyl alcohol (IPA): Acetone
as a solvent in the ratio of 1:1. 2% w/v of Eudragit® S100
in IPA: Acetone in the ratio of 1:1 was selected for coating of
pellets using fluidized bed coater (Glatt Integrated Process,
Mumbai, India). Eudragit® S100 (2%w/v), talc (0.5%w/v)
and triethyl citrate (0.2%w/v) in the concentration of and lake
sunset yellow colour were dispersed into the above solution
under magnetic stirring (Labmann Scientific Instruments Pvt.
Ltd. Chennai) at the rate of 500 rpm, and stirring was contin-
ued for 15 min. to obtain a final dispersion. The coating level
was set to increase to a 10% weight of the total pellets. Sixty
grams of pellets, with a diameter of 0.8–1.00 mm, was trans-
ferred into a chamber equipped with a bottom spray nozzle of
0.5 mm diameter. Coating dispersions were sprayed at the rate
of 1.5 ml/min under an atomizing pressure of 0.1 MPa, the
fluid airflow rate of 18 m3/h; the inlet air temperature was
maintained at 50 °C, the outlet air temperature was maintained
at 40 °C and the voltage was 50 Hz. Coated pellets were
further fluidized for 15 min. at 50 °C for 0.5 h and kept in
an oven at 40 °C for 2 h to complete the coating film
formation.

Pellet characterization and evaluation

The size of pellets and size distribution were determined prior
to the coating process by performing a sieve analysis.
Hardness, friability, pellet sphericity [34, 35], bulk density,
tap density, % Carr’s compressibility index, Hausner’s ratio,
% yield, angle of repose and flow rate were evaluated accord-
ing to USP criteria in an uncoated pellet sample fraction from
0.9–1.00 mm diameter. Pellet dimensions (pellet size) were
derived using a digital vernier calliper and the developed
Eudragit® S100-coated bioadhesive pellets were character-
ized for their surface morphology using a scanning electron

microscopy (SEM) under × 200 magnification power. The
friability was tested in a friabilator (Erweka, Mumbai, India)
equipped with a plastic drum on both sides.

Bioadhesiveness test/mucoadhesion test

The mucoadhesive performance of uncoated pellets was
assessed ex vivo on colon mucosa of the rat and goat. The
colon was cut longitudinally with a variable length and
cleaned by a phosphate buffer (pH 7.4), placed on polyethene
support, spread and held in position with the help of pins.
Uncoated pellet cores were placed uniformly on the mucosa
of the colon. The tissue was then placed in a container main-
tained at 92.5% relative humidity and room temperature for
20 min to allow the polymer to hydrate and to interact with the
glycoprotein and also to prevent the drying of the mucus.
After 20 min, the mucosa was washed for 5 min with a phos-
phate buffer (pH 7.4) at the rate of 1 ml/min using a syringe.
Finally, the number of pellets on the mucosa was calculated. A
larger number of the pellets in the mucosa would indicate a
better adhesion of the pellets. This study was performed in
triplicate.

Swelling index

The swelling index of uncoated and Eudragit® S100-
coated pellets was carried out to check the swelling
behaviour of CP940 and HPC-H. Swelling of uncoated
and Eudragit® S100-coated pellets was carried out in
0.1 N hydrochloric acid (HCl) (pH 1.2) and phosphate
buffer (pH 7.4).

Bioadhesion testing

Bioadhesion testing was determined using an apparatus which
was adapted in-house. It consists of a wooden block, which
was provided by a pulley at one end. A ground glass slide was
fixed on this block. Uncoated pellets were placed uniformly
on the colon mucosa of goat and were placed on this ground
slide. The colon mucosa was then sandwiched between this
slide and another glass slide having the dimension of the fixed
ground slide and provided with a hook. The top plate was then
subjected to a pull of 5 g weight increment with the help of a
string attached to the hook, and the time (sec.) required by the
top slide to cover a distance was noted. The total weight (g)
required to detach the pellets with the help of the upper glass
slide from the mucous membrane was taken as a measure of
mucoadhesive strength. From this mucoadhesive strength, the
force of adhesion was calculated using the following formula
[36]:

Force of adhesion Nð Þ ¼ Weight in grams

100
� 9:81
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Drug content

The bioadhesive pellets were triturated using a mortar and
pestle, and the powder blend equivalent to 30 mg of the drug
(curcumin 20mg, cyclosporine 10mg) was dispersed in 10ml
of distilled water in 10 ml amber-coloured volumetric flask.
The resultant dispersion was subjected to sonication for
10 min. and then filtered through a nylon filter (0.45 μm).
The filtrate was then appropriately diluted and the percent
drug content was estimated by calculating the peak area and
calculating the quantity of curcumin and cyclosporine in the
formulation at the wavelength of 214 nm using a high-
performance liquid chromatography (HPLC) (make- Agilent
Technologies, Mumbai, India; model- Agilent 1260 Infinity
Quaternary LC; column- Eclipse XDB- C18 (4.6 × 150 mm,
5 μ particle size); mobile phase- acetonitrile: water: methanol
(50:10:40 v/v/v); flowrate- 0.5 ml/min.; temperature- 70 °C ±
0.02 °C; injection volume- 20 μl detector- photo diode array
detector) [20].

The in vitro dissolution profile of bioadhesive pellets
coated with a pH-sensitive polymer

The in vitro release of the drug from the bioadhesive pellets
was investigated using a USP type 1 dissolution rate test ap-
paratus (Basket type, ElectroLab Pvt. Ltd., ET-11L, Mumbai,
India) at a rotational speed of 100 rpm. Five hundred milli-
grams of pellets in size 0 hard gelatin capsule shell equivalent
to 30 mg of the drug (20 mg of curcumin and 10 mg of
cyclosporine) was placed in the basket. The apparatus was
maintained at 37 °C ± 0.5 °C. The dissolution was carried
out in 250 ml of 0.1 N HCL with 2% SLS (sodium lauryl
sulphate) for 2 h followed by 250 ml of a phosphate buffer
pH 6.8 with 2% SLS for additional 4 h (total 6 h) followed by
a phosphate buffer 7.4 with 2% SLS for additional 18 h. Five
milliliters of aliquot was withdrawn from the dissolution ap-
paratus at specific time intervals of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
and 24 h and was filtered through a 0.45-μm syringe filter and
analysed using HPLC. Sink conditions were maintained by
replenishing the same amount of medium. This study was
performed in triplicate [37].

In vivo studies to evaluate the efficacy
of the developed formulation

“All institutional and national guidelines for the care and
use of laboratory animals were followed.”Male Wistar rats
of weight 170–200 g approx. were procured from the National
Institute of Bioscience (Pune, India). Rats were randomly di-
vided into six groups each containing five animals. They were
housed under standard conditions of temperature and relative
humidity with 12 h light/dark cycle. The animals were fed on a
standard commercial pelleted diet and water ad libitum. The

Institutional Animal Ethical Committee approved the experi-
mental protocols as per CPCSEA guidelines through the re-
search project no. CPCSEA/IAEC/BNCP/P-79/2017.
Twenty-four hours prior to the induction of colitis, the rats
were deprived of food but not of water. Colonic inflammatory
lesions (ulcerative colitis) were induced in rats by instilling
1 ml acetic acid (4% v/v) into the colon anus (intra-rectal
route) using a soft 6-Fr paediatric catheter under mild anaes-
thesia (sodium thiopental) [38]. The catheter was inserted into
the anus up to a length of 6 cm, and then acetic acid was
administered. Before removing the catheter, 2 ml of air was
injected to spread the acetic acid completely in the colon. Rats
were observed for rectal bleeding and watery stools which
confirmed the induction of ulcerative colitis. For 2 days, the
rats were housed without any treatment to maintain the devel-
opment of a full IBD model. A healthy group received saline
solution instead of an acetic acid solution. Two days after the
induction, the groups received drug-containing pellets. The
rats were treated once in a day for the next eight continuous
days. The rats were randomly divided into six groups: normal
control/healthy group (1); negative control/untreated group
(2); marketed formulation/standard control (mesacol tablet
500 mg; dose 20 mg/kg; orally: intragastric route) group (3);
cyclosporine pellets (equivalent to 20 mg/kg; orally:
intragastric route) group (4); curcumin pellets (equivalent to
40 mg/kg; orally: intragastric route) group (5); and optimized
test formulation bioadhesive pellets of curcumin and cyclo-
sporine coated with Eudragit® S100 (equivalent to 30 mg/kg
curcumin 20 mg/kg, cyclosporine 10 mg/kg; orally:
intragastric route) group (6). Animals were weighed just be-
fore treatment and just before autopsy to determine whether
colitis had an effect on body weight. After 24 h of the last drug
administration, the animals were sacrificed. The colon was
excised and its length was measured. The colon was opened
longitudinally, rinsed in ice-cold normal saline, cleaned of fat
and mesentery, blotted on filter paper and weighed. The ratio
of colon weight in milligrams to total body weight in grams
was taken as the colon mass index and was used as a
measure of the degree of colonic oedema and severity
of inflammation [31]. Ulcer projections were assessed
visually and the specimen was fixed in 10% v/v forma-
lin solution and preserved for evaluation/examination of
histopathological studies [26, 39].

Efficacy study parameters of ulcerative colitis model

Colon/body weight ratio

Samples of the resected colon tissue were opened longitudi-
nally, rinsed with ice-cold physiological saline to remove lu-
minal content and weighed. The colon/body weight ratio was
calculated as a quotient of the colon wet’ weight compared
with the total body weight of each rat [20, 26].
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Histological assessment of rat colon

Histological assessment was used to measure colonic injury.
Colonic tissue samples taken from the distal colon were im-
mersed in 10% phosphate-buffered formalin and subsequently
embedded in paraffin. Sections of 3 mm thickness were
stained with haematoxylin and eosin. The slides were then
evaluated by a pathologist for epithelial damage, architectural
changes, polymorphonuclear leukocyte (PMN) infiltration,
mononuclear cell infiltration and ulceration.

Results

Bioadhesive pellet core preparation

The core of pellets was prepared by an extrusion/
spheronization method. Pellets from 0.9 to 1.0 mm interval
were selected by sieve analysis and used for fluidized bed

coating. The results of pellet sphericity and percentage yield
are shown in Table 2. Formulation batch B1 and B2 had a
higher concentration of CP940 and HPC-H due to which the
extrudates formed were fluffy and after spheronization, exces-
sive fines were produced. However, the formulation batch B3,
B4 and B5 had the lowest polymer concentration which pro-
duced pellets with good sphericity and a maximum yield as
compared with B1 and B2. Therefore, B3, B4 and B5 were
taken up for further evaluation parameters.

Aqueous vehicle (water) Avicel PH101 pellets were success-
fully formed using water as a granulating liquid. Hence, water
is considered the choice of granulating fluid over iso-
propyl alcohol in preparation of Avicel PH101 pellets
[40]. The formulation batch B3 exhibited the best sphe-
ricity and highest yield compared with B1, B2, B4 and
B5. Therefore, pellets of formulation batch B3 were
selected and used for the subsequent fluidized bed coat-
ing and for further evaluation.

a

c

b
Fig. 1 Determination of
bioadhesive properties of
different proportions of
bioadhesive polymer in pellets. a
Rat colon indicating 100%
bioadhesion of pellets with 1:1
(CP940: HPC-H) polymer ratio
(B3). b Rat colon indicating 80%
bioadhesion of pellets with 2:1
(CP940: HPC-H) polymer ratio
(B4). c Rat colon indicating 40%
bioadhesion of pellets with 1:2
(CP940: HPC-H) polymer ratio
(B5)

Table 2 Pellet properties and sphericity

Batch B1 B2 B3 B4 B5

Sphericity 1.095 ± 0.028 1.067 ± 0.25 1.001 ± 0.65 1.025 ± 0.05 1.039 ± 0.05

Yield (%) 42.6% 43.9% 53.3% 52.1% 51.5%

*Data is expressed as mean ± SD (n = 3)
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Bioadhesiveness test/mucoadhesion test

The quantitative adhesion of pellets on excised intestinal tis-
sue is shown in Fig. 1. A larger number of the pellets on the
mucosa indicate a better adhesion of the pellet. The results
showed that CP940, as a high molecular polymer and stable
in a highly viscous medium, when used with HPC-H, is a
commonly used bioadhesive material; a synergistic effect
was obtained. Polymer ratios 2:1, 1:1 and 1:2 (CP940:HPC-
H) were evaluated. The mucoadhesion effect was varied with
the variation of their ratio. The ratio of (1:1 CP940: HPC-H
i.e. B3; Fig.1a) had the best bioadhesion ability, and almost
100% of pellets adhered to the mucosa as shown in Fig. 2.
Therefore, this ratio was selected for the preparation of pellets.

Swelling index

Bioadhesive polymers possess numerous hydrophilic func-
tional groups, such as hydroxyl and carboxyl groups. These
groups allow hydrogen bonding with the substrate and swell-
ing in the aqueous media, thereby allowing maximal exposure
of potential anchor sites. In addition, swollen polymers have
the maximum distance between their chains leading to in-
creased chain flexibility and efficient penetration of the sub-
strate [41].

The swelling index of uncoated pellets and Eudragit®
S100-coated pellets was carried out on batches B3, B4 and
B5. Table 3 compares the % swelling of uncoated and coated
pellets. It was observed that the formulation batch B3 showed
no swelling in 0.1 N HCl (pH 1.2) and 70% swelling at pH 7.4
(colonic pH) as compared with formulation batches B4 and
B5. Therefore, batch B3 was taken up for further studies.

Bioadhesion testing

Bioadhesion testing was carried out on goat colonic mucosa.
Formulation batch B3 showed the maximum force of adhe-
sion of pellets on colonic mucosa. The force required to detach
the pellets from the mucosa of batch B3 was greater as com-
pared with batches B4 and B5 as shown in Table 4. This study
was performed in triplicate.

Pellet characterization and evaluation

The particle size of the pellet was determined using a digital
vernier calliper. Batch B3 had maximum yield, sphericity and
bioadhesion as compared with other batches; hence, formula-
tion batch B3 was evaluated for flow properties. Thirty pellets
of formulation batch B3 were taken for size analysis. The
%RSD (relative standard deviation) of uncoated and coated

Fig. 2 Determination of
bioadhesive properties of
different proportions of
bioadhesive polymer in pellets.
Graphical data representing (a)
100% adhered pellet particles on
rat colon with 1:1 (CP940: HPC-
H) polymer ratio (B3); (b) 80%
adhered pellet particles on rat co-
lon with 2:1 (CP940: HPC-H)
polymer ratio (B4); and (c) 40%
adhered pellet particles on rat co-
lon with 1:2 (CP940: HPC-H)
polymer ratio (B5). *Data is
expressed as mean ± SD, n = 3

Table 3 Swelling of uncoated
and Eudragit® S100-coated
bioadhesive pellets

Batch % swelling of pellets

Uncoated pellets Eudragit®S100-coated pellets

0.1 N HCl (pH 1.2) Phosphate buffer pH 7.4 0.1 N HCl (pH 1.2) Phosphate buffer pH 7.4

B3 50 ± 0.001 70 ± 0.003 0 60 ± 0.001

B4 30 ± 0.002 45 ± 0.007 10 ± 0.002 55 ± 0.002

B5 10 ± 0.005 40 ± 0.005 10 ± 0.006 48 ± 0.001

*Data is expressed as mean ± SD (n = 3)
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pellets was found to be 1.12 and 1.24 respectively as shown in
Table 5.

Drug content

Drug content of the formulation was found to be 97.34 ± 0.5%
for curcumin and 95.68 ± 0.63% for cyclosporine. Hence, it
complies with the USP pharmacopoeial limit of 90–110%.

Characterization of bioadhesive pellets containing
curcumin and cyclosporine coated
with the pH-sensitive polymer by scanning electron
microscopy analysis

The developed bioadhesive pellets coated with Eudragit®
S100 exhibited good spherical geometry as evidenced by the
SEM photograph in Fig. 3 and Fig. 4 respectively. Also, the
surface of the pellet appears smooth and intact.

The in vitro dissolution profile of bioadhesive pellets
coated with Eudragit® S100

In vitro dissolution studies were performed on 5%, 10% and
20% weight gain of pellets of formulation batch B3 after coat-
ing with Eudragit® S100. In the formulation with 5%
Eudragit® S 100 coating on formulation batch B3, more than
10% of curcumin and cyclosporine was released at pH 1.2
(stomach pH), whereas more than 70% of cyclosporine was
released at pH 6.8 (intestinal pH) and at pH 7.4 (colonic pH),
almost 90% of cyclosporine was released which was

undesirable. Whereas in the formulation with 10%
Eudragit® S 100 coating on formulation batch B3, more than
10% of cyclosporine was released at pH 1.2 (stomach pH),
more than 70% of cyclosporine was released at pH 6.8 (intes-
tinal pH) and almost 80% of cyclosporine was released at
pH 7.4 (colonic pH) which was not desirable. In contrast,
the formulation with 20% Eudragit® S 100 coating on formu-
lation batch B3, both the drugs, curcumin and cyclosporine,
showed no drug release at pH 1.2 (stomach pH) and less than
15% release at pH 6.8 (intestinal pH) and almost 80% release
at pH 7.4 (colonic pH) at the end of 24 h which was desirable.

The in vitro release results of 20% Eudragit® S100 coating
on the pellets of formulation batch B3 proved that curcumin
and cyclosporine showed a gradient of pH-sensitive release
characteristics as shown in Fig. 5. The drug release profile was
fit into various kinetic models to check out for the kinetics by
which the drugwas released from the polymer matrix [42].We
can summarize this as, as the pH increased, Eudragit® S100
gradually dissolved, water infiltrated through the membrane
gradually into the pellet core, leading to volume expansion
and successive swelling of CP940 and (HPC-H), which en-
sured not only a quick release of drug in the colon but also a
strong adhesion of pellet cores to the colonic mucosa.
Therefore, the drug release profile indicated that Eudragit®
S100 outer coating effectively inhibited the drug release in
the upper digestive tract and increased the localization of
drug-loaded pellets in the colon affected regions.

Animal studies to evaluate the efficacy
of the developed formulation

Effect on body weight

One of the major symptoms of ulcerative colitis is a reduction
in body weight. Reduction in body weight is considered a sign
of the severity of the disease [30]. Acetic acid-induced colitis
in the negative group led to inhibition in the weight gain of
rats by P < 0.001 while in the animals treated with the test

Table 5 Micrometric properties
of the pellet Parameters B3 (observations) Inference (w.r.t. USP)

Bulk density (g/ml) 0.7675 ± 0.03 –

Tap density (g/ml) 0.7958 ± 0.04 –

% Carr’s compressibility index (%) 3.566 ± 0.01 Excellent flow property

Hausner’s ratio 1.036 ± 0.01 Excellent

The angle of repose (°) 19.43° ± 0.02 Excellent

Friability (%) 0.8%± 0.1 Within limit, i.e. less than 1

Flow rate (g/s) 2.5 ± 0.16 Excellent

Particle size (mm) Uncoated 1.03 ± 0.0087 %RSD- 1.12

Eudragit ® S100 coated 1.13 ± 0.0089 %RSD- 1.24

*Data is expressed as mean ± SD (n = 3)

Table 4 Determination
of bioadhesion testing Batch Force of adhesion (N)

B3 2.7468 ± 0.01

B4 2.256 ± 0.02

B5 2.354 ± 0.01

*Data is expressed as mean ± SD (n = 3)

1295Drug Deliv. and Transl. Res.  (2020) 10:1288–1301



formulation i.e. formulation batch B3 of bioadhesive pellets
containing curcumin and cyclosporine coated with 20%
Eudragit® S100 as a pH-sensitive polymer tend to restore
the weight at a normal level. These results shown in Fig. 6
emphasized that the bioadhesive pellets of formulation batch
B3 coated with 20% Eudragit® S100 (test formulation) im-
proved the therapeutic efficacy of curcumin and cyclosporine.

Colon mass index

Colon mass index (CMI) is a measure of the severity of the
disease. Induction of colitis with acetic acid was associated
with an increase in colon mass index [31]. The colon mass
index of animals in the negative group was found to be sig-
nificantly higher than the normal control group indicating the
induction of ulcerative colitis. Treatment with 20% Eudragit®
S100-coated bioadhesive pellets of curcumin and

cyclosporine (i.e. formulation batch B3) tends to prevent the
increase in colon mass index compared with the standard con-
trol group (@@@P < 0.001), group dosed with 20%
Eudragit® S100-coated curcumin pellets ($$$P < 0.001) and
group dosed with 20% Eudragit® S100-coated cyclosporine
pellets (!!P < 0.01) as shown in Fig. 7. The results indicate that
the bioadhesive pellets of curcumin and cyclosporine coated
with 20% Eudragit® S100 on formulation batch B3 (test for-
mulation) improved the therapeutic efficacy of both the drugs.

As shown in Fig. 8, the thickness of the negative control
group (Fig. 8b) colon is significantly higher than the normal
control group (Fig. 8a) which indicates that the disease was
induced in the rats, whereas the thickness of the colon of the
test formulation group (Fig. 8f) is quite similar to that of the
normal control group (Fig.8a) indicating that the disease has
been treated with the test formulation (i.e. bioadhesive pellets

Fig. 3 SEM image of
bioadhesive pellet of formulation
batch B3 coated with 20%
Eudragit® S100

Fig. 4 SEM image showing the
surface morphology of
bioadhesive pellet of formulation
batch B3 coated with 20%
Eudragit® S100
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of curcumin and cyclosporine of formulation batch B3 coated
with 20% Eudragit® S100).

Histological (microscopical) examination of rat colon

In order to process for microscopic studies, approx. 5-μm-
thick paraffin sections were stained in haematoxylin and eosin
(H & E). The stained sections were examined for any inflam-
matory changes like infiltration of cells, necrotic foci, damage
to tissue structures, damage to the nucleus, congestion, aggre-
gation of cells, presence of inflammatory cells, and morphol-
ogy of villi. As shown in Fig. 9c and d, the negative control

group showed focal and diffuse lymphoid aggregates, mono-
nuclear cell infiltration (+++), multifocal necrosis (+),
denudation/sloughing of lining epithelium, diffuse mononu-
clear cell infiltration (++), test formulation (pellets made up of
curcumin and cyclosporine with 20% Eudragit® S100 coat-
ing) group (Fig. 9k and l) showed a normal histological struc-
ture of colonic mucosa, whereas the standard control group
(Fig. 9e and f), curcumin pellets with 20% Eudragit® S100
coating group (Fig.9i and j) and cyclosporine pellets with 20%
Eudragit® S100 coating group (Fig. 9g and h) showed slight
focal lymphoid aggregates and denudation of epithelial lining.
These results proved that the prepared pellets of curcumin and

Fig. 5 In vitro dissolution profile of Eudragit® S100-coated curcumin
and cyclosporine bioadhesive pellets for the first 2 h at pH 1.2, followed
for 4 h at pH 6.8 and finished at pH 7.4 for 24 h. (♦) release of cyclospor-
ine from 5% wt. gain of pellets (i.e. 5% Eudragit® S 100 coating on B3),
(■) release of curcumin from 5% wt. gain of pellets (i.e. 5% Eudragit® S
100 coating on B3), (▲) release of cyclosporine from 10% wt. gain of

pellets (i.e. 10% Eudragit® S 100 coating on B3), (×) release of curcumin
from 10% wt. gain of pellets (i.e. 10% Eudragit® S 100 coating on B3),
(>|<) release of cyclosporine from 20% wt. gain of pellets (i.e. 20%
Eudragit® S 100 coating on B3) and (●) release of curcumin from 20%
wt. gain of pellets (i.e. 20% Eudragit® S 100 coating on B3). *Data are
shown as mean ± SD (n = 3)

Fig. 6 Determination of increase
in body weight. Effect of test
formulation batch B3 with 20%
Eudragit® S100 coating
(bioadhesive pellets of curcumin
and cyclosporine), marketed
formulation (standard control),
cyclosporine pellets with 20%
Eudragit® S100 coating,
curcumin pellets with 20%
Eudragit® S100 coating on the
bodyweight of animals with
acetic acid-induced colitis mea-
sured from the time of induction
of colitis until sacrifice.
***P < 0.001 vs. normal control
group; ###P < 0.001 vs. negative
control group; @P < 0.05 vs.
standard control group. Data are
expressed as mean ± SD (n = 5)
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Fig. 8 Photographs of
representative rat colon indicating
tissue sections from acetic acid
installation site (a- Normal control
group; b- Negative control group;
c- Standard control group; d-
Cyclosporine pellets with 20%
Eudragit® S100 coating group; e-
Curcumin pellets with 20%
Eudragit® S100 coating group; f-
Cyclosporine and curcumin pel-
lets group (test formulation batch
B3 with 20% Eudragit® S100
coating), equivalent magnifica-
tion for all images, original size)

Fig. 7 Determination of CMI.
Effect of test formulation batch B3
with 20% Eudragit® S100 coating
(bioadhesive pellets of curcumin
and cyclosporine), marketed
formulation (standard control),
cyclosporine pellets with 20%
Eudragit® S100 coating, curcumin
pellets with 20% Eudragit® S100
coating on the colon mass index of
animals with acetic acid-induced
colitis. ***P < 0.001 vs. normal
control group; ###P < 0.001 vs.
negative control group;
@@@P < 0.001 vs. standard con-
trol group; $$$P< 0.001 vs.
curcumin pellets group;
@@P < 0.01 vs. standard control
group;!!P< 0.01 vs. cyclosporine
pellets group. Data are expressed
as mean ± SD (n = 5)
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cyclosporine pellets in combination improved the therapeutic
effect of both the drugs for the treatment of colitis. Results of
in vivo studies on male Wistar rats proved that the low
doses of developed bioadhesive pellets of curcumin and
cyclosporine coated with 20% Eudragit® S100 in com-
bination showed improved weight gain (P < 0.001), co-
lon mass index (P < 0.001) and showed comparative re-
duction in infiltration of immune cells, reduction in ne-
crosis as indicated by histopathological examination
compared with the group treated with pure curcumin
and cyclosporine pellets with high doses of both the
drugs given individually in two different groups as
shown in Fig. 9. In vivo clinical activity on the rats
showed that curcumin and cyclosporine, when loaded
in colon adhesive pellets coated with the pH-sensitive
carrier, exerted a higher efficacy for the management of
IBD.

Discussion

Bioadhesive pellets of curcumin and cyclosporine were suc-
cessfully prepared by the extrusion-spheronization technique.
It was observed that Avicel PH101, when used as a diluent,
imparted maximum sphericity to the pellet core. Better
sustained release, good sphericity and less percent of fines
were observed in formulation batch B3 as compared with
formulation batch B1 and B2. This could be attributed to a
higher concentration of MCC and 11.5% of overall polymer
concentration of CP940 and HPC-H in the ratio of 1:1. Animal
studies revealed that pellets with CP940 and HPC-H in the
ratio of 1:1 gave excellent bioadhesion, thus increasing the
residence time in the rat colon. Furthermore, enteric coating
of formulation batch B3 with 20% Eudragit® S100 showed
pH-dependent site specific release at pH 7.4 of almost 80% of
curcumin and cyclosporine. The in vitro results also indicated

Fig. 9 Histological specimens of rats. a Normal control group × 10. b
Normal control group × 45. c Negative control group × 10. d Negative
control group × 45. e Standard control group × 10. f Standard control
group × 45. g Cyclosporine pellets with 20% Eudragit® S100 coating
group × 10. h Cyclosporine pellets with 20% Eudragit® S100 coating

group × 45. i Curcumin pellets with 20% Eudragit® S100 coating group
× 10. jCurcumin pellets with 20% Eudragit® S100 coating group × 45. k
Test formulation batch B3 with 20% Eudragit® S100 coating group × 10.
lTest formulation batch B3with 20%Eudragit® S100 coating group × 45
(n = 5); *× 10 and × 45, magnification power of microscope
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that Eudragit® S100 coating leads to the minimal absorption
of curcumin and cyclosporine in the jejunum and upper ileum
and increased the localization in the colon affected areas,
which proved that Eudragit® S100 coating was able to pre-
vent the drug release in the upper GIT. In vivo histological
assessment proved that the group administered with low doses
of curcumin and cyclosporine pellets in combination showed
the normal pathological structure of the mucosa as compared
with the groups receiving pure curcumin and cyclosporine
pellets individually in a high dose [31, 43–49]. The results
proved that low doses of curcumin and cyclosporine pellets
in combination act synergistically and therefore can be used in
the management of IBD.

Conclusion

A promising targeted drug delivery system of curcumin and
cyclosporine was developed for the treatment of IBD.
Curcumin- and cyclosporine-loaded colon adhesive pellets
were prepared by coating the core of the bioadhesive pellet
with Eudragit® S100 as an outer layer for pH control. CP940
and HPC-H being a bioadhesive polymer served to impart
good swelling ability, strong adhesion to the mucosal surface,
better permeability and provided a sustained release pattern
for the drug release at the affected site. Coating of pellets with
Eudragit® S100 (pH-sensitive polymer) helped to achieve
targeting of the drug to the intestinal region and reduced ad-
verse reactions to non-target sites. The results of the in vitro
release of curcumin and cyclosporine from the coated pellets
proved that the release was pH-sensitive. On the other hand,
the results of the adhesion indicated that a strong adhesion was
obtained. In vivo clinical activity on the rats showed that
curcumin and cyclosporine together in a lower dose, in
bioadhesive pellets coated with the pH-sensitive carrier,
exerted a higher efficacy for the management of the disease
as compared with individual drugs with higher doses. Thus, it
can be concluded that a combination of curcumin and cyclo-
sporine can have a synergistic effect for successful manage-
ment of IBD when used in a low dosage as compared with
individual drugs with high doses [31, 43–49]. Hence,
bioadhesive pellets of curcumin and cyclosporine coated with
Eudragit® S100 can be a promising approach for targeting
both the drugs to the intestinal region for efficient manage-
ment of IBD.
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