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ABSTRACT
The development and in-vitro characterization of colon-targeted pellets of Ornidazole Hydrochloride

represents a significant advancement in optimizing therapeutic outcomes for Crohn’s disease, a chronic
inflammatory bowel disorder requiring localized drug delivery to minimize systemic side effects and enhance
efficacy. This study focused on designing a multiparticulate system using pH-dependent and microbially
triggered polymers to ensure targeted release in the colonic environment. Ornidazole, a nitroimidazole
antibiotic with proven efficacy in reducing Crohn’s disease activity indices and postoperative recurrence, was
selected as the model drug due to its antimicrobial and anti-inflammatory properties. The formulation strategy
involved extrusion-spheronization techniques to produce core pellets, followed by coating with a combination
of hydroxypropyl methylcellulose (HPMC) and carboxymethyl xanthan gum (CMXG) to achieve pH-sensitive
release. A 32 full factorial design was employed to optimize polymer ratios, with independent variables being
CMXG (66-70%) and HPMC (20-22%) concentrations, ensuring minimal drug release in acidic (pH 1.2) and

small intestinal (pH 7.4) conditions while enabling rapid dissolution in colonic pH (6.8).

In-vitro dissolution studies using USP apparatus Il demonstrated that optimized formulations released less
than 10% of the drug in simulated gastric fluid (2 hours) and less than 25% in intestinal fluid (4 hours), with
over 85% release occurring within 12 hours in colonic medium, confirming pH-dependent targetingl. Fourier-
transform infrared spectroscopy (FTIR) and differential scanning calorimetry (DSC) analyses verified the
absence of drug-polymer interactions, while scanning electron microscopy (SEM) revealed uniform coating
layers on pellets. Swelling and biodegradation studies in simulated colonic fluid underscored the role of
CMXG, which undergoes enzymatic degradation by colonic microbiota, further enhancing site-specific
release. Mechanical properties, including friability (<1%) and hardness (4—-6 kg/cm?), met pharmacopeial

standards, ensuring robustness during manufacturing and transit through the gastrointestinal tract.

IJ]NRD2508154 International Journal of Novel Research and Development (www.ijnrd.org) b425



http://www.ijnrd.org/
http://impactfactor.org/PDF/IJDDT/11/IJDDT,Vol11,Issue3,Article20.pdf

© 2025 IJNRD | Volume 10, Issue 8 August 2025 | ISSN: 2456-4184 | INRD.ORG

The inclusion of Eudragit S100 as an outer enteric coating provided additional protection against premature
drug release in the upper GI tract, with dissolution studies showing <5% release in acidic conditions and
sustained release over 24 hours in colonic pH. Accelerated stability studies (40°C/75% RH) over six months
confirmed the formulation’s integrity, with no significant changes in drug content, dissolution profiles, or
physical characteristics. Comparative analysis with conventional tablets highlighted the pellets’ superior
performance, including reduced dosing frequency and improved patient compliance due to minimized
systemic absorption and adverse effects like nausea and metallic taste. This research underscores the potential
of CMXG-HPMC-Eudragit bilayer coatings as a versatile platform for colon-targeted delivery, combining pH
sensitivity and microbial degradation to achieve spatiotemporal release. The optimized pellets not only address
the limitations of existing Ornidazole formulations but also offer a scalable, cost-effective solution for
managing Crohn’s disease. Future studies should focus on in-vivo pharmacokinetic validation and clinical
trials to correlate in-vitro findings with therapeutic outcomes, particularly in reducing endoscopic recurrence

rates and improving long-term remission.

CHAPTER
1

INTRODUCTION

The oral route of drug administration is the most convenient method of administering drugs for systemic
effects. About 60% of the drug delivery systems that are available in the market are oral drug delivery systems
due to their acceptability by the patients and ease of administration (Singh & Khanna 2012). There are various
approaches for oral drug delivery system. Liquid and solid dosage forms are most acceptable strategies which
are used to deliver the drug through oral route. Tablets, capsules and powders are used in solid dosage forms.
Some other delivery devices have been used for the development of effective oral drug delivery system, such
as matrices, beads, pellets, microparticles and nanoparticles. These multiparticulate systems proved to be better
than single unit dosage forms due to their more reproducible gastrointestinal transit time and less local

irritation and adverse effects.

These multi-unit systems remain in close contact with absorption tissues and mucous membrane, releasing the
drug at the site of action leading to increase in bioavailability. Oral route of administering drug is the most
convenient route for the delivery of drug to the systemic circulation of body.

1.1 Pelletization

Pellets are defined as spherical/ semi-spherical, free flowing solid units with a narrow size distribution,
typically varying in diameter between 500 and 1500 um. Due to their various advantages pellets have gained
considerable attention in development of both immediate release and modified release dosage form.
Pelletization is the agglomeration process which converts the fine powder or particles of drugs and excipients
into small, freely flowing, and more or less spherical units called pellets (Tawar et al 2013).
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Pellets are formulated so as to prevent segregation of co- agglomerated components which results in an
improvement of uniformity of content. Pellets help to improve the flow property in formulation development
and are less susceptible to dose dumping. Pellets get freely disperse in GIT and thus maximize the absorption
of drug and also reduces the drug peak plasma fluctuation. The defined shape and weight improves the
appearance of the product. Pelletization can solve the problem of taste masking. Due to larger surface area,
pellets provide better distribution for immediate release products. Products that are chemically incompatible
can be formulate as pellets and by encapsulate can be delivered in a single dose into capsules or compressed
into tablets. Pellets oral solid dosage forms are mainly used for delivery of drug at a specific site within the
GIT or to sustain the action of drug over an extended period of time (Lavanya et al 2011).

Several techniques of pelletization have been reported namely direct pelletization, powder layering, extrusion and
spheronization, freeze pelletization, Cryopelletization. Powder layering technique involves production of uniform size
pellets. The most commonly used equipment for the layering of pellets is fluid bed processor.This equipment
can be used for various functions like coating, drying of coated material, pelletization or granulation. This
equipment has highly efficient drying system and uniform, continuous product coating is achieved (Allenki et
al 2009 and Lavanya et al 2011).

1.2 COLON DRUG DELIVERY

In recent years, colon- specific drug delivery systems has gained importance, not only for a more effective
treatment of local pathologies, such as Crohn’s diseases, ulcerative colitis, amoebiasis, (Mennini et al 2012)
but also for the systemic therapy of both convential and labile molecules like protein and peptide drugs. The
colon drug delivery system should be capable protecting the drug from the upper part of gastrointestinal tract
I.e. it prevent the release and absorption of drug from stomach and small intestine, and also prevent the
degradation of active pharmaceutical agent in the dissolution site of stomach and small intestine and the drug
only released and absorbed when the system reaches the colon (Philip 2010 and Chourasia & Jain 2003). Colon
targeted drug delivery can also be exploited as a means of achieving chronotherapy for diseases sensitive to
cardian rhythms, such as asthma, angina pectoris and arthritis (Maestrelli et al 2008).

1.2.1 ADVANTAGES

> Colon targeting drug delivery is valuable in the treatment of local diseases of colon where by high
concentration of drug can be achieved while minimizing the side effects, reduces the gastric irritation caused
by many drugs (e.g. NSAIDS) and also reduces the dose frequency. Hence lowers the cost of expensive drugs
(Madhu et al 2011).

> Colon has gained attraction as a site where the poorly absorbed drug molecules may have an improved
bioavailability. Delivery of drug to the colon bypasses the first pass metabolism (Singh & Khanna 2012).

> The colon has a longer retention time that appears highly responsible to the agents and enhances
absorption of poorly absorbed drugs. The region of colon having somewhat less peptidase activity so peptides,
oral vaccines can be given through this route.

1.2.2 DISADVANTAGES

> An important limitation of the pH sensitive coating is the uncertainty of location into which the enteric
coating get start to dissolve.

> The resident micro flora could affect the colonic performance via metabolic degradation of drug
(Kumar et al 2011).

1.3  VARIOUS APPROACHES FOR COLON TARGETING

Various approaches have been proposed to target the drug into colon, including Hydrogels, Redox sensitive
polymer coating, Bioadhesive systems (Vyas 2012 and Jain 2009), Prodrugs, pH- sensitive polymers, time
dependent polymers and microflora- activated systems (Maestrelli et al 2008).
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1.3.1 pH dependent approach:

This pH dependent system works on the approach of pH gradient system in the git that progressively increases
from stomach (pH 1.5- 3.5) and small intestine (5.5- 6.8) to the colon (6.4- 7.0). By the study of solubility of
polymers at different pH environments, various pH dependent systems can be designed so that the drugs can
be delivered at the targeted site. The commonly used pH dependent polymers are the derivatives of acrylic
acid and cellulose. The dissolution performance of these polymers is influenced by the pH (Kothawade et al
2011).

1.3.2 Time- dependent systems

It is also known as sigmoidal release or pulsatile release system. In these systems release of drug is controlled
by controlling the formulation transit time in the gastrointestinal tract. The principle of these approaches is to
prevent the release of drug until it enters into the colon. These systems are designed in such a way that the site
of drug delivery cannot be interfered by the difference in individual’s gastric emptying time. In this case the
lag time is the time required by the drug to transit from the mouth to the colon. Lag time of about 5 hours is
generally sufficient since the transit time from small intestine is about 3-4 hours, that is relatively constant and
cannot be affected by the nature of the formulation administered (Kothawade et al 2011).

1.3.3 Covalent linkage of drug with carrier

1.3.3.1 Prodrug approach

Prodrug can be defined as the pharmacologically inactive derivative of a parent molecule which requires
enzymatic transformation to release the drug at a target site. In this approach there is a covalent link between
drug and carrier in such a manner that after oral administration the drug moiety remains intact in stomach and
small intestine and after reaching to colon enzymatic cleavage of drug moiety takes place (Kothawade et al
2011).

1.3.3.2 Azo bond conjugates

The azo bond containing compounds were metabolized by the intestinal bacteria, both by the
extracellular reduction and intracellular enzymatic component. In colon targeting delivery systems these
compounds are used in the form of hydrogels a coating material for the coating of drug cores. In the upper
GIT portion these azo bonds are stable and cleaved by the enzyme azoreductase present in the colon.

1.3.3.3 Glucoronide conjugates

An enzyme called b- glucuronidase is secreted by the bacteria of lower GIT which can deglucuronidate
a variety of drugs in intestine. Thus this approach inhibits the release of drug into the upper GIT and promotes
its release in the colon by the deglucuronidation process.

1.3.3.4 Glycoside conjugation

The unique glycosidase activity of the microflora present in the colon can be used as an approach for
colonic delivery of drugs. Some of the drugs get conjugates with sugar moieties and forms glycosides which
are hydrophilic and bulky and do not penetrate from the biological membrane. These glycosides are break by
the action of glycosidase enzyme present in the intestine.

1.3.3.5 Cyclodextrin conjugates

Cyclodextrins are oligosaccharides in which there are six to eight glucose units are present. The
exterior part of this molecule is hydrophilic in nature whereas the interior part of this molecule is lipophillic
in nature. They act on the drug by forming inclusion complexes. This Cyclodextrin molecule is degraded by
cyclodextranase enzyme present in the colon.

1.3.3.6 Dextran conjugates

Dextrans are polysaccharides in which the monosaccharides are linked together through glycosidic
linkage. These linkages are hydrolyzed by the enzyme called dextranase. The bacterias which show dextranase
activity is absent in upper GIT and are present in excess in colon. Thus the dextran conjugated drugs can be
delivered to colon because here the dextranase activity is much higher than other part of GIT.
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1.3.3.7 Amino acid conjugation

The amino acid conjugates have enzymatic specificity for colonic enzymes. These conjugates are
hydrolyzed by colonic bacteria. Due to the presence of hydrophilic polar groups membrane permeability get
reduced.

1.3.4 Hydrogels:

Hydrogels are used for site specific delivery of proteins and peptides through colon. They composed of acidic
commoners and enzymatically degradable aromatic crosslinks. In acidic pH, gels shows less swelling that
prevent the drug degradation in stomach. As the pH increases swelling increases and release of drug takes
place (Singh & Khanna 2012).

1.3.5 Polysaccharides based systems:

Polysaccharides are the polymers which are resistant to the digestive action of gastrointestinal enzymes. So
they retain their integrity and their matrices remain in its intact form in the environment of both stomach and
small intestine; once reaches the colon resulting in the degradation of polysaccharide matrices by the action
of bacterial polysaccharides in the colon (Tiwari & Verma 2008).

1.4  VARIOUS PELLETIZATION TECHNIQUES
1.41 DIRECT PELLETIZATION

In this technique pellets are manufactured directly from powder. In this technique powder is mixed and
moistened with a solvent and a binder is added to it. Then the powder bed can be set into the centrifugal
motion.The impact that occurs in this process results in the agglomerates formation that becomes rounded out
into uniform pellets. The rotation speed of pellets has directly influence the density and size of the pellets.The
moist pellets is then dried in the fluid bed. By the addition of suitable additives pellets can be encapsulate into
capsules or compressed into tablets.

SPRAYING ROLLING DRYING/SOLIDIFYING PELLET
0
‘ — —— e
w ; e’
o Powder marerial Liquid bridge Solid bridge
& Binder droplets

Fig 1.1 Direct Pelletization Technique
142 POWDER LAYERING

In powder layering technique the successive layers of both dry powder of drug and excipients are disposition
on performed nuclei with the help of a binder, because this technique involves simultaneous application of the
liquid and dry powder and it generally requires specialized equipments.

During powder layering, the binding solution and the drug powder are added simultaneously to a bed of
preformed nuclei (sugar spheres) at a predetermine controlled rate .The drug particles are bound to starter
seeds to form pellets with the help of a liquid bridge originated from sprayed binding liquid.
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SPRAYING WETTING/DISTRIBUTION SOLIDIFYING/LAYER FORMATION PELLET

Fig 1.2 Drug layering process using solution

SPRAYING ROLLING DRYING/SOLIDIFYING LAYER FORMATION PELLET
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Fig 1.3 Drug layering process using suspension
1.4.2.1 FLUID BED COATING FOR LAYERING OF PELLETS:
The most commonly used equipment for the layering of pellets is fluid bed processor.This equipment can be
used for various functions like coating, drying of coated material, granulation or pelletization .This equipment
has highly efficient drying system and uniform, continuous product coating is achieved .With this coating
procedure, particles are fluidized and the fluid to be coated is sprayed on and then dried.

1.4.2.2 Fluid bed processor includes:

a) Top spray coater
b) Bottom spray coater (Wurster technology)
C) Tangential spray coater (Rotor pellet technique)

1.4.2.3 TOP SPRAY COATING: This method is used for normal coating up to the enteric coating of drug.
In top spray coating the particles are fluidized within the flow of heated air, and then transfer to the product
container through a base plate. The spray of coating liquid is done from above into the fluid bed against the
air flow by the use of a nozzle. The particles get dry as they move upward in the airflow. Small droplets and
low spray medium viscosity confirms that distribution is uniform.

Depending on application the system is subdivided into preheating zones, spray zones and drying zones.

1.4.2.4 BOTTOM SPRAY COATING (WURSTER COATING): This method is suitable particularly for
the controlled release of active ingredients. In this process there is a complete sealing of surface can be
achieved by a low usage of coating substance. In this processor the spray nozzle is fitted into the base plate
which results in such a spray pattern that is concurrent to the air feed. By the use of Wurster cylinder and base
plate the particles which are to be coated are kept and accelerated inside the Wurster tube and fed by the use
of spray cone concurrently. As the particles were continuously travel upward, they get dry and fall outside to
the Wurster tube towards the base plate. The particles are taken from outside back to the inside of Wurster
tube and the particles are once again accelerated by spray, which produces an even film and the particles of
various sizes are evenly coated.

1.4.2.5 Tangential spray coater (Rotor pellet technique): This technique is ideal for coating with high solid
content. In this technique, the particles are set into a spiral motion by the use of a plate in which there is air
feed into powder bed, this plate is called as rotating base plate. The spray nozzle is tangentially fitted to a rotor
disc and sprayed concurrently into powder bed. By using this rotor method very thick film layers can be
applied.
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Top spray Bottom spray Tangential spray

Fig 1.4 Different Fluidized Bed Processor
143 EXTRUNIZATION AND SPHERONIZATION:

Pharmaceutical pellets are typically manufactured by extrusion spheronization technique. This involves
following steps:

1.4.3.1 Dry mixing: Dry mixing of all the ingredients is done to achieve homogenous powder dispersion by
using planetary mixer, twin shell blender, tumbler mixer and high speed mixers.

1.4.3.2 Wet mixing: Wet massing is done to produce a plastic mass for extrusion, by the use of processes and
equipments as employed in wet granulation technique for compaction. The commonly used granulator is
planetary mixer and high shear mixer. A major problem with high shear mixers is the evaporation of the fluid
phase as a high amount of energy is induces by the high shear mixers into the wet mass which partly
transformed into heat and cause evaporation of the granulating liquid and changing the extrusion behavior of
wet mass. This problem can be avoided by cooling of the granulation bowl.

1.4.3.3 EXTRUSION: By this process rod shaped particles of uniform diameter is produced from the wet

mass. By the use of dies the wet mass then shaped into small cylsindrical particles of uniform diameter. This
shaping of particles into long rods, commonly called as ‘extrudate’.

1.5 DRUG PROFILE

1.5.1 Structure
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Fig 1.5 Structure of ornidazole (Rang et al.2007)
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Table 1.1 Physicochemical Properties of ornidazole (Rang et al 2007)

Generic name

Ornidazole

Synonym

Nitroimidazole

Chemical name

1-chloro-3-(2-methyl-5-nitro-1H-imidazole-1-yl)propan-2-ol

Molecular weight

219.625

Pharmacokinetics

Distributed throughout the body, completely absorb intestine.

ADR

Nausea,vomiting,epigestricstress,abdominalcramps,neurotoxicologic

problems (numbness, dizziness)

Drug Interaction

Disulfiram like intolerance to alcohol occurs in patients

Half life 10-12 h

Storage Light and moisture protection

Solubility Soluble in distilled water, methanol, ethanol, chloroform
Dose 250 mg

Analysis By UV spectroscopy

Uses Used for trichomoniasis, giardiasis and ulcer

1.6 POLYMER PROFILE

1.6.1 Eudragit S 100
Generic name Eudragit S 100
Synonym Eastacryl, Kollicoat, polymeric methacrylates

Chemical name Poly (methacrylic acid, ethyl acrylate)

CHs CH3
\/-\ },//
L "~ = ——
O | "o
OH (I)
CH3

Fig 1.6 Structure of Eudragit
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Table 1.2 Table of typical properties of Eudragit (Tawar et al 2013)

S.NO. | Properties Range

1. Density (bulk) 0.390g/cm

2. Density (tapped) 0.424g/cm

3. Solubility Soluble in acetone and 1N NAOH, miscible 1N HCI
4. Viscosity 15-100mPas

5. Stability Stable at temperature less than 30 ¢

1.6.2 Cellulose Acetate Pthalate
Generic name
Synonym

Chemical name

Cellulose acetate phthalate

Cellacephate, Acetyl phthalyl cellulose

Cellulose, acetate, 1, 2-benzenedicarboxylate

Table 1.3 Table for typical properties of CAP (Tawar et al 2013)

S.NO. _
Properties Range

1. Density 9bulk0 0.260g/cm

2. Density (tapped) 0.266g/cm

3. Melting point 192°C

4. Moisture Content 2.2%
Practically insoluble in distilled water,

5. Solubility alcohols and chlorinated and non-
chlorinated hydrocarbons
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6. Viscosity 50- 90mPas

7. Stability Store in well closed container

CHAPTER
2

LITERATURE REVIEW

2.1 AN UPDATE OF LITERATURE REVIEW ON THE DRUG

Singh et al. (2011) reported formulation of colon targeted oral drug delivery systems with the use of different
colon targeting polymers.

Tawar et al. (2013) reported colon specific drug delivery of ornidazole by the use of acid soluble coating
(Eudragit E-100) as well as Enteric coating (Eudragit L-100).

Siepmann et al. (2012) reported method for the synthesis and characterization of pH-sensitive hydrogel system
containing carboxymethyl chitosan for colon targeted delivery of ornidazole.

Krishnaiah et al (2003) reported different methods of colon targeting along with various methods of evaluation
of colon targeting product. In vivo testing was also involved.

Souto et al. (2013) formulate pulsatile drug delivery systems: an approach for controlled drug delivery to
colon.

Y. S. R. Krishnaiah et al. (2003) reported different methods of colon targeting along with various methods of
evaluation of colon targeting product. In vivo testing was also involved.

Madhu et al. (2004) reported different methods for colon drug delivery system such as microparticles,
multiparticulate system.

Yang et al. (2006) reported preparation and Invitro/invivo evaluation of Metformine Hydrochloride sustained
release pellets by powder layering technique.

Beart et al. (1993) reported influence of amount of granulation liquid on the drug release rate from pellet made
by extrusion and spheronization technique.

Sood et al. (2004) reported multiunit matrix based particular system for the control delivery of nifidipine using
extrusion and spheronization.

Abbaspour et al. (2005) reported preparation and characterization of ibuprofen pellets based on Eudragit RSPO
and RLPO using extrusion and spheronization technique.

Satyanarayana et al. (1998) reported Invitro evaluation of guar gum polymer used as a carrier for colonic drug
delivery.
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Rodriguez et al. (2005) reported a comparative study of the utility of two superdisintigrants in microcrystalline
pellets prepared by Extrusion and Spheronization technique.

Parikh et al. (1997) reported the application of powder layering technology and film coating for manufacture
of sustained release pellets using a rotary fluid bed processor.

Mishra et al. (2013) reported the formulation and development of Acrycoat-
ornidazole for targeting the drug to colon

Table 2.1 List of literature review based on drug ornidazole

Coated Chitosan beads of

Drug

Polymer

Remarks

Reference

Ornidazole

HPMC, Eudragit L2100,

Eudragit E100

Colon specific drug delivery
system was prepared by
preparing  multilayer  coated
minitabs.

Rao et al.
2011

Ornidazole

EudragitS100, HPMCK100,
Ethyl cellulose

Matrix tablet was targeted to
colon by applying coating of
6%w/v solution of EudragitS100
in isopropyl alcohol.

Patel et al.
2011

Ornidazole

Carbopol 940, Carbopol 934
HPMC K100 M

In Situ Gel formulation of
ornidazole was done by cold
process.

Rawat et al.
2010

Ornidazole

Guar gum, Xanthum gum

Matrix tablets of ornidazole were
prepared by wet granulation
method using guar gum and
xanthum gum in combination
with matrix forming agent in
different proportions.

Choudhary
etal. 2012

Ornidazole

Chitosan, Acrycoat S100

Chitosan  beads  containing
ornidazole were prepared by
dispersion technique and beads
were coated with Acrycoat S100
using oil-in-oil solvent
evaporation method.

Kumar et
al. 2013

Ornidazole

Chitosan

pH- sensitive hydrogel composed
of carboxy methyl chitosan were
synthesized for colon targeted
delivery of ornidazole.

Vaghani et
al. 2012

Ornidazole

Eudragit S100

pH dependent ornidazole loaded
multiparticulate system for better
control of amoebiasis in colon.

Patrey et al.
2011
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Drug

Polymer

Technique

Reference

Ornidazole

HPMC K100, EudragitL100,
Eudragit E100

pH - dependent technique
based on multi layer coated
minitab.

Tawar et al.
2013

Mebendazole

Pectin, Xanthan gum, Guar gum

Polysaccharides based
colon targeted  sustain
release pellets by Extrusion
Spheronization

Aniket et
al. 2012

Metronidazole

Eudragit RS100, Eudragit S 100

pH - dependent polymer
coating on multiunit pellet
system for colon targeting.

Patel et al.
2014

Budesonide

Cellulose  acetate
HPMC K100

pthalate,

Time  dependent  oral
microparticles to optimize
budesonide delivery to
ileum and colon.

Krishnama
chari et al.
2007

Secnidazole

Methacrylate

Colonic delivery of
secnidazole by  using
hydrogel system.

Gandhi et
al. 2010

Mebendazole

Pectin, Xanthan gum, Guar gum

Polysaccharides based
colon targeted  sustain
release pellets by Extrusion
Spheronization

Aniket et
al. 2012

Ornidazole

Acrycoat, Chitosan

Acrycoat coated chitosan
beads by spheronization

Mishra et
al. 2013

Table2.2 List of literature review based on colon targeting techniques
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Table 2.3 List of literature review based on pelletization techniques

characterization by

Drug Polymer Technique Reference
Metformine HPMC K100M Preparation and| Yang et al.
Hydrochloride evaluation of sustained | 2013
release  pellets by
powder layering
technique.
Nifidipine Ethyl Cellulose, | Multiunit matrix based| Sood et al.
HPMCK100 particulate system by| 2011
extrusion and
spheronization.

Ibuprofen Eudragit RSPO, | Preparation and | Abbaspour et

Eudragit RLPO. characterization of | al. 2008
pellets by extrusion and
spheronization.

Chlorpheniramine | Ethyl cellulose Preparation of sustain| Pinto et al.

Maleate release pellets by direct| 2005
pelletization.

Metronidazole Eudragit S100 Preparation and| Beart et al.
evaluation of colon| 2003
targeting pellets by
extrusion and
spheronization.

Diltiazem Ethyl Cellulose Preparation of pellets| Golam et al.

hydrochloride of different and their| 2007

extrusion and
spheronization.
Duloxitine HPMC K100 Preparation and| Santosh et al.
Hydrochloride evaluation of delayed| 2004
release  pellets by
powder layering
technique.
Quiatepine Hypermellose Phthalate | Preparation and | Chopra et al.
Hydrochloride evaluation of sustain| 2001
release  pellets by
powder layering
technique.

2456-4184 | INRD.ORG

IJ]NRD2508154

International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/

© 2025 IJNRD | Volume 10, Issue 8 August 2025 | ISSN: 2456-4184 | INRD.ORG

CHAPTER
3

IDENTIFICATION OF PROBLEMS AND ISSUES

Amoebiasis is a tropozoidal disease associated with colon caused by Entamoeba histolytica, which may cause
severe dysentery. Ornidazole is an amoebicidal drug, used to kill tropozoids mainly present in the colon.
Crohn’s disease is a type of inflammatory bowel disease that may affect any part of GIT mainly colon.
Symptoms of crohn’s disease include abdominal pain, diarrhoea (which may be bloody if inflammation is
severe), fever and weightloss. Ornidazole is a well known antibiotic to treat chron’s disease in colon. But the
main problem with ornidazole is that 90% of the drug get absorbed from stomach and small intestine and a
very few amount reaches to colon.

The need of present study was to develop pellets that can be targeted to colon. The coating of drug is done
with suitable pH dependent and delayed release polymer to prevent its release in gastric region as amoebiasis

and Crohn’s disease is related to colon and increase the availability of drug in the colon.

3.1 AIM AND OBJECTIVES

> Development of colon targeting ornidazole pellets for the treatment of amoebiasis and crohn’s disease.

> These pellets were prepared by powder layering technique. This technique has several advantages like
pellets formed by this technique are of uniform size.

> Various pH dependent polymers were being used in the preparation of colon targeting pellets like
Eudragit S 100, CAP.

> These prepared pellets were then evaluated for particle size, drug content, drug entrapment and in vitro
drug characterstics.

> To develop a suitable dissolution methodology for evaluation of colon targeting product.
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CHAPTER
A

MATERIALS

4.1 . -
Materials Manufacturer/Supplier
Ornidazole Sharon Pharmaceuticals, Dehradun
Eudragit S 100 Yarrow Chem. Products, Mumbai
Povidone K30 Rankem. New Delhi
Sugar spheres Rankem. New Delhi
Opadry Rankem. New Delhi
Talc Sharon Pharmaceuticals, Dehradun
Cellulose acetate Sharon Pharmaceuticals, Dehradun
Phthalate
Isopropyl alcohol Central Drug House. New Delhi
Dichloromethane Central Drug House. New Delhi
Sodium hydroxide Central Drug House. New Delhi
Hydrochloric acid Central Drug House. New Delhi
Disodium Hydrogen Central Drug House. New Delhi
Ortho Phosphate

MATERIALS USE

Table 4.1 List of materials used
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4.2 EQUIPMENTS AND INSTRUMENTS

Table 4.2 List of Equipments and Instruments used

Equipments/ Instruments Manufacturer Make and Model
Digital Weighing Balance Shimadzu India ATX 224
Mechanical Stirrer Remi electronic India RSB-12
Magnetic Stirrer Remi electronic India EAMS2128
Dissolution Tester Electrolab India 1301014
UvVv- Visible Double Beam | Systronic India 2101
Spectrophotometer

Fluid Bed Processor Pam glatt GPCG 1.1
Digital Melting point apparatus Permit India 1013 A
Fourier ~ Transform  Infra  Red| Shimadzu India BX2
Spectrophotometer

Tab Density Tester Electrolab India ETD- 1020
SEM Zeiss, Berlin, Germany EVO 40
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CHAPTER
S

a) STATEMENT

METHODS
The ornidazole pellets were prepared by using Eudragit S 100 and cellulose acetate phthalate to achieve the successful
delivery of drug to colon. Before formulation various preformulation studies were performed.
b) FORMULATION

Different types of pH dependent polymers were used for the preparation of colon targeting pellets. Drug
polymer ratio was varied for each polymer. Thus 9 formulations were prepared and chosen for further studies.

C) PRESENTATION OF PROBLEMS
Various parameters affects the preparation of pellets like inlet temperature, product temperature, exhaust

temperature, atomization, blower drive speed, air flow, spray pump speed etc. These parameters need to be
adjusted during the formulation to find better particle size, % yield and drug entrapment efficiency.

5.1 IDENTIFICATION OF DRUG

5.1.1 Determination of melting point

Melting point determination of drug was carried out by open capillary method. In this method an open end
capillary tube was taken and it was closed from one end by fusion and the drug was filled from another end.
Then the capillary tube was dipped in silicon oil bath and the temperature at which drug start to melt was noted
(Florey et al 2005).

5.1.2 Fourier Transform Infrared (FTIR) Spectroscopy Analysis

Fourier transform infra red analysis was done for the determination of drug- polymer interaction. In this
analysis the samples were mixed with KBr and a pressure of 300kg/cm was applied to get pellets. FTIR spectra
of pure drug (ornidazole), polymers (Eudragit s 100, CAP, HPMC) and physical mixture of drug- polymer and
pellets were recorded (Kurkuri et al 2003 & Maestrelli et al 2007).

5.1.3 UV Spectroscopic Method

The wavelength of maximum absorbance of ornidazole was determined by scanning drug solution within the

range of 200- 400 nm using UV spectrophotometer. The scan of drug was compared with scan of drug given
in standard textbooks, drug profile, and other literature.

5.2 ANALYTICAL METHOD
5.2.1 Preparation of media:
5.2.1.1Preparation of 0.1 N HCL

8.5 ml of concentrated hydrochloric acid was taken and diluted with distilled water upto 1000 ml.
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5.2.1.2Preparation of phosphate buffer pH 6.8

From 0.2 M potassium dihydrogen phosphate 50 ml was placed in a 200 ml of volumetric flask and 22.4 ml
of 0.2 M NAOH was added into potassium dihydrogen phosphate solution. The volume was made upto 200
ml by distill water (1.P. 2010).

5.2.1.3Preparation of phosphate buffer pH 7.4

From of 0.2 M potassium dihydrogen phosphate 50 ml was placed in a 200 ml Of volumetric flask and 39.1
ml of 0.2 M NAOH was added into potassium dihydrogen phosphate solution. The volume was made upto
200 ml by distill water (I.P. 2010).

5.2.2 Scanning of drug:

Accurately weighed 100 mg drug was dissolved in 100 ml of different media (0.1 N HCL, pH 6.8 phosphate
buffer, distil water and pH 7.4 phosphate buffer) to make a solution of concentration 1mg/ml. Further suitable
dilutions were made with different media and scanned within the range of 200- 400 nm with UV- Visible
spectrophotometer to get absorption on maximum wavelength.

5.2.3 Preparation of standard plot

100 mg of ornidazole was dissolved in 100 ml of different media (distill water, pH 6.8 phosphate buffer, 0.1N
HCL and pH 7.4 phosphate buffer) to make a solution of 1mg/ml.

5.2.4 Preparation of working standards

The different concentrations of drug from 5- 25 pug/ml were prepared from stock solution of different media
(pH 6.8 phosphate buffer, pH 7.4 phosphate buffer, 0.1 N HCL and distil water). Then the absorbance of each
concentration at Amax was taken and slope, intercept and correlation coefficient were calculated.

5.3 PREFORMULATION STUDIES

Preformulation testing is the first step for the design and development of dosage form from a new chemical
entity. Preformulation studies means the investigation of physical and chemical properties of a new chemical
entity or when it combined with different excipients.

Following Preformulation studies were carried out:
5.3.1 Determination of solubility of drug

A small quantity (2 ml) of different media (0.1 N HCL, pH 6.8 phosphate buffer, pH 7.4 phosphate buffer and
distil water) was taken and drug was added to get a saturated solution. From the saturated solution 0.5 ml of
solution was withdrawn and filtered. The filtered solution was diluted suitably and absorbance was taken.
From the absorbance the concentration of soluble drug in different media was calculated from the regression
equation of standard plot.

5.3.2 Determination of partition coefficient

In 30 ml of pH 7.4 phosphate buffer drug was added to prepare a saturated solution and absorbance was taken
after suitable dilution. After this the saturated solution was poured into a separating funnel and 30 ml of n-
octanol was added into it. This mixture was shaken for 30 min and then was kept aside for 20 min to separate
both the layers. Finally the aqueous layer was separated out and absorbance was taken and concentration was
taken accordingly.
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5.3.3 Determination of dissociation constant

Dissociation constant was determined by the pH titration method by calculating the half neutralization point.
0.05 M drug solution was prepared. The initial pH of 0.05 M solution was noted and this drug solution was
titrated against 0.1 N HCL and a graph was plotted between volume of HCL added in ml versus subsequent
changes in pH after addition of HCL solution. The half neutralization point was noted from the graph.

5.3.4 Drug- Excipient compatibility studies

A certain proportion of drug and polymer used in the formulation were mixed and stored at ambient
temperature for a period of 4 weeks. These samples were analyzed by FTIR.

5.3.5 Solution Stability Studies

The solution stability study was performed in different media. Stock solution of drug was prepared in different
media (distil water, pH 6.8phosphate buffer, pH 7.4 phosphate buffer and 0.1 N HCL) and the absorbance was

taken after suitable dilution. Then the solution was kept at room temperature for 7 days and absorbance was
taken everyday till 7 days.

Sample Mixture Ratio
D1 Drug: Eudragit S 100 1:1
D2 Drug: CAP 1:1

Table 5.1 Samples and their ratio used for Drug- Excipient compatibility

The solution stability study was performed in different media. Stock solution of drug was prepared in different
media (distil water, pH 6.8phosphate buffer, pH 7.4 phosphate buffer and 0.1 N HCL) and the absorbance was
taken after suitable d

ilution. Then the solution was kept at room temperature for 7 days and absorbance was taken everyday till 7
days.

5.4 FORMULATION DEVELOPMENT
5.4.1 Preparation of pellets

Ornidazole pellets were prepared by powder layering technique. Various ingredients used to prepare pellets
are given in Table 5.4.

1. Preparation of Drug- Binder solution

Firstly ornidazole, Povidone K- 30, isopropyl alcohol, dichloromethane were mixed properly in a container by
the use of stirrer mixed for 10 minutes.

2. Loading of drug solution
Sugar spheres were load into the pan. Onto the sugar pellets ornidazole and

Povidone K-30 blends prepared earlier were loaded. While spraying drug solution, the pan was allowed to
rotate so that drug loading occurs uniformly.
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3. Drying

Drug loaded sugar spheres were then transferred to the FBD dryer and the pellets were dried at 60° C. After
drying the vibro sifter is used for sifting of pellets for the removal of fines and then the uniform sized pellets
were collected.

4. Barrier layer coating

The drug loaded pellets are then fluidized into the fluidization basket. HPMC K 100 polymer solution was
atomized onto the material and the air is allowed to circulate onto the fluidization basket to keep the material
in the fluidized state and the fluidization process of was continued for about 10 minutes.

5. Enteric coating

The HPMC K 100 coated pellets were charged into fluidization basket. The enteric coating polymer solution

was atomized onto the material while the air circulates into fluidization basket so that the material keeps in the
state of fluidization. This process was continued for about 10 minutes.

Table 5.2 Composition of pellets batches

Quantity/ unit(mg)
S.NO INGREDIENT
F1 F2 F3 F4 F5 F6 F7 F8

1 Ornidazole 200 200 200 200 | 200 200 200 200
2 Sugar sphere 215 215 215 215 | 215 215 215 215
3 Povidone- K30 |3 3 3 3 3 3 3 3
4 Dichloromethan | 300 300 300 300 | 300 300 300 300

e
5 Isopropyl 650 650 650 650 | 650 650 650 650

alcohol
6 Talc 7 7 7 7 7 7 7 7

Barrier layer coating

7 HPMC-K100 |175 |17.5 175 |175 (175 |175 |175 |175
8 Talc 8.7 8.7 8.7 8.7 |87 8.7 8.7 8.7
9 Water 600 600 600 600 | 600 600 600 600
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Enteric coating

10 Eudragit S100 | 36 45 54 63 _ _ _ _

11 CAP _ ~ ~ ~ 36 45 54 63

12 Talc 3.6 4.5 5.4 6.3 3.6 4.5 5.4 6.3

13 TEP 3.6 4.5 5.4 6.3 |45 5.4 6.3 6.3

14 Isopropyl 200 | 200 200 200 |200 |200 |200 200
alcohol

Table 5.3 Process parameters for the formulation of pellets

S.NO | PROCESS PARAMETERS SET ACTUAL
1 Inlet temperature (°c) 50 50
2 Product temperature (°c) 40 42
3 Exhaust temperature (°c) 55 43
4 Atomization air (bar) 1.5 1.4
5 Blower drive speed (rpm) 60 60
6 Air flow (cfm) 60 58
7 Spray pump (rpm) 10 10

5.5 EVALUATION OF PREPARED PELLETS

Prepared pellets were evaluated for yield, drug content, average particle size and particle size distribution,
surface morphology and in vitro drug release studies.

5.5.1 Percentage yield
All the batches of colon targeted ornidazole pellets were evaluated for percentage yield. The percentage yield

of various batches of pellets was calculated by using the following formula:

Percentage yield of pellets = Practical yield of pellet x 100

Theoritical yield of pellets
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5.5.2 Particle size determination

Simple sieve analysis method was used for determining the average partical size of pellets. The micromeritic
properties like Bulk density, Tapped density, Compresibility index and Hausner’s ratio were carried out for
the prepared pellets.

5.5.3 Drug content

Take sample pellets equvivalent to about 50mg of Ornidazole into 50ml volumetric flask containing phosphate
buffer pH 6.8 and make up volume upto the mark
with the same buffer. From the stock solution prepared the required dilutions and absorbance was taken at 319

nm.

5.5.4 Invitro Drug Release Studies

Dissolution test apparatus (USP type 11) is used to evaluate in vitro drug release of drug from colon targeting
pellets. Phosphate buffer solution of pH 6.8, phosphate buffer solution of pH 7.4 and 0.1 N HCL was used as
a media for dissolution to simulate the condition from stomach to colon. Dissolution media was maintained at
a temperature of 3740.5 °C. Pellets weight equvivalent to 250 mg was used as a sample for dissolution. 5 ml
of sample was withdrawn at a specific time interval; and an equal volume of media was replaced to maintain
equal volume of dissolution medium. Removed samples was evaluated under UV spectrophotometer at
different wavelength for each dissolution medium.

5.5.5 Surface Morphology
Based on the dissolution studies performed on all the batches of pellets, some of the optimized formulations
were selected and further investigated for Scanning electron microscopy. In this study the samples were coated

with a thin gold layer by sputter coater unit. Then the SEM photography were taken by a scanning electron
microscope operated at an accelerated voltage of 1000 volt.

CHAPTER
0

FINDINGS, RESULTS AND DISCUSSIONS

6.1 IDENTIFICATION OF DRUG
6.1.1 Determination of melting point:
The melting point of ornidazole was found to be 88.23°C. The reported value of melting point is 85°C- 90°C

(Madhu et al 2011). From the result of melting point determination of drug, the drug was identified as
ornidazole.
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Table 6.1 Melting Point of Ornidazole

Melting point of ornidazole

Melting point Average +S.D.
1 2
88 |89 88 88.23 0.48

6.1.2 Fourier Transforms Infrared (FTIR) Spectroscopy Analysis:

The following peaks were found which are shown in Table 6.1 and FTIR spectra are shown in Fig 6.1 which
revealed that given drug is ornidazole.

Table 6.2 Peaks observed in IR Scan of Ornidazole Sample and Reference

Assignments Reported Peaks (cm™) Observed Peaks (cm™)
O-H stretching mode 3174.1 3174.0
-C-CH stretching mode 3113-3089 3113.2-3089
AssymetricNOzstretching 1536.9 1536.36
mode
SymmetricNOzstretching mode | 1361,1269 1361.8, 1268.2
C-O stretching mode 1149 1150
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Fig 6.1 IR Spectra of Ornidazole Sample
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Figure 6.2 Reference Spectra of Ornidazole Hydrochloride

In IR study it was found that the peaks obtained in sample were similar as in the reference spectra of ornidazole.
The scan shows identical peaks in same wavenumber range as shown in reference spectra (Table 6.2). So it
was anticipated that sample was pure ornidazole and suitable for use for further studies.

6.2 ANALYTIAL STUDIES
6.2.1 Scanning of drug:

The Amax of drug ornidazole is shown in the Table 6.3 with their reported value.

Bprwmctruar Foint Filiaoxw Rraprore

|

P an LD en o

Fig 6.3 Scanning of ornidazole in pH 7.4 phosphate buffer
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Fig. 6.3 Scanning of ornidazole in 0.1 N HCL
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Fig 6.5 Scanning of drug in pH 6.8 phosphate buffer
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Active Spectrum Graph Report
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Fig 6.6 Scanning of ornidazole in distilled water

Table 6.3 Observed value of Amax in different solvent

Solvent Amax (nm) Refrences
Observed value | Reported value

Distilled water 319.2 319 Patel et al 2011

0.1N HCI 277.2 277 Patel et al 2011

pH 6.8 phosphate buffer | 319 319 Patel et al 2011

pH 7.4 phosphate buffer | 319 319 Patel et al 2011

6.2.2 Preparation of Standard plot:

The standard plot of ornidazole was prepared in distilled water, 0.1 N HCL, pH 6.8 phosphate buffer, pH 7.4
phosphate buffer. The absorbance is given in table 6.3, 6.4, 6.5, 6.6 and standard plot in fig. 6.6, 6.7, 6.8, 6.9
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Table 6.4 Table for standard plot in 0.1 N HCL

Concentration Absorbance
(Mg/ml)
Al A2 A3 meanz SD
5 0.185 0.187 0.186 0.185+0.001
10 0.348 0.349 0.346 0.348+0.002
15 0.482 0.481 0.480 0.482+0.001
20 0.626 0.624 0.624 0.626+0.002
215 0.823 0.821 0.821 0.823+0.002
30 0.986 0.985 0.986 0.986+0.001
1.2
1 u
g
c 0.8
2
§ 0.6
-<° 0.4 y = 0.031x + 0.016
0.2 R? = 0.996
0 T T T T T T 1
0 5 10 15 20 25 30 35
Concentration (ug/ml)
Fig 6.6 Standard plot of ornidazole in 0.1 N HCL
Table 6.5 Table for standard plot in pH 6.8 phosphate buffer
Concentration Absorbance
(ng/ml)
Al A2 A3 meant S.D
5 0.214 0.210 0.213 0.214+0.001
10 0.421 0.425 0.427 0.426+0.004
15 0.622 0.625 0.624 0.623+£0.003
20 0.821 0.823 0.825 0.824+0.004
25 1.0 1.00 1.02 1.01+0.002
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Fig 6.7 Standard plot of ornidazole in pH 6.8 phosphate buffer

Table 6.6 Table for standard plot in pH 7.4 phosphate buffer

Concentration(pug/ml) Absorbance
Al A2 A3 meant S.D
4 0.210 0.212 0.214 0.213+0.002
8 0.455 0.455 0.455 0.455%0.001
12 0.635 0.634 0.634 0.634+0.001
16 0.820 0.823 0.821 0.822+0.002
20 1.07 1.05 1.06 1.06+£0.002
Standard plot of ornidazole in phosphate buffer pH 7.4
12 -
g 1
2
I os -
(4
S 06 -
2 y =0.051x + 0.018
0.4 1 R2 =0.998
0.2 -
O T T T T 1
0 5 10 15 20 25
CONCENTRATION (ug/ml)

Fig 6.8 Standard plot of ornidazole in pH 7.4 phosphate buffer
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Table 6.7S Table for standard plot in distilled water

Concentration(ug/ml) Absorbance
Al A2 A3 meant S.D
5 0.218 0.216 0.215 0.217+0.003
10 0.426 0.429 0.427 0.428+0.003
15 0.642 0.640 0.642 0.641+0.002
20 0.826 0.824 0.825 0.824+0.001
25 1.021 1.024 1.022 1.023+0.002
1.2
1 .
g 08 -
c
S 06 -
]
2 04 -
< y = 0.040x + 0.024
0.2 - R?=0.999
0 T T T T T 1
0 5 10 15 20 25 30

Concentration (pg/ml)

Fig 6.9 Standard plot of ornidazole in distil water

Table 6.8 Straight line equation and correlation coefficient of drug in different media
6.3 PREFORMULATION STUDIES

6.3.1 Determination of solubility of drug:

Media Regression Equation Correlation coefficient
Distilled water y =0.040x + 0.024 0.999
0.1 N HCL y =0.031x + 0.016 0.996
pH 6.8 phosphate buffer y =0.040x + 0.018 0.999
pH 7.4 phosphate buffer y =0.051x + 0.018 0.998

Solubility of ornidazole was determined in different media such as distilled water,
0.1 N HCL, pH 6.8 phosphate buffer, pH 7.4 phosphate buffer. The solubility profile of drug in different media
is given in table 6.8. By the solubility study it was shown that the drug is highly soluble throughout the pH of
GIT. Drug has highest solubility in 0.1 N HCL.
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Table 6.9 Solubility determination of ornidazole in different media

Solvent Solubility (mg/ml)

Observed value | Reported value

Al A2 A3 mean
Distil water 9.12 8.07 8..12 | 8.43 8.03
0.1N HCI 11.26 11.12 | 11.35 | 11.35 | 10.68

pH6.8 phosphate buffer | 4.27 3.46 321 |3.64 3.12

pH7.4 phosphate buffer| 1.32 141 157 | 143 1.63

6.3.2 Determination of partition coefficient
The partition coefficient of ornidazole was found to be 4.2 and log P value was found to be 0.621.
6.3.3 Determination of Dissociation coefficient

The dissociation coefficient of ornidazole was found to be 2.40. The reported value is 2.42. The determination
of dissociation coefficient of ornidazole indicates that it is a basic compound (Rao et al 2012).

6.3.4 Drug- Excipient compatibility studies:
Fourier Transforms Infrared (FTIR) Spectroscopy Analysis

The FTIR spectra of physical mixture of drug- polymer are given in table 6.9 and represented in Fig 6.10, 6.11
and 6.12.
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Fig 6.10 FTIR spectra of (A) Drug, (B) Eudragit S100, (C) Physical mixture of drug- Eudragit s 100

6.3.5 Solution stability studies:

This study was done at ambient temperature at different pH. This study was performed in distilled water, pH
1.2, pH 6.8 phosphate buffer, pH 7.4 phosphate buffer to ensure the stability of drug throughout the GI pH.
The study was carried out for 7 days.

120 4 Time vs % CDR
100 -‘
2 g - N
‘c R
'™ 60 - R X
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@ 40 - - ‘ 0
b0
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©
°\° O T T T 1
0 50 100 150 200
Time (h)

Fig 6.11 Solution stability studies of drug in different media

The solution stability study of drug indicated that drug was found to be stable. The drug shows higher stability
in pH 6.8 phosphate buffer, about 40.26% drug remained after 6 days, about 36.82% remained in distilled
water, about 20% in 0.1 N HCL and 37.20% in pH phosphate buffer.
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6.4 EVALUATION OF PELLETS
Table 6.10  Physical parameters of ornidazole pellets prepared using FBP

Batch formulation | % yield % drug loading Partical size(um)
F1 78.22+0.151 76.24+0.3 1072420
F2 86.57+1.616 88.27+0.6 1063+25
F3 84.26+1.024 94.20+0.4 1069+16
F4 90.48+0.585 99.13+0.4 1061424
F5 81.77+0.230 78.26£0.2 1082+34
F6 88.20+0.793 87.20+0.4 1084+24
F7 86.49+0.506 96.21+0.3 1091+27
F8 89.38+0.1427 98.54+0.4 1088+29
%27 90.48
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Fig 2.7 Percentage yield distribution of Eudragit S100 pellets
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Fig 6.12 Percentage yield distribution of CAP coated pellets
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Fig 6.15 Particle size of Eudragit coated pellets
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Fig.6.16 Partical size of CAP coated pellets

Table 6.11 Micromeritic characteristics of ornidazole pellets

Formulation | Bulk density | Tapped density | Compressibility | Hausner’s
index ratio

F1 0.397 0.443 10.38 1.116

F2 0.386 0.431 10.43 1.118

F3 0.381 0.426 10.52 1.113

F4 0.376 0.422 10.11 1.117

F5 0.371 0.421 10.38 1.111

F6 0.369 0.413 10.26 1.113

F7 0.365 0.409 10.12 1.111

F8 0.362 0.403 10.19 1.117
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Scanning electron microscopy:

(A)

(B)

(©

Fig 6.17 A- SEM images of drug coated pellets, B- SEM images of seal coated pellets, C- SEM images of

enteric coated pellets
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6.3.6 In Vitro drug release studies

In vitro drug release profile of prepared pellets was examined in pH 1.2 for 2 h and in pH 7.4 phosphate buffer
for 2-8 h. Dissolution test results showed that increase in polymer concentration; decrease the rate of drug
release from pellets.

Since the acrylic polymer used is not soluble in acidic pH and starts to dissolve above pH 7, no significant
amount of drug was released in 0.1 N HCL, around 2- 4% of drug was released in 0.1 N HCL within 2 h. 50%
of drug release within 7 h at Ph phosphate buffer.

Around, 10% of drug was found to be released in 0.1 N HCL (pH 1.2) in CAP coated pellets. Once the media
changed to buffer of higher pH, 30% of drug was released in initial hours and at pH 7.4 more than 50% of
drug released within 3 h and more than 90% of drug was released within 5 h.

It was manifested that the drug release of ornidazole loaded pellets was affected by the pH of media. It is
required that not more than 10% drug degradation would occur within 2 h in 0.1 N HCL. When these pellets
were kept in 0.1 N HCL for 2 h, the structural integrity of pellets was almost maintained and the system is
resistance against gastric condition. But when these pellets were kept in pH 7.4 phosphate buffer for 3 h, the
pellets progressively developed pores through which uniform release of drug takes place.

The rate of drug release from the pellets also depends on the polymer concentration of the prepared system,
which indicates that the release rate decreases with increasing amount of polymer.

In vitro release profile of optimized pellets and the marketed tablet was performed in pH 1.2 for 2 h, in pH
6.8 phosphate buffer for 2- 3.5 h and in pH 7.4 phosphate buffer for 4- 8 h. The optimized pellets showed
release of about 7% in CAP coating and about 2% in Eudragit S100 coating within 2 h in 0.1 N HCL. However
when these profiles were compared with the profiles of Ornida (Marketed tablet), about 48% of drug was
released within 30 min and about 88% of drug released within 2 h in gastric pH.

Table 6.12 Data for drug release studies of Eudragit S100 coated pellets

Media Time % CDR
(h)
F1 F2 F3 F4
0 0 0 0 0
pH 1.2 0.5 0 0 0 0
1 3.78+0.0004 2.62+0.0007 1.78+0.008 1.53+0.008
15 4.72+0.003 3.24+0.001 1.89+0.001 1.72+0.001
2 5.12+0.001 4.36+0.004 3.11+0.002 2.11+0.008
2.5 31.28+0.006 31.72+0.001 23.28+0.0010. | 14.26+0.001
01
3 47.32+0.009 42.20+0.002 360.003.23+ 26.14+0.003
pH 7.4
35 56.12+0.0007 52.20+0.005 47.98+0.008 36.2+0.002
4 69.20+0.001 65.76%0.001 58.23+0.003 49.13+0.008
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4.5 77.34+0.001 75.32+0.001 68.2+0.001 56.22+0.006
5 89 .56+0.02 88.56+0.02 73.12++0.001 | 62.21+0.001
55 97.26+0.001 96.34+0.002 81.30+0.002 | 69.30+0.006
6 97.26+0.001 96.34+0.002 88.67+0.003 | 78.2+0.002
6.5 97.26+0.001 96.34+0.002 96.21+0.001 | 89.71+0.003
7 97.26+0.001 96.34+0.002 96.21+0.001 | 98.36+0.001
Table 6.13 Data for drug release studies of CAP coated pellets
Time % CDR
(h)
F5 F6 F7 F8
0 0 0 0 0
pH1.2 |05 3.45+£0.002 | 3.42+0.005 2.86+0.0005 | 2.26+0.005

1 5.67+0.022 | 5.60+0.344 4.67+0.005 4.12+0.011

1.5 7.28+0.057 | 7.10+0.003 6.76+0.006 6.81+0.011

2 10.75+0.060 | 10.21+0.005 | 9.34+0.005 8.26+0.003

2.5 41.20+0.032 | 32.41+0.008 | 34.23+0.008 | 29.32+0.010

3 72.67+£0.049 | 48.84+0.005 | 48.34+0.002 | 41.23+0.005

35 97.32+0.05 | 59.23+0.002 | 56.22+0.018 | 48.78+0.002

pH7.4

4 97.32+0.05 | 71.20+0.009 | 69.20+0.006 | 57.32V0.007

4.5 97.32+0.05 | 82.44+0.0002 | 78.52+0.005 | 69.54+0.004

5 97.32+0.05 | 89.28+0.016 | 87.30+0.003 | 78.52+1.72

55 97.32+0.05 | 96.56+0.012 | 96.27+0.003 | 89.24+0.006

6 97.32+0.05 | 96.56+0.012 | 96.56+0.012 | 98.20+0.0211
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Fig 6.19 In vitro release studies of optimized pellets and marketed tablets
6.3.7 Evaluation of optimized pellets preparation

The optimized pellets were evaluated for their Invitro dissolution testing and compare the release rate of drug
from the optimized preparation with that of release rate of drug from the marketed preparation.

Table 6.14 Data for drug release studies of optimized pellets and marketed tablet

Time (h) % CDR
O1 Eudragit 02 CAP Orinda

0 0 0 0

0.5 0 1.270.001 48.32+0.07
pH 1.2 1.38+0.002 2.480.001 63.46+0.48

1.5 1.62+0.001 4.280.0004 74.32+1.28

2 2.08+0.03 7.12+0.002 88.17+0.07

2.5 3.18+0.001 29.32+0.03 97.28+0.96
pH 6.8

3 4.36+0.001 38.47+0.001 97.28+0.96

3.5 5.20+0.001 51.78+0.002 _

4 20.18+0.003 58.28+0.003 B

4.5 31.56+0.002 66.38+0.006 _

5 46.28+0.004 73.28+0.007
pH 7.4 -

5.5 55.12+0.001 79.21+0.005 ~

6 62.32+0.001 83.28+0.004 B

6.5 69.58+0.001 89.47+0.002
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7 82.1220.002 96.28+0.001 ~
75 89.4520.002 ~ ~
8 98.42%0.001 ~ ~

Table no. 6.15 Release kinetics of ornidazole pellets

The results showed that all formulations are having different r? values for different models.

Code Zero order First order Higuchi model | Peppas model | Hixson model
r2 Ko r Ko r Kh r2 Kp r Ks
F1 0.882 |0.279 |0.772 | 0.006 |0.658 |3.423 |0.946 |0.042 |0.827 | 0.002
F2 0.889 |0.259 |0.782 |0.005 |0.661 |3.532 |0.944 |0.021 |0.814 |0.001
F3 0.892 |0.289 |0.786 |0.006 |0.659 |3.931 |0.954 |0.022 |0.826 | 0.001
F4 0.889 |0.323 |0.778 |0.006 |0.662 |4.023 |0.966 |0.012 |0.821 |0.001
F5 0.907 |0.277 |0.794 |0.003 |0.673 |3.834 |0.978 |0.024 |0.834 | 0.002
F6 0.902 |0.297 |0.792 |0.004 |0.668 |4.011 |0.938 |0.007 |0.832 |0.001
F7 0.907 |0.303 |[0.811 |0.003 |0.681 |4.015 |0.929 |0.015 |0.841 | 0.001
F8 0.909 |0.312 |0.817 |0.004 |0.684 |4.028 |0.944 |0.027 |0.840 |0.001
ORNIDA |0.845 |0.611 |0.984 |0.014 |0.982 |6.953 |0.998 |4.846 |0.982 |0.003

From the release Kinetic data, it was found that all the formulations were best fitted to Peppas model as the
correlation coefficient was found to highest for this model and release kinetic followed zero order rate kinetic,
all these models are applicable for polymeric devices and controlled release formulations respectively. The
range of r? value was 0.882- 0.909 for zero order kinetic, 0.772- 0.984 for first order kinetic, 0.658- 0.982 for
Higuchi model, 0.929- 0.998 for peppas model and 0.814- 0.982 for Hixon- Crowell model

6.4  Accelerated stability testing for Invitro drug release:

Table 6.16 Data for drug release studies of F4 formulation after accelerated stability test

Media Time % CDR of F4
(h)
Control 1t month 2"4 month 3" month
0 0 0 0 0
pH 1.2 0.5 0 0 0 0
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1.0 1.3820.02 | 1.380.004 1.39+0.003 | 1.39+0.002
15 1.62+0.003 | 1.63+0.03 1.64+0.03 1.72+0.01
25 14.2640.013 | 14.43+0.002 14.52+0.004 | 14.76+0.04
3.0 26.14+0.035 | 26.32+0.004 26.39+0.001 | 26.570.04
35 36.21+0.019 | 36.29+0.021 36.42£0.004 | 36.61x0.003
pH 7.4

4.0 49.13+0.014 | 49.210.001 49.34+0.003 | 49.490.007
45 56.22+0.005 | 57.29+0.001 56.38£0.007 | 56.57+0.005
5.0 62.21+0.002 | 62.34+0.002 62.39£0.003 | 62.47+0.007
5.5 69.30£0.008 | 69.70+0.005 69.4240.006 | 69.53£0.01
6.0 78.20£0.007 | 78.26+0.004 78.38x0.001 | 78.530.002
6.5 80.71+0.002 | 89.77+0.005 80.82+0.004 | 89.910.02
7.0 98.36+0.009 | 98.430.006 98.47+0.003 | 98.67+0.004

Table 6.17 Data for drug release studies of F8 formulation after accelerated stability test

Media Time % CDR of Fs

(h)
Control 15t month 2"4 month 3" month

0 0 0 0 0

pH 1.2
0.5 2.26+0.002 2.31+0.02 2.38+0.002 2.46%+0.01
1.0 4.12+0.001 4.19+0.001 4.27+0.003 4.33+0.003
15 6.81+0.002 6.87+0.007 6.91+0.04 6.97+0.006
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2.0 8.26+0.027 8.31+0.0043 8.38+0.05 8.45+0.004
2.5 29.32+0.01 29.37+0.042 29.46+0.0034 | 29.51+0.003
3.0 41.23+0.001 | 41.31+0.023 41.39+0.05 41.46+0.01
pH 7.4 3.5 48.78+0.030 | 48.82+0.003 48.91+0.005 | 49.10+0.004
4.0 57.32+0.027 | 57.37+0.004 57.46+0.003 | 57.58+0.03
4.5 69.54+0.004 | 69.61+0.001 69.82+0.004 69.70+0.003
5.0 78.52+0.021 | 78.50+0.032 78.62+0.005 78.65+0.02
5.5 89.24+0.003 | 89.27+0.002 89.29+0.001 | 89.31+0.01
6.0 98.20+0.004 | 98.23+0.007 98.25+0.006 | 98.28+0.004

Table 6.18 Similarity factor of dissolution profile of different formulations after
stability testing

Formulation F., Value
F4 08.23
F8 99.36

The accelerated stabilities studies were performed at 45°C for 3 months. After performing these studies the
result was interpreted by applying statistical analysis and similarity factor. From result it was found that there
were no significant difference between control samples and the samples after three months. The similarity
factor was found 98% and 99%, which is in the range of 50 to 100%. Thus the formulation was considered to
be stable.
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CHAPTER
i

IMPLEMENTATION AND CONCLUTION

Amoebiasis is a tropozoidal disease associated with the colon caused by Entamoeba histolytica, which may
manifest severe dysentery. Ornidazole is an amoebicidal drug well known to kill the tropozoites mainly present
in colon. But the problem associated with Ornidazole is its solubility in gastric region. So coating of this drug
by pH dependent polymer prevents its release in the gastric region and higher bioavailability will be achieved
in the basic region.

Melting point evaluation, IR scan, and UV scan of ornidazole sample was performed. From the result of above
studies it may be concluded that the drug is pure ornidazole with no impurities. After performing the
preformulation studies it was found that Ornidazole is basic, highly permeable drug and having high solubility
in acidic media (0.1N HCL) as compare to other media because of its basic nature. The drug is found to be
stable at all pH.

In analytical studies calibration curve of ornidazole was performed in phosphate buffer of pH 6.8, 7.4, 0.1N
HCL and distilled water. On the basis of values of R? and standard deviation it was concluded that standards
plots was suitable for use in further analytical studies. For the preparation of colon targeted pellets powder
layering technique was used because it was a simple and effective method. The prepared pellets are then
subjected to evaluation for yield, Incorporation efficiency, surface morphology, in vitro drug release. Batches
of pellets showed increase in incorporation efficiency with increase in amount of polymer concentration in
formulation. Surface of prepared pellets was characterized with the help of scanning electron microscopic
method.

The drug was entrapped with CAP and Eudragit S100 as these polymers are known for pH dependent release.
All the formulations were prepared by changing drug- polymer ratio from which F4 and Fg was found to best
optimized in percentage yield and in vitro drug release. It was found that the capsule of F14 formulation gave
the good release. It’s 2% part released in 0.1 N HCL in 2 h, about 5% in pH 6.8 phosphate buffer and rest of
the drug was released in pH 7.4 phosphate buffer. There was 50% release in 5.5 h and 98% release in 8 h.
These formulations followed the zero order and peppas model concluded that release was diffusion controlled
and accelerated stability testing of the formulations showed no significant difference.

CHAPTER
8

DIRECTIONS FOR FUTURE USE

It is well that Amoebiasis is a colon related disease caused by the protozoa Entamoeba histolytica. It is
successfully cured by ornidazole which kills the protozoa, but problem related with it, its solubility in the
gastric region. So, its delayed release is necessary to achieve the complete absorption of drug in colon.

In the above study delayed release was achieved by the encapsulation of drug with pH dependent polymer.
Thus this experimental work can be used in future to improve the patient compliance and absorption of drug
in colon for successful treatment of the disease.
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APPENDICE 2

C

A- SEM images of drug coated pellets, B- SEM images of seal coated pellets, C- SEM images of enteric coated
pellets
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