WORLD JOURNAL OF PHARMACY AND PHARMACEUTICAL SCIENCES
Junaid et al.

World Journal of Pharmacy and Pharmaceutical Sciences

SJIF Impact Factor 7.421

Volume 7, Issue 10, 1130-1154

Research Article

ISSN 2278 – 4357

EVALUATION OF DRUG RELEASE FROM HPMC
CARBOXYMETHYL GUAR GUM MATRICES
Deepak Kumar Kushawah1, Mohd. Junaid*1, Pawan Singh2 and Shane Alam2
1

School of Pharmaceutical Sciences, Shri Venkateshwara University, Gajraula (U.P.) India.
2

Pharmacy Academy, IFTM University Lodhipur Rajpoot Moradabad (U.P.) India.

Article Received on
25 July 2018,

ABSTRACT
The objective of present work was to study the feasibility of modified

Revised on 15 August 2018,
Accepted on 05 Sept. 2018

Guar gum - HPMC K4 M polymeric matrices as carrier for sustained

DOI: 10.20959/wjpps201810-12422
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prepared using Williamson synthesis. The prepared modified Guar
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gum samples were characterized by FTIR for the evidence of
carboxymethylation (in case of chemical modification) and molecular

integrity (in case of physical modification). The prepared modified Guar gum samples were
than combined with HPMC K4M and model drug followed by encapsulation in hard gelation
capsules. The prepared hydrodynamically balanced (HBS) capsule dosage forms were than
evaluated for in vitro buoyancy and drug release studies in 0.1 M HCl. The HBS formulations
based on modified Guar gum-HPMC K4M exhibited excellent in vitro buoyancy (24 h) and
were capable of sustaining the drug release for prolonged period. The drug release followed
Korsmeyer-Peppas kinetics for chemically modified guar gum-HPMC K4M matrices and
Zero order from physically modified Guar gum HPMC K4M matrices. Overall it may be
concluded that modified guar gum-HPMC K4M matrices may constitute interesting
polymeric carriers for sustained stomach specific release of drugs with absorption window in
upper GIT.
KEYWORDS: Guar gum – HPMC K4 M, Verapamil HCl, 0.1 M HCl.
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INTRODUCTION
Oral route is the most preferred route of administration for drugs exhibiting a ―small
absorption window‖ in gastrointestinal tract (GIT). For the drugs with absorption window in
GIT, it is important that drugs not be delivered substantially beyond the desired site of action
or absorption. To achieve this goal, controlled release systems often designed. These drug
delivery systems not only control the rate at which it releases the drug over the time
(temporal control) but also control on the location from which it is delivered (spatial control).
Many of these controlled delivery systems utilize hydrophilic, polymeric matrices that
provide useful levels of control to the delivery of sparingly soluble drugs. For soluble drugs
and particularly for highly soluble drugs, such matrices do not provide adequate control over
the drug release rate, instead resulting in a release that approximates first-order kinetics. That
is, the rate of release is an inverse function of the square root of the elapsed time. With this
pattern of release, most of the drug in the matrix is often released within the first hour in the
acidic environment of stomach. For drugs like, Verapamil Hydrochloride (VHCL), whose
solubility and thus absorption, decrease with increase in pH, the retention of the drug delivery
system in the stomach and the rate at which the drug is released is very important. An
approach to prolong the retention of VHCL in the stomach and to control its release rate from
the dosage form is to engineer a polymer matrix capable of swelling and erosion in the acidic
environment of stomach to form a swelled yet erodible hydrodynamically balanced mass.
From such an in situ forming hydrogel, it is expected that the swelling of the polymer matrix
will produce low density mass and continuous erosion causes a constant delivery rate of the
drug from the matrix.
In the present investigation, pH independent swellable and erodible HPMC K4M and pH
dependent swellable carboxymethylated Guar gum was used to engineer the polymer matrix.
Guar gum (GG) is a polysaccharide similar in structure to cellulose. It is a polycationic
copolymer consisting of glucosamine and N-acetylglucosamine units. GG, commonly
obtained by partial deacetylation of chitin derived from the exoskeleton of crustaceans.
Although GGJ is a very useful polymer with low toxicity, its limited solubility particularly at
a physiological pH is a major obstacle for pharmaceutical and cosmetic applications. GG is a
weak base with a pKa value of 6.2-7.0[6] due to the D-glucosamine residue, which leads to its
insolubility at neutral and alkaline pH. GG dissolves in water at pH lower than 6.5, at which a
substantial fraction of its amino groups are ionized. It is generally soluble in acidic solutions
such as those of acetic acid, lactic acid and dilute hydrochloric acid.
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Why carboxymethylated Guar gum ?
Natural gums are polysaccharides consisting of multiple sugar units linked together to create
large molecules. Gums are frequently produced by higher plants as a result of their protection
mechanisms following injury. Among various polymeric modiﬁcations of natural gums,
carboxymethylation leads to formation of polyelectrolyte which increases the solubility of the
polysaccharide. Other advantages of carboxymethylation are its cost eﬀectiveness and then
on toxicity of the products. Carboxylated polymers were expected to exhibit better waterbinding capacity and increased water solubility. Further, carboxymethylation also confer a
negative charge to otherwise neutral polymer molecules, which might come handy during the
preparation of sustained drug delivery systems.
Gastroretentive Drug Delivery Systems
When a drug is taken orally it interacts with specific absorption sites located in different
portions throughout the gastrointestinal tract (GIT), resulting in absorption of certain agents
in stomach, the upper or lower intestine.[7] Therefore, gastroretentive drug delivery is an
approach to prolong GRT, thereby targeting site-specific drug release in the upper
gastrointestinal tract (GIT) for local or systemic effects.[8] Gastroretentive dosage forms can
remain in the gastric region for long periods and hence significantly prolong the gastric
retention time GRT of drugs.[9] Over the last few decades, several gastroretentive drug
delivery approaches being designed and developed, including high density (sinking) systems
that is retained in the bottom of the stomach, low density (floating) systems that causes
buoyancy in gastric fluid, mucoadhesive systems that causes bioadhesion to stomach mucosa
unfoldable, extendible, or swellable systems which limits emptying of the dosage forms
through the pyloric sphincter of stomach, super porous hydrogel systems, magnetic systems
etc.[10,11] The present work deals with gastroretentive approaches that have recently become
leading methodologies in the field of Hydrodynamically balanced systems (HBS). In gastro
retentive drug delivery systems stomach play key role in such systems.
Stomach and its physiology
The stomach is the most dilated part of the gastrointestinal tract and is composed of a thick
muscular layer. The main function of the stomach is to act as a temporary reservoir for
ingested food, to mix and reduce ingested solids to a semi fluid mass, known as chyme, by
the action of acid and enzymatic digestion, and then emptying these contents at a controlled
rate into the upper small intestine (duodenum).[12] This enables better contact of the ingested
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material with the mucous membrane of the intestines and thereby facilitates absorption.[13]
The stomach can be divided into three anatomical regions: the funds, the corpus or body and
the antrum. The proximal region, made up of the funds and corpus, serves as a reservoir for
ingested material, which gradually presses the gastric contents forward to the distal stomach
and the duodenum, whereas the distal region (antrum) acts as a gastric homogenizer and
grinder and it is coordinated with the corpus in the propulsion of gastric contents towards the
pylorus.[14] The opening of the stomach to the duodenum is controlled by the pyloric
sphincter, which allows liquids and fractions of chyme to empty while other material is retro
pulsed into the antrum of the stomach and caught up by the next peristaltic wave (contraction
of the distal stomach) for further size reduction before emptying.[14,16] Each section of the
stomach is covered with a mucous membrane with a variety of secretory glands located
beneath the epithelium and whose distribution varies from one region to another.[17] The
gastric secretions include.[18,19]


Acid (HCl) secreted by the parietal cells, which maintains the pH of the stomach between
1 and 3.5 in the fasted state.



Gastrin, a hormone that stimulates gastric acid production and aids in gastric motility.
The release of gastrin is stimulated by peptides, amino acids and distension of the
stomach.



Pepsins, which are proteases whose precursor, pepsinogen, is released by the gastric chief
cells (or peptic cells). Pepsins break down proteins into peptides at low pH. The low
gastric pH produced by the HCl leads to the hydrolysis of pepsinogen into pepsin; Pepsins
are more efficient in cleaving peptide bonds between hydrophobic and preferably
aromatic amino acids.



Mucus, which is secreted by the surface mucosal cells and lines the gastric mucosa. The
mucus protects the gastric mucosa from the combination of acid and the proteolysis
action of pepsin.

Very little nutrient and drug absorption occurs in the stomach due to its small surface area
compared to the small intestine. The rate of gastric emptying can be a controlling factor in the
onset of drug absorption from the major absorptive site, which is usually the small intestine.
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Fig. 1.1: Anatomy of Stomach.
A variety of gastroretentive drug delivery systems have been reported in the literature. These
drug delivery systems are based on different modes of operation and have been variously
named, for example as low density systems, swelling systems, ion exchange resins,
osmotically controlled systems, bioadhesive forms etc.[20]
Gastroretentive Dosage Forms
Low Density Systems
The low density systems particularly, float once in contact with the gastric juice and allow
prolonged residence time into the stomach by preventing premature emptying through the
pylorus. They are usually made of biodegradable materials which disintegrate after a
determined period of time and the residual form is then eventually emptied from the
stomach.[21] Floating properties of drug delivery systems can be based on several principles,
including inherent low density, low density due to swelling or to gas generation.[22]
Hydrodynamically Balanced Systems
Hydrodynamically balance systems are best suited for drugs having a better solubility in
acidic environment and also for the drugs having specific site of absorption in the upper part
of the small intestine. To remain in the stomach for a prolonged period of time the dosage
form must have a bulk density of less than 1. It should stay in the stomach, maintain its
structural integrity, and release drug constantly from the dosage form.[23,24]
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These are single-unit dosage forms, containing one or more gel-forming hydrophilic
polymers. The polymer is mixed with drug and usually administered in a gelatin capsule. The
capsule rapidly dissolves in the gastric fluid at body temperature, and hydration and swelling
of the surface polymers produces a floating mass. Drug release is controlled by the formation
of a hydrated boundary at the surface. Continuous erosion of the surface allows water
penetration to the inner layers, maintaining surface hydration and buoyancy (Figure 4).[25]
Incorporation of fatty excipient gives low-density formulations and reduced penetration of
water, reducing the erosion.[26]

Figure 1: Hydrodynamically Balanced System (HBS).
MATERIALS AND METHODS
Materials
Verapamil Hydrochloride (VHCL) was obtained as gift samples from Dr. Reddy‘s
Laboratories, India. Guar gum (GG) was procured from Sigma Aldrich, Brookfield. HPMC
K4M was procured from Colorcon, India. All other chemicals used were of analytical grade.
HPLC grade water was used in all the experimental work.
Table 1: Equipments.
Name of Equipments
Digital weighing balance
UV–Visible Spectrophotometer
FT-IR Spectrophotometer
USP dissolution apparatus type II
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Model,Name of company
Citizen CY-220
Shimadzu-1800, Kyoto, Japan
Shimadzu-8400S
Electrolab-08L, Goregaon, Mumbai
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Methods
Preparation of Carboxymethyl Guar gum (CMGG)
Purified guar gum was dispersed in 150 ml of isopropyl alcohol, in 250 ml of three neck flask
equipped with a mechanical stirrer and contact thermometer for control of temperature. After
the gum was well dispersed, the appropriate volume of NaOH solution (30%) was added at a
rate of 1 ml within 15 min (total volume added 10 ml). After that required amount of
Monochloroacetic acid (10 g) was added to the reaction mixture over a period of 10 min. The
reaction mixture was heated and maintained at a specific temperature with continuous stirring
for constant time to drive the reaction process to completion. After completion of reaction
carboxymethyl guar gum was precipitated with the help of methanol and the precipitated
product was purified.
Characterization
Characterization of (CMGG) by Fourier Transform Infrared Spectroscopy (FTIR)
The resulting products were characterized by FTIR (Nicolet spectrometer) spectroscopy and
thermal gravimetric analysis (TA instrument, USA) in nitrogen atmosphere, at a heating rate
of 200C /min.
Characterization of CMGG by Differential Scanning Calorimetry (DSC)
The CMGG samples were also characterized by DSC. For this purpose TA instruments Q200 Differential Scanning Calorimetry instrument was used.
Determination of degree of substitution
The degree of substitution (DS) is the average number of sodium carboxymethyl groups
bound per anhydroglucose unit. This method is used to determine the number of substituent
groups added to the guar gum backbone. From the DS one can find how many hydroxyl
groups is converted into carboxymethyl group. Degree of substitution markedly affects the
properties of the compound. 1 gm. of Na- CMGG was dissolved in known amount of water.
Then this solution was passed through regenerated Amberlite IRA 96 anion ex- change resin
no. number of times till it become acidic. Then solution was divided into two equal parts
labeled as solution 1 and solution 2. The exhausted resin was regenerated by passing 1 N HCl
solution (3-4 times) followed by washing with distilled water to remove any excess acid.
Solution1was taken into previously weighed beaker. The solution was heated until dryness on
hot plate and then cooled and weighed Na-CMGG. Solution 2 was titrated against a standard
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solution of NaOH. Note down the burette reading and find out the degree of substitution by
following equation (1) & (2).

Where,

Preparation of physically modified Guar Gum
Apart from chemical modification physically modified Guar gum was also prepared. Two
types of microwave irradiated Guar gum were prepared. In first type (G-I), Guar gum was
hydrated in deionized water and then placed in a refrigerator for two days at 2-80C. After that
the Hydrogel was removed equilibrated to room temperature and the dried in a microwave
oven.
Swelling of polymers
Accurately weighed amount of polymer/polymeric blend compositions with and without drug
were put into bags made up of dialysis membrane (1000 Da molecular weight cut off, Sigma
Aldrich). The bags were then heat sealed on both ends and put into 0.1 M HCl (pH 1.2) using
USP type-II (Electrolab, India) at 37 ± 0.5°C and 50 rpm paddle speed. After predetermined
time period (15 min, 30 min and 45 min), the bags were removed from the vessel, mopped
with filter paper, and weighed on a digital balance(1 mg sensitivity, Citizen).
Preparation of hydrodynamically balanced (HBS) Capsule formulations
Single unit HBS capsules were prepared by physically blending VHCL with the required
quantity of polymers using double cone blender for 15min (table 1), followed by
encapsulation in hard gelatin capsules.
Table 2: Composition of Various HBS formulations.
Formulation code
D1
D2
D3
D4
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GG
50
-------

GG-I
--50
-----

GG-II
----50
---
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------50

HPMC K4M
150
150
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VHCL
80
80
80
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Determination of Drug Contents of HBS Capsules
Drug contents were determined by emptying 10 HBS capsules from each formulation as
completely as possible. A powder equivalent to average weight was added to 100ml 0.1M
HCl (pH 1.2, 37 ± 0.5 0C), followed by stirring for one hour at 500rpm (13). The solution was
filtered through a 0.45𝜇 membrane filter and diluted suitably and the absorbance of resultant
solution was measured spectrophotometrically at 278 nm (VHCL).
In vitro buoyancy and drug release studies
In vitro release of VHCL from the HBS capsule formulations was performed in USP
dissolution apparatus type II at 50 rpm. Evaluation of drug release was performed by using
900mL 0.1M HCl (pH 1.2) at 37 ± 0.5 0C. At predetermined intervals, one ml aliquot was
withdrawn and replenished with an equal volume of fresh dissolution medium. Withdrawn
samples were analyzed spectrophotometrically at 278 nm.
Drug Release Mechanism
Different kinetic models such as zero-order, first-order, and square root (Higuchi 1961) can
be applied to interpretation of drug release kinetics. A zero order release refers to a uniform
or nearly uniform rate of release of a drug from the solid dosage form after coming in contact
with an aqueous environment, independent of the drug concentration in the dosage form
during a given time period. Dosage forms with zero-order release generally provide
maximum therapeutic value with minimal side effects. For many extended release
formulations, the rate of drug release initially increases rapidly followed by decreased rate of
drug release. This type of drug release is categorized as the first-order release. Such dosage
form may not produce uniform concentration levels of the drug in the systemic circulation for
a prolonged period of time (Paulo et al. 2001; Higuchi 1961). The Higuchi release equation
predicts that the drug release is caused primarily by diffusion mechanism:

Where 𝑄 is the amount of the drug released in time 𝑡 and 𝐾 is the release constant from the
equation. The data were also subjected to Korsmeyer-Peppas power law as in equation (2).
The Korsmeyer-Peppas model provides an insight into the type of drug release mechanism
taking place from swellable polymeric matrices (Paulo et al. 2001; Higuchi 1961):
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Where 𝑀𝑡/𝑀∞ is the fraction of drug released in time 𝑡, 𝐾is the structural and geometric
constant, and 𝑛, the release exponent, is estimated from linear regression fit of the
logarithmic release data. Practically, one has to use the first 60% of a release curve to
determine the slope obtained from equation (2) regardless of the geometric shape of the
delivery device. A good fit to the Korsmeyer-Peppas equation indicates the combined effect
of diffusion and relaxation mechanisms for the release.
Statistical Analysis
The differences in average data were compared by simple analysis of variance (one-way
analysis of variance) or Student‘s 𝑡-test (Sigma Plot 11).
Statement of human and animal rights
This study does not contain any studies with human or animal subjects performed by any of
the authors.
RESULT AND DISCUSSION
Guar gum (GG) is a non-ionic polysaccharide and is composed of galactose and mannose
units (Fig 1). Its main chain consists of β-D-mannopyranose (β-D-mannose) units connected
through 1,4-glycosidic linkages having side branches of β-D-galactopyranose (β-D-galactose)
at every alternating mannose unit connected through 1,6-glycosidic linkages to the main
backbone.

Figure 1: Chemical structure of Guar gum.
But due to the uncontrollable viscosity of the guar gum solution, uncontrollable rate of
hydration, instability of its solutions for longer time and susceptibility to microbial
contamination restricts its use in pharmaceutical industries.[10,11,12,13] To overcome these draw
back guar gum should be chemically modified. In the present investigation, chemical
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modification employed was carboxymethylation. Carboxymethylation of guar gum employed
the Williamson ether synthesis procedure, which is a consecutive two-step reaction,
proceeding with a strong base such as sodium hydroxide that deprotonates the free hydroxyl
groups (particularly, the hydroxyl group of (-CH2OH) in guar gum) to form alkoxides,
thereby increasing their nucleophilicity. Carboxymethyl groups are then formed in a reaction
between guar alkoxides and Monochloroacetic acid.

Figure 2: Conversion of Guar gum into N, O-Carboxymethyl Guar gum.
Properties of CMGG depend on degree of substitution and viscosity. Guar gum possesses
three hydroxyl groups in its anhydroglucose unit, where one is primary the other two are
secondary. The reactivity of primary hydroxyl is more than secondary hydroxyl groups, if we
completely react three-hydroxyls, we will get the DS of ―3‖. The derivatization of GG to
CMGG was ascertained by FTIR study.
FTIR characterization of CMGG
The FTIR spectra of GG and CMGG are shown in Fig. 3. [carbohydrate polymers].
The FTIR spectrum of GG exhibited a broad absorption band at 3336.8 cm−1 due to OH
stretching vibration. A sharp absorption band at 2919 cm−1 was assigned to CH2 symmetrical
stretching vibration. The absorption band appearing at 1640 cm−1 was due to OH bond
belonging to water molecules. The CH2 bending in GG was assigned to absorption at 1413
cm−1 and the bending of C O C appeared at 1017.7 cm−1 frequency region.
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The absorption band due to OH stretching vibration in CMGG (g3) shifted to 3417 cm−1 and
its intensity appeared to be reduced. This means that some of the OH groups of GG were
involved in carboxymethylation. The band assigned to water (bending of water) which
appeared at 1640 cm−1 in GG was absent in CMGG. In addition, a sharp new peak at
1410cm−1 was concerned with the symmetrical stretching vibration of carboxylate group in
CMGG.

Figure 3: FTIR spectra of Guar gum (GG) and Carboxymethyl Guar gum (CMGG).
Besides chemical derivatization, microwave irradiated guar gum was also prepared and
evaluated with respect to drug delivery applications. The reason for preparing microwave
irradiated guar gum was the uncontrollable viscosity of native guar gum solutions. For this
reason, guar gum needs to be depolymerized to give lower molecular weight fractions
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suitable for desired pharmaceutical applications. Microwave radiation is a well known
technique which has been reported to cause depolymerization of guar gum. A domestic
microwave (IFB Solo 20PM2S 20 Liters 800 Watts Microwave Oven) with a rated power of
800W was used in the work. Two types of microwave irradiated samples were prepared,
namely G-I & G-II. In case of G-1, a 2% w/v aqueous dispersion of guar gum was prepared
by hydrating the native guar gum in deionized water for 12 hr. The prepared dispersion was
then kept in microwave oven until all the water was removed from the dispersion. G-II was
prepared in somewhat different manner, in this the guar gum solution prepared in the same
manner as mentioned above, was kept in refrigerator at 40C FOR TWO DAYS before drying
in the microwave oven. The dried samples were then crushed and pass through the mesh no
40 to get free flowing powder. The FTIR spectra of microwave irradiated guar gum samples
GG-I (g2) and GG-II (g1 new) is given below (figure 3).

Figure 4: FTIR SPECTRUM of GG-I (g2) and GG-II (g1 new).
www.wjpps.com
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FTIR spectra give better idea about the chemical structure identity and any structural changes
occurring during the treatment. Analysis of the control (native) guar gum and GG-I & GG-II
was performed and the obtained results have been given in Fig. 4.
It can be observed from the figure that the guar gum subjected to has a spectrum super
imposable over that of the control (native) guar gum. The peaks observed in the spectral
region between the 800 cm-1 and 1200 cm-1 shows highly coupled C—OH and C—O—C
stretching modes of polymer backbone. The peak near the spectra 3342 cm-1 was due to the
O—H stretching vibration of polymer and water involved in hydrogen bonding.[49] The
region between 500 cm-1 and 700 cm-1 represented the crystallinity of the polymer.[50]
Appearance of small new peaks was observed in microwave treated guar gum possibly
attributed to marginal changes. The results have clearly established that there are no major
changes in the functional groups and chemical structure. The treatment only breaks the
polymer structure giving possible viscosity reduction without any changes in the functional
properties.
DSC characterization of CMGG
The DSC thermograms of Guar Gum and CMGG‘s were recorded and compared. The DSC
was carried out 200C/min under continuous flow of dry Nitrogen gas. The thermograms were
recorded in the range of 50-2000C for Guar Gum and 50-5000C for CMGG. The thermogram
of Guar gum exhibited a broad endothermic peak at 122.400C attributed to the loss of water
due to vaporization.
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Figure 5: DSC spectra of Guar gum (GG) and Carboxymethyl Guar gum (CMGG).
Determination of Degree of Substitution (DS) [carbohydrate polymers]
GG possesses numerous hydroxyl groups in its structure. The hydroxyl groups can be
substituted

with

carboxymethyl

groups

by

reacting

in

alkaline

medium

with

Monochloroacetic acid since, there is an average of 3 OH groups per sugar unit the degree of
substitution should theoretically be 3. In the present study, however, the degree of
substitution was found to be 0.71 ± 0.11. From the work of various researchers, it appears
that the DS in guar gum rarely exceeds. Although, there are a number of OH groups in GG,
carboxymethylation occurs primarily at free CH2OH groups (i.e. the C6 position of units) due
to steric resistance. The steric hindrance by OH groups present in GG is probably responsible
for low DS.
Swelling studies
Quick hydration and subsequent gel formation is a foremost and important property of
polymeric excipients to be used in sustained release formulations. In the present investigation
polymers used were GG, modified GG (GG-I, GG-II & CMGG) and HPMC K4M. HPMC is
a non ionic hydrophilic cellulose derivative containing methoxyl and hydroxypropyl groups
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that supports its hydration properties. GG is also a non ionic polymer which swellsin polar
solvents like water by forming strong hydrogen bond. The hydrogen bonding activity is due
to the presence of hydroxyl groups in guar gum molecule. The rate of guar gum viscosity
development increases with decreasing pH and increasing temperature. A temperature range
of 25-400C is desirable for maximum viscosities of guar gum dispersion.[Guar gum:
processing, properties and food applications)\]. Further, hydration rates of guar gum are
reduced in the presence of dissolved salts and other water binding agents. GG-I & GG-II are
microwave irradiated guar gum samples. Microwave radiation has been reported to cause
depolymerization of polymers, which may result in decrease in intrinsic viscosity of the guar
gum. Carboxymethyl guar gum (CMGG) is an anionic polymer. The most important
properties of CMGG include degree of substitution (DS) and its viscosity. The DS of CMGG
was found to be around 0.71, whereas, its viscosity (2% w/v, in water as determined by
Brookfield viscometer) was found to be 8600 cps.
In vitro swelling studies were carried out in 0.1 M HCl (pH1.2) using USP type II
(Electrolab, India) at 50 rpm paddle speed and 37 ± 0.5°C temperature. The results are
displayed in Table 2.
Table 2: Swelling of polymer(s) or compositions with or without drug in 0.1 M HCl(pH
1.2).
Wt of polymers
(mg)

Polymer(s)
Guar gum (GG)
GG-I
GG-II
CMGG
HPMC K4M
HPMC K4M + GG
HPMC K4M + GG-I
HPMC K4M + GG-II
HPMC K4M + CMGG
HPMC K4M + GG+VHCL
HPMC K4M + GG-I+VHCL
HPMC K4M + GG-II+VHCL
HPMC K4M +CMGG+VHCL

50
50
50
50
150
150+50
150+50
150+50
150+50
150+50+80
150+50+80
150+50+80
150+50+80

Wt of polymers
(mg)
After
After
After
15 min 30 min
45 min
220
230
250
210
220
230
234
245
270
220
250
245
170
185
205
230
252
307
211
241
272
219
245
267
221
254
271
315
330
347
290
312
345
292
326
346
320
350
384

From the results of swelling studies it was observed that both native guar gum and modified
guar gum (G-I, G-II & CMGG) swells to about 5 times to their weights in about 45 min.
www.wjpps.com
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HPMC K4M swells to a significantly lesser extent. Mixtures of HPMC K4M and GG, GG-I
& GG-II showed even better swelling compared to native and modified guar gum (s). This
could be attributed to the formation of strong hydrogel network due to reduced erosion of gel
layer. Addition of Verapamil HCl into the polymer matrices resulted in significant increase in
swelling. This could be explained as swelling of hydrogel upon exposure to physiological
fluids depends upon the osmotic pressure within the hydrogel caused by the hydrophilicity of
the constituting polymers, the static charges on the polymer, and the counter ions within the
hydrogel matrix. At acidic pH drug exist in cationic form (Verapamil H+). Increase in total
ionic contents in the hydrogel network resulted in increased magnitude of osmotic and
electrostatic forces, leading to increased ingress of aqueous medium and thus increased
swelling.
Determination of water holding capacity of hydrogels
In order to investigate the strength of formed hydro gels, water holding capacity (% WHC) of
various drug-polymer mixes correspond to formulation table 1 was determined. Drugpolymer mixes were put into hard gelatin capsules, which were than immersed in different
flasks of USP dissolution apparatus type II (Electrolab, Mumbai, India) at 25 rpm, at 37 ±
0.5°C temperature, containing 500 mL of 0.1 M HCl for 8 h. the results are depicted in table
3. and figure 4.
Table 3: % WHC of various formulation mixes.
Formulation
Code
D1
D2
D3
D4

Initial weight of formulation
mix plus weight of empty hard
gelatin capsule
(mg)
385
385
385
385

Weight of formulation
mix after 8 hr of
swelling in 0.1 M HCl
at 370C (mg)
6490
5780
6212
8452

%
WHC
99
96
94
99

The % WHC ranged from 94-100%. Although HPMC K4M, native GG and modifies guar
gum (s) not only swell in water but also becomes soluble in it (erosion) but during the study,
it was observed that polymeric mass acquired the shape of a well formed mechanically strong
cylinders which retained its shape for up to 24 hr.
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Figure 4: % WHC OF Guar gum (GG), Carboxymethyl Guar gum (CMGG),GG-I (g2)
and GG-II (g1 new).
In vitro buoyancy studies
The buoyancy of hydrodynamically balanced (HBS) capsule formulations is governed by
both swelling of the encapsulated hydrocolloid upon contact with dissolution medium and the
presence of voids in the matrix, which varies from polymer to polymer. The swelling of
carrier system resulted in an increase in bulk volume. The air entrapped in swollen carrier
maintains the density lower than unity, which ultimately confers buoyancy to the dosage
form.[17] In the present study, a combination of pH independent (HPMC K4/GG/GG-I/GG-II)
and pH dependent (CMGG) polymers were used. It was hypothesized that upon exposure to
acidic dissolution medium, aqueous acidic medium (0.1 M HCl) penetrates the capsule shell
initiating surface hydration of the pH-independent hydrocolloid gelling agent (HPMC in
combination with GG/GG-I/GG-II) to form a gel layer and trapping air within the less dense
powder bulk to account for the buoyant behavior of the capsule. On the other hand, the
presence of anionic polymer (CMGG) in HPMC matrix gradually exposes the drier matrix
that hydrates to replenish the gel layer. Upon exposure to acidic dissolution medium, hard
gelatin capsule shell dissolved slowly in approximately 15 min. During this time period, the
contents of the capsule shell gradually exposed to the dissolution medium slowly begin to
form gel. Complete gel formation took around 1 hr and characterized by the formation of
cylindrical gelled body with solid core in the centre. After around three hr of exposure, solid
core became fully hydrated to form a translucent cylindrical gelled mass. No lag time was
observed in all the formulations studied (Table 2). With the exception of formulation D, all
the formulations remained buoyant up to 24h.
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Table 4: In vitro floating characteristics of HBS formulations.
Formulation
Code

Floating lag
time (s)

Duration of
floating (h)

D

Nil

12

Remained floated as irregular
mass for up to 12 hr

D1
D2
D3
D4

NIL
NIL
NIL
NIL

24
24
24
24

Remainedfloated for more than
24 h as well formed cylindrical
mass

Comments

Determination of Drug Contents of HBS Capsule Formulations
The drug content determination test is done to ensure that each HBS capsule formulation
contains equal amount of drug. For this purpose encapsulated contents of 10 HBS capsules
from each formulation were emptied as completely as possible. The contents so removed
were then put into 100 ml 0.1 M HCl (pH 1.2, 37 ± 0.50C) and stirred for one hour at 500
rpm. The solution was filtered through a 0.45 𝜇 membrane filter and diluted suitably and the
absorbance of resultant solution was measured spectrophotometrically at 290 nm. Drug
contents of various formulations are given in Table 3. All capsule formulations were found to
contain drug contents within limit.
In vitro drug release studies
In vitro drug release from HBS formulations were carried out in triplicate using 0.1 M
HC(370C) as dissolution medium at 50 rpm. In case of all the formulations release studies
were carried out for the duration of 8 hr. The in vitro release data are depicted in figure 5.7.

Figure 5.7.: In vitro % cumulative drug release from various formulations.
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There was burst release of drug from Formulation D (release profile not depicted in figure),
with more than 53% drug was released at the end of 1st hr. After that, the drug was released in
a sustained manner for up to 8 hr. although gel formation was rapid but it seems that high
diffusional driving force coupled with increased magnitude of osmotic and electrical forces
(generated due to ionization of drug, Verapamil H+) weakens the diffusive barrier leading to
rapid drug release initially. As the concentration of drug reduced in the hydrogel matrix, the
magnitude of osmotic and electrical forces also went down leading to sustained drug release
thereafter. Another reason for initial fast drug release could be attributed to the surface area
of the resultant Drug-polymer matrices, which could not be large enough to cover the drug
particles at the matrix surface. Hence, there might be a greater possibility of higher degree of
drug releases. From formulation D1 & D2, drug release was significantly retarded compared
to formulation D (p˂0.05). Here only 6% drug was released at the end of 1st h compared to
formulation D; where around 35% drug was released at the end of first hour. And at the end
of 8th h about 53% drug was released. This could be attributed to the formation of a stronger
gel layer of the resultant matrix, reducing the diffusion and erosion of HPMC K4 M gel layer.
From formulation D3, initially there was comparatively rapid drug release with about 21%
drug was released at the end of 1st h (p˂0.05, compared to formulation D, D1 & D2).
However after that the drug release was sustained with about 60% drug was released at the
end of 8th hr. The higher drug release during the 1st hr could be attributed to the increased
depolymerization of GG due to microwave irradiation of refrigerated GG dispersion, which
might have caused the formation of few lower viscosity regions in the HPMC gel network.
From formulation D4, drug release was more uniform compared to formulations D, D1 & D2.
Here about 20% and 71% drug was released at the end of 1st and 8th h. Incorporation of
anionic polymers into HPMC matrices have been reported to retard the drug release in acidic
media due to formation of insoluble mass that act as a barrier to drug diffusion.
Drug release kinetics
Release Kinetics
The release data were put into various kinetics models and results are depicted in table 5.
From the kinetic data, it was observed that all the formulations D, D3 and D4 followed
Korsmeyer –Peppas release mechanism, which provides an insight into the type of drug
release mechanism taking place from swellable polymeric devices.Formulations D1 & D2
followed zero order release mechanism. This model describes that the drug release rate from
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the formulations is independent of the concentration of the drug. The n values ranged from
0.33-0.95. Formulations D & D3 followed Fickian diffusion, whereas, formulations D1, D2
& D4 followed non-Fickian release mechanism.
Table 5: drug release kinetics from various HBS formulations.
Formulation
Code
D
D1
D2
D3
D4

Zero order
0.9632
0.9925
0.9912
0.9768
0.9867

Drug release kinetic
First order Higuchi Korsmeyer-Peppas
0.8854
0.7263
0.9955
0.9003
0.5326
0.9761
0.9044
0.5715
0.9755
0.8815
0.9863
0.9955
0.8630
0.9624
0.9948

n value
0.33
0.95
0.91
0.46
0.57
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