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Abstract. The liquid and semisolid matrix technology, filling liquids, semi-solids and gels
in hard gelatin capsule are promising, thus, there is a need of enhanced research interest in
the technology. Therefore, the present study was aimed to investigate isoniazid (freely
soluble) and metronidazole (slightly soluble) gels filled in hard gelatin capsules for the effect
of poloxamers of different viscosities on release of the drugs. Gel of each drug (10% w/w,
particle size 180-250 pm), prepared by mixing poloxamer and 8% w/w hydrophilic silicon
dioxide (Aerosil® A200), was assessed for rheology, dispersion stability and release profile.
Both the drugs remained dispersed in majority of gels for more than 30 days, and dispersions
were depended on gels’ viscosity, which was further depended on viscosity of poloxamers. A
small change in viscosity was noted in gels on storage. FTIR spectra indicated no interactions
between components of the gels. The gels exhibited thixotropic and shear-thinning
behaviour, which were suitable for filling in hard gelatin capsules without any leakage from
the capsules. The release of both drugs from the phase-stable gels for 30 days followed first-
order kinetics and was found to be correlated to drugs’ solubility, poloxamers’ viscosity,
polyoxyethylene contents and proportion of block copolymer (poloxamers) in the gels. The
findings of the present study indicated that release of drugs of different solubilities (isoniazid
and metronidazole) might be modified from gels using different poloxamers and Aerosil®
A200.

KEY WORDS: Aerosil 200; isoniazid; liquid semisolid matrix; metronidazole; poloxamer; rheology;

thixotropy.

INTRODUCTION

The hard gelatin capsule technology, originally used for
filling solids, is now being extended to fill liquids showing the
Newtonian behaviour and semi-solids such as thixotropic
mixtures, thermosoften materials, matrices gels and pastes (1-
7) and is known as the liquid semisolid matrix (LSSM)
technology. This technology may be used to address the
limitations associated with soft gelatin capsules and has the
potentials to combine/translate the benefits associated with
powder filling in hard gelatin capsules and that of the liquids
filling in soft gelatin capsules.

The process of dry filling of capsule is associated with
dust generation possibly leading to cross contamination,
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variations in fill weight due to varied flowability of powders
owing to their physical properties and poor control on release
of poorly soluble drugs. The technology of filling soft
materials in hard gelatin capsules is devoid of complications
associated with the conventional hard-gelatin technology (8).
This approach is also capable of resolving problems related to
liquid dosage forms including inconvenient handling, trans-
port and storage issues due to bulkiness, poor aqueous
stability of hydrolysable ingredients, need of antimicrobial
preservatives, dependency of accurate dose on the ability of
patients to use or a volumetric dropper and unpleasant drug
taste (9). In the liquid semisolid matrix technology, the
formulations can be prepared without liquid handling,
difficulties in exact measurement of the doses and a clean
administration. However, the problem of content leakage
from the closed capsule can be addressed using viscous
formulations to be retained in capsule or alternatively sealing
capsules in a way that keeps enclosed material inside (10, 11).
The filling and sealing technologies of hard capsules further
provide wider chances of improvements and applications of
such dosage forms (4).
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There are certain specific requirements of filling liquid/
semisolid materials in hard gelatin capsules. In general, the
materials with thixotropic shear-thinning behaviour are desired
for satisfactory capsule filling at the ambient temperature such
that the apparent viscosity of the formulation decreases during
shear, subjected on the material during filling process, but
increases once the formulation is filled in the capsules (1). There
is a need to control pH, temperature, types and amounts of
polymers and excipients in the formulations, which affect the
thixotropic property (1, 12). The formulation rheology must be
compatible with the liquid pumping capacity of the automatic
filling machinery, the range of which is proposed to be 0.1-25 Pas.
For a dispersion of solid drug particles in the molten excipient, the
rheology is affected by the properties of the disperse phase
(particle size and concentration) and the continuous phase
(molecular weight and viscosity), leading to filling limitations
(13). Satisfactory capsule filling of molten dispersions can be
achieved up to a limiting concentration of disperse phase,
dependent on particle size distribution and continuous phase
viscosity (14). Changing the chemical nature of the gels using
hydrophilic or hydrophobic silicon dioxide in liquid poloxamers
of different ratios of polyoxyethylene and polyoxypropylene
groups have a considerable effect on gel viscosity and hence
capsule filling properties (15). The aim of this research was to
investigate the effect of poloxamers, block copolymer of
polyoxyethylene and polyoxypropylene of various viscosities
and molecular weights on the rheological parameters and release
of highly soluble isoniazid and slightly soluble metronidazole of
particular size (180-250 pm) from the poloxamers/A200 (hydro-
philic silicone dioxide) hard gelatin capsule-filled gels.

MATERIAL AND METHOD

Materials

Isoniazid and metronidazole were obtained as gift from
Schazoo Zaka Pharmaceutical (Pvt.) Ltd., Lahore, Pakistan,
and Mediceena Pharma (Pvt.) Ltd., Lahore, Pakistan,
respectively. Analytical grade liquid poloxamers (Pluronics
PE/L31, PE/L43, PE/L62, PE/64, PE/L92 (BASF, Germany)
were procured from the local market. The silicone dioxide
(A200), a hydrophilic-natured silicon (Degussa, UK), was gifted
by Schazoo Zaka Pharmaceutical (Pvt.) Ltd., Lahore, Pakistan.

METHODS

Preparation of Gels

Thixotropic gels (100 g), without drugs, labelled as
control/simple gels, were prepared using methods described
earlier (5, 15, 16). Briefly, 8% w/w hydrophilic silicon dioxide
(Aerosil®, A200) was incorporated into the respective
poloxamers (Table I) at room temperature using a paddle
mixer (Heidolph, RZR 2051 Controlled, Germany). The
resulting mixture was mixed at 100 rpm for 90 min (16, 17).
The prepared gel was then kept in vacuum chamber for
30 min to remove air (5) and then stored in glass bottles
having plastic closure at room temperature (20+2°C) for
30 days for rheological investigation.

For preparation of drug containing gels, 10% w/w of
isoniazid or metronidazole (both of particle size, 180-250 pum,
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Table I. Properties (Viscosities, Molecular Weights and Ratios of
Polyoxyethylene (POE) and Polyoxypropylene (POP) Contents of
Poloxamers Used in This Study

Poloxamer Molar mass of Percentage of Viscosity

type polypropylene polyethylene (mPa s)
glycol block glycol in at 25°C
(g/mol) molecule (%)

L31 950 10 170

L43 1100 30 360

L62 1750 20 420

Lo4 1750 40 720

L92 2750 20 740

separated by the Retsch Sieve Shaker (AS-200, Pennsylvania,
USA), was incorporated in a simple gel of respective
poloxamers so that the final weight of the gel was 100 g.
The mixing which was employed for preparation of simple gel
was extented to 45 min for appropriate dispersion of drugs in
respective gels.

CHARACTERISATION OF GELS

Physical Appearance

Physical appearance of each control gel and gels
containing isoniazid or metronidazole was observed at room
temperature (25°C) after 2 and 24 h and then after 7, 14 and
30 days of their preparation.

Evaluation of Phase Separation

The gel systems were kept undisturbed and dispersion
stability was assessed by visual inspection, drug’s settling or
phase separation. Observations were made after 2 and 24 h
and then after 7, 14 and 30 days to record the time of phase
separation, if any. The sedimentation was also confirmed by
comparing rheology data obtained after 2 and 24 h.

Determination of Drug Contents in Gels

The contents of isoniazid or metronidazole were
determined in respective gels using UV-VIS spectropho-
tometer (T 70 PG Instrument Ltd., UK). For isoniazid,
absorbance of the filtered sample was measured at
263 nm, whereas the absorbance of metronidazole was
measured at 278 nm. Each sample was analysed in
triplicate and quantification was performed from the
respective calibration curves.

Rheological Characterisation

Rheograms of each poloxamer, control gel and gels
containing isoniazid or metronidazole were taken at room
temperature (25°C) at Rheometer (TA Instrument Ltd. AR.
1500) with cone and plate geometry. The shear rate was
uniformly increased from 0 to 1000 s over 1 min and then
decreased to zero over 1 min at room temperature. The
rheograms were taken at 2 and 24 h and then at 7, 14 and
30 days to study the time-dependent rheology of the gels. The
yield of each simple gel was also noted once at 2 h. The
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viscosity of each poloxamer was measured once, whereas gels
containing isoniazid or metronidazole were investigated for
viscosity at the same time intervals as above considering the
highest shear rate of 990 s (Pa s).

Filling of Gels Containing Drugs in Hard Gelatin Capsule

The gels containing drugs were hand filled at room
temperature, using syringe into size 1 transparent hard gelatin
capsules, having individual fill weights of about 450 mg. The filled
capsules were stored at room temperature in sealed containers
for 24 h so that a strong gel structure could be formed (17).

In Vitro Drug Release Studies

The in vitro release of drugs was carried out for only the gels
which, showed phase stability for more than 30 days. The release
of drugs was investigated in the dissolution apparatus I (Erweka
Dissolution Tester (FRL 700, Heusenstamm, Germany) using
900 mL water for isoniazid and 0.1 N HCI for metronidazole. The
media were maintained at 37 + 0.5°C and the basket was rotated
at 100 rpm. Six capsules for the stable gels of respective drugs from
each poloxamers were tested individually. An aliquot (10 mL) was
withdrawn at regular intervals of 30 to 180 min while maintaining
the volume in the vessels with the same dissolution medium. The
samples were analysed in triplicate at respective wavelengths and
quantified from the respective calibration curves. Different kinetic
models were applied to find release rate and release mechanisms
from their respective gels (18-21).

Fourier Transform-Infrared Spectroscopy

The gels were taken in a diffuse reflectance sampler and
IR spectra were recorded by scanning in the wavelength
region of 4000—400 cm ' in a Fourier transform-infrared
spectrophotometer (FTIR Nicolet 6700 ZnSe Optics,
Thermoelectronics, USA). The spectra obtained were ob-
served for incompatibilities between components and the
chemical integrity of the drug in the gels after preparation
and over the time.

RESULTS

The simple gels and those containing drugs were
found to be smooth and stable. The smoothness and
stability were not found to be affected immediately by the
properties of poloxamers, such as viscosities, molecular
weights and ratios of polyoxyethylene and polyoxy-pro-
pylene contents (Table I).

Sedimentation
Isoniazid gel containing poloxamer L62 (FO3) and metro-

nidazole gels having poloxamers 143 (M02) and 192 (MO5)
exhibited sedimentation at 24 h of their preparation (Table II).

Drug Contents in Gels

Table II shows the percent content of isoniazid and
metronidazole.
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Rheological Characteristics

Figure la shows that the poloxamers exhibit Newtonian
behaviour. The viscosity of the poloxamers under study was
within the range of 100-270,000 mPa s (Table I), and the filling
of gels in the hard gelatin capsule did not pose any problem.

All the rheograms of the simple gels taken at 2 and 24 h,
and then, 7, 14 and 30 days exhibited a hysteresis loop
(Fig. 1b-f) along with plastic and pseudoplastic behaviour
with fluctuations, being prominent in the rheograms obtained
after 24 h. Comparison of the rheograms of simple gels at 2
and 24 h, indicated a slight increase in viscosity (Fig. 1b—f).

During storage for 30 days, all the simple gels, except
that contained L64 exhibited plastic flow along with thixotro-
pic behaviour (Fig. 2a—¢). The gels prepared with poloxamer
L64 exhibited pseudoplastic flow.

The rheograms of the gels containing isoniazid or metroni-
dazole at 2 and 24 h and 7, 14 and 30 days exhibited a hysteresis
loop (Figs. 3a—e and 4a—e). Like the simple gels, a slight increase
in the viscosity was observed in the isoniazid and metronidazole
gels at 2 and 24 h, as shown in Figs. 3a—e and 4a—e, respectively.

The rheograms of stable gels containing isoniazid or
metronidazole at 7 to 30 days (Figs. Sa—d and 6a—c, respectively)
showed the time-dependent rheology. The rheological profile of
each selected gel after 24 h is also shown in Figs. 5a—d and 6a—c,
respectively, for comparison to that of the 7 and 30 days to
observe the change after formation of gel structure at 24 h.
During storage for 30 days, all the selected gels retained their
plastic or pseudoplastic flow along with the thixotropic behaviour.

Table III shows that the apparent viscosity (n,) was
maintained reasonably well over the whole storage period of
30 days although there were some minor variations.

Plastic Flow and Yield Value

The curves shown in Fig. 1b—d, f indicated plastic flow in
the gels. No yield values were demonstrated in a
pseudoplastic system (Fig. 1e). The viscosity of pseudoplastic
gels decreased on increasing rate of shear (Table IV).

In the present study, the yield values of all the five
poloxamers were recorded once at 2 h and were given in
Table V. The apparent viscosity and yield values of simple
gels and gels containing drugs are given in Table III. The
apparent viscosity of the simple, isoniazid or metronidazole
gels were recorded at 2 and 24 h and then at 7, 14 and 30 days
considering the highest shear rate of 990 s™' (Pa s) (Table V).
The addition of isoniazid or metronidazole in the simple gels
caused an increase in the yield value (Table V) and apparent
viscosity (Table III) over the period of 1 month.

In Vitro Release of Isoniazid and Metronidazole from Gels

The calibration curves of isoniazid and metronidazole
along with the linear regression equation and correlation
coefficient are given in Fig. 7a, b. The isoniazid release from
the selected phase-stable isoniazid gels is given in Table VI
and Fig. 8a. The isoniazid gels labelled as FO1, F02, FO4 and
FO05 exhibited the first-order kinetics (Table VII). The slope
obtained from graph revealed that all the gels showed
different release rates. The formulations FO1 and F04 showed
100.11 and 104.25% drug release, respectively, in 3 h. For the
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Table II. Percent Drug Content (%), Sedimentation and Different Stability Data Gels

Gel Formulation Containing poloxamers Phase separation with time Drug contents (%) Remarks

Isoniazid FO1 L31 No 101.30 Stable
F02 L43 No 99.80 Stable
F03 L62 At24h 95.60 Unstable
F04 L64 No 120.01 Stable
FO05 L92 No 92.70 Stable

Metronidazole MoO1 L31 No 98.73 Stable
MO02 L43 No 87.67 Stable
MO03 L62 At24h 100.23 Unstable
Mo4 Lo4 No 98.02 Stable
MO05 L92 At24h 99.38 Unstable

formulation FO2 with L43 poloxamer, the drug release within
30 min was found to be 81.84%. On the other hand, F04
containing L64 poloxamer held drug release for 30 min
liberating only 14.49% drug and rapidly released the remain-
ing drug subsequently. The isoniazid gel (F04) containing
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Fig. 1. Rheograms of a poloxamers, L31, L 43, L62, L64 and 192, and simple gels, at 2 and 24 h containing b
L31 and silicon dioxide, ¢ L43 and silicon dioxide, d L62 and silicon dioxide, e 164 and silicon dioxide and f
L.92 and silicon dioxide

L64-A200 showed the highest release. The extent of drug
release for FO1 was lesser as compared to FO4. However, FO5
exhibited lesser rate and extent of drug release.

The release of metronidazole gels M02 (containing
poloxamer 1.43) and MO05 (formulated with poloxamer 1.92)
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were not studied because of occurrence of sedimentation in
24 h (Fig. 4b, e). Based on the percent release of metronida-
zole (Table VI and Fig. 7b), the release kinetics for the
selected metronidazole gels, determined by regression coef-
ficient, R2, is shown in Table VIL. The gels, M01, M03 and M
04, exhibited the first-order kinetics (Table VII). However,
the release rates of metronidazole from different gels were
different as indicated by the slope values. The metronidazole
gels M01 and M04 showed 100.64 and 106.39% drug release,
respectively, while M03 exhibited 50% release at the end of
3 h. The metronidazole gel M04 (which was prepared using
the L64-A200) showed the highest release of the drug. On the
other hand, metronidazole gel, M0O3 (prepared using L62),
showed the least release (50%) as compared to MO1 (L31/
A200) which showed 100% release in 3 h.

Fourier Transform-Infrared Spectra

Fourier transform-infrared spectra of the pure isoniazid
(Fig. 9a—c) showed the characteristic peaks of the pure drug,
which were masked in the phase-stable isoniazid gels. The
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bands corresponding to N-H and C-H stretching (in region
3100, 3000 to 2800 cmfl) and bands of C-O, C-N and C-C
were masked by a broad peak appearing in a region of 1150
to 1000 cm ' (22). The FTIR spectrum of metronidazole
(Fig. 10a—c) has shown all the major peaks characteristics of
the pure drug (22). However, in all the phase-stable
metronidazole gels prepared employing respective poloxamer
masked the bands in 3000 to 2850 cm ™! corresponding to the
OH, CH-CH stretching and bands in 1100 to 1000 cm™*
corresponding to CN, C-C and NO.

Discussion

In this study, the gels were prepared using five
poloxamers (Table I) and 8% w/w Aerosil® A200 to
incorporate 10% w/w of the model drugs, isoniazid and
metronidazole (particle size 180-250 um). The above per-
centages of Aerosil® A200 and drugs were taken from the
literature (16, 17, 23). The simple gels were characterised in
terms of appearance, phase separation, rheology and the
Fourier transform-infrared spectroscopy. The gels containing

a b
1800 , =131, S5.Gel, 1 Day —L31,S.Gel, 7 Day —L31, S.Gel, 30 Day 2200 =143, S5.Gel, 1 Day =143, S.Gel, 7 Day 143, S.Gel, 30 Day
1600 2000 g
1800
1400
1600
z 1200 E 1400
2 1000 8 1200
) 4
g % 1000
L 800 H
o
£ £ 800
@ 600 “
600
400 400
200 200
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000
Shear rate (1/s) Shear rate (1/s)
c 2200, ——L62,5.Gel, 1Day ——162,S.Gel.7 Day ——L162, S.Gel, 30 Day d 3200, ——L64,5.Gel. 1Day ——164,S.Gel. 7 Day ——L 64, S.Gel, 30 Day
” 3000
2800
2600
2400
= . 2200
& & 2000
H 2 1800
4 F
& & 1600
& = 1400
s 5
& 2 1200
&
1000
800
600
400
200
p’
0 200 400 600 800 1000 0 200 400 600 800 1000
Shear rate (1/s) Shear rate (1/s)
e 3200 —192, 5.Gel, 1 Day ——192, S.Gel, 7 Day ———192, S.Gel, 30 Day

Shear stress (Pa)

600

Shear rate (1/s)

Fig. 2. Rheogram of simple gel at 1, 7 and 30 days containing a L31 and silicon dioxide, b 1.43 and silicon
dioxide, ¢ L62 and silicon dioxide, d L64 and silicon dioxide and e .92 and silicon dioxide



Effect of Rheology and Poloxamers Properties on Release of Drugs

drugs were additionally assessed for the drug contents. All the
gels were smooth and stable immediately after their prepara-
tion. However, after 24 h of preparation, some gels viz.,
isoniazid gel containing poloxamer L62 and metronidazole gels
with L43 and 1.92 showed sedimentation (Table IT) which was
also supported by the rheograms of the above gels, where
hysteresis loops of the gels at 24 h were lower than that of the
taken after 2 h (Figs. 3c and 4b, ¢). The percent contents of
isoniazid and metronidazole (Table II) in their respective gels
were within the reported standard concentrations (24).
Poloxamers are the non-ionic surfactants and block copol-
ymers of a central hydrophobic chain of polyoxypropylene
flanked by two hydrophilic chains of polyoxyethylene with
different viscosities. The viscosity of the poloxamers increased
with the increase in their molecular weight across the poloxamer
series (Tables I and V). The viscosity of the poloxamers under
study was within the range of 100-270,000 mPa s (Table I),
which indicated their suitability for filling into hard gelatin
capsules (25). Smith ez al. (8) has reported viscosity 0.027 Pa s
(27 mPa s) as too low to optimally pump and to avoid the
formulation losses by splashing during the filling process.
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Hawley (26) found 24000 m Pa s viscosity was high to cause
problems with filling of materials in capsules. In this study, the
filling of gels in the hard gelatin capsule did not pose any
problem during filling.

The purpose of rheograms of simple gels at 2 h was to
compare them to the rheograms of 24 h to assess whether the gel
structure had been formed, indicated by viscosity increase. The
rheograms at 7 to 30 days were obtained to observe the time-
dependent rheological modifications in gels, which might be
relevant for suitability of the filling in capsules. The hysteresis
loop in the rheograms of the simple gels (Fig. 1b-f) taken at the
above time intervals is the characteristics of the materials with
plastic or pseudoplastic flow along with thixotropic behaviour.
Fluctuations were noted in the rheograms of all simple gels after
24 h, which may be attributed to the increase in viscosity and
formation of strong gel structure between poloxamer and silicon
dioxide after 24 h. The addition of drug into the simple gels of all
poloxamers led more prominent fluctuations in a rheogram even
at 2 h due to a further increase in viscosity and gel formulation.
This trend of fluctuation was continued after 24 h and 7, 14 and
30 days of preparation.
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Fig. 3. Rheogram of isoniazid gels at 2 and 24 h with a L31, b L43, ¢ L62, d L64 and e .92
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A slight increase in viscosity in the rheograms of simple
gels at 24 h (Fig. 1b-f), seemingly pointing to the develop-
ment of a gel structure between the respective poloxamers
and silicon dioxide. After the formation of gel structure, the
asymmetric arrangement in molecules would have occurred.
Thus, along with hydrogen bonding between hydrophilic
silicon dioxide and respective poloxamer drug gel formation,
it increases the viscosity and forms a three-dimensional
structure (5).

The rheological profiles of each gel after 24 h (Fig. 2a—¢)
were compared to that at 7 and 30 days to observe the change
in viscosity after gel structure formation. After 30 days
storage, the exhibition of plastic flow along with thixotropic
behaviour in the simple gels containing poloxamers other
than L64 was likely due to the development of a strong gel
structure. The pseudoplastic flow shown by gels prepared
with poloxamer L64 might be ascribed to re-alignment of
polymer. Thus, the gels were shown to be suitable for filling
into capsules. It was further expected that there were no
storage-dependent rheological behaviour changes, which
might limit the material filling into capsules.
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The exhibition of hysteresis loop in the rheograms of the
isoniazid or metronidazole gels at all the time intervals was
the specific feature of materials with plastic or pseudoplastic
flow along with thixotropic behaviour. The presence of the
hysteresis loop indicates the occurrence of a breakdown in gel
structure, and the area within the loop may reflect an index
for the degree of breakdown or thixotropy (Figs. 3a—e and
4a-e). Similar to the simple gels, increase in the viscosity of
gels after 24 h (Figs. 3a—e and 4a—e, respectively) demon-
strated the development of gel structure in all gels except in
isoniazid gel prepared using L62 and metronidazole gels
formulated using 143 and L92. Each gels showed comparable
results in preliminary work with the isoniazid, where L.31 and
L64 were investigated by using silicon dioxide (1-10% w/w)
to observe the dispersion stability (stable isoniazid gels after
24 h) and release rate (16).

The retaining of plastic or pseudoplastic flow along with the
thixotropic behaviour in the selected isoniazid and metronidazole
gels during storage for 30 days indicated stability and suitability of
the above gels for filling in the hard gelatin capsules. Thixotropic
behaviour is induced by the specific arrangement of asymmetric
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Fig. 4. Rheogram of metronidazole gel at 2 and 24 h with a L31, b L43, ¢ L62, d L64 and e L92
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Table III. Viscosity and Yield Values of the Simple Gels and the Gels Containing Drugs
Gels Prepared with Yield value Viscosity at shear rate 990 s ! (Pa s)
2h 24 h 7 days 14 days 30 days
Simple gels L31 249.9 1.68 1.64 1.71 1.73 1.45
L43 346.5 2.14 2.19 224 224 2.16
L62 819.8 2.08 2.09 2.00 2.08 1.93
Lo4 186.6 2.44 2.92 3.20 3.27 3.01
L92 693.1 2.70 2.72 3.01 3.05 2.61
Isoniazid gels L31 1019 2.12 1.91 1.95 1.92 2.39
L43 1308 2.58 2.80 2.60 2.64 2.66
L62 1544 2.62 2.52 2.50 2.45 2.26
Lo64 1512 3.13 3.17 3.34 3.67 3.39
L92 1367 4.39 4.47 4.49 4.43 4.36
Metronidazole gel L31 1600.0 1.97 2.12 1.97 1.96 2.00
L43 636.8 2.28 2.08 2.00 2.24 211
L62 1051.0 2.15 2.28 2.23 2.26 2.28
L64 1215.0 312 3.13 3.18 3.25 322
L92 609.1 4.13 3.95 3.08 371 3.58
Table IV. Apparent Viscosities of Simple Gels and Isoniazid and Metronidazole Gels at Different Shear Rates
Gels 1, at different shear rates (Pa s) at 24 h
100 200 300 400 500 600 700 800 900 990
Simple gel with poloxamer L31 7.41 4.15 3.20 2.67 2.35 2.14 1.98 1.82 1.72 1.63
Simple gel with poloxamer 143 9.97 5.78 4.39 3.50 2.97 2.63 2.37 217 2.17 1.91
Simple gel with poloxamer L62 9.24 5.39 4.25 3.55 3.10 2.79 2.53 2.32 2.19 2.09
Simple gel with poloxamer L64 721 5.85 4.90 4.19 3.86 3.60 3.41 322 3.06 2.92
Simple gel with poloxamer 1.92 11.64 7.971 6.10 4.81 4.18 3.68 3.28 3.06 2.86 2.69
Isoniazid gel with L31 19.14 9.49 6.27 4.78 3.82 3.40 2.94 2.68 2.46 2.35
Isoniazid gel with L43 25.34 9.29 5.98 4.55 4.04 3.59 331 311 2.94 2.80
Isoniazid gel with L62 20.19 8.56 5.50 4.26 3.60 322 297 2.78 2.60 2.52
Isoniazid gel with L64 13.39 7.08 572 4.96 4.47 4.08 3.74 3.49 331 3.17
Isoniazid gel with L92 18.94 10.29 7.82 6.77 6.16 5.62 5.22 4.85 4.70 4.47
Metronidazole gel with L31 13.44 6.92 5.03 391 3.30 2.89 2.56 2.34 222 2.12
Metronidazole gel with L43 5.87 4.09 335 2.94 2.67 2.47 2.33 223 2.16 2.08
Metronidazole gel with L62 11.41 6.19 4.65 3.78 3.27 2.95 271 2.52 2.40 2.28
Metronidazole gel with Lo4 11.74 6.82 5.58 4.82 4.27 3.95 3.63 3.40 3.26 3.13
Metronidazole gel with L92 11.28 7.80 6.35 5.68 524 4.84 4.54 429 4.10 3.95

molecules of a material along the line of its flow. Such systems
have the reduced apparent viscosity during the high-shear
processes, such as mixing and filling into capsules followed by
increased apparent viscosity after filling. Thixotropic systems are
composed of asymmetric macromolecules, which are capable of

Table V. Viscosity (Pa s) and Yield Values of Pure Poloxamers

Poloxamers Viscosity (Pa s) Yield value
L31 0.26 3.59
L43 0.31 4.60
L62 0.33 4.85
Lo64 0.50 7.48
L92 0.62 8.73

interacting by numerous secondary bonds to produce a loose
three-dimensional structure, so that the material is gel-like when
un-sheared. The energy imparted during shearing disrupts these
bonds and the flowing elements become aligned and the viscosity
falls, as a gel-sol transformation occurs. When the shear stress is
eventually removed, the structure tends to reform, although the
process is not immediate and increases with time as the molecules
return to the original state under the influence of the Brownian
motion (27). The apparent viscosity (1,) was related to the
viscosity of the original poloxamer given in Table V, which also
supported the increase in 7, of the gels.

The curves shown in Fig. 1b—d, f represent a body that
exhibits plastic flow. The curve on a plot of stress vs. shear of
plastic materials does not pass through the origin, but rather
intercepts the shearing stress axis at a particular point,
referred to as the yield value (27). Materials with such curves
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are known as the Bingham body and do not begin to flow
until a shearing stress corresponding to the yield value
exceeds. At stresses below the yield, the substance acts as
an elastic material. Bingham bodies that exhibit yield value
are classified as solid, whereas substances that begin to flow at
the smallest shearing stress and show no yield value are
defined as liquids.

Plastic flow is associated with the presence of flocculated
particles in concentrated suspensions. As a result, a continuous

structure is set up throughout the system. A yield value exists
because of the contacts between adjacent particles (brought
about by the Van der Waals force), which must be broken down
before flow can occur. Consequently, the yield value is an
indication of forces of flocculation; the more flocculated the
suspension, the higher will be the yield value. Frictional forces
between moving particles can also contribute to yield value.
Therefore, a plastic system resembles to a Newtonian system at
shear stresses above the yield value (27).

Table VI. Percent Release of Isoniazid and Metronidazole from Their Respective Gels

Drug Time (min) Percent drugs released from gels containing
L31 L43 L62 Lo4 L92
Isoniazid 0 0 0 0 0 0
30 33.38 81.84 19.478 14.49 19.9
60 59.39 94.96 32.69 68.27 34.10
90 75.57 95.72 43.14 101.20 45.83
120 86.13 95.78 59.87 103.89 52.31
150 96.48 95.94 58.94 104.3 60.13
180 100.11 97.32 66.62 104.25 67.84
Metronidazole 0 0 0 0 0 0
30 40.98 43.55 21.41 75.54 24.70
60 65.27 48.13 32.56 101.02 39.36
90 81.72 48.24 40.88 102.97 55.52
120 91.76 46.09 43.82 101.96 62.06
150 98.98 48.83 50.58 105.88 66.06
180 100.64 48.89 50.21 106.39 71.84
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Table VII. Kinetic Parameters for Isoniazid and Metronidazole Release from Different Gels

Drug Poloxamers

Zero order First order Higuchi
R Ko R K R’ Ky
Isoniazid L31 0.8456 0.662 0.9885 0.016 0.9874 7.664
L43 —0.1101 0.735 0.9927 0.055 0.6664 8.923
L64 0.7641 0.739 0.8749 0.020 0.8661 8.544
L92 0.9211 0.419 0.9944 0.006 0.9812 4.806
Metronidazole L31 0.7516 0.690 0.9932 0.019 0.9860 8.052
L62 0.7457 0.344 0.8947 0.005 0.9872 4.017
Lo64 0.1107 0.792 0.9849 0.051 0.7767 9.546

In contrast to the plastic systems, the consistency curve in
pseudoplastic materials begins at the origin, indicating no yield
value as shown in a plastic system (Fig. 1e). Furthermore, since
no part of the curve is linear, the viscosity of a pseudoplastic
material cannot be expressed by a single value. The viscosity of a
pseudoplastic substance decreases with increasing rate of shear
(Table IV). The curved rheogram for pseudoplastic materials
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results from a shearing action on long-chain molecules of
materials such as linear polymers. As shearing stress is
increased, normally disarranged molecules begin to align along
their long axes in the direction of flow. This orientation reduces
internal resistance of the material and allows a greater rate of
shear at each successive shearing stress, thereby decreases the
apparent viscosity. On adding isoniazid or metronidazole in the
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Fig. 9. FTIR spectra of isoniazid containing a poloxamer L31 and silicon dioxide, b 143 and silicon
dioxide, ¢ L64 and silicon dioxide and d 1.92 and silicon dioxide



Effect of Rheology and Poloxamers Properties on Release of Drugs

a

IV WQMW

Sio2

M-

Simple Gel

Transmittance (%)

3550 3050 2550 2050

‘Wavenumber (cm')

(o

1550 1050 550

Transmittance (%)

2009

L62

Sio2

T U U S

\

Simple Gel

Transmittance (%)

MNZ

3550 3050 2550 2050

Wavenumber (cm'!)

1550 1050 550

L64

Sio2

T

W
'
Simple Gel

Gel + MNZ

3550 3050

2550

2050 1550 1050 550

Wavenumber (cm'?)

Fig. 10. Fourier transform-infrared spectra of metronidazole containing a poloxamer 31 and silicon
dioxide, b L62 and silicon dioxide and ¢ .64 and silicon dioxide

simple gels increased the yield value and apparent viscosity
(Table IIT) over the period of one month revealed a high
stability of the internal structure of the gel (28).

The linear curves between concentration and absorbance
curves for isoniazid and metronidazole (Fig. 7) were appro-
priate for conversion of absorbance to concentration of the
respective drugs.

The present findings for isoniazid release are comparable
to the preliminary investigations where the gels containing 8%
wiw silicon dioxide with the poloxamers .31 and L64, released
100% isoniazid (used as received, without characterised particle
size) in approximately 3 h (16). The gel FO2 with L43 poloxamer
released 81.84% drug within 30 min displaying burst release
characteristics. On the other hand, F04 gel containing L64
poloxamer held drug release for 30 min liberating only 14.49%
drug and rapidly released the remaining drug subsequently. This
pattern of drug release from the gels is related to
polyoxyethylene (POE) contents and viscosity of poloxamers
(16). From poloxamer-silicon dioxide gels, the release also
depends on the hydrophilicity of silicon dioxide and the
physicochemical properties of the drug (1, 29). However, in this

study, viscosity of poloxamers exhibited domineering effect in
controlling drug release compared to the POE contents. As a
normal trend in this study, when POE contents were decreased,
the amount of drug release was appreciably retarded. Such as
we observed that the isoniazid gel, FO4 containing L64-A200
showed the highest release as it contained 40% POE and its
molecular weight was approximately 1750 for the
polyoxypropylene (POP) portion (Table I). Gel FO1 composing
L31 and F02, .43 has 10 and 30% of POE contents, respectively;
hence, the extent of drug release was lesser as compared to gel
F04. It was expected that the gel, FO5 with 20%
polyoxyethylene, by virtue of containing 1.92 should exhibit
the drug release in between that shown by FO1 (with POE 10%)
and F04 (with POE 30%), but the FO5 exhibited lesser rate and
extent of drug release. Thus, the contribution of the effect of
POE content on the isoniazid release from F05 gel might has
surrendered against the effect of viscosity of L.92, which had the
highest value, i.e. 740 Pa s (Table 1) as compared to all of its
counterparts under the study.

The release of metronidazole gels M02 (containing poloxamer
143) and MO5 (formulated with poloxamer 1.92) were not studied
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because of occurrence of sedimentation (Fig. 4b, e) in 24 h. The gels,
MO01, M03 and M 04 exhibited first-order kinetics (Table VII). The
release of the metronidazole from the gels was also affected by POE
contents and the viscosity of the poloxamers as reported (16). It was
because the release of drugs from poloxamer-silicon dioxide gels had
also been related to the hydrophilicity of silicon dioxide and the
physicochemical properties of the drug (1, 29). The metronidazole
gel M04 (which was prepared using the L64-A200) showed the
highest release of the drug since it contains 40% POE and its
molecular weight is approximately 1750 for the POP portion. On the
other hand, metronidazole gel, M03 (prepared using 1.62), showed
the least release (50%) as compared to M 01 (L31/A200) which
showed 100% release in 3 h containing 20 and 10% POE contents,
respectively.

In the phase-stable gels containing isoniazid and metro-
nidazole, the Fourier transform-infrared spectra of the
respective pure drugs (Figs. 9 and 10) showed the masking
of characteristic peaks might be due to the excess of
poloxamer and silicon dioxide in isoniazid gels, rather than
due to a chemical change.

CONCLUSION

The pure poloxamers showed Newtonian behaviour while
the simple, isoniazid and metronidazole gels exhibited plastic or
pseudoplastic along with thixotropic behaviour. The stable gels of
both drugs showed the dispersion stability for 1 month.
Poloxamer L64 showed the maximum drug release for freely
soluble isoniazid and slowly soluble metronidazole from their
gels. Poloxamer 192 and 162, respectively, exhibited the least
release of isoniazid and metronidazole from their gels. The FTIR
indicated no interaction between the components of gels and the
drugs. The hydrophilic gel system prepared by different
poloxamers and silicon dioxide may be used to modify the release
rate of the drugs having different solubility. The rheological
characteristics of theses gels are such that they can be easily filled
in hard gelatin capsules without leakage issue. This study may
enhance the viability, research and use of liquid semisolid matrix
technology.
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