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ABSTRACT

The aim of the study is to formulate paracetamspsuasions and evaluate their sedimentation stghitita rapid
way by employing near infrared transmission meant#s. The mucilage extracted from Plantago ovetals was
also used as one of the suspending agents. Thdageids a natural suspending agent that can be wedn
effective alternative for traditional suspendingeats. Stability studies of suspensions are veryitapt to enable
the patient to receive the intended amount of thig@) in the dose administered. Physical stabiityparacetamol
suspensions was studied in terms of sedimentatiduilis/ in a rapid way employing infrared extinati profiles by
using the instrument Separation analyzer (LUMiRe8H& the present work. The LUMiReaflénstantaneously
measures the extinction profiles of the transmitighit across the entire length of a suspensionpgaremploying
STEP-Technology (Space- and Time-resolved ExtmdHoofiles Technology). Paracetamol suspensionsewer
formulated with different suspending agents likehyleellulose (MC), hydroxypropyl methylcellulod¢PMC),
sodium carboxymethylcellulose (SCMC) and mucilafjé’lantago ovata (POM) and their infrared extinetio
profiles were compared to determine their sedimmrastability. Instability indices determined ornfferent
suspension formulations indicated that MC and POBl@eferable suspending agents for the preparatibstable
suspensions of paracetamol.

Key words: suspension, physical stability, separation aralyzUMiReade?, STEP-Technology, instability index.

INTRODUCTION

Suspensions are biphasic heterogeneous coarsesilisisecontaining essentially the insoluble paltiteimatter or
drug suspended with the help of suspending agemt(s) liquid medium. The continuous or external qghés
generally a liquid or semisolid. The liquid phasaynbe aqueous or in some instances may be organitydiquid
for non oral use. The dispersed or internal phas¢hé insoluble particulate matter dispersed thnoug the
continuous or external phase. These are thermodgafiynunstable; almost all suspension systems ragpan
standing. Because some products occasionally amaprd in a dry form to be placed in suspensigheatime of
dispensing by the addition of an appropriate liquithicle, this definition is extended to includesk products [1,
2].

Stability study of suspensions is a very imporispect to enable the patient to receive the inttadeount of the
drug(s) in the dose administered. Physico-chensidlility of suspensions is important for maintagihe quality
of the product. Paracetamol is N- acetyl- P- amireomwl, 4-hydroxyacetanilide,gBoNO, (151.16). It is a major
metabolite of phenacetin (p- ethoxy acetanilideJ an effective antipyretic and analgesic agent witgchanism
similar to that of the salicylates. It producesigyresis by acting on the hypothalamic heat- retijudacentre and
analgesic by elevating the pain threshold. It iefuisparticularly as an analgesic- antipyretic iatipnts who

186



P. N. Murthy et al J. Chem. Pharm. Res,, 2015, 7(5):186-195

experience untoward reactions to aspirin. Unlikpiras acetaminophen does not antagonize the sffeft
uricosuric agents. The drug structure is shown uRdgre 1.
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Figurel: Structure of paracetamol

Physical stability testing of paracetamol suspensis

Different procedures have been suggested in thefgrasvaluating the physical stability of suspensi [3-6]. Some
of these are experiential in the sense that theg ha mathematical base. Some methods currenihg hesed are
so drastic that they destroy the structure of trepension.

The evaluation methods used may well be classifitxd
1. Sedimentation methods

2. Rheological methods

3. Electro-kinetic methods and

4. Micromeritic methods

Under sedimentation methods, measurement of tHensathtion volume and its ease of re-dispersiormftwo of
the most common basic evaluation procedures. Rp®alomethods help in predicting the settling pattend can
also provide clues to vehicle particle structubata collected on samples stored for various perazch give useful
information about the stability of the suspensidglectro-kinetic methods measure the surface étecharges or
zeta potential which is instrumental in deciding 8tability of disperse systems. Micromeritic noeth deal with
the particle size changes. The stability of a snsiom is inter-related to the size of particlesatitating its disperse
phase. A growth in the particle size is a poitdevards its instability since such an occurrenae éimately result
in the formation of aggregates or cake destroyimgphysical structure of a suspension and renddringeless.
Hence, an appreciation of change in particle siitke passage of time can provide an insight intostiadility aspect
of a suspension. Changes in absolute particle gaicle size distribution, crystal habit etcndse worked out by
microscopy, Coulter counter etc.

Normally there is a need to carry out a quick emsest of particle size change since no formulasor afford to
wait for the normal shelf storage periods to stadgh changes. Hence, suspensions are subjeceiifitval stress
conditions in the form of freezing and thawing. cBa treatment is known to promote particle groanld can be
used to predict future behaviours. However, anoirigmt point to remember is that sometimes hyditomts which

are usual additives in suspensions can themselgesaffpcted by freezing and thawing leading to wgkof

suspensions. Hence, observations may not be cpiitelated to shelf-life of the products.

STEP-Technology (Space- and Time-resolved ExtinctioProfiles Technology)

STEP-Technology stands as acronym for Space and Riesolved Extinction Profiles Technology. It canused
to measure the infrared extinction profiles of trensmitted light across the entire length of gpsnsion sample
from top to bottom instantaneously [7]. By using iastrument called LUMiRead®&rwhich operates on STEP-
Technology, it is possible to observe and undedstdifferent stability/instability phenomena of aspansion
concurrently; e.g., creaming, sedimentation, ce&lese, aggregation and flocculation at original doct
concentration. Basing on these phenomena the ilistabdex is generated by the software SEPviestatied in
the instrument. Depending on the instability indesasured for different suspension samples prepeitbdsarious
suspending agents and other excipients, an idesglesding agent and its concentration required toagstable
suspension can be selected.

Different program components are provided in a LB&ade? for the qualitative and quantitative analysis loé t
samples, e.g.,

- The Front Tracking for settling, creaming and smlidation (separation velocity)

- The Integral Transmission for the clarificatiqesd

- The PSA-Module for the calculation of the pa#isize distribution.

- Stability analysis for determination of instatyilindex and for comparison of stability of diffetesamples.
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Separation analyser LUMiReadef

The Separation analyser LUMiReal8d?SA-453 manufactured by LUM GmbH, Germany was lisetie present
work to carry out physical stability studies ongaetamol suspensions formulated with different endmpg agents.
The sample cell in a LUMiReadeis illuminated by a multi-colour light sourcg, including one near infrared
wavelength (870 nm). Behind the sample cell thesmgtted light | is detected using a CCD-line d&iecThe
detector contains about 6434 elements, with a teteesolution of 9 pm and detection length of 45.m
Transmission is converted into extinction by Igil]!

Frequently optical particle size measurement tepies are used to determine the volume weightedcleasize
distribution. For this purpose the size and maltedigpendent extinction coefficient is needed whan be
calculated with Mie-theory using the complex refrae index of the particles. In this case stronguasptions have
to be made like spherical homogeneous particlesveider, the determination of the refractive inder t& very
difficult especially in the submicron range and Faterogeneous particles. No standard measurenethbds are
available up to now. The way out could be the eatidm of space and time resolved extinction prefig,9] at
different wavelengths for sedimenting or creamiagdiples in gravitational or centrifugal field.

llluminating the dispersion across its entire sarpight, and by having many thousand detectors/iRdadef
can measure the light source extinction profildantaneously, even the smallest changes in cordigmtrcan be
detected. The instrument measures the extinctiafilgs over the whole sample length during physjcal
accelerated separation. Changes in the extinctiofil@are representative for the changes in partoncentration
and allow to determine the velocity of individuarpcle classes with no assumptions regarding gargiroperties.
Particle size distribution is obtained based ork&tblaw [7]. Mostly 2 mm cells made of polycarbtmare used
for measurements (sample volume 0.4 cm3). For ssnplth very low turbidity 10 mm cells (sample vole 2
cm3) are used alternatively.

EXPERIMENTAL SECTION

Materials: Paracetamol IP was procured from SS PharmachemadRu India. Hydroxypropyl methylcellulose
(HPMC)-Methocel K4M was procured as a gift sampl@nf Colorcon Asia Pvt. Ltd., Verna, Goa.
Carboxymethylcellulose sodium (SCMC) and methyidee (MC) were purchased from LOBA Chemi Pvt. L td.
Mumbai, India.

Plantago ovatamucilage (POM) was extracted from the seed$laihtago ovatapurchased from local market
following the procedure described by Kulkarni et[aD]. The seeds were soaked in distilled wéder48 hours
and boiled for 10 minutes thereafter. The resgltilscous gel mass was pressed through a mustim dibe filtrate
so isolated was treated with equal volume of a@etehich resulted in precipitation of the mucilagée isolated
precipitate was dried at 40 °C for 2 hours. Thedltinass was subjected to size reduction which gded powder
mass. The powder was finally passed through siewgber 80 and stored in desiccators for furtheryammablnd use.
The yield was found to be around 30 % wi/w.

All other chemicals, solvents and reagents uselerstudy were of analytical grade.

Compatibility studies
Compatibility studies were carried out to investiggthe incompatibilities between paracetamol ardstispending
agents by using differential scanning calorimeB$C) and Fourier transform infrared (FT-IR) spestapy.

Sample preparation: Drug to excipient ratio of 1:1 provides maximunsgibilities of interaction between the drug
and various suspending agents thus enabling edegtide of any incompatibility. Therefore, homogeuns 1:1
physical mixtures of paracetamol and suspendingtageere prepared by trituration in a clean andgliags mortar
and pestle [11]. These mixtures were stored insgléals in a stability chamber at 25+2 °C for foueeks after
which they were subjected to DSC and FT-IR studisg differential scanning calorimeter, DSC-4000 &T-IR,
model IR Affinity-1, Shimadzu Corporation, Japan.

Preparation of paracetamol suspensions

Paracetamol suspensions were prepared with foterelift concentrations of each of the four commamded
suspending agents MC, HPMC K4M, SCMC, and POM asriteed hereunder. Each suspending agent was mised i
four concentrations at 0.25 %, 0.5 %, 0.75 % afd%.as shown in Table 1. Thus, sixteen formulatiamre
prepared with four suspending agents.
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Table 1. Formulation of paracetamol suspensions

F . Amount of Sodium benzoate Suspending Amount of Purified

ormulation code| .
paracetamol (g (mQ) agent used | suspending agent () water to (ml)
F1S1 4 100 MC 0.25 100
F2S1 4 100 MC 0.50 100
F3s1 4 100 MC 0.75 100
F4S1 4 100 MC 1.00 100
F1S2 4 100 HPMCK4M 0.25 100
F2S2 4 100 HPMCK4M 0.50 100
F3S2 4 100 HPMCK4M 0.75 100
F4S2 4 100 HPMCK4M 1.00 100
F1S3 4 100 SCMC 0.25 100
F2S3 4 100 SCMC 0.50 100
F3S3 4 100 SCMC 0.75 100
FAS3 4 100 SCMC 1.00 100
F1S4 4 100 PO mucilage 0.25 100
F254 4 100 PO mucilage 0.50 100
F3s4 4 100 PO mucilage 0.75 100
F4S4 4 100 PO mucilage 1.00 100

MC- Methylcellulose; HPMC K4M — Hydroxypropyl mdteflulose K4M; SCMC- Sodium carboxymethylcellujé¥®@M- Plantango ovata

mucilage

Procedure

The suspending agent was kept in contact with a@0@unl of water containing 100 mg of sodium benedat 12
hours to allow swelling of the suspending agente Tispersion was thoroughly mixed with a laboratstiyrer
(REMI) for 30 minutes at an average speed of 200 g get a uniform dispersion. Paracetamol was #ustled to
the dispersion under stirring and stirring contohder another 30 minutes and made up to volume. greeared
suspensions were stored at room temperature urttilefr studies.

Physical stability determination
Separation analyser LUMiReaePSA 453 manufactured by LUM GmbH, Germany was ey for stability
determinations.

Sample cellsLUM 10 mm, PC, synthetic cells were used for safian studies basing on the sample properties like
freedom from organic solvents, viscosity of thepamsions etc., as recommended by the manufacttirdreo
instrument.

Selection of tilt angle and temperature

The instrument has a provision for measuremenis fdoto 30° tilt allowing the sample to remain inright or
inclined position depending on the angle of tileseed. Tilting the sample from its normal uprigasition allows
an increase in the separation rate at gravity witlamy additional external forces. The magnitudeafeleration
(upto 10 times) depends on geometric factors, saghtilt angle, vial dimensions, and sample typee Th
LUMiReadef’ has a provision to maintain the temperature batveeebient temperature to 60 °C.

Measurements were carried out at 0° and 30° tf®0atC for the suspension samples. A sample volof@bout 2
ml was used in the determinations.

Procedure

The suspension sample of about 2 ml was fillechengample cell. The instrument was switched ontaadSOP
was programmed by selecting various parameterstliketilt angle, temperature, number of profilasteival,
number of cycles etc. Once, the instrument wasyregith normalization and base line correction apglia
message appeared to insert the sample. The sanglevis gently shaken to disperse the sample ardéd into
the sample holder. The instrument started recorthegprofiles as per the set SOP once the sampdierhbid is
closed by sliding in the direction shown on thetrmment. The extinction profiles were recorded lateé
wavelengths i.e., 470 nm (blue), 630 nm (red) af@ @m (NIR) with the help of the software SEPVfeiwstalled
in the instrument. The profiles were automaticalfywed in the instrument [7]. The extinction prdfilef 870 nm
(near infrared) wavelength were taken into accdontletermination of sedimentation stability in fesent work.
Different suspension samples were analyzed ahpeset parameters discussed above.

Some of the representative profiles recorded avevshin Figure 2 and Figure 3. The relevant daghiswn in Table
2 and Table 3.
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Figure 2: Extinction profiles for paracetamol suspasion containing 0.5% of HPMCK4M as suspending age measured at 30° tilt and
30 °C temperature: Stability analysis — instabilityindex
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Figure 3. Extinction profiles for paracetamol suspasion containing 0.5% of HPMCK4M as suspending age measured at 30° tilt and 30
°C temperature: Front tracking — sedimentation velaity
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Determination of resuspendability of suspension saptes
Resuspendability is the ability to resuspend thitlese particles with a minimum amount of shakingeafa
suspension has sedimented on standing for some time

Procedure

The resuspendability of the suspensions was ewlugalitatively. The suspensions were allowedettirsent in
stoppered glass jars for 1 month. The test wasopeedd on samples in triplicate by shaking the sedied
suspensions manually at 1&@vement, after sedimentation was completed [Bfsed on the numbers of shaking
required to disperse the sediment uniformly insuspension, the formulations were evaluated. Caadtion was
also evaluated qualitatively. Formulations req@rimore than 10 shakings were considered positivecéde
formation.

RESULTS AND DISCUSSION
Compatibility studies
DSC Studies

Result of DSC study shown in Figure 4 describesntihébehaviour of paracetamol with MC, HPMC, SCM@&i a
POM.
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DSC thermograms of paracetamol and the suspende&aMC, HPMC, SCMC, POM and their physical migtur
were studied on the samples stored at 25+2 °C. CHagacteristic peak pattern indicated that paracatdad
undergone thermal transition at 178.16 °C (meléndotherm of paracetamol), methylcellulose at 88GIHPMC

at 93.57 °C, SCMC at 108.16 °C and PO mucilage G&.16 °C. The peaks of pure paracetamol and pure
suspending agents were retained in the physicatuneixduring the study period at the storage comulitin the
physical mixtures of paracetamol with each of thepgnding agents, the thermal transitions occuatrij’8.16 °C
were not affected as shown in Figure 4, indicattognpatibility. There were no significant changeshe peak
shape and peak positions suggesting that there veesggnificant interactions between the drug drdguspending

agents.
Figure 4: DSC thermograms of paracetamol (P) and mtures of paracetamol and suspending agents
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Plantango ovata mucilage

FT-IR Studies
Compatibility of paracetamol with different suspemagents was studied using FT-IR spectroscopgrdntions

in the sample are derived or deduced by FT-IR studtiom changes in the characteristic peaks. Howeane
broadening of peaks due to hydrogen bonding wasated while using the excipients from natural orighd also
due to moisture without indicating any significamteraction. If all the characteristic peaks artaireed and there is

no significant change in the peak position, contyiliti can be expected.

The samples were stored at 25+ 2 °C and were sdainnthe region of 4000 chand 400 c. The FT-IR
spectrum obtained for paracetamol showed varioosiment and characteristic peaks. The charadtebisbad and
strong peak around 3500¢mindicates the presence of O-H stretching, theeree of peak at 1651¢mindicates
C=0 stretching for amide group. The spike at 3563 indicates the presence of N-H stretching. The @&000
cm® indicates the presence of C-H stretching. The @eaknd 3100 cthindicates the presence of aromatic C-H
stretching. The presence of characteristic spike©fH stretching, C=0 stretching, N-H stretchiGgH stretching
and no new bands or shift in characteristic peggeared in the physical mixtures of paracetamoh witferent
suspending agents as shown in Figure 5 indicatgd there was no significant interaction betweendiug and the

selected suspending agents.
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Figure 5: FTIR spectra of paracetamol and mixturesof PCM and suspending agents
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Preparation of paracetamol suspensions

Sixteen suspension formulations were prepared dsingconcentrations (0.25 %, 0.5 %, 0.75 % and’4) ®f each

of the four suspending agents i.e., MC, HPMC K4 SCMC and POM. Sodium benzoate was included as a
preservative. The prepared suspensions were stddiededimentation stability with the help of neaafrared
extinction profiles.

Determination of physical stability of suspensions

Determination of instability index and sedimentatio velocity of suspensions

Separation analyser LUMiRea8ePSA 453 was employed for stability determinatidiisM 10 mm, PC, synthetic
sample cells were used for separation studies. Meagnts were carried out attilt and 30 °C, and 3Qilt and 30
°C for the suspension samples. Tilting the sampbenfits normal upright position allows an increasethe
separation rate at gravity without any additiondeenal forces. The inclined position of the santplee due to a tilt
of 30 resulted in accelerated sedimentation velocityanad to the upright position of the tube atildas evident
from the results shown in Table 2 and Table 3.

Table 2. LUMiReader® stability data for paracetamol suspensions at 09t and 30 °C

Instability index at suspending | Front tracking Sedimentation velocitying/s)

Suspending agent agent concentration of at suspending agent concentration of
0.25% | 0.5%| 0.75% 1.09 0.25% 0.59 0.75% 1.0%
MC 0.051 | 0.046) 0.0748 0.11p 4.237 7.452 7.868 8.457
HPMC K4M 0.634 | 0.675 0.664% 0.672 5.363 7.563 16.25 16.63
SCMC 0.431| 0543 0.566 0.572 94.23 105/4 112/4 5154.
POM 0.101| 0.122 0.125 0.142 0.001] -X- -X- -X-

Table 3. LUMiReader® stability data for paracetamol suspensions at 3aflt and 30 °C

Instability index at suspending | Front tracking Sedimentation velocityin(/s)

Suspending agent agent concentration of at suspending agent concentration of
0.25% | 0.5%| 0.759% 1.09 0.25% 0.59 0.75% 1.0%
MC 0.062 | 0.052] 0.083 0.18p 5.557| 8.32p 8.588 9.8[73
HPMC K4M 0.842| 0.832] 0.754 0.722 6.465 8326 1832 205.4
SCMC 0.632| 0.74 0.584 0.554 132.3 145)2 1526 5180.
POM 0.153| 0.153 0.154 0.158 0.154 -X- -X- -X-
MC- Methylcellulose; HPMC K4M — Hydroxypropyl mdtbgllulose K4M; SCMC- Sodium carboxymethylcella|d30M- Plantango ovata
mucilage

Higher temperatures were avoided due to the aatieip possibility of changes in solubility and visitp of the
suspending agents and dispersion medium at higimpdratures. A sample volume of 2 ml was used én th
determinations. Measurements at ®0resulted in accelerated measurements.
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The extinction profiles were recorded at three wawgths i.e., 470 nm (blue), 630 nm (red) and 8MQ(NIR) with
the help of the software SEPVi@installed in the instrument. The profiles were caatically saved in the
instrument. The extinction profiles of 870 nm (nedrared) wavelength were taken into account fetedmination
of sedimentation stability in the present worklas mear infrared light region is sensitive for meament of data of
coarse patrticles. Blue light (470 nm) is sensiforenano range particles.

The results shown in Table 3 indicated that theéability index was lowest (0.052) with suspensionniulation
containing 0.5 % of MC. The instability index wasl®3 with suspensions with 0.25 % to 0.5 % POM as
suspending agent. It was the highest (0.842) wstimfilation containing 0.5 % HPMCKA4M. Instability dex
generally ranges between 0 to 1 and the highenvtilise, more unstable the suspension is. Therefostability
index is a very useful tool for comparison of diéfet suspending agents and selection of suitalsigesuling agents
during suspension formulation development. Basinghe results of instability index it is presumédtt0.5 % of
MC or 0.25 to 0.5 % of POM are suitable suspendiggnts for preparation of stable suspensions afcpgamol.

Determination of resuspendability of suspension saptes

Resuspendability is the ability to resuspend sfplarticles with a minimum amount of shaking atiesuspension
has sedimented on standing for some time. Theessg&m should redisperse with minimum effort onksig for
ease of administration. It is an important prersigeifor a good and stable suspension. Resultssafspendability
are given under Table 4.

Results shown in Table 4 indicate that the formomest containing MC and POM were easily resusperdabl
compared to suspensions containing HPMC and SCMGuapending agents as they required less number of
shakings for obtaining uniform dispersion.

Table 4: Results of resuspendability evaluation oparacetamol suspensions (n=3)

. . Number of shakings required to get .
Sample| Suspending agent % of suspending ageanltjniform dispersion (gvere?ge of 3 figdin S)Cakmg
F1S1 MC 0.25 1.00 No
F2S1 MC 0.50 1.33 No
F3S1 MC 0.75 2.33 No
FAS1 MC 1.00 5.66 No
F1S2 HPMCK4M 0.25 5.33 No
F2S2 HPMCK4M 0.50 7.66 No
F3S2 HPMCK4M 0.75 5.33 No
FAS2 HPMCK4M 1.00 6.33 No
F1S3 SCMC 0.25 3.00 No
F2S3 SCMC 0.50 4.33 No
F3S3 SCMC 0.75 2.33 No
FAS3 SCMC 1.00 4.33 No
F1S4 POM 0.25 1.33 No
F2S4 POM 0.50 2.66 No
F3S4 POM 0.75 2.33 No
FAS4 POM 1.00 3.33 No

Considering the results of instability index, sedirtation velocity and resuspendability of the saspms it can be
further inferred that 0.5 % of MC or 0.25 to 0.500%POM can be considered suitable as suspendiegtador

preparation of stable suspensions of paracetamothér the FT-IR and DSC studies showed that thectssl

suspending agents were compatible with paracetarhel experimental data indicate the following dasieg order
of preference of suspending agents for paracetansgensions: MC > POM (0.25 to 0.5%) > SCMC > HPMEK
in a concentration range of 0.5 to 1.0 %.

CONCLUSION

From the results obtained from separation analyssuspensions employing LUMiReafigit can be understood
that the suspension formulations can be easily evetpby the parameter “Instability index” becauss parameter
takes into account of all the properties of thgsusion like sedimentation velocity, clarifying oeity, particle size
distribution changes etc. Instability index randegtween 0 to 1 and the higher this value, morealtestthe
suspension is. Therefore, Instability index is aywaseful tool for comparison of different suspemgiagents and
selection of suitable suspending agents during espn formulation development. The following sustieg
agents are recommended in decreasing order ofrprefe for paracetamol suspensions.

Order of preference of suspending agents: MC > ROb5 to 0.5%) > SCMC > HPMCK4M in a concentration
range of 0.5 to 1.0 %.
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