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ABSTRACT

Suspensions are one of the most important dosayes fonder liquid orals. A large number of drugs &emulated
as suspensions considering their therapeutic androercial benefits. The aim of the present study fermulate
paracetamol suspensions employing Plantago ovaGlage as a suspending agent and evaluate the sedation
stability using near infrared transmission measueets. The mucilage extracted from Plantago ova&iseis a
natural suspending agent that can be used as aotafé alternative for traditional suspending agerRaracetamol
suspensions were formulated using mucilage of Btmtovata (POM) as suspending agent at different
concentrations (0.25, 0.5, 0.75 and 1.0 %) andrthdiared extinction profiles were compared to efetine the
corresponding sedimentation stability. The inflc{éR) spectroscopy and thermal analysis by difféed scanning
calorimetry (DSC), shows compatibility between gatamol and POM, as there is no significant intéiat
Physical stability of paracetamol suspensions waslied in terms of sedimenation stability employinfyared
extinction profiles by using the instrument Separatinalyzer (LUMiReadé&). The LUMiReadét instantaneously
measures the extinction profiles of the transmitighit across the entire length of a suspensionmaramploying
STEP-Technology (Space- and Time-resolved Extmd®mfiles Technology). Instability indices detemsd on
different suspension formulations indicated thatMP@t 0.25% is a suitable and preferable suspendiggnt for
the preparation of stable suspensions of paracetamo

Key words: suspension, physical stability, mucilageRiéntago ovata (POM)LUMiReadef, STEP-Technology,
instability index.

INTRODUCTION

Paracetamol is N- acetyl- P- aminophenol, 4-hydagryanilide, gHgNO, (151.16). It is a major metabolite of
phenacetin (p- ethoxy acetanilide) and an effediviipyretic and analgesic agent with mechanisnilaino that of
the salicylates. It produces antipyresis by actimgthe hypothalamic heat- regulating centre andgas&a by
elevating the pain threshold. It is useful particlyl as an analgesic- antipyretic in patients wkjpegience untoward
reactions to aspirin. Unlike aspirin, acetaminopders not antagonize the effects of uricosuric eggn 2]. The
slight solubility of paracetamol in agueous medibhas made it a candidate for suspension which egjlire the
inclusion of a suspending agent preferably, a matsuspending agent. Paracetamol is the most wigsdgl and
readily available antipyretic and analgesic [3]eTrug structure is shown under Figure 1.
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Figurel: Structure of paracetamol

Suspensions are biphasic heterogeneous coarsesitisisecontaining essentially the insoluble paléiteimatter or
drug suspended with the help of suspending ageimt(s) liquid medium. The continuous or external gghas
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 regpan
standing. Because some products occasionally amaped in a dry form to be placed in suspensigheatime of
dispensing by the addition of an appropriate liquéthicle, this definition is extended to includegk products [4,
5].

Suspending agents are generally added to the dispemedium in order to maintain uniform suspenlitgtbdr to
prevent caking of the suspended particles duriredf4ife. Pharmaceutical suspension is usuallyraef as a coarse
dispersion [6].

Mucilages are polysaccharide macro molecules tiggotve more or less upon contact with water anunfo
colloidal solutions. In recent years, plant gumd arucilages have evoked tremendous interest dtleetodiverse
applications in pharmacy in the formulation of bailid and liquid dosage forms as thickeners, wettgntion
agents, emulsion stabilizers, suspending agemtdels and film formers [7].

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-chensiddility of suspensions is important for maintagihe quality
of the product. Physical stability of suspensionsyrbe defined as the condition in which the patictio not
aggregate and in which they remain uniformly disitéd throughout the dispersion. Because this igie@tion is
seldom realized, it is appropriate to add thath# particles do settle, they should be easily peged by a
moderate amount of agitation [8].

Physical stability testing of paracetamol suspensis

Different procedures have been suggested in thefpagvaluating the physical stability of suspems [9-12].
Some of these are experiential in the sense tlegt hhve no mathematical base. Some methods dyrkexihg
used are so drastic that they destroy the structutlee suspension.

The evaluation methods used may well be classifiexd
(1) Sedimentation methods, (2) Rheological meth{®)sk-lectro-kinetic methods and
(4) Micromeritic methods.

Under sedimentation methods, measurement of themeathtion volume and its ease of re-dispersiomftwo of

the most common basic evaluation procedures. Rpmallomethods help in predicting the settling pattend can
also provide evidences to vehicle particle struetubata collected on samples stored for varioumge can give
useful information about the stability of the susgien. Electro-kinetic methods measure the surfeeetric

charges or zeta potential which is instrumentaléniding the stability of disperse systems. Miceoiic methods
deal with the particle size changes. The stahifta suspension is inter-related to the size ofigdas constituting
its disperse phase. A growth in the particle $iza pointer towards its instability since suchameurrence can
ultimately result in the formation of aggregatesoake destroying the physical structure of a susipeanand

rendering it useless. Hence, an appreciation ahgé in particle size with passage of time canigean insight
into the stability aspect of a suspension. Chaigabsolute particle size, particle size distriduit crystal habit etc.
can be worked out by microscopy, Coulter counter et

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 subjecetifitial 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, anoiigmt point to remember is that sometimes hyditomts which

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

suspensions. Hence, observations may not be cpiitelated to shelf-life of the products.
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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 gpeusion sample
from top to bottom instantaneously [13]. By usingiastrument called LUMiRead®mwhich 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 doict
concentration. Basing on these phenomena the iligtabdex is generated by the software SEPviestatied in
the instrument. Depending on the instability indesasured for different suspension samples prepeithdrarious
suspending agents and other excipients, an ideplesding agent and its concentration required toaggtable
suspension can be selected.

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

1. The Front Tracking for settling, creaming andsmlidation (separation velocity)

2. The Integral Transmission for the clarificatgpeed

3. The PSA-Module for the calculation of the pdetisize distribution.

4. Stability analysis for determination of instélyiindex and for comparison of stability of difeert samples.

Separation analyser LUMiReadef’

The Separation analyser LUMiReallétSA-453 manufactured by LUM GmbH, Germany was lisetie present
work to carry out physical stability studies ongmtamol suspensions formulated with mucilagBlahtago ovata
as suspending agerithe sample cell in a LUMiRead®is illuminated by a multi-colour light sourcg including

one near infrared wavelength (870 nm). Behind #rage cell the transmitted light | is detected gstnCCD-line
detector. The detector contains about 6434 elemeiitts a detector resolution of 9 um and detectenygth of 45
mm. Transmission is converted into extinction bylA).

Frequently optical particle size measurement teples are used to determine the volume weightedcleasize
distribution. For this purpose the size and maltedigpendent extinction coefficient is needed whaEn be
calculated with Mie-theory using the complex refrée index of the particles. In this case stronguagptions have
to be made like spherical homogeneous particlesveder, the determination of the refractive inder &e very
difficult especially in the submicron range and Faterogeneous particles. No standard measurenethbds are
available up to now. The way out could be the eaédn of space and time resolved extinction prefil4,15] at
different wavelengths for sedimenting or creamiagdiples in gravitational or centrifugal field.

llluminating the dispersion across its entire sampight, and by having many thousand detectorsliRéadef
can measure the light source extinction profildantgneously; even the smallest changes in coratmtrcan be
detected. The instrument measures the extinctiafilgs over the whole sample length during physjcal
accelerated separation. Changes in the extinctiofilgpare representative for the changes in parttoncentration
and allow to determine the velocity of individuarficle classes with no assumptions regarding gargiroperties.
Particle size distribution is obtained based ork&blaw [13]. Mostly 2 mm cells made of polycarlata are used
for measurements (sample volume 0.4 cm3). For sssnplth very low turbidity 10 mm cells (sample vole 2
cm3) are used alternatively.

MATERIALS AND METHODS

Materials: Paracetamol IP was procured from SS PharmachettadRuIndia.Plantago ovatamucilage (POM)
was extracted from the seedsRiéintago ovatgourchased from local market following the proceddescribed by
Kulkarni et al. [16]. The seeds were soaked sitiltBd water for 48 hours and boiled for 10 mirsutbereatfter.
The resulting viscous gel mass was pressed thraugluslin cloth. The filtrate so isolated was trdatéth equal
volume of acetone which resulted in precipitatibnhe mucilage. The isolated precipitate was deed0 °C for 2
hours. The dried mass was subjected to size rextuatich yielded a powder mass. The powder wadl¥ipassed
through sieve number 80 and stored in desiccatoriifther analysis and use. The yield was founbe@round 30
% wiw.

All other chemicals, solvents and reagents uselderstudy were of analytical grade.
Compatibility studies

Compatibility studies were carried out to investiggthe incompatibilities between paracetamol ardstispending
agent (POM) by using differential scanning calottip€DSC) and Fourier transform infrared (FT-IResfroscopy.
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Sample preparation: Drug to excipient ratio of 1:1 provides maximunsgibilities of interaction between the drug
and suspending agent thus enabling easy detectiamyoincompatibility. Therefore, homogeneous 1hysical
mixtures of paracetamol and suspending agent (P@&i¢ prepared by trituration in a clean and dngglmortar
and pestle [11,17]. These mixtures were storedassgvials in a stability chamber at 25 + 2 °Cffour weeks 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 fodereift concentrations of the suspending agent PGM a
described hereunder. The suspending agent wasiugedr concentrations at 0.25 %, 0.5 %, 0.75 % &1@d% as
shown inTable 1

Table 1. Formulation of paracetamol suspensions

Formulation Amount of paracetamo| Sodium benzoate| Suspending agent Amount of suspending Purified water to
code (9) (mg) used agent (g) (ml)
F1 4 100 POM 0.25 100
F2 4 100 POM 0.50 100
F3 4 100 POM 0.75 100
F4 4 100 POM 1.00 100

POM:- Plantango ovata mucilage

Procedure

The suspending agent was kept in contact with aBounl 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 #uted 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 LUMiRea8ePSA 453 manufactured by LUM GmbH, Germany was eyel for stability
determinations.

Sample cellsLUM 10 mm, PC, synthetic cells were used for sapian studies basing on the sample properties like
freedom from organic solvents, viscosity of thepamsions etc., as recommended by the manufactdirdreo
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 tilested. Tilting the sample from its normal uprigiasition allows

an increase in the separation rate at gravity witlamy additional external forces. The magnitudeafeleration
(upto 10 times) depends on geometric factors, sashtilt angle, vial dimensions, and sample typee Th
LUMiReadef has a provision to maintain the temperature betvwambient temperature to 60 °C. Measurements
were carried out at 0° tilt at 30 °C, 30° tilt @ 3C and 30° tilt at 60 °C for the suspension sasiphA sample
volume of about 2 ml was used in the determinations

Procedure

The suspension sample of about 2 ml was fillecheangample cell. The instrument was switched ontaadSOP
was programmed by selecting various parametersthiketilt angle, temperature, number of profilasteival,
number of cycles etc. Once, the instrument wasyegith normalization and base line correction apglia
message appeared to insert the sample. The samglevis gently shaken to disperse the sample aerdéd into
the sample holder. The instrument started recorthiegprofiles as per the set SOP once the sampdierlid is
closed by sliding in the direction shown on thetrinsient. The extinction profiles were recorded late¢
wavelengths i.e., 470 nm (blue), 630 nm (red) ar@ @m (NIR) with the help of the software SEPVfeinstalled
in the instrument. The profiles were automaticaliyved in the instrument [13]. The extinction peilof 870 nm
(near infrared) wavelength were taken into accdontietermination of sedimentation stability in giesent work.
Different suspension samples were analyzed ahpeset parameters discussed above.
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Some of the representative profiles recorded aosvshin Figure 2, Figure 3 and Figure 4. The reléwdata is
shown in Table 2.

Figure 2: Extinction profiles for paracetamol susp@&sion containing 0.5% of POM as suspending agent rsured at 30° tilt and 60 °C
temperature: Stability analysis — Instability index
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Results:
Sample Name T_ime Instability Mea!n RCA Mean StdDev
ins Index ing

[870 nm] P M 0.5% 8,998 0.5291 -X- 0.4230 0.1787
(630 nm] P M 0.5% 8,938 0.2449 -X- 0.2076 0.0839
[470 nm] P M 0.5% 8,939 0.2940 -X- 0.2501 0.1070
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Figure 3. Extinction profiles for paracetamol suspasion containing 0.5% of POMas suspending agent measured at 30° tilt and 60 °C
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Figure 4. Extinction profiles for paracetamol suspasion containing 0.5% of POMas suspending agent measured at 30° tilt and 60 °C
temperature: Front tracking — sedimentation velociy
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Results:

Sample Name S_tart End VaIL_Ie at Megn RCA \_Ielocity $thev
ins ins Endinpm ing in ym/s in ym/s
[870 nm] P M 0.5% 506.9 526.9 14,342 -X- 73.67 11.99
[630 nm] P M 0.5% 546.7 696.7 35,568 -X- 64.93 16.18
[470 nm] P M 0.5% 626.8 656.8 15,123 -X- 90.35 17.92
Intercept | StdDev Corr. Mean StdDev
Sample Name ingm inpgm coeff. inpgm inpgm

[870 nm] P M 0.5% -24,403 -X- 0.9894 13,701 708.6
[630 nm] P M 0.5% -10,596 -X- 0.9143 29,096 4,624
[470 nm] P M 0.5% -43,653 -X- 0.8064 14,540 1,040

Determination of resuspendability of suspension saptes

Resuspendability is the ability to resuspend thitlesk particles with a minimum amount of shakindeafa

suspension has sedimented on standing for some time

Procedure

The resuspendability of the suspensions was eemugtalitatively. The suspensions were allowedettirsent in
stoppered glass jars for 1 month. The test wasopaegd on samples in triplicate by shaking the sedbed

suspensions manually at 18@vement, after sedimentation was completed [B&sed on the numbers of shaking

required to disperse the sediment uniformly insuspension, the formulations were evaluated. Catkadtion was
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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 Figure 5 describes thermal behaviour of paracetamol wittMP@SC thermograms
of paracetamol and the suspending agent POM aidphgsical mixtures were studied on the samplesest at
2512 °C. The characteristic peak pattern indicdlbed paracetamol had undergone thermal transitickv8.16 °C
(melting endotherm of paracetamol), and PO mucilagd04.15 °C. The peak of pure paracetamol and pu
suspending agent was retained in the physical maxtluring the study period at the storage conditlonthe
physical mixtures of paracetamol with the suspemdigent, the thermal transition occurring at 178Q&vas not
affected as shown in Figure 5, indicating comjplitijb There were no significant changes in the kpehape and
peak positions suggesting no significant interaxtibetween the drug and the suspending agent POM.

Figure 5: DSC thermograms of (A) Paracetamol, (B) Nkture of Paracetamol and Mucilage (POM) and (C) Mwilage

o |

FT-IR Studies

Compatibility of paracetamol with suspending age®M was studied using FT-IR spectroscopy. Intevastin the
sample are derived or deduced by FT-IR studies fatranges in the characteristic peaks. However, some
broadening of peaks due to hydrogen bonding wasated while using the excipients from natural arighd also
due to moisture without indicating any significamteraction. If all the characteristic peaks artaireed and there is

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

The samples were stored at 25+ 2 °C and were sdainntghe 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 meakind 3100 cthindicates the presence of aromatic C-H
stretching. The presence of characteristic spiie©FfH stretching, C=0 stretching, N-H stretchi@gH stretching
and no new bands or shift in characteristic pegkseared in the physical mixtures of paracetamoh wite
suspending agent POM as shown in Figure 6 indicatsignificant interaction between the drug and sékected
suspending agent.

93
Scholar Research Library



P. N. Murthy et al Der Pharmacia Lettre, 2015, 7 (7):85-96

Figure 6: IR spectra of (A) Paracetamol, (B) Mixture of Paracetamol with Mucilage (POM) and (C) Mucilge (POM)
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Determination of physical stability of suspensions

Determination of instability index and sedimentaton velocity of suspensions

Separation analyser LUMiRea8ePSA 453 was employed for stability determinatidiisM 10 mm, PC, synthetic
sample cells were used for separation studies. Meants were carried out attlt and 30 °C, 30tilt and 30 °C
and 30 tilt and 60 °C for the suspension samples. Tiltihg sample from its normal upright position alloars
increase in the separation rate at gravity witleowyt additional external forces. The inclined positof the sample
tube due to a tilt of 30esulted in accelerated sedimentation velocitymaned to the upright position of the tube at
0 tilt as evident from the results shown in Tabler®d Table 3. A sample volume of 2 ml was used & th
determinations. Measurements at @0resulted in accelerated measurements.

Table 2: LUMIReader stability data for paracetamol suspensions at 0 tilt & 30 °C, 30 tilt & 30°C and @ tilt & 60°C

Front tracking —_— .
Instability index Sedimentation velocityufn/s) at Extinction ratio (4.70 nm/870 nm)
; . ; at suspending agent
at suspending agent concentration of suspending .
Conc. . concentration of
agent concentration of
0° tilt-30 30° tilt-30 30° tilt-60 0° tilt-30 30° tilt-30 30° tilt-60 0° tilt-30 30° tilt-30 30° tilt-60
°’C °C °C °’C °’C °C °’C °’C °C
0.25 0.1005 0.1532 0.3165 0.001 0.154 1.909 111 1125 1.238
0.5 0.1224 0.1434 0.5291 -X- -X- 73.67 1.118 1.119 1.825
0.75 0.1254 0.1545 0.4549 -X- -X- 134 1.145 1.168 1.484
1.0 0.1420 0.158 0.3285 -X- -X- 2.28 1.20 1.250 1.762

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 2 indicated that théabifity index was lowest (0.1005) with suspensformulation
containing 0.25 % of POM at 0 tilt and 30 C; insliabindex was 0.5291with suspensions with 0.5 £8@tilt and
60 °C. The detailed values of instability indexdisgentation velocity (front tracking) and extingtisatio (470
nm/870 nm) are given under Table 2. Instabilityedjenerally ranges between 0 to 1 and the hidtiernvalue,
more unstable the suspension is. Therefore, Id#jabidex is a very useful tool for comparison different
suspending agents and selection of suitable susmeadents during suspension formulation develogni@asing
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on the results of instability index it is presunthdt 0.25 % of POM is suitable as suspending afgengreparation
of stable suspensions of paracetamol.

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 undefable 3.

Results shown iTable 3 indicate that the formulations containing 0.25%MP@ere easily resuspendable when
used as suspending agents as they required les®enoifrshakings for obtaining uniform dispersion.

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

Sample| Suspending agent % of suspending age’\r|1lfmbg{sggfgiﬁl?gser;%ﬂrgg 3t ?ir?;tnzsu)mfo rT&:aking
F1 POM 0.25 1.33 No
F2 POM 0.50 2.66 No
F3 POM3 0.75 2.33 No
F4 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 0.25 % of POM can be congidesuitable as suspending agent for preparatiostatfle
suspensions of paracetamol.

Quantitative evaluation of resuspendability of thesuspension by using.UMIReader

The optimized sample was checked for proper resugislity by studying the separation kinetics wiitle help of

the LUMIReader. The sample cell containing the susfn stored for 1 month was shaken 2 times mbnatl
180 movement and the extinction profiles were obtainsthg the same SOP followed for the fresh sample. A
comparison was made between the profiles obtaioethé fresh sample and the sample stored for lthmdrne
results are given imable 4.

Table 4. Quantitative evaluation of resuspendabilit of paracetamol suspension

Instability index Sedimentation velocity Extinction ratio
Sample (um/s) (470 nm/870 nm)
Fresh samplg Stored sample Fresh sample Storedesaniyesh sample  Stored sample
F1 0.1005 0.1005 0.001 0.001 1.115 1.125

Sedimentation velocity was minimum with 0.25% POM abserved from front tracking analysis of the
formulations. Formulations containing 0.5% POM ie=sliin sedimentation velocitiy of 73.6um/s at 30 tilt and 60
°C. Extinction ratio (470 nm/870 nm) for formulati@ontaining 0.25% POM was found to be lowest (8)11The
above results suggest that the difference in etiting at 470 nm and 870 nm is small for the formafa F1
resulting in lowest extinction ratio for the formatibns compared indicating minimum changes in plarizes in
these suspensions.

Considering all the parameters like instabilityardsedimentation velocity, cake formation, chariggsarticle size
of the suspended particles, the suspension forronldl containing PO mucilage at 0.25% concentnati@as
chosen as the stable suspension. FTIR and DS@stsitowed that the mucilage was compatible withgetamol.

CONCLUSION

Considering the study results obtained from sejmaratnalysis of suspensions employing LUMiRe&dércan be
derived that the suspension formulations can bdyeasmpared by the parameter “Instability index$ this
parameter takes into account of all the propedfabhe suspension like sedimentation velocity, ifyfarg velocity,
particle size distribution changes etc. The inditgbindex ranges between 0 to 1 and, higher tlaki®, more
unstable the suspension is. Therefore, Instabitidex is a very useful and important tool for comgan of
different suspending agents and selection of dgitabspending agents in suspension formulation Idpreent.
POM at a concentration of 0.25% can be used infdhaulation of paracetamol suspension. The mucilage
natural suspending agent that can be used asemtiedf alternative for traditional suspending agent
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