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ABSTRACT:

The suspension is one of the successful oral ligiedage forms. It has many
advantages such as increase the bioavailabilitypadrly water soluble drugs.
Acyclovir is poorly water soluble drug. It is antal agent, which is commonly
indicated for treatment of wide variety of viralfeations; e.g., herpes simplex,
varicella zoster in children and adults.
The aim of this study, was preparation of acycl@suspension dosage form using
single ionic type surfactant; sodium stearate wsesllas suspending and flocculating
agent. The flocculating ability of sodium stearatas assessed via measuring the
sedimentation volume. Acacia also was added agething agent and its ability to
impart a more stable successful suspension wasuatedl In this work, the
sedimentation volume, content uniformity and vistyosvere studied for several
formulas containing different ranges of sodium | (from 0.5% to 3) in
combination with or without acacia at different centrations (1% to 2%). Sodium
stearate was found to be able to give a flocculateiem at concentrations higher
than 1%. The sedimentation volume (F) was founidetequals t¢F= 1), which is an
ideal flocculated system; however, the resultaspelision is thick and very hard to be
handled. Also the addition of acacia did not enbkatie stability of the dispersed
system
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1. INTRODUCTION:

The oral dosage forms represent the most invested af dosage form
manufacturing and design. This area accounts arots®d of all dosage form
available in the market. One of the attractive al@dage forms is oral liquid dosage
form. The liquid dosage forms for solid materiate &ither solution or suspension
form. However, not all drugs can be given as sofutiquid dosage form because of
water insolubility of the drug, instability in water the bitter test of the drug (1).
Generally, Suspension dosage, which is the othen & liquid dosage form, can be
defined as finely divided solid particles; i.e.fiae ingredient(s) which are dispersed
in liquid phase which is mostly aqueous or it cooéddispersed in a gas; e.g., aerosol.
A surfactant might be incorporated to increase wWedtability and stability of
suspension in most of cases, as well (2).

The suspension system can be categorised depemdihg particle size of the
dispersed phase, into three main categories: caarggensions; colloidal dispersion
and nano-dispersion (3). Another classificationsakpension is according to the
intended route of administration, which is morefuk@ regarding to the type of
excipients, the range of particle size and stgrilih oral suspension, the particles of
the drug are mostly dispersed in viscous liquidvtoch a suitable flavouring agent
and sweetener agent are added (3).

Suspension dosage form will deliver the active g&rx® into the GIT as fine
particles; therefore it will enhance the bioavaiiapof hydrophobic drugs, such as
Acyclovir. Therefore, it skips the stage of disot&tion required in solid dosage form
before absorption in the stomach. (1, 3). For thassdamental reasons, the

formulation of acyclovir as suspension was chosen.
2. THE GENERAL FEATURES REQUIRED IN SUSPENSION

SYSTEM:

Generally the suspension system must have thenoigpfeatures:
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v' Optimum Particle size

The particle size of the most suspension is ran@iom 1-5Qum(3). The
reduction in particle size enhances both the stabibf suspension and the
bioavailability of drug. The reduction in partickze reduces sedimentation rate

according to Stoke’s low(V=gd@®1—p2)/18N .......cccvruen... Equation 1):

V=g (P1—P2)/18N ..ceovrvrrrrnenes Equation 1

Where V represents the velocity of sedimentatienpdrticle diametep: and
p2 are the densities of the particles and the digpermedium, respectively; g=
gravity, n=the viscosity.

The settling velocity for the same material in $agne medium depends on the
particle diameter. Thus, the smaller the diametehe less the settling velocity and
the longer stable suspension. The best suspensidhei one which supports the
dispersed particles for long enough time until gatient pours the required dose
volume after shaking (4). In regarding to theaviilability, the reduction in particle
size increases the effective surface area. Consdyui¢ increases the surface area in
contact with water, and hence enhances the dissolof insoluble or poor water
soluble drug. Therefore, more drug would be avélab solution form which is
ready for absorption from the GIT, and hence imprognt of the bioavailability (1,
3). However, this is not absolutely unlimited besawery fine particles tend to form
cake layer after settling at the base of the coptai

v Redispersible Easily and no Cake Formation:

The suspension should be re-suspended easily btlegshaking after
settling(3). When the patrticles settle, they midgbitm hard caked layer of the
dispersed system. This layer cannot be easily peied by gentle shaking and
sometime forms very hard cake layer that does mpedsed even with vigorous
shaking. That because the particles at the bageedediment are compressed to each
other by the weight of the above particles (3), #m&l fine particles tend to fill the
gabs between each other and arrange in tight fasfiois cake layer is not easily
redispersed and renders the suspension as twaoatisti separated phases, which
causes a stability and a bioavailability issuethagdelivered dose would contain little

or no actives (4).
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v Controlled particle size and no crystal growth:

The patrticle size distribution must stay constgmrustorage. The growth of
the crystals or the increase in particle size & niost important physical stability
issue for suspension system. Crystal growth oceposn storage and exacerbated by
fluctuation in temperature during storage(3). Talso has a consequence on dose to
dose accuracy since the particles are not disatbuniformly in the dispersion liquid
anymore(4).

v Optimum viscosity:

The ideal suspension should have a high viscosity dhear (no shaking or at
standing position) and flow freely during shakingpouring These properties can be
obtained from fluids that have pseudoplastic flowd are thixotropic (1).

v Palatable, no microbial growth and easily pourable:

As the targeted population are mostly children, |Guaspension must be
palatable. Therefore, flavouring agents, sweetenansl viscosity enhancers are
added.

3. ACYCLOVIR:

It is (2-Amino—1,9—dihydro—9-(2—hydroxyethoxymelh§H-purin—6—-one , A white
to almost white crystalline powder. It is sparingly slightly soluble in water;
practically insoluble or very slightly soluble ithanol (5, 6). Its Oral bioavailability
is 20% (7).

A liquid suspension formulation of the acyclovindae developed for children
and other Patients who cannot ingest medicatiosslid form. As excipients, acacia
is commonly used as emulsifying agent; stabilizaggnt; suspending agent ; and
tablet binder(8). Sodium Stearate may find appbcatas a gelling agent for
deodorant and fragrance sticks, as a componenegétable-based bar soaps, as a
viscosifier , cleansing agent, emulsifying agentWtp (0.5-1.5%), and gelling agent
(aqueous) (9).

4. MATERIALS:

no

Material Source
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Micronized acyclovir Imported from china

Acacia Gum BP Chemicals Ltd Poole England

Sodium stearate Lab Chem Fine Chemicals; Mumbj
India

Hydrochloric Acid (HCI) 35%-38% pure POCH SA; Poland

Table 1:The materials were used in this work and thir Sources

5. EQUIPMENT:

Table 2: the equipment was used in this work and #ir sources

Equipment Source

Power Sonic405 Diahanlabtech,Co. LTD.; Korea

Sensitive electronic balance Denver instrument

pH meter; pH7110 InoLab, WTW; Germany

Spectrophotometer; Cecil Instruments Ltd., Milton,Technicgl

Cecil:CE7200 Centre, Cambridge CB4 6AZ, England

Brookfield viscometer Brookfield Engineering Laboratories Inc.
Middleboro, MA

electronic  Capillary Melting , Steuart,UK

point tester

6. METHODS:
6.1 Identification of Acyclovir:

Determination of Melting point:

The measurement of melting point was performed dpjillary melting point
method. The procedure was done according USP 2@07T0). A sufficient
amount of fine acyclovir powder was loaded intapiltary tube, one end of which is
sealed, to form a Colum height of 3mm with gendlpping to pack the powder. The
temperature was raised gradually until black agbeaped which considered as the
melting point.

6.2 Calibration curve:

6.2.1 Preparation of HCI (0.1N):
10 ml of concentrated HCI (10N) was diluted withtgraup to 1000ml to
produce 0.1N HCI.
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6.2.2 Preparation of calibration curve and spectrophotaneescanning:

The calibration curve was prepared by using fivandard pointes. A stock
solution of 100ug/ml was prepared by weighing 10 ahgcyclovir precisely into a
100-ml volumetric flask and dissolved in freshlyepared HCI (0.1N). Then, further
five standard dilutions were made by frequent thhg of 10Qug into (25, 20, 15, 10,
5)ug. A freshly prepared HCI (0.1N) was used for tililg. The concentration was
measured at wave length of maximum absorbance.

6.3 Preparation of acyclovir suspension:

For preparation of a 20 ml-suspension, the requaradunt of sodium stearate
was firstly dissolved in 5ml water (part A). The8Q0Omg of acyclovir was dispersed
in part A using mortar and pestle (the resultarsipelision is part B). For those
suspension formulas containing acacia, the requueight of acacia was dissolved in
10 ml water (part C). Then, the resultant solutieais mixed with part B. and the
volume was completed with water up to 20 ml. Theoams of sodium stearate and

acacia in each formula are listed in Table 3.
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Table 3: The composition and amounts of each ingréeht required to prepare 20

ml of suspension.

Formula Composition
Sample (amount percentage w/v)
Acyclovir Sodium stearate Acacia

FO 5% Nil Nil
F1 5% 0.5% Nil
F2 5% 0.75% Nil
F3 5% 1% Nil
F4 5% 2% Nil
F5 5% 3% Nil
F6' 5% 0.75% 0.5%
F7 5% 0.75 1%
F8’ 5% 0.75 1.5%
Fo* 5% 0.75 %2

* These formulas contain the same amounts of surfeant in Formula (F2); the

only modification is the addition of acacia.

6.4 Testsand Evaluation of suspension:

6.4.1 Measurement of the viscosity:

The rheological studies were done by using Brotkfigscometer at room
temperature (30°C). 20 ml of the freshly prepdmdula was placed in a 50 ml
plastic container and the viscosity measurementpea®rmed via using the spindle 2
(Figure ). Different shear rate was selected to assesgighesity (1.5, 2, 2.5,3 and 4
RPM).

6.4.2 U/v Spectroscopy -Content uniformity:

The content uniformity was performed by using Cesplectrophotometer
CE7200, the solvent media was (0.1N; pH=1) HCI. Toatent uniformity was
assessed according to the USP2007 section <851%¢i®)samples of 5ml of
suspension were assayed after gentle shaking fonés. Each sample was poured
into a 200ml volumetric flask and dissolved in 200{®.1N) HCI; the resultant
concentration of the solution was supposed to bg€l®00 1g/ml).Then, 1ml of the

resultant dilution was further diluted with (0.1N)CI up to 100 ml using a 100-ml
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volumetric flask to result in a supposed conceimnadf 1Qug/ml. then the resultant
solution was filtered to remove any suspended @astiof acacia or sodium stearate.
Then (3 ml) of the final dilution was measured $peaphotometrically to find out the

concentration of acyclovir in the solution.

6.4.3 The sedimentation volume (F):

The sedimentation volume of the freshly preparesnida was performed
after vigorous shaking. The suspension was pourdd graduated cylinder
immediately, and the volume was recorded) (Which was 20 ml. The suspension
was observed for any change in sediment volume 2ftéhrs, and the volume of the

sediment was recorded )V
7. RESULTS AND DISCUSSION:

Acyclovir is not a new chemical entity; it has beemmedical use for decades.
Therefore, no preformulation studies were requitethe performed. However, prior
formulation information is necessary to help in @kiog the assay method, the

compatible excipients, the suitable pH, the condibf storage and suitable package.

7.1 Identification of Acyclovir:

7.1.1 Melting point for identification of acyclovir:

The identification of acyclovir as a raw materiahcbe performed by several
pharmaceutical analysis techniques, such as IR, B&@y...etc. However, the
simplest and straightforward technique for ideatifion is the measuring of the
melting point.

For identification of acyclovir, the melting poimtas measured and compared
to the standard values stated in USP2007.Althobghvalue of melting point varies
depending on method of measurement, the recordie wa this work was (256-
259°C) which does not differ significantly than thtated values in literatures or
pharmacopeia(255°C) (5).This revealed that the usatrial was acyclovir and no
other impurities were included. The BP 2012 asksafdeast two identification tests
for example IR and melting point; IR was not acid#ss However, the melting point

assay can give a clue for purity of acyclovir atsddentity.
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7.2 Calibration curve:

The calibration curve was made via measuring figets in acidic solvent.
Acyclovir is water non soluble; it is an amphipbitnholecule (5); therefore, the acidic
media was used to generate ionized species of@ax.cl

The correlation between the absorbance and thesntiations was found to
be a leaner relationship (Figure 1). That meansiacrgase in concentration of the
solute (acyclovir) increases the absorbance cgpacithe solution. This relation
between the concentration and the absorbance ®IBeer—Lambert law; it was
found that the linear equation for absorbance &edconcentration is (y=0.0461x)
with regression of (0.9985). And the lambda niax) was found to be (257 nm)z by

spectrophotometric scanning.

1.4

y = 0.0462x
1.2 Rz =0.9985

0.8

0.6

Absorbance (nm)

0.4

0.2

0 5 10 15 20 25 30

Concentraion pg/ml

Figure 1: Calibration curve of Acyclovir using spetrophotometer at
length of (257nm) in (0.1N)

7.3 Preparation of acyclovir suspension:

The preparation of acyclovir suspension utilized fhrincipal of wetting of
acyclovir powder by small amount of water contagnithe surface active agent,
Sodium stearate, and then dispersing the wetted@al in water. The acacia was
added at different concentrations as viscosity fiyodj agent to investigate whether

the viscosity might enhance the sedimentation velomnot.

103



Kerbala journal of pharmaceutical sciences. No.(11) 2016 (123 AsYasall o lall 230 < Aas

7.4 Testsand Evaluation of suspension:

7.4.1 The content uniformity — spectroscopy Study:

The assay of content uniformity was done to thshieprepared sample. The
recovered concentration was found to be (L0g7&l; 10.75*4000(dilution factor)=
43mg/ml OR 215mg/ml). The concentration for eacimga was estimated by
application of the linear equation (concentratigh+ absorbance(y)/0.0461), which
derived from the calibration curve (Figure 1). ThiSP 2007 sets+/-5% (190-
210mg/5ml) as a limit of variation in content umifoty of acyclovir suspension.
Thus, the recovered concentration was within th Istated in the pharmacopeia for
the content uniformity. This is the main criteritbat USP asks for. The recovered
concentration from the commercial suspension (Mea®) was (9.95 pug/ml +/-
SD(n=2) OR 9.95 ug/ml*2000(dilution factor) =39.8fmjy OR 199mg/5ml). This
experiment on the commercial product was perforfoetivo reasons; to validate the
procedure for assessment of the content unifortesy in addition to comparing of
the prepared suspension to the commercial one tashe standard. The recovered
concentration from the commercial formula was dyatlie same amount which

stated on the package.

7.4.2 Dilution factor:

The dilatation factor was calculated as bellow:
Dilution factor (DF) =final volume/ initial »DF1200/5=40
DF2=100/1=100, thus the final dilution factor is*400= 40000

7.4.3 Sedimentation volume (F):

In general, the F value ranges from less than omedater than one. Less than
one when the particles have settled; whereas niae 1 when the particles have
swollen(1). In case of F= 1 the flocculation isbéaand no clear sediment can be
seen. The F value can be used to assess thetgtabii extent of flocculation; the
higher the value of F is the more stable flocculatgstem and hence is the more
stable suspension (3).

Sedimentation volume (F)=Wo ,where \{, and b represent the volume of
the final sediment and the volume of sedimentraetzero after vigorous shaking,
respectively. The estimated values for F after lar24rail are listed in Table 4. The

sedimentation testEfror! Reference source not found) for freshly prepared
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suspension showed a difference in the sedimentabbrme (F) among the prepared
formulas at different concentration. The sedimeomatolume of formula FO (only

acyclovir in water) is (0.2). This value has noebehanged by incorporation of the
minimum amount of sodium stearate in this work lzeas in formula F1 (Table 4).

The sedimentation volume was the same and did habhge along the range of
concentrations of sodium stearate (0.5%, 0.75%1&ay It was 0.2 for F1, F2 and
F3.

F4, F5 had the highest value for the sedimentat@ame (F); F=1. Thus the
best flocculated system could be achieved via pm@tion of sodium stearate at
concentrations higher than 2%. However, the resultispersion from such high
concentration was difficult to deal with. The rdaanl dispersion was very viscous,
sticky and not easily handling. Therefore, in thisrk, F 2 (sodium stearate=0.75%)
was selected to be further modified to get a bettecculated dispersion by
introducing another agent, the viscosity modulatiggnt- acacia (F6, F7, and F8).

The study of sedimentation volume for F6, F7, ar@l rBvealed a non-
significant difference even with the highest corication of the acacia used in this
study. Acacia here was added as a viscosity madjfggent. It might be as a result of
the low concentrations of acacia were used in shusly, as acacia can bring about
suspending activity to the system if the conceranas more than 5%(8).
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Table 4: the estimated sedimentation volume after 4hrs for each formula. the

composition of each formula is stated in (Table 3)

Formula Initial volume Volume after Estimated sedimentation
(ml) 24hrs (ml) volume(F)

FO 20 ml 4 ml 0.2 ml
F1 20 ml 4 ml 0.2

F2 20 ml 4 mi 0.2

F3 20 mi 4 0.2

F4 20 ml 20 1

F5 20 mi 20 1

F6 20 ml 4 0.2

F7 20 ml 4 0.2

F8 20 mi 4 0.2

F9 20 ml 4ml 0.2

7.4.4 Measurement of the Viscosity:

One of the important factors, that should any ss&fte suspension has, is the
optimum viscosity, as introduced above. The vidgosias measured at different
shear stress; the shear rate was as following:gl.2,5and 3) RPM. The prepared
suspension did not show any value for viscosityneiee formula F8, which contains
the highest concentration of the viscosity modifyiagent, acacia. The aim of this
experiment was to measure the viscosity and comihere/alue to viscosity of the
commercially available acyclovir suspension (Medx®, Medpharma).The rheology
study for the prepared formula was inconclusivethis experiment the recorded
values of the viscosity for the Medvirox® suspensase shown in Table 5; whereas,
all the prepared formulas at all concentration®eaéed no values for viscosity. This
might be as a result of the low viscosity of thegared formula, which might be
improved by increasing the concentration of acémianore than 25% ( the minimum
concentration of acacia to impart rheological migdifons (8)), or by combining
more than one viscosity modifying agent, such agacanth and / or using other

viscosity modifying agents such as carpobol(1, 4).
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Table 5: Viscosity study of Medvirox®( the commeral formula)

Shear rate _ .
Viscosity(cP)
(RPM)
15 299
2 275
2.5 252
3 181

The results form sedimentation volumes of acacidasning formulas go well
with the results from the viscosity measuremenkee Viscosity measurement did not
give any value for viscosity of the tested preparst (F1, F2, F3, F6 and F7).
Therefore, it could be concluded further increaseancentration of acacia and/ or
adding another viscosity enhancing agent mighteogiired to achieve a more stable
flocculated system.

Thus, it is not advice able to fabricate a floctedadispersed system of
acyclovir via using sodium stearate alone or in loimiation with acacia. However, it
might be possible to fabricate such system via é@xama broader range of
concentrations for both acacia and sodium steavath, further additives, such as

rheology modifiers, electrolytes....etc.
8. FURTHER WORK:

The aim of this work is to evaluate the possibibfyusing sodium stearate as a
flocculating agent and a suspending agent to peepeyclovir suspension in addition
to the evaluation of the addition of acacia on thespension stability; the
sedimentation volume was used to assess the fetaoglland the suspending ability.

The prepared formula might need further confirmat@sts such as assessment
of particle size and crystal growth of particlesonpstorage, stability test. And
accordingly, other additives might be needed toarhmore successful formula, such
as viscosity modifiers and/ or electrolytes asdldating agents.

Other tests might be needed, such as dissolwgirahd microbiological test.

9. CONCLUSION:

In conclusion, Sodium stearate is effective ascildating and suspending
agent as concentrations more than 2%, howeverethdtant dispersion is too thick

and sticky, which makes the dispersion difficulhmndle.
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The rheology studies showed no real results; tlseogity study for the
prepared formula is inconclusive for all the rangesoncentrations of the suspending
agents even when the thickener agent was addedj &h@nrange of the studied
concentrations.

Thus, in light of all the tests that have been qrenkd, it is not advisable to
fabricate a flocculated dispersed system of acychda using sodium stearate alone
or in combination with acacia at the studies cotre¢ions in this work. However, it
might be possible to fabricate such system via éxama broader range of
concentrations for both acacia and sodium steavatl; further additives, such as
rheology modifiers, electrolytes....etc.
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Index:

Figure 2: Sedimentation volume study

Figure 3 : spindle 2. the spindle was used to measuhe viscosity
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