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Abstract: The present study is to evaluate the application of solubilizers such as PVP K 30,PEG
400 and Tween 80 for enhancing the solubility of Ibuprofen, a BCS class II drug.The individual
and combined effects of PEG 400, PVP K 30 and Tween 80 on the solubility were evaluated in a
23 fractional study.In the 23 fractional study the three factors namely PEG 400(factor A), PVP K
30 (factor B) and Tween 80 (factor C), each at the two levels (0 and 2% concentration),were
investigated for the individual and combined effects on the solubility of Ibuprofen. The results
of solubility were analyzed as per analysis of variance (ANNOVA) of 23 factorial designs to find
out the individual and combined effects of the three factors involved.
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INTRODUCTION[1][2][3]
BCS classification is developed for the
immediate release(IR) dosage form with
respect to solubility and permeability. It
helps to estimate the solubility , dissolution,
permeability, bioavailability of the drug.
According to BCS, drug substances are
classified as :
Class I : High Solubility – High Permeability
Class II : Low Solubility – High Permeability
Class III: High Solubility – Low Permeability
Class IV: Low Solubility – Low Permeability.
It is associated with drug dissolution and
absorption model, which identifies the key
parameters controlling drug absorption as a
set of dimensionless numbers viz.
Absorption number is the ratio of the mean
residence time to mean absorption time.
Dissolution number is the ratio of mean
residence time to mean dissolution time.
Dose number is the mass divided by the
product of uptake volume (250 ml) and
solubility of drug.
Class I :Drugs having a high absorption
number and a high dissolution number. The
rate limiting step is drug dissolution and if
dissolution is very rapid then gastric
emptying rate becomes the rate
determining step.
e.g. Metoprolol,
Propranolol.

Diltiazem,

Verapamil,

Class II :Drugs having a high absorption
number but a low dissolution number. In
vivo drug dissolution is then a rate limiting
step for absorption except at a very high
dose number. In vitro- In vivo correlation
(IVIVC) is usually excepted for class I and
class II drugs.
e.g. Phenytoin, Danazol, Ketoconazole,
Mefenamic acid, Nifedinpine.
Class III :Drugs were permeability is rate
limiting step for drug absorption. These
drugs exhibit a high variation in the rate and
extent of drug absorption.
e.g. Cimetidine, Acyclovir, Neomycin B,
Captopril.
Class IV: drugs which create lot of problems
for effective oral administration. They are
rarely developed and reach the market.
These are the more challenging drug which
are to formulated to dosage form.
Those
compounds
have
a
poor
bioavailability because they are not well
absorbed over the intestinal mucosa so a
high variability is expected.
Factors effecting solubility:
Solubility is define as the ability of one
substance to form a solution with another
substance. Therapeutic efficacy of a drug
depends upon the bioavailability the
solubility of drug. Solubility is one of the
important parameter to achieve desired
concentration of drug in systemic
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circulation for pharmacological response to
be shown. Currently only 8% of new drug
candidates have both high solubility and
permeability.
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As a particle becomes smaller, the surface
area to volume ratio increases. The larger
surface area allows a greater interaction
with the solvent. [11]

process is called enantiotropic. If the
system is monotropic, there is a transition
point above the melting points of both
polymorphs. The two polymorphs cannot
be converted from one another without
undergoing a phase transition. Polymorphs
can vary in melting point. Since the melting
point of the solid is related to solubility, so
polymorphs
will
have
different
[17][18]
solubilities.

Temperature

Methods to increase the solubility

If the solution process absorbs energy then
the solubility will be increased as the
temperature is increased. If the solution
process releases energy then the solubility
will decrease with increasing temperature.

Techniques Of Solubility Enhancement

Particle Size

[16]

There are various techniques available to
improve the solubility of poorly soluble
drugs. Some of the approaches to improve
the solubility are:
I. Physical Modifications

Polarity
Generally non-polar solute molecules will
dissolve in non-polar solvents and polar
solute molecules will dissolve in polar
solvents. The polar solute molecules have a
positive and a negative end to the
molecule. If the solvent molecule is also
polar, then positive ends of solvent
molecules will attract negative ends of
solute molecules. This is a type of
intermolecular force known as dipole-dipole
interaction. [11][15][16]
Polymorphs
The capacity of a substance to crystallize in
more than one crystalline form is
polymorphism. If the change from one
polymorph to another is reversible, the

A. Particle size reduction:
Particle size reduction can be achieved by
micronisation and nanosuspension. Each
technique utilizes different equipments for
reduction of the particle size.
a. Micronization
The solubility of drug is often intrinsically
related to drug particle size. By reducing the
particle size, the increased surface area
improve the dissolution properties of the
drug. The micronisation is used to increased
surface area for dissolution. Micronization
of drugs is done by milling techniques using
jet mill, rotor stator colloid mills etc.
Micronization is not suitable for drugs
having a high dose number because it does
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not change the saturation solubility of the
drug. [20]
b. Nanosuspension
Nanosuspensions are sub-micron colloidal
dispersion of pure particles of drug, which
are stabilised by surfactants. The
advantages offered by nanosuspension is
increased dissolution rate is due to larger
surface area exposed, while absence of
Ostwald ripening is due to the uniform and
narrow particle size range obtained, which
eliminates the concentration gradient
factor. [11][21]
a) Homogenization:
The suspension is forced under pressure
through a valve that has nano aperture. This
causes bubbles of water to form which
collapses as they come out of valves. This
mechanism cracks the particles. Three types
of homogenizers are commonly used for
particle size reduction are conventional
homogenizers, sonicators, and high shear
fluid processors.
b) Wet milling: Active drug in the presence
of surfactant is defragmented by milling.
Other technique involves the spraying of a
drug solution in a volatile organic solvent
into a heated aqueous solution. Rapid
solvent evaporation
produces drug
precipitation
in
the
presence
of
[9] [22]
surfactants.
B. Modification of the crystal habit
Different polymorphs of drugs are
chemically identical, but they exhibit
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different
physicochemical
properties
including solubility, melting point, density,
texture, stability etc.. Once the drug has
been characterized under one of this
category, further study involves the
detection of metastable form of crystal. The
anhydrous form of a drug has greater
solubility than the hydrates. This is because
the hydrates are already in interaction with
water and therefore have less energy for
crystal breakup in comparison to the
anhydrates (i.e. thermodynamically higher
energy state) for further interaction with
water. On the other hand, the organic
(nonaqueous) solvates have greater
solubility than the nonsolvates.
Amorphous
>Metastable
>Stable polymorph

polymorph

C. Drug dispersion in carriers
The solid dispersion approach to reduce
particle size and therefore increase the
dissolution rate and absorption of drugs.
The term “solid dispersions” refers to the
dispersion of one or more active ingredients
in an inert carrier in a solid state. The
various methods of solid dispersion are[11]
1. Solvent Evaporation Method
Various proportions of drug and carrier
were used, fine powder of both are mixed
and dissolved into a organic solvent were
both are miscible and stirr untill it is
completely soluble and then evapourate
the solvent . Temperatures used for solvent
evaporation generally lie in the range 23650 C.[7][8]
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2. Melt-Solvent Method
Drug is dissolved in organic solvent and the
solution is poured into the melt of mannitol
or polyethylene glycol then it is
evapourated untill the solvent dries up.[7][8]
3.Hot melt extrusion: Drug and the carrier
are processed and made to fine powder and
then melted and then homogenised and
then made into desired form like
pellets,flakes,tablets,capsules etc.by cooling
it some drugs like thermolabile can also be
used in this as the exposure to high
temperatures is very less time.[7][8][9]
4. Co-grinding Method: Drug powder and
the carrier throughly mixed for some time
and the mixture is then transferred into
instrument like ball mill and etc were size
reduction takes place and then it is
collected after certain time.[7][8]
5.
Co-Precipitation
Method
(CoEvaporates): carrier is dissolved in aqueous
phase and drug in organic solvent. Then the
aqueous solution of carrier is then poured
into the organic solution of the drug. The
solvents are then heated and evaporated.
[7][8]

6. Co-Precipitation with Supercritical Fluid:
A supercritical fluid exists as a single fluid
phase above its critical temperature and
pressure. Carbon dioxide is currently the
most commonly used supercritical fluid
because of its low critical temperature of
carbon dioxide makes it attractive for
processing heat labile pharmaceuticals.
Carbondioxide is used as an antisolvent for
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solute but as a solvent for organic solvent it
involves the spraying of drug in organic
solvent into continuous supercritical phase
flowing concurrently.[7][8][9]
7. Spray Drying Method: Drug is mixed with
the carrier and dissolved in a organic
solvent by stirring and then allowed to
spray dry by using nozzle type mini spray
dryer due to high temperature the droplets
before reaching the bottom the organic
solvent evaporates and solid dispersion is
formed.[7][8]
8. Dropping Solution Method: Drug is
mixed with carrier and allowed to melt and
then pipetted out and dropped on a cool
surface it solidifies to round particles the
size and shape depends on the nozzle size,
viscosity, temperature and densities of the
melt. [8][9]
9. Lyophilization Technique: Lyophilization
has been thought of a molecular mixing
technique where the drug and carrier are co
dissolved in a common solvent, frozen and
sublimed to obtain a lyophilized molecular
dispersion. [7][8][9]
10. Gel Entrapment Technique: Carrier is
dissolved in organic solvent to form a clear
and transparent gel. Then drug is dissolved
in gel by sonication for few minutes.
Organic solvent is evaporated under
vacuum. Solid dispersions are reduced in
size by glass mortar and sieved. [7][10]
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D. Complexation
Complexation is the association between
two or more molecules to form a
nonbonded entity with a well defined
stichiometry. Complexation relies on
relatively weak forces such as London
forces, hydrogen bonding and hydrophobic
interactions.
Inclusion complexes are formed by insertion
of drug molecule into a cavity formed by
the complexing agents. In this arrangement,
non polar area of the drug molecule is
excluded from water due to its insertion in
the complexing agents. One requirement
for the complexing agent in such system is
that it has a non polar core and polar
molecules are cyclodextrins, The cyclic
oligomers of glucose are relatively soluble
in water and have a cavities of large enough
to accept non polar portions of many drug
molecules of cyclodextrins can consists of 6,
7 and 8 sugar residues and are classified as
α, β and γ respectively. Due to geometric
considerations sreriod molecules lend
themselves very well for inclusion into
cyclodextrin complexes.[5][11]
E. Solubilization by surfactants:
Surfactants are molecules with distinct
polar and nonpolar regions. Most
surfactants consist of a hydrocarbon
segment connected to a polar group. The
polar group can be anionic, cationic,
zwitterionic or nonioni. When small apolar
molecules are added they can accumulate
in the hydrophobic core of the micelles. This

ISSN: 2277-8713
IJPRBS

process of solubilization is very important in
industrial and biological processes. The
presence of surfactants may lower the
surface tension and increase the solubility
of the drug within an organic solvent.[12]
Other methods to increase solubility
1.pH adjustment
Poorly water soluble drugs with parts of the
molecule that can be protonated (base) or
deprotonated (acid) may potentially be
dissolved in water by applying a pH change.
pH adjustment can in principle be used for
both oral and parenteral administration.
Upon intravenous administration the poorly
soluble drug may be precipitate because
blood is a strong buffer with pH between
7.2 – 7.4. To assess the suitability of the
approach, the buffer
capacity and tolerability of the selected pH
are important to consider. In the stomach
the pH is around 1 to 2 and in the
duodenum the pH is between 5-7.5, so
upon oral administration the degree of
solubility is also likely be influenced as the
drug passes through the intestines.
Ionizable compounds that are stable and
soluble after pH adjustment are best suited.
The compound types may be acids or bases
or zwitterionic. It can also be applied to
crystalline as well as lipophilic poorly
soluble
compounds.11-14Solubilized
excipients that increase environmental pH
within a dosage form, such as a tablet or
capsule, to a range higher than pKa of
weakly-acidic drugs increases the solubility
187
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of that drug, those excipients which act as
alkalizing agents may increase the solubility
of weakly basic drugs.[11][13]
2. Cosolvency:
This is technique to improve the solubility
of poorly water soluble drugs, the addition
of the organic solvent to water will leads to
change in the polarity of the water
molecules by reducing the interfacial
tension and prevents the self association of
water by preventing and interfering with
the interhydrogen bonding of water
molecules and will reduce the bonding of
water molecules and increase the
interaction with the hydrophobic solute, the
solvent which is responsible for increase in
the solubility is called as cosolvent and
phenomenon is called as cosolvency. [11]
[13][23][24]

3. Hydrotrophy:
Large amount of additives are added which
will form the weak hydrotrophic
interactions and increase the solubility.[11]
Example: Solubilisation of Theophylline with
sodium acetate and sodium alginate
4.Precipitation Techniques:
Drug is dissolved in solvent and then added
to non solvent then the drug will precipitate
out as crystal which is controlled by the
addition of surfactant.The limitation of this
precipitation technique is that the drug
needs to be soluble in at least one solvent
and this solvent needs to be miscible with
nonsolvent.
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Ex: Nanosuspension of Danazol, Naproxen
prepared by precipitation technique to
improve their dissolution rate and oral
bioavailability.[4][6]
5.Cryogenic Techniques
It is the process of formation of
nanoparticulate structures which are
porous and increase the solubility of the
drug which was done at low temperature
conditions.[4][6]
6.Nanotechnology approaches:
Nanotechnology will be used to improve
drugs that currently have poor solubility.
Nanotechnology refers broadly to the study
and use of materials and structures at the
nanoscale level of approximately 100
nanometers (nm) or less. For many new
chemical entities of very low solubility, oral
bioavailability
enhancement
by
micronisation is not sufficient because
micronized product has the tendency of
agglomeration, which leads to decreased
effective surface area for dissolution and
the
next
step
taken
was
[25][26][27]
Nanonisation.
Nanocrystal
A nanocrystal is a crystalline material with
dimensions measured in nanometers; a
nanoparticle with a structure that is mostly
crystalline. The nanocrystallization is
defined as a way of diminishing drug
particles to the size range of 1-1000
nanometers.
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Nanocrystallization is thought to be a
universal method that can be applied to any
drug.
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homogenization) start milling down from
macroscopic level, e.g. from a powder that
is micron sized. In bottom-up methods (i.e.
Precipitation and Cryo-vacuum method),
nanoscale
materials
are
chemically
composed from atomic and molecular
components

There are two distinct methods used for
producing nanocrystals; ’bottom-up’ and
’top-down’ development. The top-down
methods (i.e. Milling and High pressure
S.NO:
Method
Examples of drugs
1
Buffering the PH of the micro Bufferedaspirin,theophylline,
environment
sulfamethoxazole and cotrimoxazole sodium
& potassium salts of pencillin V
2
Use of the salts of weak acids and Sodium,potassium calcium salts of P-amino
weak bases
salicylic acid, sodium tolbutamide and
Tetracycline.HCl
3
Use of solvates and hydrates
Ampicillin anhydride
4
Use of selected polymorphic form
Novbiocin,chloremphenicolpalmitate
and
succinylsulphothiazole
5
Complexation
Benzocaine-caffeine,digitoxinhydroquinone,caffeine-ergot alkaloides
6
Prodrug approach
pivampicillin,Hectacillin,erythromycin-2I-Nalkylsuccinate,2I-N-alkylglutaramate,
prodrugs of carbencillin,lincomycin and
clindamycin
7
Use of surfactants
Hydrocortison-Tween 80,Amphotericin-Bbiosurfactants(sod.taurocholate
and
sod.Cholate),tolbutamide-Tween 20 and
Tween 80,sulphathiazole,prednisolone and
chloramphenicol – poloysorbate 80

I)
1

2

Methods which increase the surface area

Micronization(particle
Griseofulvin,Digoxin,Phenacetin and Sulphadiazine
size reduction to increase
the surface area)
Use of surfactants(To Phenacetin,Ethinamate and sulfisoxazole
increase the effective
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3

4
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surface area by facilitating
proper wetting)
Solvent
deposition( Oxyphenbutazone,prednislone,Tolbutamide,indomethacin
deposition
of
poorly and phenylbutazone
soluble drugs on inerty
material)
Solid disperssion
Griseofulvin-PVP,Reserpine-PVP,TolbutamidePEG,Chloremphenicol-urea

FACTORIAL STUDIES:

Advantages:

Factor: It is an assigned variable which can
be qualitative or quantitative the choice of
experiment depends on experimental
objectives and its predetermined by the
experiment. a quantitative factor has a
numerical value assigned to it and
qualitative factor assigned by name rather
than numbers.[35]

1) To identify the interaction and reason
for interaction.

Level: levels are the values or designations
assigned to the factor. The runs or trails
that comprise factorial experiments consists
of all combinations of all levels of all
factors.[35]
Effects: effect of factor is the change in
response caused by varying the levels of a
factor.
Interaction: lack of additivity is called as
interaction, if two factors have an equal
effect then when combined gives an effect
more than expected then said to be
synergistic if combined gives an less effect
than desired it is called interaction.[35]

2) If there is no interaction, it has
maximum efficacy in estimating main
effects.
3) Maximum use is made of the data since
all the main effects and interactions are
calculated.
4) Factorial studies are orthogonal all
estimated effects and interactions are
independent of effects of other
factors.[35]
In factorial experiments as the adjective
factorial indicates the effects of several
factors of variation are studied and
investigated simultaneously, the treatments
being all the combinations of different
factors under study. In these experiments
an attempt is made to estimate the effects
of each of the factors and also the
interaction effects i.e., the variation in the
effect of one factor as a result to different
levels of other factors.
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an experiment with n factor, each at s levels
where n is any positive integer greater than
or equal to 2, e.g. 2 3 experiment with 3
factors at 2 levels each 3 experiment means
an experiment with 2 factors at 3 levels
each .
22Design:
Here we have two factors each at 2
levels(0,1) say ,so that there are 2 x 2 = 4
Treatment combinations in all. Following
the notations due to Yeates,let the capital
letters A and B indicate the names of the
two factors undert study and let the small
letters a and b denote one of the two levels
of each of the corresponding factors and
this will be called the second level . The frist
level of A and B is generally expressed by
the absence of the corresponding letter in
the treatment combinations . The four
treatements can be enumerated as follows :
a0 b0 or “1”: factors A and B , both at frist
level.
a1 b0 or a: A at second level and B at frist
level
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cases there are 3 d.f. Associated with the
treatment effects . In factorial experiment
our main objective is to carry out separate
tests for the main effects A,B and the
interaction AB , splitting the treatment S.S.
With 3d .f into three orthogonal
components each with 1 d.f. And associated
either with the main effects A and B or the
intersection AB.[38][39][40]
Main Effects and interaction :
Suppose the factorial experiment with 22=4
treatment is conducted in r-blocks or
replicates as they are often called .let
{1},{a}. {b} and {ab} denote the total yields
of the r-units {piots} reciving the treatment
1, a, b, and ab respectively and let the
corresponding mean values obtained on
dividing these totals by r be denoted by
{1},{a},{b},and{ab} respectively. The letters
A,B and AB when they refer to numbers will
represent the main effects due to the
factors A and Band their interaction AB
respectively. The effect of factor A can be
represented by the difference between
mean yields obtained at each level.

a0 b1 or b:Aatfrist level and B at second level

Thus the effects of factor A at the first b 0 of
B

a1b1 or ab:Aand B both at second level

= {a1b1}—{a0b 0}

These four treatment combinations can be
compared by laying out the experiment in
(i)

= (a)-(1)

R .B.D. , with replicates (say), each replicate
contaning 4 units, or (ii) 4 x4 L.S.T., ANOVA
can be carried out accordingly. In the above

…. (5.1)

Similarly, the effect of at the second level
b1 of B
= (a1b1)-(a 0b1)
=(ab)-(b)

….(5.1a)
191
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These two effects in (5.1)and(5.1a) are
termed as the simple effects of the factor A
The average observed effect of A over the 2
levels of B is called the main effect due to A
and is identified by
A=1/2 [(ab)–(b)+(a)-(1)] : (5.2)
A simplified form of this is
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(5.1) and(5.1a) will not be same and
difference of these 2 numbers is, therefore
a measure of the extent to which the
factors interact and we write the 2 factor
interaction are the first order interaction
between the factors A&B as
AB=1/2[(ab)-(b)-(a)+(1)] …(5.4)
( or)

A=1/2(a-1)(b+1)

AB=(a-1)(b-1)

Where the right hand side is to be
expanded algebraically and then treatment
combinations are to be replaced by
treatment means
Arguing similarly we shall get main effect
due to factor B as
B=1/2[(ab)-(a)+(b)-(1)] …(5.3)
B =1/2(a+1)(b-1) …(5.3a)
Where, again, the right hand is to be
expanded algebraically and the treatment
combinations are to be replaced by their
treatment means
The interaction of 2 factors is the failure of
the level of 1 factor say. A to retain the
same order and magnitude of performance
through out all level of the second factor,
say ,B. if the two factors act independently
of one another , we should expect the true
effect of one to be same at either level of
other . In other words we should expect
that the 2 expression observed in (5.1) and
(5.1a) were really the estimate the same
thing. one the other hand, if the 2 factors
are not independent the 2 expressions in

…..(5.4a)

Where, as usual R.H.S. is to expanded
algebraically
and
the
treatment
combinations are to be replaced by
corresponding treatment means.
Statistical analysis of 22 design:[38][39][40]
Factorial experiment are conducted either
in C .R.D or R.B.D.or L.S.D. and thus they can
be analyzed in the usual manner except
that in this case the treatment S.S is split in
to three orthogonal components each with
one d.f. it has already been appointed out
that the main effect A&B , and the
interactions AB are mutually orthogonal
contrasts of treatment means the S.S due
to the factorial effects A,B&AB is obtained
by , multiplying the squares of the factorial
effect by suitable quantity in practice these
effect usually computed
from the
treatment totals ( a) ,(b) , (ab) etc.. rather
than from the treatment means (a),(b) etc..
factorial effect totals are given by the below
expressions
[A]=[ab]-[b]+[a]-[1]
[b]=[ab]+[b]-[a]-[1]
192
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[AB]=[ab]-[a]-[b]+[1]…… (5.5)
The S.S due to any factorial effect obtained
on multiplying the square of the effect total
by the factor (1/4r) , where r is the common
replication number ( c ,f , remark below)
thus ,
S.S due to main effect of A = [A] 2/4r
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with 7
d.f. in to seven orthogonal
components corresponding to the three
main effect A.B.&C, 3 first order(or 2 factor)
interactions AB,AC,&BC and one second
order interaction(or 3 factor interaction)
ABC, each carrying 1.d.f. as in the case of 22
experiment A, B ,AB,BC etc. when they refer
to numbers represent the corresponding
factorial effects.[38][39][40]

S.S due to main effect of B=[B]2/4r
POLYSORBATE 80(TWEEN 80)
And
S.S
due
to
interaction
AB=[AB]2/4r….(5.6) each with 1 d.f
23 factorial experiments: In 23 experiment
consider 3 factors say, A,B&C each at 2
levels , say, (a 0,a1), (b0,b1) and ,(c0,c1)
respectively , sp that there are 23 =8
treatment combinations in all. Extending
the notations due to Y ates for a 22 –
experiment, at the corresponding small
letters a,b&c denote the second level of the
each of the corresponding factors . The first
level of each factor A, B, &C is signified by
the absence of corresponding letter in the
treatment combinations, the 8 treatment
combinations in a standard order are
‘1’ , a, b, ab, c ,ac ,bc, ,abc, where for
example
1= a0b0c0, a= a1b0c0, ab=a1b1c0 ,abc=a1b1c1
etc..
23- factorial experiment can be performed
as a C.R.D. with 8 treatments , or R.B.D .
with r replicated (say) , each replicate
containing 8 treatments or L.S.D with n=8
and data can be analysed accordingly . In 23
experiment we split up the treatment S.S

Nonionic surfactant and emulsifier derived
from polyethoxylated sorbitan and oleic
acid. Polysorbate 80 is a viscous, watersoluble yellow liquid. Density1.06-1.09
g/mL, oily liquidBoilingpoint>100°C Very
soluble inwaterSolubility in other solvents
soluble in ethanol, cottonseed oil, corn oil,
ethyl
acetate,
methanol,
toluene.
The critical
micelle
concentration of
polysorbate 80 in pure water is reported as
0.012 mM.[33]
PEG 400 (polyethylene glycol 400)
Is
a low-molecular-weight grade
of polyethylene glycol. It is a clear,
colourless, viscous liquid. soluble in
water,acetone,benzene,glycerine,density1.
110-1.140 Due in part to its low toxicity,
PEG 400 is widely used in a variety of
pharmaceutical formulations.[33]
PVP K 30
Binder
disintegrate, dissolution aid,
suspending agent Soluble in water ,freely
soluble in chloroform, ethanol and acids
Density is 1.180 gm[33]
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METHOD USED FOR ESTIMATION OF
IBUPROFEN
A spectrophotometric method based on the
measurement of absorption at 221nm is
phosphate buffer PH 7.2 was used in the
present study of estimation of ibuprofen
Materials:
 Ibuprofen
 Methanol
 Potassium dihydrogen phosphate
 NaOH
Preparation of ph 7.2 phosphate buffer :
Take 6.8 gm of potassium di hydrogen
phosphate dissolved in 1.388 gm of NaOH&
make up to volume 1 liter
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Stock solution-I:
50mg of ibuprofen dissolved in 25 ml of
methanol in 50 ml of volumetric flask and
the solution was made up to the volume
with methanol.
Procedure:
The stock Solution-I of was subsequently
diluted with phosphate buffer PH 7.2 to
obtain the series of dilutions containing
2,4,6,8 and 10µg/ml. The absorbance of
these solution was measured in ELICO-SL
159,U.V is the spectrophotometer at 221nm
using phosphate buffer PH 7.2 as blank. The
concentration of corresponding absorbance
is given in table .The absorbance was
plotted against concentration as shown in
fig:2

Table 2:Absorbance readings:
S.NO

CONCENTRATION (μg/ml)

ABSORBENCE(n=4)

1

2

0.143 ± 0.09

2

4

0.271 ± 0.04

3

6

0.433 ± 0.07

4

8

0.585 ± 0.05

10

0.742 ± 0.05
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GRAPH
0.8

y = 0.073x
R² = 0.9973

0.7
0.6

absorbence

0.5
0.4

absorbance

0.3

Linear (absorbance)
Linear (absorbance)

0.2
0.1
0
0

2

4

6

8

10

12

concentration

FIGURE:1 Calibration Curve
SOUBILITY DETERMINATION:
50 mg of drug added to 15 ml of each fluid
in 25 ml stoppered conical flask, shaken for
10 hrs at room temperature in rotary flask
shaker.

After 10 hr 2 ml of aliquot is withdrawn at 2
hrs interval, filter using fine 0.45 μ disk filter
and dilutes suitably, assayed and measure
the absorbance at 221snm.
NOTE: Solubility experiments are repeated
for 4 times

Table: 3 Solubility data
S:no

contents

absorbance

Dilution factor

Concentration/solubility

1

Water

0.750

10

0.105

2

Water+2% PEG 400

0.243

1000

3.380

3

Water+2% PVP K30

0.291

1000

4.035

4

Water+2% + PEG 400+ 2% 0.112
PVP K30

1000

1.560

5

Water+2% Tween 80

1000

8.540

0.616
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6

Water+2%
Tween 80

400+2% 0.150

1000

2.09

7

Water+ 2% PVP K 30+ 2% 0.202
Tween 80

1000

2.80

8

Water+

1000

2.57

PEG

0.185

2%PEG 400+
2%PVP K30+
2%Tween 80

10

Concentration/solub
ility

8
Concentration/
solubility

6

4

2

0
0

0.2

0.4

0.6

0.8

absorbance
Figure:2
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Table: 4 solubility of ibuprofen in various fluids containing PEG 400,PVP K 30 and Tween 80
S:no

contents

Absorbance

Dilution
factor

Concentration/solubility

1

Water

0.750

10

0.105

2

Water+2% PEG 400

0.243

1000

3.380

3

Water+2% PVP K30

0.291

1000

4.035

4

Water+2% + PEG 400+ 2% 0.112
PVP K30

1000

1.560

5

Water+2% Tween 80

0.616

1000

8.540

6

Water+2%
Tween 80

400+2% 0.150

1000

2.09

8

Water+ 2% PVP K 30+ 2% 0.202
Tween 80

1000

2.80

PEG
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Concentration/solubility

9
8
7
6
5
4
3
2
1
0
0

0.2

0.4

0.6

0.8

Concentration/solubility

Absorbance

Figure:3
Table 5 : ANNOVA of solubility data:
Source
of D.F
variance
Total
31
Treatments
7
Fa
1
Fb
1
Fab
1
Fc
1
Fac
1
Fbc
1
Fabc
1
Error
24
F0.01 (1,24) = 7.823

S.S

M.S.S

F Ratio

Significance

1730558.49
1731018.10
172563.44
49935.40
1068.37
23983525.97
279957.74
272783.44
714879.14
469.61

247288.3
172563.44
49935.40
1068.37
23983525.97
279957.74
272783.44
714879.14
19.15

12913.23
9011.15
2607.62
55.79
1252403.44
14619.20
14244.57
37330.50
--

P<0.01
P<0.01
P<0.01
P<0.01
P<0.01
P<0.01
P<0.01
P<0.01
--

F0.01 (7,24) = 2.977
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RESULTS AND DISCUSSION:
The individual main effects and combined
(interaction) effects of the 3 factors PVP K
30,PEG 400 and Tween 80 as the aqueous
solubility of were evaluated in a 23 factorial
experiments. For this purpose 2 levels of
each factor (0,2%) were selected and the
corresponding eight treatments as per 23
factorial study as follows:
1.Purified water (all the 3 factors at 1st
level)
2.Water contains 2% PEG 400(a),2% PVP K30
(b),2% PEG 400 and PVP K30 (a,b),2% Tween
80 (c),2% PEG 400 and 2% Tween 80
(a,c),2% PVP K30 and 2% Tween 80 (b,c)
,2% PEG 400, 2% PVP K30 and Tween 80
(a,b,c).
The solubility of in the above mentioned
fluids was determined (n=4) and the results
are given in table 2 .The aqueous solubility
of was measured by enhanced by PEG
400,PVP K30 and Tween 80 individually as
well as in combination. The solubility data
of the main subjected to ANOVA to find out
the significance of the main and combined
effects of PEG 400,PVP K30 and Tween 80 on
the solubility of ibuprofen .The results of
ANOVA are shown in the table 5. The
individual and combined effects of PEG
400,PVP K30 and Tween 80 is enhanced in
the solubility of ibuprofen were highly
significant.Among the three, when tested
individually Tween 80 gave higher
enhancement in the solubility of ibuprofen
(81.36 fold) when compared to PVP K30
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(38.43 fold) and PEG 400 (32.20 fold)Among
the combinations, PVP K30 and Tween 80
gave higher enhancement (26.68 fold) in
the solubility of ibuprofen. The following is
the order of increase in solubility of
observed with various combination.
bc>abc> ac >ab
PVP K30+Tween 80 > PEG 400+PVP
K30+Tween 80 > PEG 400+Tween 80 > PEG
400+PVP K30
CONCULSION:
The individual and combined effects of the
three factors namely PEG 400,PVP K 30 and
Tween 80 in enhancing the solubility of
ibuprofen were evaluated. The individual as
well as combined effects of the three
factors in enhancing the solubility are highly
significant(P < 0.01).Among the three, when
tested individually Tween 80 gave higher
enhancement in the solubility of ibuprofen
(81.36 fold) when compared to PVP K30
(38.43 fold) and PEG 400 (32.20
fold).Among the combinations, PVP K30 and
Tween 80 gave higher enhancement (26.68
fold) in the solubility of ibuprofen. The
following is the order of increase in
solubility of observed with various
combination.
bc>abc> ac >ab
PVP K30+Tween 80 > PEG 400+PVP
K30+Tween 80 > PEG 400+Tween 80 > PEG
400+PVP K30
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Thus, Tween 80 alone and in combination
with PVP K30 and Tween 80- was found to
enhance the solubility of ibuprofen.
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