
INTRODUCTION

Solubility is one of the most important physico-chemical

properties studied during pharmaceutical preformulation and

development phase and is also required for formulation optimi-

zation and salt selection1. For solid dosage forms, solubility

data are important in determining an adequate amount of drug

is available for absorption in vivo2. If a compound has a low

aqueous solubility, it may be subject to dissolution rate-limited

or solubility-limited absorption within the gastrointestinal (GI)

residence time3.

Solubility of a substance may be defined as maximum

amount of that substance which can be dissolved in a parti-

cular solvent at given temperature, pressure and condition4.

Depending upon property of drug we can use several methods5

to predict its solubility using equilibrium solubility methods;

shake flask method6 and non-equilibrium solubility methods

(DMSO solubility method, turbidity, etc). Out of these methods

most reliable method is saturation solubility method. Thermo-

dynamic solubility methods add aqueous buffer directly to

compound and mix the solution for an extended time until

it reaches or approaches equilibrium7. Thermodynamic
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The results obtained by DMSO titrimetric and spectrophotometric methods were found not to be significantly different than results

obtained by standard shake flask method as compared by t-test at 95 % confidence limit. Thus such a designed DMSO based method for
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solubility data are most appropriate for crystalline material

that is studied in detail during late drug discovery and devel-

opment. Thermodynamic solubility is most often determined

using the equilibrium shake flask method8,9 or the pH-metric

method10.

Kinetic solubility is a non-equilibrium solubility, which

can be used during early drug discovery of new chemical entity

and for lead optimization1,11. The usefulness and application

of the solubility data from these non-equilibrium methods often

is questionable for formulation development and dosage form

design. The purpose of kinetic solubility measurements is to

identify compounds that do not have good kinetic solubility

even in aqueous buffer containing DMSO, to guide modifica-

tion of structures to improve solubility, and to guide formulation

selection for animal dosing12. As compounds progress to

development, typically the most stable crystal form is selected

and more detailed thermodynamic solubility studies are

conducted in various solvents. It is important to remember

that kinetic solubility data vary with the conditions of the

solution. Small changes in pH, organic solvent, ionic strength,

ions in solution, co-solutes, incubation time, and temperature
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can result in large changes in the solubility of a compound13.

Dimethyl sulfoxide is widely used in kinetic solubility deter-

mination at early drug discovery. Dimethyl sulfoxide can

dissolve a wide range of drugs due to its aprotic nature.

Kinetic solubility has two distinguishing characteristics: (a)

the compound initially is fully dissolved in an organic solvent

(e.g., DMSO) then added to the aqueous buffer and (b) equili-

brium is not reached between dissolved compound and solid

compound. Here using the basic concept of kinetic solubility,

a new solubility determination method was designed at

laboratory scale. Dimethyl sulfoxide based method can give a

preliminary idea about solubility of a drug. These methods

can determine the drug solubility in short time using a little

amount of drug13.

Hydrochlorothiazide is used here as a model drug. It is a

BCS class IV drug i.e. is low soluble and low permeable drug14.

So solubility of such drug can be determined quickly by using

DMSO method which will give an estimate solubility value.

But the true solubility value can be determine by shake flask

method.

EXPERIMENTAL

Solubility of model drug was determined with DMSO

method and shake flask method. In DMSO method drug has

to predissolve in DMSO and solubility determined by titration

method and spectrophotometric method.

Dimethyl sulfoxide based methods

Titration method: Number of drops in 1 mL of pipette

was counted three times with DMSO. Volume of each drop was

calculated. 200 mg of drug was added to 1 mL of DMSO. Drug

solution in DMSO was added to 50 mL of buffer solutions. The

number of drops required for just opalescence was noted three

times in each buffer. Opalescence in buffer shows the excess

drug, which came out as precipitation. Drug amount was calcu-

lated with the number of drops miscible in buffer system15.

Spectrophotometric method: Stock solution of drug in

both buffer systems was prepared of concentration 5, 10, 20,

25, and 30 µg/mL in triplicate. The absorbances of above

prepared concentrations were taken on UV spectrophotometer

at λmax 272 nm and calibration curve was plotted. As process

mentioned in titration method, DMSO drug solution added in

excess to get precipitate. Precipitate was filtered. Filtrate was

diluted suitably with buffer and absorbance was measured.

This process repeated three times for each buffer. This absor-

bance further converted to concentration with calibration curve

equation of drug in that buffer.

Shake flask method: Conical flask  were filled with the

buffered solutions(50 mL)  of pH 1.2 and 6.8. To each solution,

excess of drug was added. All the solutions were kept for

shaking in Orbital Shaker, the temperature was set to 25 ºC.

From this flask a 100 µL clear supernatant was taken and the

volume was made up with respective buffers. The above

samples were analyzed by previously developed UV spectro-

photometric method.

RESULTS AND DISCUSSION

Dimethyl sulfoxide based methods

Titration method: One mL pipette was standardized by

counting the number of drops in 1 mL volume of DMSO. There

were 38 drops found in 1 mL DMSO. 200 mg of drug was

dissolved in 1 mL of DMSO. This DMSO drug solution added

drop by drop to 50 mL buffer solution till just opalescence

appeared. Total drug dissolved in buffer pH 1.2 and 6.8 was found

to be 1.047 mg/mL and 1.272 mg/mL respectively (Table -1).

Spectrophotometric method: Stock solutions of drug in

both buffer systems were prepared of concentration 5, 10, 20,

25 and 30 µg per mL in triplicate. The absorbances of above

prepared concentrations were taken on UV spectrophotometer

at λmax 272 nm. DMSO drug solution was added to buffer

solution drop wise drop till a precipitate found. Precipitate

was filtered. A 100 µL Filtrate was diluted with buffer and

absorbance was observed at by UV spectrophotometer (Jasco

570) in triplicate. The solubility was found to be 1.048 mg/

mL and 1.270 mg/mL buffer pH 1.2 and 6.8 respectively

(Table- 2).

TABLE-2 
SOLUBILITY BY DMSO BASED SPECTRO- 

PHOTOMETRIC METHOD 

Sample Absorbance (pH 1.2) Absorbance (pH 6.8) 

1 0.4033 0.4250 

2 0.4035 0.4351 

3 0.4037 0.4202 

Average 0.4033 0.4267 

Solubility 1048 µg/mL 1270 µg/mL 

 
Shake flask method: Excess of drug added to a 250 mL

conical flask with 50 mL of buffer. Both buffer solutions were

kept for shaking in orbital shaker for 48 h. A 100 µL clear

supernatant was taken and diluted to 20 mL and samples were

analysed by UV spectrophotometer. The solubility was found

to be 1109 µg/mL and 1154 µg/mL in buffer pH 1.2 and 6.8

respectively.

Comparative solubility: Solubility determined with DMSO

based methods compared with shake flask method. It was found

that drug solubility has no significant difference between two

methods (Table-3). But it is not suggested to determine drug

solubility by DMSO during pharmaceutical preformulation of

a drug for product development. DMSO based method can be

used for drug discovery and structure modification at early stage

decision for lead optimization with solubility.

TABLE-1 
SOLUBILITY BY DMSO BASED TITRATION METHOD 

Solvent system Average number 
of drops 

Volume of 
drops (mL) 

Total volume for drug 
solubilization (mL) 

Amount of drug 
dissolved 

Solubility  
(µg/mL) 

DMSO  38 1 - - - 

For pH 1.2 buffer (50 mL)  10 0.26 50 + 0.26 52.63 1047 

For pH 6.8 buffer (50 mL) 12 0.32 50 + 0.32 64 1272 
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TABLE-3 
COMPARATIVE SOLUBILITY 

Method 
Drug solubility 

in pH 1.2 
(µg/mL) 

Drug solubility 
in pH 6.8 
(µg/mL) 

(A) DMSO based methods   

(i) Titration method 1047 1272 

(ii) Spectrophotometric method 1048 1270 

(B) Shake flask method 1109 1154 

 
Conclusion

Determination of solubility using DMSO is quicker and

yield approximately same result as given by saturation solubility

study. The results obtained by DMSO titrimetric and spectro-

photometric methods were found not to be significantly diffe-

rent than results obtained by standard shake flask method as

compared by t-test at 95 % confidence limit. Thus such a

designed DMSO based method for solubility determination

can be used at laboratory scale for poorly soluble drugs very

easily in short time using minimum quantity of drugs in the

early drug discovery. But such non-equilibrium methods are

not always reliable for Preformulation study for formulation

development. The usefulness of the solubility data from these

non-equilibrium methods often is questionable. Some pharma-

ceutical companies use these data as a first criterion to eliminate

poorly soluble compounds. Thus such methods of solubility

determination can be used where preliminary solubility study

is required in short time and drug amount is not available in

plenty.
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