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Research Paper

Solubility enhancement is one of the important 
parameter, which should be considered in formulation 
development of orally administered drug with poor 
aqueous solubility[1]. Hydrotropy is a unique and 
unprecedented solubilisation technique in which 
certain chemical compounds termed as hydrotropic 
agents can be used to effect a several fold increase in 
the solubility of sparingly soluble solutes under normal 
conditions[2]. Hydrotropy is the term originally put 
forward by Neuberg in 1916, to describe the increase in 
the solubility of a solute by the addition of fairly high 
concentrations of alkali metal salts of organic acids[3]. 
Hydrotropes have been widely used in detergent 
formulation, health care, household applications 
and also as an extraction agent for fragrances[4]. The 
advantage of certain properties, such as the solvent 
character being independent of pH, high selectivity, 
absence of emulsification, inexpensive aqueous phase 
makes this technique superior to other solubilisation 
methods such as micellar solubilisation, miscibility, 
co-solvency, salting-in[5].

Hydrotropic agents[6] are structurally characterized by 
having a short, bulky, compact moiety, while surfactants 
have long hydrocarbon chains. In general, hydrotropic 

agents have a shorter hydrophobic segment, leading 
to higher water solubility than do surfactants. Some 
of the hydrotropic agents are ascorbic acid, benzoic 
acid, citric acid, nicotinamide, sodium benzoate, urea, 
lysine etc., The hydrotropes are formed by mixing 
the drug with the hydrotropic agent in water. These 
are identified by Fourier transform infrared (FTIR) 
spectroscopy, nuclear magnetic resonance (NMR), 
differential scanning colorimetry (DSC), and X-ray 
powder diffraction (XRPD).

Paroxetine hydrochloride (paroxetine HCl), a 
Biological Classification System (BCS) class II drug, 
is freely soluble in methyl alcohol, sparingly soluble 
in alcohol and slightly soluble in water[7,8]. It acts by 
inhibiting the reuptake of serotonin at the neuronal 
membrane and used in the treatment of obsessive 
compulsive disorder, obsessive preoccupations, 
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including compulsive habits. Hydrotrope[9-11] formation 
was proposed using triangular pattern of hypothesis 
in which the distance between the functional groups 
of both the drug and the hydrotropic agents were 
measured in Angstrom (Å). The interaction of a drug 
with a hydrotropic agent results in increased aqueous 
solubility. This type of interaction may be hydrogen 
bonding or acid-base type.

MATERIALS AND METHODS

Paroxetine HCl was obtained as a gift sample by 
Appcure Labs, Hyderabad, India. Nicotinamide, citric 
acid and tartaric acid were purchased from HiMedia 
Laboratories Ltd, Mumbai, India. All other chemicals 
and solvents were of analytical grade and freshly 
prepared. Distilled water was used throughout study. 

Analytical methods used for the estimation of drug:

Paroxetine HCl was analysed by dissolving 10 mg of 
drug in a few ml of methanol and made up to 100 ml 
with methanol. From the stock solution of paroxetine 
HCl, 1 ml was pipetted and diluted to 10 ml using 
water (10 µg/ml). A UV scan of this solution was 
taken between 200-400 nm. From the spectrum, λmax of  
293 nm was obtained and utilized for further analysis. 
Serial dilutions were prepared form secondary stock 
solution to give different (10 to 80 μg/ml) concentrations 
of solution, which obeyed Beer Lambert’s range. 
The absorbance of these solutions were measured at  
293 nm (R2=0.998).

Analysis of hydrotropic agents:

UV spectral interference of hydrotropic agents with 
paroxetine HCl was done to identify the interference 
of hydrotropic agents. Three solutions, paroxetine HCl 
solution (10 µg/ml), hydrotropic agent (nicotinamide/
citric acid/tartaric acid) solution (10 µg/ml), and 
paroxetine HCl plus hydrotropic agent solution  
(10 µg/ml each) were prepared. These solutions 
were scanned for UV absorption pattern between  
200-400 nm. Hydrotropic agents did not show UV 
absorption at 293 nm at the working concentrations. 
Hence, hydrotropic agents did not interfere with the 
estimation of paroxetine HCl.

Spectrophotometric analysis of interaction studies was 
performed to identify the possibility of interaction 
between drug and hydrotropic agents. For this purpose, 
two different concentrations of hydrotropic agents 
(lower and higher) were prepared with constant drug 
concentration (10 µg/ml). The prepared solutions 

were subjected to scanning between 200-400 nm and 
spectrum was obtained as an overlay method.

Determination of melting point:

Melting points of individual components used in 
the preparation of hydrotropes were determined in 
open capillaries. The dried samples of products were 
repeatedly evaluated for melting points for three trials. 
These values were measured periodically until constant 
melting points were observed. These melting points of 
hydrotropes were compared with the melting points of 
individual components for characterization.

FTIR spectroscopic analysis:

FTIR spectral studies were carried out for paroxetine 
HCL and the various hydrotropic agents (nicotinamide, 
citric acid and tartaric acid) for their pure form and for 
the prepared hydrotropes. The sample was prepared 
by dispersing the dry powder (drug/hydrotropic agent/
hydrotrope) in potassium bromide powder and analysed. 
The spectra were obtained by diffuse reflectance.

In vitro release studies:

Dissolution studies were carried in triplicate for 1 h 
in USP dissolution test apparatus II. Pure drug and 
various hydrotropes containing drug equivalent to 
20 mg were taken and filled in zero size hard gelatin 
empty capsules. Dissolution studies were carried out 
in 900 ml of distilled water maintained at temperature 
37±0.5° and stirred at a rate of 50 rpm. Samples of 
5 ml were withdrawn at time interval of 5 min up to 
1 h. The samples were filtered through 0.2 µm filter, 
diluted suitably and analysed spectrophotometrically at 
293 nm and the cumulative amount of drug released at 
various time intervals was calculated. Sink condition 
was maintained throughout the study.

Solubility studies of paroxetine HCl:

Excess of paroxetine HCl was added to given volume 
(25 ml) of the solvent mixture contained in a 25 ml 
volumetric flask and flasks were shaken in a cryostatic 
constant temperature orbital shaking incubator at 25±1° 
for 8 h (100 rpm). The equilibrated solutions were 
then removed, filtered through Whatman filter paper 
(0.45 µ). The filtered saturated solutions were suitably 
diluted with double distilled water and the drug 
estimation was determined spectrophotometrically 
at 293 nm. The solubility studies of paroxetine HCl 
were done in triplicate. Similarly, solubility studies 
of paroxetine HCl at 37±1° were also conducted in 
triplicate.
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Triangular pattern hypothesis:

The chemical structures of drug and hydrotropic agents 
were compared for identifying the functional groups 
that can contribute for hydrogen bonding using the 
ChemOffice 2004 software. Based on the analysis, 
paroxetine HCl was chosen as drug and nicotinamide, 
citric acid and tartaric acid were selected as hydrotropic 
agents. The distances between the functional groups 
are measured and the areas were calculated using the 
Eqn.; area2= s (s–a) (s–b) (s–c). The areas obtained 
between the drug and hydrotropic agents need not be 
same. Some amount of variation is permissible. The 
extent of solubilisation varies with the relative position 
of substituent in the molecule. Expansion of the ring 
in the aromatic hydrotropic agent also favours the 
solubilisation. 

It was assumed that the triangular frame of drug 
and hydrotropic agent overlap in the solution phase 
through hydrogen bonding. This might be responsible 
for enhanced aqueous solubility of drugs. Even if 
the triangular frame work does not overlap directly, 
water molecules may be interspersed between the two 
triangular frame works. This also suggests that the 
areas need not be same but closer.

Further interaction of molecules throughout delocalized 
p-cloud (planar structure) also contributes towards 
the solubilisation. These assumptions can be justified 
because the molecules of drug may self-associate or 
molecules of hydrotropes may self-associate. Hence, 
the phenomenon of molecular association between 
unlike molecules as similar molecular association of 
like molecules.

Preparation of paroxetine HCl hydrotropes: 

Neutralization by pH adjustment technique was 
successful for the preparation of hydrotropes of 
paroxetine HCl with nicotinamide, citric acid and 
tartaric acid. The neutralization by pH adjustment 
technique was employed; equimolar concentrations 
of drug and hydrotropic agents were separately 
dissolved in 0.5 N sodium hydroxide, then mixed two 
solutions and kept for stirring using magnetic stirrer 
with continuous addition of 0.5 N hydrochloric acid 
solutions in small amounts where upon hydrotrope 
precipitates. The precipitate was collected by filtration 
and the precipitate was kept in the freezer for 1 h and 
then stored in a desiccator. The prepared hydrotropes 
were characterized by melting point, FTIR, solubility 
and in vitro dissolution studies.

RESULTS AND DISCUSSION

Triangular areas of drug and hydrotropic agents 
obtained were tabulated in the Table 1. From the  
Table 1, it is evident that, the areas of selected 
hydrotropic agents lie between 5.23 to 6.00 Å, 
which were closer to the area of paroxetine HCl 
(5.27 Å) indicating the possibility of interaction of 
drug with hydrotropic agents, results in hydrotropes 
(figs. 1, 2 and 3).

An UV-spectrophotometric analytical method of 
paroxetine HCl was developed successfully in water. 
The λmax was found to be 293 nm. The calibration 
curve was constructed using various concentrations 
(10-80 µg/ml) in the Beer-Lambert’s range. The  
UV-spectrophotometric method exhibits no interference 
of hydrotropic agents with the estimation of paroxetine 
HCl. This is possible because all the hydrotropic agent 
solutions are colourless. 

Analysis of hydrotropic agent-interaction studies 
conducted at two different concentrations of hydrotropic 
agent (low and high). At lower concentrations, the 
interaction of hydrotropic agents and paroxetine 
HCl may be weak. There was a slight difference in 
absorbance’s at 293 nm, thus the hydrotropic agents did 
not interact with drug to give hydrotropes. At higher 
concentrations, the absorbance values were increased 
to a great extent at the wavelength of interest. These 
observations indicated that an interaction occurred 
between drug and hydrotropic agents, so there may be 
a chance of formation of hydrotropes. 

The solubility of paroxetine HCl was increased upon 
increasing the concentration of hydrotropic agents both 
at 25° and 37°. The equilibrium solubility constants 
obtained from solubility studies of paroxetine  
HCl-nicotinamide were 26.02 and 19.78 l/mol, 
paroxetine HCl-tartaric acid were 5.23 and  
7.25 l/mol and paroxetine HCl-citric acid were 73.59 
and 5.53 l/mol, respectively at 25° and 37° (Table 2). 

S. No
Area of 

paroxetine 
HCl (Å)

Areas of hydrotropic agents (Å)

Nicotinamide Citric 
acid

Tartaric 
acid

1 5.3 4.63 7.2 5.32
2 4.71 5.33 7.09 5.73
3

5.82
6.25 5.69 4.83

4 4.7 4.05 7.74
Mean 
area 5.27 5.23 6 5.91

TABLE 1: TRIANGULAR AREAS OF PAROXETINE 
HYDROCHLORIDE AND HYDROTROPIC AGENTS
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hydrotropes, indicated the presence of drug in all the 
products.

To verify the correlation between the evaluated 
physicochemical properties, the equilibrium solubility 
constant (k) at 37° obtained in the solubility studies 
is related with cumulative percent drug release 
obtained from dissolution studies. The direct and 
linear relationship was obtained between the k and 
percentage drug release i.e., higher the k value, higher 
the percentage drug release (Table 2). Similarly the 
triangular area of hydrotropic agents and equilibrium 

The melting point of solid hydrotropes together with 
the melting points of individual components showed 
that the products obtained in the study are showing a 
lower melting point than the either of the components 
used in the preparation (Table 3).

The FTIR spectra obtained for pure drug as well as the 
prepared hydrotropes with different hydrotropic agents 
were recorded in the fig. 4A, B, C and D. A perusal to 
fig. 4A, B, C and D, indicated that the characteristic 
bands of paroxetine HCl (3404, 3010, 1604, 1184, 
1130 cm-1) were retained as such in all the spectra of 

Fig. 1: Triangular areas of tartaric acid
1. Area 5.32 Å; 2. area 4.83 Å; 3. area 5.73 Å; 4. area 7.74 Å 

Fig. 2: Triangular areas of citric acid
1. Area 7.20 Å; 2. area 7.09 Å; 3. area 5.69 Å; 4. area 4.05 Å 
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solubility constant (k) obtained in solubility studies 
at 37° are correlated (Table 2), and the profile was 
recorded in the fig. 5, indicated a linear relationship 
between the triangular area and k values. 

In vitro dissolution studies were conducted to verify 
the efficiency of hydrotropy technique. The studies 
were done in two different ways i.e., using the prepared 
products as such by taking 20 mg equivalent of 
paroxetine HCl and enclosed in the capsules. Similarly 
pure drug (20 mg) was filled in a capsule. The capsules 
so prepared were then subjected to dissolution studies 
using water as dissolution media at 50 rpm at 37°. The 
data obtained was given in the Table 4. A perusal to the 
Table 4, showed that the paroxetine HCl release was 

enhanced from the prepared hydrotropes (>80%) in 
comparison to the pure drug (37%) at 40 min. 

Further, tablets were formulated with the prepared 
hydrotropes using direct compression technique 
and then subjected to the dissolution studies. The 
composition of the tablets was given in Table 5. The 
 in vitro dissolution studies for the prepared tablets using 
hydrotropes indicated that hydrotropic solubilisation 
enhanced the drug release by almost two folds (>88%) 
in comparison to the marketed product (56%) in 40 
min. The data obtained was given in Table 6. 

Hydrotropic technique was used to improve the aqueous 
solubility of paroxetine HCl. The hydrotropic agents 
such as nicotinamide, citric acid, and tartaric acid were 

Fig. 3: Triangular areas of nicotinamide
1. Area 4.63 Å; 2. area 5.33 Å; 3. area 6.25 Å; 4. area 4.70 Å 

Hydrotropic agent Equilibrium solubility constant (k) at 37° Percentage drug release Triangular area (Å)
Nicotinamide 19.78 97.31 5.23
Tartaric acid 5.53 96.74 5.91
Citric acid 7.25 92.83 6.00

TABLE 2: CORRELATION OF EQUILLIBRIUM SOLUBILITY CONSTANT (K) WITH % DRUG RELEASE 

Drug Melting point Hydrotropic agents Melting point Product Melting point

Paroxetine 
Hydrochloride 129-131

Nicotinamide 128-131
Hydrotropes formed

112-118
Citric acid 153 116-122

Tartaric acid 171-174 112-116

TABLE 3: MELTING POINTS OF PAROXETINE HYDROCHLORIDE AND HYDROTROPIC AGENTS
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A. 

B.  

C. 

D.  
 

Fig. 4: FTIR spectra of Paroxetine HCl and hydrotropes
A. Paroxetine hydrochloride; B. paroxetine hydrochloride-tartaric acid hydrotrope; C. paroxetine hydrochloride-citric acid 
hydrotrope; D. paroxetine hydrochloride-nicotinamide hydrotrope
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Fig. 5: Correlation of triangular area and equilibrium solubility 
constant (k)

Time (min) Pure drug release
Cumulative % paroxetine HCl release from various hydrotropes prepared using

Nicotinamide Citric acid Tartaric acid
0 0.000±0.000 0.000±0.000 0.000±0.000 0.000±0.000
5 9.885±2.012 46.00±1.816 36.870±1.308 27.629±1.777
10 15.747±1.384 55.58±1.644 65.140±1.643 44.253±8.629
15 20.107±1.645 68.04±0.620 67.557±0.974 55.139±7.716
20 24.95±2.056 72.31±2.142 68.897±0.856 64.555±1.728
25 28.426±2.152 77.195±6.880 71.452±0.572 66.559±1.527
30 31.583±0.430 85.996±2.194 74.987±2.085 73.408±1.265
35 34.253±0.667 89.060±3.480 79.870±2.852 78.707±4.512
40 36.580±0.863 92.257±1.914 84.052±1.937 82.675±2.411
45 43.600±2.529 94.525±1.881 87.045±2.677 87.724±2.660
50 47.03±1.709 95.740±1.891 90.173±2.075 92.558±3.142
55 51.11±2.662 97.310±1.540 92.832±1.134 96.747±1.079

TABLE 4: IN VITRO RELEASE OF PAROXETINE HYDROCHLORIDE CAPSULES FOR PURE DRUG AND 
THE HYDROTROPES

Ingredients Nicotinamide hydrotropes (mg) Citric acid hydrotropes (mg) Tartaric acid hydrotropes (mg)
Paroxetine 
HCl+Hydrotropic agent 21.73 19.29 22.57

Lactose 46.27 48.71 45.43
Microcrystalline cellulose 30 30 30
Magnesium stearate 1 1 1
Talc 1 1 1
Total weight (mg) 100 100 100

TABLE 5: COMPOSITION OF TABLETS WITH DIFFERENT HYDROTROPES USING DIRECT COMPRESSION

Time (min)
% Drug release (Avg±SD)

Marketed tablet* Nicotinamide hydrotropes* Citric acid hydrotropes* Tartaric acid hydrotropes*
0 0 0 0 0
5 38.46±0.93 38.58±0.77 55.95±2.96 63.95±0.73
10 44.82±1.27 66.19±2.14 65.47±3.97 78.04±3.33
15 46.35±0.77 69.15±1.68 73.01±1.45 83.29±2.22
20 48.03 ±1.17 77.22±2.25 75.31±1.92 84.58±2.44
25 49.94±1.04 82.00±62.35 79.39±2.30 86.69±2.43
30 51.88±1.80 84.45±1.88 81.22±1.67 88.46±2.37
35 53.70±2.04 87.39±2.16 83.79±2.51 90.48±3.09
40 55.86±1.02 89.86±1.99 88.39±2.75 93.09±2.15

TABLE 6: IN VITRO DISSOLUTION STUDIES FROM MARKETED TABLET AND TABLETS PREPARED WITH 
DIFFERENT HYDROTROPES IN DISTILLED WATER

*Average of three determinations

selected based on the triangular pattern hypothesis 
and hydrotropes were prepared by neutralization by 
pH adjustment technique. The prepared hydrotropes 
were characterized by melting point, FTIR, solubility 
and in vitro dissolution studies. Further, tablets were 
formulated with the hydrotropes by direct compression 
technique and were evaluated by dissolution studies 
and compared the drug release with marketed tablets. 
The in vitro dissolution studies for the prepared tablets 
showed the faster drug release almost by two times 
(>88%) in comparison to the marketed product (56%) 
for 40 min. Thus, it is concluded that the proposed 
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method is new, simple, accurate, reproducible, 
ecofriendly and inexpensive method to enhance the 
solubility.
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