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Summary

Background: Piroxicam is a non-steroidal anti-inflammatory drug, used to alleviate inflammatory signs
and symptoms. It is a potent acidic drug that presents mainly in unionized form in the stomach, thus it has
a high permeability through the stomach, but poor aqueous solubility. This study, tried to explore the application
of hydrotropes to improve the solubility of piroxicam by using different concentrations of the hydrotropic
agent sodium benzoate.

Methods: Maximum absorbance of piroxicam and its calibration curve was determined using methanol
as a solvent, saturated solubility of piroxicam in distilled water and in various concentrations of sodium
benzoate 5%, 10%, 15% was measured.

Results: The results showed that saturated solubility of piroxicam in aqueous solutions of 5%, 10%, and 15%
of sodium benzoate was 19, 53, and 89 time respectively greater than its solubility in distilled water.
Conclusion: There was a clear improvement in the solubility of piroxicam with the addition of the hydrotropic
agent sodium benzoate, and that solubility increased with more increase in the concentration of the hydrotropic
agent.
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Introduction

Piroxicam belongs to the oxicam group of nonsteroidal anti-inflammatory drugs; with chemical structure
of 4-hydroxy, -2-methyl-N-2-pyredenyl-2H-1, 2-benzothiazine-3-carboxamide 1, 1-dioxide (Figure 1). It is indicated
for the reduction of the symptoms of osteoarthritis and rheumatoid arthritis. The drug is regarded as a potent acid;
therefore, it remains as unionized form in the acidic medium of the stomach, and this is why it can penetrate
the gastric membrane easily but cannot enter the systemic circulation. Thus the drug can be classified according
to the Biopharmaceutics Classification System into a class-I1, that characterized by high permeability, low solubility,
as a result, solubility of piroxicam is the rate limiting step for its absorption (1, 2, 3).

Solubility enhancement of different poorly soluble compounds can be regarded as an obstacle that faces
researchers and scientists in pharmaceutics, 40% of the active new chemical entities are poorly water soluble. There
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are many techniques being employed to improve the solubility of the compounds (4, 5). Bioavailability, efficacy,
and undesirable effect could be improved by improving solubility of the drug in different dosage forms (5, 6).
Solubilization process involves breakage of the inter-ionic or intermolecular bond of the solutes and the construction
of anther bonds with the molecules or ions of the solvent. Any additives or salts that increase the amount of the drug
dissolved in a given solvent result in salting in, and the reverse result in salting out (4, 6). These salts lead to salting
in are refereed as hydrotropic salts, and the phenomenon are referred as hydrotropism. The phenomenon of hydrotropism
involves the formation of a complex between hydrotropic agents like sodium benzoate, sodium alginate, sodium
acetate, and urea, with the poorly soluble drugs rather than the formation of a colloidal solution (4, 5, 6).

Therefore, solubility of a sparingly soluble solute can be improved by the application of such hydrotropic
technique, in which the added hydrotropic agent can improve the aqueous solubility of the drug under normal
conditions; due to the formation of regular gatherings of hydrotropic molecules at critical concentration (7).
Hydrotropism can be defined as a solubilization phenomenon, in literatures, this term refers to non-micelles forming
substances, that may be liquids, solids, organic or inorganic compounds. It depends on the fact that the aqueous
solubility of a drug can be improved by the addition of a large amounts of a second solute (4). This method
of solubility improvement is superior to other solubilization technique since it is independent on pH, does not require
emulsification , has a high selectivity, and there is no need for organic solvent (8).

Hydrotropes in general are surface-active, water-soluble compounds that can improve the solubility of organic
solutes such as acids, aldehydes, ketones, alcohols, esters, fats, and hydrocarbons. Neuberg's hydrotropic salts are
composed mainly of two essential parts; anionic group that participates in high aqueous solubility and hydrophobic
aromatic ring that involves in the mechanism of hydrotropic solubilization (4).

Hydrotrope is composed of hydrophobic and hydrophilic parts, but the size of the hydrophobic part is not enough
to form spontaneous aggregation, that means it doesn't have critical concentration above which spontaneous
aggregation occur. Hydrotrope is composed of anionic group than involved in bringing of the aqueous solubility,
and hydrophobic aromatic ring that contributes with its planner structure, in hydrotopic solubilization, two important
mechanisms are involved in aromatic hydrotropes such as sodium salicylate, and nicotinamide, one is stacking
complexation, and the other is self-aggregation (8).

Hydrotropic solubilization technique has many applications in pharmaceutics, since it can be used for quantitative
estimations of poorly water-soluble drugs, regression equations for drugs, spectrophotometric analysis of a drug
in marketed tablet formulations, and preparation of topical solutions and injections of poorly water-soluble drugs.
It can also be used as permeation enhancers, for producing fast release preparations, and for nanotechnology (9, 10).

The aim of this study is to enhance the solubility of piroxicam by using different concentrations of the hydrotropic
agent, sodium benzoate.

OH 0] \

577 N
o// \\o

Figure 1. Chemical structure of piroxicam.
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Materials and Methods
Determination of maximum absorbance of piroxicam and calibration curve:

A stuck solution of piroxicam in methanol (100 pg/ml) was prepared by precisely weighing 10 mg of the drug
in 25 ml beaker then adding 10 ml methanol with continuous stirring until the drug is completely dissolved
and transferred to 100-ml volumetric flask, 50 ml of methanol was added with a continuous shaking. Finally,
the volume is completed with methanol to 100 ml. Piroxicam solution of 10 pg/ml was prepared by diluting
of the stock solution of 100 pg/ml with methanol, the solution was taken in a quartz cell and scanned by
UV-spectrophotometer (Specord 40, analytic Jena) at a wavelength ranging from 200-400 nm using methanol
as ablank, 4, of piroxicam was determined. From the freshly prepared stuck, series of diluted samples were prepared
and measured at 227.7 nm wavelength, using methanol as a blank, calibration curve of piroxicam was plotted (11).

Solubility analysis of piroxicam in distilled water and in various concentrations of the hydrotropic agent
sodium benzoate:

Piroxicam was added in an excess amount to 20 ml of distilled water, and to the aqueous solutions of the hydrotropic
agent sodium benzoate in three different concentrations 5%, 10%, and 15%, to make saturated solution of each.
The solutions were stirred for 30 min, then kept for 24 hr at 25 °C. Each solution was filtered through filter paper
(Whatman 41), the absorbance of each clear solution was measured using UV-spectrophotometer at 227.7 wavelength
to determine the amount of the drug dissolved.

Results
Determination of maximum absorbance of piroxicam and calibration curve

The diluted solution of piroxicam (10 pg/ml) in methanol was scanned by UV spectrophotometer at a wavelength
of 200-400 nm using 1 cm quartz cell. The result was a spectrum with maximum absorbance (% ,,,,) of 227.7.
The calibration curve of piroxicam in methanol was constructed by UV analysis at 227.7 nm. By plotting
the absorbance versus concentration, a straight line was obtained, the R-squared value was 0.9981, and the linearity
limit was from 1-12 pg/ml as shown in Figures 2.
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Figure 2. Calibration curve of piroxicam.

Solubility analysis of piroxicam in distilled water and in various concentrations of the hydrotropic agent
sodium benzoate

UV-spectrophotometric analysis of piroxicam in its saturated solution of distilled water and in aqueous solutions
of different concentrations of sodium benzoate is shown in Table 1, whereas solubility of piroxicam in distilled
water and in different concentrations of aqueous solution of sodium benzoate is shown in Table 2. The results
indicated that there are significant differences (p<0.05) between solubility of piroxicam in distilled water and
in different concentrations of sodium benzoate in aqueous solution. The aqueous solubility of piroxicam in pg/ml
as a function of sodium benzoate concentration in gram/100 ml is shown in Figure 3.
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Table 1. UV-spectrophotometric analysis of piroxicam in its saturated solution of distilled water and in aqueous solutions
of different concentrations of sodium benzoate.

Type of the saturated solution Absorbance Dilution factor
Distilled water 0.06 10
5% sodium benzoate 0.06 200
10% sodium benzoate 0.147 200
15% sodium benzoate 0.241 200

Table 2. Solubility of piroxicam in distilled water and in different concentrations of aqueous solution of sodium benzoate.

Type of the medium Drug solubility in pg/ml

Distilled water 14.128

5% sodium benzoate 282.5

10% sodium benzoate 749.06

15% sodium benzoate 1253.08
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Figure 3. Aqueous solubility of piroxicam in pg /ml as a function of sodium benzoate concentration in gram/100 ml.

Discussion

Hydrotropism is a phenomenon in which the solubility of a sparingly soluble drug is improved in the aqueous
medium when excess amount of a second solute is added (12). Various of such agents are available for improving
the solubility of a poorly soluble drug such as sodium acetate, sodium benzoate, sodium salicylate, sodium toluate,
and sodium toluene sulfonate. In this experiment sodium benzoate hydrotropic agent was applied for improving
the solubility of piroxicam, it showed a significant enhancement in the solubility of the drug at room temperature (13).

Saturated solubility of piroxicam in 5% sodium benzoate was 282.5 pg/ml which was 19-time greater than
its saturated solubility in distilled water which was about 14.128 pg/ml, there is a significant difference in solubility
(p<0.05). While the saturated solubility of the drug in 10% sodium benzoate was 749.06 pg/ml which means
that there is about 53-time improvement of its solubility in comparison to that in distilled water (p<0.05). Finally,
the solubility of the drug in 15% sodium benzoate was 1253.08 pg/ml, which is about 89-time greater than it is
solubility in aqueous solution (p<0.05). This indicated that there was an increase in the solubility of piroxicam
with the increase in sodium benzoate concentration, they were in compliance with the results obtained by Ibrahim
et al. (2020), who studied the effect of different concentrations and types of hydrotropic agents on the solubility
of nimodipine (14). Also these results were in accordance with those obtained by El-Houssieny et al. (2014), who tried
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to enhance the dissolution rate and solubility of dexibuprofen in aqueous medium by mixed hydrotropic
solubilization technique (15), and with Raghunath and Sagde (2021) who used individual and mixed hydrotropic
agents in different concentrations and types to improve the solubility of piroxicam (16), also with Mansuk et al.
(2020) who formulated a fast-dissolving oral dosage form of piroxicam, to provide quick onset of action by using
mixed solvency, the solubility of the drug was examined in different types of hydrotropic agents, and the highest results
were obtained with 40% sodium benzoate (17) and with Carpenter G. (2018), who tried to formulate and develop
a fast-dissolving oral film of piroxicam with enhanced drug loading utilizing mixed-solvency concept (18).

Conclusion

Majority of the chemical agents that are being discovered are of poor aqueous solubility, therefore many attempts
have been adapted to improve their solubility and bioavailability. From different studies, hydrotropic solubilization
can be regarded as an excellent approach to solubilize poorly soluble drugs. In this research, piroxicam solubility
showed a dramatic improvement by the hydrotropic agent sodium benzoate when compared to its solubility
in distilled water. With increasing the concentration of this hydrotropic agent, the solubility of the drug also
increased.
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