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Abstract

Quercetin one of the most common flavonoids regiotte
possess numerous pharmacological activities an@vsho
poor aqueous solubility. In order to improve solitypi
and dissolution rate of quercetin different soliaaifion
techniques like; hydrotropic solubilization, mixed
hydrotropy and hydrotropic solid dispersions wesedl
The objective was also aimed to explore the apjiinaf
different  hydrotropic agents at their optimum
concentration; thus decreases the chances of thair
toxicity. Result concluded that the toxic level
hydrotropic agents was decreased because theimonini
concentrations were found to be sufficient to piomtl
desired results. Solubility enhancement ratio veamd to
be 61.71 times and 122.42 times more as compared

of

poorly water-soluble drugs. Hydrotropic solubilipatis one

of them. The term hydrotropy has been used to dasigthe
increase in solubility in water of various subsesdue to
the presence of large amounts of additives. Sodium
salicylate, sodium benzoate, urea, nicotinamidediuso
citrate and sodium acetate are the most common @grarof
hydrotropic agents [7, 8, 9, 10, 11, 12, 13, 14,1&] Thus

in present research work different physiologicaliynpatible
hydrotropic agents were wused for the synergistic
enhancement effect on solubility of flavonoids (epegin) in
water, various blends of hydrotropic agents weredtrto
decrease the amounts of hydrotropic agents forreatksi
solubility enhancement ratio.

Material and Methods

Fxtraction 7

pure drug (quercetin) in different blends A and BQuercetin was extracted from 20-g ground onion pywd

respectively. It was also concluded that the stitybof
quercetin increased synergistically by mixed hyanoy.

Key Words: Quercetin, hydrotropy, flavonoids, mixed
hydrotropy Solid Dispersion

I ntroduction

Flavonoids are an abundant group of compounds fonnd
many plants and have beneficial pharmacologicadcgsf
including anti-oxidant, anti-cancer, anti-inflammat,
antiulcer activity, antiproliferative and antimu&agc effects
[1, 2]. Two such flavonoids are quercetin and comtu
Quercetin is a flavonoid responsible for the caigrin many
fruits and vegetables, such as apples and oniamrsu@in is

a polyphenolic compound derived from turmeric anves
the spice its yellow colour [2]. The main problem the
study and application of flavonoids is their low
bioavailability due to poor water solubility. These
polyphenols have an oral bioavailability in the ganof 2-

20%. Researchers have developed some methods fihe

in 80 mL of 80% EtOH by filtering twice through niver

8 and grade 42 Whatman; filter paper. Filtrate was
collected in Eppendorf tubes and stored under Ideita
condition.

Hydr otr opic Solubilization
Aqueous solutions of hydrotropic agents (urea and
sodium citrate) of known concentrations (5% and%d)0
were prepared in distilled water. Sufficient excagmount

of flavonoid was added to screw capped amber cetbur
glass vials containing fixed volumes (10 ml) of the
hydrotropic solutions separately. The vials weraksim
mechanically for 12 hours at room temperature #ksh
The solutions were allowed to establish equilibrifon
next 24 hours and then centrifuged for 5 minute3080
rom using a centrifuge. The supernatants of eaeh vi
were filtered through Whatman filter paper. An alit of
each filtrate was diluted suitably with distillechter and
resulting solutions were analyzed

[18]

increasing water solubility of flavonoids and often SPectrophotometerically at 362 nm against respectiv

bioavailability [3, 4]. Recent techniques also pdevmany
approaches to enhance the dissolution rate of ypsotuble
drugs. Physical modifications often aim to increake
surface area and solubility; therefore focused anigle size
reduction or generation of amorphous states [3,)6¢s of

hydrotropic agents for the enhancement of aqueolubitity
have already been reported for various poorly deldlugs
Increasing the aqueous solubility of insoluble atightly
soluble drugs is of major importance. Various téghes
have been employed to enhance the aqueous solufilit
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reagents as blank. The solubility was determinadgus
the corresponding regression equations. The sdjuloi
drug in 5% and 10% of urea and sodium citrate sniut
were determined.

Mixed Hydrotropy:

Selection of hydrotropic blends

Optimum concentrations of hydrotropic agents wesed

in the present investigation. It was found thzgre was
significant enhancement in aqueaatubility of quercetin
due to the synergistic effeby use of different blends of
urea and sodium citraf®@lend A comprise 5 % urea with
5% sodium citrateand blend B comprise 5% urea and
10% sodiumcitrate solutions). Blends were prepared by
adding sodium citrate, urea and sugar in distilled water
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(DW) followed by gentle heat to get a clear solution.

qguercetin was then dissolved in it. When tmlution
attained room temperature, volume was madith
distilled water and filtered. Solution was alpeepared
excluding quercetin.

[50qu Dispersion prepared by using hydrotropic agents
19, 20]

Hydrotropic solid dispersion containing drug and

hydrotropic blend (5% urea and 10% sodium citrate)e
prepared. Minimum (possible) quantity of distilledter
at 80-88C contained in a 250 ml beaker was used t

and 0.071% respectively and equilibrium solubilif
drug in different concentration of sodium citrateerey
found to be 0.027 % and 0.046% respectively (TablB)

Solubility in mixed hydrotropy:

Equilibrium solubility of quercetin in mixed hydropy
was carried out in distilled water, mixed hydrotyopere
performed by making two different blends of hydopic
mixture containing various concentrations of hydypic
reagents i.e; Blend A and Blend B which compriseau
with sodium citrate, Solubility enhancement ratias

Gound to be 61.71 times and 122.42 times in blerand

dissolve the urea and sodium citrate. Then, drug waj, plend B respectively(Table 2)

added to this solution and stirred using magnditices,
maintaining the temperature. Stirring was continuatll

It was concluded that the solubility of drug in@gesa
synergistically by mixed hydrotropic technig(i&g. 1).

dried on watch glasses as thin layers after almos{arriers like, lactose and urea. Solid dispersioese

complete drying, the powder of solid dispersionseas
through sieve and stored in air-tight glass battles
Determination of Drug Content in Different
Formulations:

Powdered  formulation containing quercetin
accurately weighed and transferred to a volumédigaigk,

found to be fine and free flowingmn vitro release studies
revealed that there was marked enhancement in the
dissolution rate of quercetin in solid dispersiomBen
compared to pure drug itself. This may be attridutethe

WaSincrease in drug wettability, conversion in amongho

form and solubilization of drug due to hydrophitiarrier.

distilled water was added and flask was shaken tQIoncIusion:

completely dissolve formulation. Then, volume waasde
up to the mark with distilled water and the absadeaof
this solution was measured at 362 nm against blamk.
each case, analysis was carried out in triplicate.

Deter mination of Dissolution Rate:

Dissolution rates of different formulation were died
Distilled water was used as dissolution mediumfepént
formulations equivalent to 100 mg quercetin wereduw®
perform dissolution studies. The stirrer was adjdstt 50
rpm. Temperature (37206) was maintained throughout
the experiments. Samples (10ml) were withdrawn fro
dissolution medium after particular time intervaisd
replaced with same volume of distilled water agech
withdrawal. The samples were analyzed for
(quercetin) contents by measuring the absorban&6at
nm after appropriate dilution with distilled water.
Calculations for amounts of drug (quercetin) redels
were done using regression equation.

Results and Discussion

Solubility in hydrotropic solubilization:
Equilibrium  solubility of quercetin in different
concentration of urea solution were found to b&9%

drug

Different solubilisation techniques were used ftie t
poorly soluble flavonoids; quercetins, using vasiou
hydrotropic agents, results from studies were found
satisfactory. It was concluded that aqueous satyhiif
guercetin greatly enhance by the synergistic effafct
different hydrotropic agents together. Thus thesaesh
work overcome the problem of poorly water solublegs
and present methodology is a viable and cost-@ffect
means to increase the solubility of poorly watdrxste
drugs. Solubility enhancements of such magnitudeaar

Mtlear indication of its potential to be used inufet for

other poorly water-soluble drugs.
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Table 1: Solubility enhancement of quer cetin by different formulations

Hydrotropic solution

Equilibrium solubility of
Fenofibrate (% wi/v)

Solubility enhancement ratio

Urea 5% (F1) 0.069% 4.6

Sodium Citrate 5% (F2) 0.027 % 1.8
Urea 10% (F3) 0.071% 4.73
Sodium Citrate 10% (F4) 0.046% 3.06
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Table 2. Solubility enhancement of quercetinby different blends (mixture) of hydrotropic agents.

Mixture of % of Urea % of Sodium % Solubility Solubility
Hydrotropic Citrate enhancement ratio
reagents
Blend A (F5) 5 0.925 61.71
Blend B (F6) 10 1.83 122.42
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