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ABSTRACT 

Quercetin is a challenging molecule to be delivered orally due to its poor solubility, low hydrophilicity, and 

minimal absorption in gastrointestinal tract but it has numerous pharmacological activities including 

antioxidant, anticancer, hepatoprotective etc., Pharmaceutical co-crystals have demonstrated significant 

promise in their ability to modify the physicochemical and pharmacokinetic properties of drug substances, 

such as the solubility and dissolution rate, bioavailability, and particle morphology. Aim of the current 

research was to prepare and characterize the co-crystals of quercetin and to provide useful information for the 

potential application of co-crystal technology for water-insoluble drugs, especially flavonoid compounds like 

quercetin. Quercetin cocrystals was prepared successfully and enhanced dissolution rate was observed when 

compared to pure quercetin.  
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INTRODUCTION 

Pharmaco-dynamically, co-crystal former could 

be a stability molecule (the same applies to salts), 

and therefore the GRAS rules apply. 

Pharmaceutical co-crystals area unit crystalline 

elements created from an API and one or 

additional co-former or another API [1-8]. Co-

crystals are a unit at the moment the foremost 

dynamically developing cluster of solid 

pharmaceutical substances. 

 The advance of crystal engineering has 

remodeled the pace of analysis in molecular solids. 

Attaining the specified properties in molecular 

solids by controlled manipulation of unit 

interactions holds the key to success during this 

space of analysis. A co-crystal entails or additional 

neutral molecules to be control along by weak unit 

interactions in an exceedingly definite quantitative 

relation. Since unit interactions guide properties of 

molecular solids, co-crystal formation is of nice 

interest to crystal engineers. For that matter, 

strength and radial asymmetry of weak interactions 

are unit necessary options to be taken under 

consideration. Crystal engineering, through 

supramolecular synthons, permits US to style co-

crystals with desired chemistry properties.  

Quercetin is a polyphenolic flavonoid with 

potential chemopreventive activity (Figure 1). 

Quercetin, ubiquitous in plant food sources and a 

major bioflavonoid in the human diet, may produce 

antiproliferative effects resulting from the 

modulation of either EGFR or estrogen-receptor 

mediated signal transduction pathways [9-12]. 
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Although the mechanism of action is not fully 

known, the following effects have been described 

with this agent in vitro: decreased expression of 

mutant p53 protein and p21-ras oncogene, 

induction of cell cycle arrest at the G1 phase and 

inhibition of heat shock protein synthesis. 

 

 
Figure 1: 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one 

 

Quercetin appears as yellow needles or yellow 

powder and converts to anhydrous form at 203-

207°F. Alcoholic solutions taste very bitter. This 

compound also demonstrates synergy and reversal 

of the multidrug resistance phenotype, when 

combined with chemotherapeutic drugs, in vitro. 

Quercetin also produces anti-inflammatory and 

anti-allergy effects mediated through the inhibition 

of the lipoxygenase and cyclooxygenase pathways, 

thereby preventing the production of pro-

inflammatory mediators. 

 

METHODOLOGY 

Saturation solubility studies 

Saturation solubility was determined by the 

shake-flask method. Plain Quercetin in excess 

quantity was placed in glass-stoppered flasks 

containing 10 ml of distilled water. The samples 

were placed in a mechanical shaker (technico, 

Chennai) at 37 °C and 100 rpm until equilibrium 

was achieved (24 h). The aliquots were filtered 

through Whatman No. 41 filter paper [13-20]. The 

filtrates were diluted appropriately in distilled 

water and assayed spectrophotometrically at 370 

nm.  

Fabrication of Quercetin co-crystals with 

chitosan and succinic acid 

Quercetin and chitosan is dissolved in acetic 

acid and add 1% sodium citrate solution gradually 

to form Quercetin chitosan Co-crystals (Table 1). 

Quercetin and succinic acid dissolved in 

acetonitrile to form Quercetin-succinic acid Co-

crystals (Table 2). 

 

Table 1. Preparation of QR Co-crystals with Chitosan 

Ingredients  F1(1:1) F2(1:2) 

Quercetin  150 mg 150 mg 

Chitosan  150 mg 300 mg 

Acetic acid  1% 1% 

Sodium citrate  2% 2% 
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Table 2. Preparation of QR Co-crystals with Succinic acid 

Ingredients  F1(1:1) F2(1:2) 

Quercetin  150 mg 150 mg 

Succinic acid  150 mg 300 mg 

Solvent (ml)  10 10 

 

CHARACTERIZATION OF CO-

CRYSTALS 

FT-IR spectral analysis of Quercetin chitosan 

co-crystals 

Characterization of co-crystals was done by IR 

spectroscopy (IR), The FTIR spectra were 

performed on Thermo scientific Nicolet ISF, FTIR 

spectrometer. FTIR spectra of quercetin-chitosan 

co-crystals were recorded by potassium bromide 

(KBr) disc method and scanned at the resolution of 

4.0 cm
−1

 over the wave number region 4,000–400 

cm
−1

.  

Surface morphology study
 

The external surface morphology was evaluated 

by using the SEM (Sem-jeol Jsm-840, 

nanotechnology lab, Anna University).The 

Quercetin and co-crystals were mounted directly 

on the SEM sample stub using the double sided 

sticking tape and coated with gold film (thickness 

200nm) under the pressure low vacuum. The 

voltage was used is 20KV and the width was 

3.5mm.  

Differential scanning calorimetry (DSC) 

DSC analyses of the samples were performed 

with a DSC Q20 calorimeter (TA Instruments, 

USA), which was calibrated for temperature and 

heat flow accuracy using indium (mp 156.6 °C and 

ΔH of 25.45 J g−1). The samples (3–5 mg) were 

placed in sealed non-hermetic aluminium pans and 

scanned at a heating rate of 10 °C min
−1

 from 30 to 

300 °C under a dry nitrogen atmosphere (flow rate 

of 50 mL min
−1

). The data were analysed using 

Universal Analysis 2000 software (TA 

instruments). 

In vitro dissolution study of Quercetin and co 

crystals 

The in vitro release of Quercetin and co-

crystals was tested in an USP XXII dissolution 

apparatus. An equivalent weight of co-crystals 

containing 40mg of quercetin and co-crystals was 

placed separately in 900ml of gastric fluid (pH 2.0) 

maintained at 37 + 0.5°C and stirred at 75 rpm. 

Aliquots of 5ml were collected at regular time 

intervals, and the same amount of fresh dissolution 

medium was replaced into a dissolution vessel to 

maintain the sink condition throughout the 

experiment. The aliquots were filtered, further 

diluted suitably and estimated 

spectrophotometrically at 370 nm.  

 

RESULTS AND DISCUSSION  

Solubility study 

Solubility study of quercetin was carried out in 

distilled water.  The solubility of quercetin in 

distilled water was found to be 0.124 mg/ml, 

which is indicating that the present drug having 

very poor solubility. 

Calibration curve for Quercetin 

The calibration curve of Quercetin in distilled 

water was derived from the concentration and 

corresponding absorbance (Figure 2). Values of 

linear regression analysis gave the equation for the 

line of best fit as y= 0.0401x-0.0178. Linearity was 

observed in the concentration range between 5 to 

25 µg/ml.  
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Figure 2. Calibration curve of Quercetin 

 

 

Figure 3. FTIR spectrum of co-crystal of Quercetin with chitosan 

 

 
Figure 4. FTIR spectrum of co-crystal of Quercetin with Succinic acid 
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Drug excipients compatibility study 

FTIR spectroscopy was used to study the 

possible interactions between Quercetin and 

cocrystals co-former chitosan and succinic acid. 

There is no significant difference in the FTIR 

spectra of pure drug and cocrystals. All major 

peaks of Quercetin were observed at wavenumbers 

3436.81 cm-1 (free O–H stretching vibrations); 

3358.55 and 2923.56 cm
-1

 (C–H stretching 

vibrations); and 1693.19 cm
-1

 (stretching vibration 

of ester and lactone carbonyl functional groups); 

1600.63, 1454.06 and 1268.93 etc.., cm
-1

(C-O 

stretching of esters and anhydrides) were retained 

in cocrystals, which clearly indicate that no 

interaction exists between pure drug and co-

former. This indicates that the drug was 

compatible with the formulation components.  

 

DSC analysis 

DSC thermograms are shown in Figure 9, 10, 

11 and 12. The DSC curve of pure quercetin 

exhibits two endothermic responses corresponding 

to its dehydration temperature (117 °C) and 

melting point (324 °C). Chitosan has endothermic 

peak at 120°C. The physical mixture of quercetin 

and chitosan featured a endotherm at 122.57°C and 

a broad endothermic event from 300.83°C to 

310.34°C. Succinic acid melting point is 184°C . 

The physical mixture of quercetin and succinic 

acid featured a melting endotherm at 194.82°C and 

a broad endothermic event from 265.53°C to 

294.95°C. The results were shown in Figure no. 05 

and 06. 

 
 

Figure 5. DSC thermogram of mixture of quercetin and Chitosan 

 

 

 

Figure 6. DSC thermogram of mixture of quercetin and Succinic acid 
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Scanning electron microscopic study 

Surface of the all three co-crystals (QR-CH, 

QR-SA, QR-GA) were characterized by using the 

SEM analysis. SEM images were analyzed at 

different magnifications (Figure 7 & 8). The co-

crystals were observed smooth surface and 

crystalline in nature. QR co-crystals were fluffy 

and possessed a porous and rough surface which 

enhanced the dissolution rate when compared to 

that of the pure drug. 

 

 
Figure 7. SEM of  Co-crystal of Quercetin with Chitosan 

 

 

Figure 8. SEM of  Co-crystal of Quercetin with Succinic acid 

 

In vitro release study of co-crystals 

All the formulations (F1- F6) of prepared co-

crystals of Quercetin were subjected to in-vitro 

release studies. These studies were carried out 

using USP dissolution apparatus type-II in distilled 

water for 2hrs. The formulations were prepared 

with Chitosan (F1, F2) and Succinic acid (F3, F4) 

and Glutaric acid (F5, F6) with different ratios 

(1:1, 1:2) of drug and co-former (Figure 9 and 10). 

The data revealed that percentage dissolution 

rate was comparatively enhanced in case of all the 

co-crystals.  More than 54% drug release in 30 min 

was observed in case of all the co-crystals. 

Whereas, only 40% drug release was observed in 

case of QR at the end of 120 min.  
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Figure 09. In vitro dissolution profile of co-crystals and raw drug 

 

 

Figure 10. Invitro Dissolution Parameters 

 

CONCLUSION 

In this contemporary novel approach, it has 

been demonstrated a beneficial and  successful 

application of the crystal engineering approach to 

achieve enhanced solubility of this poorly water 

soluble herbal drug  by the cocrystal of quercetin 

with chitosan, Succinic acid and glutaric acid. For 

pharmaceutical industries, generation of an API 

with higher solubility, dissolution, and 

bioavailability offers great advantage in terms of 

its commercialization. Availability of more soluble 

alternatives of drugs also helps to overcome the 

arduous and lengthy process to apply various 

approaches to increase their solubility. The current 

investigation was based on the development of co-

crystal of quercitin that could provide 

precompression properties, enhanced dissolution, 

and stability. 
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