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Introduction 

           Curcumin ((1E,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)hepta-

1,6-diene-3,5-dione; C21H20O6, MW = 368.4 g/mol) is a yellow-

orange, crystalline powder isolated from turmeric (Curcuma longa L) 

(Figure 1). It is a polyphenol and a major secondary metabolite of this 

plant and has been reported to display remarkable pharmacological 

activities, including antioxidant, antibacterial, anti-inflammatory, and 

antiproliferative.
1
 Curcumin has also been suggested to have 

therapeutic benefits in neurodegenerative, cardiovascular, liver 

diseases and diabetes mellitus.
2
 Unfortunately, the clinical use of 

curcumin is limited by its physicochemical properties, including poor 

water solubility, instability in alkaline conditions, and low 

bioavailability.
3
 While it is soluble in alcohol and glacial acetic acid, 

particularly ethanol and acetic acid, it is only soluble in water up to 

3.12 mg/L, and is insoluble in cold water and ether. It has a pKa of 

9.06 and a melting point of 179–182°C.
5,6

  

According to the Biopharmaceutical Classification System (BCS), 

curcumin is classified as class IV, having low solubility in water and 

low permeability.
4
 Several studies have attempted to improve the 

solubility and permeability of curcumin using a variety of methods, 

including preparing curcumin-loaded liposomes
7
 and solid dispersions 

of curcumin with polyvinylpyrrolidone (PVP),
8
 co-precipitating 

curcumin with calcium carbonate,
9
 and forming curcumin lipid 

nanoparticles.
10
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Multicomponent crystals (MC), defined as crystals with two or more 

different molecules in a crystal lattice, have been used to improve the 

solubility and bioavailability of active compounds. MC can be 

classified into solvates/hydrates, salts, simple eutectics, and co-

crystals. A benefit of MC is the ability to alter the physicochemical 

properties of a molecule without changing its chemical properties.
11

 

Several methods have been used to prepare MC, such as solvent-drop 

grinding, solvent evaporation, solid-state grinding, and slurry.
12–15

 

Previous work showed that a co-crystal of curcumin could be formed 

using the solvent-drop grinding method with the addition of several 

co-formers, including resorcinol and pyrogallol, which increased the 

solubility of curcumin by 4.72 and 11.76, respectively.
16

 Another 

study enhanced the dissolution rates of curcumin by forming a eutectic 

mixture with salicylic acid and a co-crystal with hydroxyquinol.
17

  

Quercetin (2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one; 

C15H10O7, MW = 302.23 g/mol) is a needle-shaped, yellow crystal 

(Figure 2). Its pKa values are pKa1 = 7.17, pKa2 = 8.26, pKa3 = 

10.13, pKa4 = 12.30, and pKa5 = 13.11. Quercetin is highly soluble in 

ether and methanol, soluble in ethanol and acetone, and insoluble in 

water and has a melting point of 316.5 °C.
18

 Quercetin was chosen as 

a co-former to prepare MC with curcumin in this work because it is 

regarded as ‘generally recognized as safe’ (GRAS) by the Food and 

Drug Administration (FDA) and has been used in previous studies.
19,20

 

Quercetin is a known bioenhancer, acting via inhibition of cytochrome 

P4-A4 and modulation of P-glycoprotein. Studies have described its 

bioenhancing activities with ranolazine, valsartan, tamoxifen, and 

pioglitazone.
21,22,23

 A curcumin and quercetin combination in the form 

of a nano-emulsion has been investigated for the treatment of 

neurodegenerative diseases.
24

 

This study investigated the formation of MC of curcumin with 

quercetin by the solvent-drop grinding method. MC were identified 

and characterized using powder X-ray diffraction (PXRD), differential 

scanning calorimetry (DSC), and Fourier transform infrared (FT-IR) 

spectroscopy. The solubility of the MC was investigated and 

compared with pure curcumin. 
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Curcumin, a major component of Curcuma longa L. (turmeric), has several pharmacological 

activities; however, its use in pharmaceuticals is limited by poor water solubility. This work 

sought to improve the solubility of curcumin by preparing it as multicomponent crystals (MC) 

with quercetin as the co-former. The optimal mole ratio for preparing the curcumin-quercetin 

MC was determined from a binary phase diagram of their binary mixtures (BMs) at mole ratios 

of 0.1:0.9 to 0.9:0.1. This ratio was used to prepare the MC by the solvent-drop grinding method 

in ethanol. MC were characterized using powder X-ray diffraction (PXRD), differential 

scanning calorimetry (DSC), and Fourier transform infrared (FT-IR) spectroscopy. A simple 

eutectic mixture formed in the BM at a 0.7:0.3 mole ratio. PXRD results showed a decrease in 

the intensity of the diffraction patterns, indicating a decrease in the MC crystallinity. Similarly, 

the DSC thermogram revealed a reduced curcumin endothermic peak in the MC at 171.74 °C. 

The FT-IR spectrum showed minimal shift of the MC absorption peak. Following sonication in 

40 % ethanol for 30 min, the quantity of dissolved curcumin was determined by high 

performance liquid chromatography at 422 nm using methanol:distilled water (80:20) as the 

mobile phase. The solubility of the MC and pure curcumin were 124.28 ± 7.076 mg/100 mL and 

93.93 ± 6.656 mg/100 mL, respectively, indicating that the curcumin-quercetin MC were more 

soluble than pure curcumin. 
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Materials and Methods 

Materials 

Commercial curcumin and quercetin were purchased from Tokyo 

Chemical Industry (TCI) (Tokyo, Japan). Methanol (HPLC grade) and 

ethanol (pro analysis) were obtained from Merck (Darmstadt, 

Germany). All other solvents were analytical grade. 

 

Methods 

Preparation of binary phase diagram 

Curcumin and quercetin were mixed homogeneously at mole ratios 

from 0.1:0.9 to 0.9:0.1 to obtain binary mixtures (BMs) which were 

analyzed via DSC. A phase diagram was constructed by plotting the 

endothermic peak of the BM against the mole ratios. The eutectic 

form, indicated by a DSC thermogram with a single melting point, 

was used to prepare MC by the solvent-drop grinding method as 

described below.  

 

Preparation of MC by solvent-drop grinding 

Curcumin and quercetin MC were prepared at a 0.7:0.3 mole ratio 

with 10 min continuous grinding while approximately 1 mL ethanol 

was added dropwise. The prepared MC were stored in a desiccator. 

Differential scanning calorimetry analysis 

Thermal analysis was conducted using a DSC apparatus (DSC 8+; 

Shimadzu Corp., Kyoto, Japan) calibrated with indium. 

Approximately 3–5 mg of pure curcumin, pure quercetin, BM, and 

MC were placed on an aluminum-covered plate and analyzed over a 

temperature range of 30–350 °C at a heating rate of 10°C/min. 

 

Powder X-ray diffraction analysis 

PXRD analysis was performed at room temperature on a 

diffractometer (PW 30/40 X-ray diffractometer; Malvern PANalytical, 

Almelo, Netherlands) under the following specifications: Cu metal 

targets, Kα filter, 40 kV voltage, and 40 mA current. Analysis was 

performed for pure curcumin, pure quercetin, and MC over a range of 

2 theta 10–40°. 

 

Fourier transform-infrared spectroscopy analysis 

The FT-IR spectra of pure curcumin, pure quercetin, and MC were 

obtained on an FT-IR spectrophotometer (Perkin Elmer, Waltham, 

MA, USA). Each sample was mixed with potassium bromide at a 

1:100 ratio (w/w) and compressed into pellets. The absorption peaks 

were recorded at wavenumber 4000–600 cm
-1

. 

 

Optimization and validation of high performance liquid 

chromatography analysis  

A high performance liquid chromatography (HPLC) method to 

evaluate solubility was optimized and validated for curcumin on a 

Shimadzu HPLC (LC-20AD with an AUX220 UV-VIS detector). The 

methanol:water mobile phase was varied between 75–85 % methanol. 

Curcumin (20 μL) dissolved in ethanol at 1000 ppm was injected into 

the HPLC at a flow rate of 1 mL/min and detected at 422 nm. The 

selectivity, accuracy, precision, linearity, limit of detection (LoD), and 

limit of quantification (LoQ) of this method were assessed as follows. 

 

a. Selectivity 

Selectivity was measured to obtain the resolution of the 

chromatogram. The test was performed using 20 μL pure curcumin 

dissolved in ethanol and injected into the HPLC under the optimum 

conditions. Resolution was calculated as the difference between the 

retention time and peak width. 

b. Accuracy  

Accuracy was evaluated using curcumin solutions in ethanol (20 μL) 

at 6, 10, and 14 ppm, which were injected into the HPLC and run 

under the optimum conditions. The test was performed in triplicate. 

 

c. Precision  

Intra- and inter-day precision were assessed over 2 d, with triplicate 

measurements for each concentration. Curcumin solutions in ethanol 

(20 μL) at 6, 10, and 14 ppm were injected into the HPLC. Standard 

deviation (SD) and relative standard deviation (RSD) were calculated 

for each concentration. 

 

Linearity 

Curcumin solutions in ethanol (20 μL) at 2, 4, 6, 8, 10, 12, and 14 ppm 

were injected into the HPLC, with each concentration measured in 

triplicate. The calibration curve equation was obtained using linear 

regression analysis of the concentrations and average area under the 

curve (AUC). 

 

LoD and LoQ 

LoD and LoQ were calculated using the following equations: 

 

     
   

 
 

 

     
    

 
 

 

Where Sy is standard deviation of y-intercept and b is the slope of 

calibration curve 

 

Solubility test 

The solubility of pure curcumin and MC was assessed following 30 

min sonication (Elmasonic P 120 H; Elma Schmidbauer GmbH, 

Singen, Germany) in 40% ethanol at 30 °C. Each sample was filtered 

through Whatman filter paper (0.45 μm) and 20 μL of the filtrate was 

injected into the HPLC. The solubility of each sample was measured 

in triplicate.  

 

Statistical analysis 

The solubility of curcumin and MC was analyzed using one-way 

analysis of variance (ANOVA). 

 

Results and Discussion 

DSC measures absorbed or emitted energy. A BM of 

curcumin:quercetin at a mole ratio of 0.7:0.3 generated a single 

endothermic peak with a eutectic point at 174.9°C (Figure 3). The 

eutectic point indicates the lowest temperature at which a given 

composition of a mixture of compounds simultaneously melts.
25

 The 

eutectic melting point of the optimal BM was lower than the melting 

point of curcumin (176.79°C) and quercetin (342.77°C), indicating a 

lower lattice energy which results in faster dissolution.
26,27

 

Thermal analysis showed a decrease in the melting point of the 

curcumin MC (171.74°C) (Figure 4). The decreased melting point was 

likely due to physical interactions between curcumin and quercetin.
28

 

This lower melting point suggests a lower lattice energy, which 

increases the solubility and dissolution profile of the MC.
29

  

The unique and sharp diffraction peaks in the PXRD patterns showed 

that both curcumin and quercetin were crystalline solids (Figure 5). 

Crystalline curcumin showed specific diffractions at 2θ = 8.795, 

14.405, 17.245, 18.085, 24.485, 27.195, and 28.905°, while quercetin 

exhibited diffraction peaks at 2θ = 15.765, 17.135, 24.165, 27.055, 

and 31.695°. The powder X-ray diffractogram of the MC showed 

similar diffraction peaks to its components, with no new diffraction 

peaks observed. Although no new crystalline phase was formed, the 

MC showed a decrease in the intensity of the diffraction patterns, 

suggesting a change in the crystallinity of the MC compared to pure 

curcumin and quercetin. This indicates that the curcumin-quercetin 

MC formed a conglomerate of two crystal phases in solid form, called 

a eutectic mixture.
25

  

FT-IR spectroscopy has been used to analyze chemical interactions 

between solid molecules by observing shifts of the transmission bands. 

The wavenumber of the MC shifted only slightly compared to 

curcumin and quercetin, indicating no chemical interactions between 

the two components (Figure 5 and Table 1). 

The HPLC method to analyze solubility was validated to demonstrate 

its suitability and determine its operational parameters, including 

accuracy, precision, selectivity, linearity, LoD, and LoQ.
30

 Detected at 

422 nm, curcumin showed linearity between 2–14 ppm, resulting in a 
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linear regression equation for the three calibration curves of y = 

119344x – 9227.6, R
2 

= 0.9992 (Figure 5). The curcumin 

chromatograms showed good peak resolutions, indicating high 

selectivity. The resolution (R) was 2.076, confirming a  high degree of 

peak separation (R > 1.5).
31

 The percentage recovery relative to a 

known quantity of curcumin was used to measure accuracy and was 

between 98–102 % (Table 2).
30,31

 SD and RSD were used to assess 

precision (Table 3). As RSD values were low (< 2 %), this method 

showed high precision.
32

 The LoD and LoQ were 0.411 μg/mL and 

1.370 μg/mL, respectively. 

Curcumin is unstable in neutral, e.g., water, and alkaline media, 

decomposing up to 90 % within 30 min at pH 7.4.
16,33

 The solubility 

studies found the MC to be 1.3 times more soluble than pure curcumin 

(p < 0.05). This is consistent with the PXRD and DSC results showing 

a decreased crystallinity and melting point, which contributes to 

increased solubility. 
 

Table 1: The FT-IR of Curcumin, Quercetin and MC 

Functional 

groups 

Wave number (cm
-1

) 

Curcumin Quercetin MC 

O-H 3501 3311 3316 

C=O 1682 1666 1663 

C=C 1505 1610 1507 and 1602 

 
 

 

 

 

 

 

 

Figure 1: Chemical structure of curcumin  

 

 

 

 

 

 

 

 

Figure 2: Chemical structure of quercetin  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Binary phase diagram of binary mixture (BM) 

curcumin-quercetin 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 4: Thermograms of (A) pure curcumin, (B) pure 

quercetin, (C) MC. 

 
 

Figure 5: FTIR spectrum of (A) pure curcumin, (B) pure 

quercetin, and (C) MC. 
 

 

 
 

Figure 6: Linearity graph for curcumin for HPLC validation 

method

y = 119344x - 9227.6 

R² = 0.9992 

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

0 5 10 15

Concentration (ppm) 

A
r
e
a

 U
n

d
e
r
 C

u
r
v
e
 



                                                     Trop J Nat Prod Res, April 2021; 5(4):673-677                      ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

676 
© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

Table 2: Accuracy of curcumin at different concentrations in 

ethanol 

 

Concentration 

(μg/mL) 

Recovery (%) 

1
st 

Replication 

2
nd

 

Replication 

3
rd

 

Replication 

6.0 98.933 98.200 98.483 

10.0 100.610 101.050 100.990 

14.0 99.107 99.257 98.950 

 

Table 3: Intra and inter-day of pure curcumin at different 

concentration in ethanol 

 
Concentration (μg/mL) RSD (%) 

Intra-day  Inter-day Intra-day Inter-day 

6 6 0.380 0.551 

10 10 0.236 0.681 

14 14 0.136 1.267 

 

 

 

 

 

 

 

 

 

Figure 7: Chromatogram of HPLC analysis of curcumin in 

methanol:distilled water (80:20) 

 

 

Conclusion 

The characterization and identification of curcumin-quercetin MC 

using PXRD, DSC, and FT-IR showed the formation of a simple 

eutectic mixture at a 0:7:0.3 mole ratio. This eutectic mixture has 

significantly higher solubility than pure curcumin. Preparation of 

curcumin as MC should be investigated further for use as 

pharmaceutical solid dosage products. 
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