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Graphical Abstract 

 

 

Highlights 

 Curcumin with an anticancer effect showed a poor dissolution  

 Crystallization of curcumin in absence of PVP led to formation of a new polymorph 

 PVP in crystallization medium led to a remarkable dissolution enhancement 

 The presence of PVP converted crystalline curcumin to amorphous curcumin 

 

 

Abstract 

Curcumin with a vast number of pharmacological activities is a poorly water soluble drug which its oral 

bioavailability is profoundly limited by its dissolution or solubility in GI tract. Curcumin could be a good 

anticancer drug if its solubility could be increased. Therefore, the aim of the present study was to increase 

the dissolution rate of curcumin by employing antisolvent crystallization technique and to investigate the 

effect of polyvinyl pyrrolidone K30 (PVP) as colloidal particles in crystallization medium on resultant 
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particles. Curcumin was crystalized in the presence of different amounts of PVP by antisolvent 

crystallization method and their physical mixtures were prepared for comparison purposes. The samples 

were characterized by scanning electron microscopy (SEM), differential scanning calorimetry (DSC), X-

ray powder diffraction (XRPD) and Fourier transform infrared spectroscopy (FT-IR). The solubility and 

dissolution of the treated and untreated curcumin were also determined. Antisolvent crystallization of 

curcumin led to the formation of particles with no definite geometric shape. It was interesting to note that 

the DSC and XRPD studies indicated the formation of a new polymorph and less crystallinity for particles 

crystallized in the absence of PVP. However, the crystallized curcumin in the presence of PVP was 

completely amorphous. All crystalized curcumin samples showed much higher dissolution rate compared 

to untreated curcumin. The amount of curcumin dissolved within 10 for treated curcumin in the presence 

of PVP (1:1 curcumin:PVP) was 7 times higher than untreated curcumin and this enhancement in the 

dissolution for curcumin samples crystallized in the absence of PVP was around 5 times. Overall‚ the results 

of this study showed that antisolvent crystallization method in the absence or presence of small amounts of 

PVP is very efficient in increasing the dissolution rate of curcumin to achieve better efficiency for curcumin.  

 

Keywords: Curcumin; Antisolvent Crystallization; PVP; Dissolution; Solubility; Amorphous 

 

1. Introduction 

There are lots of techniques that have been used to enhance the dissolution rate or solubility of 

poorly water-soluble drugs [1]. Crystal engineering or crystal manipulation has been the focus of 

many research activities to achieve this goal during the past few years. Crystal manipulation has 

been performed by either top-down or bottom-up techniques [2, 3, 4]. 

Top-down procedures involve the breaking of drug particles by milling and/or homogenization 

while bottom-up methods involve the building up particles from drug molecules via precipitation 

techniques. The top-down methods suffer from some disadvantages such as the need for high-

energy input, long processing time, possibility of metal contamination and wide particle size 

distribution [5, 6]. This has led to the popularity of bottom-up methods for the purpose of crystal 

manipulation. In most of these techniques the main aim is to achieve small particle size in order to 

increase the effective surface area of particles and consequently the dissolution rate, while other 

objectives such as increasing solubility and wettability were also sought. Among different bottom-

up methods, spray freezing into liquid and supercritical antisolvent precipitation have not found 

widespread use due to the complexity of the operation  procedure (need very low temperature and 

high pressure ) and also their expenses [7, 8, 9]. However antisolvent precipitation which could be 
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implemented at ambient temperatures and atmospheric pressure with no need for expensive 

equipment has widely been used in order to improve the dissolution rate of poorly soluble drugs. 

In this method supersaturation is achieved by the addition of an antisolvent to the organic solution 

of drug with low solubility leading to nucleation of drug and consequently precipitation of particles 

[10, 11, 12, 13]. In this process the addition of some stabilizers during the precipitation procedure 

could be beneficial as they could retard or prevent particle growth by covering the surface of 

precipitated particles in short-term. However, an immediate drying is required to prevent further 

growth of particles [14, 15]. 

Curcumin, a hydrophobic polyphenol extracted from herbal spice turmeric, is a poorly water-

soluble drug. It has antioxidant, anti-inflammatory, antitumor, anti-HIV, and antimicrobial 

properties [16, 17, 18, 19]. Different approaches have been implemented in literature in order to 

address the issue of its poor dissolution rate or low solubility. The use of polymeric nanoparticles 

[20, 21, 22, 23], solid lipid nanoparticles [24, 25, 26], the use of micelles [27, 28, 29] and 

preparation of amorphous solid dispersion systems are some examples. However there are few 

studies regarding the use of a crystallization procedure like antisolvent precipitation in order to 

achieve this goal. Thorat and Dalvi described the mechanism of particle formation pathways and 

polymorphism of curcumin induced by ultrasound and additives during liquid antisolvent 

precipitation [30, 31]. They obtained loose aggregates with amorphous nature and proposed that 

the use of polymeric stabilizer such as PVP could prevent crystal fusion, however no attempts have 

been made to investigate their dissolution rates. Kakran et al. have prepared curcumin 

nanoparticles via antisolvent precipitation in absence of any stabilizer for oral administration [32]. 

The authors have compared two preparation methods: antisolvent precipitation with a syringe 

pump and evaporative precipitation of nanosuspension. Yadav and Kumar investigated the 

antisolvent precipitation process to prepare curcumin nanoparticles in presence of gelatin as 

stabilizer for parenteral administration [33]. The effect of different process variables on particle 

size and size distribution of curcumin during particle formation was investigated. In the present 

study the antisolvent precipitation procedure has been used for manipulation of curcumin particles 

for oral use in the presence of different concentrations of PVP as stabilizer.  

 

2. Materials and methods 

2.1 Materials 
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Curcumin was purchased from Hindustan Herbal Limited Company (Haryana, India), polyvinyl 

pyrrolidone K30 was obtained from Fluka (Switzerland) and sodium dodecyl sulfate was obtained 

from Merck (Germany). All other solvents and chemicals were of analytical grade. 

 

2.2 Methods 

2.2.1 Precipitation of curcumin by antisolvent crystallization 

Accurate weighed amount of curcumin (1 g) was dissolved in 10 mL acetone. Different quantities 

of PVP (0, 0.5, 1 and 2 g) was separately dissolved in beakers containing 100 mL distilled 

water. The solution of curcumin in acetone was added dropwise (at rate of 5 mL/min) using a 

syringe equipped with needle gauge No. 22, into the aqueous solution of PVP while stirred at 800 

rpm at 25°C. The final ratios of curcumin: PVP in the solutions after adding the curcumin 

solution to PVP solution were 1:0, 1:1, 1:2 or 2:1. The obtained suspension was immediately 

freezed at -80°C for 24 h and then freeze dried using Heto freeze dryer (Denmark) for 48 h. Each 

crystallization experiment was repeated three times. 

 

2.2.2 Preparation of physical mixtures of curcumin and PVP K30 

The physical mixtures of curcumin and PVP with the similar ratios as above were also prepared 

for comparison purposes. The sieved fractions (passed through 60 mesh sieve) of the curcumin 

and PVP were mixed in tumbling mixer rotating at 50 rpm for 15 min. The obtained mixtures 

were kept in glass vials until further studies. 

 

 

2.2.3 Morphological analysis of samples 

A scanning electron microscope (LEO 1450 VP, Germany) was used to investigate the 

morphologies of untreated curcumin and precipitated samples. Untreated curcumin and all freeze-

dried samples were coated with a thin gold-palladium layer by sputter coater (SC 7620, England) 

prior to observation. 

 

2.2.4 Solubility measurement 

The solubility of untreated curcumin, physical mixture and crystallized samples was determined 

by adding an excess amount of samples (about 5 mg) to screw-capped glass vials containing 20 
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mL distilled water. The vials were shaken for 48 h at 25°C. The suspensions were then filtered 

through a 0.45 µm filter and the concentration of curcumin was determined spectrophotometrically 

at 426 nm (Cecile 900, USA). The test was repeated three times and the mean was reported. 

 

2.2.5 Differential scanning calorimetry (DSC) 

DSC analysis was conducted using DSC 822e (Mettler Toledo, Switzerland) equipped with a 

refrigerated cooling system to study the thermal behaviors of the samples. The instrument was 

calibrated using indium standard. 2- 3 mg samples of untreated curcumin and precipitated 

curcumin in the presence or absence of PVP were placed in aluminum pans sealed with a lid and 

were scanned from 20 to 200°C at a scanning rate of 10°C/min under nitrogen gas at a flow rate 

of 80 mL/min. 

 

2.2.6 X-ray powder diffraction studies (XRPD) 

X-ray powder diffraction patterns of the selected samples were obtained by a X-ray diffractometer 

(Philips, Germany). Each sample was scanned in the range of 5-60° (2) with a step size of 0.02° 

at a scan rate of 0.04/s. 

 

2.2.7 Fourier transform infrared spectroscopy (FT-IR) 

FT-IR was used to investigate any changes in the precipitated curcumin formulations at the 

molecular level. The spectrum was obtained using a spectrum II FT-IR spectrometer (PerkinElmer, 

Waltham, USA). The specimens were prepared by mixing of each sample with KBr at a ratio of 

1:5 and then compressing it at a pressure of 7 tons for 2 min using a hydraulic press. The obtained 

discs (sample-KBr) were scanned against pure KBr disc at wavenumbers ranging from 450 to 4000 

cm-1with a resolution of 1.0 cm-1. 

 

2.2.8 Dissolution studies 

A USP dissolution apparatus 2 (paddle method) (Pharmatest, Germany) was used to test the 

dissolution profiles of untreated curcumin and other samples. Each dissolution vessel was filled 

with 1000 mL distilled water containing 0.25% w/v sodium dodecyl sulfate (SDS) equilibrated to 

37°C and the paddles rotated at 50 rpm. An accurate weight of samples equivalent to 10 mg 

curcumin were transferred to the dissolution medium in powder form. Samples were withdrawn 
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from the vessels at selected time intervals through filter using a syringe and were replaced with 

the same volume of fresh medium. The amount of dissolved curcumin was assayed at 426 nm by 

a spectrophotometer (Shimadzu, Japan) based on a calibration curve obtained for curcumin at this 

wavelength. The dissolution test of each sample was conducted in triplicate. PVP solution showed 

no absorption at 426 nm. 

The dissolution profiles were compared by calculating the difference factor (f1) and also the 

similarity factor (f2) based on the following formulas.  
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Where Rt is the dissolution value of the reference sample at time t and Tt is the dissolution value 

of the test sample at time t. Values of f1 less than 15 and f2 more than 50 indicate the similarity 

between two curves.  

 

3. Results and discussion 

Particle engineering by antisolvent precipitation is a simple and effective approach for 

modification of poorly water-soluble drug properties. In this study acetone was used as a solvent 

for curcumin and water was used as antisolvent.  Among different solvents that have been used to 

dissolve curcumin, acetone was selected due to high solubility of curcumin in this solvent and its 

rapid evaporation at low temperatures. Distilled water was used as an antisolvent according to its 

safety, availability and low cost. PVP was also used as a stabilizer in different concentrations. 

Stabilizers have been utilized widely to prevent crystal growth by providing steric hindrance due 

to the absorption at the drug– solvent interface during particle precipitation [34, 35, 36, 37].  

Upon addition of the curcumin solution to water (antisolvent), curcumin particles were formed 

immediately. Volume ratios of solvent to antisolvent were considered as1:10 in order to achieve 

small particle size. It has been reported that an increase in the proportion of antisolvent would have 

resulted in a decrease in particle size. Based on the classical nucleation theory, when the possibility 

of supersaturation is high, the lowest median particle size could be achieved [38, 39]. This 

phenomenon would happen because of increased rates of primary nucleation [40, 41, 42]. Higher 

the proportion of antisolvent, greater is the degree of supersaturation and therefore smaller is the 
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size of precipitated curcumin particles. The obtained suspension after addition of antisolvent was 

rapidly freezed in order to prevent crystal growth. 

Figure1 shows the SEM images of untreated curcumin and precipitated samples in the absence or 

presence of PVP. As depicted in Figure 1a the untreated curcumin showed grain-like shape 

crystals, while the precipitated samples in absence of PVP (Figure1b) exhibited dendritic needle 

like crystals among shapeless particles. All samples precipitated in the presence of different ratios 

of PVP exhibited amorphous structure with no definite geometric shape (Figures1c, d and e) which 

will be discussed later in the solid state analysis of the manuscript. 

These findings indicated the ability of PVP to prevent the crystal growth in the crystallization 

medium. Similarly it has been reported that PVP K30 could prevent crystal growth of celecoxib 

and resulted in formation of amorphous particles following the antisolvent crystallization [43]. 

Figure 1 also indicates that the increase in PVP concentration in the precipitated samples resulted 

in the formation of aggregated particles. This effect was probably due to the adhesive properties 

of PVP. Similar effect with increase in stabilizer concentration has been reported previously [33, 

44, 45, 46]. 

Table 1 lists the solubilities of different curcumin samples. The table shows that the solubility of 

curcumin in the precipitated samples is significantly (P<0.05) higher than untreated curcumin or 

its physical mixtures with PVP which could be a reason for the better dissolution of the precipitated 

curcumin samples and this will be discussed extensively in the dissolution analysis of the samples.  

The DSC traces of different curcumin samples and pure PVP are shown in Figure 2. The untreated 

curcumin showed a sharp endothermic peak at 174°C corresponding to its melting point. Pure PVP 

exhibited a broad peak around 80°C due to evaporation of the adsorbed water. As depicted in 

Figure 2 all physical mixtures of curcumin-PVP showed the endothermic peak in DSC traces 

which corresponded to the melting point of curcumin and this peak remained unchanged which 

confirmed no interaction between curcumin and PVP in physical mixtures. The precipitated sample 

in the absence of PVP showed two endothermic peaks at 155°C and 170°C. Two endothermic 

peaks at 155°C and 170°C in DSC traces of the precipitated sample in the absence of PVP indicated 

that the sample was partially crystalline. The reduced intensity of the peak at 170°C and the 

appearance of a new peak at 155°C confirmed the reduced crystallinity of the curcumin and 

formation of a new polymorph during crystallization procedure according to Tharot and 

Dalvi [30, 31]. They reported that raw curcumin crystals existed in monoclinic form while 
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curcumin precipitated by antisolvent method in the presence of ultrasound, resulted in 

orthorhombic form of curcumin. The melting point of this form was between 158-163°C. 

However, DSC results for precipitated samples in the presence of different amounts of PVP ruled 

out the presence of any melting transition, which was an indication of the amorphous nature of the 

samples. These results suggest that the crystallization procedure had a crucial role in formation of 

amorphous phase of curcumin and occurrence of the interaction between the drug and stabilizer. 

In a study performed by Kaewnopparat et al., it has been reported that the melting peak of 

curcumin has shifted towards lower temperatures in solid dispersion systems of curcumin and 

PVP, indicating their interaction [47]. Also the widening of the melting peak has been attributed 

to the presence of an amorphous phase in the solid dispersion systems. 

Samples precipitated in the presence of PVP exhibited a broad peak at region 70-80°C which 

could be due to the presence of PVP in the samples, while the peak related to the melting point of 

curcumin could not be observed. The lack of any transition peak for curcumin indicates that the 

drug is in amorphous state in the precipitated samples.   

The DSC traces of pure PVP, physical mixtures and precipitated samples exhibited a broad 

endothermic peak at region of 70-80°C which is attributed to loss of moisture content in the 

samples due to the presence of PVP.  

The results of XRPD studies are depicted in Figure 3. The sharp peaks observed in the XRPD 

pattern of untreated curcumin (Figure 3a) confirmed the crystalline structure of the sample. The 

XRPD pattern of precipitated sample in the absence of PVP (Figure 3b) showed fewer peaks with 

lower intensities and also the presence of some new peaks compared to untreated curcumin. 

Appearance of the new peaks in XRPD patterns is probably indicating the formation of new 

polymorphs [31]. These results are completely in agreement with the results of DSC studies which 

indicated the less crystallinity for the precipitated samples obtained in the absence of PVP and 

formation of a new polymorph of curcumin.   In contrast, the XRPD patterns of the precipitated 

samples in the presence of PVP (ratios of drug:PVP 1:1 and 1:2) (Figures 3c and 3d) showed a 

halo pattern without diffraction peaks, indicating that curcumin is completely amorphous which 

again were in agreement with the results of DSC studies. It could be concluded from these results 

that curcumin turned into completely amorphous state when precipitated in the presence of PVP 

by antisolvent crystallization procedure whilst in absence of PVP the crystallinity of the samples 
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has been reduced and a new polymorph of curcumin was formed. These results are in accordance 

to findings of other studies on solid dispersion systems of curcumin and PVP [47, 48]. 

The FT-IR spectra of untreated curcumin (Figure 4b) showed the characteristic peaks at 1626 cm-

1 due to the stretching of C=O group, at 1508 cm-1 due to aromatic C=C stretching, at 1428 cm-1
 

due to phenolic C–O stretching and  at 1427 cm-1 due to enolic C–O stretching. The presence of 

these major peaks in curcumin samples crystallized either in the absence or presence of PVP ruled 

out any changes in chemical structure of curcumin. In addition, a sharp peak is observed at 3505 

cm-1 in untreated curcumin spectrum (Figure 4b) which is attributed to OH stretching [49]. In 

precipitated samples in the absence of PVP this peak is almost broadened and shifted to lower 

wavenumber at 3393 cm-1 (Figure 4c) suggesting a difference in the molecular environment of the 

hydroxyl groups relative to untreated curcumin. This peak has been widely broadened in curcumin 

samples crystallized in the presence of PVP (Figure 4d) indicating an interaction such as the 

intermolecular hydrogen bonding between curcumin and PVP. This interaction probably account 

for changes in curcumin crystalline structure to amorphous form. Similar results have been 

reported by Li et al [50]. 

The results of dissolution studies are shown in Figure 5. This figure shows that the untreated 

curcumin dissolves very slowly so that only 25% of curcumin was dissolved after 60 min. The 

addition of PVP in physical mixtures did not affect the dissolution rate of curcumin considerably 

(f1=18, f2=67). However crystallized curcumin in the absence or presence of PVP showed higher 

dissolution rate than untreated curcumin (f1=73, f2=14). As the solubility of these samples were 

not considerably different from the untreated curcumin (Table 1), the most probable reason for the 

increase in dissolution rate could be the formation of partially amorphous structure. 

Figure 5 also shows that the precipitation of curcumin in the presence of PVP for the ratio of 

drug:PVP 1:1 produced the highest dissolution. The percentages of curcumin dissolved within 10 

minutes of the dissolution test for untreated curcumin, for crystallized samples at 1:1 

curcumin:PVP ratio and for samples crystallized in absence of PVP were 13, 90 and 70% 

respectively. Similar results were obtained for the effect of PVP on dissolution of curcumin and 

acetaminophen [5, 51]. However the increase in PVP concentration beyond the 1:1 ratio (e.g. 1:2 

ratio of drug:PVP) decreased the dissolution rate of curcumin. The lack of difference between 

dissolution rate of samples prepared from physical mixtures of curcumin and PVP with untreated 

curcumin suggests that the presence of PVP by itself did not have any profound effect on 
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dissolution rate of curcumin, therefore the effect of increase in wettability of the particles in 

presence of PVP on their dissolution rate could be ruled out. As shown in Table 1 the solubility of 

the sample precipitated at 1:2 curcumin: PVP ratio was highest whilst the dissolution rate of this 

sample was the lowest compared to the other samples precipitated in the presence of PVP. 

Therefore considering the results of dissolution studies of the samples precipitated in the presence 

of different amounts of PVP again one would say that the most probable reason for the increased 

in the dissolution rate of precipitated samples in the presence of PVP is the formation of amorphous 

particles. Decrease in dissolution rate with increasing PVP concentration in samples precipitated 

in the presence of PVP (curcumin: PVP 1:2) could be related to increases in the viscosity of 

particle microenvironment. 

 

4. Conclusions 

The antisolvent precipitation procedure using acetone as solvent, water as antisolvent and low 

amounts of PVP as stabilizer is a very promising and effective method to increase the dissolution 

rate of curcumin. The method is simple and practical and uses safe materials. The curcumin 

particles obtained in this method were completely amorphous and remarkably showed higher 

dissolution rate compared to untreated curcumin. 

 

Acknowledgments 

This work is a part of a Pharm. D student thesis that was supported by a grant from Vice Chancellor 

for Research and Technology (Grant No. 900982), Mashhad University of Medical Sciences. 

 

References 

[1] S. Jain, N. Patel, S. Lin., Drug Dev Ind Pharm. 41(2015) 875-887. 

[2] X. Hu, X. Chen, L. Zhang, X. Lin, Y. Zhang, X. Tang, Y. Wang. In t. J. Pharm. 472 (2014) 

130-139. 

[3] B. Van Eerdenbrugh, G. Van den Mooter, P. Augustijns. Int. J. Pharm. 364 (2008) 64-75. 

[4] X.S. Li, J.X. Wang, Z.G. Shen, P.Y. Zhang, J.F. Chen, J. Yun. Int. J. Pharm. 342 (2007) 26-

32. 

[5] Y. He, Y. Huang, Y. Cheng. Crystal Growth Des. 10 (2010) 1021-1024. 

[6] K. Krause, O. Kayser, K. Mäder, R. Gust, R. Müller. Int. J. Pharm. 196 (2000) 169-172. 



12 
 

[7] H.S.H. Ali, P. York, A. Ali, N. Blagden. J. Controlled Release 149 (2011) 175-181. 

[8] H. Zhao, J.X. Wang, Q.A. Wang, J.F. Chen, J. Yun. Ind. Eng. Chem. Res. 46 (2007) 8229-

8235. 

[9] P. Chattopadhyay, R.B. Gupta. Int. J. Pharm. 228 (2001) 19–31. 

[10] Y. Dong W.K. Ng, S. Shen, S. Kim, R.B.H. Tan. Int. J. Pharm. 375 (2009) 84-88. 

[11] Y. Dong, W.K.  Ng, S. Shen, S. Kim, R.B.H. Tan. Int. J. Pharm. 410 (2011) 175-179. 

[12] M.E. Matteucci, M.A.  Hotze, K.P.  Johnston, R.O. Williams. Langmuir 22 (2006) 8951-8959. 

[13] A. Homayouni, F. Sadeghi, J. Varshosaz, H.  Afrasiabi Garekani, A. Nokhodchi. Colloids and 

surfaces B: Biointerfaces 122 (2014) 591-600. 

[14.] A.A. Thorat, S.V. Dalvi. Chem. Eng. J.  181 (2012) 1-34. 

[15] B. Sinha, R.H. Muller, J.P. Moschwitzer. Int. J. Pharm. 453 (2013) 126-141. 

[16]  S. Sarlak, S. Oryan, M. Moghaddasi. Iran. J. Basic Med. Sci. 18 (2015) 398-403. 

[17] M. Hasan, N. Belhaj, H. Benachour, M. Barberi-Heyob, C.J.K. Kahn, E. Jabbari, M. Linder, 

E. Arab-Tehrany. Int. J. Pharm. 461 (2014) 519-528. 

[18] D. Ranjan, C. Chen, T.D. Johnston, H. Jeon, M. Nagabhushan. J. Surg. Res. 121 (2004) 171-

177. 

[19] S.S. Han, S.T. Chung, D.A. Robertson, D. Ranjan, S. Bondada. Clin. Immunol. 93 (1999) 

152-161. 

[20] A. Beloqui, R. Coco, P.B. Memvanga, B. Ucakar, A. des Rieux, V. Préat. Int. J. Pharm. 473 

(2014) 203-212. 

[21]  J. Duan, Y. Zhang, S. Han, Y. Chen, B. Li, M. Liao, W. Chen, X. Deng, J. Zhao, B. Huang. 

Int. J. Pharm. 400 (2010) 211-220. 

[22] R.S. Mulik, J. Mönkkönen, R.O. Juvonen, K.R. Mahadik, A.R. Paradkar. Int. J. Pharm. 437 

(2012) 29-41. 

[23] M.M. Fares, M.S. Salem. Drug Dev. Ind. Pharm. 41 (2015) 1785-1792 

[24] V. Kakkar, A.K. Mishra, K. Chuttani, I.P.  Kaur. Int. J. Pharm. 448 (2013) 354-359. 

[25] Y.B. Pawar, H. Purohit, G.R. Valicherla, B. Munjal, S.V. Lale, S.B. Patel. Int. J. Pharm. 436 

(2012) 617-623. 

[26] K. Sou, S. Inenaga, S. Takeoka, E. Tsuchida. Int. J. Pharm. 352 (2008) 287-293. 

[27] A.H. Abouzeid, N.R. Patel, V.P.  Torchilin. Int. J. Pharm. 464 (2014) 178-184. 



13 
 

[28] L. Liu, L. Sun, Q. Wu, W. Guo, L. Li, Y. Chen, Y. Li, C. Gong, Z. Qian, Y. Wei. Int. J. Pharm. 

443 (2013) 175-182. 

[29] Z. Song, W. Zhu, N. Liu, F. Yang, R. Feng. Int. J. Pharm. 471 (2014) 312-321. 

[30] A.A. Thorat, S.V. Dalvi. Cryst. Eng. Comm. 16 (2014) 11102-11114 . 

[31] A.A. Thorat, S.V.  Dalvi. Cryst. Growth Des. 15 (2015) 1757-1770. 

[32] M. Kakran, N.G. Sahoo, I.L. Tan, L. Li. J. Nanopart. Res. 14 (2012) 1-11. 

[33] D. Yadav, N. Kumar. Int. J. Pharm. 477 (2014) 564-577. 

[34] F.P. Maximiano, L.M.de Paula, V.P. Figueiredo, I.M. de Andrade, S.A. Talvani, L.C. Barre 

M.T. Bahia, M.S.S. Cunha-Filho. Eur. J. Pharm. Biopharm. 78 (2011) 377-384. 

[35] S. Verma, S.  Kumar, R. Gokhale, D.J. Burgess. Int. J. Pharm. 406 (2011) 145-152. 

[36] D.E. Alonzo, G.Z. Zhang, D. Zhou, Y. Gao, L.S. Taylor. Pharm. Res. 27 (2010) 608-618. 

[37] W. Yang, J. Tam, D.A. Miller, J. Zhou, J.T. McConville, K.P. Johnston, R.O. Williams III. 

Int. J. Pharm. 361 (2008) 177-188. 

[38] J. Bevernage, J. Brouwers, M.E. Brewster, P. Augustijns. Int. J. Pharm. 453 (2013) 25-35. 

[39] R.F. Aroca, R.A. Alvarez-Puebla, N. Pieczonka, S. Sanchez-Cortez, J.V. Garcia-Ramos. Adv. 

Colloid Interface Sci. 116 (2005) 45-61. 

[40] S.V. Dalvi, R.N. Dave. Int. J. Pharm. 387 (2010) 172-179. 

[41] D. Murnane, C. Marriott, G.P. Martin. Eur. J. Pharm. Biopharm. 69 (2008) 94-105. 

[42] H. Auweter, V. Andre, D. Horn, E. Addecke. J. Dispers. Sci. Technol. 19 (1998) 163-184. 

[43] A. Homayouni, F. Sadeghi, J. Varshosaz, H. Afrasiabi Garekani, A. Nokhodchi. Eur. J. 

Pharm. Biopharm. 88 (2014) 261-274. 

[44] M.L. Branham, T. Moyo, T. Govender. Eur. J. Pharm. Biopharm. 80 (2012) 194-202. 

[45] N. Blagden,  M. De Matas, P.T. Gavan, P. York. Adv. Drug Deliv. Rev. 59 (2007) 617-630. 

[46] A. Bozkir, O.M. Saka. Il Farmaco 60 (2005) 840-846. 

[47] N. Kaewnopparat, S. Kaewnopparat, A. Jangwang, D. Maneenaun, T. Chuchome, P. 

Panichayupakaranant. World Aca. Sci. Eng. Tech. 55 (2009) 229-234. 

[48] A. Paradkar, A.A. Ambike, B.K. Jadhav, K.R. Mahadik, Int. J. Pharm. 271 (2004) 281-286. 

[49] V. Joshi, M Gulzar-Ahmed, S. Suresh, R. Kowti. Indian J. Novel Drug del. 2 (2010) 88-95. 

[50] B. Li, S. Konecke, L.A. Wegiel, L.S. Taylor, K. J. Edgar. Carbohydrate Polymers, 98 (2013) 

1108-1116. 

http://pubs.acs.org/action/doSearch?ContribStored=Thorat%2C+A+A
http://pubs.acs.org/action/doSearch?ContribStored=Dalvi%2C+S+V


14 
 

[51] H. Afrasiabi Garekani, J.L. Ford, M.H. Rubinstein, A.R. Siahboomi.  Int. J. Pharm., 208 

(2000) 87-99. 

 

 

Figure 1. Scanning electron micrographs of untreated curcumin (a), precipitated curcumin samples 

in absence of PVP (b), in presence of PVP at 2:1 (c), at 1:1 (d), and at 1:2 (e).  
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Figure 2. DSC traces of untreated curcumin (a), physical mixtures of curcumin and PVP at ratios 

of 1:1 (b) and 1:2 (c), curcumin crystallized in absence of PVP (d), curcumin crystallized in the 

presence of PVP at curcumin: PVP ratios of 1:2 (e), 1:1 (f), and  PVP (g).  
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Figure 3. XRPD graphs of untreated curcumin (a), curcumin crystallized in absence of PVP (b), 

and curcumin crystallized in the presence of PVP at1:1 curcumin:PVP (c). 
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Figure 4. FTIR spectra of PVP (a), untreated curcumin (b), curcumin crystallized in absence of 

PVP (c), and curcumin crystallized in the presence of PVP at 1:1 curcumin:PVP(d). 
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Figure 5. Dissolution profiles of untreated curcumin, physical mixtures of curcumin and PVP, and 

curcumin samples crystallized in the presence of different amount of PVP (data are the means 

and standard deviations of three determinations; n=3). 

 

 

Table 1. Solubility of untreated curcumin and different physical mixture and precipitated samples 

(data are the means and standard deviation of three determinations; n=3) 

 

 

Sample Solubility (µg/mL) 
Untreated curcumin 2.4 ± 0.2 

Physical mixture at 1:1 Curcumin:PVP 2.9 ± 0.4 

Physical mixture at 1:2 Curcumin:PVP 3.1 ± 0.3 

Precipitated sample at 1:0 curcumin:PVP 3.6 ± 0.2 

Precipitated sample at 2:1 Curcumin:PVP 3.7 ± 0.2 

Precipitated sample at 1:1 Curcumin:PVP 4.6 ± 0.3 

Precipitated sample at 1:2 Curcumin:PVP 4.8 ± 0.2 


