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ABSTRACT

Objectives: Rosuvastatin calcium (RSC) is a synthetic biopharmaceutical classification system class-II drug with a low solubility but high 
permeability. The drug is used in hyperlipidemia management. In this study, the physicochemical properties of RSC were modified via crystal 
engineering to produce a cocrystal form. The solvent evaporation method was used to fabricate RSC cocrystals with the generally recognized as 
safe status coformer, L-asparagine.
Materials and Methods: The obtained cocrystals were evaluated using powder X-ray diffraction (PXRD), scanning electron microscopy, fourier-
transform infrared spectroscopy, differential scanning calorimetry (DSC), and fourier-transform nuclear magnetic resonance (FT-NMR). 
Results: The PXRD analysis revealed the presence of unique crystalline peaks, which provide details of interactions between the active 
pharmaceutical ingredient and coformer. The changes in the thermal behavior of the cocrystals were confirmed by DSC studies. The formation of a 
hydrogen bond between the drug and conformer was confirmed by a change in the chemical shift values of the FT-NMR spectra at the O-H group. 
Comparative studies of the solubility and dissolution rate revealed that the solubility and dissolution rate of the obtained cocrystals were almost two 
times higher than those of the parent drug.
Conclusion: A new cocrystal form of RSC was obtained with a higher solubility and dissolution rate than those of the parent drug, implying new 
applications for these cocrystals.
Key words: Cocrystals, rosuvastatin calcium, solubility, dissolution, solvent evaporation cocrystallization

ÖZ

Amaç: Rosuvastatin kalsiyum (RSC), çözünürlüğü düşük ancak geçirgenliği yüksek, sentetik bir biyofarmasötik sınıflandırma sistemi sınıf-II ilacıdır. 
İlaç hiperlipidemi tedavisinde kullanılır. Bu çalışmada, RSC’nin fizikokimyasal özellikleri, bir kristal formu üretmek için kristal mühendisliği yoluyla 
modifiye edilmiştir. Genel olarak güvenli durum koformeri olarak kabul edilen L-asparagin ile RSC kristallerini imal etmek için çözücü buharlaştırma 
yöntemi kullanılmıştır.
Gereç ve Yöntemler: Elde edilen kokristaller, toz X-ışını kırınımı (PXRD), taramalı elektron mikroskobu, fourier-dönüşümlü kızılötesi spektroskopisi, 
diferansiyel taramalı kalorimetri (DSC) ve fourier-dönüşümlü nükleer manyetik rezonans (FT-NMR) kullanılarak değerlendirilmiştir. 
Bulgular: PXRD analizi, aktif farmasötik bileşen ve konformer arasındaki etkileşimlerin ayrıntılarını sağlayan benzersiz kristalli tepe noktalarının 
varlığını ortaya çıkarmıştır. Ko-kristallerin termal davranışındaki değişiklikler DSC çalışmaları ile doğrulanmıştır. İlaç ve konformer arasında bir 
hidrojen bağı oluşumu, O-H grubunda FT-NMR spektrumlarının kimyasal kayma değerlerindeki bir değişiklikle doğrulanmıştır. Çözünürlük ve 
çözünme hızının karşılaştırmalı çalışmaları, elde edilen kristallerin çözünürlüğünün ve çözünme hızının, ana ilacınkinden neredeyse iki kat daha 
yüksek olduğunu ortaya koymuştur.
Sonuç: Ana ilacınkinden daha yüksek çözünürlük ve çözünme hızı ile RSC’nin yeni bir kristal formu elde edilmiştir ki bu da bu kokristaller için yeni 
uygulamalar anlamına gelmektedir.
Anahtar kelimeler: Kokristaller, rosuvastatin kalsiyum, çözünürlük, çözünme, çözücü buharlaşma ile kristalleşme
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INTRODUCTION
Solid dispersions and cocrystals have emerged in the evolution 
of supramolecular systems, such as hybrid liquisolid systems, 
i modern investigations.1,2 Crystal engineering is the process of 
creating supramolecules with specific structures and distinct 
physicochemical properties. Cocrystals are a general term for 
all products that have non-covalent or ionic intermolecular 
interactions between two or more dissimilar molecules with 
certain stoichiometric ratios in the crystal lattice and are 
prepared or developed using a crystal engineering approach;3,4 
one of the moieties selected must be an active moiety. Generally, 
the conformer, which often has no pharmacological efficacy, 
is chosen from the generally recognized as safe (GRAS) or 
everything added to food in the United States list.5,6 Therefore, 
a practical approach is used for organizing the physicochemical 
properties that have no medical efficacy and diversity.7,8 Over 
the past few decades, many studies have demonstrated a 
significant increase in the use of the cocrystallization approach 
and its feasibility in a formulation as an optimized approach for 
modulating physicochemical and biopharmaceutical properties 
of active moieties.9,10

Rosuvastatin calcium (RSC) is a synthetic biopharmaceutical 
classification system class-II drug that is used to treat 
hyperlipidemia by increasing high-density lipoprotein 
cholesterol and decreasing triglycerides, low-density 
lipoprotein cholesterol, and apolipoprotein. It can be used 
to decrease the progression of atherosclerosis and prevent 
coronary heart diseases.11 Rosuvastatin, also known as “super 
statin”, has demonstrated acceptable results in terms of potency 
and safety.12,13 RSC exhibits low solubility in gastrointestinal 
fluids because it has low water solubility (0.33 mg/mL) due 
to its crystalline nature.14,15 RSC has a 20% oral bioavailability 
due to pervasive first-pass hepatic biotransformation,16 and 
high doses have been associated with increased hematuria, 
proteinuria, serum creatinine, and rhabdomyolysis.17

Cocrystallization of RSC may be a possible formulation path 

for increasing the bioavailability of molecules without changing 
the chemical integrity and upholding the physical stability. RSC 
cocrystals with coformers, such as sorbitol18 and vanillin,19 
have been generated with improved bioavailability, resulting 
in their ability to modify physicochemical properties.20 Ferrari 
et al.21 reported methods for preparing RSC using three 
RSC cocrystals, such as rosuvastatin 2-aminopyrimidine 
hemihydrate, rosuvastatin pyrazine hydrate, and rosuvastatin 
quinoxaline.

In most cases, the choice of coformer should be based on the 
Cambridge structural database (CSD), functional/structural 
possessions, and risk-free GRAS status.22,23 The chosen 
conformer must contain a group that can develop molecular 
synthons with active moieties. As an applicable companion, 
choosing amino acids that fall under the GRAS group is a 
beneficial option because they are inexpensive and have low 
toxicity. Researchers have previously reported that amino acids 
form salt when they react with several classes of therapeutic 
agents.24,25

This study aimed to use the solvent evaporation method to 
develop RSC cocrystals with the L-asparagine (ASN) conformer 
from the GRAS group in order to modify the physicochemical 
properties of the molecule. Figure 1 depicts the molecular 
structures of RSC and ASN. The obtained cocrystals were 
characterized by infrared (IR) spectroscopy, differential 
scanning calorimetry (DSC), powder X-ray diffraction (PXRD), 
and scanning electron microscopy (SEM). In vitro studies, such 
as apparent solubility studies, dissolution studies, and stability 
studies, were conducted on RSC and its cocrystals, and the 
results were compared.

MATERIALS AND METHODS
Materials
RSC was obtained from Apex laboratory Pvt ltd., Chennai. ASN 
and methanol (chromatographic grade) were purchasedfrom 

Figure 1. Molecular structures of the pure RSC and ASN
RSC: Rosuvastatin calcium, ASN: L-asparagine



792     VEMURI and LANKALAPALLI. Rosuvastatin Calcium and L-asparagine Cocrystals

Lotus chemicals. The chemicals used in the study were of 
analytical reagent grade.

Coformer selection
Amino acids may be the initial attraction in the formation of 
cocrystals. Their zwitterionic potential allows them to form 
zwitterionic cocrystals.26,27 Based on the CSD,28 structural 
research, and Scifinder literature scanning program, Tilborg et 
al.27 provided a list of amino acids that indicate the formation 
of cocrystals in his mini-review, which may be useful to many 
researchers in choosing a suitable amino acid as a coformer. 
According to his findings, ASN does not carry any controversial 
side chains, allowing it to exist in a zwitterionic state and 
produce cocrystals.29. The stoichiometric ratio of the drug and 
coformer was selected for this study because of its safety and 
effectiveness in the preparation of the cocrystals.

Rosuvastatin-ASN cocrystal synthesis
The stoichiometric ratio of RSC (150 mg) and ASN (42 mg) was 
solubilized in 5 mL of methanol and 1.5 mL of water separately 
to form a clear solution using a sonicator. Both solutions 
were mixed in a magnetic stirrer at 900 rpm. The stirring 
process continued until the solvent evaporated completely 
at room temperature. To ensure the removal of the unbound 
drug and conformer, the obtained cocrystals were washed 3-5 
times with methanol/water (5:1) and filtered using 0.45 µm 
membrane filters. The resulting product was dried overnight 
in a desiccator. The solvent evaporation method was used to 
produce large-scale samples for evaluation.

Aqueous solubility studies
Solubility analysis was conducted in distilled water and pH 1.2 
buffer, pH 4.5 buffer, and pH 6.8 phosphate buffer solutions. 
Excess amounts of RSC (approx. 50 mg) and RSC-ASN (RSC-C) 
cocrystals (Eq. wt. of 50 mg of pure RSC) were placed in screw-
capped vials containing 10 mL of distilled water and pH 6.8 
phosphate buffer, with continuous stirring for 48 h in a water 
bath shaker. This was maintained at 37°C and 200 rpm and 
filtered using a 0.45 µm membrane filter. A quantitative analysis 
of RSC in the filtrate was performed spectrophotometrically 
using an ultraviolet (UV) spectrophotometer (V-630, Jasco, 
Japan) at 244 nm. Equilibrium analysis was conducted three 
times, and the residual solvents were centrifuged and analyzed 
by Fourier-transform IR (FTIR) spectroscopy.

In vitro dissolution studies
In vitro dissolution of RSC and the obtained cocrystals was 
determined using a 900 mL buffer solution (i.e., pH 6.8 
phosphate buffer) at 37°C and 50 rpm as per U.S. Pharmacopeia 
(USP). This was performed using a USP Apparatus-I dissolution 
vessel (TDL-08L, Electrolab, India). The highest doses of RSC 
(40 mg) and cocrystals (Eq. wt. of RSC 40 mg) were weighed, 
and the intact powder was placed in a dissolution vessel. At 
time intervals of 0, 10, 20, 30, 40, 50, and 60 min, 5 mL of 
the samples were collected and replenished with a new 
buffer. The drug content in the filtered sample was measured 
spectrophotometrically using a UV spectrophotometer (V-630, 
Jasco, Japan).

PXRD analysis
A PXRD diffractometer (Philips Xpert MPD, Philips, Holland) 
was used to obtain diffractogram patterns of RSC, ASN, and the 
obtained product. The instrument was equipped with a Cu target 
X-ray tube source and a Xe-filled counteract or a proportional 
detector. The diffraction data were collected by maintaining 
tube voltage and current at 30 kV and 15 mA, respectively, for 
2θ scan axes using a scan range of 5°-65°, a step width of 0.02°, 
and a scan speed of 10.00°/min. The JCPDF database software 
was used to determine the peak intensity of each sample.

FTIR spectroscopy
FTIR spectra of all the samples were obtained using the FTIR 
Azilent carry 360 series, which consists of a DLATGS detector 
with a 2 cm-1 spectra resolution. A powdered sample of 2-4 mg 
was kept in a sample holder and scanned over a range of 4000-
400 cm-1, and the obtained data were analyzed using the OPUS 
spectral software.

SEM analysis
Surface images of the pure RSC drug, ASN coformer, and 
obtained cocrystals were acquired at various magnifications 
using a SEM (XL30ESEM) with EDAX equipped with a secondary 
and backscattered electron detector. Samples were attached to 
carbon tabs, placed on aluminum pin stubs, and sputter-coated 
with gold/palladium under vacuum in preparation for SEM 
analysis.

DSC analysis
All the samples were measured using a Mettler Toledo DSC 
821e instrument under nitrogen purge (30 mL/min). Powder 
samples (2-5 mg) were loaded into aluminum pans and sealed. 
The samples were scanned at temperatures of 30°C to 350°C 
at a heating rate of 10°C/min. The data was collected using the 
TAQ series advantage software.

1H liquid fourier-transform nuclear magnetic resonance (FT-
NMR) spectroscopy
The pure RSC drug and RSC-C cocrystals were dissolved in 
deuterated dimethyl sulfoxide, while the ASN conformer was 
dissolved in deuterated water for FT-NMR analysis. Chemical 
shifts were observed in the 1H FT-NMR spectra of the RSC, 
ASN, and RSC-C cocrystals, which were recorded on a 400 
MHz FT-NMR spectrometer (model: JNM- ECz 400S).

Product yield and drug content estimation:
The prepared cocrystals were collected and weighed accurately, 
and the product yield was calculated by dividing the actual 
weight of the obtained cocrystals by the total weight of the drug 
and coformer.

	

Percentage yield= 
Weight of the cocrystals

Total weight of the drug and coformer
×100    (1)

The prepared cocrystals were accurately weighed to be 
equivalent to 100 mg of the pure drug and dissolved in 100 
mL of a pH 6.8 phosphate buffer solution. The solution was 
filtered, and the drug content was determined using a UV-
visible spectrophotometer at 244 nm.
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Micromeritic evaluation of the cocrystals
The micromeritic properties of the RSC-C cocrystals were 
compared to those of the pure RSC drug. The bulk density, 
tapped density, Hausner ratio, Carr’s index, and repose angle 
of RSC and RSC-C were all measured. The bulk density was 
determined using USP method I, whereas the tapped density 
was determined using USP method II with a tapped density 
tester (Aymes, Turkey). The following equations were used to 
calculate the Hausner ratio, Carr’s index, and repose angle.

Hausner ratio = tapped density/bulk density		            (2)

Carr’s index%= (tapped density – bulk density) ×  
                          100/tapped density	                                      (3)

Tan θ = 2h/D					               (4)

Statistical analysis
The results of the percentage yield, micromeritic evaluations, 
solubility, and dissolution studies were expressed as mean (M) 
± standard deviation.

RESULTS
Aqueous solubility analysis
Solubility analysis was conducted in distilled water and pH 1.2 
buffer, pH 4.5 buffer, and pH 6.8 phosphate buffer solutions. 
The pure RSC concentrations in water, pH 1.2 buffer, pH 4.5 
buffer, and pH 6.8 phosphate buffer were 0.836 mg/mL, 0.624 
mg/mL, 1.143 mg/mL, and 1.427 mg/mL, respectively, after 48 
h of continuous stirring. The solubility of the physical RSC-C 
mixture did not differ significantly from that of the pure active 
pharmaceutical ingredient (API). When compared to pure RSC, 
the RSC-C cocrystals exhibited a 2.17-fold, 2.21-fold, 2.29-fold, 
and 2.42-fold increase in the solubility in water, pH 1.2 buffer, 
pH 4.5 buffer, and pH 6.8 phosphate buffer, respectively (Table 
1). The crystal arrangement and cocrystallization process could 
be the reasons for these outcomes.30 Since RSC is poorly 
soluble in water,14,15 the cocrystal solubility greatly relies on the 
solubility of its composition.31 When compared to that of pure 
RSC, the improved solubility could also be due to its relatively 
small particle size. This establishes the possibility of RSC-C 
cocrystals to be used in new product formulations.

PXRD analysis
The diffractogram pattern of the RSC-C cocrystals exhibited 
unique crystalline peaks when compared to those of RSC and 

the coformer. Figure 2 shows the PXRD pattern of the pure 
drug, coformer, and obtained cocrystals.

The pure RSC showed a single 2θ scattering angle at 43.25°, 
indicating the amorphous nature of the drug.32 The RSC-C 
cocrystals showed new characteristic peaks at 9.14°, 10.28°, 
20.85°, 24.61°, 32.93°, and 40.06°, which were absent in the 
pure RSC and ASN diffractogram patterns. However, in the 
cocrystals, the ASN peaks of 11.85°, 17.70°, 18.23°, 19.91°, 27.84°, 
and 43.15° shifted to 11.71°, 17.53°, 18.05°, 19.73°, 27.72°, and 
42.46°, respectively. When comparing the diffractogram pattern 
of the cocrystals to that of the pure drug and conformer, the 
appearance/disappearance and shifting of the peaks in the 
cocrystal diffractogram pattern indicate the evaluation of a new 
crystalline phase.

FTIR studies
FTIR spectroscopy was used to demonstrate the interaction 
between RSC and ASN. The FTIR spectra of RSC showed 
characteristic peaks corresponding to carboxylic O-H stretch 
at 3382 cm-1, N-H stretch at 2968 cm-1, C=C stretch at 1541 cm-1, 
asymmetric vibration of CH3 at 1436 cm-1, C-F stretch at 1149  
cm-1, symmetric vibration of CH3 at 1379 cm-1, and C-H plane 
bending of the aromatic ring at 775 cm-1.33 ASN had characteristic 
peaks corresponding to O-H stretch at 3436 cm-1, N-H stretch at 
2924 cm-1, and C=O stretch at 1716-1750 cm-1.34

Figure 3 shows the IR spectra of RSC, ASN, and the RSC-C 
cocrystals. When compared to those of the pure RSC, the N-H 
group of the cocrystals shifts to 2931 cm-1, while the O-H group 

Table 1. Aqueous solubility of rosuvastatin calcium

Chemical moiety
Solubility in 
water (mg/mL)

Solubility in pH 1.2 buffer 
(mg/mL)

Solubility in pH 4.5 
buffer (mg/mL)

Solubility in pH 6.8 
phosphate buffer (mg/mL)

Rosuvastatin calcium 0.836±0.036 0.624±0.052 1.143±0.058 1.427±0.034

Rosuvastatin + L-asparagine physical 
mixture

0.948±0.052 0.745±0.078 1.236±0.034 1.247±0.042

Rosuvastatin-asparagine cocrystals 1.817±0.066 1.379±0.065 2.612±0.087 3.466±0.057

Results are given as mean ± standard deviation, n=3

Figure 2. PXRD patterns of the pure RSC, ASN, and RSC-C cocrystals
PXRD: Powder X-ray diffraction, RSC: Rosuvastatin calcium, ASN: L-asparagine
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shifts to 3421 cm-1, indicating new hydrogen bond formation in 
the cocrystals. Few additional peaks in the range of 1638-1750 
cm-1 were observed in addition to the characteristic peaks of 
RSC because of the carboxylic acid moiety, which expresses the 
presence of C=O stretching in the cocrystals. When compared to 
the pure RSC, the cocrystals exhibited a change in the chemical 
environment, which was consistent with the PXRD and DSC 
results and confirmed the interaction between RSC and ASN.

SEM analysis
Figure 4 shows the SEM micrographs of RSC, ASN, and the 
RSC-C cocrystals obtained by solvent evaporation. RSC had 
irregular granular-shaped particles, with not much difference 
in the morphology of the pure RSC and physical RSC-C 
mixture. ASN exhibited a stick-shaped crystalline morphology. 
The cocrystals obtained via solvent evaporation underwent 
a phenomenal transformation into an irregular closely fitted 
crystalline structure. The formation of intermolecular hydrogen 
bonds between RSC and ASN could be the cause of the change.

DSC analysis
DSC data of the RSC-C cocrystals were obtained and compared 
with those of the pure drug and coformer, and the results are 

shown in Figure 5. The DSC thermogram of the pure RSC 
drug showed broad endothermic peaks at 80.7°C and 217.9°C, 
indicating that the drug substance had an amorphous form.35 
The thermal curve of ASN exhibited a sharp endothermic peak at 

Figure 3. FTIR spectra of the pure RSC, ASN, RSC-C physical mixture, and 
RSC-C cocrystals
FTIR: Fourier transform infrared spectroscopy, RSC: Rosuvastatin calcium, ASN: 
L-asparagine

Figure 4. SEM micrographs of (A) pure RSC, (B) ASN, (C) RSC-C physical mixture, and (D) RSC-C cocrystals
SEM: Scanning electron microscopy, RSC: Rosuvastatin calcium, ASN: L-asparagine
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116.1°C and 237.1°C with high enthalpy. The physical mixture (1:1 
ratio) of RSC and ASN exhibited endothermic peaks at 101.8°C 
and 237.1°C, with slight shifting and broadening of peaks. This 
may be due to the loss of purity of each compound when mixed 
together rather than a fundamental indication of incompatibility. 
The RSC-C cocrystal obtained by solvent evaporation had a 
unique characteristic sharp endothermic peak at 127°C with a 
high intensity that was different from those of the pure RSC 
and ASN coformer. According to many researchers, most 
cocrystals melt at a temperature that is different from that of 
their APIs and coformers. According to the Perlovich36 study, 
the melting points of the obtained cocrystals are often in the 
middle of (55.3%), less than (38.9%), or higher than (14.5%) 
that of the starting materials. The RSC-C cocrystals exhibited 
middle endotherm when compared to the starting materials 
on the DSC profile, which is a very common phenomenon in 
1:1 stoichiometric cocrystals. The changes in the crystalline 
structure and cocrystal formation are indicated by a change 
in the melting point. The PXRD and FTIR analyses confirmed 
these changes.

Figure 5. DSC thermograms of pure RSC, ASN, RSC-C physical mixture, and RSC-C cocrystals
DSC: Differential scanning calorimetry, RSC: Rosuvastatin calcium, ASN: L-asparagine

Figure 6. FT-NMR spectra of the pure RSC, ASN conformer, and RSC-C 
cocrystals
FT-NMR: Fourier-transform nuclear magnetic resonance, RSC: Rosuvastatin calcium, 
ASN: L-asparagine
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1H liquid FT-NMR spectroscopy
Figure 6 shows the 1H FT-NMR spectra of RSC, ASN, and 
the RSC-C cocrystals. When the NMR spectra of the RSC-C 
cocrystals were compared with the pure drug (RSC) spectra, 
changes in the chemical shift values were observed at 3H from 
3.395 to 3.428 and 6H from 3.500 to 3.533, respectively. The 
chemical shift value confirmed cocrystal formation between the 
drug and conformer, which was probably due to interactions 
between the free hydroxyl group of RSC and the amine moiety 
of ASN. Furthermore, the FT-NMR analysis results were in total 
agreement with the PXRD, DSC, and FTIR analysis results.

In vitro dissolution analysis
The cumulative dissolution rate was determined for the pure 
RSC and RSC-C cocrystals obtained by solvent evaporation. 
The dissolution rate was measured in pH 6.8 buffer, and 
the results are presented in Figure 7. RSN showed a 0.86% 
dissolution rate immediately after the addition of a solvent, 
whereas RSC-C cocrystal presented 3.8%. After 10 min, the 
cocrystals had a dissolution rate of 23.23%, while the pure drug 
had a 9.42% dissolution rate. The dissolution rate of the Pure 
RSC increased slowly and reached 42.64% within 2 h, whereas 
that of the cocrystals increased quickly, reaching 91.02% 
within 2 h. The increase in the dissolution rate of the RSC-C 
cocrystals is because of the change in the crystal morphology 
and the tiny particle size, as shown in the SEM analysis.37 A 
change in the melting point of the DSC profile indicates more 
dissolution.38,39 The FTIR, PXRD, SEM, DSC, solubility, and 
dissolution analyses revealed altered dissimilarities between 
the cocrystal properties and the pure API properties, which are 
due to the change in the crystalline structure.

Percentage yield and drug content estimation
The percentage yield and drug content estimation of the obtained 
cocrystals were conducted in triplicate. The percentage yield of 
the cocrystals was found to be 95.75%±0.25%, while that of the 
drug content was estimated to be 98.4%±0.43%. The results 
indicated that the obtained cocrystals had a good product yield 
with an acceptable drug content.

Micromeritic evaluation of the cocrystals
Table 2 shows the micromeritic properties of RSC and RSC-C. 
The repose angle of the RSC-C cocrystal was 29°.81’±0.45, 
whereas that of the pure RSC was 32°.31’±0.52. In comparison 
to the pure RSC, this shows that the cocrystals have good flow 
properties. The compressibility of the RSC-C cocrystals was 
found to be 6.32%±0.68%, whereas that of the pure RSC was 
11.24%±0.46%. The result demonstrated in comparison to the 
pure RSC, the cocrystals have excellent compressibility. The 
Hausner ratios of RSC-C and RSC were found to be 1.06%±0.02% 
and 1.18%±0.21%, respectively, indicating that RSC-C had better 
flow properties and compression strength than RSC.

DISCUSSION
The functional groups present in the drug and coformer 
molecules were the primary determinants of cocrystal 
formation in the synthon method.40 The RSC consists of two 
oxydrillic groups that are bound to asymmetric carbon atoms. 
Therefore, ASN, which contains an amide group, was chosen 
as a coformer. The structural characterization confirmed the 
expected structural modification. The SEM analysis results 
revealed that the irregular granular nature of pure RSC changed 
to a closely fitted crystalline structure in the cocrystals. The 
average particle size of the RSC-C cocrystals was 4.3 µm, 
which is in between the average particle size of pure RSC and 
ASN. The alteration in the crystalline habit and the average 
particle size may have influenced the formation of a hydrogen 
bond between the drug and conformer. In the FTIR analysis, 
alterations in chemical structure included the broadening of the 
O-H stretching peak at 3382 cm-1 in the RSC-C cocrystals when 
compared to RSC, confirming the hydrogen bond interaction. The 
broad endothermic peak of RSC changed to a sharp endothermic 
peak in the RSC-C cocrystals with different melting points, 
indicating partial crystallization. According to Perlovich’s41 
investigation, 28.9% of the cocrystal formulation had a lower 
melting point than the parent molecules. The decrease in the 
melting point and enthalpy indicates the formation of a weak 
crystalline structure.42-44 According to the PXRD diffractogram, 
RSC had an amorphous form. This was confirmed by the broad 
peaks in the DSC profile.45 However, new characteristic peaks 

Table 2. Micromeritic evaluation of the cocrystals

Micromeritic evaluation Pure RSC RSC-C cocrystals

Angle of repose (Ø) 32.31±0.56 2.81±0.45

Carr’s index (%) 11.24±0.46 6.32±0.68

Hausner’s ratio 1.18±0.21 1.06±0.02

Results are given as mean ± standard deviation, n=3, RSC: Rosuvastatin calcium

Figure 7. Dissolution rate (%) of the pure RSC and RSC-C cocrystals

RSC: Rosuvastatin calcium
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other than RSC and ASN peaks were observed in the RSC-C 
cocrystals, indicating a change in the chemical environment and 
transition from a semi-crystalline form to a crystalline form. 
The 1H liquid FT-NMR spectra revealed an exact shift in two 
oxydrillic groups to an up-field nature, indicating the transfer 
of electrons from the hydroxyl group during hydrogen bond 
interaction. All these results confirm the formation of cocrystals 
between the drug and coformer because of interactions 
between the free hydroxyl group of the drug and the amine 
group of the coformer. Afterward, comparative studies on the 
solubility and dissolution rate were conducted, and the results 
showed that the cocrystals had almost 2-fold higher solubility 
and dissolution rates than the parent molecule. The cocrystals 
demonstrated better micromeritic properties (flow properties, 
compressibility, and compression strength) than RSC, providing 
them an advantage in pelleting and tableting properties.

CONCLUSION
RSC-C cocrystals were successfully prepared using the solvent 
evaporation cocrystallization technique. The solubility and 
dissolution rates of the obtained cocrystals were almost 2-fold 
higher than those of the parent molecule. This demonstrates 
the removal of impediments to RSC entering the bloodstream, 
such as low solubility and low dissolution rates. The formation 
of a new crystalline form was affirmed by FTIR, PXRD, and FT-
NMR analyses. These results were supported by a change in the 
melting point in the DSC thermogram compared to that of the 
pure RSC and ASN. The enhanced physicochemical properties 
of RSC contribute to the viability of novel formulations. 
According to the results, the micromeritic properties of the 
cocrystals provide the advantages of pelleting and tableting 
properties. The strategy for transforming a cocrystal idea into 
an application has been effectively explained in the literature, 
which is mainly helpful for the development of the process in 
future investigations.46-48 However, the in vivo performance 
of RSC cocrystals, such as AUC and Cmax, was not covered in 
this study, but it will be included in the next study. The results 
clearly indicate that this cocrystallization method improved the 
dissolution and solubility of RSC and caused a change in its 
chemical structure.

ACKNOWLEDGMENTS
The authors are thankful to Maharajah’s College of Pharmacy, 
Vizianagaram, Andhra Pradesh and GITAM Deemed to be 
University, Vsakhapatnam for providing the facilities to carry 
the research work.

Conflict of interest: No conflict of interest was declared by the 
authors. The authors are solely responsible for the content and 
writing of this paper.

REFERENCES
1.	 Brus J, Albrecht W, Lehmann F, Geier J, Czernek J, Urbanova M, Kobera 

L, Jegorov A. Exploring the molecular-level architecture of the active 

compounds in liquisolid drug delivery systems based on mesoporous 
silica particles: old tricks for new challenges. Mol Pharm. 2017;14:2070-
2078.

2.	 Peer D, Karp JM, Hong S, Farokhzad OC, Margalit R, Langer R. 
Nanocarriers as an emerging platform for cancer therapy. Nat 
Nanotechnol 2007;2:751-760.

3.	 Desiraju GR. Crystal engineering: from molecule to crystal. J Am Chem 
Soc. 2013;135:9952-9967.

4.	 Duggirala NK, Perry ML, Almarsson Ö, Zaworotko MJ. Pharmaceutical 
cocrystals: along the path to improved medicines. Chem Comm. 
2016;52:640-655.

5.	 Sun CC, Hou H. Improving mechanical properties of caffeine and methyl 
gallate crystals by cocrystallization. Cryst Growth Des. 2008;8:1575-
1579.

6.	 Tanabe Y, Maeno Y, Ohashi K, Hisada H, Roy A, Carriere J, Heyler R, 
Fukami T. Screening a trace amount of pharmaceutical cocrystals 
by using an enhanced nano-spot method. Eur J Pharm Biopharm. 
2019;136:131-137.

7.	 Shete A, Murthy S, Korpale S, Yadav A, Sajane S, Sakhare S, Doijad R. 
Cocrystals of itraconazole with amino acids: screening, synthesis, solid 
state characterization, in vitro drug release and antifungal activity. J 
Drug Deliv Sci Technol. 2015;28:46-55.

8.	 Luo Y, Chen S, Zhou J, Chen J, Tian L, Gao W, Zhang Y, Ma A, Li L, 
Zhou Z. Luteolin cocrystals: characterization, evaluation of solubility, 
oral bioavailability and theoretical calculation. J Drug Deliv Sci Technol. 
2019;50:248-254.

9.	 Friscic T, Jones W. Recent advances in understanding the mechanism of 
cocrystal formation via grinding. Cryst Growth. 2009;9:1621-37. 

10.	 Miroshnyk I, Mirza S, Sandler N. Pharmaceutical co-crystals-an 
opportunity for drug product enhancement. Expert Opin Drug Deliv. 
2009;6:333-341.

11.	 Lennernas H, Fager G. Pharmacodynamics and pharmacokinetics of 
the HMG-21 CoA reductase inhibitors, similarities and differences. Clin 
Pharmacokinet. 1997;32:403-425.

12.	 Ballantyne MC, Miller E, Chitra R. Efficacy and safety of rosuvastatin 
alone and in combination with cholestyramine in patients with severe 
hypercholesterolemia: A randomized, open-label, plulticenter trial. Clin 
Ther. 2004;26:1855-1864.

13.	 Kostapanos SM, Derdemezis SC, Filippatos DT, Milionis JH, Kiortsis ND, 
Tselepis DA. Effect of rosuvastatintreatment onplasma visfatinlevels in 
patients with primary hyperlipidemia. Eur J Pharmacol. 2008;578:249-
252.

14.	 Alshora DH, Haq N, Alanazi FK, Ibrahim MA, Shakeel F. Solubility of 
rosuvastatin calcium in different neat solvents at different temperatures. 
J Chem Thermodyn. 2016;94:230-233.

15.	 Kulkarni NS, Ranpise NS, Mohan G. Development and evaluation of solid 
self nano-emulsifying formulation of rosuvastatin calcium for improved 
bioavailability. Trop J Pharm Res. 2015;14:575-582.

16.	 Martin PD, Warwick MJ, Dane AL, Hill SJ, Giles PB, Phillips PJ. 
Metabolism, excretion, and pharmacokinetics of rosuvastatin in healthy 
adult male volunteers. Clin Ther. 2003;25:2822-2835.

17.	 Adeneye AA, Adeyemi OO, Agbaje EO. Anti-obesity and 
antihyperlipidaemic effect of Hunteria umbellata seed extract in 
experimental hyperlipidaemia, J. Ethnopharmacol. 2010;130:307-314.



798     VEMURI and LANKALAPALLI. Rosuvastatin Calcium and L-asparagine Cocrystals

18.	 Andreas Hafner, Fritz Blatter, Martin Szelagiewicz, Bernd Siebenhaar 
(2016) Multicomponent system of rosuvastatin calcumi salt and sorbitol, 
US 9.249:108 B2.

19.	 Hafner A, Blatter F, Szelagiewicz M, Siebenhaar B (2014) Multicomponent 
crystalline system of rosuvastatin calcum salt and vanillin, US 8.716:305 
b2. United State Patient, 2014. 

20.	 Vemuri VD, Lankalapalli S. Insight into Concept and Progress on 
Pharmaceutical Co-Crystals: An Overview. Indian J of Pharmaceutical 
Education and Research. 2019;53(4s):s522-s538.

21.	 Ferrari C, Castellin A, Galvagni M, Tesson N, De Mier J, Rafecas L. 
co-crystal intermediates of rosuvastatin and methods of using same 
US 8.815:862 b2. United State Patient, 2014. Available from: https://
patentimages.storage.googleapis.com/84/1a/79/5a5caec70fa55e/
US8815862.pdf

22.	 Aitipamula A, Velaga S.P, Tan RBH. Formulation of cocrystals from 
stoichiometric solutions of incongruently saturating systems by spray 
drying, Cryst. Growth Des. 2010;10:3302-3305.

23.	 Sarraguca M.C, Ribeiro PRS, Santos AO, Silva MCD, Loppes JA. A PAT 
approach for the on-line monitoring of pharmaceutical co-crystals 
formation with near infrared spectroscopy. Int J Pharm. 2014;471:478-
484.

24.	 Inouye S, Iitaka Y. Crystallographic data on the molecular complexes of 
tetracycline salts. Acta Crystallogr. 1964;17:207e208.

25.	 Rajagopal K, Krishnakumar RV, Nandhini MS, Natarajan S. L-Histidinium 
hemihydrochloride tartrate tartaric acid dehydrate. Acta Crystallogr Sect 
E Struct Rep Online. 2003;59:o955eo958.

26.	 Tilborg A, Springuel G, Norberg B, Wouters J, Leyssens T. Structural 
study of prolinium/fumaric acid zwitterionic cocrystals: focus on 
hydrogenbonding pattern involving zwitterionic (ionic) heterosynthons. 
Cryst Growth Des. 2013;13:2373e2389. 

27.	 Tilborg A, Springuel G, Norberg B, Wouters J, Leyssens T. On the influence 
of using a zwitterionic coformer for cocrystallization: structural focus on 
naproxeneproline cocrystals. Cryst Eng Comm. 2013;15:3341e3350.

28.	 Allen FH. The Cambridge Structural Database: a quarter of a million 
crystal structures and rising. Acta Crystallogr B. 2002;58:380-388. 

29.	 Tilborg A, Norberg B, Wouters J. Pharmaceutical salts and cocrystals 
involving amino acids: a brief structural overview of the state-of-art. Eur 
J Med Chem. 2014;74:411-426.

30.	 Babu NJ, Nangia A. Solubility advantage of amorphous drugs and 
pharmaceutical Cocrystals. Cryst Growth Des. 2011;7:2662-2679.

31.	 Good DJ, Rodriguez-Hornedo N. Solubility advantage of pharmaceutical 
Cocrystals. Cryst Growth Des. 2009;5:2252-2264.

32.	 Beg S, Raza K, Kumar R, Chadha R, Katare OP, Singh B. Improved 
intestinal lymphatic drug targeting via phospholipid complex-loaded 
nanolipospheres of rosuvastatin calcium. RSC Adv. 2016;6:8173-8187.

33.	 Hirpara MR, Manikkath J, Sivakumar K, Managuli RS, Gourishetti K, 
Krishnadas N, Shenoy RR, Jayaprakash B, Rao CM, Mutalik S. Long 
circulating PEGylated-chitosan nanoparticles of rosuvastatin calcium: 

Development and in vitro and in vivo evaluations. Int J Biol Macromol. 

2018;107:2190-2200.

34.	 Mäder K, Mehnert W. Solid lipid nanoparticles, production, 

characterization and applications. Adv Drug Deliv Rev. 2001;47:165-196.

35.	 Elanthiraiyan M, Kandasamy M, Kanagan G, Govindarajan G, Pari S, 

Sambasivam R. Growth and some Characterization of L-Asparagine 

Monohydrate Potassium Iodide (LAMPI) Crystals. Compliance Eng J. 

2019;10:286-297.

36.	 Perlovich GL. Thermodynamic characteristic of cocrystal formation and 

melting points for rational design of pharmaceutical two-component 

systems. Cryst Eng Comm. 2015;17:7019-7028.

37.	 Pessoa AS, Aguiar GPS, Oliveira JV, Bortoluzzi AJ, Paulino A, Lanza 

M. Precipitation of resveratrol-isoniazid and resveratrol-nicotinamide 

cocrystals by gas antisolvent. J Supercrit Fluids. 2019;145:93-102.

38.	 Panzade P, Shendarkar G, Shaikh S, Rathi PB. Pharmaceutical cocrystal 

of piroxicam: design, formulation and evaluation. Tabriz Univ Med Sci. 

2017;7:399-408.

39.	 El-gizawy SA, Osman MA, Arafa MF, El Maghraby GM. Aerosil as 

a novel co-crystal co-former for improving the dissolution rate of 

hydrochlorothiazide. Int J Pharm. 2015;478:773-778.

40.	 Yadav AV, Shete AS, Dabke AP, Kulkarni PV, Sakhare SS. Co-crystals: 

a novel approach to modify physicochemical properties of active 

pharmaceutical ingredients. Indian J Pharm Sci. 2009;71:359-370.

41.	 Perlovich GL. Thermodynamic characteristic of cocrystal formation and 

melting points for rational design of pharmaceutical two-component 

systems. Cryst Eng Comm. 2015;17:7019-7028.

42.	 Rustichelli C, Gamberini G, Ferioli V, Gamberini MC, Ficarra R, Tommasini 

S. Solid-state study of polymorphic drugs: carbamazepine. J Pharm Sci. 

2000;23:41-45. 

43.	 Unsalan O, Erdogdu Y, Gulluoglu MT. FT-Raman and FT-IR spectral and 

quantum chemical studies on some flavonoid derivatives: baicalein and 

naringenin. J Raman Spectrosc. 2009;40:562-570. 

44.	 Brittain HG. Fluorescence studies of the transformation of carbamazepine 

anhydrate form III to its dihydrate phase. J Pharm Sci. 2004;93:375-383.

45.	 Sarwar B, Kaisar R, Rajendra Kumar, Renu C, Katare OP, Singh B. Improved 

intestinal lymphatic drug targeting via phospholipid complexloaded 

nanolipospheres of rosuvastatin calcium. RSC Adv. 2016;6:8173-8187.

46.	 Zhang GGZ, Law D, Schmitt EA, Qiu Y. Phase transformation 

considerations during process development and manufacture of solid 

oral dosage forms. Adv Drug Del Rev. 2004;56:371-390.

47.	 David PE, Rene H, Heidi LD. Use of pharmaceutical salts and cocrystals 

to address the issue of poor solubility. Int J Pharm. 2013;453:88-100.

48.	 Kale DP, Zode SS, Bansal AK. Challenges in Translational Development 

of Pharmaceutical Cocrystals. J Pharm Sci. 2017;106:457-470.




