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Abstract
Rosuvastatin is a potent HMG-CoA reductase inhibitor (statin) used to manage hypercholesterolaemia and
dyslipidaemia, but as a Biopharmaceutics Classification System (BCS) class II drug it suffers from low aqueous
solubility that limits its dissolution and oral bioavailability. In this work, rosuvastatin—tartaric acid cocrystals were
developed to improve these properties. Tartaric acid, a generally recognized as safe (GRAS) coformer, was selected
using the ApKa rule, being the only screened coformer that satisfied the criterion for rosuvastatin (pKa 4.9).
Cocrystals were prepared by the solvent-drop (liquid-assisted) grinding method at drug:coformer molar ratios of 1:1,
1:2 and 2:1, and characterised by differential scanning calorimetry (DSC), Fourier-transform infrared (FT-IR)
spectroscopy and powder X-ray diffraction (PXRD). DSC of the 1:1 system showed a single new endotherm at
85.01 °C, distinct from rosuvastatin (82.64 °C) and tartaric acid (126.44 °C); FT-IR confirmed drug—coformer
interaction through disappearance of the tartaric-acid O—H stretch, a shift of the halogen band from 761 to 764 cm™
and a carbonyl shift to 1702 cm™; and PXRD revealed numerous new reflections confirming a distinct crystalline
lattice. In 0.5 % sodium lauryl sulphate medium, the cocrystals released 99.56 % of drug within 30 min versus 68.24
% for the marketed formulation and 43.63 % for pure rosuvastatin. In the triton-X-100-induced hyperlipidaemic rat
model, the cocrystals at 50 mg/kg produced the greatest improvement in the serum lipid profile (total cholesterol
93.69 + 3.91 mg/dL versus 181.71 + 4.08 mg/dL for control; p < 0.01, Dunnett’s test), exceeding the standard drug
at the same dose. Accelerated stability testing (40 = 2 °C, 75 + 5 % RH, 6 months) showed the cocrystals retained
73.62 % of content versus 61.36 % for the pure drug, both following first-order degradation kinetics. Rosuvastatin—
tartaric acid (1:1) cocrystals thus provide a solid form with markedly improved dissolution, superior lipid-lowering
activity and enhanced stability.
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1. Introduction

The solubility of a drug in aqueous media is a
key determinant of its dissolution rate and, for many
orally administered compounds, of its ultimate
bioavailability. A substantial proportion of marketed
drugs belong to Biopharmaceutics Classification
System (BCS) class II, which combines high
membrane permeability with low aqueous solubility,
so that dissolution becomes the rate-limiting step in
absorption [1,2]. Pharmaceutical cocrystallization has
gained wide acceptance as a crystal-engineering
approach to improve the solubility, dissolution,
stability and processability of such drugs while

retaining the covalent identity and pharmacology of
the active pharmaceutical ingredient (API) [1,3].
Rosuvastatin is a potent, competitive inhibitor
of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase, the rate-limiting enzyme in
cholesterol biosynthesis. By suppressing hepatic
cholesterol synthesis and up-regulating low-density-
lipoprotein (LDL) receptors, it lowers total
cholesterol, LDL, very-low-density lipoprotein
(VLDL) and triglycerides while raising high-density
lipoprotein (HDL), and is widely used in the
management  of  hypercholesterolaemia  and
dyslipidaemia [4]. As a BCS class II statin, however,
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its clinical utility is constrained by poor aqueous
solubility, which slows dissolution and contributes to
modest and variable oral bioavailability. Enhancing
its dissolution behaviour through cocrystallization is
therefore an attractive formulation objective [4,5].

Rational coformer selection underpins any
cocrystallization campaign. The ApKa rule, based on
the difference between the pKa values of the acidic
and basic partners, offers a convenient predictive
filter, with values between 0 and 1 favouring neutral
cocrystal rather than salt formation [6]. Preparation
methods range from solution crystallization to
mechanochemical routes; solvent-drop (liquid-
assisted) grinding, in which a catalytic amount of
solvent accelerates molecular reorganisation during
grinding, is a simple, green and scalable technique
that has been used successfully for statin cocrystals
[5]. Confirmation of cocrystal formation relies on a
convergent set of solid-state techniques—DSC for
new melting behaviour, FT-IR for the specific
hydrogen-bonding interaction, and PXRD for the
emergence of a new crystalline lattice [7].

The present study describes the design,
preparation and comprehensive evaluation of
rosuvastatin—tartaric acid cocrystals. Tartaric acid, a
GRAS dicarboxylic-acid coformer, was selected by
the ApKa rule and the cocrystals were prepared by
solvent-drop grinding at three stoichiometric ratios.
Solid-state characterization was performed by DSC,
FT-IR and PXRD; the biopharmaceutical benefit was
assessed by comparative in-vitro dissolution against
pure drug and a marketed formulation; the
pharmacological performance was evaluated in the
triton-X-100-induced hyperlipidaemic rat model; and
the robustness of the new form was established by
accelerated stability testing under ICH conditions.

2. Materials and Methods
2.1. Materials

Rosuvastatin was used as the model BCS class
II statin and tartaric acid as the GRAS coformer.
Ethanol served as the grinding liquid and sodium
lauryl sulphate (SLS) as the dissolution surfactant.
Triton X-100 (Sigma-Aldrich Chemicals Ltd.,
Hyderabad, India) was used to induce experimental
hyperlipidaemia. All other reagents were of analytical
grade and used as received. A commercially available
rosuvastatin formulation was used as the reference
product for dissolution comparison.

2.2. Coformer selection (ApKa rule)

The likelihood of cocrystal formation was
predicted using the ApKa value method. Among the
coformers screened, only tartaric acid satisfied the
criterion for rosuvastatin (pKa 4.9), yielding a ApKa
within the favourable range for cocrystal formation,
and was therefore selected for further work.

2.3. Preparation of cocrystals (solvent-drop
grinding)

Cocrystals were prepared by the solvent-drop
(liquid-assisted) grinding method. Rosuvastatin and
tartaric acid were combined at molar ratios of 1:1
(360 mg : 122 mg), 1:2 (360 mg : 244 mg) and 2:1
(720 mg : 122 mg) and ground manually in a mortar
and pestle with the dropwise addition of ethanol (5
mL). The ground mass was dried to remove solvent
and passed through a number-60 sieve. A physical
mixture was prepared in parallel by simply blending
equal proportions of the two components without any
solvent.

2.4. Solid-state characterization

DSC was performed on a DSC Q10 (V9.9,
Build 303) instrument. As the melting points of
rosuvastatin (82 °C) and tartaric acid (122 °C) lie
below 160 °C, the heating programme was set
between 20 °C and 160 °C. FT-IR spectra of
rosuvastatin, tartaric acid, their physical mixture and
the cocrystals were recorded on an FT-IR Alpha
Bruker (1206 0280) spectrometer using the KBr disc
technique. Powder X-ray diffraction patterns were
obtained on an X’Pert PRO diffractometer by
continuous scanning of the 20 angle, and
characteristic peak positions with relative intensities
were recorded for all four samples.

2.5. In-vitro dissolution study

Dissolution studies were carried out on a Lab
India DS-8000 USP Type II (paddle) apparatus. Forty
milligrams of pure rosuvastatin, the equivalent of the
cocrystals and the marketed formulation were tested
in 0.5 % SLS solution as the dissolution medium, at a
paddle speed of 50 rpm and 37 + 0.5 °C over 30 min.
Samples (5 mL) were withdrawn at intervals, filtered
through a 0.45 pum syringe filter and assayed; the
percent cumulative drug release was calculated and
fitted to zero-order and first-order kinetic models.

2.6. In-vivo antihyperlipidaemic study

The lipid-lowering activity was evaluated in the
triton-X-100-induced hyperlipidaemic rat model.
Animals were assigned to four groups: group I
(control) received intragastric normal saline; group II
received rosuvastatin—tartaric acid cocrystals at 25
mg/kg (half the standard dose); group III received
cocrystals at 50 mg/kg (equivalent dose); and group
IV received standard rosuvastatin at 50 mg/kg. Serum
total cholesterol (TC), triglycerides (TG), HDL, LDL
and VLDL were determined, and the data were
analysed by one-way ANOVA with Dunnett’s
multiple comparisons test against the triton-X-100
control.

2.7. Accelerated stability study

Accelerated stability testing was conducted in
accordance with ICH guidance. Pure drug and
cocrystals were stored at 40 = 2 °C and 75 £ 5 %
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relative humidity for 6 months; samples were
withdrawn at 0, 3 and 6 months and analysed in
triplicate by HPLC. The area under the curve (AUC)
was used to quantify drug content, and degradation
kinetics were modelled.
3. Results and Discussion
3.1. Differential scanning calorimetry

Pure rosuvastatin displayed a distinct melting
endotherm at 82.64 °C (99.41 % purity) and tartaric
acid at 126.44 °C, each free of extraneous peaks. In
the physical mixture the two component endotherms
were replaced by a single sharp peak at 85.60 °C, an
early sign of a physicochemical interaction on
heating. The cocrystals produced a well-defined
single endotherm at 85.01 °C with no additional
peaks, confirming cocrystallization. Across the
stoichiometric series, only the 1:1 ratio yielded a
clean single new endotherm, whereas the 1:2 and 2:1
ratios showed the cocrystal peak accompanied by
residual component peaks, indicating incomplete
conversion; the 1:1 ratio was therefore selected as
optimal (Table 1).
Table 1. DSC data for rosuvastatin, tartaric acid,
their physical mixture and cocrystals.

System / Observed DSC Interpretation
ratio endotherm (°C) P
Rosuvastatin 82.64 (99.41% .
(pure) purity) Crystalline drug
Tartaric acid 126.44 Crystalline
(pure) coformer
Physical 85.60 (single Physicochemical
mixture peak) interaction
Cocrystal 85.01 (single new Successﬁlll
1:1 peak) cocr'ysta
) (optimal)
Cocrystal Cocrystal peak + Incomplete
1:2 component peaks conversion
Cocrystal Cocrystal peak + Incomplete
2:1 component peaks conversion
{\ T

Heat Fiow (Wg)

Figure 1: DSC thermogfam of Rosuvastatin and
tartaric acid (1:1)
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Figure 2: DSC thermogram of Rosuvastwatin aﬁd
tartaric acid (1:2)
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Figure 3: DSC thermogram of
Rosuvastatin and tartaric acid (2:1)

Figure 4: Microscopic view of Rosuvastatin:
tartaric acid (1:1) cocrystals which exhibits
crystalline nature of co-crystals (100X)
3.2. FT-IR spectroscopy

The FT-IR spectrum of rosuvastatin showed its
characteristic C—H (aromatic) stretch and a halogen
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(C—CI) band at 761 cm™, while tartaric acid presented
its acidic carboxylic C-O stretch and a free O-H
band in the 3609-3794 cm™ region. In the physical
mixture these bands were largely preserved, with
only minor shifts consistent with weak van der Waals
forces, indicating that solvent-free blending produced
no true chemical interaction. In the cocrystals, by
contrast, clear evidence of drug—coformer interaction
was observed: the free O—H stretch of tartaric acid
disappeared, the halogen band shifted from 761 to
764 cm™, and the carbonyl (C=0) stretches of tartaric
acid (1684 cm™) and rosuvastatin (1648 cm™) shifted
to 1702 cm™. Together with the loss of the C-O
stretch at 2992 cm™ seen in the physical mixture,
these changes confirm hydrogen bonding between the
drug and the coformer (Table 2).

Table 2. Key FT-IR changes confirming
rosuvastatin—tartaric acid interaction.

Ban.d / Rosuvastatin / Change in
functional e
tartaric acid cocrystal
group
Free O-H stretch »
(tartaric acid) 3609-3794 cm Absent
Halogen (C-Cl) . Shift to 764
band 761 cm om!
C=0 carbonyl 1648 / 1684 cm-! Shift t071702
stretch cm’’
2992 cm™ .
C-0 stretch (physical Absent in
. cocrystal
mixture)

Transmittance (%)
986 988 090 92 994 996 998
T S S S T

FigureS: FT-IR spectrum of Rosuvastatin
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Figure 7: FT-IR spectrum of physical mixture
)

095

Transmitance (%)
98 9985 B0
A h L

9975

DI LSS EETISSSSS IS TEEISST LIRS LI LI 18 22201220

3500 3000 200 1500 1000

nhar ~mot

Figure 8: FT-IR spectrum of cocrystals
3.3. Powder X-ray diffraction

PXRD confirmed the formation of a new
crystalline phase. Rosuvastatin exhibited
characteristic 20 reflections at 11.80°, 12.46°, 15.06°,
21.83°, 25.85° and 27.45°, and tartaric acid its own
sharp reflections. The physical mixture reproduced
the parent reflections (principal peak near 8.55°),
confirming preservation of the individual lattices on
blending. The cocrystals, however, displayed a
markedly different pattern with numerous new
reflections at 20 wvalues of 6.27°, 8.11°, 11.26°,
11.85°, 14.33°, 15.68°, 16.60°, 20.80°, 22.15°
30.58°, 38.77° and 43.55°, while the characteristic
peaks of both parent solids were absent. The
emergence of these new peaks, distinct from those of
the physical mixture, is diagnostic of a novel crystal
structure formed through drug—coformer hydrogen
bonding, corroborating the DSC and FT-IR results.

h.y_-__JJL\A V,\’lm ,Al“ ] A‘f‘\,»’“‘{,v’\,@"ﬁ.JL.,‘.,\A.,' SRR s acsl Rk s e

Figure 9: XRD spectrum of Rosuvastatin,
tartaric acid, their physical mixture and cocrystals
3.4. In-vitro dissolution

The dissolution study in 0.5 % SLS medium
demonstrated a pronounced enhancement of drug
release for the cocrystals. Pure rosuvastatin released
only 43.63 % of drug over 30 min, reflecting its poor
aqueous solubility, whereas the marketed formulation
reached 68.24 % and the cocrystals achieved 99.56 %
over the same interval (Table 3). The cocrystals
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outperformed both comparators at every time point.
Kinetic modelling showed that both the pure drug and
the cocrystals followed first-order release, with the
cocrystals giving the best first-order fit (R = 0.9606),
indicating concentration-dependent release (Table 4).
Table 3. Percent cumulative drug release (mean +

First Order Drug Release Kinetics
5x+1.9513

M

S.D.) in 0.5 % SLS medium.

<)

10 15

Time (Minutes)

* *  Linear (PureDrug]

Figure 4.60 (A) Comparison of drug release study (B)
Zero order kinetics (C) First order kinetics

Table 4. In-vitro release kinetic modelling of
rosuvastatin and its cocrystals.

Time Pure drug Cocrystal Marketed
(min) (%) (%) (%)
5 14.56 £ 3897 + 19.79 £
2.38 1.98 0.95
10 2517 + 63.56 £ 3795+
1.99 2.11 1.42
15 35.63 79.78 £ 49.84 +
1.81 2.33 3.11
20 41.17 + 92.80 £ 59.64 +
2.36 1.89 2.88
25 4287+ 95.71 £ 64.42 +
2.89 3.34 1.93
30 43.63 £ 99.56 £ 68.24 £
1.90 0.59 1.41

a)

DISSOLUTION STUDY

== Pyre drug

Cocrystals Marketed

TIME (MINUTES)

Zero Order Drug Release Kinetics

Model Pure drug Cocrystal
Zero-order y=1.0571x + y=2.1242x +
(equation) 12.196 33.853

Zero-order R? 0.8725 0.8854
First-order y=-0.0065x + | y=-0.0315x +
(equation) 1.9513 1.9293

First-order R? 0.8993 0.9606

3.5. In-vivo antihyperlipidaemic activity

In the triton-X-100-induced hyperlipidaemic
model, the control group showed the expected
elevation of serum lipids, whereas all drug-treated
groups produced significant improvements in the
lipid profile (p < 0.01, Dunnett’s test). The full-dose
cocrystals (group III, 50 mg/kg) produced the greatest
effect, reducing total cholesterol to 93.69 + 3.91
mg/dL and triglycerides to 85.44 + 3.52 mg/dL
(versus 181.71 + 4.08 and 178.95 + 4.69 mg/dL,
respectively, in the control) and simultaneously
raising HDL to 39.98 + 1.19 mg/dL. Notably, at the
same dose the cocrystals outperformed the standard
rosuvastatin  (group IV) on total cholesterol,
triglycerides and LDL, and even the half-dose
cocrystals (group II, 25 mg/kg) produced measurable
lipid lowering. This enhanced pharmacodynamic
response is attributable to the improved dissolution
and consequent absorption of the cocrystal form
(Table 5).
Table 5. Serum lipid profile (mg/dL; mean + S.D.)
in the triton-induced model. **p < 0.01 versus
control (Dunnett’s test); ns = not significant. TC,

total cholesterol; TG, triglycerides;
HDL/LDL/VLDL, lipoprotein fractions.
Group VLD
(dose) TC TG | HDL | LDL L
181.7 | 178.9 | 30.95 | 114.8 | 30.30
I-Control | 1+ 5+ + 0+ +
4.08 | 469 | 476 | 3.03 | 3.67
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0 167.6 | 128.4 | 29.19 | 107.2 | 28.07
C tal 5+ 2+ + 1+ +

5 ;’;}rygjkg 5.00% | 4.01% | 0.62 | 2.43% | 1.48
* * ns * ns

- 93.69 | 85.44 | 39.98 | 4827 | 16.62
+ + + + +

Cocrystal | 5 1 | 3505 | 1.19% | 2.19% | 1.03*
50 mg/kg % % % % %

vV — 113.6 | 103.4 | 34.87 | 61.23 | 21.80
Rosuvastat 1+ 7+ + + +

in50 | 2.68*% | 2.13* | 2.08 | 3.80% | 2.51*
mg/kg * * ns * *

3.6. Accelerated stability

Under accelerated conditions (40 +2 °C, 75+ 5
% RH), the cocrystals retained substantially more of
their initial content than the pure drug over 6 months.
The percent drug remaining fell from 98.75 + 0.121
% to 73.62 + 0.691 % for the cocrystals, compared
with a decline from 99.53 + 0.151 % to 61.36 + 0.531
% for the pure drug. Consistent HPLC AUC analysis
showed the rosuvastatin AUC decreasing from
125927 (0 months) to 105291 (3 months) and 78292
(6 months). Both samples followed first-order
degradation kinetics, but the markedly higher
retention of the cocrystals demonstrates that
cocrystallization with tartaric acid also improves the
physicochemical stability of rosuvastatin (Table 6).
Table 6. Percent drug remaining under
accelerated stability conditions (HPLC).

o, 0

Time (months) Cocrystifl (% Pure d.“‘.g (%o
remaining) remaining)

0 98.75+0.121 99.53 +£0.151

3 93.05+4.62 83.46+1.129

6 73.62+0.691 61.36 +£0.531

4. Conclusion

Rosuvastatin—tartaric acid cocrystals were
rationally designed using the ApKa rule and
successfully prepared by the simple, green solvent-
drop grinding technique, with the 1:1 drug:coformer
ratio identified as optimal. A convergent body of
solid-state evidence—a single new DSC endotherm at
85.01 °C, characteristic FT-IR changes (loss of the
tartaric-acid O—H stretch, halogen shift 761—764
cm™! and carbonyl shift to 1702 cm™), and numerous
new PXRD reflections—confirmed the formation of a
distinct cocrystalline phase. The cocrystals delivered
a substantially enhanced in-vitro dissolution profile
(99.56 % at 30 min) relative to the marketed
formulation (68.24 %) and pure drug (43.63 %),
which translated into superior in-vivo lipid-lowering
activity in the triton-induced hyperlipidaemic
model—exceeding the standard drug at an equivalent
dose and showing a dose-sparing benefit—and into

improved physicochemical stability (73.62 % versus

61.36 % content retention over 6 months).

Collectively, these findings establish rosuvastatin—

tartaric acid (1:1) cocrystals as a promising solid

form for improving the biopharmaceutical and

therapeutic performance of this poorly soluble statin,

and reinforce cocrystallization as an effective strategy

for BCS class II drugs.
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