Drug Design, Development and Therapy Dove

ORIGINAL RESEARCH

Simvastatin-Nicotinamide Co-Crystals: Formation,
Pharmaceutical Characterization and in vivo Profile

Fahad Mehmood Khan'
Mahmood Ahmad@®?
Hafiz Arfat Idrees'

'Faculty of Pharmacy and Alternative
Medicine, The Islamia University of
Bahawalpur, Punjab 63100, Pakistan;
2Faculty of Pharmacy, University of
Central Punjab, Punjab 54000, Pakistan

Correspondence: Mahmood Ahmad
Tel +92 300 9682258
Email ma786_786@yahoo.com

This article was published in the following Dove Press journal:
Drug Design, Development and Therapy

Purpose: To enhance the solubility and dissolution profile of simvastatin (SIM) through co-
crystallization with varying ratios of nicotinamide (NIC) using various co-methods.
Materials and Methods: Twelve SIM:NIC co-crystal formulations (FO1-F12) were pre-
pared using dry grinding, slurry, liquid-assisted grinding, and solvent-evaporation methods,
and their properties compared. Optimized formulations were selected on the basis of
dissolution profiles and solubility for in vivo studies. The angle of repose, Carr Index and
Hausner ratio were calculated to evaluate flow properties. Differential light scattering (DLS)
was used to estimate particle-size distribution. Scanning electron microscopy (SEM) was
employed to evaluate surface morphology. Thermal analyses and Fourier-transform infrared
(FTIR) spectroscopy were used to determine the ranges of thermal stability and physical
interaction of formulated co-crystals. X-ray powder diffraction (XPD) spectroscopy was used
to determine the crystalline nature. Solubility and dissolution studies were undertaken to
determine in vitro drug-release behaviors.

Results: Micromeritic analyses revealed the good flow properties of formulated co-crystals.
DLS showed the particle size of co-crystals to be in the nanometer range. SEM revealed that the
co-crystals were regular cubes. Thermal studies showed the stability of co-crystals at >300°C.
FTIR spectroscopy revealed minor shifts of various peaks. XPD spectroscopy demonstrated co-
crystal formation. The formulations exhibited an improved dissolution profile with marked
improvements in solubility. In vivo studies showed a 2.4-fold increase in C,,,, whereas total
AUC ¢, was increased 4.75-fold as compared with that of SIM tablets.

Conclusion: Co-crystallization with NIC improved the solubility and dissolution profile
and, hence, the bioavailability of the poorly water-soluble drug SIM.

Keywords: pharmacokinetics, solubility enhancement, simvastatin, nicotinamide, co-crystal

Introduction

“Co-crystals” are crystalline solids in which interrelating components in stoichio-
metric ratios, with different structures, are formed as a single crystalline phase.
Pharmaceutical co-crystals belong to a subclass of co-crystals wherein one of the
components is a drug molecule (or an active pharmaceutical ingredient (API)) and
the second is a benign food or drug grade additive (generally regarded as safe).
Pharmaceutical co-crystals have become important for solid-state screening because
they demonstrate the physicochemical properties of APIs. Co-crystals have been
investigated with regard to increasing bioperformance, and their effect on bioavail-
ability in preclinical studies has been very encouraging.' Indeed, co-crystalliza-
tion is now a promising concept to improve solubility and, thus, the bioavailability
of drug products.
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Simvastatin (SIM) is a lipid-lowering drug and belongs
to class of drugs called “statins”. It is a prodrug that lowers
the cholesterol level by inhibiting releases of 3-hydroxy-3-
methyl-glutaryl-coenzyme A reductase. The hydroxy acid
form of SIM is pharmacologically active, thanks to the
chemical and enzymatic actions on the prodrug.* SIM
reduces high glucose levels and mitigates vascular events
in people with type-2 diabetes mellitus.’

Use of drugs that have poor solubility in water leads to
problems with respect to dissolution and bioavailability. SIM
has low solubility in water (30 pg/mL). Hence, SIM is placed
in class II of the Biopharmaceutical Classification System,
and its bioavailability is only 5%.%° Thus, improvement in
its release in vitro may lead to bioavailability enhancement.
Attempts have been made to enhance SIM solubility using
different methods and different dosage formulations.'*!"!

We wished to enhance the solubility and dissolution
profile of SIM through co-crystallization with varying ratios
of NIC using various methods. Increases in solubility and
dissolution were studied with respect to increases in the
molar ratio of co-crystals. The formulated co-crystals were
characterized using micromeritics, drug release (in vitro and
in vivo), solubility studies, determination of molecular size
by differential light scattering (DLS), Fourier transform
infrared (FTIR) spectroscopy, thermal analyses (thermogra-
vimetric analysis (TGA) and differential scanning calorime-
try (DSC)), X-ray powder diffraction (XPD) spectroscopy,
and scanning electron microscopy (SEM).

Materials and Methods

SIM (C,5H3305) (Purity 98.78% and batch number 201—
002.180) was provided by Bio Fine Pharmaceuticals Lab
(Pakistan). Nicotinamide (NIC; CgHgN,O) and sodium
hydroxide were purchased from Sigma—Aldrich (Saint
Louis, MO, USA). Methanol, potassium hydroxide, hydro-
chloric acid and potassium dihydrogen phosphate were
bought from Merck (Kenilworth, NJ, USA).

Co-Crystallization of Simvastatin and

Nicotinamide

The formulations were synthesized using SIM and NIC in
equimolar ratios via the methods indicated in Table 1. In
the co-grinding method, SIM and NIC were milled
together using a pestle and mortar at the indicated stoi-
chiometric ratios for 45 min without solvent addition. In
the LAG method, the same ingredients were milled for 30

Table 1 Compositions of SIM-NIC Co-Crystals in Molar Ratios

Co-Crystals Molar Ratio Method

SIM NIC
FOl | | Dry grinding
F02 | | Liquid-assisted grinding
FO3 | | Slurry
FO4 | | Solvent evaporation
FO5 | 2 Dry grinding
FO6 | 2 Liquid-assisted grinding
FO7 | 2 Slurry
FO8 | 2 Solvent evaporation
FO9 | 4 Dry grinding
F10 | 4 Liquid-assisted grinding
FIl | 4 Slurry
Fl12 | 4 Solvent evaporation

min using a pestle and mortar but with methanol addition.
For the slurry method, SIM and NIC were slurried over-
night at 300 rpm using a magnetic stirrer, and the solution
was left to evaporate slowly for 12—-16 h at room tempera-
ture. In the solvent-evaporation method, SIM and NIC
were solubilized in methanol (as the common solvent)
and then the solution was left for 20-24 h at room tem-
perature to evaporate slowly.

Characterization of Formulated Co-Crystals
Micromeritics Properties of Simvastatin and Its Co-
Crystals

The fixed-funnel method was used to evaluate the angle of
repose (O). The latter characterizes the frictional force
within a powder, and a value of 20-30° indicates good
flow properties.'? © was determined using Equation (1):

0 = tan~' (height of pile/radius of pile) @)

Bulk density (pb) and tapped density (pt) were calculated
with a known mass of SIM and powdered formulations.
Equation (2) and Equation (3) were used to calculate pb
and pt, respectively.'?

p b = mass/bulk volume )

p t = m/tapped volume 3)

The Hausner ratio (HR) predicts the flow properties related
HR <1.25
flowability.'> The HR was calculated employing the pre-

to inter-particle friction. indicates good

determined pb and pt using Equation (4):
HR=pt/pb 4
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The Carr Index (CI) is an index of flow rate, particle size,
and cohesiveness. A CI of 5-18% denotes the suitability of
tablets. The CI was calculated using Equation (5)."?

Cl=[pt—pDb)/pt] x 100 5)

In vitro Dissolution Studies of Formulated Co-Crystals
Drug release in vitro was evaluated in acidic (pH 1.2) and
basic (pH 7.4) media using 50 mg-equivalent of pure drug and
co-crystal formulations. A USP type-II apparatus was oper-
ated at 37+ 0.5°C with 900 mL of media in each dissolution
vessel, and sink conditions were maintained at 75 rpm.
Aliquots of media were taken in labeled glass vials at various
times (0, 10, 15, 30, 45, 60, and 90 min) using adjustable
pipettes. Samples were filtered, diluted, and analyzed at 238
nm in a UV—visible spectrophotometer (UV-1601; Shimadzu,
Tokyo, Japan). All samples were analyzed in triplicate.

Solubility Studies of Formulated Co-Crystals
Solubility studies were undertaken by adding an excess
amount of sample (drug or co-crystal) to 10 mL of each
medium (ie, aqueous, acidic (pH 1.2) or basic (pH 7.4)
media). The mixture of sample and medium was stirred at
400 rpm up to 48 h at room temperature. Then, samples
were withdrawn in triplicate, passed through filter paper
(number 42; Whatman, Maidstone, UK) and diluted before
spectrophotometry. Samples were collected in triplicate.'

Determination of Particle Size

DLS was used with the help of the Nano-series Zetasizer
(ZEN3600; Malvern Instruments, Malvern, UK) installed
with Malvern Zetasizer v7.01.

FTIR Spectroscopy

FTIR spectroscopy for pure SIM and moisture-free, pow-
dered co-crystals was undertaken using a Tensor 27 FTIR
spectrophotometer (Bruker, Billerica, MA, USA) with
OPUS software. The resolution was 2 cm '
quency range 4000 cm ' to 400 cm .

in the fre-

Thermal Analyses

TGA and DSC were carried out using the thermal analysis
system Q600 SDT (TA Instruments, New Castle, DW,
USA) over the temperature range 50—400°C at a heating
rate of 10°C/min using 0.5-3.0 mg of sample."”

XRD Spectroscopy
XPD spectroscopy for pure drug and co-crystals was
undertaken using a D8 Advance X-ray Diffractometer

(Bruker). Data were collected using 2—5 mg of sample in
the temperature range 5-70°C under-defined conditions
(tube voltage=40 kV, current=40 mA, and 2¢=0.001°)

using a wide angle.'

SEM

A scanning electron microscope (EVO® LS 10; Carl Zeiss,
Jena, Germany) was used for microscopic evaluation of
the pure drug and formulated co-crystals. The coating was
made with gold-sputtered atoms.'®

In vivo Experimental Design

In vivo analyses were conducted using high-performance
liquid chromatography (on a 1100 series (Agilent
Technologies, Santa Clara, CA, USA)) equipped with a
pump (LC-10), degasser, injector (20-uL loop) and UV
detector. The column was a stainless-steel ODS Hypersil™
C18 (5-um particle size and 4.6 mmx250 mm) with flow
rate of 1| mL/min and run time of 15 min. The mobile phase
consisted of acetonitrile:monobasic sodium phosphate
(Buffer pH of 4.5 adjusted with 5N sodium hydroxide) in a
65:35 ratio. For in vivo studies, a crossover single-dose
study was conducted on rabbits (n=36)'"""° as per protocol
and approval from ‘“Pharmacy Research Ethics Committee”
of Faculty of Pharmacy and Alternative medicine, the
Islamia University of Bahawalpur (Ref No. 11-2017/
PREC). Each blood sample was centrifuged and the plasma
separated and stored at —70°C in an ultra-refrigerator using
Eppendorf™ tubes. For analyses, each frozen sample was
removed from the ultra-refrigerator and maintained at room
temperature. Plasma and a precipitating agent were vortex-
mixed and then centrifuged to obtain a clear supernatant.
Each sample (10 pL), before injection into the HPLC sys-
tem, was passed through a syringe filter.

Pharmacokinetics

A non-compartmental model was applied and pharmacoki-
netic parameters (Cpax (Wg/mL), Tiax (h), T1/2 (h), AUC g
(ng/mL.min), AUMC g o) (ug/mL.min%), MRT (h), CI (L/
min) and Vz (L)) were evaluated using PKSolver 2.0.%°

Statistical Analyses

Results are presented as the mean+SD. Data obtained were
analyzed using analysis of variance through Excel™ 2016
(Microsoft, Redmond, WA, USA).
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Results

Micromeritics Evaluation of Co-Crystals
The flow properties of co-crystals were studied by calcu-
lating the ©, HR and CI (Table 2).

Drug Release in vitro

In vitro release of the pure drug was in the range 1.69—
12.16% at pH 1.2, and 1.71-15.12% at pH 7.4.
Spectrophotometry showed that maximum drug release
was obtained from the co-crystal F11 in both media.

The in vitro drug-release patterns at pH 7.4 and pH 1.2 are
shown in Figure 1. The order of drug release from all formu-
lated co-crystals and pure drug in both media was: FO2 > F03
>F04 > F01 > SIM for SIM:NIC at a 1:1 ratio; FO7 > F06 >
FO8 > F05 > SIM for SIM:NIC at a 1:2 ratio; F11 >F10>F12
>F09 > SIM for SIM:NIC at a 1:4 ratio. Drug release in basic
medium was higher than that in acidic medium. For the for-
mulated SIM:NIC (1:1) co-crystals, the release was 7.67—
68.96%, 8.08-82.87%, 8.00-75.90% and 7.89-72.78%,
whereas for SIM:NIC (1:2) co-crystals it was 9.57—
71.96%,10.11-79.70%, 9.08-88.77% and 9.89-75.78%.
Drug release increased with an increase in the molar ratio of
conformer. For SIM:NIC (1:4), the release in basic medium
was 9.57-71.96%,10.55-85.70%,10.99-97.73% and 10.88—
82.78%. Maximum drug release was recorded for F11 at pH
1.2 and pH 7.4, respectively.

Solubility Studies
Solubility studies were conducted on optimized formula-
tions. For this purpose, F02, FO7, and F11 were selected,

Table 2 Micromeritic Properties of Formulated SIM-NIC Co-
Crystals

Parameters tane™! HR Cl

Pure Drug 31.47+0.287 1.18+£1.599 15.58+1.395
FOI 23.49+1.094 1.05£0.030 4.74£2.759
F02 23.3110.754 1.17£0.094 13.94£7.113
FO3 23.10£0.276 1.07£0.040 6.11£3515
FO4 23.08+0.213 1.14+0.074 11.89+5.650
FO5 23.28+0.029 1.22+0.058 17.75£3.951
FOo6 21.06£1.150 1.20£0.183 15.33£12.151
FO7 22.24+0.008 1.10£0.024 9.26+2.031
FO8 22.94+0.775 1.14£0.089 12.01£7.145
FO9 23.10+1.084 1.05+0.041 4.79+3.814
F10 22.41£0.652 1.08+0.024 7.42+2.010
FlIl 23.08+1.076 1.05+0.021 4.67%1.863
Fl12 23.51£1.225 1.18+0.071 15.09+5.117

Note: Data is presented as mean * SD.

one from each pair of ratios, having the highest dissolution
profile. In the formulated co-crystals, solubility was
improved significantly when compared with that of the
pure drug. Moreover, F02 showed increases in percentage
solubility of 172.89%, 297.34%, and 334.17% in water,
acidic medium, and basic medium, respectively. Similarly,
FO07 had enhanced solubility, with 424.89% in water,
425.29% in acidic medium, and 485.99% in basic medium.
The percentage increase in the solubility of F11 in water,
acidic medium, and basic medium was 504.44%, 505.06%

and 641.52%, respectively.

Particle Size

The average particle size (Z-Average) of SIM:NIC (1:1),
SIM:NIC (1:2) and SIM:NIC (1:4) was 298.7+62.5, 242.7
+11.7, and 231.3+10.6 nm, respectively, as shown in
Figure 2. The Polydispersity Index (PDI) of these co-
crystals was 0.142, 0.151, and 0.182, respectively.

FTIR Spectroscopy

FTIR spectra for pure SIM and formed co-crystals were
obtained to ascertain any intermolecular interactions
between SIM and NIC (Figure 3). Pure SIM exhibited
characteristic peaks at 3558 cm ' (hydroxyl stretching);
3011, 2956, and 2872 cm™ ' (methine stretching), and 1706
cm ' (ester-lactone carbonyl stretching).?' In contrast,
NIC showed characteristic -NH, asymmetrical and sym-
metrical stretching vibrations at 3348 and 3148 cm’,
respectively. A —C=0O absorption band showed a charac-

!, -NH bending vibrations were

teristic peak at 1677 cm™
observed at 1615 cm™ ' and —CN stretching vibrations were

observed at 1394 ¢cm 122

XRD Spectroscopy

XRD spectroscopy revealed the crystallinity of the formulated
co-crystals. XRD spectroscopy of pure SIM showed character-
istic peaks at diffraction angles of 9.46°, 10.08°, 10.72°,
15.02°, and 17.64°.2* However, an increase in crystallinity
was observed®* with more intense and sharper peaks of the
formulated co-crystals at diffraction angles of: 9.39°, 15.25°,
17.8°,22.18°, 25.42°, 27.52° for F02; 99.41°, 10.12°, 10.48°,
10.52°, 10.6°,10.74°, 10.76°, 10.82°, 10.84°, 20.22°, and
20.83° for F07; 9.42°, 10.12°, 10.41°, 10.50°, 10.62°,10.76°,
10.77°, 10.82°, 10.84°, and 20.86° for F11 (Figure 4).

Thermal Analyses
Pure SIM exhibited a sharp endothermic peak in the DSC
curve at 138.8°C, which denoted its melting point.*'* The
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Figure | Comparative dissolution profile of SIM and all co-crystal formulations in acidic and basic media.

—e—FO01 Dry Grinding pH 1.2
=@—FO01 Dry Grinding pH 7.4

FO2 Liq. Assist Grinding pH 1.2
=4—F02 Lig. Assist Grinding pH 7.4

FO3 Solvent Evap pH 1.2

FO3 Solvent Evap pH 7.4

FO4 Slurry pH 1.2
=%¥=FO04 Slurry pH 7.4

Simvastatin pH 1.2
—&—Simvastatin pH 7.4

—o—F05 Dry Grinding pH 1.2
=—FO05 Dry Grinding pH 7.4
FO6 Liq. Assist Grinding pH 1.2
—4—FO06 Lig. Assist Grinding pH 7.4
FO7 Solvent Evap pH 1.2
FO7 Solvent Evap pH 7.4
FO8 Slurry pH 1.2
=#=F08 Slurry pH 7.4
Simvastatin pH 1.2
= Simvastatin pH 7.4

—o—F09 Dry Grinding pH 1.2
=@—F09 Dry Grinding pH 7.4
F10 Liqg. Assist Grinding pH 1.2
=#=F10 Lig. Assist Grinding pH 7.4
F11 Solvent Evap pH 1.2
F11 Solvent Evap pH 7.4
F12 Slurry pH 1.2
=¥=F12 Slurry pH 7.4
Simvastatin pH 1.2
—4-— Simvastatin pH 7.4

DSC thermogram of the optimized formulation SIM:NIC  curve of the optimized formulations SIM:NIC (1:2) and
(1:1) showed a preliminary endothermic peak at 103.12°C ~ SIM:NIC (1:4), the initial endothermic peak appeared at
and an additional peak at 218.5°C (Figure 5A). In the DSC  99.12°C and 103.57°C, followed by an additional
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Figure 2 Zeta sizer analysis of F02; SIM:NIC (1:1), FO7; SIM:NIC (1:2) and FI1; SIM:NIC (1:4).

endothermic peak at 208.83°C and 200.97°C, respectively.
The TGA thermogram of pure SIM exhibited a maximum
mass loss (58.37%) at >300°C after 14.36 min, whereas a
slight mass loss (5.89%) was observed at >400°C after
16.54 min. The TGA thermograms of optimized formula-
tion SIM:NIC (1:1) showed a preliminary mass loss
(9.22%) at >90°C, with a maximum mass loss (19.25%)
at >200°C. A further mass loss of 7.78% was observed at
>300°C. For optimized formulations SIM:NIC (1:2) and
SIM:NIC (1:4), a smaller mass loss (8.72% and 9.16%,
respectively) was observed at 91-92°C, whereas a max-
imum mass loss (23.55% and 20.57%, respectively)

occurred at 190-200°C, with some mass loss (7.54% and
7.48%, respectively) at 310-320°C (Figure 5B).

SEM

Microscopic evaluation of the pure drug and formulated
SIM:NIC co-crystals was done by SEM and the results are
shown in Figure 6.

Pharmacokinetics

Pharmacokinetic parameters were calculated with the help
of pK Solver based on a non-compartmental system. The
concentration—time profile in plasma of the drug and
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Figure 3 FTIR of SIM and co-crystals formulations FO2; SIM:NIC (1:1), FO7; SIM:NIC (1:2) and FI I; SIM:NIC (1:4).

formulated co-crystals is shown in Figure 7. All compara-
tive values of pharmacokinetic parameters are stated in
Table 3 comprehending enhanced C,,,x, with improved
total AUC from co-crystals as compared to simvastatin
tablets.

Discussion

The formulated co-crystals had a CI value in the range of
5-18% and HR <1.25. Hence, all formulations showed
good flowability and compressibility when compared
with the micrometric properties of the pure drug.

The dissolution and release profiles of various low-
solubility drugs in different media can be improved upon
co-crystallization.”>*® In the present study, for all formu-
lations, dissolution and solubility were improved in the
aqueous phase, acidic medium, and basic medium.

Moreover, the drug-release profile for all SIM:NIC formu-
lations (1:1, 1:2 and 1:4) and pure drug were higher at pH
7.4 than the corresponding drug-release profile at pH 1.2.
In basic medium, salt formation for SIM is not feasible.?’
Thus, the increase in drug release is most likely due to co-
crystallization. The formulation F11 exhibited the maxi-
mum release and solubility of the drug. This phenomenon
was likely due to formation of more hydrogen bonds
because the solvent-evaporation method has been reported
to produce co-crystals with new hydrogen bonds.?®

The PDI value denotes size uniformity within a for-
mulation. PDI >1 indicates low uniformity, and vice
versa.® The formulated co-crystals had low PDI (0.142—
0.182), which suggested the uniformity of particle size.
The FTIR spectra of the formulated co-crystals showed
new peaks. The peak shifts indicate formation of new

Drug Design, Development and Therapy 2020:14

submit your manuscript

4309

Dove


http://www.dovepress.com
http://www.dovepress.com

Khan et al Dove
OO
o0
4 e o
e Simvastatin
200
0 -
400 0 S0 w0
o0
200 Nicotinamide
1000
2 ——————
0 0 0
4000
$oo
200 SIM:NIC (1:1)
1000
0 - >
0 0 w0
B0
KO0
4000
SIM:NIC (1:2)
NoO
0 —— - )
po0o © “ ©
00
s SIM:NIC (1:4)
200
0
0 0 60

Degrees 2-Theta

Figure 4 PXRD spectra of SIM and co-crystals formulations FO2; SIM:NIC (1:1), FO7; SIM:NIC (1:2) and FI1; SIM:NIC (1:4).

bonds. Co-crystallization may cause interactions among
various single-component crystalline-phase molecules. It
is most likely that these interactions were responsible for
the new molecular conformations seen in the FTIR spectra
of the formulated co-crystals.?’

The DSC and TGA curves for the formulated co-crys-
tals differed from those of the original components.
Formation of new phases was confirmed further because
the co-crystals showed distinct thermal behaviors, and
transition was observed relative to that of the individual
components. The peak in the DSC curve of the pure drug
was retained in all formulations, indicating the compatibil-
ity of the drug and NIC.*° Multiple endothermic peaks
with broad endotherms may have been due to different
crystal structures with different degrees of crystallinity.” It

has been reported that co-crystals obtained using different
preparation methods show different endothermic peak
temperatures, to some extent.>’ TGA revealed the thermal
stability of formulated co-crystals because maximum mass
losses were observed at very high temperatures when
compared with those of the original components.

The co-crystals showed distinct XRD patterns, which may
reflect differences in the processes used in their preparation.
XRD spectra further supported the notion of formation of
new and different crystalline structures.”” Further screening
using different methods may be helpful in obtaining clearer
understanding of the structures of the formulated co-crystals.

SIM appeared as rod-shaped crystals.”®> In contrast,
optimized formulated co-crystals showed asymmetrical-
to-spherical with surfaces. These

crystals irregular
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Figure 5 DSC analysis (A) and TGA (B) of (a) SIM and co-crystals formulations (b) F02; SIM:NIC (I:1), (c) FO7; SIM:NIC (1:2) and (d) FII; SIM:NIC (I:4).

Figure 6 SEM analysis; SIM at 100x (A), SIM:NIC (1:4) co-crystals at 100x (B) and at 1000x (C).
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Figure 7 Mean * SD Plasma concentration time profile of SIM and SIM: NIC co-

crystals (n=12).

analyses provide further evidence of crystal formation, and
also support the results from XRD and DSC. SEM images
suggested that particle size was reduced, a feature which
may contribute to increased solubility.

There was a significant difference in the pharmaco-
kinetic parameters of tablets and formulated co-crystals.
Pharmaceutical co-crystals can increase C,,,, and total
AUC by many fold. This increase with no change in
Tmax could be because various co-crystal characteristics
influence the pharmacokinetics of an API in different

2
ways.’
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Table 3 Pharmacokinetic Parameters Following Oral
Administration of SIM and SIM-GLU (FIl) co-crystals to
Healthy Rabbits (n=12)

Sr. Pharmacokinetic Simvastatin SIM-NIC
No Parameters (FII)

| Cmax (ug/mL) 1.28+0.049 3.06+0.073

2 Tmax (hr) 1.50£0.000 1.50+0.000

3 AUC(0-) pg/mL*min 94.82+2.593 450.79+1.658
4 AUMC(0-=) ug/mL*min2 18,777.91£578.20 | 102,333.27+970.13
5 Kel (hr-1) 0.34+0.006 0.18+0.008

6 t 1/2 (hr) 2.04+0.036 3.90+0.182

7 MRT (hr) 3.30+0.236 3.78+0.124

8 Vz (L) 74.46+2.991 30.00+1.449
9 Cl (Lmin-1) 0.42+0.009 0.09+0.000

Note: Data is presented as mean + SD.

Conclusion

Co-crystals of SIM with NIC prepared by solvent evapora-
tion showed significantly higher in vitro drug release,
solubility, as well as a corresponding in vivo pharmacoki-
netic profile when compared with those of pure SIM. We
demonstrated the potential usefulness of co-crystallization
in solubility enhancement of SMI and the possibility to
improve its bioavailability.
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