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Abstract
Purpose The study was aimed at exploring the feasibility of LIPOID SPC-3 as a coprecipitate carrier to enhance the aqueous
solubility and permeability of ranolazine, a BCS class II drug.
Methods LIPOID SPC-3-based coprecipitates of ranolazine (RNZ-SPC-CP) were developed using the solvent method. The
developed formulation was physico-chemically characterized using scanning electron microscopy (SEM), differential scanning
calorimetry (DSC), Fourier transform infrared spectroscopy (FT-IR), powder x-ray diffractometry (PXRD), and drug content.
Functional evaluation of RNZ-SPC-CP formulations was carried out by solubility analysis, in vitro dissolution studies, fed vs.
fasted state dissolution comparison, and ex vivo permeation studies.
Results The SEM studies revealed dissimilar morphological characteristics of pure ranolazine, LSPC-3, and RNZ-SPC-CP
formulations. The physico-chemical analysis confirmed the formation of the coprecipitate. Optimized RNZ-SPC-CP1 demon-
strated a noteworthy increase (~ 18-fold) in water solubility (~ 92.23 ± 1.02 μg/mL) over that of pure ranolazine (~ 4.94 ±
0.06 μg/mL) and physical mixture (PM) (~ 30.21 ± 2.12 μg/mL). Optimized RNZ-SPC-CP1 appreciably enhanced the rate
and extent of ranolazine dissolution (~ 85%), compared with that of pure ranolazine (~ 21%) and PM (~ 35%). Similarly, the
permeation rate of ranolazine from optimized RNZ-SPC-CP1 formulation was found to be enhanced significantly (~ 83%) over
that of pure ranolazine (~ 19%) and PM (~ 32%). In the fed state, the RNZ-SPC-CP1 improved the rate and extent of ranolazine
dissolution, compared with those of fasted state dissolution.
Conclusions The results conclude that RNZ-SPC-CP could be used as a promising approach for enhancing the aqueous solubility
and permeation rate of ranolazine.
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Introduction

Ranolazine (IUPAC name: N-(2,6-dimethyl phenyl)-2-[4-[2-
hydroxy-3-(2-methoxy phenoxy) propyl]-propyl piperazine-

acetamide]), a piperazine derivative, is used predominantly
for the management of chronic stable angina pectoris
(CSAP). It is a selective sodium channel blocker, which in-
hibits the late phase of Na+ current in ischemia [1]. Upon oral
administration, ranolazine produces a low and variable phar-
macokinetic profile, resulting in poor oral bioavailability (i.e.,
~ 35 to 50%). This is mainly attributed to its shorter half-life
(~ 2 to 6 h), rapid clearance (> 70%), and rapid hepatic first-
pass metabolism by cytochrome P-450 3A (CYP3A) and
CYP2D6, respectively [2–4]. Moreover, it is categorized as
a Biopharmaceutics Classification System (BCS) class II
drug, which exhibits low solubility and high permeability
[5]. Earlier published reports have also shown that ranolazine
plasma concentration is highly undesirable and fluctuate fol-
lowing oral administration [2]. Therefore, a unique for-
mulation approach is strongly needed to improve the
solubility, dissolution rate, permeability, and oral bio-
availability of ranolazine.
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Previous reports showed that a very few formulations have
been developed and explored by scientists for improving the
solubility and permeability of ranolazine. These include
sustained-release tablets [2], extended-release tablets [6], mi-
croparticles [7], floating microsphere [8], and extended-
release tablets [9]. Following a review of these reports, it
was found that the author only reduced the dosing frequency
and improved patient compliance without investigating the
solubility, permeability, and systematic evaluation of
ranolazine. Hence, to address this significant issue, we
employed a novel and suitable formulation strategy and/
or approach to improve the biopharmaceutical attributes
of ranolazine.

Among all formulation approaches, the phospholipid-
based coprecipitate approach is found to be a distinctive one
for improving the solubility and permeability of BCS class II
drugs. Previous literature has evidenced that the coprecipitate
strategy significantly improved the solubility and dissolution
rate of probenecid [10], indomethacin [11], carbamazepine
[12], and ibuprofen [13]. Moreover, the combination of phos-
pholipids, i.e., LIPOID SPC-3, and solvent evaporation meth-
od physico-chemically modifies the particles of the drug into
coprecipitates, leading to enhancement of the biopharmaceu-
tical properties of ranolazine. Coprecipitates are amorphous
solid dispersion prepared by the solvent evaporation method
[14]. This approach has created tremendous interest among
scientists due to multiple benefits like controlled and rapid
release, increased therapeutic efficacy, prevention of thermal
decomposition of the drug and carrier, improved particle size
and their composition, simple and easy preparation, and im-
proved dissolution rate of BCS class II drugs in a lower con-
centration of phospholipids. LIPOID SPC-3 (free flow and
non-sticky lipid) phospholipids are used in the present study,
and these are reported to enhance the biopharmaceutical prop-
erties of plant bioactive and/or drug molecules [15]. The am-
phiphilic property of this lipid (both water- and lipid-soluble
portions) entraps the drug within itself, forming a complex,
and thereby improves the aqueous solubility, dissolution rate,
and permeability of the drug via facilitating its transportation
across the biological membrane (6. 1). The complex is also
reported to enhance the poor bioavailability of drugs by in-
ducing the alteration in the target cell membrane structure and
by changing the polarity of drug molecules [16]. The
liposome- and phytosome-forming ability of phospholipids
entraps and/or sequesters the drug molecules within the bilay-
er structure during the dissolution process and further im-
proves drug dissolution by transporting the drug to the diffu-
sion layer, then to the bulk solution, and then to the site of
absorption for rapid release of the drug to the blood circulation
[17, 18]. Moreover, the phase transition (Tc) temperature of
these phospholipids being lower than the experimental tem-
perature, i.e., 37 °C, makes them disperse spontaneously when
coming in contact with water, which results in an increase in

the dissolution rate of the drug. Also, the phospholipids con-
taining a negative charge of the phosphate group can make a
strong electrostatic complex with the positive charge of drug
molecules, resulting in an increase of the dissolution rate of
drugs with poor bioavailability [9, 10]. Besides these advan-
tageous effects, these phospholipids also exhibit high compat-
ibility, biodegradability, metabolic activity, and low toxicity
over other lipids, representing them as the most appropriate
carrier for the development of coprecipitates. This approach
has been successfully used and explored for the only
liposome-forming phospholipids such as L-α-dimyristoyl
phospha t idy l cho l ine (DMPC) , L -α -d imyr i s toy l
phosphatidylglycerol (DMPG), L-α-distearoyl phosphatidyl-
choline (DSPC), and egg phosphatidylcholine (EPC); howev-
er, the same approach is found to be lacking and unexplored
for phytosome-forming phospholipids, i.e., LIPOID SPC-3,
and small molecules with poor aqueous solubility like
ranolazine. Additionally, the previous reports are also found
to lack a systemic and comprehensive evaluation of physico-
chemical and functional characterization of coprecipitate for-
mulations. According to this, the current work was undertak-
en, to explore the feasibility of LIPOID SPC-3 as a
coprecipitate carrier for enhancing the solubility and perme-
ability of ranolazine.

The present research is a “proof-of-concept” type of work,
in which we explore the feasibility of LIPOID SPC-3 as a
coprecipitate carrier for improving the solubility and perme-
ability of ranolazine. Coprecipitate formulations of ranolazine
with LIPOID SPC-3 (RNZ-SPC-CP) were prepared using the
solvent evaporation method. The prepared coprecipitates were
physically evaluated by particle size, zeta potential, SEM,
DSC, FT-IR, powder x-ray diffractometry (PXRD), and drug
estimation. Functional characterization was carried out by sol-
ubility and in vitro dissolution and ex vivo permeation studies.
Moreover, the coprecipitate formulation was also tested for
preliminary stability study under the influence of controlled
temperature and relative humidity for 6 months.

Materials and Methods

Materials

Ranolazine (purity more than 99.86%) was obtained from
Alkem Laboratories Ltd., Mumbai, India. LIPOID SPC-3
was obtained from Lipoid GmbH, Ludwigshafen, Germany.
Absolute ethanol, acetone, chloroform, dichloromethane,
diethyl ether, and 1,4-dioxane were purchased from Loba
Chemicals Pvt., Ltd., Mumbai, India. The remaining ingredi-
ents such as potassium bromide, potassium chloride, potassi-
um dihydrogen phosphate, sodium hydroxide, sodium
dihydrogen phosphate, and sodium chloride were purchased
from Sigma-Aldrich Corporation, St. Louis, MO.
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Preparation of Ranolazine-LIPOID SPC-3 Coprecipitate

The RNZ-SPC-CP was prepared according to stoichiometric
ratios (1:1, 1:2, 1:3, 1:4, and 1:5) using a method reported
previously [10]. Briefly, the required quantity of ranolazine
and LIPOID SPC-3 (LSPC-3) was accurately weighed and
transferred into a 50 -mL beaker. The weighed ingredients
were mixed and then dissolved in 10 mL of absolute ethanol
using a magnetic stirrer until a homogenous solution was
achieved. The prepared solution was allowed to evaporate at
room temperature, resulting in the formation of a solid mass of
RNZ-SPC-CP. The obtained solid mass was collected from
the beaker and dried under vacuum at 40 °C for 24 h. The
dried RNZ-SPC-CP formulation was sieved and placed into a
light-resistant amber-colored glass bottle, flushed with N2,
and finally kept in desiccators for further characterization.
The composition of the formulation is shown in Table 1.

Physico-chemical Characterization of Ranolazine-
LIPOID SPC-3 Coprecipitate

Scanning Electron Microscopy

The surface characterization of samples such as ranolazine,
LSPC-3, and RNZ-SPC-CP was carried out on SEM (model:
Supra® 55, Carl Zeiss NTS Ltd., Germany). Briefly, an ap-
proximate amount of samples (~ 50 mg) was weighed and
then spread as a very thin layer on double-faced carbon tape.
The prepared samples were then loaded into a sputter coater

and then coated with a thin layer of gold. After this, the images
were captured at suitable magnification using instrument-
associated software (SmartSEM®, TV mode). The accelerat-
ing voltage throughout the scanning was maintained at 10 kV.

Particle Size and Zeta Potential Analysis

Particle size analysis of RNZ-SPC-CP formulations was
carried out by photon cross-correlation spectroscopy
(PCCS) with the support of dynamic light scattering
(DLS) technology setup as per the method reported by
our laboratory [19]. Briefly, the RNZ-SPC-CP formula-
tion with a concentration of ~ 500 μg/mL in deionized
water was prepared and placed into the sample chamber
of the analyzer (model: NANOPHOX, Sympatec GmbH,
Clausthal-Zellerfeld, Germany). The loaded sample was
analyzed for particle size within the sensitivity range of
1 nm to 10 μm via adjusting its suitable optimizing

Table 1 Composition of the prepared ranolazine-LIPOID SPC-3
coprecipitate formulations

Coprecipitates Drug (mg) LIPOID SPC-3 (mg)

RNZ-SPC-CP1 100 100

RNZ-SPC-CP2 100 200

RNZ-SPC-CP3 100 300

RNZ-SPC-CP4 100 400

RNZ-SPC-CP5 100 500

+
Ranolazine

LIPOID SPC-3

Solvent evaporation method

Mixing of Stirring of                      Evaporation of          
ingredients                        ingredients                     ethanol solvent

Ranolazine

LIPOID SPC-3

Ranolazine – LIPOID 
SPC-3 coprecipitate 

complex
(RNZ-SPC-CP)

Shows the 
entrapment of 

ranolazine (orange 
color) within polar 

head of LSPC-3 
(blue color)

Fig. 1 Schematic diagram
representing the entrapment of
pure ranolazine within the polar
head of LSPC-3 resulting in for-
mation of the RNZ-SPC-CP
complex
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count rate position. The results were read by the
instrument-associated software.

The prepared dispersion of RNZ-SPC-CP formulations
was also employed for the zeta potential analysis using
Nano Particle Analyzer (model: NanoPlusTM-2, particulate
system, Norcross, GA, USA) equipped with a DLS setup.
The sample solution was analyzed in the sensitivity range of
− 200 to + 200 mV. The temperature during the entire analysis
was set to 25 °C.

Differential Scanning Calorimetry

Samples of formulation components such as ranolazine,
LSPC-3, physical mixture (PM) of ranolazine and LSPC-3
(1:1), and prepared RNZ-SPC-CP were analyzed to study
their thermal interaction as well as performance using a dif-
ferential scanning calorimeter (model: DSC-1821e, Mettler
Toledo AG, Analytical, Schwerzenbach, Switzerland) as per
the procedure described earlier by our groups [20]. Briefly, the
individual samples (~ 2.0 ± 0.2 mg) were accurately weighed
and then sealed in an aluminum pan covered with a lid and
crimper. After this, the weighed samples were loaded into the
DSC instrument that had been previously calibrated
concerning heat flow and capacity using standard indium
(In). The sample-analyzing chamber was constantly purged
with dried nitrogen gas (N2) at a flow rate of (50 mL/min) to
avoid any interference from entrapped moisture. The tested
samples were allowed to be heated at a temperature range of
0 to 400 °C at a heating rate of 10 °C/min. DSC thermograms
along with their associated heating parameters were read by
the instrument-accompanied software (Universal Analysis
2000, V4.5A, build 4.5.0.5).

Fourier Transform Infrared Spectroscopy

An FT-IR spectrophotometer (model: FTIR-8300,
Shimadzu, Kyoto, Japan) was used to analyze and under-
stand the molecular-level functional group interaction be-
tween the samples of ranolazine, LSPC-3, PM, and RNZ-
SPC-CP, respectively. Briefly, the homogenous mixture
for the FT-IR analysis was prepared by mixing of individ-
ual samples with FT-IR-grade potassium bromide (KBr)
in an agate mortar and pestle. The individual mixture was
compressed into thin and uniform transparent discs using
a mini handpress machine (model: MHP-1, P/N-200-
66747-91, Shimadzu, Kyoto, Japan). The prepared discs
were scanned under a wave number region of 4000 to
400 cm−1, with the resolution set to 4 cm−1. The
instrument-received FT-IR spectra for a single sample
were compared and interpreted using the FT-IR software
(IRSolution FT-IR control software, version 1.10). The
detailed procedure for FT-IR analysis has been followed
as per earlier published literature [21].

Powder X-ray Diffractometry

The crystalline performance of ranolazine, LSPC-3, PM, and
RNZ-SPC-CP was evaluated in terms of their PXRD spectra
using a powder x-ray diffractometer (model: D8 Advance,
Bruker AXS, Inc., Madison, WI, USA). The detailed proce-
dure regarding the sample preparation, their evaluation, and
interpretation of the spectrum was followed according to the
literature reported earlier [22].

Estimation of Drug Content

A UV-visible spectrophotometry–based procedure earlier
described by Choudhary et al. was used to estimate the
content of ranolazine in the prepared RNZ-SPC-CP for-
mulations [23]. Briefly, an aqueous solution for the
spectral analysis of ranolazine was prepared by dissolv-
ing the approximate amount of RNZ-SPC-CP formula-
tions (~ 100 mg of ranolazine) in 100 mL of phosphate
buffer (0.05 M, pH 6.8) and stirred well. The developed
solution was then filtered through a membrane filter
(0.45 μm). The filtered solution was diluted suitably
and analyzed for absorbance on a UV-visible spectro-
photometer (model: V-630, JASCO International Co.,
Ltd., Tokyo, Japan) at 270 nm. Moreover, the blank
solution of LSPC-3 was also prepared and compared
against the sample solution to avoid the interference
from the added phospholipid carrier. The content of
ranolazine (%) in the RNZ-SPC-CP was calculated ac-
cording to Eq. (1) described below:

RNZ content %ð Þ ¼ total RNZ mgð Þ−free drug mgð Þ
total RNZ mgð Þ � 100

ð1Þ

Functional Characterization of Ranolazine-LIPOID
SPC-3 Coprecipitate

Aqueous Solubility Analysis

The samples of pure ranolazine, PM of ranolazine, and
LSPC-3 and RNZ-SPC-CP formulations were analyzed
for aqueous solubility using the procedure reported earlier
elsewhere [24]. Briefly, an individual sample in an excess
amount was weighed and then transferred into clean screw-
capped glass vials containing 10 mL of distilled water. The
aqueous dispersion was stoppered carefully and agitated
using a rotary shaker (model : RS-24 BL, REMI
Laboratory Instruments, Remi House, Mumbai, India) at
37 °C for 24 h. After agitation, the mixture was filtered
(membrane filter, 0.45 μm), collected, and diluted appro-
priately. The resulting solution was assayed for recording the
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absorbance using a UV-visible spectrophotometer (model:
V-630, JASCO International Co., Ltd., Tokyo, Japan) at a
maximum wavelength of 272 nm against a blank. The entire
study was carried out at room temperature.

In Vitro Dissolution Studies

A paddle (USP type II)–based dissolution apparatus
(model: TDT-08LX, Electrolab India Pvt. Ltd., Mumbai,
India) was employed for the comparative evaluation of
in vitro dissolution performance of pure ranolazine and
ranolazine from the prepared RNZ-SPC-CP formulation,
respectively. The dissolution studies were carried out as
per the procedure previously reported in the literature [10,
11]. Briefly, the testing samples, i.e., pure ranolazine (~
100 mg) or prepared RNZ-SPC-CP (~ 100 mg of pure
ranolazine), were dispersed in a dissolution flask contain-
ing 900 mL of distilled water. After dispersing the sam-
ples, the contents of the flask were stirred at a speed of
100 RPM and the temperature of the media was main-
tained at 37 ± 0.5 °C throughout the study. The dissolu-
tion study was performed for 120 min. At designated time
intervals (10 min), the samples were withdrawn, filtered
(membrane filter, 0.45 μm), diluted, and analyzed for
measuring the absorbance of the resulting solution on a
UV-visible spectrophotometer (model: V-630, JASCO
International Co., Ltd., Tokyo, Japan) at a maximum
wavelength of 270 nm against the blank. The recorded
absorbance values of each sample were used for calcula-
tion of the percentage cumulative amount of release of
ranolazine and RNZ-SPC-CP formulations.

Kinetic Model–Fitting Analysis The release kinetic analysis of
RNZ from RNZ-SPC-CP was estimated by the fitting of the
release data into different kinetic models such as zero order,
first order, and Higuchi models. The zero-order model repre-
sents the cumulative amount of drug released vs. time, and it is
represented by the following equation:

C ¼ K0t

where K0 describes the zero-order rate constant that is
expressed in units of concentration/time and t represents the
time in minutes. A graph of concentration of vs. time would
yield a straight line with a slope equal toK0 and the intercept at
the origin of the axis.

The first-order model shows the release as a cumulative
percentage of the drug remaining vs. time, and it is described
in the following equation:

log C ¼ log C0−Kt=2:303

where C0 is the initial concentration of the drug, K is the first-
order rate constant, and t is the time in minutes.

The Higuchi model equation shows the release as a
cumulative percentage of drug released vs. the square
root of time, and it is calculated using the described
equation below.

Qt ¼ Kt1=2

where Qt represents the amount of drug released in time
t, K is the kinetic constant, and t is the time in minutes.

Mechanism of Drug Release The RNZ release mechanism
from optimized RNZ-SPC-CP was determined by subjecting
the release data to the Korsmeyer-Peppas equation as shown
below; it describes the release as a cumulative percentage of
drug released vs. time.

Mt=M∞ ¼ Ktn

where Mt/M∞ describes the fraction of drug released, K is the
rate constant, t is the time for drug release, and n is the diffu-
sional exponent for drug release. The diffusional exponent (n)
value describes the release mechanism of formulations. For
example, when n = 1, the release can be considered zero order
(case II transport), and n = 0.5 indicates a Fickian diffusion
release; 0.5 < n < 1.0 indicates diffusion and non-Fickian dif-
fusion. Finally, if n > 1, then the apparent mechanism is super
case II transport.

Fasted vs. Fed State Dissolution Comparison

The comparative release pattern of pure ranolazine or
ranolazine from RNZ-SPC-CP formulations was also
studied under the effect of fasted (FaSSIF) or fed state
(FeSSIF) in a USP type II (paddle) dissolution appara-
tus (model: TDT-08LX, Electrolab India Pvt. Ltd.,
Mumbai, India). Dissolution studies were carried out in
FaSSIF (fasted state simulated intestinal fluid) and
FeSSIF (fed state simulated intestinal fluid) media, and
the procedure for the preparation of this media was
followed according to the procedure reported earlier
[25]. Briefly, ranolazine (~ 100 mg) or ranolazine from
RNZ-SPC-CP formula t ions (~ 100 mg of pure
ranolazine) was dispersed in dissolution media of
FaSSIF (500 mL) or FeSSIF (1000 mL), respectively.
The media were stirred continuously at a speed of
50 RPM, with the temperature maintained at 37 ±
0.5 °C for 120 min. During the study, the small samples
were removed using a micropipette and replaced with
fresh dissolution media for maintaining the sink condi-
tions. The removed samples were diluted and assayed
for absorbance using a UV-visible spectrophotometer
(model: V-630, JASCO International Co., Ltd., Tokyo,
Japan) at a wavelength of 271 nm for FaSSIF or
270 nm for FeSSIF against blank absorbance. Sample
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absorbance values were calculated and represented in
the form of a percentage cumulative release.

Ex Vivo Permeability Studies

The testing samples of pure ranolazine or prepared
RNZ-SPC-CP formulations were analyzed for perme-
ation across the biological membrane using the everted
rat intestine method described earlier in the literature
[26]. The studies were performed as per the literature
earlier reported by our group [19, 27]. The Institutional
Animal Ethical Committee of Smt. Kishoritai Bhoyar
College of Pharmacy, Kamptee, reviewed and sanc-
tioned the protocol (SKBCOP/IAEC/201819, dated
August 19, 2018). The study was performed under the
supervision of guidelines suggested by the Committee
for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA). Briefly, the pre-
pared everted rat intestine membrane was fixed between
the two tapered ends of the apparatus. After that, the
apparatus was filled with freshly prepared Krebs solu-
tion and then immersed into a 250-mL beaker contain-
ing testing solutions of pure ranolazine (~ 100 μg/mL)
or RNZ-SPC-CP formulations (~ 100 μg/mL) in Krebs
solution. The entire assembly was placed on a magnetic
stirrer, and the contents were stirred at a speed of
25 RPM, with the temperature of the media maintained
at 37 ± 0.5 °C for 120 min. The permeation media (in-
side and outside of the apparatus) was continuously aer-
ated using carbogen (95% O2 and 5% CO2 mixture). At
predetermined time intervals, the small samples were
removed from the apparatus, filtered, diluted, and ana-
lyzed for absorbance at 271 nm on a UV-visible spec-
trophotometer (model: V-630, JASCO International Co.,
Ltd., Tokyo, Japan) against the blank, and the absor-
bance values of the samples were reported as percentage
cumulative permeation release.

Preliminary Stability Assessment Studies

The preliminary stability assessment studies on the optimized
formulation, i.e., RNZ-SPC-CP1, were carried out to study the
influence of storage conditions, i.e., controlled temperature
(25 ± 5 °C) and relative humidity (60 ± 5% RH), on the disso-
lution and permeation rate of RNZ from the abovementioned
formulations. This study was carried out as per the literature
reported earlier [28]. Briefly, the RNZ-SPC-CP1 formulation
was packed in a screw-capped container, with high-density
polyethylene (HDPE) amber-colored bottles. The packed
samples were stored in a stability chamber (model:
TS00002009, Mumbai, Maharashtra, India) for 6 months. At
the end of the study, the samples were removed and tested for
functional characterization.

Results and Discussion

Physico-chemical Characterization of Ranolazine-
LIPOID SPC-3 Coprecipitate

Scanning Electron Microscopy

The SEM analysis of pure ranolazine, LSPC-3, and prepared
RNZ-SPC-CP formulations are depicted in Fig. 2 a, b, and c,
respectively. Pure ranolazine (Fig. 2a) appeared as clusters of
small and larger particles, with a heterogeneous surface.
LSPC-3 particles (Fig. 2b) are exhibited as larger and non-
uniform particles with ill-defined morphology. The prepared
RNZ-SPC-CP formulations (Fig. 2c) appeared as aggregates
with characteristics of small particles of pure ranolazine and
large particles of LSPC-3. The formation of these aggregates
confirmed that pure ranolazine and LSPC-3 physically inter-
act with each other. Results agreed with earlier published re-
ports [28]. Moreover, the formation of such types of aggre-
gates was possibly due to the solvent evaporation method.
These findings were found to be consistent with an earlier
published report which suggests that SPC-based carriers using
the solvent evaporation method produce the same types of
particles following their interaction with drugs [29, 30].
Moreover, different types and grades of phospholipids may
also have different effects on the shape and surface morphol-
ogy of phospholipid-based formulations [29].

Particle Size and Zeta Potential Analysis

The particle size and zeta potential analysis of prepared RNZ-
SPC-CP formulations are shown in Fig. 3 a and b, respective-
ly. Particle size and zeta potential are the basic parameters
used for the determination of the physical stability of sub-
micron particles dispersed in the liquid media. In general,
the particle size of the pharmaceutical excipients is found to
be inversely proportional to their surface area/volume ratio
(SA/V) [31]. In the current study, the prepared RNZ-SPC-
CP formulation (Fig. 3a) showed an average particle size of
~ 95.76 ± 0.20 nm, indicating the small particle size of the
formulations. This lower particle size formulation shows a
higher SA/V, which in turn results in increase in the release
rate of drugs from coprecipitate formulations through the
mechanisms of diffusion and erosion. Moreover, a particle
with a size smaller than 500 nm is considered a suitable par-
ticle size for its transportation across the biological membrane
via endocytosis, whereas a particle size greater than 5 mm is
particularly absorbed through the lymphatic system [32, 33].
Additionally, the polydispersity index (PDI) value of the same
formulation was observed to be ~ 0.29 ± 0.10. An obtained
lower PDI value indicates a narrow distribution of pure
ranolazine within the carrier. Zeta potential (ζ) is another valu-
able indicator used particularly for the determination of
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surface charges distributed around the particles. Moreover,
zeta potential can also provide useful information about the
behavior of particles following an oral administration [34].
Generally, the zeta potential values in the range of − 30 to +
30 mV can be considered acceptable values for the physical
stability of multiparticulate systems. Prepared RNZ-SPC-CP
formulations (Fig. 3b) showed zeta potential values as ~−
24.31 ± 0.19 mV, indicating that it lies in between the accept-
able range and, thus, confirming that the prepared formulation
is physically stable. Moreover, this acceptable zeta potential
value was likely due to a large portion of LSPC-3 contributing
to the complexation process and generating negative charges
in the aqueous environment with a neutral pH value. This
possible mechanism provides sufficient negative charges on
the surface of the RNZ-SPC-CP complex and makes the com-
plex stable in the aqueous state. Additionally, the

phospholipid composition and its type may also have a strong
impact on the zeta potential values. Findings were found to be
consistent with earlier published reports [21, 34]. Therefore,
based on this discussion, it is suggested that zeta potential
plays a significant role in the stabilization of the
phospholipid-based coprecipitate complex.

Differential Scanning Calorimetry

DSC is a valuable analytical tool used often in the quantitative
determination of the interaction (physical and solid state) be-
tween the ingredients of the formulations. The thermograms
of pure ranolazine, LSPC-3, the PM of ranolazine and LSPC-3
(ratio 1:1), and optimized RNZ-SPC-CP1 formulations are
presented in Fig. 4 a, b, c, and d, respectively. The thermo-
grams of pure ranolazine (Fig. 4a) showed a single and sharp

Fig. 3 a Particle size and b zeta
potential of the prepared RNZ-
SPC-CP formulations

Fig. 2 SEM photomicrographs of a pure ranolazine, b LSPC-3 and c prepared RNZ-SPC-CP formulations
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endothermic peak at ~ 124.13 °C; this peak signifies the melt-
ing point of pure ranolazine. The enthalpy of fusion (ΔH) for
this peak was found to be ~ 79.26 J/g. Additionally, the same
drug also displayed four very small intensity peaks in the
region between ~ 222.78 and ~ 321.71 °C (ΔH ~ 6.97 J/g).
This may be likely due to the phase transition of ranolazine
from its crystalline to anhydrous form. The results are well
supported with earlier published reports [6]. The LSPC-3 ther-
mograms (Fig. 4b) exhibited six dissimilar endothermic
peaks. First, four small intensity peaks appeared at ~
93.36 °C, 121.46 °C, 161.72 °C, and 191.95 °C, indicating
the melting of the polar element of LSPC-3 as a function of
increasing temperature. The remaining two peaks at ~
250.90 °C and ~ 274.45 °C appeared to be mild, fused, and
diffused ones compared with the initial four peaks. These
peaks may be attributed to the physical transformation of the
carbon-hydrogen part of LSPC-3 from the gel to the liquid
crystalline state. Findings were consistent with those of phos-
pholipids published earlier [20, 35]. The DSC thermograms of
PM (1:1) (Fig. 4c) showed a combination of endothermic
peaks at ~ 62.53 °C (ΔH ~ 6.02 J/g), 120.65 °C (ΔH ~
38.99 J/g), 158.73 °C (ΔH ~ 4.86 J/g), and 318.92 °C (ΔH
~ 22.44 J/g) that correspond to pure ranolazine and LSPC-3 of
the formulation. Moreover, the PM spectra showed the pre-
dominant peak of ranolazine with a small intensity compared
with the peak observed for pure ranolazine; this indicates that
a low amount of ranolazine is present in the PM as compared
with LSPC-3 as well as possible physico-chemical interaction
between them, suggesting that as the thermal temperature was
achieved to a favorable position, the pure ranolazine and
LSPC-3 were both melted, formed a partial mixture, and, thus,
showed the peaks with low intensities, compared with pure
ranolazine and LSPC-3 [35, 36]. Moreover, the last phase

transition peak of ranolazine also appeared at ~ 318.92 °C
with broad and low-intensity characteristics indicating possi-
ble interaction of ranolazine with LSPC-3. Compared with the
thermograms of PM, the thermograms of RNZ-SPC-CP1 for-
mulations (Fig. 4d) displayed new endothermic peaks at ~
89.28 °C and 122.68 °C. The overall appearance of these
peaks was similar to that of PM; however, based on the endo-
thermic peak position, the obtained peaks in these thermo-
grams were found to be different from that of the peak position
for pure ranolazine and PM. Moreover, the new peak at
122.68 °C appeared parallel to that of PM and pure ranolazine;
however, it could be formed due to complete dispersion of
pure ranolazine into the LSPC-3 matrix, reducing the sharp
crystalline nature of the drug (i.e., partial amorphization) and
converting it into an LSPC-3-based coprecipitate complex
with broad and low-intensity peaks. Findings were consistent
with earlier published literature [20]. Likewise, the enthalpy of
fusion for major peaks of pure ranolazine, PM, and RNZ-
SPC-CP1 formulations was found to be different, i.e., ~
79.26 J/g, 38.99 J/g, and ~ 43.37 J/g. Therefore, based on
the above comparative discussion, it is concluded that pure
ranolazine and LSPC-3 forms strong interaction with each
other, resulting in the formation of an amorphous RNZ-
SPC-CP complex with different endothermic peak character-
istics compared with those of the pure drug and PM.

Fourier Transform Infrared Spectroscopy

The interaction between the functional groups of various com-
ponents of the formulation is confirmed by the FT-IR analysis.
The FT-IR spectrum of pure ranolazine, LSPC-3, PM (1:1),
and prepared RNZ-SPC-CP1 formulations are shown in
Fig. 5a–d, respectively. The units are represented as cm−1.

Fig. 4 DSC thermograms of a
pure ranolazine, b LSPC-3, c the
physical mixture of ranolazine
and LSPC-3 (1:1), and d prepared
RNZ-SPC-CP formulations
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The FT-IR spectrum of pure ranolazine is displayed in Fig. 5a.
In this figure, the absorption peaks observed at ~ 3328.5,
2829.0, 1684.8, 1591.6, 1461.1, 1330.7, and 1252.4 represent
the N–H stretching (primary aliphatic amine), C–H stretching,
C=C stretching, C–H bending, and C–O stretching vibrations.
The FT-IR spectrum of LSPC-3 (Fig. 5b) shows absorption
peaks at 3362.1, 2914.8 and 2847.7, 1736.9, 1237.5, 1092.3,
and 902.0, representing the O–H stretching, C–H stretching
(for the long fatty acid chain), C=O stretching (fatty acid es-
ter), P=O and P–O–C stretching, and [–N+ (CH2)3] [37]. The
FT-IR spectrum of PM (1:1), as shown in (Fig. 5c), exhibited
absorption peaks at ~ 3332.2, 2851.4, 2918.5, 1684.8, 1461.1,
1330.7, and 1252.4, indicating that these peaks had additive
characteristics of pure ranolazine and LSPC-3. This additive
peak suggests that both pure drug and LSPC-3 show strong
physico-chemical interactions. As compared with the FT-IR
spectrum of PM, that of RNZ-SPC-CP1 formulations (Fig.
5d) displayed lower absorption peaks at ~ 3328.5, whereas
compared with pure ranolazine, RNZ-SPC-CP1 showed com-
plete disappearance of the absorption peak at ~ 2829.0.
Moreover, the absorption peak at ~ 3362.1 due to the O–H
stretching vibration of LSPC-3 was found to disappear
completely in the coprecipitate complex formulation.
Likewise, the low absorption peak at ~ 902.0 in LSPC-3 ap-
peared at a higher frequency at ~ 969.1 in the coprecipitate
complex formulation. The peak frequencies’ change observed
in the spectrum of the RNZ-SPC-CP1 formulation for broad-
ening, shifting, and appearance and/or disappearance of pri-
mary aliphatic amine (N–H stretching), O–H stretching, C–H
stretching, and [–N+ (CH2)3] peaks to lower and higher fre-
quencies compared with those of PM, pure ranolazine, and
LSPC-3 could be explained on the basis that pure ranolazine

molecularly interacted with the polar part of LSPC-3 through
weak interactions, i.e., H-bonding, ion-dipole forces, and van
derWaals forces, thus leading to the formation of stable RNZ-
SPC-CP. Therefore, the shifting of absorption of peaks in the
formulation concludes that there is a molecular interaction
between ranolazine and LSPC-3, and this could be the evi-
dence for the formation of RNZ-SPC-CP.

Powder X-ray Diffractometry

Figure 6 a, b, c, and d display the diffractogram spectra of
pure ranolazine, LSPC-3, PM (1:1), and prepared RNZ-
SPC-CP1 formulations on a 2θ scale, respectively. Pure
ranolazine (Fig. 6a) diffractograms showed a chain of
multiple numbers of sharp-pointed peaks observed at ~
4.95°, 10.31°, 12.22°, 14.92°, 16.42°, 16.42°, 19.27°,
21.37°, 23.39°, and 24.60° on a 2θ scale, indicating the
crystalline nature of pure ranolazine. Moreover, the inten-
sity (Lin counts on the y-axis) of these peaks appeared as
~ 490, 400, 240, 300, 750, 250, 480, 550, and 350 counts,
respectively, also confirming the crystalline nature of pure
ranolazine. The PXRD spectrum of LSPC-3 (Fig. 6b) ex-
hibited two dissimilar peaks. The first sharp and small-
intensity peak developed at ~ 5.92° (650 counts), whereas
a second broad and large-intensity peak was found at ~
21.57° (2050 counts) on a 2θ scale. Two very miniature
peaks also developed at 3.80° and 9.93°. Results were
found to be similar to those of phospholipid literature
published earlier [38]. Diffractograms of PM (Fig. 6c)
displayed several combined peaks associated with small
and large intensities, indicating that pure ranolazine and
LSPC-3 were both physically mixed in the ratio 1:1, and

Fig. 5 FT-IR spectra of a pure ranolazine, b LSPC-3, c the physical mixture of ranolazine and LSPC-3 (1:1), and d prepared RNZ-SPC-CP formulations
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therefore, the resulting peaks appeared in a combination
of ranolazine as well as LSPC-3. Also, in this spectrum,
the peak height/intensity of ranolazine in between the re-
gion of ~ 3 and 18° was found to be nearly similar to the
peak height of the PXRD spectrum of pure ranolazine,
whereas in the region of ~ 19 to 28°, the PM demonstrated
a narrow range of LSPC-3-dominated peak along with the
appearance of sharp peaks of pure ranolazine, and the
complete appearance of these peaks was found to be par-
allel to that of the peak height of LSPC-3, indicating in-
teraction between ranolazine and LSPC-3, and this was
likely due to formation of in situ partial aggregates with
equal contribution of both formulation components.
PXRD diffractograms of optimized RNZ-SPC-CP1 for-
mulation (Fig. 6d) exhibited few peaks of ranolazine with
small, broad, and fused characteristics in the region be-
tween 3 and 20°, and their peak intensity was found to be
lowered in this spectrum to around 300, 400, and 800
counts compared with higher counts, i.e., 400, 470, and
850, in PM, whereas in the region between 10 and 30°,
the same formulation showed a broad range of LSPC-3-
dominated peaks with a low intensity accompanied with
reduction and/or disappearance of peaks as compared with
PM and pure ranolazine. Formation of this spectrum could
be explained that while the formulation of the pure
ranolazine firstly mixed with LSPC-3 in the ratio 1:1
and then dispersed into the matrix of LSPC-3, this disper-
sion resulted in the partial reduction of the crystal nature

of pure ranolazine, which was finally converted into
RNZ-SPC-CP formulation accompanied with amorphous
characteristics [39]. Hence, the observed significant dif-
ference in the formation of a broad range of LSPC-3-
dominated peaks with lower-intensity peaks in RNZ-
SPC-CP compared with a narrow range of LSPC-3 peaks
with a higher intensity in PM confirms that there were
molecular association and interaction between ranolazine
and LSPC-3, and this could be the basis for the develop-
ment of RNZ-SPC-CP.

Drug Content

The analyzed ranolazine content in the prepared RNZ-
SPC-CP formulations is shown in Table 2. As seen in
Table 2, the formulation RNZ-SPC-CP in the ratio 1:1
exhibited the highest percentage of incorporation effi-
ciency of ranolazine of ~ 96.40 ± 1.19% w/w, whereas
the other formulations in the ratios 1:2, 1:3, 1:4, and
1:5 showed lower percentages of ranolazine efficiency
of ~ 94.80 ± 1.40%, 93.47 ± 0.70%, 93.11 ± 1.36%, and
92.07 ± 1.41%, respectively. Among all formulations,
the RNZ-SPC-CP (1:1) formulation was considered to
be an optimized one for further analysis. Moreover,
based on this analysis, it was found that the phospho-
lipid carrier and solvent evaporation method could be a
suitable and robust approach for the preparation of
RNZ-SPC-CP with high ranolazine content.

Fig. 6 The powder x-ray diffractograms of a pure ranolazine, b LSPC-3, c the physical mixture of ranolazine and LSPC-3 (1:1), and d prepared RNZ-
SPC-CP formulations
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Functional Characterization of Ranolazine-LIPOID
SPC-3 Coprecipitate

Aqueous Solubility Analysis

Table 3 displays the aqueous solubility analysis of pure
ranolazine, PM (1:1), and prepared RNZ-SPC-CP formula-
tions. Pure ranolazine showed low aqueous solubility of ~
4.94 μg/mL, and this was likely due to its low solubility and
the high permeability profile of the BCS class II category. PM
formulations displayed somewhat higher aqueous solubility,
and their solubility range was found to be between ~ 24 and ~
30 μg/mL. The value corresponds to a nearly 6-fold increase
in aqueous solubility. PM containing phospholipid ratios in-
creasing from 1:1 to 1:3 showed significant enhancement in
the solubility, and thereafter, further increasing ratios of phos-
pholipids, i.e., 1:4 and 1:5, lowered the aqueous solubility of
pure ranolazine. The modest increase in aqueous solubility of
all PM was possibly attributed to the close association of the
amphiphilic nature of phospholipids with ranolazine resulting
in the formation of slightly modified ranolazine particles with
higher aqueous solubility and wettability characteristics.

Apart from this, the higher amount of phospholipids in PM
formulations, i.e., PM 1:4 and 1:5, may restrict the access of
ranolazine particles into the aqueous media and, thus, reduces
their solubility in water [11]. Moreover, the higher amount of
phospholipids may also impart higher viscosity to formula-
tions, which further reduced the solubility of the drug into
the aqueous media [40]. RNZ-SPC-CP formulations im-
proved the aqueous solubility in the range between ~ 80 and
~ 92 μg/mL. Among all formulations, the optimized RNZ-
SPC-CP1 formulations (a drug to carrier ratio of 1:1) signifi-
cantly (p < 0.01) enhanced the aqueous solubility of
ranolazine to ~ 92.23 μg/mL. The obtained value shows an
18-fold increase in aqueous solubility as compared with those
of pure ranolazine and all PM. The possible reason for the
enhancement of this aqueous solubility was likely attributed
to the complex formation and partial amorphization of
ranolazine particles within the formulations [41, 42]. The am-
phiphilic character of LSPC-3 and the amorphous state of the
drug within this carrier could have the possibility of increasing
the aqueous solubility of ranolazine [43]. Moreover, the phos-
pholipids are known to form self-assembly of amphiphilic
structures like micelles, liposomes, and phytosomes with high
incorporation of hydrophobic drug particles, resulting in the
increase in the aqueous solubility of the drug via formation of
a complex between the drug and phospholipids. The wetting
nature of these phospholipids can also contribute to increasing
the water solubility of the hydrophobic drug via surface coat-
ing [44]. The amphiphilic nature, wetting, and lowering of the
interfacial tension between the drug and water functions of
LSPC-3 may also contribute to increasing the hydrophilicity
of drugs [40].

In Vitro Dissolution Studies

Figure 7 describes the comparative dissolution pattern of pure
ranolazine, PM (1:1), and optimized RNZ-SPC-CP1 formula-
tions tested in distilled water for 120 min. As seen in the
figure, the pure ranolazine exhibited only ~ 21% dissolution
by the end of 120 min. The low solubility and high perme-
ability profile of ranolazine are considered to be the main
reason for its low dissolution in distilled water. The PM
(1:1) demonstrated a modest increase in the rate and extent
of ranolazine dissolution compared with pure ranolazine. By
the end of dissolution, the rate and extent of ranolazine disso-
lution from PM were found to be only ~ 35%. From this ob-
servation, it is found that the PM pursued the same dissolution
fashion as observed in the solubility studies. As compared
with pure ranolazine and PM (1:1), the optimized RNZ-
SPC-CP1 exhibited the highest dissolution efficiency, and
by the end of the dissolution period, ~ 85% of ranolazine
was found to be released in the distilled water. The improved
dissolution rate of RNZ-SPC-CP1 formulation could have
been possibly due to the solvent evaporation method, LSPC-

Table 3 Aqueous solubility of pure ranolazine, the physical mixture of
ranolazine and LIPOID SPC-3, and ranolazine-LIPOID SPC-3
coprecipitate formulations

Coprecipitates Aqueous solubility (μg/mL)*

Pure ranolazine 4.94 ± 0.06

PM1 30.20 ± 0.04

PM2 28.41 ± 0.07

PM3 27.50 ± 0.02

PM4 25.07 ± 0.08

PM5 24.27 ± 0.03

RNZ-SPC-CP1 92.23 ± 0.08

RNZ-SPC-CP2 90.07 ± 0.01

RNZ-SPC-CP3 87.46 ± 0.05

RNZ-SPC-CP4 84.39 ± 0.08

RNZ-SPC-CP5 80.12 ± 0.03

*All results are expressed as mean ± Std. Dev. (n = 3)

Table 2 Drug content of ranolazine in prepared coprecipitate
formulations

Coprecipitates Drug content (%, w/w)*

RNZ-SPC-CP1 96.40 ± 1.19

RNZ-SPC-CP2 94.80 ± 1.40

RNZ-SPC-CP3 93.47 ± 0.70

RNZ-SPC-CP4 93.11 ± 1.36

RNZ-SPC-CP5 92.07 ± 1.41

*All results are expressed as mean ± Std. Dev. (n = 3)

J Pharm Innov



3 carrier, and ethanol solvent. Solvent evaporation, a well-
known method, transforms the crystalline drug into a partially
amorphized form and, finally, converts it into the high–energy
state powder, which increases the dissolution rate of low-
solubility drug particles [45]. The shorter fatty acid chain
length, as well as the phase transition temperature (Tc) of
LSPC-3 being lower than the experimental temperature
(37 °C), may cause to increase the dissolution rate of
ranolazine because of its more amorphous nature as well as
the spontaneous dispersibility of LSPC-3 when coming in
contact with distilled water [10, 11]. Moreover, the LSPC-3
structure was found to be similar to those of earlier used phos-
pholipids, i.e., DMPC and DMPG. The combined impact of
this phospholipid exhibits a dual effect; the first one is the
complex formation between the negative charge of the phos-
phate group of phospholipids and positive charge of
ranolazine, and the second one is liposome and phytosome
formation ability, which in turn increases the dissolution rate
of ranolazine in distilled water [11, 12]. Ethanol, a non-toxic
and class III solvent, may remain as a trace solvent even after
the vacuum drying. This trace amount of solvent can form
hydrogen bonding with ranolazine and LSPC-3, resulting in
the formation of the coprecipitate complex, which can in-
crease the rate and extent of ranolazine dissolution.
Moreover, ranolazine forms a strong chemical association
with LSPC-3 via intermolecular bonding, and this interaction
could change the physico-chemical properties of both of these
compounds, resulting in a significant enhancement of the dis-
solution rate of ranolazine from the prepared coprecipitate
complex. Results were found to be consistent with earlier
published reports [13].

The obtained release data from RNZ-SPC-CP formulations
were analyzed using various kinetic models such as first-or-
der, zero-order, Higuchi, and Korsmeyer-Peppas models.
Following analysis, the obtained higher correlation coefficient

value (R2 = 0.9731) compared with the small value of the
zero-order (R2 = 0.9322) and first-order (R2 = 0.9550) models
suggests the Higuchi model as a best-fit kinetic model describ-
ing the dissolution of RNZ-SPC-CP formulations. Moreover,
the release exponent value (n) was found to be ~ 0.48, indi-
cating that diffusion is the principal mechanism responsible
for the release of ranolazine from RNZ-SPC-CP formulations.
Moreover, based on the Korsmeyer-Peppas model, the release
mechanism of the ranolazine from the optimized RNZ-
SPC-CP1 complex was found to be a two-step diffusion
process. First, the ranolazine molecule dissociates from
the RNZ-SCP-CP complex, and second, the dissociated
ranolazine molecule diffuses out from the LSPC-3 ma-
trix into the dissolution media.

Fasted vs. Fed State Dissolution Comparison

The fasted vs. fed state dissolution profile comparison be-
tween the pure ranolazine and optimized RNZ-SPC-CP1 for-
mulation is shown in Fig. 8. Pure ranolazine in the FaSSIF
state showed a lower rate and extent of dissolution of ~ 22% at
the end of 2 h of dissolution study. Compared with this, in the
FeSSIF state, the pure ranolazine showed an increase in dis-
solution rate of ~ 30% over the same dissolution period. The
optimized RNZ-SPC-CP1 formulation enhanced the dissolu-
tion rate of pure ranolazine in the FaSSIF state as well as in the
FeSSIF state. However, the dissolution rate of optimized for-
mulation in FeSSIF state was found to be increased drastical-
ly, i.e., ~ 78%, as compared with only ~ 60% in the FaSSIF
state over the same dissolution period. This enhanced rate and
extent of dissolution of pure ranolazine and RNZ-SPC-CP1
formulation in the fed state could be attributed to positive food
effects on enhancing the solubility and dissolution rate of BCS
class II drugs [25, 46]. Moreover, in the fed state, the gener-
ation of taurocholate-ranolazine micelles as well as

Fig. 7 The in vitro dissolution profiles of pure ranolazine, the physical
mixture of ranolazine and LSPC-3 (1:1), and the prepared optimized
RNZ-SPC-CP1 formulations

Fig. 8 The ex vivo permeation profiles of pure ranolazine, the physical
mixture of ranolazine and LSPC-3 (1:1), and the prepared optimized
RNZ-SPC-CP1 formulations
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taurocholate-phospholipid-ranolazinemicelles during dissolu-
tion could have possibly enhanced the dissolution rate of
ranolazine. The results are found to be consistent with previ-
ously published reports [47].

Ex Vivo Permeability Studies

The comparative permeation efficiency of pure ranolazine and
ranolazine from the optimized RNZ-SPC-CP1 formulation is
depicted in Fig. 9. As seen in this figure, the pure ranolazine
permeated only ~ 19% at the end of 2 h of the dissolution
period, likely due to low permeability characteristics of pure
ranolazine. The PM in a ratio of 1:1 fairly enhanced the per-
meation rate of ranolazine, and by the end of the permeation
period, it was found to be ~ 32%. This was possibly attributed
to a close association of the amphiphilic nature of LSPC-3.
The optimized RNZ-SPC-CP1 formulation, after 1 h of study,
showed ~ 56% permeation, and by the end of 2 h, the perme-
ation rate was increased and found to be ~ 83%, compared
with that of pure ranolazine and PM (1:1). This was likely
attributed to amphiphilic and wetting characteristics of
LSPC-3 that was used in the current study. Moreover, the
amphiphilic phospholipid bilayers are also the component of
the biological membrane, and therefore, the prepared
phospholipid-based coprecipitate formulation shows higher
miscibility with the biological membrane, resulting in the in-
crease of the permeability of the drug across the membrane
[48]. Additionally, LSPC-3 like a class of phospholipids ex-
hibits beneficial advantages such as biocompatibility, biode-
gradability, metabolic activity, and low toxicity [49, 50].
These advantages of LSPC-3 serve it as an excellent carrier
for the transportation of drugs across the biological barrier.
Therefore, based on the biocompatible nature and safety pro-
file in animal studies without any sign of inflammation and
other negative effects [51, 52], the LSPC-3 carrier was select-
ed and used in the preparation of the ranolazine coprecipitate
complex. Overall, the results conclude that LSPC-3 improved

the permeation rate of ranolazine and its permeation pattern
was found to be similar to that of solubility and in vitro dis-
solution studies.

Preliminary Stability Assessment Studies

The preliminary stability evaluations under the influence of
controlled temperature and relative humidity on the compara-
tive in vitro dissolution and ex vivo permeation profile of
ranolazine from the optimized RNZ-SPC-CP1 formulation
are depicted in Figs. 10 and 11, respectively. The comparative
in vitro dissolution patterns of optimized RNZ-SPC-CP1 at
day 0 and day 180 (sixth month) are shown in Fig. 10. As
seen in the figure, the dissolution pattern of the stored RNZ-
SPC-CP1 formulation at day 180 was found to be parallel to
that of the dissolution pattern of the initial formulation on day
0. Both dissolution patterns did not show any significant dif-
ference. However, the rate and extent of dissolution of
ranolazine from stored RNZ-SPC-CP1 at day 180 was found
to be decreased over that of the initial release formulation at
day 0. Figure 11 shows the comparative ex vivo permeation
profile of the optimized RNZ-SPC-CP1 formulation at day 0
and day 180. The permeation profile of initial RNZ-SPC-CP1
on day 0 and stored RNZ-SPC-CP1 formulation at day 180
was found to be parallel without any significant differences
between them. However, the stored RNZ-SPC-CP1 formula-
tion after the sixth month of the study demonstrated lower
permeation efficiency compared with that of the initial formu-
lation on day 0. Obtained results confirmed that the optimized
formulation is robust and stable. Conversely, the shifting of
the dissolution and permeation profile from that of original
may be attributed to the influence of relative humidity and
other unclear factors. Therefore, additional characterization
studies must be warranted to understand the behavior of stored
samples under the impact of stability parameters.

Fig. 10 Comparison of the in vitro dissolution profiles of the optimized
RNZ-SPC-CP1 formulation before and after 6-month (day 180) storage at
25 ± 5 °C/60 ± 5% RH

Fig. 9 The influence of fasted and fed state conditions on the dissolution
behavior of pure ranolazine and the prepared optimized RNZ-SPC-CP1
formulations
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Conclusions

In this study, we explored the feasibility of LIPOID SPC-3 as a
coprecipitate carrier for improving the aqueous solubility and
permeability of ranolazine. The coprecipitate of ranolazine with
increasing ratios of LIPOID SPC-3 was prepared using the sol-
vent method. Formation of the RNZ-SPC-CP formulation was
confirmed by physico-chemical (i.e., SEM, DSC, FT-IR, and
PXRD) and functional (solubility analysis, in vitro dissolution,
and ex vivo permeation) characterization studies. Optimized
RNZ-SPC-CP1 formulations significantly improved the aqueous
solubility (18-fold), the rate and extent of dissolution, and the
permeation of ranolazine as compared with those of pure
ranolazine and PM. Moreover, the same optimized formulation
also increased the rate and extent of dissolution of ranolazine
under the influence of food effects. Optimized RNZ-SPC-CP1
was found to be stable and robust at the end of 6-month stability
studies; however, the modest impact of storage conditions ap-
peared on the in vitro dissolution and ex vivo permeation of
either the drug and/or formulations. The mechanism of this in-
fluence is still under investigation, and therefore, additional char-
acterization studies must be required on the stability samples.
Finally, the obtained appreciable results display the excellent
feasibility of LIPOID SPC-3 as a coprecipitate carrier to improve
the overall biopharmaceutical attributes of ranolazine and other
similar drugs with poor water solubility.

Acknowledgments The corresponding author acknowledges Dr. Shirish
P. Jain, Principal, Rajarshi Shahu College of Pharmacy, Buldhana, for
providing the technical support for completing the manuscript on time.

CRediT Authorship Contribution Statement Darshan Telange: concep-
tualization, investigation, methodology, writing—original draft,
writing—review and editing. Sarita Ukey: methodology, investigation,
data curation. Atul Hemke: validation, data curation. Milind Umekar:
project administration, resources. Anil Pethe: conceptualization, supervi-
sion, investigation, visualization. Prashant Kharkar: investigation, meth-
odology, writing—original draft.

Compliance with Ethical Standards

The Institutional Animal Ethical Committee of Smt. Kishoritai Bhoyar
College of Pharmacy, Kamptee, reviewed and sanctioned the protocol
(SKBCOP/IAEC/201819, dated August 19, 2018). The study was per-
formed under the supervision of guidelines suggested by the Committee
for the Purpose of Control and Supervision of Experiments on Animals
(CPCSEA).

Conflict of Interest The authors declare that they have no conflict of
interest.

References

1. Rayner-Hartley E, Sedlak T. Ranolazine: a contemporary review. J
American Hear Assoc. 2016;5(3):1–8. https://doi.org/10.1161/
JAHA.116.003196.

2. Wolff AA, Baker F, Landridge J. Sustained release ranolazine for-
mulations. United State Patent, US 6396062B1.

3. Reddy BM, Weintraub HS, Schwartzbard AZ. Ranolazine: a new
approach to treating an old problem. Tex Heart Inst J. 2010;37(6):
641–7.

4. Jerling M. Clinical pharmacokinetics of ranolazine. Clin
Pharmacokinet. 2006;45(5):469–91.

5. Bidada JP, Gonjari ID, Raut CS, Bhutada CJ. Novel spectroscopic
method for estimation of ranolazine in bulk and pharmaceutical
dosage forms. Der Pharma Chemica. 2011;3(2):1–4.

6. Murthy TEGK, Mukkala VP, Suresh Bhau VV. Formulation and
evaluation of ranolazine extended-release tablet: influence of poly-
mers. Asian J Pharm. 2011;5:162–6. https://doi.org/10.4103/0973-
8398.91992.

7. Gowda DV, Gowrav MP, Gandadharappa HV, Khan MS.
Preparation and evaluation of mixture of Eudragit and
ethylcellulose microparticles loaded with ranolazine for controlled
release. J Young Pharm. 2011;3:189–96.

8. Rajkumar K, Bolmol US, Reddy ER, Sowjanya PS, Anusha P,
Reddy KR. Formulation and evaluation of floating microsphere of
ranolazine for the treatment of chronic angina. Int J Pharm Sci
Nanotech. 2013;6(3):2137–44.

9. Bhosale PV, Ranade AN, Awahad C. Formulation and evaluation
of extended release tablet of ranolazine. Inventi Rapid: Pharm Tech.
2015;3:1–5.

10. Habib MJ, Azadi M, Akogyeram CO. Enhancement of dissolution
rate of probenecid in phospholipids coprecipitates. Drug Dev Ind
Pharm. 1992;18(10):1117–25. https://doi.org/10.3109/
03639049209069319.

11. Habib MJ, Akohyeram C, Ahmadi B. Improved dissolution of in-
domethacin with phospholipids – I. Drug Dev Ind Pharm.
1 9 9 3 ; 1 9 ( 4 ) : 4 9 9 – 5 0 5 . h t t p s : / / d o i . o r g / 1 0 . 3 1 0 9 /
03639049309063207.

12. El-Zein H, Riad L, Abd El-Bary A. Enhancement of carbamazepine
dissolution: in vitro and in vivo evaluation. Int J Pharm. 1998;168:
209–20. https://doi.org/10.1016/S0378-5173(98)00093-3.

13. Hussain MD, Saxena V, Brausch JF, Talukder RM. Ibuprofen-
phospholipids solid dispersion: improved dissolution and gastric
tolerance. Int J Pharm. 2012;422:290–4. https://doi.org/10.1016/j.
ijpharm.2011.11.011.

14. Hu Q, Choi DS, Chokshi H, Shah N, Sandhu H. Highly efficient
miniaturized coprecipitation screening (MiCoS) for amorphous sol-
id dispersion formulation development. Int J Pharm. 2013;450:53–
62. https://doi.org/10.1016/j.ijpharm.2013.04.040.

15. MS EYSR, Abdallah OY. Lyophilized phytosomal nanocarriers as
platforms for enhanced diosmin delivery: optimization and ex vivo

Fig. 11 Comparison of the ex vivo permeation profiles of the optimized
RNZ-SPC-CP1 formulation before and after 6-month (day 180) storage at
25 ± 5 °C/60 ± 5% RH

J Pharm Innov

https://doi.org/10.1161/JAHA.116.003196
https://doi.org/10.1161/JAHA.116.003196
https://doi.org/10.4103/0973-8398.91992
https://doi.org/10.4103/0973-8398.91992
https://doi.org/10.3109/03639049209069319
https://doi.org/10.3109/03639049209069319
https://doi.org/10.3109/03639049309063207
https://doi.org/10.3109/03639049309063207
https://doi.org/10.1016/S0378-5173(98)00093-3
https://doi.org/10.1016/j.ijpharm.2011.11.011
https://doi.org/10.1016/j.ijpharm.2011.11.011
https://doi.org/10.1016/j.ijpharm.2013.04.040


permeation. Int J Nanomedicine. 2013;8:2385–97. https://doi.org/
10.2147/IJN.S45231.

16. Barry J, Fritz M, Brender JR, Smith PES, Lee D-K, Ramamoorthy
A. Determining the effects of lipophilic drugs on membrane struc-
ture by solid-state NMR spectroscopy: the case of the antioxidant
curcumin. J Am Chem Soc. 2009;131(12):4490–8. https://doi.org/
10.1021/ja809217u.

17. Venkataram S, Rogers JA. Characteristics of drug phospholipid
coprecipitates I: physical properties and dissolution behavior of
griseofulvin-dimyristoyl phosphatidylcholine systems. J Pharm
Sci. 1984;73:757–61. https://doi.org/10.1002/jps.2600730613.

18. Biswas M, Akogyeram CO, Scott KR, Potti GK, Gallelli JF, Habib
MJ. Development of carbamazepine: phospholipid solid dispersion
formulations. J Control Release. 1993;23:239–45. https://doi.org/
10.1016/0168-3659(93)90005-P.

19. Telange DR, Bhagat SB, Patil AT, Umekar MJ, Pethe AM, Raut
NA, et al. Glucosamine HCl-based solid dispersions to enhance the
biopharmaceutical properties of acyclovir. J Excipients Food
Chem. 2019;10(3):65–81.

20. Telange DR, Nirgulkar SB, Umekar MJ, Patil AT, Pethe AM, Bali
NR. Enhanced transdermal permeation and anti-inflammatory po-
tential of phospholipids complex-loaded matrix film of
umbelliferone: formulation development, physico-chemical and
functional characterization. Eur J Pharm Sci. 2019;131:23–38.
https://doi.org/10.1016/j.ejps.2019.02.006.

21. Telange DR, Patil AT, Pethe AM, Fegade H, Anand S, Dave VS.
Formulation and characterization of an apigenin-phospholipid
phytosome (APLC) for improved solubility, in vivo bioavailability,
and antioxidant potential. Eur J Pharm Sci. 2017;108:36–49.
https://doi.org/10.1016/j.ejps.2016.12.009.

22. Dhore PW, Dave VS, Saoji SD, Gupta D, Raut NA. Influence of
carrier (polymer) type and drug-carrier-ratio in the development of
amorphous dispersions for solubility and permeability enhance-
ment of ritonavir. J Excipients and Food Chem. 2017;8(3):1–18.

23. Choudhary A, Rana AC, Aggarwal G, Kumar V, Zakir F.
Development and characterization of an atorvastatin solid disper-
sion formulation using skimmed milk for improved oral bioavail-
ability. Acta Pharm Sin B. 2012;2(4):421–8. https://doi.org/10.
1016/j.apsb.2012.05.002.

24. Al-Hamidi H, Edwards AA, Mohammad MA, Nokhodchi A. To
enhance dissolution rate of poorly water-soluble drugs: glucos-
amine hydrochloride as a potential carrier in solid dispersion for-
mulations. Colloids Surf B: Biointerfaces. 2010;76(1):170–8.
https://doi.org/10.1016/j.colsurfb.2009.10.030.

25. Klein S. The use of biorelevant dissolution media to forecast the
in vivo performance of a drug. AAPS J. 2010;12(3):397–406.
https://doi.org/10.1208/s12248-010-9203-3.

26. Dixit P, Jain DK, Dumbwani J. Standardization of an ex vivo meth-
od for determination of intestinal permeability of drugs using
everted rat intestine apparatus. J Pharmacol Toxicol Methods.
2012;65(1):13–7. https://doi.org/10.1016/j.vascn.2011.11.001.

27. Dhore PW, Dave VS, Saoji SD, Bobde YS, Mack C, Raut NA.
Enhancement of the aqueous solubility and permeability of a poorly
water soluble drug ritonavir via lyophilized milk-based solid dis-
persions. Pharm Dev Technol. 2017;22(1):90–102. https://doi.org/
10.1080/10837450.2016.1193193.

28. Telange DR, Denge RP, Patil RP, Umekar MJ, Gupta SV, Dave
VS. Pentaerythritol as an excipients/solid –dispersion carrier for
improved solubility and permeability of ursodeoxycholic acid. J
Excipients Food Chem. 2018;9(3):80–95.

29. Semalty A, Semalty M, Singh D, Rawat MSM. Development and
physicochemical evaluation of pharmacosomes of diclofenac. Acta
Pharma. 2009;59:335–44. https://doi.org/10.2478/v10007-009-
0023-x.

30. Semalty A, Semalty M, Singh D, Rawat MSM. Preparation and
characterization of phospholipids complexes of naringenin for

effective drug delivery. J Incl Phenom Macrocycl Chem. 2010;67:
253–60. https://doi.org/10.1007/s10847-009-9705-8.

31. Rarokar NR, Saoji SD, Raut NA, Taksande JB, Khedekar PB, Dave
VS. Nanostructured cubosomes in a thermoresponsive depot sys-
tem: an alternate approach for the controlled delivery of docetaxel.
AAPS PharmSciTech. 2016;17:436–45. https://doi.org/10.1208/
s12249-015-0369-y.

32. LeFevre ME, Olivo R, Vanderhoff JW, Joel DD. Accumulation of
latex in Peyer’s patches and its subsequent appearance in villi and
mesenteric lymph nodes. Proc Soc Exp Biol Med. 1978;159:298–
302.

33. Savic R, Luo L, Eisenberg A, Maysinger D. Micellar
nanocontainers distribute to defined cytoplasmic organelles.
Science. 2003;300(5619):615–8. https://doi.org/10.1126/science.
1078192.

34. Hou Z, Li Y, Huang Y, Zhou C, Lin J, Wang Y, et al. Phytosomes
loaded with mitomycin c–soybean phosphatidylcholine complex
developed for drug delivery. Mol Pharm. 2013;10:90–101. https://
doi.org/10.1021/mp300489p.

35. Cai X, Luan Y, Jiang Y, Song A, ShaoW, Li Z, et al. Huperzine A-
phospholipid complex-loaded biodegradable thermosensitive poly-
mer gel for controlled drug release. Int J Pharm. 2012;433:102–11.
https://doi.org/10.1016/j.ijpharm.2012.05.009.

36. Ruan J, Liu J, Zhu D, Gong T, Yang F, Hao X, et al. Preparation
and evaluation of self-nanoemulsified drug delivery systems
(SNEDDSs) of matrine based on drug-phospholipid complex tech-
nique. Int J Pharm. 2010;386:282–90. https://doi.org/10.1016/j.
ijpharm.2009.11.026.

37. Li J, Liu P, Liu J-P, Yang JK, Zhang W-L, Fan Y-Q, et al.
Bioavailability and foam cells permeability enhancement of
Salvianolic acid B pellets based on drug–phospholipids complex
technique. Eur J Pharm Biopharm. 2012;83:76–86. https://doi.org/
10.1016/j.ejpb.2012.09.021.

38. Semalty A, SemaltyM, Singh D, RawatMSM. Phyto-phospholipid
complex of catechin in value added herbal drug delivery. J Incl
Phenom Macrocycl Chem. 2012;73:377–86. https://doi.org/10.
1007/s10847-011-0074-8.

39. Yue PF, Zhang WJ, Yuan HL, Yang M, Zhu WF, Cai PL, et al.
Process optimization, characterization and pharmacokinetic evalu-
ation in rats of ursodeoxycholic acid-phospholipid complex. AAPS
PharmSciTech. 2008;9:322–9. https://doi.org/10.1208/s12249-
008-9040-1.

40. Chen T, Ynag J, Chen L, Qian X, Zhang Q, Fu T, et al. Use of
ordered mesoporous silica-loaded phyto-phospholipid complex for
BCS IV class plant drug to enhance oral bioavailability: a case
report of tanshinone IIA. RSC Adv. 2016;6:115010–20. https://
doi.org/10.1039/C6RA22778C.

41. Singh D, Rawat MSM, Semalty A, Semalty M. Emodin–
phospholipid complex: a potential of herbal drug in the novel drug
delivery system. J Therm Anal Calorim. 2012;108:289–98. https://
doi.org/10.1007/s10973-011-1759-3.

42. Singh D, Rawat MSM, Semalty A, Semalty M. Quercetin-
phospholipid complex: an amorphous pharmaceutical system in
herbal drug delivery. Curr Drug DisTechnol. 2012;9:17–24.
https://doi.org/10.2174/157016312799304507.

43. Jo K, Cho JM, Kim EK, Kim HC, Kim H, Lee J. Enhancement of
aqueous solubility and dissolution of celecoxib through
phosphatidylcholine-based dispersion system solidified with
adosrbent carriers. Pharmaceutics. 2019;11(1):2–14. https://doi.
org/10.3390/pharmaceutics11010001.

44. Singh RP, Gangadharappa HV, Mruthunjaya K. Phospholipids:
unique carriers for drug delivery systems. J Drug Deliv Sci
Technol. 2017;39:166–79. https://doi.org/10.1016/j.jddst.2017.03.
027.

J Pharm Innov

https://doi.org/10.2147/IJN.S45231.
https://doi.org/10.2147/IJN.S45231.
https://doi.org/10.1021/ja809217u
https://doi.org/10.1021/ja809217u
https://doi.org/10.1002/jps.2600730613
https://doi.org/10.1016/0168-3659(93)90005-P
https://doi.org/10.1016/0168-3659(93)90005-P
https://doi.org/10.1016/j.ejps.2019.02.006
https://doi.org/10.1016/j.ejps.2016.12.009
https://doi.org/10.1016/j.apsb.2012.05.002
https://doi.org/10.1016/j.apsb.2012.05.002
https://doi.org/10.1016/j.colsurfb.2009.10.030
https://doi.org/10.1208/s12248-010-9203-3
https://doi.org/10.1016/j.vascn.2011.11.001
https://doi.org/10.1080/10837450.2016.1193193
https://doi.org/10.1080/10837450.2016.1193193
https://doi.org/10.2478/v10007-009-0023-x
https://doi.org/10.2478/v10007-009-0023-x
https://doi.org/10.1007/s10847-009-9705-8
https://doi.org/10.1208/s12249-015-0369-y
https://doi.org/10.1208/s12249-015-0369-y
https://doi.org/10.1126/science.1078192
https://doi.org/10.1126/science.1078192
https://doi.org/10.1021/mp300489p
https://doi.org/10.1021/mp300489p
https://doi.org/10.1016/j.ijpharm.2012.05.009
https://doi.org/10.1016/j.ijpharm.2009.11.026
https://doi.org/10.1016/j.ijpharm.2009.11.026
https://doi.org/10.1016/j.ejpb.2012.09.021
https://doi.org/10.1016/j.ejpb.2012.09.021
https://doi.org/10.1007/s10847-011-0074-8
https://doi.org/10.1007/s10847-011-0074-8
https://doi.org/10.1208/s12249-008-9040-1
https://doi.org/10.1208/s12249-008-9040-1
https://doi.org/10.1039/C6RA22778C
https://doi.org/10.1039/C6RA22778C
https://doi.org/10.1007/s10973-011-1759-3
https://doi.org/10.1007/s10973-011-1759-3
https://doi.org/10.2174/157016312799304507
https://doi.org/10.3390/pharmaceutics11010001
https://doi.org/10.3390/pharmaceutics11010001
https://doi.org/10.1016/j.jddst.2017.03.027
https://doi.org/10.1016/j.jddst.2017.03.027


45. Leuner C, Dressman J. Improving drug solubility for oral delivery
using solid dispersions. Eur J Pharm Biopharm. 2000;50:47–60.
https://doi.org/10.1016/s0939-6411(00)00076-x.

46. Raman S, Polli JE. Prediction of positive food effect: bioavailability
enhancement of BCS class II drugs. Int J Pharm. 2016;506(1–2):
110–5. https://doi.org/10.1016/j.ijpharm.2016.04.013.

47. Fong SYK, Ibisogly A, Bauer-Brandl A. Solubility enhancement of
BCS Class II drug by solid phospholipids dispersions: spray drying
versus freeze-drying. Int J Pharm. 2015;496(2):382–91. https://doi.
org/10.1016/j.ijpharm.2015.10.029.

48. Saoji SD, Belgamwar VS, Dharashivkar SS, Rode AA, Mack C,
Dave VS. The study of the influence of formulation and process
variables on the functional attributes of simvastatin–phospholipid
complex. J Pharm Innov. 2016;11:264–78. https://doi.org/10.1007/
s12247-016-9256-7.

49. Chen JM, Zhang L, Yuet KP, Liao G, Rhee JW, Langer R. PLGA-
lecithin-PEG core shell nanoparticles for controlled drug delivery.

Biomaterials. 2009;30(8):1627–34. https://doi.org/10.1016/j.
biomaterials.2008.12.013.

50. Fricekr G, Kromp T, Wendel A, Blume A, Zirkel J, Rebmann H.
Phospholipids and lipid-based formulations in oral drug delivery.
Pharm Res. 2010;27(8):1469–86. https://doi.org/10.1007/s11095-
010-0130-x.

51. Xie J, Li Y, Song L, Pan Z, Ye S, Hou Z. Design of a novel
curcumin-soybean phosphatidylcholine complex-based targeted
drug delivery systems. Dug Deliv. 2017;24(1):707–19. https://doi.
org/10.1080/10717544.2017.1303855.

52. Yu F, Ao M, Zhang X, Xia J, Li Y, Li D, et al. PEG-lipid-PLGA
hybrid nanoparticles loaded with berberine-phospholipids complex
to facilitate the oral delivery efficiency. Drug Deliv. 2017;24(1):
825–33. https://doi.org/10.1080/10717544.2017.1321062.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

J Pharm Innov

https://doi.org/10.1016/s0939-6411(00)00076-x
https://doi.org/10.1016/j.ijpharm.2016.04.013
https://doi.org/10.1016/j.ijpharm.2015.10.029
https://doi.org/10.1016/j.ijpharm.2015.10.029
https://doi.org/10.1007/s12247-016-9256-7
https://doi.org/10.1007/s12247-016-9256-7
https://doi.org/10.1016/j.biomaterials.2008.12.013
https://doi.org/10.1016/j.biomaterials.2008.12.013
https://doi.org/10.1007/s11095-010-0130-x
https://doi.org/10.1007/s11095-010-0130-x
https://doi.org/10.1080/10717544.2017.1303855
https://doi.org/10.1080/10717544.2017.1303855
https://doi.org/10.1080/10717544.2017.1321062

	LIPOID SPC-3-Based Coprecipitates for the Enhancement of Aqueous Solubility and Permeability of Ranolazine
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and Methods
	Materials
	Preparation of Ranolazine-LIPOID SPC-3 Coprecipitate
	Physico-chemical Characterization of Ranolazine-LIPOID SPC-3 Coprecipitate
	Scanning Electron Microscopy
	Particle Size and Zeta Potential Analysis
	Differential Scanning Calorimetry
	Fourier Transform Infrared Spectroscopy
	Powder X-ray Diffractometry
	Estimation of Drug Content

	Functional Characterization of Ranolazine-LIPOID SPC-3 Coprecipitate
	Aqueous Solubility Analysis
	In�Vitro Dissolution Studies
	Fasted vs. Fed State Dissolution Comparison
	Ex Vivo Permeability Studies
	Preliminary Stability Assessment Studies


	Results and Discussion
	Physico-chemical Characterization of Ranolazine-LIPOID SPC-3 Coprecipitate
	Scanning Electron Microscopy
	Particle Size and Zeta Potential Analysis
	Differential Scanning Calorimetry
	Fourier Transform Infrared Spectroscopy
	Powder X-ray Diffractometry
	Drug Content

	Functional Characterization of Ranolazine-LIPOID SPC-3 Coprecipitate
	Aqueous Solubility Analysis
	In�Vitro Dissolution Studies
	Fasted vs. Fed State Dissolution Comparison
	Ex Vivo Permeability Studies
	Preliminary Stability Assessment Studies


	Conclusions
	References


