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ABSTRACT

Lumefantrine low/variable bioavailability with low aqueous solubility is associated with their crystallinity
and P-glycoprotein (P-gp) mediated efflux. Herein, to improve the dissolution and hence the oral
bioavailability, amorphous solid dispersions (SD) of lumefantrine (LUMF) containing piperine (PIP), a
P-gp and CYP3A4 inhibitor, were prepared with Copovidone/Kollidon® VA 64 (KOL) at three different
ratios with increasing content of the polymer. The PIP-LUMF-KOL SD at ratio of 1:6:18 demonstrated
higher aqueous solubility of LUMF and hence were characterized by DSC, FTIR and XRD. The improved
dissolution resulting due to loss of crystallinity of LUMF was confirmed by DSC thermogram and XRD
diffractogram of LUMF-PIP-SD while FTIR studies investigated the possible intermolecular interactions
between LUMF and PIP and /or KOL. DSC and dissolution experiments validated the stability of LUMF-
PIP-Sol SD for 90 days under stressed humidity and temperature conditions. Overall, the data suggest
that the SD of LUMF incorporated with P-gp inhibitor PIP, enhances dissolution and hence could improve
the bioavailability of LUMF.

INTRODUCTION

Low water solubility and low/variable oral bioavailability
(4-11%) characterize the antimalarial crystalline
compound lumefantrine (LUMF) in the Biopharmaceutics
Classification System class I1.['"3 LUMF has low
bioavailability due to low aqueous solubility, active efflux
by P-gp (ATP-dependent efflux protein) and metabolic
inactivation by CYP3A4.! To improve aqueous solubility
and oral bioavailability of LUMF, several strategies,
including wet nano-milling,[s] self-nano-emulsification!?!,
pheroid!® and pro-pheroidY have been explored. However,
the complex procedures of these techniques limit their

converting the crystalline substance into amorphous.!”!
The augmentation of apparent solubility, dissolution
rate and bioavailability are ascribed to higher free
energy accompanied with an amorphous state.?1! The
thermodynamically unstable transition of an amorphous
system to a stable crystalline state is avoided by the
carrier polymer in SD,*213l which is accomplished mainly
through antiplasticization,'* specific intermolecular
interactions between drug and polymer,'> reduced
molecular mobility,[*®! and energy barrier for crystal
nucleation.['”l While several strategies have been used
for the synthesis of SD, including spray drying, hot

application.

Solid dispersions (SD) are widely being utilized to
improve solubility and oral bioavailability by overcoming
the constraints of lattice energy of crystalline drug.
SD technique enables the dissolution of poorly water-
soluble drug in hydrophilic or amphiphilic carrier, thus

*Corresponding Author: Mr. Rajendra R. Khade

melt extrusion,*®l solvent evaporation,[*” anti-solvent
precipitation,?” freeze drying,?! their main drawbacks
are the expensive equipment and intricate processes
they require. Controlling residual solvent might be
challenging if toxicity or physical instability triggered
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by accelerated recrystallization, associated with anti-
solvent precipitation, solvent evaporation and spray
drying techniques, are involved.!??! Per contra, melting is
a simple, solvent-free, inexpensive, and environmentally
friendly method.?!

Since the drug candidate needs to be in an aqueous
solution at the site before absorption, solubility is a key
factor in determining oral absorption.[?#2° Substantial
dosages are necessary to attain therapeutic concentration
in systemic circulation after oral administration of a
poorly water-soluble drug.[?>! Permeability and inclination
to be a P-gp substrate are factors that affect a drug’s
oral bioavailability.[?®! P-gp is an ATP-dependent efflux
transporterand it expels one molecule of absorbed drug per
cycle along with hydrolysis of two ATP.[2”28] Piperine (PIP)
interferes with ATP hydrolysis by vying for ATP binding
sites on transporter protein, inhibiting both CYP3A4 and
P-gp.[29-32 [t hampers the drug efflux across the intestine
and augments retention.l*!! Active efflux by P-gp across
the intestine also contributes to the limited and erratic
bioavailability of LUMF.!*) The present study aimed to
enhance aqueous solubility to improve oral bioavailability
and intestinal absorption of LUMF using SD formulation
incorporated with P-gp and CYP3A4 inhibitor, PIP. The
LUMF-SD was synthesized by incorporating Kollidon VA
64 (KOL) as a polymeric carrier, employing simple fusion/
Co-melt method. The formation of SD was confirmed by
physicochemical analyses, including differential scanning
calorimetry (DSC), X-ray diffraction (XRD) and Fourier
transform infrared spectroscopy (FTIR).

Solid dispersions convert a crystalline drug into an
amorphous form, exhibiting higher solubility than its
crystalline counterpart. Due to their low solubility and
dissolution rate, water-insoluble drugs often suffer from
limited absorption. LUMF efflux mediated by P-gp further
reduce the available plasmalevel, leading to a higher dose
requirement for therapeutic effect. Formulating a solid
dispersion, the drug’s solubility and dissolution properties
can be optimized for augmented bioavailability which
translates into more significant therapeutic effects and
may reduce the required dosage or dosing frequency.
The rational preparation of solid dispersions for water-
insoluble and low bioavailable drugs aims to improve their
solubility, dissolution rate, and bioavailability achieved by
the inclusion of piperine, a P-gp efflux inhibitor. Dispersion
of LUMF in a carrier matrix will expectedly enhance the
drug’s interaction with the surrounding fluid, increasing
drug dissolution, absorption, and systemic exposure.
These improvements contribute to the effective delivery
of the drug and maximize its therapeutic outcomes.

MATERIALS AND METHODS

Materials

Kollidon VA 64 (KOL, BASF, Ludwigshafen, Germany),
LUMF (Cipla Ltd., Aurangabad, India). PIP was purchased
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from Bio-Med Ingredients (Goa, India). All the other
chemicals used were of HPLC (Merck, India)/analytical
grade.

Preparation of SD

Appropriate quantities (Table 1) of LUMF and PIP were
melted by adding to the previously molten carrier
(KOL), in a porcelain dish placed on a hot plate under
continuous stirring to produce homogenous dispersion.
The temperature was held at 110 °C (temperature higher
than T, of KOL). The resultant dispersion was cooled in
an ice bath and stored in a desiccator for 24 hours. The
dispersion was then milled in a mortar with a pestle and
passed through mesh 30. After being blended, the physical
mixtures of LUMF-PIP and LUMF-PIP-KOL were triturated
in a mortar with a pestle and sieved through mesh 30.

Saturation Solubility

Distilled water, 0.1 N HCI (pH 1.2) and phosphate buffer
(pH 6.8) were used to assess the saturation solubility of
LUMF-SD. Briefly, 100 mg of LUMF and SD were added to
separate beakers containing 100 mL of distilled water,
0.1 N HCI (pH 1.2), or phosphate buffer (pH 6.8), and the
mixture was agitated at 100 rpm for 24 hours at room
temperature (1MLH, Remi Instruments, Mumbai, India).

Dissolution Studies

Dissolution studies were performed using 100 mL each of
distilled water, 0.1 N HCI (pH 1.2) and phosphate buffer
(pH 6.8) placed in separate vessels. In vessels containing
dissolution media keptat 37°C under continuous stirring at
100 rpm (1MLH, Remi Instruments, Mumbai, India), LUMF
and SD samples (100 mg) were introduced. Samples were
withdrawn at a predetermined interval, filtered through
0.45 um nylon syringe filter (J-Sil Scientific Industries,
Agra, India) and subjected to LUMF analysis using a
validated HPLC method. The HPLC system employed
was equipped with Jasco PU2080 plus pumps with PDA
detector and autosampler unit. The LUMF released was
quantified using Hypersil C18 column (150 mm x 3.9 mm,
5 um) as the stationary phase, the mobile phase comprised
of acetonitrile and ammonium dihydrogen phosphate
buffer (70:30 v/v) at a flow rate of 1 mL/min and detector
wavelength set at 254 nm. The highest aqueous solubility
and dissolution for LUMF estimated from LUMF-SD
prepared with PIP:LUMF:KOL (1: 6: 18) were further
characterized.

Characterization of SD

Differential Scanning Calorimetry (DSC)

Thermal analysis of crystalline drugs (LUMF and PIP),
KOL, LUMF-PIP physical mixture, LUMF-PIP-KOL physical
mixture and LUMF-SD was performed using a DSC 60
(Shimadzu, Japan). For each analysis, approximately 5-10
mg of the sample was sealed in an aluminum plate and
heated from 25 to 300°C at a rate of 10°C/min under a
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Table 1: Composition of Formulations

Formulation PIP LUMF Polymer
1 6 6

PIP + LUMF + KOL 1 6 12
1 6 18

stream of nitrogen (50 mL/min) to determine melting (T,,)
and the glass transition temperature (T).

X-ray Powder Diffractometry (XRD)

A Rigaku Miniflex-600 Diffractometer equipped with
Cu-Ka radiation source was used to record XRD profiles
of LUMF, PIP, LUMF-PIP physical mixture, KOL,and LUMF-
SD. The diffraction patterns were recorded in the spectral
range of 10-80° (20) using the Cu-target X-ray tube as an
X-ray source, Xe filled detector with voltage 40 Kv and
fixed current at 20 mA.

Fourier Transform Infrared Spectroscopy (FTIR)

For FTIR analysis, the samples of LUMF, PIP, LUMF-PIP
physical mixture, KOL, and LUMF-SD were prepared by
mixing with dry potassium bromide using a mortar and
pestle and compressed to pellet. The pellets were then
scanned in the spectral range of 4000-500 cm™ using
FTIR spectrophotometer (IR affinity, Shimadzu, Japan).

Physical Stability

To determine the stability of LUMF in SD, the LUMF-SD
was kept under accelerated storage conditions (40°C/
75% RH)for90 days. After 90 days, theaged SD was subjected
to DSC and dissolution assessment. The dissolution of
LUMF-SD was evaluated under non-sink conditions at
37°Cin a jacketed beaker under continuous stirring (100
rpm). Briefly, accurately weighed 100 mg of LUMF-SD
was introduced into phosphate buffer pH 6.8 (100 mL).
At predetermined intervals of time samples (1-mL) were
withdrawn, filtered through 0.45 pm nylon syringe filter
and analyzed by HPLC for LUMF concentration. The impact
of stressed conditions on the physical stability of LUMF in
SD was determined by comparing the DSC thermograms
and dissolution profiles of aged LUMF-SD (day 90) were
compared LUMF-SD (Day 0).

Statistical Analysis

Data obtained were expressed as mean * SD and was
analyzed by One way ANOVA. p< 0.05 was considered to
determine the statistical significance.

RESULTS AND DISCUSSION

Formulation and Solubility

Although concurrent dosing of PIP (a P-gp inhibitor)
can enhance the poor and inconsistent bioavailability
of LUMF, PIP has a modest bioavailability and solubility.
Drug formulation as an SD employing the appropriate

378

Int. J. Pharm. Sci. Drug Res., May-June, 2023, Vol 15, Issue 3, 376-381

polymer/s can increase the solubility and bioavailability
of the drug as well as the bioenhancer. Also, Jain et al.
(2017) have reported the enhanced pharmacokinetics and
bioavailability of LUMF from SD.*3 PIP is a recommended
bioenhancer that is used at a rate of approximately 10%
w/w of the drug in the formulation.**l However, the
solubility and bioavailability of PIP was improved from SD
prepared with KOL as a polymer in the ratio 1:4 to 1:16.13!
Additionally, KOL was found to enhance the solubility
and dissolution rate of LUMF from SD in the ratio 1:1 to
1:3 (LUMF:KOL).[3®] LUMF has good glass forming ability
and hence can be a good candidate for the synthesis of
amorphous SD stable against crystallization prepared
with fusion method.*”] Therefore, in the present study
theratios of 1:6:6,1:6:12 and 1:6:18 (PIP:LUMF:KOL) were
chosen to prepare LUMF-SD by employing melt method.

By achieving supersaturation, SD enhances the
solubility of a dispersed drug (Lim et al, 2015). The
concentration of drug in the solution exceeds its solubility
under supersaturation conditions, which leads to
availability of greater amount of free drug in the solution
for absorption. Saturation solubility studies exhibited the
maximum solubility (69.36 + 6.13 pg/mL) of pure LUMF
in phosphate buffer pH 6.8. However, the SDs prepared
with increasing ratio of polymeric carrier exhibited
increased LUMF solubility SD in aqueous, 0.1 N HCI (pH 1.2)
as well as phosphate buffer (pH 6.8) medium after
24 hours. Highest solubility of KOL containing LUMF-SD
(1:6:18) was demonstrated in distilled water (316.01 +
25.94 pg/ml) (Fig. 1A) followed by 163.71 + 37.49 ug/mL
(Fig. 1B) in acidic medium (0.1 N HCI pH 1.2) and 121.21
+26.91 pg/mL (Fig. 1C) in phosphate buffer (pH 6.8). The
aqueous saturation solubility for pure LUMF after 24 hours
was 42.14 + 10.81 pg/mL which increased in LUMF-SD
(1:6:18) with KOL by 649% (316.01 + 25.94 pg/mL)
(Fig. 14), indicating enhanced LUMF aqueous solubility
by KOL.

Dissolution Studies

Fig. 2 depicts the dissolution profiles of LUMF, and SD
samples at various time points in distilled water, 0.1 N
HCI (pH 1.2) and phosphate buffer (pH 6.8) under non-
sink conditions. The pure drug, LUMF dissolved the
slowest with the lowest final concentration of 38.36 *
12.91 pg/mL in distilled water. A rapid and higher drug
release at 8 h in distilled water was demonstrated by
LUMF-SD prepared using KOL atratio 1:6:18 (Fig. 1A) with
a final concentration of 316.22 # 22.51 pg/mL. The KOL
containing LUMF-SD (1:6:18) released 118.27 + 28.40 (Fig.
1B) and 153.15 # 53.50 pg/mL (Fig. 1C) of LUMF in 0.1 N
HCI (pH 1.2) and phosphate buffer (pH 6.8), respectively
after 8 hours. The rate as well as extent of dissolution in
all the three media found to be increased with increasing
concentration of polymer in the SD. The amorphous state
offers higher surface free energy than the crystalline form,
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3 LUMF D PIP:LUMF:Pol (1:6:18)

3 PIP:LUMF:Pol (1:6:6)

B3 PIP:LUMF:Pol (1:6:12)

0.1 N HCI (pH 1.2) Phosphate buffer (pH 6.8)

Fig. 1: Saturation solubility of LUMF alone and LUMF SD prepared
with different ratios of KOL, in (A) water, (B) 0.1 N HCL (pH 1.2) and
(C) phosphate buffer (pH 6.8).

-o LUMF & PIP:LUMF:Pol (1:6:6) + PIP:LUMF:Pol (1:6:12) ~%- PIP:LUMF:Pol (1:6:18)

0.1 N HCI (pH 1.2) Phosphate buffer (pH 6.8)

Fig. 2: Dissolution profiles of LUMF alone and LUMF SD prepared
with different ratios of KOL, in (A) water, (B) 0.1 N HCL (pH 1.2) and
(C) phosphate buffer (pH 6.8).

leading to higher solubility of a drug in amorphous form.57]
The drug in the SD system does not have to overcome
the barrier of lattice energy for dissolving, in contrast to
crystalline form, as amorphous SD include short-range
intermolecular interactions.[38! Therefore, improved
saturation solubility and dissolution of LUMF in SD can be
attributed to its amorphous state attained in SD.

Irrespective of the medium, LUMF saturation solubility
and dissolution was maximum from the SD containing
the highest amount of polymeric carrier, signifying the
enhancement of solubility and improved drug dissolution
behavior with increased polymer content. The PIP-
LUMF-KOL SD with the ratio of 1:6:18 showed maximum
solubility and drugrelease in an aqueous medium and may
contribute to the bioavailability enhancement of LUMF and
hence was considered and characterized further.

DSC

The DSC thermographs of LUMF, PIP, KOL, physical
mixture of LUMF: PIP, physical mixture of LUMF-PIP-KOL
and PIP: LUMF: KOL (1:6:18) SD are shown in Fig. 3. The
crystalline character of LUMF (Fig. 3A), PIP (Fig. 3B) and
KOL (Fig. 3C) was demonstrated by the sharp endothermic
peaks at 141.9 and 133.5°C, respectively, with enthalpies
of 144.4 and 48.8 ]/g, respectively. DSC thermogram of
physical mixture of PIP- LUMF (1:6) displayed extended
eutectic endothermic event of less energy (9.7 J/g) at
108.2°C earlier to that of LUMF or PIP (Fig. 3D). The DSC
thermogram of physical mixture with KOL (Fig. 3E) was
found to be devoid of melting endotherm for LUMF and
PIP indicating the possible dissolution of drugs (LUMF
and PIP) in the hot molten polymer through heating.
The thermogram of PIP:LUMF:KOL SD revealed the shift
of T, of polymer to lower temperature, appearing as a
mild and wide endothermic event devoid of any melting
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endotherm corresponding to either drugs, suggesting the
amorphization of drugs during melting (Fig. 3F). Single
depressed T, observed during second DSC run of PIP-
LUMF-KOL physical mixture (Fig. 3F) and SD (Fig. 3H)
corroborate the formation of single phase of drugs with
polymer during first run!®?! and indicate the stability of
amorphous drug in SD.

XRD

XRD was performed to determine the change in
crystallinity. As depicted in Fig. 4A, the sharp diffraction
peaksat260f11.09,13.49,14.93,18.04,18.50,19.11, 20.93,
21.51, 23.01, 28.18 and 31.97° indicated the crystalline
nature of LUMF (Fig. 4A). The characteristic crystalline
intense peaks of PIP were observed at 26 of 14.67, 19.55,
22.55,25.78 and 28.19° (Fig. 4B). The decreased intensity
of diffraction peaks displayed in diffractogram of physical
mixture of LUMF and PIP suggests the partial loss of

Heat Flow Endo Down [mW)

200
Temperature (°C)

Fig. 3: DSC thermographs of A) LUMF B) PIP, C) KOL, D) physical

mixture of LUMF:PIP, E) physical mixture of LUMF:PIP:KOL, F) physical

mixture of LUMF:PIP:KOL (Second Cycle), G) PIP:LUMF:KOL SD, H)
PIP:LUMF:KOL SD (Second Cycle).

Intensity (cps)

© 20 (deg)
Fig. 4: XRD diffractogram of a) LUMF, b) PIP, c¢) physical mixture of
LUMF:PIP, d) KOL and e) PIP: LUMF: KOL SD.
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Fig. 6: DSC thermographs of LUMF- SD on day 0 (A) and day 90 (B).
(LUMEF-SD stored at stressed condition of 40 °C /75% RH.
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Fig. 7: Dissolution profiles of LUMF-SD on day 0 and day 90 (LUMF-
Sd stored at stressed conditions of 40°C/75% RH).

crystallinity of drugs (Fig. 4C). Moreover, the absence of
characteristic crystalline peak intensities of LUMF and
PIP suggests amorphous state of drugs in SD (Fig. 4E).
The increased aqueous solubility of LUMF in SD can be
ascribed to the amorphous nature of PIP:LUMF:KOL in SD,
confirmed by the XRD studies.

FTIR

FTIR analysis was performed to investigate possible
interactions between the drugs and polymer in physical
mixture and SD. Fig. 5 represents the spectra of LUMF,
PIP, physical mixture of LUMF and PIP, KOL, and PIP:
LUMEF: KOL (1:6:18) SD. As depicted in Fig. 5A, LUMF has
characteristic peaks at 3402 cm™ (O-H stretching), 2947
cm® (C-H stretching), 1635 cm™ (C=C alkene stretching),
1581 cm™ (C=C aromatic stretching), 1087 cm™ (C-N
stretching), 1022 cm™ (C-O stretching) and 520 cm™ (C-CI
stretching). The FTIR spectrum of PIP showed presence
of characteristic peaks at 2935 cm™ (C-H aromatic
stretching), 2866 cm™ (C-H aliphatic stretching), 1627
cm (C=0 stretching), 1261 cm™ (-0-CH,-0 stretching)
and 937 cm™ (C-O stretching) (Fig. 5B). The FTIR
spectra of physical mixture of drugs found to be devoid
of significant shift in characteristic peaks, indicating
absence of chemical interaction between LUMF and PIP
(Fig. 5C). Furthermore, the FTIR spectrum of SD showed
the presence of drugs with their unchanged functional
properties, indicating absence of chemical interactions
between PIP and/or LUMF and KOL (Fig. 5E). As depicted in
Fig. 5D, the peaks at 1740 and 1678 cm™ are corresponded
to the vinyl acetate and vinylpyrrolidone groups in KOL,
respectively. The sharp peak at 1678 cm™ broadened and
shifted to 1682 cm™ in SD spectrum, indicate the hydrogen
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bonding between LUMF and KOL.!*% The shift in carbonyl
band of PIP from 1627 to 1639 cm™ in SD represents the
hydrogen bonding between PIP and KOL.[**! Thus, shifting
of characteristic peaks of LUMF, PIP and KOL observed
due to hydrogen bonding between LUMF, PIP and KOL.
The hydrogen bonds between components of SD prevent
the recrystallization of LUMF and PIP and facilitate the
solubilization of LUMF.[!541]

Stability

An amorphous, metastable state of drug in SD system
is liable to recrystallization of drug to stable state and
thus may affect the solubility and dissolution behavior.
As depicted in Fig. 6, no significant difference in DSC
thermograms of LUMF:PIP: KOL SD (1:6:18) stored at
40°C/75% RH for 3 months and that of on day 0 was
observed. Moreover, the similar dissolution profiles of aged
(day 90) SD and fresh SD (day 0) evident the conservation
of amorphous state of LUMF over 90 days storage under
stress conditions (Fig. 7). The physical stability of SD can
be ascribed to molecular interactions between drug and
polymer, as observed in FTIR studies, leading to inhibition
of molecular mobility and phase transition.

CONCLUSION

The aqueous solubility, extent, and rate of dissolution of
LUMF from SD containing KOL was found to be improved.
The molecular interactions between drugs and polymer
were thought to preserve the amorphous state of LUMF
in SD after storage under stressed conditions. Altogether,
the study suggest that SD co-loaded with P-gp inhibitor
can be employed as a feasible formulation strategy to
improve aqueous solubility and thereby could improve
the bioavailability of LUMF, contributing to the effective
delivery of the drug and maximize its therapeutic benefits
along with dose and/frequency reduction.
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