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ABSTRACT

Background: B-carotene, a chief component of carotenoids family exhibits multiple
numbers of pharmacological activities. However, its poor aqueous solubility and low
dissolution rate restricts it to become a potential drug candidate. Hence, B-carotene-
phospholipids complex (BPLC) and [-carotene-B-cyclodextrin complex (BCDC) were
prepared with an objective of enhancing its aqueous solubility and dissolution rate.
Materials and Methods: BPLC and BCDC were synthesized using solvent evaporation
and kneading method respectively. BPLC and BCDC, were characterized by particle size
and zeta potential analysis, complexation rate, drug loading, Fourier transform infrared
spectroscopy and differential scanning calorimetry. Functional characterization of above
formulations was performed by solubility and in vitro dissolution studies. Results and
Conclusion: Particle size analysis result of BCDC and BPLC formulations were found to be
suitable for oral route of administration. FT- IR and DSC studies supported the formation
of BCDC and BPLC formulation. Solubility results displayed that BPLC (1:1) significantly
enhanced the aqueous solubility upto (28-fold), compared to BCDC (1:2) (18-fold) and

B-carotene. Dissolution studies showed that BPLC (1:1) considerably improved the Submission Date: 22-11-2019;

release rate of B-carotene in PBS (pH 7.4) compared to BCDC (1:2) and B-carotene Revision Date: 06-02-2020:

suspension. Hence, above comparison confirmed that phospholipids could be promising Accepted Date: 02-05-2020

carrier compared to B-cyclodextrin for overall enhancement of aqueous solubility and

in vitro dissolution rate of B-carotene. DOI: 10.5530/ijper.54.2s.78
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and most importantly, in pharmaceutical temperature. In this situation, overcoming
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of B-CTE limitations by using suitable carriers and/or
methods could be more valuable.

Previously several reports demonstrated the turnaround
the above limitations of B-CTE by employing several
formulation strategies such as nanodispersion,® nano-
emulsion,*” complexation® and solid dispersion.’
However, these formulations reported only the
improvement of physical and chemical stability of
B-CTE without investigating its aqueous solubility
and 7z vitro dissolution rate. Improvement in these two
parameters can provide more benefits in the processing
of food products. Thus, there is a strong need to
develop unique formulation using suitable carrier,
which can overcome the observed significant limitations
of B-CTE.

Among all existed formulations, complexation system
is reported to be a most promising technique for the
enhancement of poor aqueous solubility, i witro
dissolution rate, oral bioavailability and antioxidant
activity of drug molecules.'™!! Carriers such as phos-
pholipids and B-cyclodextrin are specifically utilized
for the development and preparation of complexation
system. Recent studies have evidenced that these
carriers on complexation with plant bioactives such as
salvianolic acid B, chlorogenic acid,” ferulic acid™
and idebenone® appreciably enhanced the solubility,
bioavailability and respective pharmacological activities.
Complexation via phospholipids can form stable
amorphous phospholipids complex, where bioactive
get entrapped within the core of phospholipids and
thus, form supramolecular complex by formation
of H- bonds, van der Waals and ion-dipole forces
between them. Amphiphilic and biocompatible nature
of phospholipids can also act as preferable carrier for
transportation of hydrophobic drug across biological
membrane, which in turn, enhances the bioavailabil-
ity of drugs.'® Due to its high amorphous characteris-
tics, it significantly improves the aqueous solubility of
hydrophobic drug via reducing its crystalline property
and thereby, increases its wetting in aqueous media."”
Likewise, B-cyclodextrin (B-CD) based complexation
system is also called as inclusion complex. Due to its
biocompatibility and superficial functionalization, it
can freely occupy the varying size of hydrophobic drug
within its central cavity (made up of 7-glucopyranose
units), which may cause to dehydrate and transfer drug
into cavity, form spatial arrangement inclusion
complex via non-covalent interactions, resulting to
increase the affinity of drug towards aqueous media
with random transformation from crystalline to high
energy state amorphous powder and finally improves
the solubility of drugs. Additionally, the reported
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amphiphilic nature of B-CD molecule significantly
improves the solubility and dissolution rate of hydro-
phobic drug via reducing the interfacial tension
between the solid particles and dissolution medium.'®
Moreover, both carriers provide multiple advantages to
the formulation such as easy preparation process, high
drug loading capacity and long term stability etc.

The present research work deals with an enhancement
of poor aqueous solubility and dissolution rate of
B-CTE by preparing its complex with phospholipids
or B-CD and evaluate them comparatively. BCDC
and BPLC were prepared by kneading and solvent
evaporation method. Prepared complex was physico-
chemically and functionally evaluated using particle
size analysis, drug loading, FT-IR, DSC, solubility and
in vitro dissolution rate.

MATERIALS AND METHODS
Materials

Lyophilizer (Model: MSW-137, Macro Scientific Works
Pvt. Ltd., New Delhi, India). B-carotene (purity > 99%)
was obtained from Natural Remedies Pvt. Ltd.,
Bangalore, India. Cholesterol was received as gift sample
from VAV Life Sciences Pvt. Ltd., Mumbai, India.
Phospholipon®90H was purchased from Molychem,
Mumbai India. Absolute ethanol, ethylenediamine
tetraacetic acid (EDTA), disodium hydrogen phosphate,
potassium dihydrogen phosphate and sodium chloride
were obtained from Loba Chemicals Pvt. Ltd., Mumbai,
India. All other chemicals received for the study were
of analytical grade reagent.

Preparation of p-carotene — B — cyclodextrin
complex (BCDC)

The B-cyclodextrin based complex of B-carotene was
prepared in molar ratios of (ie. 1:1, 1:2 and 1:3)
using kneading method reported earlier in literature."’
Briefly, the B-CTE and B-CD, both were accurately and
individually weighed according to their molar ratios
and then transferred into a clean and previously
air-dried mortar. The weighed mixture was mixed and
dissolved using 20 mL of absolute ethanol. The solvent
was allowed to evaporate, which in turn, resulting to
formation of porous solid mass. The obtained mass
was dried using hot air oven at 50°C for 24 hr for
removal of entrapped solvent, if any. The dried mass
was sieved to get uniform size particles. These particles
were then placed in an amber colored glass vials
previously flushed with nitrogen and finally stored at
RT, till further physico-chemical analysis.
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Preparation of p-carotene- phospholipids complex
(BPLC)

Thin film hydration technique was employed for the
preparation of B-CTE - phospholipids complex with
slight modifications.” Briefly, as per above mentioned
molar ratios, the same quantities of B-CTE and
Phospholipon® 90H were individually weighed and
transferred into 250 mL round bottom flask. The
powdered samples were co-dissolved in 10 mL of absolute
ethanol. The prepared solution was magnetically stirred
(at 25°C for 1 hr) to ensure uniform mixing of both the
components. After stirring, the assembly was subjected
to rotary vacuum evaporator, leading to evaporation
of solvent and formation of film. The obtained film
was hydrated using 5 mL of deionized water and then
sonicated. The hydrated solution was then lyophilized
using a lyophilizer (Model: MSW-137, Macro Scientific
Works Pvt. Ltd., New Delhi, India) under the conditions
of controlled condenser temperature of —80°C and
vacuum of 10 Pa. The final dried BPLC was preserved
in nitrogen flushed and light resistant container and
stored at 4°C for further analysis. Composition of
BCDC and BPLC formulation are shown in Table 1.

Estimation of drug loading and extent of
complexation rate (% yield)

The inclusion of B-CTE within the prepared BCDC
was estimated by well-known spectrophotometric
method described earlier in the literature.?! Briefly, the
prepared BCDC formulations was accurately weighed
(equivalent to ~10 mg of pure B-CTE) and mixed with
100 mL of phosphate buffer solution (0.05M, pH 6.3).
The prepared solution was then subjected to membrane
filtration (0.45 ) in order to get clear filtrate. From
this solution, few aliquots were removed, diluted
appropriately, analyzed for absorbance at suitable
detection wavelength (A_ = 450 nm) on UV-visible

Table 1: Composition of the prepared BCDC and

BPLC formulations.

Formulations | p-carotene (mg) p-cyclodextrin (mg)

BCDC

BCDC 1 536.88 1135

BCDC 2 536.88 2270

BCDC 3 536.88 3405

Formulations | B-carotene (mg) | Phospholipon®90H (mg)

BPLC

BPLC 1 536.88 790

BPLC 2 536.88 1580

BPLC 3 536.88 2370
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spectrophotometer (Model: V-630, JASCO International
Co., Ltd., Tokyo, Japan). The separate carrier solution
with same concentration was also prepared to remove
any developed interference while performing analysis.
A method previously described by Tan e a/?? was used
for the determination of extent of B-CTE in the
prepared BPLC formulations. Briefly, the chloroform
based dispersion was prepared by dissolving BPLC
(equivalent to ~50 mg of B-CTE) into 5 mL of
chloroform, followed by stirring, resulting to formation
of uniform dispersion. In this dispersion, the BPLC
and Phospholipon® 90H were showed complete
solubility, whereas, pure B-CTE was remained undissolved
and settled down at the bottom of the beaker. Next, the
dispersion was filtered using Whatman® filter paper
(ashless, Grade 41, Sigma-Aldrich Corporation,
St. Louis, MO) and separate the undissolved residue.
This residue was dried at room temperature (25°C).
After drying, it was then dissolved in methanol, diluted
suitably and analyzed the resulting solution on UV-visible
spectrophotometer (Model: V-630, JASCO International
Co., Ltd., Tokyo, Japan) at detection wavelength of
(A, =450 nm). The below described equation (1) was
used to calculate the extent of complexation rate of
pure B-CTE with Phospholipon® 90H.

Extent of complexation (%) = (¢,— [/ )/ ¢, 100 (1)

Where, ¢ represents the theoretical concentration of
B-CTE in BPLC and ‘ designates the observed concen-
tration of B-CTE in the filtrate.

Physico-chemical characterization
Particle size and zeta potential

A well established Photon Cross-Correlation Spectroscopy
(PCCS) attached with Dynamic Light Scattering (DLS)
technology used by our laboratory previously, was
utilized for determination of particle size distribution
and zeta potential of BCDC and BPLC formulations.?
Briefly, BCDC and BPLC formulations (equivalent to
~ 5 mg) was weighed, dispersed in 10 mL of deionized
water and stirred well. The prepared dispersion was
placed into sample holder and examined in the
sensitivity range of 1 nm to 10 pum using particle
size analyzer (Model: NANOPHOX Sympatec, GmbH,
Clausthal-Zellerfeld, Germany). The analyzer analyzed
the particle size distribution of both formulations by
optimization of particle count rate via adjusting the
sample position. The analysis was carried out at room
temperature (25°C). Obtained results were read by
using software accompanying with this instrument.
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The aqueous dispersion of BCDC and BPLC as prepared
above, was also used for the determination of zeta
potential within the sensitivity range of -200 to + 200 mV
using Nano Particle Analyzer (Model: NanoPlusTM-2,
Particulate system, Norcross, GA, USA) attached with
Dynamic Light Scattering (DLS) technology. This
operational procedure was carried out at RT.

FT-IR study

The molecular level interactions between the samples
of B-CTE, B-CD, Phospholipon® 90H, physical mixture
(PM) of B-CTE and B-CD, PM of B-CTE and
Phospholipon® 90H, BCDC and BPLC formulations
were analyzed using FT-IR spectrophotometer (Model:
FTIR-8300, Shimadzu, Kyoto, Japan) procedure previously
reported by our members.** Briefly, an approximate
amount of each sample (~ 2 mg) and FT-IR grade of
potassium bromide (~200 mg) were weighed, transferred
and mixed well. The prepared homogenous powder
were collected and then compressed into transparent
discs using Mini-Hand Press Machine (Model: MHP-1,
P/N-200-66747-91, Shimadzu, Kyoto, Japan) at a pressure
of 10 ton/Nm? Each sample discs were scanned
(32 scans) within the wave number range of (4000 to
400 cm™) with scanning resolution was fixed at 4 cm™.
After this, the scanned FT-IR absorption peaks for each
sample were analyzed and interpreted by software
(IR solution, Version 1.10) accompanying with this
instrument.

DSC study

A differential scanning calorimeter (Model: DSC-1
821e, Mettler-Taledo AG, Analytical, Schwerzenbach,
Switzerland) was employed to understand the thermal
characteristics of above mentioned components of
BCDC and BPLC formulations. A DSC analysis
procedure earlier reported by our group was employed
in this study.” Briefly, the formulation components
were individually weighed (~ 2.0 mg + 0.2) and transferred
to the clean glass vials. Before analysis, the DSC
instrument was calibrated by purified standard Indium
(In) in order to get uniform heat flow and heat capacity.
Sample analyzing area was also cleared with entrapped
oxygen by purging liquid N, at a flow rate of 50 mL/min.
Weighed samples were then subjected to heating within
the fixed range of 40 to 400°C or more, if any, at a
temperature increment of 10°C/min. The final thermal
spectrums of each component were read using the
attached software (Universal Analysis 2000, V4.5A,
Build 4.5.0.5) accompanying with instrument.
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Solubility studies

The solubility performance of -CTE, PM, BCDC and
BPLC formulations in water and/or #octanol were
analyzed by following the procedure as described by
Singh e# al' Briefly, the aqueous and/or r-octanol
dispersion (approximate 5 mL each) with an excess
amount of each individual sample was prepared
and then agitated on water bath shaker temperature
(Model: RSB-12, Remi House, Mumbai, India) for 24 hr,
leading to formation of homogenous dispersion. The
prepared dispersion was centrifuged at 1500 RPM for
25 min and filtered using 0.45 u membrane. From
the obtained filtrate, the small aliquots was pipette
out, diluted suitably and analyzed the resulting solution
at maximum wavelength of (A_ = 450 nm) using
UV-visible spectrophotometer (Model: V-630, JASCO
International Co., Ltd., Tokyo, Japan). This analytical
procedure was performed at room temperature (25°C).

Functional characterization
In vitro dissolution studies

In this study, the dialysis membrane dissolution
method, earlier described by Maiti e @/* was used to
study the comparative 7z vitro dissolution performance
of B-CTE, BCDC and BPLC formulations. Briefly, the
dialysis membrane with following characteristics such
as (LA395, dialysis membrane-110, average diameter
~21.34, average flat width ~32, capacity ~3.63 ml,
molecular size cut-off range 12,000 - 14,000 Da, HiMedia
Laboratories, Mumbai, India) was employed in the
current study. The procured membrane was washed
and rinsed as per the suggestions received from the
manufacturer. After washing, the small size dialysis
bags were prepared, loaded with samples such as B-CTE
(~ 2 mg), BCDC (~ 2 mg of pure B-CTE) and BPLC
formulations (~ 2 mg of pure B-CTE) and then tied
using thread. Moreover, bags loaded with samples were
also checked for leakage, if any. Next to this, the bags
containing samples were suspended in vertical position
into freshly prepared phosphate buffered-saline (PBS,
200 mL, pH 7.4) with Tween® 20 (1%, v/v) solution
dissolution media and stirred well at 50 RPM using
magnetic stirrer. The small solution was removed at a
fixed time intervals, diluted appropriately and assayed
at maximum wavelength (A= 450 nm) for recording
the absorbance on UV-visible spectrophotometer
(Model: V-630, JASCO International Co., Ltd., Tokyo,
Japan). The measured absorbance gives the information
regarding cumulative release of B-CTE from its
suspension, BCDC and BPLC over the period of 12 hr.
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RESULTS AND DISCUSSION
Formulation of BCDC and BPLC

The oral bioavailability of drug mainly depends upon
the numerous physical properties of drug such as
low aqueous solubility, permeability, dissolution rate,
first-pass metabolism and presystemic metabolism.
Among all, the poor aqueous solubility and low
permeability are the main properties of drugs which
can influence the poor oral bioavailability.”” B-CTE, an
investigational drug candidate, also demonstrates poor
aqueous solubility and fair solubility in most of the
organic solvents.”® According to this physical property,
B-CTE was processed into BCDC and BPLC formula-
tions via kneading and thin film hydration method
respectively. Many stable formulations of B-CD and
phospholipids-based complexes with flavonoids/
terpenoids have been successfully developed by authors
with the use of dichloromethane,” water and methanol
(1:1),” 1, 4-dioxane® and tetrahydrofuran (THF).** In
the current study, we have adopted the same formulation
strategy as well as solvents for the preparation of
flavonoids/terpenoids - B-CD as well as phospholipids
complex. However, during processing, the formulation
components showed an insolubility and/or poor
solubility in these solvents, which in turn, resulting
to precipitation of B-CTE, B-CD and phospholipids
respectively. Poor solubility problem of these formulation
components was solved by employing the new series
of solvents. From all these investigated solvents, the
absolute ethanol with its semi-polar nature, class III
solvents and low toxic nature exhibited a preferable
solvent of choice for the rapid dissolution of B-CTE,
B-CD and phospholipids respectively. Therefore, the
absolute ethanol was chosen as a solvent of choice for
the preparation of BCDC and BPLC formulations.

Drug loading and extent of complexation rate
(% yield)

Results of drug loading and extent of complexation
rate for BCDC and BPLC formulations are discussed
below. The values of drug loading and extent of
complexation rate for all BCDC and BPLC formulations
were found to be in the range of 91 to 94% w/w and
96 to 98% w/w, respectively. The BCDC 2 (ratio 1:2)
and BPLC 1 (ratio 1:1) formulation showed higher
value around ~ 97.60 £ 0.20 % and ~ 98.33 + 0.18 %
respectively. Moreover, the obtained higher values of
BCDC 2 and BPLC 1 formulations were selected as
optimized formulations for further characterization. It
was found that adopted method used for the estimation
of drug loading and complexation rate is robust,
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validated and clearly supports the selected and incor-
porated carrier.

Particle size and zeta potential analysis

The physical stability of sub-micron particles that
dispersed in the liquid medium is assessed by estimation
of its mean particle size and zeta potential respectively.
The analyzed mean particle size distribution of BCDC
and BPLC formulations are shown in Figure 1 (a and
¢). Stavic ¢ al. have reported that particle size < 500 nm
particularly, used endocytosis pathway for its transpor-
tation across the biological membrane.® In this study,
BCDC formulation showed mean particle size and
polydispersity index (PDI) around ~ 162 nm and
~ 0.27 + 0.09, whereas, the mean particle size and PDI
values for BPLC formulations was found to be ~119.12
nm and ~0.35 + 0.08 respectively. Results for BCDC
and BPLC indicates that its suitability for oral route of
administration with wide range of particle distribution.
These findings were in agreement with earlier published
reports.®? In addition to particle size, the zeta potential
(€) is another valuable stability indicator, used for
the determination of charges on the surface of the
particles and also possibly helps in determination of
its performance upon oral administration. The acceptable
range of zeta potential values for multiparticulate
system is reported to be in between - 30 mV to + 30 mV
respectively. Figure 1(b and d) shows the zeta potential
values of BCDC and BPLC formulations. The zeta
potential values for BCDC and BPLC were found about
~-10.7 £ 0.15 mV and - 6.50 £ 0.10 mV respectively.
From the combined results it indicates that BCDC and
BPLC, both shows the desirable physical stability and
it was attributed to lower particle size, zeta potential
and higher PDI value.

FT-IR study

FT-IR spectrum of B-CTE, B-CD, Phospholipon® 90H,
BCDC and BPLC formulations are shown in Figure 2

Figure 1: Particle size distribution of (a) BCDC and (c) BPLC,
formulations and zeta potential analysis of (b) BCDC and
(d) BPLC formulations.
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Figure 2: FT-IR spectrum of (a) B-CTE, (b) B-CD,
(c) Phospholipon®30H, (d) BCDC, (e) BPLC formulations.

(a, b, ¢, d and e) respectively. The units are shown in cm™.
B-CTE (Figure 2a) showed absorption peak at 2927 for
asymmetric (aliphatic C-H stretching) and 2874 for
symmetric (aromatic C-H stretching). Absorption peak
at 1458 and 1360 shows the presence of aromatic (C-C
stretching) and symmetric (C-H stretching) group.
Peak observed at 1746 and 803 corresponds to carbonyl
group stretching and (= CH group) in alkenes.”* FT-IR
spectrum of B-CD is shown in (Figure 2b). Observed
absorption peak at 3329, 2952, 1413 and 1029 indicates
the presence of (O-H stretching), aliphatic (C-H, bending),
(aliphatic C-H stretching) and (C-O stretching) vibration
groups respectively. These peaks were found in agreement
with earlier reports.”” (Figure 2¢) shows the absorption
peaks of Phospholipon® 90H. Peak found at 2917 and
2849 represents the presence of (C-H stretching) of
long fatty acid chain. Additional peaks were observed
at 1731, 1237 and 1092 and 970 for (C=O stretching
vibration for fatty acid ester), (P=O and P-O-C stretching)
and [-N" (CH,)3]."” FI-IR spectrum of BCDC in
(Figure 2d) exhibited peaks shifted at 3369, 2926 and
1643 compared to that of plain B-CTE and B-CD,
whereas, in (Figure 2e), the BPLC also showed peaks
shifted at 2925 and 1240 from their original peaks
of B-CTE and Phospholipon® 90H. Shifting of these
peaks in BCDC as well as in BPLC formulation could
be ascribed to strong participation of weak intermo-
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lecular interaction i.e. H-bonding, ion-dipole and van
der Waals forces between polar part of B-CTE and
carriers, which further resulting to formation of BCDC
and BPLC.

DSC study

Figure 3a, 3b, 3¢, 3d and 3e depicts the DSC thermo-
grams of pure B-CTE, B-CD, Phospholipon® 90H,
BCDC and BPLC formulations. Pure B-CTE (Figure 3a)
showed strong and sharp endothermic peak around
~187.17°C indicates its purity and crystalline nature.’
A DSC curve of B-CD is shown in (Figure 3b). It exhibits
two endothermic peaks; first board peak appeared
around ~ 100°C, indicative to release of water
molecules from B-CD. Second board melting peak
with less intensity were appeared above ~ 300°C,
corresponds to its degradation peak. These results
were found to be consistent with earlier published
reports.”* As revealed in (Figure 3c), Phospholipon®
90H displays five different peaks around ~ 83.62°C,
105.11°C, 122.00°C, 178.20°C and 238.24°C respectively.
First three peaks with small, diffused and mild
characteristics were likely due to melting nature of
Phospholipon® 90H under the influence of increasing
temperature. Last two small intensity peaks were
ascribed by physical transformation of Phospholipon®
90H form gel to liquid crystal state via physico-
chemical modification in the carbon-hydrogen segment.*®
Two new endothermic peaks at about ~ 73.26°C and

\J ) _—

~ T ’

g YW —
C (b)

3 ————
3 |1~ 7 : ™
x R Vs ;
v (d)

,vv:‘/d
-
()

—— -"’I;- _ -

Temperature (°C)

Figure 3: DSC thermograms of (a) B-CTE, (b) -CD,
(c) Phospholipon®90H, (d) BCDC, (e) BPLC formulations.
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~ 318.18°C with different intensities were displayed
by BCDC formulations in (Figure 3d). First peak was
appeared to be completely new one with disappearance
of unusual peaks of B-CTE and B-CD. Moreover, the
peak at ~ 318.18°C represents the same feature as
that of original second peak of 3-CD indicates that it
didn’t contribute in the complexation process. BPLC
(Figure 3e) exhibited two new melting peaks around
~ 147.29°C and ~ 192.17°C respectively. Additionally,
B-CTE and Phospholipon® 90H peak were absent in
this thermograms. Weak forces of interactions such as
ion-dipole and van der Waals forces between polar part
of B-CTE and carriers could thus be the main reason
for BCDC and BPLC synthesis. Findings are well
supported by earlier published literature.*

Solubility studies

Solubility results of pure B-CTE, PM of B-CTE and
B-CD (1:2), PM of B-CTE and Phospholipon® 90H
(1:1), BCDC and BPLC formulations in water and/or
n-octanol are presented in Table 2. Pure B-CTE shows
low aqueous solubility up to ~ 0.52 ug/mL, whereas,
the same compound exhibited higher solubility in
n-octanol i.e. ~ 714.10 ug/mL, indicates strong lipophilic
and poor hydrophilic nature of B-CTE. PM of B-CTE
and B-CD (1:2) as well as B-CTE and Phospholipon®
90H (1:1) displays somewhat better aqueous solubility
around ~ 3.11 uyg/mL (6-fold) and ~ 4.61 ug/mL
(9-fold) over to that of B-CD. The significance level
was found to be (p < 0.05). Formation of a close
association of B-CTE with B-CD and Phospholipon® 90H
is thought to be main reason for slight improvement
in the PM aqueous solubility. Both PM did not show
any significant improvement in the n-octanol solubility.
Compared to pure B-CTE and PM, the BCDC (1:2)
offered a significant (p < 0.05) higher solubility in water
around ~ 9.21 pg/mL and it is enhanced by 18-fold.
This finding 1s well supported by earlier reports, which

Table 2: Solubility analysis of pure 3-CTE, PM of

B-CTE and B-CD and Phospholipon®30H, BCDC and
BPLC formulations.

Formulations Aqueous n-octanol solubility
solubility (ug/mL) (ng/mL)
Pure B-CTE 0.52 +0.08 714.10 £ 1.32
PM of B-CTE and 3.11+£0.24 769.21 +1.26
B-CD
PM of B-CTE and 4.61+0.19 802.01 +1.12
Phospholipon® 90H

BCDC 2 9.21+1.41 87243 +1.48
BPLC 1 14.67 + 1.38 931.22 +2.33

All results are expressed as mean + Std. Dev., n=3
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suggest that central cavity of B-CD (made up of
7-glucopyranose units) freely accommodates the
B-CTE molecules, forms soluble inclusion complex
with random transformation from crystalline to
amorphous powder, resulting to improve aqueous
solubility of B-CTE.”” The n-octanol solubility was
also found to be higher (~ 872.49 ug/mL) compared
to pure drug and PM. Finally, BPLC (1:1) showed an
excellent and more significant (p < 0.07) improved
aqueous solubility around ~ 14.61 ug/mL (28-fold),
compared to drug, PM and BCDC formulations and it
was likely due to partial amorphization and amphiphilic
nature of BPLC."

In vitro dissolution studies

The comparative 7 wvitro dissolution performance of
B-CTE from B-CTE suspension, BCDC (1:2) and BPLC
(1:1) formulations in PBS (pH 7.4) for testing period up
to 12 hr are described in Figure 4. The release pattern
of B-CTE from its suspension after 5 hr was found to
be ~ 12% and by the end of 12 hr dissolution period,
the suspension showed only ~ 20% of B-CTE released.
This lowered amount of release could be attributed
by poor aqueous solubility of B-CTE. Compared to
suspension, the BCDC (1:2) formulation, after 5 hr
of testing period, released P-carotene around ~ 29%,
however, after this period, the BCDC demonstrated a
continued release performance and thereby, reached to
a maximum release about ~ 68% by the end of
dissolution period. Enhancement of dissolution rate
of BCDC formulation could be well explained by
favorable strong interaction between -CTE and apolar
cavity of B-CD, which may cause to dehydrate and
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Figure 4: The in-vitro dissolution profiles of (a) B-CTE release
from B-CTE suspension, (b) BCDC and (c) BPLC formulations.
Values are presented as mean = Std. Dev. (n = 3).

Indian Journal of Pharmaceutical Education and Research | Vol 54 | Issue 2 (Suppl) | Apr-Jun, 2020



Telange, et al.: Phospholipids and B-cyclodextrin Based Complexes of 3-carotene

transfer the drug into the cavity, resulting to increase
the affinity of hydrophobic drug towards the water and
subsequently, increase the dissolution rate. Additionally,
the reported amphiphilic nature of B-CD molecule
significantly improves the dissolution rate of hydrophobic
drug via reducing the interfacial tension between the
solid particles and dissolution medium.’*** The rate
and extent of dissolution of BPLC (1:1) formulation,
after 5 hr of study, was observed to be ~ 59% and
by the end of dissolution period, the same formulation
continuously released the B-CTE to a maximum level
about ~ 91%. This higher release was likely attributed
to solubility and wettability phenomenon, where
Phospholipon® 90H on complexation with the B-CTE
particles can increase its solubility and then wettability
in water, forms uniform dispersion and consequently
increase the dissolution rate*® This comparison
clearly indicates that BPLC formulation enhanced the
dissolution of B-CTE more significantly over to that of
plain drug and BCDC. After release study, the kinetic
analysis of BCDC and BPLC formulations via examined
different release models, exhibited higher correlation
coefficient (R?) about ~ 0.9943 and ~ 0.9889 respectively
and thereby, both of these followed the first order and
Higuchi as best-fit dissolution mechanism. Moreover,
the release exponent value (») of BCDC and BPLC
demonstrated around ~ 0.48 and ~ 0.49 respectively.
Based on these values, it was found that, BCDC and
BPLC displayed the Fickian diffusion as the principal
release mechanism. The improved solubility and
dissolution rate of B-CTE using Phospholipon® 90H
via thin film hydration technique could be helpful
in the enhancement of its permeability and thereby
improving the 7z vivo antioxidant, biopharmaceutical
and most important, the pharmacokinetic potential.

CONCLUSION

The phospholipids and B-cyclodextrin carriers have
shown the noteworthy potential for enhancement
of aqueous solubility and 7z vitro dissolution rate of
B-CTE. This goal was achieved by the preparation of
BCDC and BPLC formulation using kneading and
solvent evaporation method respectively. Based on
lower particle size, zeta potential and PDI values,
BCDC and BPLC both were found to show oral route
suitability. Physico-chemical characterization by FT-IR
and DSC studies showed that BCDC and BPLC, both
were formed with the involvement of weak intermo-
lecular forces of interactions such as H-bonding,
ion-dipole and van der Waals forces between the polar
part of B-CTE and carriers. BPLC (1:1) significantly
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enhanced the aqueous solubility around (28-fold),
compared to that of BCDC (1:2) (18-fold) and pure
B-CTE. Equally, rate and extent of dissolution of BPLC
(1:1) was found to be enhanced more significantly over
to that of BCDC (1:2) and pure B-CTE for 12hr testing
period. In conclusion, the phospholipids carriers-based
BPLC formulations could be employed as a promising
carrier, compared to B-CD carrier for enhancement of
poor aqueous solubility and 7z vitro dissolution rate of
B-CTE and similar bioactive compounds. Moreover,
the improved solubility and dissolution rate of B-CTE
using thin film hydration method could be helpful in
the enhancement of its permeability, 7 vivo antioxidant
and pharmacokinetic potential.
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PICTORIAL ABSTRACT
P K sopdiredt imézed batch
S ‘Thin film hydration BPLC (1:1)
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In vitro dissolution rate of
e B-carotene
(LJE«L.\.‘«;.\,\[:VXAA;
) B-Carotene
+ Optimized batch
. . BCDC (1:2)
s Kneading method Modestly Improved
- K Aqueous solubility
‘f . In vitro dissolution rate of
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B-Cyclodextrin
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SUMMARY

Antioxidant is an important phytochemicals, substance and/or compound which significantly scavenge the
free radicals and thereby, slow down the oxidation of biological macromolecules such as protein, lipids
and carbohydrates. This activity is totally depend upon the biopharmaceutical, physico-chemical and
functional properties of antioxidant compound. P-carotene, is one them, which is an essential part of
carotenoid family and perform the same actions more appreciably. Moreover, it also provides an essential
benefit to the human body via converting it into vitamin A. However, the poor aqueous solubility and
low 7 vitro dissolution rate confined it become a strong candidate. In this study, the observed limitations
of this wonder molecule were improved by preparing its formulations using Phospholipon®90H and
B-cyclodextrin carriers respectively. The prepared optimized formulations i.e. BPLC (1:1) and BCDC
(1:2) were characterized using particle size and zeta potential, drug loading, complexation rate, FT-IR,
DSC, solubility study and iz »itro dissolution rate. Characterization studies demonstrated that optimized
BPLC (1:1) were drastically improved an aqueous solubility and iz vitro dissolution rate over to that of
BCDC (1:2) and plain PB-carotene. Therefore, the results of this study indicates that Phospholipon®90H
significantly improved the biopharmaceutical attributes compared to B-cyclodextrin and thus, can be used as
promising carrier for the other compound with low aqueous solubility and 7z vitro dissolution rate.
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