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Poly(lactic acid-co-glycolic acid) Nanospheres
Improved the Oral Delivery of Candesartan Cilexetil
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ABSTRACT

Purpose: Certain physicochemical characteristics of Candesartan Cilexetil (CC) lead
to incomplete oral absorption and poor clinical efficacy. This study assessed the
prospect of the use of drug-embedded nanospheres to augment the oral bioavailability
of CC. Methods: Baseline studies were conducted to measure the solubility of CC in
the polymer. Drug encapsulated poly(lactic acid-co-glycolic acid) nanospheres were
prepared by emulsion solvent evaporation method. Five different formulations (C1-C5)
were prepared for the varying amount of CC (30-50 mg). Evaluation was carried out
for nanospheres characters, drug dissolution and release kinetics. Pharmacokinetics
parameters were evaluated in rat model. Results: Solubility of drug in polymer was ~ 20
mg/100 mg of poly(lactic acid-co-glycolic acid). Values of particle size (200-400 nm),
zeta potential (~-25 to -27 mV) and polydispersity index (0.17 to 0.21) were optimal
for oral absorption. Morphological studies suggest that the prepared nanospheres were
spherical in shape with no aggregation. The nanospheres exhibited biphasic release of CC
with an initial burst effect (~50% in 4 h), while it was low and incomplete (~54% in
14 h) with pure drug. Furthermore, drug release from nanospheres appeared to indicate
a Korsmeyer—Peppas model (r2=0.981), and diffusion of the drug molecules was by
anomalous transport (n=0.74). Greater and rapid absorption of CC was observed from
the nanospheres with significantly higher C__ (599.92 + 139.36 ng/ml; P<0.0005)
and AUCO_ (~ 3 folds; P<0.0001) relative to the pure drug (control). Conclusion: These
results suggested that CC loaded nanospheres seems to be a suitable alternative to
improve the oral bioavailability and could be further assessed for clinical use.
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INTRODUCTION

Hypertension is a global epidemic and is
one of the major health challenges in the
21* century. More than one billion individuals
are currently estimated to be living with abnot-
mally raised blood pressure worldwide, and
~8 million deaths occurs every year due to
uncontrolled hypertension.! The overall
prevalence of hypertension is projected
to rapidly increase to ~ 2 billion people
by 2025." Prospective observational stud-
ies show that the risk of cardiovascular
increases in a linear fashion in hypertensive
patients and is the most significant risk
factor for cardiovascular morbidity and
mortality.” In addition, chronic complications
of hypertension is a leading risk factor for

retinal hemorrhage, ischemic and hemorrhagic
stroke, myocardial infarction, heart failure,
cerebrovascular diseases and chronic kidney
diseases.” The prevalence of hypertension
increases with age and is strongly associated
with economic growth, lifestyle changes,
urbanization, among all the key risk factors.
It is well documented that hypertension is
also associated with substantial economic
burden at the individual, family and societal
levels.* Five major categories of antihypet-
tensive agents are used alone or in combi-
nation for the initiation and maintenance
of antihypertensive treatment. Angiotensin
receptor antagonists are widely indicated for
the management of essential hypertension
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and heart failure and is a major therapeutic option in
the first line treatment of hypertension.” Typically they
are selective blockers of angiotensin II type 1 receptor
and are well tolerated in humans.® Among various
angiotensin II receptor antagonists, a candesartan,
non-peptide tetrazole derivative, is most widely preferred
owing to its selective and competitive binding to angio-
tensin-1I type 1 receptor, higher tolerance, long duration
of action, greater efficacy and fewer side effects.’
In addition, this drug is the primary alternative choice
in patients not responding to or intolerant of other
antihypertensive drug classes.® However, the clinical
efficacy of candesartan cilexetil (CC) following oral therapy
is limited by low and variable systemic delivery due to its
physicochemical properties as well as physiological
factors.” CC is categotized by biopharmaceutics classifi-
cation system as a class II due to its low solubility across
the physiological pH range, and this is associated with
incomplete absorption from the gastrointestinal tract.'
Several formulation approaches have been assessed to
improve the oral bioavailability of CC. In one approach,
various prodrugs of candesartan were synthesized and
CC was identified as most effective.!’ However, the oral
bioavailability of CC was found to be low (~15%-40%).
Alternatively, solid lipid nanoparticles, self-micro emulsify-
ing drug delivery system, nanoemulsion, solid dispetsion
and complexation were attempted to enhance solubility
and bioavailability of this drug, but seems to be moder-
ately effective.'*"?

The oral therapy is the most desired and patient conve-
nient route of drug administration as it offers significant
advantages over any other existing route.'* Approximately
50% of dosage forms in market are oral based delivery
systems. However, the conventional oral therapy of certain
pharmaceutical actives is limited by poor solubility and
stability in gastrointestinal tract, presystemic metabolism,
low intestinal permeability, and inadequate drug release
which leads to low oral bioavailability."”® Several novel
approaches have been investigated to enhance intestinal
absorption and higher systemic availability of some
pootly bioavailable drugs.'®'” The oral controlled-release
dosage forms have received much attention in the recent
past due to their clinical advantages in comparison to
the immediate release dosage forms. The potential of
nanoparticulate drug delivery systems to enhance effi-
ciency of pharmaceutical actives with substantially low
oral bioavailability has captivated the interest of many
researchers over the last decade. Typically, polymeric
nanoparticles are drug carriers which are prepared with
established polymers which encapsulate drug molecules
in nano size range." Indeed, these nano-sized carriers
overcome intrinsic challenges encountered by drug

molecules in gastrointestinal tract, and can also be
modified to maintain the required drug release for
therapeutic response.” Wide range of biocompatible
polymers from synthetic and natural sources with specific
properties have been explored for the formulation of
nanoparticles intended for oral delivery. Among these,
synthetic polymers are widely preferred as they possess
good mechanical strength and can be modified to
obtain well-defined release characteristics.”” In addition
they also exhibit good biocompatibility, biodegradability,
low toxicity and reduced susceptibility to enzymatic
degradation. Hence, it is hypothesized that polymeric
nanoparticles could be a potentially effective system
for delivering CC by oral route. The objective of this
study was to design and develop an effective nanosized
polymeric carrier system, and assess its effectiveness in
improving the oral bioavailability of CC. The charac-
teristics of the prepared polymeric nanoparticles were
assessed and evaluated its effectiveness by measuring
the pharmacokinetic parameters 7 vivo in rats.

MATERIALS AND METHODS
Materials

CC, poly(lactic acid-co-glycolic acid) (PLGA, 50:50),
potassium dihydrogen phosphate, polyvinyl alcohol (PVA),
methanol, triethanolamine, tween 20, acetonitrile, meth-

ylene chloride were purchased commercially from Sigma
Aldrich St. Louis, MO, USA.

Analytical method

Chromatographic separation and quantification of CC
was carried out using a high performance liquid chro-
matography (HPLC) system (Shimadzu, Tokyo, Japan)
comprising of a 20 AT pump, along with UV detector
and column oven. Samples were measured using a system
consisting of a Symmetry C18 analytical column
(4.6x150 mm, 5.0 pm). Mobile phase was methanol
and 20 mM potassium dihydrogen phosphate (70:30)
adjusted with triethanolamine to a pH of 6. The flow
of mobile phase was adjusted to 1.0 ml/min at room
temperature and measured at 255 nm wavelength.”!
Specific volume of samples (25 ul) were injected
(20-2000 ng/ml, +*=0.986) and the retention time was
5.1 min. Method was validated for linearity, accuracy,
specificity, limit of quantification and limit of detection.

Drug solubility

Solubility of CC in PLGA polymer mattix was determined
by weighing polymer (100 mg), drug (1-40 mg) and
dissolving in methylene chloride (10 ml) by continuous
stirring, The viscous solution was casted on a petridish to
obtain a thin polymeric film and the solvent was allowed
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to dry at room temperature. The solid polymeric matrix
was stored at room temperature and observed under
light microscopy for drug crystallization for one month.

Preparation of polymeric nanospheres

PLGA nanospheres incorporated with CC was for-
mulated by a modified emulsion-solvent evaporation
method similar to that of Kocbek ¢# a/** The required
amount of PLGA (200 mg) and CC (30-50 mg) were
weighed, dissolved in methylene chloride (10 ml) and
thoroughly mixed to get a clear solution. Primary emulsion
was prepared by adding sufficient amount of water (5 ml)
to the drug solution and stirring at a high speed (419 g)
followed by sonication for short period (20 min). Emulsion-
containing nano-droplets were then added to PVA solution
(5% w/v, 20 ml) and homogenized for 2 min at 9660 g.
The emulsion was further stirred overnight (12 h) under
atmospheric conditions to remove the organic solvent.
The obtained dispersion was centrifuged (26832 g,
20 min) and the supernatant was decanted. Drug
particles on the surface were removed by washing the
polymeric particles (twice) with water and freeze dried
for 24 h. five formulations were prepared by varying the
amount of CC (30-50 mg). Yield was determined by
standard protocol.

Entrapment efficiency and drug loading

Entrapment efficiency and drug loading in PLGA nano-
spheres were measured by total CC analysis. Briefly,
nanospheres were dissolved in 10 ml of methylene chlo-
ride, diluted with mobile phase (50 ml methanol and
20 mM potassium dihydrogen phosphate, 70:30).
Methylene chloride was removed from the solution
by purging the nitrogen gas at room temperature. The
resultant solution was centrifuged, the top layer was
separated, and filtered using 0.2 pm filter. The con-
centration of CC was measured by HPLC as described
before. The percentage of entrapment efficiency
(% EE) was calculated as % EE = (amount of drug
entrapped/ amount of drugincorporated) X 100. Similarly,
the percentage drug loading (% DL) was determined as
% DL= (amount of drug in nanospheres/ amount of
polymer incorporated + amount of drug incorporated)
X 100.%

Determination of drug content

Accurately weighed amount of nanospheres (5 mg)
was dissolved in methylene chloride (2 ml), diluted with
mobile phase (20 ml) and the methylene chloride was
evaporated by removing nitrogen. Furthermore, mobile
phase containing CC was centrifuged and the upper
layer was filtered using 0.2 um filter. Adequate amount
of mobile phase was added to the filtrate to dilute the
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drug and the concentration of CC was quantified by
HPLC. The drug concentration was calculated based on
the % drug load.

Particle size characterization and zeta potential

Particle size, size distribution, polydispersity index and
zeta potential of nanospheres were determined using
dynamic light scattering technique with a Zetasizer
(Nano-ZS, Malvern, Westborough, MA). Polymeric
nanoparticles were dispersed in deionized water at room
temperature by sonication (1 min) before analysis to
reduce aggregation between nanospheres. Particle sizes
(volume weighted mean diameter) were measured.

Scanning electron microscope (SEM)

The external morphology of nanospheres was carried
out using SEM. Samples were diluted, mounted on a
metal stubs and gold-coated in a neutral environment
of argon maintained under pressure.®* Pictures were
acquired under different magnification using SEM (Jeol
457V, Tokyo, Japan).

Transmission electron microscopy (TEM)

The size, shape and dispersion (morphological features)
of nanospheres was characterized by TEM using JEOL
JEM-1230 TEM (JEOL, Tokyo, Japan). Samples were
suspended in water (1 mg/ml), added on copper grid
and stained with uranyl acetate (1% w/v). Extra liquid
was cleaned, air dried and analyzed using TEM at 80 kV.

In vitro release and kinetics

The release of CC from drug-loaded nanospheres was
assessed by dialysis bag method. The release media used
were 0.1 N HCI (for 2 h) and phosphate buffer (pH 6.8
for 12 h) with 0.7% of Tween 20 as surfactant to establish
sink condition at a concentration of 10 ug/ml." Twenty
five milligrams of nanospheres was dispersed in water (1
ml) containing CC and inserted in dialysis tube (molecu-
lar weight cut off 12,000 to 14,000). The dialysis tube
was placed in a receiving compartment containing 250
ml of media, which was continuously stirred with mag-
netic stirrer at 37 * 0.5°C. Samples were withdrawn
at regular time intervals (1, 2, 3, 4, 6 and 8 h) to determine
the concentration of the drug. All the samples were
filtered using 0.2 pm filter and the concentrations of
CC release was measured by the HPLC. CC released
from nanoparticles was assessed kinetically by means of
various mathematical models.”

Bioavailability studies

The oral bioavailability of CC in optimized drug-loaded
nanospheres was determined on Sprague—Dawley rats
(225-275 g) with a single dose. Animals, under fasting
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condition for 12 h with free access to water, were divided
into two groups (six animals in each group) (IAEC/
SSP/16/PR-005). Nanospheres (1 mg of CC) were
administered to group 1 animals by oral route using
gavage. Similarly, the aqueous suspension of CC (1 ml
dose of 1 mg) was administered to group 2 (control)
animals. The dose of CC (1 mg) was determined with
its human dose (32 mg/kg) used for congestive heart
failure, using an equation described by Nair and Jacob.*
The oral bioavailability of CC nanospheres was estimated
from plasma drug level at specific time intervals. Blood
sampling (~200 pL) from rats was done from lateral
tail vein at 1, 2, 4, 6, 8, 12, 18 and 24 h. The samples
were treated with the equivalent amount of acetonitrile
and 2-propanol, centrifuged (10 min) and the upper
layer was filtered using 0.2 pm filter. The concentration
of CC release was measured by HPLC. An additional
calibration curve was developed in the rat plasma by
injecting 20-800 ng of the drug. The pharmacokinetic
parameters were estimated by no compartmental phar-
macokinetic model.”?

Data analysis

Data observed were analyzed for statistical significance
by one-way analysis of variance (ANOVA) and unpaired
t-test (GraphPad Prism, California, USA). In all cases,
post-hoc comparisons of the means of individual
groups were performed using Dunn’s test.” All the
measurements were mean of six experiments and data
were considered significant when P value was less or
equal to 0.05.

RESULTS AND DISCUSSION

The low oral bioavailability of CC could be linked to
its unfavorable physicochemical properties such as high
MW (610 g/mol), low aqueous solubility (~0.05 pug/ml),
high lipophilicity (Log P = 6.1), low pKa (2.97), low
permeability (P~ in Caco-2 cells; 2.11x10° cm/sec)
etc.”® In addition, the ‘rule of five’ was broken thrice by
this negative physicochemical properties (log P, MW and
hydrogen bond acceptors) in case of this drug. Therefore,
the conventional method for effective oral delivery of
CC is difficult and requires an alternative approach to
overcome all the major challenges to achieve adequate
drug delivery. Hence, the encapsulation of drugs into
polymeric carrier systems of nano size is a viable phar-
maceutical formulation alternative. It is well established
that nanospheres formulated with suitable polymers are
better at attaining controlled drug release and greater
bioavailability. Given these background, biodegradable
polymer such as PLGA has been studied extensively and
is often used as a drug delivery carrier.” This is majotly

due to its distinct properties such as biocompatibility,
biodegradability, potential to provide controlled release
as well its effectiveness in improving the oral bioavail-
ability. Considering the significant contribution of
PLGA in drug delivery development, this study assessed
its feasibility to develop a nanoparticulate system for
effective delivery of CC. Preliminary studies were carried
out to assess the solubility of CC in PLGA, and our
finding suggests that the highest solubility (absence
of crystals during one month) was detected when the
concentration of CC was 20 mg/100 mg of PLGA.
However, the drug concentration of >25 mg showed
existence of crystals in film after a week, when observed
under light microscopy. It should be emphasized that
solubility of drug molecule in a polymer depends on
physicochemical properties (MW, chemical nature) of
actives and polymer in addition to their possible interaction.
Based on solubility data, five different formulations
of nanospheres were developed (C1-C5) with varying
concentrations of drug (30-50 mg), while amount
of PLGA (200 mg) and concentration of PVA were
fixed (5% w/v) (Table 1). CC contain polymeric nano
spheres were prepared by emulsion-solvent evaporation
method using methylene chloride as solvent. The para-
meters such as stirring speed and duration of sonication
were optimized to obtain polymeric particles of nano range.
The ratio of drug: polymer used for the formulation
of nanospheres is summarized in Table 1. Our findings
from the assessment of physicochemical properties of
the prepated nanospheres for CC are summarized in
Table 2. The percentage yield (~70-80%) was relatively
high, and this appear to substantiate the suitability of
this alternative formulation method.’' In addition, there
was no significant difference in the percentage yield
between the five formulations (C1-C5), and this is prob-
ably because of the low variation in the ratios of drug
to polymer (1:4 to 1:6.6) (Table 1). Drug entrapment
is an important parameter in nano drug delivery that
optimizes therapeutic efficacy of the encapsulated drug,
Encapsulation of CC in PLGA was assessed by deter-
mining entrapment efficiency and was summarized in
Table 2. Common organic solvents like petroleum ether,
methylene chloride, chloroform, ethyl acetate and
methanol® with HPLC mobile phase were tried to dissolve
the nanospheres and the combination of methylene
chloride with greater recovery was adopted. The overall
percentage efficiency (55-70%) obtained (Table 2) was
certainly high, and is probably related to the fact that the
entrapment potential of a polymer mostly depends on
the partition coefficient of the pharmaceutical active,
affinity of the hydrophobic actives with the PLGA, as
well as its solubility in specific polymer.” This observation

574 Indian Journal of Pharmaceutical Education and Research | Vol 51 | Issue 4 | Oct-Dec, 2017



Nair et al.: Nanospheres for oral delivery of candesartan

Table 1: Composition of candesartan cilexetil loaded polymeric nanospheres

Formulation Drug (mg) Polymer (mg) Drug: polymer Polyvinyl alcohol (%
Ratio w/v)
C1 30 200 1:6.6 5
Cc2 35 200 1:5.7 5
C3 40 200 1:5 5
C4 45 200 1:4.4 5
C5 50 200 1:4 5

Table 2:

Physicochemical characteristics of candesartan cilexetil loaded polymeric nanospheres*

Formulations % yield % EE % Drug % Drug Mean Zeta potential | Polydispersity
loading content diameter (nm) (mV)
C1 75.75+5.18 | 66.61+4.62 | 8.95+3.61 93.32+4.18 280 + 15 -25.94 + 1.65 0.18 £ 0.07
Cc2 76.34+6.32 | 68.73+3.15 | 9.64+2.75 95.62 +2.75 310+ 20 -26.62 + 2.02 0.21 £ 0.06
C3 78.43+594 | 69.44+491 | 11.57+3.42 | 95.60 +2.46 310+ 18 -26.41 + 1.38 0.18 £ 0.05
C4 75.10+6.12 | 62.06 +4.28 | 11.40+3.17 | 88.06 + 4.67 325+ 22 -27.23+2.16 0.17 £ 0.04
C5 73.82+5.36 | 55.97 +2.65 | 11.19+2.90 | 90.05 +5.11 330+ 27 -26.55 + 2.38 0.17 £ 0.06

*Mean +S.D, % yield: Percentage yield, %EE: Encapsulation efficiency

is in agreement with earlier reports wherein emulsion-
evaporation method generally exhibited higher entrap-
ment efficiency.” The high partition coefficient and
polymer solubility of CC also might have favored its
entrapment. However, the greater entrapment efficiency
(65-70%) was observed when the amount of drug was
low (C1-C3), compared to the higher drug concentrations
(~62% and ~56% with C4 and C5 respectively). Thus,
it seems that the drug entrapment has reached saturation
(in C3 formulation), and further attempt to increase drug
concentration could reduce the entrapment efficiency.
A similar trend (higher drug loading with C3 formula-
tion and decreased with C4 and C5 formulations) was
noticed with percentage drug loading as well (Table 2).

Drug concentration is an important parameter that
symbolizes the content uniformity and efficiency of
formulations, and official compendiums endorsed the
test of content uniformity in finished drug products to
ensure that the drug concentration was with in limit.**
Formulations C1-C3, showed >90% drug concentration,
while a lesser drug concentration was obtained in C4
and C5 (Table 2). The low standard deviations obtained
with the formulations (C1-C5) suggest that the drug
concentration is comparable among different batches.

Particle size and size range of the polymeric nanopar-
ticles (C1-C5), determined by dynamic light scattering
method, showed the particles in nano size (190-500 nm)
with a mean diameter ranged from 280 to 330 nm (Table 2).
Our findings suggest a minor increase in the particle
size when drug concentration was high. Figure 1 represents
size range of polymeric nanospheres of formulation
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C3. Zeta potential measurement is an important property
of polymeric particles, as it indicates the surface charge
which is directly related to the particle stability in
dispersion. Similarly, polydispersity index (value between
0 and 1) is generally determined to assess the width of
size distribution. In the current study, measured mean
zeta potential (~-25 to -27 mV) and polydispersity index
(0.17 to 0.21) values for the different formulations were
comparable (Table 2). The negative zeta potential values
that were observed indicate the presence of free carboxylic
end groups of polymer on the surface of the nano-
spheres. On the other hand, the low polydispersity index
values (0.17-0.21) suggest that the particles would have
narrow distribution and no agglomeration, as shown in
Figure 1 and 2.

The morphological features of the prepared nano-
spheres (C1-C5) assessed by SEM as well as TEM
revealed that the nanospheres possess regular spherical
shape with no aggregation. Furthermore, the average
particle sizes measured with TEM images were also
consistent with the values measured by the particle size
analyzer. In addition, no difference was observed in the
morphology among the prepared nanoparticles (Data
not shown). A representative SEM and TEM images of
C3 formulation with average particle size of ~300 nm is
shown in Figure 2. The formulation C3 which showed
a higher yield, entrapment efficiency and drug loading,
this was used for release and 7 vivo studies.

The release of a drug from a formulation is a prereg-
uisite for absorption as well as therapeutic activity. The
assessment of the release will provide the real time fate
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Figure 1: Histogram showing the size distribution of

candesartan cilexetil incorporated polymeric nanospheres
(formulation C3).

Figure 2: Representative scanning electron microscopy (A)
and transmission electron microscopy (B) images of cande-
sartan cilexetil incorporated polymeric nanospheres (formu-

lation C3).

of the encapsulated drug in the nanospheres. However,
the drugs incorporated in polymer generally exist as
a solid solution, metastable molecular dispersion or
amorphous form, and will enhance the solubility and
dissolution. On the other hand, PLGA copolymers are
degradable by diffusion and erosion or biodegradable
through the cleavage of ester linkages to release the
actives. In the current study, the drug release from the
formulated nanospheres (C3) and pure drug (control)
were determined by dialysis method. Figure 3 compares
profile of CC release from the selected nanospheres
formulation (C3) and the pure drug It is apparent
from Figure 3 that the release profile of nanospheres
appeared significantly different (P<0.001) from the
pure drug. The release of CC from nanospheres also
showed a biphasic pattern, with an initial burst (~50%
in 4 h) followed by a slower rate and prolonged till 14 h.
The rapid release of the drug observed appeared due
to the drug molecules embedded close to the surface
of polymeric layer of nanospheres. Furthermore, the
slow release could be attributed to the affinity of CC
for the PLGA, as well as the slow diffusion through the
polymeric matrix of lipophilic CC encapsulated in the
" One possibility for the
complete drug release observed in 14 h is likely due to
the moderate hydrophilic nature of PLGA used (50:50).
In contrast, the control (pure CC) exhibited slow, low
and incomplete release (~54%) until end of the study
period (14 h), and this appears due to its low water solu-
bility and high partition coefficient.

deeper area of nanospheres.™
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Figure 3: Comparison of cumulative percentage of candesartan
cilexetil released from selected nanospheres (C3) and pure
drug at various time intervals. Experiments were carried out
by dialysis bag method in 0.1 N HCI (for 2 h) and phosphate
buffer (pH 6.8 for 12 h). The value represents average of six
trials + SD.

The in vitro efficacy of the prepared nanospheres (C3)
which was evaluated kinetically using the percentage drug
released with different mathematical models (zero-order,
first-order, Hixson—Crowell, Higuchi, and Korsmeyer—
Peppas) showed that the Korsmeyer—Peppas model with
the higher regression coefficient (r%) values (0.981) was
considered as the best fit model. Therefore, it can be
said that the most suitable model to describe the release
of CC from nanospheres (C3) is Korsmeyer—Peppas
model. Furthermore, the observed release exponent
value (n=0.74, which is 0.43<n<0.85 for spheres)
indicate that the diffusion mechanism from nanospheres
is anomalous transport.

The final phase of study investigated the bioavailability
of selected nanospheres (formulation C3) in compatison
to the oral suspension of CC in rats. Pharmacokinetic
parameters such as area under plasma - drug concen-
tration time profile (AUC), maximum concentration of
drug (C_ ), time to reach maximum concentration (T ),
elimination rate constant (K ) and elimination half-life
(t,,) were analyzed by using a non-compartmental
method. Figure 4 compares the mean plasma concen-
tration versus time profiles of CC encapsulated Nano
spheres as well as their control. The estimated pharma-
cokinetic parameters are summarized in Table 3. It is
evident from Figure 4 that the kinetic profile of the nano-
spheres is clearly different from that of the control. The
plasma drug concentration was also significantly higher
(P<0.001) for nanospheres at all-time points assessed.
Indeed, the nanospheres showed greater absorption
from the first hour (102.58 * 33.57 ng/ml) and reached
peak at 4 h (Table 3), showing greater effectiveness and
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Table 3: Comparison of mean pharmacokinetic parameters for candesartan

cilexetil in plasma following oral administration of drug loaded nanospheres (C3)

and control (~1ml, dose of 32 mg/kg) in rats (n=6).

Parameter

Nanospheres (C3)

Suspension

T o (h) 4.0

6.0

C__ (ng/ml)

max

599.92 + 139.36*

261.39 + 52.06

AUC,, (ng.h/ml)

6392.10 £ 1082.24**

2165.72 + 367.15

AUC, , (ng.h/ml)

6752.30 + 1236.47**

2256.83 +421.24

t,, (h)

8.07 £0.28

8.09 £0.16

el

K 0.09+0.78

0.52

*P<0.0005; **P<0.0001

*EK  kok
700 —~—Nanospheres (C3) -B-Suspension

Drug concentrationin plasma (ng/mil)

0 -2 10 15 20 25 30

Figure 4: Comparison of mean ﬁasma profiles of candesar-
tan cilexetil following oral delivery of nanospheres (C3) and
control (suspension) in rats. The value represents average of
six trials = SD. *P<0.005; **P<0.001; ***P<0.0001

efficiency of nanospheres-loaded CC. In contrast, the
control (oral suspension) showed low concentration
in the initial hour (18.66 * 7.22 ng/ml), slow and low
absorption which extended till 6 h (T ). The mean C_
values of the nanospheres treated rats was 599.92 =+
139.36 ng/ml, and this is ~2.3 folds higher than that of
the control (P<0.0005). Greater and rapid absorption
of the CC observed could be probably due to the higher
dissolution of drug obtained with the nanospheres.
This observation also suggests that the bioavailability
of CC is primarily due to solubility and adequate
permeability. The drug plasma concentration appeared
to decrease in both groups in a similar fashion following
the absorption (Figure 4). The elimination rate constant
(K, and elimination half-life (t, ,) were comparable
(Table 3). However, the mean AUC,
nanospheres treated rats were ~3 folds (P<0.0001)
higher than CC in oral suspension, suggesting 300%
increase in bioavailability (Table 3). These results suggest
that the CC loaded nanospheres are clearly better than

values in the

the conventional formulation. Our findings appear
generally consistent with the established fact in the
literature that PLGA particles provides mucoadhesion
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by different mechanisms and these are linked better to
better absorption.” Furthermore, several studies have
demonstrated that PLGA nanoparticles are taken up
by membranous epithelial cells (M-cells) of the Peyer’s
patches in the gut-associated lymphoid tissue as well
as by gut enterocytes.” Thus, the possible reasons for
the observed increase in the bioavailability by CC nano-
spheres could be due to the higher dissolution, muco-
adhesion and/or uptake by Peyer’s patches. However,
these need to be clearly established in future studies.

CONCLUSION

PLGA-based nanoparticles appear to be an important
and promising formulation approach to improve the
oral bioavailability of therapeutic actives which are
otherwise less absorbed. The physicochemical prop-
erties of the CC loaded polymeric nanospheres were
significantly improved and these resulted in rapid and
higher dissolution. The rate and extent of drug transport
to the systemic circulation from nanospheres was signi-
ficantly higher, although the exact mechanism needs to
be further investigated. Future studies are required to
verify the actual improvement in therapeutic outcome
of CC loaded biodegradable nanospheres duting clinical
application.
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ABBREVIATION USED

AUC: Area under plasma-drug concentration time pro-
file; CC: Candesartan cilexetil; C__ : Maximum concen-
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tration of drug; DL: Drug loading; EE: Entrapment
efficiency; HPLC: High performance liquid chroma-
tography; Kel: Elimination rate constant; MW: Molec-
ular weight; PLGA: poly(lactic acid-co-glycolic acid);
SEM: Scanning electron microscope; t, ,: Elimination

half-life; TEM: Transmission electron microscopy;

Tmax: time to reach maximum concentration.
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SUMMARY

The clinical efficacy of candesartan following oral therapy is limited by low
and variable systemic delivery due to its physicochemical properties as
well as physiological factors.

This study is a first of its kind study which evaluated the feasibility to
enhance the oral bioavailability of candesartan.

The data observed indicates that the rate and extent of candesartan
transport to the systemic circulation from nanospheres was significantly
high.
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