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Abstract: The objective was to develop a stable and non-compliance coated solid–lipid nanoparticles (coated SLN) using polymer (Eudragit L100)
and lipoid (glycerol monostearate: soya lecithin) for partial dose reduction of isradipine [ISR; 2.5 mg by combination of bioenhancing agent (rutin;
Ru) in equivalent ratio]. The physicochemical characterizations were performed by FT-IR and DSC of elected model drug (ISR), drug mixer with
Ru/polymer and coated SLN with Ru (ONbp); the resulted distinctive peaks demonstrated that no chemical interaction and incompatibility found
between them. The plasma samples of formulation (ONbp) were analyzed by liquid chromatography (HPLC) using UV-spectrometer. Data were
integrated and analyzed with the help of a computer-designed program “Kinetica Software” (Thermo Scientific Kinetica, PK/PD Analysis, version
5.0, Philadelphia, PA). The pharmacokinetic study showed 3.2- to 4.7-folds enhancement in oral bioavailability of coated SLN of ISR with Ru
(ONbp) when compared to a coated formulation of ISR without Ru (ONps) and conventional drug suspension. In vivo studies were revealed
significantly at greater extent in (drug stability and solubility) oral absorption, which has shown potential entrapment efficiency (97.85%± 1.02%) to
improve biological activity against hypertension. Hence, nano-system of ISR against hypertension is achieved with consequent dose reduction with
enhanced systemic bioavailability.
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Introduction

In the beginning of 1990, lipid-based nano-drug delivery
system (LBDDS) technology brought innovatory in
the pharmaceutical sciences drug delivery, treatment,
and management. This advancement further leads to
developing newfangled nano-carrier or vehicles that are
useful for preparing new nano-formulations for manage-
ment of one of non-infectious cardiovascular diseases,
i.e., hypertension. Various LBDDS approaches for
successful tool for hypertension management are micro-
emulsions, nanoemulsion, self-emulsifying drug delivery
system, solid–lipid nanoparticles (SLN), vesicular system,
such as transfersomes, liposomes, etc. LBDDS presents an
opportunity for formulation scientists to overcome sev-
eral challenges associated with antihypertensive drug

therapy, thereby improving the management of patient
with hypertension. Most of these antihypertensive drugs
bear some significant drawbacks, such as relatively short
biological half-life, low permeability, and undesirable side
effects. LBDDS is most important tool to overcome the
drawbacks, minimize the problem of conventional thera-
py like poor solubility and dissolution, poor penetration,
hepatic first-pass metabolism, etc., and provide a delivery
system, which is stable and encapsulates both hydrophilic
and lipophilic drugs, which release the drug in controlled
and targeted way to minimize the side effects and provide
a means of non-invasive delivery [1–4]. There are number
of antihypertensive drugs, which are encapsulated in
polymer as well as lipid-based formulations to improve
their bioavailability, such as nisoldipine, lercandipine,
valsartan, nimodipine, isradipine (ISR) etc. [5–12].

This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License, which permits unrestricted use, distribution, and reproduction in any medium for non-commercial purposes, provided the
original author and source are credited, a link to the CC License is provided, and changes – if any – are indicated.

Interventional Medicine & Applied Science, Vol. 10 (4), pp. 236–246 (2018) OR I G I N A L P A P E R

DOI: 10.1556/1646.10.2018.45 236 ISSN 2061-1617 © 2018 The Author(s)

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


This point was a key to begin an aim to develop a
polymeric-lipid carrier as antihypertensive system, which
should be superior in activity, tolerability, or both.
Additionally, herbal flavonoid component, i.e., Rutin
(Ru, quercetin disaccharide conjugate) is used as bioen-
hancing agent. The specific goals of the research
were to develop a nano-colloidal carrier, i.e., coated SLN
containing ISR using homogenization ultrasonic probe-
techno with enhancing agent (Ru) and performed its
characterization in vitro as well as in vivo studies. To
investigate the potential of ISR along with Ru lipid drug
delivery system, which can be further considered as oral
drug delivery system against hypertension.

Materials and Methods

A free sample of ISR was obtained from Orchid Chemi-
cals & Pharmaceuticals Ltd., Tamil Nadu, India. Lipoid
[glycerol monostearate (GMS)], soya lecithin, and poly-
sorbate (co-surfactant Tween 80) were received from
Central Drug House Pvt. Ltd. (India). The Eudragit
(EL100) and Rutin (Ru) were procured from Sigma-
Aldrich Chemicals Pvt. Ltd. (India) for the preparation of
hydrochloric acid (HCl; pH 1.2), phosphate buffer (pH
7.4 solutions), potassium phosphate monobasic, and
solvents were purchased from Sigma Aldrich Chemicals
Pvt. Ltd. (India), respectively.

Formulation of ISR via Ru-loaded coated SLN

The drug (ISR) loaded coated SLN with bioenhancer
(ONbp) and without bioenhancer (ONps) was prepared
using lipid to surfactant ratio [GMS: soya lecithin ratio
2.218, polymer concentration (Eudragit L100, 1.212 %
w/w and sonication time, 23.79 (≃24 min) by modifica-
tion the homogenization followed by ultrasonication meth-
od [11, 12]. The obtained nanosuspension was kept at −2
to 3 °C for 10 min. Finally, the converted coated nano-
particles were stored at 4 °C in a glass container [13, 14].

Characterization

The physicochemical compatibility between formulation
with final excipient used in the study for drug-excipient
interaction by differential scanning calorimetry (DSC;
Pyris 6 DSC, Perkin Elmer, USA) and Fourier transform
infrared (FT-IR; Agilent Cary 630, India) spectroscopy.

Morphology, particle size, and entrapment efficiency

The surface morphology of coated SLN with Ru nano-
particles was studied by high-resolution transmission

electron microscopy operating at 300 KV and indicated
magnification of 15 k×. The analysis of particles size was
performed using fresh centrifugation, and resulted sus-
pension droplet was placed on dried air surrounding glass
slide. The diluted nanoparticles size was determined by
dynamic light-scattering method, using a computerized
inspection system (Zetasizer Nano ZS®, Malvern Instru-
ments, UK) in triplicate for the clarity. The entrapment
capacity of formulation was determined by an indirect
method [11, 12].

Zeta potential

The charge on drug with bioenhancer-loaded particles
surface was determined using Zetasizer Nano ZS,
Malvern Instruments, Worcesterhire, UK. The measure-
ments were made in triplicate.

In vitro simulated gastrointestinal fluid stability

During oral drug delivery of SLN, there was a barrier that
is gastrointestinal tract environment, which can be an
obstacle for absorption and create negative effect on the
stability of SLN formulations [15]. Therefore, in vitro
stability of formulation of ISR-loaded coated SLN with
Ru (ONbp) and without Ru (ONps) was compared with
conventional drug-loaded nano-suspension. All formula-
tions were studied in simulated gastrointestinal fluid
solutions [pH 1.2 simulated gastric fluid – SGF solutions
with pepsin and pH 6.8 simulated intestinal fluid – SIF
solutions] [16].

Preparation of SGF and SIF
The SGF prepared by sodium chloride (2.0 g) and purified
pepsin (3.2 g with an activity of 800–2,500 units per mg
protein) was dissolved in hydrochloric acid (7.0 ml) and
volume was made up to 1 L with purified water and set to
pH 1.2. Intestinal solution of pH 6.8 was prepared by
dissolving monobasic potassium phosphate (6.8 g), sodi-
um hydroxide (77 ml) having normality 0.2 N and pan-
creatin (10 g) in purified water, and volume was adjusted
to 500 ml. The obtained resulting solution was adjusted
to pH 6.8 by adding sodium hydroxide (0.25 N) or
HCl (0.2 N) before diluted with water to make 1 L
[United States Pharmacopeia (USP), XXVII, 2007]
[17]. The formulation particle sizes were studied for 0,
1, and 2 h in SGF after 2 h in SIF up to 6 h.

Ex vivo permeation studies

The procedure used was a modification of Barr and Riegel-
man’s method [18] with some adjustments. Goat intestine
of scarified goat collected from slaughter house and a
section of intestine (about 7 cm) was removed from goat.
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Intestine was cleaned with simple saline using pressure
pump and washed with Krebs–Ringer bicarbonate
solution, pH 7.4. The formulations equivalent to 1 day
dose of drug encapsulated into capsule cell and placed in
the cylindrical cup, which was connected to shaft, and
stabilized membrane was tied at the lower end of
cylindrical cup. The cup of tied membrane was
immersed in USP dissolution jar containing 250 ml of
intestinal fluid (pH 7.4 at 37 ± 2 °C). The medium was
stirred at 45 rpm and the samples were withdrawn at
predetermined time intervals and same quantity of
sample was replaced with fresh medium. The analysis
was carried out by UV-spectrophotometer (UV Jasco
spectrophotometer) at λmax (326 nm) of ISR.

Release studies and kinetics

To determine the formulation release in gastrointestinal
fluid using dialysis membrane method and to ascertain the
release kinetics of the formulations, the release data
were applied to zero order, first order, Higuchi kinetics
models, and Korsmeyer–Peppas equations used to evalu-
ate the release mechanism.

In vivo studies

Animals
Wistar rats weighing 200–250 g [Approved by the Com-
mittee for the Purpose of Control and Supervision of
Experiments on Animals of PDM College of Pharmacy,
Bahadurgarh, Protocol approval No. PDM/CPCESA/
RES/IAEC-2017-II (2)] was used. The rats were kept
under standardized conditions in clean cages with free access
to food and water. The animals were acclimatized to
laboratory conditions over the week before the experiment.

Hypertension-induced model
Hypertension was induced by injecting methyl predniso-
lone acetate (MPA; 20 mg/kg/week) subcutaneously for
2 weeks. According to the initial blood pressure (BP), the
rats were divided into five groups (Groups I–V), each group

having six rats (5× 6= 30 rats) (Table I). Group I was
selected as control (no treatment). Hypertension will be
induced in the remaining groups (Groups II–V) by subcu-
taneous injection ofMPA (20mg/kg/week for 2 weeks) as
per the method [14, 19]. The blood sampling was carried
out for 48 h and was performed at the decided time periods
(0.5, 1, 2, 4, 6, 8, 12, 16, 24, 32, 40, and 48 h).

Pharmacodynamic and pharmacokinetic evaluation
After 30 min of last MPA injection, the drug was admin-
istered once in a dose (the selected dose of ISR is clinically
approved dose by Food and Drug Administration) of
0.26 mg/kg, conventional suspension and formulations
were administered in a dose of 0.13 mg/kg. This dose was
calculated on the basis of surface area and then converted
to rat dose [20]. A BP-measuring instrument with a non-
invasive tail cuff is a common and convenient method to
measure systolic pressure in rats. The rats were trained in
order to stay in the rat holder and warming the tail
required in a calm and non-aggressive method for
BP measurement. Once the “pulse level ready” signal
appeared, the BP-recording button will be pressed and
the systolic BP will be recorded at different time intervals,
i.e., 0, 0.5, 1, 2, 4, 6, 8, 12, 24, 32, 40, and 48 h. All
group’s BP was measured from 0 to 48 h after adminis-
tration. For each rat at each timepoint, three readings
were taken and mean was calculated [21, 22]. The phar-
macokinetic parameters were measured by taking 0.5 ml
of blood from tail (dorsal) vein of 20- to 25-week-old
disease-free Wistar rats (weight: 200–250 g) at different
time intervals 0.5, 1, 2, 4, 6, 8, 12, 16, 24, 32, 40, and
48 h, post-dose in Eppendorf tubes having ethylene
diamine tetra acetic acid and centrifuged at 4,000 rpm
for 20 min. The obtained samples stored at −20 °C and
their analyses were carried out by reversed-phase high-
performance liquid chromatography method [23, 24].

Statistical analysis

The parameters Cmax (peak serum concentration), Tmax

(time for peak serum concentration), AUCo-t; AUCo-∞,
half-life, mean residence time were studied usingKinetica

Table I Group and dose calculation for rats based on the body surface area

Groups Name of groups
No. of
animals

Treatment and dose
Route of

administration

I Normal control 6 Untreated No treatment

II Hypertensive
(diseases) control

6 Methyl prednisolone acetate (20 mg/kg/week for 2 weeks+
distilled water orally; 2 ml/kg body weight)

Subcutaneously

III Standard control 6 Isradipine drug suspension (0.26 mg/kg) by orally Oral

IV Test group 6 Isradipine-loaded coated solid lipid nanoparticles without
bioenhancer, Ru (ONps; 0.13 mg/kg)

Oral

V Test group 6 Isradipine-loaded coated solid lipid nanoparticles with
bioenhancer, Ru (ONbp; 0.13 mg/kg)

Oral
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software (version 5.0). The data from BP experiments and
pharmacokinetic data were analyzed by Student’s t-test.
p≤ 0.05 and p≤ 0.001 were considered statistically
significant for data wherever relevant and presented as
mean± standard deviation.

Stability studies

The aim of this study was to understand, design, and
develop formulation to get the desired stable pharmaceuti-
cal product as per ICH guidelines [25]. The formulation
was tested for entrapment and drug content stability by
storing them at 4.0± 2.0 °C in refrigerator in stability-
testing chamber for 3 months. The formulation was col-
lected at prearranged intervals (0, 30, 60, and 90 days) and
analysis was carried out according to guidelines.

Results and Discussion

Physicochemical characterizations

During FT-IR (Agilent Cary 630) of elected model
drug (ISR), drug mixer with Ru and coated SLN with
Ru (ONbp) spectrums were demonstrated to be the
most distinctive wave number peaks at 3,322, 3,131,
and 3,187 cm−1 (N–H stretching); 2,954, 2,935,
and 2,971 cm−1 (O–H stretching); 1,676, 1,710,
and 1,735 cm−1 (C=O stretching); and 1,430, 1,443,
and 1,449 cm−1 (C=C stretching), respectively, indicated
that no chemical interaction and incompatibility found
between them. All noteworthy peaks have been appeared
in FT-IR overlapping spectrum (3,329 cm−1 stretching of
N–H; 2,971 cm−1 stretching of C–H; 2,824 cm−1

stretching of OH; 1,711 cm−1 stretching of C=O;
1,458 cm−1 stretching of carbon–carbon double bond
of ONbp) and ISR indicating that there is no interaction
and instability between the drug, bioenhancer, and other
excipient. Finally, it is concluded that FT-IR spectra
showed the characteristic peaks as obtained in the drug
spectrum, which demonstrated that there were no re-
markable change, indicated that no chemical interaction
between the drug, bioenhancer, and other excipients. It is
also confirmed by thermal scanning (DSC) analysis,
which showed lipid (GMS), polymer (Eudragit L100),
drug (ISR), and bioenhancer (Ru) characterized peaks at
65.25, 216.5, 168, and 242 °C, respectively. On the
other hand, presence of endothermic peak at 173 °C
(onset 167.3–176.8 °C end via ΔH 100.59 J/kg) indi-
cates transformation into nano-bioparticles during the
preparation of coated SLN with Ru (ONbp). During
the transformation, all peaks of drug, bioenhancer, and
excipients were disappeared and confirmed the complete
conversion into formulation without showing any inter-
action. The DSC analysis of formulation (Fig. 1a)
showed no detectable peak was observed and showed

absence of any interaction after complete transformation
into coated SLN with bioenhancer (termed as coated
SLN with Ru). FT-IR and DSC analysis results conclud-
ed that the formulation of coated SLN with bioenhancer
(Ru) showed no interaction and incompatibility during
its preparation.

Morphology, particle size, and entrapment efficiency

The electronic image of coated SLN exposed smooth
morphology by regular spherical in shape without aggre-
gation and rough surfaces along with fine particle size
(Fig. 1b). The percentage entrapment efficiency of drug
(ISR) and bioenhancer (Ru) of formulation of coated
SLN with Ru (ONbp) was determined by measuring the
absorbance of the collected supernatants using UV-VIS
spectrophotometer (Jasco V-600, JASCO International
Co., Ltd., Japan). The higher entrapment efficiency of
ISR (97.85%±1.02%) and Ru (97.58%± 1.12%) was
obtained in coated SLN (ONbp).

Zeta potential

The zeta potential (Fig. 1c) of ONbp formulation was
found to be −28.6 mV with good quality (usually it is
accepted that a zeta potential having values higher than
+30 mV or lower than −30mV is assumed to be stable
and good [26]).

In vitro stability

The in vitro stability of formulation of ISR-loaded coated
SLN with Ru (ONbp), without Ru (ONps), and drug
nano-suspension were studied and compared the particle
sizes of all formulation (Fig. 1d). Generally, the study of
particle size was significant, because it plays a critical role
in their gastrointestinal uptake and their reticuloendothe-
lial clearance [27]. All formulation subjected to suspend
into SGF fluid with pepsin 0, 1 and 2 h, after 2 h up to 6 h
in SIF. During the study, it was observed that the particle
size of the nano-suspension grew rapidly, mean diameter
500–600 nm after only 10–20 min of exposition due to
acid environment. The pH of gastric fluid created ag-
glomeration of the particles due to strong reduction of
particle surface charges [16]. Whereas in case of coated
formulations (ONbp and ONps), there is no significant
change in size of formulations. It was observed that
the particle size of ONbp and ONps was 106–110 and
120–124 nm, respectively, until the end of the study. The
reason was no significant change in the size of formula-
tions because of polymeric coating done by Eudrgait L
100 (EL100) and showed a stabilizing effect against
phenomena of agglomeration. The polymer stabilizing
effect may be due to enteric coating in the form of film;
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solubility of this film was above pH 6.0. It is concluded
that in the presence of polymer (EL 100) coating with
lipid core; both were effective to stabilize the SLN
formulations in acid by preventing the aggregation phe-
nomena. Instead of this, during exposition (6 h) of for-
mulation of ONbp and ONps in the SIF conditions, there
were minute changes observed in particle size, whose range
holds stable between 200 and 300 nm (Fig. 1d) due to
salt formation, which was slowly degraded in basic pH.
Literature [27], for intestinal transport showed that parti-
cle size less than 300–400 nm is suitable for drug transport
through intestinal system. In vitro stability in SGF and SIF
confirmed that particle size of formulations were found
in nano-ranges in gastric fluid due to effectiveness of
polymeric coating (EL100) and almost maintained in the
basic environment of the intestinal fluid till their arrival and
maintained positivity in terms of particle size. In the
literature, it was described that SLN stability can be
improved by polymer coating [28–30].

Ex vivo studies

The formulation of ISR-loaded coated SLN with Ru
(ONbp) and without Ru (ONps), and drug suspension
were selected for ex vivo study by assembling the instrument

as shown in Fig. 2a. During the study, the obtained results
(Fig. 2b) showed that drug from suspension permeable fast
from the intestinal membrane as compared withONbp and
ONps nanoparticle formulations. This is because the drug
in suspension was simply available for diffusion through
membrane as compared to nanoparticle formulations
where the drug was entrapped in lipid matrix with poly-
meric coating [18, 31]. This phenomenon was happened
because film coating was soluble by the mechanism of salt
formation of coating material in phosphate buffer above
pH 6. In case of ONbp, the permeability was slow but
prolonged as compared toONps and drug suspension. This
is due to less solubility of Ru in equal amount of drug that
caused significant effect on solubility of drug, which results
in prolonging permeability.

Release studies

First, in vitro release study of formulation of coated SLN
with Ru (ONbp) and without Ru (ONps) was done in
gastrofluid (pH 1.2 for 2 h because, it would follow
simulating from gastro to intestine during orally adminis-
tration). Then, the medium was replaced with intestinal
fluid (phosphate buffer pH 7.4) and release pattern was
studied. In gastrofluid, there was slow release shown by

Fig. 1. (a) The DSC thermogram of formulation (ONbp). (b) TEM image of coated SLN with Ru (ONbp) formulation with average size
distribution was 106± 3.21 nm. (c) The formulation (ONbp) zeta potential. (d) Particle size of nano-susension, ONbp, and ONbp in
gastric fluid (SGF) upto 2 h; after 2 h in intestinal fluid (SIF)
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ONbp and ONps due to polymer (EL100) coating. As
shown below, the release of drug was more in basic pH due
to pH-based degradation of EL-100 polymer. The EL-100
polymer has been used as a coating material to prevent the
degradation of acidic pH prone therapeutic agents and has
been successfully used for sustained release of various drugs.
In vitro stability in SGF and SIF confirmed in vitro cumu-
lative drug releases of ONbp (%CDR approx. 50% release in
7–8 h that means drug exhibits higher stability in acidic
condition) showed sustained behavior as compared to drug
suspension in phosphate buffer. The results are shown in
Table II. Moreover, formulation has prolonged the release
as a result of higher amount of drug encapsulating due to
better solubility in lipid–lecithin core, which also enhanced
its absorption, polymeric coating prevented drug release in
gastric fluid.

Kinetic release model studies

The dissolution profile obtained for formulation (ONbp)
was evaluated for model-dependent release kinetics.

The model-dependent approaches were zero order, first
order, Higuchi, Hixson–Crowell, and Korsmeyer–Peppas.
To determine release mechanism, data were applied to

Fig. 2. (a) The ex vivo study using dissolution assembly. (b) Ex vivo profile of optimized formulations and drug suspension

Table II Cumulative drug release (%) of formulation (ONbp)

Time (h) Drug suspension ONps ONbp

0.5 12.09 9.86 5.59

1 30.61 19.98 12.96

2 48.71 33.72 20.54

4 67.25 48.66 30.61

8 84.76 68.77 48.49

12 92.25 80.43 62.16

16 96.21 86.08 73.78

24 99.98 94.98 80.73

32 – 99.89 87.29

40 – – 93.61

48 – – 99.91
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various kinetics models and obtained R2 0.858,
0.981, 0.971, and 0.978 for zero, first, Higuchi, and
Hixson–Crowell (Fig. 3). The Korsmeyer–Peppas n value
0.5< n< 1.0 with higher R2 value (0.983) as compared to
other model was obtained. Therefore, the higher R2 value
of model that is Peppas suggested that drug-release formu-
lation (ONbp) followed “Non-FickianDiffusion Transport”
mechanism. The resulted mechanism support prolongs
drug-release behavior through diffusion and relaxation.

In vivo study

Pharmacokinetic studies
To quantify bioavailability of ISR after oral application
of formulations, in vivo study was performed and the

pharmacokinetic parameters were calculated with the help
of a computer-designed program “Kinetica Software”
(Thermo Scientific Kinetica, PK/PD Analysis, version
5.0, Philadelphia, PA). The plasma profiles of ISR following
application of oral-coated SLN with Ru (ONbp), without
Ru (ONps), and conventional oral drug (ISR) suspension
to adult Wistar rats were compared (Table III). The plasma
time concentration curve of ONbp, ONps, and drug
suspension are illustrated in Fig. 4. The Cmax of ISR in
formulation with bioenhancer (ONbp) was 49.17±
1.57 μg/ml and significant (p< 0.01) as compared to the
Cmax of formulation without Ru (ONps) and suspension,
which was found to be 20.12± 1.17 μg/ml and 18.01±
1.08 μg/ml, respectively. The ONbp Cmax was 2.44-
and 2.73-folds, respectively, more than ONps and oral

Fig. 3. Various kinetic models and their R2 value; (a) zero-order plot, (b) first order, (c) Higuchi, (d) Hixon–Crowell, and (e) Peppas model of
formulation (ONbp)
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Table III The pharmacokinetic profile of isradipine loaded coated SLN with Ru (ONbp) and without Ru (ONps) formulation and conventional
suspension

Parameter studied Drug suspension ONps ONbp

Tmax (h) 2.0 4.0 8.0

t½ (h) 8.59 8.98 14.42

Cmax (μg.h/ml) 18.01± 1.08 20.12± 1.17 49.17± 1.57

AUCo→48h (μg.h/ml) 220.26± 5.24 320.94± 4.36 1,035.03± 2.10

AUCo→∞ (μg.h/ml) 245.00± 8.50 339.66± 4.60 1,091.63± 22.26

MRTo→48h (h) 8.61 9.14 15.9

MRTo→∞h (h) 9.04 9.45 17.5

Tmax: time of peak plasma concentration; Cmax: peak plasma concentration; AUCo→48h: area under the plasma concentration versus time curve until
the last observation; AUCo→∞: area under the plasma concentration versus time curve extrapolated to infinity; MRT: mean residence time;
MRTo→∞h: mean residence time when the drug concentration profile is extrapolated to infinity, t½: half-life; SLN: solid–lipid nanoparticles

Fig. 4. The plasma time concentration curve; (a) ONbp, (b) ONps, and (c) conventional suspension
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suspension, respectively, whereas ONps was 1.11-folds
more as compared to drug suspension. The Tmax of ISR
in formulation (ONbp) was attained in 8 h, whereas Tmax of
ONps (4.0 h) and oral suspension (2.0 h) was attained. The
elimination half-life (t1/2) was also high for formulation
(ONbp), i.e., 14.42 h as compared to ONps (8.98 h) and
suspension (8.59 h). The Tmax, half-life, and mean resi-
dence values were also higher (Table III) for formulation
(ONbp) with Ru as compared to ONps and conventional
suspension. The AUCo→48h of ONbp was found to be
1,035.03± 2.10 μg/ml h in comparison of ONps and
suspension, which was 320.94± 4.36 and 220.26±
5.24 μg/ml h, respectively, and found significant
(p< 0.001) on comparison. The AUCo→48h of ONbp 3
was 3.22-folds more than ONps, whereas ONbp showed
4.70-folds more bioavailability than oral suspension of ISR.
In case of ONps, bioavailability of ISR is onefold more as
compared to suspension. The high AUCo→∞ 1,091.63±
22.26 μg/ml h of ONbp showed the extent of absorption
as compared to ONps (339.66± 4.60 μg/ml h) and
conventional suspension (245.00± 8.50 μg/ml h) and
found statistically significant (p< 0.0001). The oral bio-
availability of ISR in ONbp was 3.21- and 4.45-folds as
compared to ONps and drug suspension, respectively. The
pharmacokinetic study showed 3.2- to 4.7-folds enhance-
ment in oral bioavailability of coated SLN with Ru when
compared to a coated formulation without Ru and
conventional drug suspension. Whereas the coated SLN
without Ru was shown to be 1.00- to 1.11-folds more
bioavailability than drug suspension. The obtained results
were also confirmed by the literature that bioavailability
enhancement can be 1.0–2.0 times by reduction of particle
size. This can be happened due to oral formulations
nano meter size, which improved the contact time of the

formulation, consequently the effective surface to improve
the 2.17-folds bioavailability [24, 32]. The study results
clearly indicated that formulation had sustained release of
the drug over a period of 48 h as compared to conventional
suspension. Because of nano formulation with polymeric
coating consequently, improved sustained time of the
coated nanoparticles and bioenhancer (Ru) inhibitory
enzymatic activity (CYP3A) helped in reduction of the
first-pass metabolism, which enhances the drug bio-
availability. Therefore, the enhanced oral bioavailability of
ONbp was probably due to the contribution of individual
and combined mechanisms. Hence, it could be concluded
that the developed formulation (ONbp) enhanced oral
bioavailability of ISR, which can be considered as nano-
therapeutic system.

Pharmacodynamic studies

The formulation of coated SLN with bioenhancer
(ONbp) was studied and compared with coated SLN
without bioenhancer (ONps) and drug suspension in the
rat model by measured systolic BP at fixed intervals (0.5,
1, 2, 4, 6, 8, 12, 24, 32, 40, and 48 h) and evaluated using
BIO-Pac Instrument (Table IV). The conventional sus-
pension was obtained after administration through orally;
the maximum effect was observed initially and the hyper-
tension was controlled significantly up to 2 h with the
maximum effect. Whereas, ONps controlled the BP at 4 h
(% reduction 23.74± 1.49) gradually decrease up to 8 h
(% reduction 20.65± 1.1). The ONbp 3 oral administra-
tion with bioenhancer showed the maximum effect ob-
served at 8 h resulted in a gradual decrease of BP up to
24 h and further continued to 48 h. In the hypertensive

Table IV Antihypertensive effect of coated SLN with Ru (ONbp) and without Ru (ONps) formulation and conventional suspension

Group I Group II Group III Group IV Group V
Time (h) Normal Hypertension control ISR suspension ONps ONbp

Initial 121.37± 0.23 154.45± 0.31 154.32± 0.22 152.12± 0.11 154.12± 0.10

0.5 124.25± 0.11 154.92± 0.91 146.55± 0.31 140.72± 0.22 151.45± 0.31

1 121.65± 0.54 154.91± 0.43 130.78± 0.63 132.39± 0.35 147.54± 0.42

2 118.67± 0.61 158.61± 0.38 121.35± 0.19 128.17± 0.12 140.36± 0.23

4 118.04± 0.33 156.37± 0.32 124.59± 0.23 119.24± 0.21 134.21± 0.16

6 122.13± 0.82 155.73± 0.62 130.98± 0.64 123.57± 0.43 127.16± 0.12

8 121.74± 0.14 154.69± 0.28 137.87± 0.21 133.45± 0.33 121.35± 0.27

12 120.78± 0.71 153.88± 0.48 140.74± 0.55 140.87± 0.71 122.27± 0.19

24 121.93± 0.96 154.38± 0.19 151.29± 0.18 151.89± 0.64 123.25± 0.24

32 122.61± 0.45 156.47± 0.32 155.41± 0.36 155.46± 0.35 128.41± 0.38

40 122.26± 0.61 154.11± 0.10 153.67± 0.46 153.79± 0.64 139.67± 0.61

48 120.98± 0.48 154.21± 0.19 154.16± 0.13 154.12± 0.11 149.56± 0.50

Presented data p< 0.05 and as mean± SD, n= 6, compared to conventional formulation. SLN: solid–lipid nanoparticles
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group, there was considerable decrease observed at 24 h
in the systolic BP but no significant decrease up to 48 h
due to methylprednisolone hypertension induction
effect. The formulation (ONbp) reduced the systolic BP
21.55%± 1.41%, 20.54%± 1.30%, and 20.14%± 1.14%
in 8, 12, and 24 h, respectively. The coated SLN with Ru
(ONbp)minimized the limitation of oral delivery of ISR by
progressively controlling the hypertension for prolonged
period and enhanced bioavailability due to sustain pattern
and reduction of first-pass metabolism (because of poly-
meric coating and bioenhancer respectively) when com-
pared with formulation without Ru and drug suspension.

Accelerated stability study

During this study, there were no significant changes in
entrapment efficiency and drug content, recorded till
90 days period in the storage conditions. The results are
presented in Table V. The obtained results had shown
that formulation had good stability at storage condition
according to the ICH guidelines.

Conclusions

The study involved the concept of development and
evaluation of the coated SLN to overcome the difficulties
of metabolic degradation of CYP3A4 substrate ISR
(a calcium channel blocker antihypertensive BCS II drug
having oral absolute bioavailability of 15%–34% due to
presystemic metabolism) by inhibiting the enzyme using
bioenhancer like Ru, thereby improving the oral bioavail-
ability. The ONbp formulation was considered best due
to small particle size, provided a large surface area and
achieved desired sustained effect, which may get the
desired bioavailability and higher encapsulating efficiency
into nano-lipid carrier. In vitro studies revealed significant
sustain release up to 48 h, as compared to drug suspen-
sion, respectively. In addition, in vitro stability study of
particle size showed coated SLN formulation's effective-
ness in gastric fluid till they reached in the basic environ-
ment of the intestinal fluid. The permeability was slow but

prolonged as compared to drug suspension. The in vivo
study revealed 3.21- to 4.70-folds more bioavailability
than suspension of ISR.Moreover, the sustained effect can
help maintained optimum release rate supported to a day
continual dose reduction when using drug–bioenhancer
combinations. Furthermore, there are no changes in
physical parameters (appearances, color, uniformity, and
separation), entrapment efficiency, and drug content till
90 days period at the mentioned storage conditions,
which indicated better stability of the formulation. This
approach has shown promising results (effective solubili-
zation, enhance absorption, prolong sustain release rate,
and inhibition of enzymatic metabolism), which help
attain better oral availability of ISR nano-therapeutic-
system for controlled antihypertensive therapy.
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