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Abstract

Background: Nimodipine (NM), is a dihydropyridine calcium channel blocker with poor oral

bioavailability (BA) of about 13% due to first-pass metabolism and P-gp efflux. Keywords: Nimodipine; Submicron emulsion;

.. : . . . Oral bioavailability; Pharmacokinetic; P-gp
Objective: The present work aimed to study the influence of the charge inducer and its inhibitor
combination with P-gp inhibitor to improve the oral bioavailability of NM by developing a suitable

delivery system of Submicron Lipid Emulsion (SME). M) Check for updates

Methods: Five SME formulations of NM were prepared by homogenization followed by
ultrasonication. Prepared SMEs were characterized for particle size, PDI, Zeta Potential (ZP),
Entrapment Efficiency (EE), and drug content. In vitro, release studies were performed in 0.1N
HCI and pH 6.8 phosphate buffer by open tube method. The physical stability of all NM-SMEs
was tested by the individual effects of centrifugation, dilution (desorption stress), and storage.
Bioavailability studies were conducted on male Wistar rats after oral administration of NM
suspension and F1 to F5 SME formulations.

@ open Access

Results and conclusion: Five NM- SMEs were developed with a mean size ranging from
93 - 137 nm, Zeta potential of — 26 + 1 mV (negatively charged), +45.8 to +46.3 mV (positively
charged), and PDI of 0.15 - 0.25. The in vitro release studies showed that relatively more cumulative
percentage release of NM — SMEs in 0.1N HCI than in pH phosphate buffer during 24 hours. The
physical stability of NM-SMEs indicated that they were stable to the effects of centrifugation,
dilution, and storage. Pharmacokinetic (PK) studies showed that the oral bioavailability of NM in
F4 SME was significantly higher than that of all other formulations. Taken together, the results
indicated the development of a stable lipid-based carrier, F4 SME to improve the oral bioavailability
of this drug by minimizing first-pass metabolism due to lymphatic transport, reducing the efflux
by P-gp inhibition, and further, by increased uptake of the positively charged F4 SME globules
by enterocytes. Future: The research study findings increase the possibility of developing NM F4
SME by the pharmaceutical industry for the patient’'s benefit.

Introduction

Drugs through the oral route achieve very high compliance,
as it is patient-friendly and easy to swallow. However, the
oral route of drug delivery offers challenges for drugs having
poor solubility, and chemical instability in the gastrointestinal
tract. In general, about 40% of newly developed drugs are not
suitable for oral absorption [1]. Hence, these are potential
candidates for improvement of Bioavailability (BA). Here,
lipid-based delivery systems like Lipid Nanoemulsions (LNEs),

https://doi.org/10.29328/journal.apps.1001046

Solid Lipid Nanoparticles (SLNs), etc., play an important
role. Oral drug delivery has taken a new dimension with the
increasing application of lipids as a carrier for the delivery
of poorly water-soluble, lipophilic drugs [2]. Submicron
(o/w) lipid emulsions (SME) are potential drug carriers for
lipophilic and amphiphilic drugs and possess many favorable
properties: they are biocompatible, biodegradable, stable, and
easy to prepare and handle. The basic structure of SME has a
neutral lipid core (i.e., triglyceride), stabilized by a monolayer
of amphiphilic lipid (i.e,, phospholipids), and dispersed in
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aqueous phase. Such emulsions can solubilize a considerable
amount of lipophilic drugs in the core /and amphiphilic ones
in the surface monolayer. Submicron lipid emulsions are
prepared by emulsifying biocompatible oil (or) triglyceride-
containing lipid-soluble drugs using homogenizer and/or
ultrasonicator, lecithin (phospholipids) being added as an
emulsifying agent [3]. The size of globules ranged from 200
nm - 600 nm.

In general, a negative charge is present on the surface of
globules of SME and that of enterocytes. For better uptake
of SME globules by enterocytes, charge-charge interactions
are important. To improve the uptake by enterocytes, and
subsequent oral bioavailability of the drug through SMEs,
a positive charge on the surface of SME globules plays an
importantrole. The positive charges can be obtained by adding
a positive charge inducer like stearylamine, at the time of
preparation [4]. This addition would induce positive charges
on the surfaces of SME globules. Interaction of enterocytes and
positively charged oil globules of SME contribute to increased
uptake in the gastrointestinal tract and thus increased oral
bioavailability [4]. Further, the high lipophilic nature of the
drug favors lymphatic transport. This reduces the first-pass
effect. In cases, where the P-gp efflux transporter plays a role
in reducing the bioavailability by pumping the drug out of cells,
e. g, enterocytes. This efflux could be reduced by adding a P-gp
inhibitor in the formulation, an example like tween 80, which
acted as co- surfactant [5]. Tween 80 inclusion contributed
to increased absorption of Digoxin, a P-gp substrate [6]. This
is a promising approach to increase the bioavailability of
formulations [7].

Nimodipine (NM), is a dihydropyridine calcium antagonist
with therapeutic indications for cerebrovascular spasm,
stroke, and migraine. NM is a BCS class I drug with low
solubility and high permeability [8]. However, the clinical
efficacy of NM is strongly limited by its poor water solubility
(2.30 pg/ml) and low oral bioavailability (~13%) [9]. It has a
logP 3.41 [10]. Apart from the poor water solubility, extensive
first-pass metabolism by Cytochrome P450-3A4 (CYP3A4)
iso-enzymes and P-glycoprotein (P-gp) mediated efflux is also
responsible for the low oral bioavailability of NM [9]. Many
trials were made to improve the dissolution or bioavailability
of nimodipine by developing a variety of delivery systems.
Dissolution medium improves the rate of dissolution [11]. In
this context, nimodipine was developed as solid dispersions
[8], SEDDS [9], liquid proliposomes [12], nanostructured lipid
carriers [13], SLNs [10], microemulsion [14,15] and lipid
microspheres[16].Toovercome hepatic first-pass metabolism,
and insolubility of drug and to enhance oral bioavailability,
lipid-based drug delivery systems like SLNs, and SMEs
were studied [17-19]. Nanoemulsions and nanonization of
poorly soluble drugs improve the bioavailabilty [20,21].
Nano emulsions can be designed for parenteral use [22-24].
Submicron emulsions (SME) of NM have not been reported till
now. SLNs of NM [10] were focused on improving intestinal
lymphatic transport. In a similar manner, the submicron lipid
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emulsion of this study is also expected to improve lymphatic
transport and thus contribute to reduced first pass effect of
NM. Further, the role of cationic charge inducer, stearyl amine,
and P-gp efflux inhibitor, tween 80, and its combination for
improvement of BA is not yet reported.

In the present study, SMEs were prepared individually,
with a positive charge inducer and a P-gp inhibitor. Further,
a combination of P-gp inhibitor and positive charge inducer
was used in SME as a delivery strategy to improve the oral
bioavailability of nimodipine. It was expected to increase
the globule uptake by enterocytes, reducing the first-pass
metabolism by increasing lymphatic transport and inhibiting
P-gp mediated efflux of drug and further, a combinational
effect of P-gp inhibitor and positive charge inducer by
inclusion in SME delivery system.

Materials

Nimodipine was obtained as a gift sample from Dr Reddy’s
Laboratories, Hyderabad, India. Soybean oil and olive oil were
purchased from Sigma-Aldrich Chemicals, Mumbai, India.
Egg Lecithin E-80 was a gift sample from Lipoid, Germany.
Methanol, acetonitrile, and dichloromethane were of HPLC
grade and were purchased from Merck Ltd. (Mumbai, India).
Centrisart membrane filters (molecular weight cut off 20,000)
were purchased from Sartorius, Goettingen, Germany.

Methods
Oil solubility studies

The solubility of NM was studied in three different oils i.e.,
olive oil, soybean oil, and sunflower oil. Accurately weighed
25 mg of drug was added to 2ml of oil, taken in a vial. The vial
was tightly closed and kept for shaking on a gyratory shaker
(GFL, Germany) for 48 hours at 180 rpm.

Solubility of the drug was also conducted using egg lecithin.
Accurately weighed amounts of 25 mg of the drug and 120 mg
of phosphatidy Icholine EPC-80 were added to the 2 ml of oil
in a vial and subjected to mild heating until egg lecithin was
molten.

After shaking for 48 hours, contents were centrifuged
(Biofuge primo R, Heraeus) for 20 min. The obtained
supernatant was again centrifuged for another 15 minutes.
From this 0.1mL of supernatant was collected and diluted to
1mL with CHCI,: Methanol (1:1). The final volume was made
up to 5 mL with mobile phase 68:32 (Acetonitrile: Water). The
clear solution obtained was injected into HPLC. The solubility
of the drug was determined by using the reported HPLC
method and a developed standard graph [25].

HPLC method was developed based on a validated
method [25] to estimate oil solubility, total drug content, and
entrapment efficiency of the system. An accurately weighed
amount of 10 mg of nimodipine was dissolved in 10 mL
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of methanol (stock solution-I). About 0.1 mL was taken
from stock I and diluted to 1 mL with mobile phase (stock
solution II). Different dilutions were made with the mobile
phase to obtain 0.025, 0.05, 0.1, 0.25, 0.5, 1, 2.5, 5, and 10 pg/
mL. The solutions were spiked onto the HPLC column. The
standard graph was plotted based on peak area (peak area Vs
concentration) from the obtained chromatogram [25].

Chromatographic conditions

Mobile phase: Acetonitrile: Water (68:32)
Flow rate: 1 ml/min

Column: C-18 (250 mm X 4.6 mm i.d., 5 um)
Column temperature: 25 °C

UV- detection at: 240nm

Detector sensitivity: 0.0005 AUFS

Injection volume: 20 pl

Retention time: 7.2 min

Preparation of SMEs

Formation of stable emulsions is needed [26,27]. In all,
five NM SME formulations were prepared by homogenization
followed by ultrasonication method [4] using ingredients as
mentioned in Table 1. Positive charge and negative charges
were obtained on SMEs by adding oleic acid as a negative
charge inducer and stearylamine as positive charge inducer
(F1,F2). Tween 80 was added to inhibit P-gp efflux in two SMEs
(F3, F4). Further in F3 and F4, oleic acid and stearylamine
were added for inducing negative and positive charges
respectively. F5 SME as control plain emulsion, without any
added charge inducer and P-gp inhibitor. Drug (NM), egg
lecithin, cholesterol, a- tocopherol acetate, and oleic acid were
dissolved in soybean oil, heated to 70 °C in a water bath, and
stirred until the system was clear. Glycerol was dissolved in a
sufficient amount of double distilled water and the aqueous

Table 1: Compositions of prepared NM SMEs (F1 - F5) and suspension (F6).
Formulation code

F2 F3 F4 F5 F6

Formulation ingredients

Organic Phase
NM (mg) 75 75 75 75 75
Soybean Oil ( g) 1 1 1 1 1
Egg lecithin, EPC - 80 (mg) 120 | 120 | 120 | 120 | 120
Cholesterol (mg) 30 30 30 30 30
Oleic acid (mg) 25 - 25
Stearyl amine (mg) - 30 - 30 -
a- tocopherol acetate (mg) 20 20 20 20 20
Aqueous Phase
NM (mg) - - - - - 7.5
Glycerol ( mg) 225 | 225 | 225 225 225
Tween 80 ( 1%) (mg) - - 100 | 100
Sodium carboxy methyl cellulose (mg) - - - - - 50
Double distilled water (mL) 10 10 10 10 10 10
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phase was also heated to 70 °C and then it was added to the oil
phase at the same temperature.

A coarse emulsion (10 mL) was prepared by homogeni-
zation (Heidolph homogenizer DLX 900) for 3 min at 15000
rpm. The homogenized emulsion was further subjected to
ultrasonication by Sonics’ ultrasonicator (USA) for 20 min
with a 12 T probe.

Preparation of nimodipine suspension

About 50 mg sodium carboxy methyl cellulose (suspending
agent) was taken in a mortar and triturated for 3 min, then
7.5 mg of nimodipine was added to it and triturated for 3 min.
To it, 10 mL of double distilled water was added and again
triturated for 5 min to form nimodipine suspension (F6).

Characterization of SMEs

Determination of particle size, PDI, and Zeta potential
of SMEs: The prepared SME preparations were diluted in a
1:50 ratio with double distilled water and size was measured
at 90° angles by Malvern Zeta sizer (Nano ZS 90). The average
particle size, polydispersity index, and zeta potential were
obtained directly from the instrument [4].

Physical stability of submicron lipid emulsions: Here,
the centrifugal and dilution stresses were applied to the
prepared SMEs.

Effect of centrifugation: The effect of centrifugation
can be determined by creaming volume percentage. About 1
mL of submicron lipid emulsions were taken into centrifuge
tubes, and the weights were balanced and kept diagonally in
a centrifuge (Biofuge Primo R, Heraeus). The emulsions were
centrifuged at 15,000 rpm (1529 x g) for 10 minutes, to assess
the stability of emulsions under centrifugation. The creaming
volume percentage for each emulsion was calculated by using
the formula [28] and then compared.

Vt-Vs
C=100

Vit
Where C = Creaming volume percentage, Vt = Total volume
of sample, Vs = Volume of the lower phase layer.

Effect of dilution (desorption stress)

The prepared submicron lipid emulsions were subjected
to dilutions (1:50, 1:100, 1:500, and 1:1000) with double
distilled water. Then the effect of dilution on the size of
globules, PDI, zeta potential, and stability was assessed.

Short-period stability of SMEs under storage: The short
time stability of prepared NM-SMEs was studied by storing
them at room temperature, and at 4 °C for two months and
observed for size, PDI, and zeta potential, and further visually
observed for any breakage of emulsion.

Determination of entrapment efficiency (EE) and
total drug content by HPLC: Entrapment Efficiency (EE)
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was determined by measuring the concentration of free drug
(unentrapped) in aqueous medium. The aqueous medium was
separated by ultra-filtration using centrisart tubes (Sartorius,
Goettingen, Germany), which consisted of a filter membrane
(M. wt. cut off 20,000 Da) at the base of the sample recovery
chamber. About 2.5 mL of the formulation was placed in the
outer chamber and a sample recovery chamber was placed
over the sample and centrifuged at 3500 rpm for 15 mins.
The SME along with the encapsulated drug remained in the
outer chamber and the aqueous phase moved into the sample
recovery chamber through a filter membrane. The amount of
nimodipine in the aqueous phase was estimated by using a
reported validated HPLC method [25]. The column and other
conditions were described in the above text.

Determination of total drug content

About 100 pL of the formulation was dissolved in 1 mL
with methanol (HPLC Grade) and then further dilutions were
made with mobile phase. The diluted samples were estimated
by the HLPC method and nimodipine content was estimated.

In vitro drug release studies: The dialysis method was
used to perform in vitro release studies. Dialysis membrane
(Himedia, Mumbai) having a pore size of 2.4 nm and
molecular weight cut off between 12000 - 14000 was used
for the release studies. The dialysis membrane was soaked
overnight in double distilled water prior to the release studies.
Hydrochloric acid (0.1N) and phosphate buffer pH 6.8 were
used as release media. The experimental unit had donor and
receptor compartments. The donor compartment consisted
of a boiling tube which was cut open at one end and tied
with a dialysis membrane at the other end into which 1 mL
of SME dispersion was taken for release study. The receptor
compartment consisted of a 250 mL beaker which was filled
with 100 mL of a release medium (70: 30) containing 70
mL (0.1 N HCI and 6.8 pH phosphate buffer) and 30 mL of
ethanol and temperature was maintained at 37 + 0.5 °C. At
0.25,0.5,1, 2, 3,4, 6,8,10, 12, and 24-hour time points, 1 mL
samples were withdrawn from the receiver compartment and
replenished with the same volume of release medium. The
collected samples were suitably diluted and analyzed by UV-
visible spectrophotometer (SL-150, ELICO) at 240 nm.

Pharmacokinetic study of SMEs: The study objective was
to find out the individual oral bioavailability of five prepared
nimodipine SMEs (F1- F5) and compare it with that of a
nimodipine suspension (F6). The study design was one-time,
single dose, oral administration, six groups of rats (n = 6). The
study was conducted with prior approval of “Institutional
Animal Ethical Committee” (File no. IAEC/02/UCPSc/
KU/2012). The male albino Wistar rats weighing 180 gm -
220 gm were divided into six groups (6 animals each, 6*6 = 36
rats) and were randomly orally administered at a single dose
of 5 mg/kg body weight for each nimodipine submicron lipid
emulsion formulations (F1 - F5) and F6 control suspension.

https://doi.org/10.29328/journal.apps.1001046

6]

Overnight fasted animals with adequate water were used. At
pre-determined time intervals (0.5, 1, 2, 4, 6, 8, 10, 12, and
24 hrs), the blood samples of 0.3 mL - 0.4 mL were collected
by puncturing the retro-orbital venous plexus. The blood was
allowed to clot, then centrifuged at 4000 rpm for 15 mins
and serum was collected. The serum samples were stored at
-20 °C until analysis.

Extraction procedure

In general, liquid-liquid extraction method is used in
this category of drugs [29]. To 100 pL of serum, 25 pL each
of methanol and 5 pg/mL solution of felodipine (Internal
standard) were added and vortexed for 2 min. Then about 100
pL of 1 N sodium hydroxide solution (1N NaOH) was added
and vortexed for 3 min. Then 750 pL of dichloromethane was
added and vortexed for 5 min followed by centrifugation at
5,000 rpm for 15 min. The organic phase was separated
and evaporated under reduced pressure in a vacuum oven
(Toshniwal, India). The residue was reconstituted with 50 pL
of mobile phase and 20 pL of the reconstituted sample was
spiked onto the HPLC (LC 10AT, Shimazdu, Japan) with a UV-
detector (SPD 104, Shimazdu, Japan).

HPLC conditions: Chromatographic conditions
Mobile phase: Acetonitrile: water (70:30)
Flow rate: 1 mL/min

Column: Lichrosphere C, (250 mm X 4.6 mm ie., 5 pm
particle size)

Column temperature: 25 °C
Injection volume: 20 pL

UV - detection: 237 nm

Detector sensitivity: 0.0005 AUFS

Retention time: 6.79 min for drug and 8.78 min for
felodipine(internal standard).

Standard graph of NM: The peak areas ratio of NM
to that of internal standard (felodipine) was used for the
quantification of NM in serum samples. The calibration curve
was linear in the concentration range of 0.01 - 4 ug/mL. The
regression equation is y = mx + ¢, where y represents the peak
ratio of NM to LS, x represents the concentrations of NM, m is
the slope of the curve and c is the intercept. The calibration
graph was obtained in rat serum with y = 0.6394x + 0. 0492
(r2=0.997).

Calculation of pharmacokinetic parameters: The
concentrations of nimodipine in rat serum samples
were obtained from the standard graph prepared. The
pharmacokinetic parameters C,..T..AUC MRT, and t, P
were calculated by Kinetica software, 2000.

0-24’

Statistical analysis: The statistical comparison of data
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Table 2: Oil solubility studies of NM in different oils.

Solubility (mg/ mL)

Table 3: Physical characters of prepared SMEs.

Formulation Size (nm) Zp (mV) Total drug Entrapment
Olive oil 3.621 £ 0.008 code P content(mg) efficiency(%)
Sunflower oil 2.644 £0.002 F1 93.1+4.55 0.17+.027 -265+1.02 7.35+0.20 99.50 + 0.421
Soybean oil 4.341+0.008 F2 128.7 £6.58 0.23+0.025 +45.8 + 3.1 7.41+ 0.170 | 99.85 + 0.005
Olive oil + phosphatidylcholine 5.140 £ 0.043
Sunflower oil + phosphatidylcholine 3160 £ 0.002 F3 125.2 £ 13.28/0.20 £ 0.154 -25.0 +1.74| 7.46 +0.30 | 99.95 + 0.012
Soybean oil + phosphatidylcholine 7.622 +0.022 F4 103.7 £9.39 0.25+0.036 +46.3+1.89 7.33+0.13 99.91 £+ 0.002
F5 136.8 + 11.76/0.15 + 0.004 -20.1 +2.15 7.39+0.42 | 99.90 + 0.008
was done using an unpaired t-test by GraphPad Prism
o are (VerSIOH 50' 2007)' and 51gn1flcance was CalCUIated 100 4 Comparative drug release profiles of different formulations in 0.15 HCI pH
atap - value of 0.001. 12
L 80+
Results and discussion 3 .
g 60 —+=F1
. ags . &b
Oil solubility studies E —a—F2
2 40 e F3
Three different oils were checked for solubility and results g ——F4
. . ]
are shown in Table 2. Among them, soybean oil showed 20 1 —a—F5
maximum solubility of 4.341 + 0.008 mg/ mL. To further 0 & —e=F6
enhance the solubility of the drug, phosphatidyl choline 0 5 10 rimdiney 20 25 30
m rs

(EPC-80) was added to oils. Accordingly, the soybean oil and
PC combination increased the NM drug solubility to 7.622 *
0.022 mg/mL. The chosen delivery system SME contained a
PC as a co-surfactant. Hence, it was expected to increase the
loading of NM drug in this delivery system.

Preparation and characterization of SMEs
formulation: The submicron lipid emulsions were prepared
by homogenization followed by ultra-sonication for different
formulate.ons i.e., F1 - F5. All the prepared samples were
analyzed to determine their particle size, zeta potential, and
PDI values. The results are presented in Table 3. The particle
size of all formulations ranged from 93.1 * 4.55 to 136.8 *
11.76.PDI from 0.15 + 0.004 to 0.25 * 0.036 and zeta potential
negatively charged from -20.1 + 2.15 to - 26.5 * 1.02 and
positively charged + 45.8 + 3.11 to + 46.3 + 1.89. Here, in this
study, all the formulations showed lower particle sizes, PDI
was also less than 0.3, which was within the permissible limits
and zeta potentials were also moderate and satisfactory.

Among them F1 (negatively charged) formulation
exhibited the lowest globule size. F5 (control) showed the
highest particle size.

The entrapment efficiency and drug content were
determined by HPLC for all formulations and the results
are shown in Table 3. All formulations showed entrapment
efficiency ranging from 99.50 + 0.421 to 99.90 + 0.008. All
formulations showed higher values and were not significantly
different. The total drug content of the SME formulation was
determined and found in the range to be 7.33 * 0.13 mg to
7.46 + 0.30 mg.

In vitro release studies

In vitro, release studies were performed for all
formulations in 0.1 N HCl and pH 6.8 phosphate buffer media
for 24 hr. Sink condition was ensured [30] in this study. At

https://doi.org/10.29328/journal.apps.1001046

Comparative drug release profiles of different formulations in phosphate buffer
pH 6.8

]
—a—F2
—r—F3

s |- ]

Cum % diug release

[

——FG

0 T T
0 5 10

Timé¥s) 20 25 30

Figure 2: Cumulative % drug release from nimodipine SMEs in pH 6.8 phosphate buffer.

pH 1.2, the cumulative percent drug released from F6 (control
suspension) was 87.73 and from other formulations F1, F2,
F3, F4, and F5, they were 76.40, 64.5, 75.93, 67.27, and 79.52
respectively (Figure 1). At pH 6.8, the cumulative percent
release of drug from formulation F6 was 83.41, whereas for
formulations F1, F2, F3, F4, and F5 were 81.9, 67.74, 78.43,
65.9, and 75.89 respectively (Figure 2).

The formulations (F1 - F5) released in 0.1 N HCI below
80% in 24 hrs and were not significantly different at various
time points. Further, F1 - F5 formulations released in pH 6.8
phosphate buffer below 82% in 24 hrs. This clearly indicated
that irrespective of dissolution medium pH 1.2 or pH 6.8,
the release profiles were not significantly different. The
suspension showed a slight improvement in release at 24 hrs
irrespective of medium pH condition over SMEs.

In the above two cases, the release of drug from formula-
tions (F1 - F5) was almost similar and less than 82%. None of
the formulations released above 90% in 24 hrs. Formulations
F1, F2, F3 and F4 (charged emulsions) contained charge
inducers (positive or negative) along with cholesterol which
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would rigidise the interface, in turn reduce the release
of the drug [4]. When compared, the plain emulsion F5
(control) of this study, without any added charge inducer
and co-surfactant, could show almost similar release profile
(Figure 1). In contrast, the release of drug from negatively
charged (F1, F3) was slightly more than that of positively
charged SMEs (F2, F4). Here, the average globule size of the
control SME (F5) was bigger than that of other formulations
(F1 - F4). Both the rigidity of the surfactant (F1 to F4) and
the big size (F5) of the globule contributed similarly to the
cumulative % drug release.

Overall, the cumulative % release of nimodipine from
all the formulations was not the same, irrespective in 0.1 N
HCI or in pH 6.8 phosphate buffer medium. About 50% of
the drug was released in 8 hrs - 10 hrs in 0.1 N HCl medium,
whereas it was 10 hrs - 12 hrs in pH 6.8 phosphate buffer for
all formulations.

Physical stability studies

Dilution and centrifugal effects: The stability of
nimodipine SMEs was determined by studying the effects of
centrifugation and desorption. The effect of centrifugation
was assessed by % creaming volumes and was determined for
all formulations and all of them showed higher % creaming
volumes which indicated good stability and the values are
given in Table 4. There were no differences noticed among all

Table 4: Effect of centrifugation on the stability of SMEs: Creaming volume
percentage of prepared formulations.

Formulation code % Creaming volume v/v

F1 98.43 + 0.64
F2 97.31+0.52
F3 99.12+0.21
F4 99.62 + 0.26
F5 98.55 + 0.41

Table 5: Effect of dilution (desorption stress) on globule size and zeta potential.

Formulation Dilution factor Size ( nm)
F1 1:50 925+212 | 0.158+0.03 @ -26.5+4.60
1:100 99.7+322 | 0.165+0.01 @ -24.3+3.63
1:500 106.1 £+591 | 0.178+0.02 @ -25.2+2.88
1:1000 120.5+4.63  0.182+0.04  -26.1+2.77
F2 1:50 1256 £2.32  0.227£0.01 | +46.3+3.91
1:100 132.6 £3.45 | 0.234+0.03 | +46.3+2.65
1:500 141.2+1.24 | 0.238+0.02  +47.2+4.73
1:1000 153.1+6.13 | 0.246+0.04 @ +45.6+1.27
F3 1:50 121.1+3.42  0.209+0.12 | -27.4+5.90
1:100 126.0+2.33  0.211+0.04 -28.2+2.13
1:500 1304 +4.21 | 0.215+0.02 -26.1+1.34
1:1000 1417 +£3.16 = 0.225+0.06 & -27.7 +3.47
F4 1:50 106.7 £5.60 | 0.231+0.01 | +45.2+5.05
1:100 110.8+£4.91  0.242+0.02 +46.4 +1.81
1:500 115.9+6.31 | 0.245+0.03 +454+224
1:1000 126.7+2.70 | 0.252+0.04 @ +44.6+3.28
F5 1:50 137.8+3.45 0.154+0.04 -22.1+3.26
1:100 141.1+265 0.169+0.01 @ -20.2+1.74
1:500 148.0+£5.88 | 0.178+0.03 | -21.4+2.21
1:1000 159.8+1.85  0.182+0.04  -22.3+3.17
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the SMEs. Further dilution effect was determined by diluting
all formulations in the ratio of 1:50, 1:100, 1:500, 1:1000.

Changes noticed upon dilution are given in Table 5. There
was no significant difference found in size, PDI, and zeta
potential of the formulations during the dilution up to 500
times. However, at 1000 dilution times slight changes in size
were noticed. Apparently, it indicated that all the SMEs were
stable.

Physical stability of SME under storage: Stability studies
were conducted for all formulations at room temperature
and refrigerated temperature for 2 months and the size, PDI,
and zeta potential are given in Table 6. No significant changes
were noticed in size, PDI, and zeta potential values, which
indicated the stability during storage at room temperature
and 4 °C for a two-month period.

Comparative pharmacokinetic studies of prepared
SMEs

All the prepared SMEs were compared for their
pharmacokinetic parameters along with a suspension in male
Wistar rats. The nimodipine, extracted from serum samples
was estimated by a validated and reported HPLC method [25].
Serum concentration and time profiles of nimodipine upon oral
administration are shown in Figure 3. The pharmacokinetic
parameters are included in Table 7.

The Cmax and AUC _ , of F4 was very high when compared
to that of F6 suspension. The T __of all the formulations was
obtained at 1 hr. MRT and t, for all formulations are not
significantly different. The relative bioavailability of the SME
formulations F1, F2, F3, F4, and F5 is found to be 2.8, 3.16, 3.4,
3.85, and 2.59 times that of suspension (F6) respectively. The
oral bioavailabilities of nimodipine from the formulations (F1
to F5) were higher than those of suspension (F6). Negatively
charged SME (F1) showed less oral bioavailability when
compared to that of positively charged SME (F2). Similarly,
F3 showed less oral bioavailability than F4. Positively
charged SME (cationic) were reported [4] earlier to show
better oral bioavailability due to increased uptake of globules
by enterocytes. Similarly, F4, a positively charged SME
containing tween 80 as co- emulsifier, a known P-gp inhibitor
also increased the oral bioavailability. Here, no previous

Mean serum concentration vs time profiles of nimodipine formulations
after administration to rats
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Figure 3: Serum concentration vs. time profiles of nimodipine from SMEs in rats.
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Table 6: Physical characters of SMEs during storage at RT and at 4 °C.

Size (nm)

Zeta potential (mV)

F3 F2 F3 F4
0 | 954456 132.3%5.7/129.446.2 105.1+5.6 135.146.8 0.12+0.05| 0.21+0.06 0.18+0.01 | 0.23+0.02/0.17+0.02 -26.2+1.1 +45.3+2.5 -25.6+6.2 +46.5+5.1
15 100.124.7 135.2+4.9 132.244.7 | 109.4+4.8 139.3+7.2 0.13£0.09 0.22+0.03 | 0.20+0.03 0.25+0.06 0.20+0.01-27.3+3.2 +44.122.6 -26.2+5.1 | +47.7+2.2
30 103.5£8.0 139.5£8.3 136.1£3.6 112.6£2.6|141.2+7.5/0.14+0.03 0.22+0.05 | 0.21£0.04 | 0.24+0.010.21+0.07 -25%1.4 |+47.5+1.4|-27.3+2.7 +46.8£3.6
45 107.3%5.5 142.7+8.1 140.242.6 116.8+8.5 144.6+6.9 0.14£0.02 0.23+0.01 | 0.22+0.03 | 0.26+0.04 0.23+0.05 -26.3+1.5 +45.3+3.5 -25.5+3.1|+45.316.5
60 116.747.3 149.046.7 146.0+4.8 122.245.7 | 151.2+2.4/0.15+0.01 0.24+0.06 | 0.24+0.08 0.27+0.03 0.26+0.04 -24.5+3.2| +44.64+5.3 | -27.8+3.7 | +44.3+1.6

-20.2+2.3
-21.5£3.4
-22.316.4
-20.4£3.9
-19.8+5.4

Size (nm) Zeta potential (mV)

F3 F2 ] F4

0 | 95.445.8 130.4+3.2 130.243.1/103.9+2.1 136.1£7.1 0.12£0.04 0.19+0.04 0.17+0.01 0.21+0.05 0.19£0.03 -25.4+3.2 +46.5+2.5 -26.2+1.4 +44.2+1.7 -21.5+4.2
15 102.124.0 134.5+2.3 132.44+5.2/110.9+3.3/140.9+4.2 0.14+0.07 0.21+0.06 0.19+0.03 0.23+0.010.21£0.06 -24.7+2.0 +48.3+1.7 -27.7+4.2 +43.4+4.2| -22.3+3.3
30 105.745.1 136.7+5.6 135.8+4.4 112.4+1.7 144.0+5.6| 0.13+0.09  0.22+0.05 0.20+0.04 | 0.24+0.02 0.22+0.02|-27.2+5.3 +47.7+3.2 -27.3+3.8| +45.7+3.1| -21.8+1.5
45 107.2+¢2.3 141.6+1.2 142.145.2/115.745.6|149.3+1.5 0.14+0.03  0.22+0.02  0.22+0.06 0.24+0.03 0.23+0.01 -26.8+2.2 +46.9+4.3 -26.0+1.6 +45.816.3 -20.2+3.1
60 117.3+4.2| 150.5+6.4 | 153.9+3.5 129.84+2.1155.1+3.4| 0.15+0.05  0.23+0.03 0.23+0.07 0.26+0.01 0.25+0.03 -25.1+1.6 +48.3+1.5 -24.2+1.5 +43.3+1.5 -19.8+2.2
Table 7: Consolidated table showing the pharmacokinetic parameters of SMEs containing NM.
Parameter F1 F2 F3 F4 F5 F6
C. ox (HQ/mI) 0.528 + 0.03 0.598 + 0.03 0.654 + 0.041 0.713 £ 0.04 0.434 +0.02 0.194 + 0.044
toa (M) 1.0+0 1.0+0 1.0+0 1.0+0 1.0+0 1.0+0
AUC total (ug/ml) h 4124 £0.24 4.647 + 0.36 5.001+0.33 5.666 + 0.38" 3.8131+0.35 1.469 + 0.260
t, (h) 8.685+ 0.51 7.178 £ 0.41 7.516 £ 1.13 7.974 +£1.22 7.862 +1.20 8.448 + 1.340
MRT (h) 11.303 £ 0.87 9.502 + 1.31 9.580 + 0.61 10.293 £ 1.07 10.108 £ 0.89 9.769 + 1.304
Note : * Significant at p < 0.001 when compared with F6 control.

study reports are available for such a combination. This is
due to the combination effect. This might also be due to the
lymphatic transport of drugs [31,32] from SME formulations,
resulting in a reduced first-pass effect. The design of F1, F2,
F3, F4 formulations with inclusion of charge inducer and P-gp
inhibitor produced higher oral bioavailability than that of
suspension. P-gp, a drug efflux pump, is expressed in intestine
and blood brain barrier [33,34]. Among (F1 -F4) formulations,
F4 SME (positively charged with P-gp inhibitor) showed very
much improved oral bioavailability than that of F1, F2, F3,
and F5 formulations, and this might be due to the fact that
positively charged SME had more electrostatic interactions
with enterocytes in mucosal layer than negatively charged
SMEs. Further, the tween 80,aknown P-gp inhibitor mighthave
also played a role in the improvement of oral bioavailability
by reducing the efflux of NM drug. The statistical significance
with paired t-test (p < 0.05) also showed that there was a
significant difference in the bioavailability of F4 formulation
when compared to that of F1, F2, F3, F5, and F6. This study
showed that positively charged SME with a combination of
P-gp inhibitor can be used for improved oral bioavailability
of this lipophilic drug [4]. This strategy to enhance oral
bioavailability is very simple to adopt in the pharmaceutical
industry. And thus, the oral bioavailability of BCS class II
drugs, like NM could be improved. The possibility of scale-up
very much existed for this SME delivery system.

Conclusion

In this work, efforts were made to prepare stable
nimodipine SMEs containing positive or negative charge
inducer, with or without the combination of a P-gp inhibitor

https://doi.org/10.29328/journal.apps.1001046

(tween 80) for oral bioavailability enhancement. As this drug
NM was reported to exhibit low oral bioavailability (4% - 13%)
due to its low solubility, extensive first-pass metabolism
by CYP3A4 enzymes, and P-gp mediated efflux, here, SMEs
were considered suitable and prepared by homogenization
followed by the ultra-sonication method. All five SMEs were
prepared with either a positive charge (stearyl amine) or
negative charge (oleic acid) and also included or not include
a P-gp inhibitor (Tween 80). A comparison was made with a
plain control emulsion prepared without any added charge
inducer and P-gp inhibitor. Characterization of SMEs was done
by measuring size, polydispersity index, and zeta potential
by zeta sizer. The prepared SMEs were found stable for two
months at RT or 4 °C. Further, the SMEs showed globules with
a nano-size range. The rank order of oral bioavailability was
F4 > F3 > F2 > F1 > F5 > F6. Nimodipine F4 SME formulation
showed an increase in oral bioavailability by 3.85 fold due to
overcoming the effects of first-pass metabolism by following
lymphatic transport pathway, achieving P-gp inhibition
and also due to positive charges on globules favoring more
electrostatic interactions with enterocytes in mucosal surface
for a better uptake than negatively charged SMEs. In the future,
the developed NM SME (F4) could be produced in industry for
the patients’ use.
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