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ABSTRACT

Aim: Self-nanoemulsifying Drug Delivery Systems (SNEDDS) are physically stable,
isotropic mixtures of oil, surfactant and co-surfactant. The turbulence generated by
peristaltic movements of the GIT causes formation of oil-in-water (o/w) nano-emulsions
upon dilution. The objective of this study was to improve solubility and oral bioavailability
of Cilnidipine by formulating liquid-SNEDDS. Materials and methods: Capmul PG8 NF,
Cremophor RH40, and Transcutol HP were selected as oil, surfactant, and co-surfactant.
Ternary phase diagrams were constructed to evaluate the nanoemulsification region.
A 32 factorial design was employed to optimize L-SNEDDS with droplet size and drug
release as responses. SNEDDS of CLN was evaluated for droplet size, self-emulsification
time, in vitro drug release, ex-vivo permeation, pharmacokinetics and tissue distribution
studies and stability studies. The optimized L-SNEDDS was converted into solid form
using B-cyclodextrin nanosponges as adsorbents and evaluated in terms of micromeritics,
drug content, scanning electron microscopy and powder X-ray diffraction. Results: The
optimized batch exhibited droplet size of 23.70 nm, and in vitro drug release of 95.24 %
in 60 min.The in-vivo studies revealed nearly 5.53 folds increase in AUC,  of optimized
batch of liquid SNEDDS compared to CLN which can be credited to increase in solubility
and dissolution rate. Conclusion: /n vivo studies revealed improved pharmacokinetic
properties which were attributed to greater surface area and lymphatic absorption leading
to circumvention of hepatic first pass metabolism.

Key words: Cilnidipine, 32 factorial designs, Nanosponges, solid SNEDDS, Oral
bioavailability.

INTRODUCTION

The number of new chemical entities with and water-soluble co-solvents).! Pouton e @/’  Submission Date: 16-02-2021;
prolonged receptor binding characteristics, suggested a lipid formulation classification ZSZ;S;?:dD;;e;_O(?Z'?:f;f K
higher therapeutic efficacy but minimal System (LFCS) based on sn-vivo fate of compo- '

nents of formulation. The physico-chemical  DOI: 10.5530/ijper.55.3.138
properties of the drug play a key role to g‘r’.r;;:zg;d;:c;;o

select the best LFCS. Type III formulations  pepartment of Pharmaceutics,
comprising mixture of hydrophilic surfac- ';‘Liz'_\ii%g':eﬁﬁa%f;z::t?scyv
tants and/or hydrophobic surfactants/ |ypja. ’

solvents are most effective for hydrophobic  Phone no: +91 9822916490
drugs such as lacidipine,” efavirenz," E(:‘::””“O”icarp—G@hOtmai"
docetaxol,'? atorvastatin.”® This type gives

rise to self-emulsifying drug delivery systems
Lipid-based drug delivery systems represent which have greater acceptability as they
a diverse group of formulations which have a plethora of advantages which (8)
include several classes of excipients include thermodynamically stable formu-
(e.g-triglyceride oils, mixed glycerides, lipo- lations with improved bioavailability and
philic surfactants, hydrophilic surfactants circumvention of first pass metabolism.!

aqueous solubility is expanding. This leads
to reduced membrane permeability and
poor and erratic bioavailability.! Various
approaches to overcome these challenges
include salt formation,? micronizatio,’ solid
dispersions,’ complexation with cyclodex-
trins,’ self-emulsifying formulations,® and
liposomes.”
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Self nanoemulsifying drug delivery systems (SNEDDS)
are physically stable, isotropic mixtures of oil, surfactant
and co-surfactant. The turbulence generated by peristaltic
movements of the gastrointestinal tract (GIT) causes
formation of oil-in-water (o/w) nano-emulsions, upon
dilution with GI fluids."” SNEDDS presents the drug
in solubilized form with droplet size less than 100 nm
which provides a large interfacial area for drug absorp-
tion, providing greater chemical and enzymatic stability
as also inhibiting P-glycoprotein (P-gp) mediated drug
efflux.'® These liquid systems, however suffer from
problems such as leaching from gelatin capsules,
incompatibility with soft gelatin capsules in addition to
penetration into hard jelly.'” Solid SNEDDS have been
designed to overcome these problems wherein liquid
SNEDDS (L-SNEDDS) is converted into solid form by
spray drying, extrusion spheronization or adsorption.
Spray drying was used to convert ezetimide L-SNEDDS
to solid form with silicon dioxide."® Loratadin SNEDDS
was converted into solid form by extrusion spheroniza-
tion using lactose, microcrystalline cellulose, silicon
dioxide and Na- crosscarmelose."” Aerosil 200 was used
to prepare solid self-nanoemulsifying drug delivery system
(S-SNEDDS) of nifedipine by adsorption process.”’

Cilnidipine (CLN) is chemically 3-(2-methoxyethyl)
5{2E)-3-phenylprop-2-en-1-yl 2,6-dimethyl4<3-nitrophenyl)-
1,4-dihydropyridine-3,5-dicarboxylate. It is categorized
as calcium channel antagonist accompanied with L-type
and N-type calcium channel blocking functions. Its
dose is 20 mg once a day, partition coefficient (log P)
is 4.7 and ionization constant (pKa) of 11.39. CLN
displays high protein binding and is primarily metabo-
lized by both liver and kidney. It is rapidly metabolized
by liver microsomes by dehydrogenation process. It is a
BCS Class II drug with aqueous solubility and oral
bioavailability of 5.66x10° mg/ml and 13 % respectively.?!
As per literature review, solid dispersion,” and liquisolid,”
24 microemulsion,” and solid
lipid nanoparticles,” have been used to enhance solu-
bility and oral bioavailability of CLN. Bakhle e# 2/%
developed solid self emulsifying system of CLN using
Capryol 90 as oil phase, Tween 80 as surfactant and
Transcutol HP as cosurfactant but iz vve studies were
not performed. In the present study, SNEDDS of CLN
was developed using full factorial design and evaluated
for droplet size, self-emulsification time, i vitro drug
release, ex vivo permeation, pharmacokinetics and tissue
distribution studies. The optimized L-SNEDDS was
converted into solid formusing various inert adsor-
bents and evaluated in terms of micromeritics, drug

polymeric nanoparticles,
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content, scanning electron microscopy and powder
X-ray diffraction.

MATERIALS AND METHODS

CLN was gifted by Alembic Pharma, India. Capmul
MCM, Capmul PG-8 NF, Capmul 908P, AccononCC6,
AccononMCS8, Captex 100, Captex 355 were gifted
by Abitec Corporation, USA. Cremophor RH 40 was
gifted by Mohini Organics, Mumbai. Tween 80, Brij
30, Transcutol HP were purchased from S.D. Fine
Chemicals, Mumbai, India. All other reagents and
solvents were of analytical grade or HPLC grade.

Selection of oil and surfactants

Preliminary studies were carried out to select suitable
their
solubilization ability for the drug. An excess amount
of CLN was added to 2 ml of each vehicle and stirred
continuously for 48 h at 37°C in an orbital shaker
(Remi Laboratories, CIS-24BL). The dispersions were
centrifuged at 5000 rpm for 20 mins. The supernatant

Selection of o1l and surfactants based on

was diluted with methanol and the concentration of
CLN in the solution was analyzedby U.V spectroscopy
(LAB INDIA UV 3000+) at 240 nm.?

Drug-excipient compatibility studies

Mixtures of CLN with oil, surfactant and cosurfactant
in 1:1 ratio were stored in stoppered glass vials and
exposed to temperature of 40°C and 75% relative
humidity for 1 month to assess any unwanted reaction-
between drug and excipients. Analysis of samples was
done by Fourier transform infrared (FTIR) spectropho-
tometer (JASCO FTIR-460 Plus). The IR spectrum of
the physical mixture was compared with those of pure
drug and excipients. Peak matching was done to detect
any appearance or disappearance of peaks.”

Construction of pseudo-ternary phase diagram

Based on solubility of drug in various oils and surfactants,
ternary phase diagrams were constructed using water
titration method in order to identify self nano-emulsifying
region. Isotropic mixtures of surfactant and cosurfactant
(S_,) were prepared in ratios of 1:0.25, 1:0.50, 1:0.75
and 1:1 using cyclomixer (Remi laboratories, CM101)
and heated to 40°C to solubilize the drug. Oil-S__ ratios
of 1.9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 82 and 9:1 were
prepared in vials and distilled water (DW) was added
drop wise till appearance of turbidity. Volume of water
at which turbidity appeared was noted as end point.
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Phase diagrams were constructed by using Chemix
software (CHEMIX School Ver. 4.01 software, MN, USA.).*

Preparation of liquid-SNEDDS (L-SNEDDS)

L-SNEDDS were prepared by incorporating 10 mg drug
into mixtures of accurately weighed quantity of S . and
oil in glass beaker. Components were mixed using a
magnetic stirrer (Remi RQT-124A) followed by
vortexing using cyclomixer (Remi laboratories, CM101)
and heated on a water bath (Metalab) 40°C to form a
homogenous mixture. The L-SNEDDS were observed
for homogeneity, change in color and transparency or
phase separation during storage at 37+2°C.*!

Experimental design

Full factorial design (3%) was used to evaluate effect
associated with independent variables on L-SNEDDS.
Based upon preliminary studies, quantity of S . and
oil were selected as independent variables. The levels
of §_. (factor A) were varied from 1, 5.5 and 7 g, while
levels of oil (factor B) selected were 1, 2 and 3 g (weight
ratios). The 12 batches (F1-F12) generated by the software
(Design Expert software version 11.0) by applying
4 center points per block and these were analyzed for
droplet size (Y1) and cumulative percent drug release in
60 min (Y2). Constraints were provided to software to
select the optimized batch.*

Characterization of factorial batches
Droplet size (Y1)

The droplet size and zeta potential was determined by
dynamic light scattering principle. The L-SNEDDS
formulation was diluted 250 times with distilled water
(DW) under gentle stirring. After achieving equilibrium,
the droplet size was analyzed by ZetaSizer (Malvern,
UK, ZS 90).

Cumulative % drug release in 60 min (Y2)

The drug release study of CLN SNEDDS was carried
out by using dialysis technique.” A length of 4 cm of
dialysis tubing (Dialysis membrane 70, HIMEDIA;
MWCO 12,000-14,000 daltons; pore size 2.4 nm) was
cut and a cylindrical pocket-type sample holder was
fashioned out of it by tying both ends. The pocket was
tied to the paddle of USP Type II dissolution apparatus
and placed in 900 ml of 0.1N HCI with stirring at
50 rpm and temperature of 37°C. Aliquots of 5 ml were
taken out at 15 min time intervals for 1 h and suitably
diluted with 0.IN HCI. Every time the volume of
the eachaliquot was replaced using fresh dissolution
medium. These samples were analyzed for the CLN
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present in the dissolution medium at the corresponding
time by UV-visible spectrophotometer at 240 nm.

Characterization of optimized batch
Self-emulsification time

Optimized L-SNEDDS (1 ml) was added in 500 ml of DW
in glass beaker with gentle agitation using a magnetic
stirrer (Remi laboratories, IMLH) to 50 rpm, at 37°C+
2°C. The process of self-nano emulsification was visually
examined by the time taken by formulation to form a
clear emulsion.®

Percent transmittance studies

Optimized batch of L-SNEDDS (1 ml) was mixed with
100 ml of DW till formation of a homogenous
solution. Percent transmittance was measured by double
beam UV-visible spectrophotometer (LAB INDIA, UV
3000+) at 560 nm using distilled water as a blank.*

Cloud point measurement

The optimized batch of L-SNEDDS was diluted with
DW in the ratio of 1:500 and placed in a water bath
with a gradual rise in temperature. The temperature
at which sudden appearance of turbidity occurred was
noted as the cloud point.”’

Viscosity determination

The viscosity of optimized batch of L-SNEDDS was
determined before and after dilution using a Brook-
field Viscometer (Brookfield Viscometer RVDV Pro II)
using spindle RV-6 at 100 rpm at 25+0.5°C.%®

Preparation of S-SNEDDS

The optimized L-SNEDDS was converted into solid
form by adsorption technique using various adsorbents
such as microcrystalline cellulose, calcium carbonate,
magnesium carbonate, Aerosil 200 and nanosponge of
beta cyclodextrin crosslinked with diphenyl carbonate
(B-CD nanosponges). The optimized L-SNEDDS was
added dropwise on to the solid adsorbents in various
ratios (1:1, 1:2, 1:3 and 1:4). After each addition, the
mixture was homogenized by trituration in glass mortar
to ensureevendistribution.The selection of adsorbent
was based on micromeritic properties of SSNEDDS.*

Characterization of S-SNEDDS
Micromeritic properties
Micromeritic properties of SSSNEDDS such asangle of

repose by fixed funnel free standing cone method, Carr’s
Index (CI) and Hausner’s ratio were determined.*
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Powder X- ray Diffraction

Powder X-ray diffraction pattern of CLN and
S-SNEDDS was investigated by using powder X-ray
diffractometer (X-ray generator Philips, Netherlands,
PW 1729, Savitribai Phule University, Pune). The X-rays
were Ni-filtered CuKal radiation with 40 kV and 30mA

over 0-100°/26.%

Scanning electron microscopy

The surface morphology of B-CD nanosponge and
S-SNEDDS were inspected by electron microscope
(JEOL, JSM-6360A, Diya Labs, and Mumbai) at a voltage
of 15 keV. The particles were fixed on the carbon stub
using double-sided adhesive tape and then made elec-
trically conductive by platinum coating, in a vacuum,
with a thin layer of platinum (10 A), for 100 s and
at 30 W. The samples were lightly spread on a double
adhesive tape stuck to an aluminum stub. The stubs
were then coated with platinum to a thickness of about
10 A under an argon atmosphere using a gold sputter
module in a high-vacuum evaporator. Afterwards, the
stub containing the coated samples was placed in the
scanning electron microscope chamber.*

Drug content estimation

S-SNEDDS equal to 10 mg of the drug was dispersed
in 250 ml of methanol, sonicated (Labman, LMUC-2)
to dissolve the drug. The dispersion was centrifuged
(Remi RM-12CBL) at 3000 rpm for 15 min. The super-
natant was suitably diluted and examined at 240 nm by
UV-visible spectrophotometer.*

Ex vivo permeation studies

Ex vivo permeation studies were performed to study
the absorption of drug across intestinal membrane by
everted intestinal sac method.* The goat intestine was
everted over a glass rod and placed in a dish containing
Krebs-Henseleit bicarbonate buffer at 37°C.* The
everted intestine was mounted on a modified perme-
ation apparatus consisting of a U-tube glass chamber
(diameter = 2.5 cm) with a break in one arm to facilitate
the mounting of the everted intestine. This assembly
was placed in the dissolution vessel such that the inside
of the U-tube served as the intestinal lumen and the
dissolution vessel served as the serosal compartment.
Krebs solution (900 ml) was used as dissolution media.
Optimized batch was subjected to permeation studies
at 37°C and 50 rpm stirring speed in the USP type II
dissolution apparatus. Aliquots were collected at
different time points (for 6 h) and analyzed by
UV-visible spectrophotometer at 240 nm.
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Pharmacokinetics studies

Permission was taken from institutional animal ethics
committee (IAEC) (Research proposal number CPC-
SEA/IAEC/PT-09/02-2K19) for carrying out # wivo,
tissue distribution studies and their guidelines were
followed in the course of the study. The protocol for
the experimentation was duly approved by the animal
ethics committee. The comparative 7z »zvo pharmaco-
kinetic study was carried out with 18 male Wistar rats
(weighing 200-250 g) which were divided randomly into
three groups (control, standard, and test) with six rats
in each group. The animals were fasted overnight (12 h)
prior to the dosing.

Pure drug suspensionwas prepared by adding CLN in
DW with 0.5% sodium carboxy methylcellulose as
suspending agent.* Pure drug suspension and L-SNEDDS
(equivalent to 1mg/kg dose) were given orally to the
animals using 18-gauge oral feeding cannula. The rats
were anaesthetized using diethyl ether, and 0.5 ml
blood sample was withdrawn from the retro-orbital
vein of rat at 0 (pre-dose), 0.5, 1, 2, 3 and 4 h, collected
in micro centrifuge tubes containing ethylene diamine
tetra acetic acid (EDTA) as anticoagulant. The samples
were centrifuged (Remi Laboratories, RM-124A) at
5000 rpm for 10 min.?* The plasma was separated and
stored at -20°C until further analysis. The plasma was
mixed with 1 ml methanol to precipitate the proteins
and the samples were vortexed for 2 min followed by
centrifugation at 5000 rpm for 10 min. Supernatant was
then separated and reconstituted using 200 ul mobile
phase. The supernatant was analyzed by bioanalytical
reverse phase high performance liquid chromatography
(RP-HPLC) method (Agilent, 1120 compact LC) with
methanol: acetonitrile (50:50 % v/v) as mobile phase
at flow rate 1 ml/min and C,; column (250 mm x 4.6
mm i.d., 5 um particle size). The detection wavelength
of drug in plasma was set at 240 nm. The method was
validated for linearity, precision (intra-day and inter-day),
accuracy, specificity, limit of detection (LOD), limit
of quantification (LOQ), and robustness. Pharmacoki-
netic parameters like peak plasma concentration (C_ ),
time to achieve C_ (T _ ), and area under plasma
concentration (AUC, ) were determined. The data
were considered as statistically significant at P < 0.05
(ANOVA studies). GraphPad Prism 8.1 version 2 software
was used for ANOVA studies.”

Tissue distribution studies

The pure drug suspension and L-SNEDDS were admin-
istered to the rats using 18-gauge oral feeding cannula
at a dose of 1 mg/kg. Two hours after administration,
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the rats were anesthetized with diethyl ether. The liver,
kidney and mesenteric lymph nodes were excised from
one rat in standard and test each group. The collected
tissues were then rinsed with normal saline and homog-
enizedusing homogenizer (Bio-lab, BL244) by adding
mobile phase as mentioned previously at 50 rpm for
5 min. The dispersions were centrifuged at 5000 rpm

for 5 min and supernatant was analyzed by bioanalytical
method.®

Stability studies

Optimized L-SNEDDS was subjected to physical and
chemical stability studies for 3 months at 40°C £ 75%
RH (Remi, CHM 6 S) and evaluated for appearance,
color, particle size, zeta potential and poly dispersibility
index and drug content at an interval of 0, 1, 2, and 3
months. ICH Q1A (R2) guidelines were followed for
stability studies.”’

RESULTS AND DISCUSSION
Solubility studies

Solubility of CLN in lipid carrier is main parameter
for selection of components for developing SNEDDS
(Figure 1).° The oil improves solubility and fraction
of lipophilic drugs transported through the intestinal
lymphatic system and drug loading capability, thus
increasing absorption through the GIT.”' The oil,
surfactant and cosurfactant were selected based on their
higher solubilization potential for the drug. Capmul
PG-8 NF was selected as the oily phase, Cremophor
RH 40 as surfactant and Transcutol HP as the cosur-
factant. Partition coefficient of CLN (log P) is reported
as 4.6°> which was indicative of its high lipophilicity
whereas the HLB of Capmul PG-8 is reported to be in
the range of 5-6, which also points to its lipophilic
nature. Thus we may infer that the oil, being lipophilic
has greater solubilization capacity for the lipophilic
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drug.® Besides this Capmul PG-8 is a medium chain
triglyceride (MCT) with 11 carbonsand it is reported
that MCTs have better capacity for dissolving hydro-
phobic drugs due to their medium chain length and
betterfluiditythanlong chain triglyceride (LCT).” In
addition, MCTs are easy to nano-emulsify as compared
to LCTs. Cremophor RH40 is polyoxyl-40 hydroge-
nated castor oil with HLB 14-16. It has been widely
used in lipid based formulations due to its amphiphilic
nature and ability to dissolve large quantities of drugs
as also its good self nano-emulsification property.>
Transcutol HP was selected as co-surfactant due to its
ability to dissolve large quantity of drug (26.77 mg/ml)
and high adeptness for emulsification of oil.”” As per
the mixed film theory, addition of co-surfactant with
surfactant resulted in a stronger o/w interfacial barrier
film leading to smaller droplet size.’®

Drug-excipient compatibility studies

FTIR spectra of physical mixture of CLN, Cremophor
RH40, Transcutol HP and Capmul PG-8 NF, the
major peaks of CLN were observed at wavenumbers
3374.82 cm?, 3070.12 cm?, 2925.48 cm?, 1922.68 cm?,
1617.98 cm?, 1498.42 cm™, 1045.23 cm™ and 700.03 cm™.
By comparing the spectra of CLN and its physical
mixture, it was observed that all the peaks lie in their
appropriate range. No spectral changes were observed
which indicated that there was no interaction between
CLN and other excipients.”

Ll Smi Water
10 20 30 40 50 60 70 80 %0 (10.5)

(A)
0il

Smix (1:0.75) Water

1020 30 40 50 60 70 80 %0
© 0

10 20 30 40 50 60 70 80 90

Figure 1: Solubility of CLN in various surfactants, co-
surfactants and oils (n=3, mean = SD).
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Figure 2: Pseudo ternary phase diagrams A= S
B=S_ (1:0.5),C=S

., (1:0.25),
(1:0.75), (D)=Smix (1:1).

mix mix
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Pseudo ternary phase diagram

Selection of oil, § . ,and oil to S__ ratio, play an impor-
tant role in the formation of the nano-emulsion. Among
four ternary phase diagrams constructed with S . ratios
of 1:0.25, 1:0.5, 1:0.75 and 1:1, nano-emulsion region
for S . 1:0.5 of Cremophor RH40:Transcutol HP was
found to be larger than other S . ratios (Figure 2).
The region of emulsification was identified from area
enclosedwithin the solid line. At the oil-water interface,
mixed film was formed by the use of S . which results
in the reduction in droplet size and better stability of
nanoemulsion.” The chain length difference between
surfactant and cosurfactant plays major role in self-
emulsification process. Transcutol HP is a C6 diethylene
glycol monoethylether® whereas Cremophor RH 40
consists of a 12 carbon fatty acid chain forming the
lipophile esterified by polyoxyethylene groups totaling
40 numbers. Thus Transcutol, being much smaller in
molecular size is able to effectively intersperse between
the Cremophor molecules at the oil-waterinterface
leading to the formation of an efficient mixed film
barrier.Amount of cosurfactant to be included is thus
critical in the barrier film. In this study, a smaller
nanoemulsion region at ratio of 1:0.25 could indicate
that amount of cosurfactant is not sufficient to form
a strong barrier film. At S . ratios of 1:0.75 and 1:1, it
may be inferred that amount of cosurfactant is more
than that required to form a mixed film. Hence excess
cosurfactant may be forming micelles independently
which are not as effective barriers as compared to mixed
films, leading to larger size droplets.

Experimental design

Full factorial design (3?) was used for the optimization
of L-SNEDDS by varying its factors such as amount
of oil (factor A) and the amount of §__ (factor B). The
levels were varied as 1, 2 and 3 g of A and 4, 5.5 and 7
g of B. The experimental batches were optimized using
Design Expert software version 11.0. The 12 batches
(F1-F12) predicted by the software were analyzed for
responses such as droplet size (nm) (Y1) and cumulative
percent drug release (%) (Y2) (»=3) (Table 1).%

Droplet size

Droplet size is one of the main characteristics affecting
in vivo fate of emulsions. The droplet size of emulsion
also affects the rate and extent of drug release. Smaller
the droplet size, the larger is the surface area provided
for drug absorption (Figure 3)."?

Droplet size = +49.52 + 6.04 A- 60.830B - 3.38AB +

3.28 A?- 46.55 B?

The droplet size of factorial batches was found to be
between 20.41 to 174.86 nm. The linear effect of the
amount of S_. (B) was found to be significant (p<0.05).
The negative coefficient implied that an increase in the
amount of S . (B) led to a decrease in droplet size (Y1).
The quadratic effect of amount of S . (B?) was also
found to be significant (»<0.05) having negative coef-
ficient thus ratifying the role of S . in reduced droplet size
and its stability. The low droplet size with increasing
S, ., concentration could be attributed to the ultra low
interfacial tension due to the mixed barrier film at the
o/w interface. The effect of the amount of oil (A) was

Table 1: Experimental batches of L-SNEDDS obtained from design of experiment (DOE) software.

(n=3, mean = SD).

Factor A Factor B Response (Y,) Response (Y,)
Zeta potential
Formulation A: Amount of Oil B: Amount of *Droplet Size (nm) *Cumulative % (mV)
code (9) S,.. (9) Drug Release (%)
(at 60 minutes)
F1 8 4 159.9 +4.25 78.72+1.57 -28.53+1.7
F2 2 5.5 57.51 £2.52 85.52+2.15 -20.1+£0.95
F3 2 7 29.94 £5.50 93.69+2.21 -14.53+0.9
F4 1 5.5 26.17 £2.26 82.03+£2.50 -25.53+0.92
F5 3 5.5 33.4 +1.66 81.66+2.90 -22.4+1.21
F6 2 5.5 61.84 +4.64 84.36+1.68 -17.06+2.36
F7 & 7 20.41 £0.55 96.41+£2.30 -19.9+0.98
F8 1 7 48.89 +2.86 90.1942.13 -8.20+£2.17
F9 1 4 174.86 £5.30 75.8+2.47 -11.29+1.97
F10 2 4 129.3 +2.68 83.58+2.71 -2.91+0.65
F11 2 5.5 51.91 £7.45 85.1413.24 -11.33+£1.13
F12 2 5.5 59.73 £4.00 85.91+3.31 -4.83+0.88
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Figure 3: Response surface plot for droplet size.
(n=3, mean = SD).

found to be significant (p<0.05) with positive coeffi-
cient indicating an increase in droplet size (Y1) with
an increase in the amount of oil (A). However the low
coefficient of A suggests that amount of oil is not as
important as amount of S in controlling and stabilizing
droplet size.

Zeta-potential was found to be in the range of -2 to -28 mV
for all the formulations. The negative zeta potential of
all batches could be attributed to the ionization of surface
functional groups of oil or surfactant especially the free
carboxylic acid groups. However, the low negative zeta
potentials of L-SNEDDS could be due to the shifting
of the plane of shear at which zeta potential is measured,
to a larger distance from the oil surface due to steric
stabilization of the oil droplets. This however does not
affect the stability of the nanosystem.”

Cumulative percent drug release in 60 min (Y2)

The factorial batches were subjected to 7 witro disso-
lution studies using dialysis membrane. Drug release
profile is an important parameter of any drug delivery
system as it affects the onward journey of the drug
molecules, affecting its pharmacokinetic profile (Figure 4
and 5). The following polynomial equation was generated
by Design Expert software:

Cumulative percent drug release = + 85.23 -1.46 A+
7.03 B+ 0.8250 AB - 3.37A%+3.42B?

Cumulative percent drug release (Y2) of factorial
batches of L-SNEDDS was found to be between 75.8
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Figure 4: Response surface plot for cumulative percent drug
release (n=3, mean +SD).
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Figure 5: In vitro drug release of factorial batches of
L-SNEDDS (in 60 min). (n7=3, mean = SD).

- 96.41 % in 60 min. The terms B and B* had positive
coefticients (p<<0.05) indicating increased release with
increase in amount of S . The negative coefficient
evident for term A (oil concentration) and A? implied
decrease in release with increased oil concentration.
CLN is lipophilic drug (log P = 4.6) and is expected
to have a higher affinity for the oil phase than surround-
ing aqueous medium thus reducing percent drug release.*!

Validation of optimized batch

Statistical optimization technique was used to develop
the optimized formulation with desired responses.
The constraints set for statistical optimization of
L-SNEDDS were droplet size (Y1 < 100 nm) and cumu-
lative percent drug release (Y2 > 90%). Based on these
two responses three optimized batches of L-SNEDDS
were identified by the software of which one batch
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was selectedbased on the desirability.The selected opti-
mized batch of L-SNEDDS contained S . (7 g) (A)
and oil (2.92 g) (B) exhibiting a droplet size of
23.70 nm * 3.45, and cumulative percent drug release
of 95.24 % #* 1.31 with desirability 1. Validation of
the optimization results by comparingthe observed
responses with predicted responses showed that percent
prediction error for both the responses (Y1 and Y2)
ranged between 0.98 % and 0.99 % of L-SNEDDS.
Thus, the formulation batch giving minimum particle
size (Y1) and the maximum cumulative percent drug
release (Y2) was chosen as the optimized batch and
evaluated further.

Characterization of optimized batch
Self emulsification time

Self emulsification time reflects the lag time involved
in the formation of nanoemulsion wherein faster self-
emulsification is desirous. In present study the optimized
batch of L-SNEDDS emulsified in 34 s. The S
enhances the solubilization of CLN in water by forming
surface film between oil and water.® Higher HLB value
of Cremophor RH-40 (HLB>12) means higher level of
hydrophobicity which may be the reason for faster
selffemulsification.®® Faster emulsification
water penetration in oil-water interface through the
mixed film layer of the S ., with the formation of
liquid crystalline phases which results in swelling at the
interface. This results in ease of emulsion formation, as
indicated by the lower equilibration times.*’

involves

Percent transmittance and cloud point test

Percent transmittance of optimized L-SNEDDS after
dilution with DW was found to be 98.58 % + 1.24
thusindicating that optical clarity of the optimized
of L-SNEDDS was not compromised after dilution
with distilled water.®® This points to the robustness of
the formulation. Cloud point of the formulation was
found to be 84°C. It is a lower consulate temperature
indicating inverse temperature dependency of surfactant
solubility and commonly exhibited by nonionic sur-
factants.”” Cloud point higher than body temperature
(37°C) is desirable as it means that the S_. remains
molecularly dispersed in the GI fluids at body temperature
and facilitates self-emulsification.”®”!

Viscosity determination

The viscosity of SNEDDS plays an important role
during its dispersion in the aqueous phase. Higher
viscosities tend to slow down the emulsification rate,
which may affect i vivo drug release and bioavailability

profiles.”” The viscosity of the optimized L-SNEDDS
formulation before and after dilution was found to be
19.56 * 1.01 cps and 8.46 +1.23 cps. Lower viscosity
tends to faster emulsification rate in GI tract which
may increase iz vivo drug release and bioavailability
profiles.”

Preparation of S-SNEDDS

Various adsorbents such as microcrystalline cellulose,
Aerosil 200, B-CD nanosponges and magnesium
carbonate were investigated to prepare S-SNEDDS.
S-SNEDDS overcomes the problem related to handling
of L-SNEDDS such as leaching from gelatin capsules,
incompatibility with soft gelatin capsules in addition
to penetration into hard gelatin shells. The criteria
for selection are micromeritic properties and amount
of adsorbent required to form a free flowing powder
(Table 2). Nanosponges formed free flowing powder in
the ratio was 1:2 (L-SNEDDS Nanosponge) while with
other adsorbents either a damp mass was obtained or
flow ability was poor. The S-SSNEDDS prepared with
NS as adsorbent showed good flow property with
Carr’s index of 9.45, Hauser’s ratio of 1.10 and angle
of repose of 24.56°. These findings indicated a good
packing ability. The drug content in solid SNEDDS
was found to be 98.60+0.45 %. Reduction in drug

Table 2: Preliminary trials for selection of carriers for

solid SNEDDS.
g >
= @
. - S g
2 £ 53 2
» S &= S
= 2
£ 2
[T <
1. Microcrystalline 1:3 33.46
cellulose
2. Microcrystalline 1:2 31.02
cellulose
& Microcrystalline 1:1 Damp mass
cellulose
4 Aerosil 200 1:3 23.38
5) Aerosil 200 1:2 17.87
6. Aerosil 200 1:1 20.31
7 - CD nanosponge 1:3 25.07
8 - CD nanosponge 1:2 24.56
9 - CD nanosponge 1:1 Damp mass
10. Magnesium carbonate 1:3 Damp mass
11. Magnesium carbonate 1:2 Damp mass
12. Magnesium carbonate 1:1 Damp mass

Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 3 | Jul-Sep, 2021 671



Rao, et al.: SNEDDS of Cilnidipine

content after solidification can be attributed to product
loss due to handling, though it is not significant.
Nano sponges prepared from B-cyclodextrin are nano-
porous materials used as carriers for drug delivery and
as solubility enhancing agents. The hydrophobic cavities
in the B-CDs plus the nan cavities created due to
crosslinking act as ideal sites for adsorption of the
SNEDDS.Various physical interactive forces such as
van der Waals forces could play a role in adsorption of
the L-SNEDDS onto -CD nanosponges.”™

Powder X-ray diffractometery

X-ray powder diffract gram for pure CLN showed
sharp peaks at 20 angles of 16.2, 19.7, 21.4, 22.93, 23.1,
24.6, 25.7° which indicated that drug is highly crystal-
line (Figure 6). The CLN in the S-SSNEDDS showed no
sharp peaks which proved that the drug was molecularly
dispersed in the oil-S . which retained its integrity
even after adsorption on nanosponge.”

Scanning Electron Microscopy

The scanning electron micrographs of plain nanosponge
and SSNEDDS showed nanosponges as spherical particles
with a smooth, porous surface (Figure 7). The surface of
S-SNEDDS clearly showed the presence of the adsorbed
material. Various physical interactive forces such as van

9000
7000
5000 A)
3000
1000

2500
2000
1500
1000

500

Intensity
Lin(Count

1600
1200
1000
800
600
400

o 10 20 s0 a0 so so
2 Theta angle

Figure 6: Powder X-ray diffractogram of pure (A) CLN, (B)
Plain nanosponges and (C) Solid SNEDDS.

Figure 7: Scanning electron micrograph of (a) Nanosponge
(b) Nanosponge + L-SNEDDS.
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Figure 8: Ex-vivo release profile of pure drug, L-SNEDDS and
S- SNEDDS.

der Waals forces could play a role in the adsorption of
the SNEDDS onto nanosponge.’

Drug content determination

The drug content in solid SNEDDS was found to be
98.60+0.45 %. Reduction in drug content after solidifi-
cation can be attributed to product loss due to handling,
though it is not significant.”

EXx vivo permeation studies

The ex vivo performance of pure CLN, L-SNEDDS and
S-SNEDDS was determined using everted intestine sac
method in terms of flux (ug/min/cm?) and apparent
permeability (cm/s). Percent drug permeated through
goat intestinal membrane for pure drug, L-SNEDDS
and S-SSNEDDS was found to be 36.3, 68.22 and 62.39%
in 4 h respectively (Figure 8). LSNEDDS formulations
exhibited 1.84 times higher flux and 3.8 times higher
apparent permeability than pure drug. However,
S-SNEDDS exhibited 1.38 times increase in flux and
3.1 times increase in apparent permeability than pure
drug.”® These outcomes support the enhanced perme-
ation properties of CLN in the form of L-SNEDDS
and S-SNEDDS formulation. The increase in the
apparent permeability (Papp) of L-SNEDDScouldbe
due to smaller droplet size of L-SNEDDS. These
smaller sized droplets containing solubilized CLNeasily
permeated across the barrier membrane that probably
enhances flux and apparent permeability of CLN
from SNEDDS. The reduced Papp of S-SNEDDS as
compared with L-SNEDDS results due to time lag
involved in drug release from nanosponges. The
oilfilled micelles of the S . which are formed 7n vivo,
can be presumed to cross the intestinal barrier, akin
to movement of chylomicrons which are responsible
for transport of fats and oils through the enterocytes
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which then enter the intestinal lymphatic system.”
Additionally the small droplet size of the nanoemul-
sion resulted in enhanced transport of the drug and
optimized its intestinal absorption and permeation.®

In vivo pharmacokinetic studies

The comparative analysis of pharmacokinetic parameters
for optimized I-SNEDDS and plain drug suspension
was done. Nearly 5.53 folds increase in AUC, of
optimized L-SNEDDS was observed compared to
CLN which can be credited to increase in solubil-
ity and dissolution rate. A 3.2 times increase in
C__ was observed whereas the T was 2.5 h for the
L-SNEDDS, slightly slower than for plain drug (Table 3).
Graph pad prism 8 software was used to statistically
validate the results. Analysis of variance (ANOVA) was
used to find out significant differences in 2 groups
(standard and test). The probability (p- value) was
below 0.05 indicating that there was significant differ-
ence in pharmacokinetics of the formulations. We may
presume that major fraction of CLN in the L-SNEDDS
is absorbed through gut-associated lymphoid tissue
consisting of isolated or aggregated lymphoid follicles
that form Peyer’s patches.® The lymphatic fluids even-
tually drain into systemic circulation, thereby circum-
venting first pass metabolism. Additionally surfactants
in the formulation alter the barrier properties of the
intestinal mucosa and enhance its permeability by
suppressing the polarized efflux system leading to
increase in extent of drug absorption.® Mishra 7 a/*
reported 2.5 fold increase in bioavailability of CLN
polymeric nanoparticles prepared using poly lactic-
glycolic acid. Polymeric nanoparticles are absorbed by
generic route of GI absorption and hence the higher
bioavailability of CLN with SNEDDS canbe attributed
to lymphatic uptake of the drug.

Tissue distribution study

In these studies, standard (CLN suspension) and test
(CLN L-SNEDDS) concentration in lymph node, liver

Table 3: Pharmacokinetic parameters of plain CLN

and L-SNEDDS. (n=3, mean+SD).

Parameters Plain Drug CLN | Optimized batch of
L-SNEDDS
C., .. (Hg/ml) 3.57+ 0.001 10.90 £ 0.002
T (h) 2 2.5
AUC, . 9.8324 33.96355
AUC, , 12.3654 68.4916
ANOVA (Paired Significant
t-test: (p-value: 0.003)
One tailed)
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Table 4: Tissue distribution studies in rats.

Name of organ Concentration of CLN (ug/ml)
Standard Test
(Plain drug suspension) (L-SNEDDS)
Lymph nodes 0.3510 0.4054
Kidney 0.9292 0.4021
Liver 1.2753 0.5481

and kidneys were measured 2 h after oral administration
to rats. Organs were homogenized, extracted with mobile
phase (Methanol: Acetonitrile 50:50% v/v) and then
analyzed by bio analytical HPLC method.” CLN report-
edly undergoes extensive hepatic first pass metabolism
resulting in 80% of its dose being eliminated through
feces in its inactive form®.The concentration of CLN
in the lymph nodes was found to be significantly higher
than that of pure drug suspension, thus corroborating
the in vivo findings (Table 4). In addition, the oil ingre-
dients of the L-SNEDDS would presumably facilitate
the association of CLN with chylomicrons, leading to
enhanced lymphatic absorption of the drug.®

Stability studies

The optimized L-SNEDDS was subjected to physical
and chemical stability studies at 40°C = 75% RH for
3 months and evaluated at intervals of 0, 1, 2, and 3
months. During the period of study, no change in
physical and chemical properties of optimized batch
of L-SNEDDS was observed. A marginal increase in
particle size was seen after 3 months whereas a nominal
change was observed in PDI and zeta potential.

CONCLUSION

Solid self nano-emulsifying drug delivery system of
Cilnidipine was prepared to improve its oral bioavail-
ability. Capmul PG8 NF, Cremophor RH 40 and
Transcutol HP were used as oil and surfactants. A
32 factorial design was used to study effect of formu-
lation variables on key properties. The optimized
batch displayed nanometer droplet size and good self-
emulsifying ability. In vivo studies revealed improved
pharmacokinetic properties which were attributed to
greater surface area and lymphatic absorption thus
circumventing hepatic first pass metabolism.
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SUMMARY

Lipid based drug delivery systems are gaining lot of
popularity worldwide to overcome many challenges
associated with physico-chemical properties and bio-
logical properties of drugs and can be used to cir-
cumvent first pass metabolism and for targeted drug
delivery. Self nano emulsifying drug delivery systems
are easy to process and manufacture. Conversion
into solid self nano-emulsifying drug delivery sys-
tem enables ease of handling. In the present study
SNEDDS of Cilnidipine was prepared to improve its
oral bioavailability. A 32 factorial design was used to
study effect of formulation variables on key properties
and to derive the optimized formula. Adsorption onto
nanosponges effectively converted liquid SNEDDS
into solid state with required micromeritic properties.
The improved pharmacokinetic profile of cilnidipine
was confirmed by in vivo studies which can be attrib-
uted to greater surface area and lymphatic absorption
thus circumventing hepatic first pass metabolism.
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