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Nanostructured Lipid Carriers (NLCs) are new geti@naNanoparticle system, which have shown a lot of
advantages over conventional Solid lipid nanoplgicsuch as improved drug incorporation and releas
properties. The purpose of this study is to premareoptimized nanostructured lipid carrier formigiatfor
“Lacidipine”, and to estimate the potential of NL@s an oral drug-delivery system. In this work,veat
injection technique was used to prepare Lacidigoagled NLCs. The Lacidipine loaded NLCs showed gmoo
surface with spherical morphology under scannirectebn microscope (SEM) and transmission electron
microscope (TEM) analysis. The maximum encapsulatifficiency observed was 92.65+0.5%limVitro
release study, Lacidipine loaded NLCs exhibitedigtaned release profile of Lacidipine and no brektase
was shown. The oral bioavailability study was perfed by using Wistar Albino rats. The relative
bioavailability of Lacidipine loaded NLCs wasfoutalbe 3.9. In conclusion, the NLC formulation sfgantly
improved the oral bioavailability of Lacidipine anelvealed a positiveaspect for oral delivery of howater-

1. Introduction

New drug molecules are been introduced into therpheeutical
industry everyday but only the development of newugd alone
is not sufficient to assure the progress in drugahpy. The most
common problem faced is low-solubility of drug mmlée which
ultimately leads to low bioavailability. Thereforthere is an
increasing requirement to develop a drug carriestesy that
overcomes these drawbacks. The carrier system dhuave
some important characteristics such as no toxi@tute and
chronic), have a sufficient drug loading capacitydathe
feasibility of drug targeting and controlled releaghe carrier
system should also provide chemical and physicdility for
the incorporated drug. The possibility of produetigcaling up
with reasonable overall costs should be availabé. Lipid-
based nanoparticle formulations may also incredse drug
absorption by improving dissolution and solubiliip the
intestinal milieu, by reducing gastric emptyinger@and increase
in mucosal permeability. Lipids are used to inceedgmph
formation and also promote lymph flow rgte NLCs are
composed of biocompatible solid lipid matrices diqdid lipid
which have different chemical structure from théidstipid[5].
Besides, NLCs have the usual particle diameteringnt0—-1000
nm. NLCs drug delivery system have many advantéigesigh
biocompatibility, controlled drug release, high diailability,
and the possibility of large industrial scale protiton.Drug
delivery system based on NLCs also have no probleitts
different routes of administration, such as oralravenous,
pulmonary and transdermal administrafioil]. However, the
various kinds of lipid NLC components results

in the imperfections type structures, amorphousestgpe or
multiple type to adjust more drug and decreasealthg leakage
during storagg.2]. Poorly water soluble drugs loaded by lipid
formulations have beenstudied for oral route angeh@ported
to enhance the oral bioavailability by numerouseaesh
team$13,14] but there are very less reports for oral
administration on NLC system.

Lacidipine, a calcium channel blocker used in higresion and
atherosclerosis treatment. It also contains ardamd effect and
is the most vascular selective dihydro pyridirel6].

Lacidipine shows high first-pass hepatic metabolend have
about 10% of mean absolute bioavailability. The plate
metabolism of Lacidipine takes place in the livgrdytochrome
P450 3A4 to pharmacologically inactive metabolit€$

Lacidipine is white to pale yellow crystalline, watinsoluble
(84ugl/lit), freely soluble in acetone and sparingly ubé in

absolute alcoh@l7].

2. Materials and methods
2.1 Materials

Lacidipine was a kind gift from Aarti Industriesd,tMumbai,
India. Glycerol monostearate (M.P. 52-54°C; molaculeight
358.63) was purchased from Yarrow Chem productsmivai,
India. Poloxamer 407 (molecular weight 12.5) wascpased
from Leo Chem, Bangalore, India. Linoleic acid waschased
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from Otto Chem products, India. Other chemicals everf
analytical grade.

2.2 Preparation of Lacidipine loaded NLCs

Solvent injection technique was used to prepareNh€s with
slight modificatiofi18,19] Lacidipine, specified amount of
Glycerol monostearate (GMS) and Linoleic acid agegiin
Tablel were dissolved in 4 ml of isopropyl alcohol (bodgi
point 81-83°C) and heated at the melting tempezadfirtGMS.
The resulting solution injected rapidly in 20 mlagfueous phase
containing specified amount of poloxamer 407 asemiin
Tablel. Then, it was continuously stirred at 400 rpm30rmin
on a magnetic stirrer and then 0.1 N HCI (8 ml) wdded to the
dispersion.

Table 1: Formulation Design of NLCs.

Formulation Amount of Amount of Linoleic
code drug(mg) acid(mg)
F1 30 10
F2 30 15
F3 30 20
F4 30 20
F5 30 30
F6 30 20
F7 30 20
F8 30 20
F9 30 20
F10 30 20
F11 30 20
F12 10 20
F13 20 20
F14 30 20
F15 40 20
F16 50 20

2.3 Characterization of NLC
2.3.1 Particlesize

The nanostructured lipid carrier formulations weharacterized
for their size by using digital microscope (BA-3Motic, USA).

Nanostructured lipid carriers were dispersed in I16fMmwater.

From the dispersion of NLCs, a drop of sample wasga on
glass slide and covered with cover slip. The pregpalide then
analysed under digital microscope under 40X macguifon. The
size of nanostructured lipid carriers were also lymeal by
Zetasizerat 25°C at an angle of 90°, taking theanpe of three
measurements.

2.3.2 Drug Entrapment Efficiency (DEE %)
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Thereafter, centrifugation was done at 10,000 rpm3D min at
10°C in REMI cooling centrifuge (Model C- 24BL, VAL779,
Vasai, India), and 4% poloxamer 407 (by weight) 1 ml
double distilled water was used to re-suspend tigregates
with stirring at 1000 rpm for 10mjh8]. Dialysis technique was
used for the purification of Lacidipine loaded NLOs the
dialysis bag re-suspended suspension was takerseaidd at
both ends. The dialysis bag was then dipped intd 10 of
double distilled water containing 0.2% (w/v) sodiulauryl
sulphate and stirred at 100 rpm for 20 min. Theeotrapped
drug was removed in 20 min. The HPLC was perforrhgd
using Younglin HPLC model equipped with Binary pun
mixture of acetonitrile: ammonium acetate buffer pia (90:10
viv) was used as mobile ph&sel. The flow rate of mobile
phase, injection volume and detection wavelengtlrew®.0
ml/min, 20ul and 283nm respectively. Lacidipine whd linear
calibration curve with R0.997 in the range 50-250pg/ml.

Amount of Glycerol Surfactant
monostearate(mg) concentration(%)
100 0.8
100 0.8
100 0.8
100 0.8
100 0.8
100 0.8
150 0.8
200 0.8
150 0.8
150 1.0
150 1.2
150 1.0
150 1.0
150 1.0
150 1.0
150 1.0

The drug entrapment was determined by RP-HPLC ndatbing
acetonitrile: ammonium acetate buffer (pH 5.0) {®80v/v) as a
mobile phase. 1ml of Lacidipine loaded NLCs col&idolution
centrifuged for 10 min at 4000rpm. Then the sohtiwas
filtered through a 0.48n membrane filter. After that, it analysed
by HPLQ21]. Drug entrapment efficiency (DEE) of
nanostructured lipid carriers calculated using tlodowing
equation;

Totalamountofdrug recovered

DEE (%) = x 100

Totalamountofdrugadded

2.3.3Invitro release studies
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The dialysis technique was usedifovitro drug release from the were expressed as mean * standard error mean ($.E5th
NLCs[22]. Dialysis bag of cellulose dialysis membrane (MWHata represents mean + SD (n=3).

cut- off 10,000 Da) was soaked in the distilled evaivernight

and then 1ml of drug loaded NLCs preparation wa®ertain 2.3.4 Scanning el ectron microscopy

dialysis bag with both the ends sealed with threads o ) ) )
Lacidipine loaded NLC was visualized by scanningctbn

Initial studies were carried out in 100 ml of 0.HCI (pH 1.2) microscopy for the surface morpholégy|. Before observation,
for 2 hours and then in phosphate-buffered sal®S) pH 6.8 the nanoparticles were fixed on a double-sidedtiape which
at 37°C on magnetic stirrer moving at a speed off@@ for had previously been secured on aluminum stubs leemd dcoated
24hrg23]. The pH was adjusted with 2N HCI or 2N NaOHWwith gold with thickness about 450 A using Sputeld coater
Samples were withdrawn at predetermined time imlenand and were visualized under scanning electron micsc
replaced with fresh media. Samples were filtered analysed

by using HPLC afnax Of 283 nni24]. All the values obtained

Figurel: SEM image of nanostructured lipid carriers

2.3.5 Transmission electron microscopy with double-distilled water on to copper grid cahteith carbon

film and followed by negative staining with 2% ppbstungstic
The morphology of Lacidipine loaded NLCs colloidadlution acid. Then the sample was dried in the air befoEEMT
was observed by transmission electron microscopg. Sample observatior(Figure 2).
was prepared by placing a drop of formulation whicts diluted

) b |

Figure2: TEM image of nanostructured lipid carriers

2.5 In vivo pharmacokinetics Lacidipine-NLCs suspension were administered oratlythe
rats. The

The male albino rats were used fior vivo pharmacokinetic

study. Before drug administration, these rats wémsted

overnight with free access to water. Lacidipinepsumsion and
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administration dose of Lacidipine was 2.5 mg/kg. défined sample were centrifuged for

time points (1, 2, 4, 6, 8, 12 and 24 h), the addd blood
The withdrawn blood sample volume was replaced idiately
with an equal volume of physiological saline. Thibds were
placed in a centrifuge for 20 min at 3000 rpm tpasate the
serum and then serum was stored at -20°C until dnadysis
was carried out using HPLC.

The standard pharmacokinetic parameters were tedldcom
each of the individual rat plasma and plasma canaton Vs.

time profiles of Lacidipine were determined by non
method using the Win Nonlin computer

compartmental
program. The fmx and t,were calculated directly from the
plasma concentration vs. time graph of Lacidipinéhe
trapezoidal method was used to obtain AUC. Thevds
calculated by linear regression of log linear porttiof the
plasma concentration time profileThe apparent plasma
clearance (CL) was obtained by dividing the dosth wiUC.
Win Nonlin software was used to determine the nreaidence
time (MRT). The relative bioavailability of NLCs ffimulations
was obtained by using the following formula:

o . ... AUCSampl
Relative bioavailability = ———2=
AUC Standard

3.0 Results and discussion

NLCs were successfully prepared by solvent
technique that depends on rapid diffusion of thiwesd over
the solventlipid interfaced with the aqueous phasd this
physical phenomenon is critical for the precipdati of
nanosized lipid particle. The formed small size NL@ay
couple with low density of lipids. To overcome thimgitation,
the pH was decrease to 1.5-2 to maintain the zdtnfal to a
level that raise the aggregation of nanopartidlagity of the
product obtained is another significant aspectraparation of
NLCs. A feasibility of existence of free Lacidipimparticles in
the sediment of Lacidipine-loaded NLCs can't baisefl. Both,

thein vitro andin vivo release behavior of Lacidipine can affect

the free drug particles. Therefore, dialysis tegheiwas used
to remove the free drug particles from the sedineémiLCs.

Table 2: Effect of amount of linoleic acid

injectio

10 min at 4000 [pm

Lacidipine have low molecular weight of 455.543 glmso that
this technique was considered suitable to remogefrée drug
particles. Free drug could be efficiently removed dialysis
from sediment of NLCs in 20 min and was used thhowg the
experiment. Glycerol monostearate demonstrated ehigh
bioavailability because of higher lipophillic naturof the
former that is responsible for more sustained saeaf the
drug26].

3.1 Analysis of dependent variables
3.1.1 Effect of formulation variables

In formulation of nanostructured lipid carriers (Q%), the
variables such as the amount of liquid lipid, amoohsolid
lipid, concentration of surfactant and amount afgdmay affect
the particle size and drug entrapment efficiendye Effect of
formulation variables was seen on nanostructuigd Garriers
to get desired particle size and maximum drug entent
efficiency (%) and the following variables were iofized;

Amount of liquid lipids (linoleic acid)
Amount of solid lipid (GMS)

Surfactant concentration (Poloxamer407)
Amount of Drug (Lacidipine)

Y VVY

Effect of amount of linoleic acid

The amount of linoleic acid (10mg, 15mg, 20mg, 25magd
30mg) was varied. Formulation batches from F1 towese
prepared to investigate the effect of amount obleic acid on
entrapment and particle size. All other parametides drug
amount (30mg), amount of solid lipid (100mg), cantcation
of surfactant (0.8%) and stirring speed (400rpmYyewkept
constant.

Optimization parameters such as particle size, digiibution
and drug entrapment efficiency (%) were evaluatétie
obtained results are tabulatedTiable 2.

Formulation Amount of Particle Size* Polydispersity Drug Entrapment
code linoleic acid (mg) (nm)+S.D index Efficiency
(%) £S.D
F1 10 259.546.2 0.462+0.36 75.9240.20
F2 15 257.449.6 0.357+0.63 86.38+0.08
F3 20 252.846.5 0.342+0.73 88.2310.09
F4 25 269.846.5 0.371+0.62 84.14+0.10
F5 30 264.849.6 0.35910.24 78.7240.05

(Mean £ S.D.)(n =3)

Effect of amount of solid lipid The amounts of liquid lipid (20mg linoleic acidprecentration
of surfactant (poloxamer 0.8%) and amount of dr8gn{g

Lacidipine) were kept constant. The amount of Gigte
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monostearate (100mg, 150mg, and 200mg) was variadal
three batches (F6 to F8) were prepared for evalgadltie effect

of solid lipid amount on particle size and entrapimefficiency.
The obtained results are tabulated able 3.

Table 3: Effect of amount of solid lipid with linoleic acid

Formulation Amount of Glycerol Particle Size* Polydispersity Drug
code monostearate(mg) (nm)£S.D index Entrapment
Efficiency
(%) £S.D
F6 100 259.546.2 0.342+0.34 77.24+0.07
F7 150 257.147.3 0.32940.52 81.12+0.02
F8 200 261.343.6 0.43240.73 75.66+0.11

(Mean £ S.D.)(n = 3)

Effect of surfactant concentration
The amounts of liquid lipid (20mg linoleic acid)dasolid lipid

(150mg glycerol monostearate) were kept constaifterent
formulation batches (F9-F11) were prepared withyivay

Table 4: Effect of su

amount of poloxamer 407 (0.8%, 1.0%, and 1.2%).e&hr
batches were prepared for evaluating the effecsuwsfactant
concentration on particle size and drug entrapnedfitiency
(%). The obtained results tabulatedriable 4.

rfactant concentration

Formulation Surfactant Particle Size* Polydispersity Drug
code concentration(%) (nm)£S.D index Entrapment
Efficiency
(%) £S.D
F9 0.8 252.745.6 0.342+0.36 88.23+0.02
F10 1.0 243.445.4 0.32410.24 90.25+0.03
F11 1.2 246.8+4.2 0.391+0.44 80.90+0.18

*(Mean = S.D.)(n = 3)

Effect of drug (Lacidipine) amount

The amounts of liquid lipid (20mg linoleic acid)plisl lipid
(150mg glycerol monostearate) and poloxamer 407) (&re
kept constant. The amount of drug (Lacidipine) wased from
10 mg — 50 mg and the formulation was loaded airdngt

speed (400rpm) was kept constant. Five batches {&1216)

were prepared for evaluating the effect of drug amboon

particle size and entrapment efficiency. The olatdinesults are
tabulated inTable 5.

Table 5: Effect of drug (Lacidipine) amount

Formulation code | Amount of Drug Particle Size* Polydispersity Drug Entrapment

(mg) (nm)xS.D index Efficiency
(%) £S.D
F12 10 255.1+7.3 0.363+0.42 86.4+0.1

F13 20 248.2+6.9 0.385+0.73 88.3410.2
F14 30 241.44+8.4 0.246+0.47 92.65+0.5

F15 40 245.7+6.3 0.37240.74 90.27+0.3
F16 50 254.1+3.7 0.361+0.53 80.14+0.7

Values of the particle size of the developed NLQO® aGlycerol monostearate was 150mg and linoleic ac@g @5 mg
documented irrable 2,3,4 and 5.The results showed that the(F4). Thus, the linoleic acid amount in the lipictnix affects the
amounts of GMS and linoleic acid were critical paeders in mean patrticle size. The size of NLCs was analyzeddba sizer
governing the particle size. After production, tharticles size as shown iRigure3.The entrapment efficiency of Lacidipine
ranged between 241.4+8.4nm and 269.846.5nm amdthin the different prepared nanostructured lipwhrrier
polydispersity was between 0.246+0.47 and 0.46Z&0The

mean particle size was least when Glycerol monosteavas
150mg and Linoleic acid and poloxamer407 conceptravere
20mg and1.0% (F14) and the particle size was largden
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formulations is shown in Tables 1, 2, 3 & 4. Thehast
entrapment efficiency of Lacidipine in all the paeed NLCs
was observed in batch F14 using 150mg GMS, 20mgé€lin
acid, 30mg Lacidipine and 0.1% Poloxamer407 comagoh.
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Concerning liquid lipid type, Linoleic acid
entrapment efficiency, being mixture of triglycexiof different

incremb the chain length (C8, C10) form less perfect crystaighwnany
imperfections offering space to accommodate thg.dru

Size Distribution by Intensity
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Figure 3: Particle size of nanostructured lipid carriers éZsizer)

3.1.2Invitro drug release

The optimized batch was subjected itovitro drug release
studies for 2 hrs in 0.1N HCI and further upto 2¢ lin
phosphate buffer (pH 6.8) by dialysis bag technigising
dialysis membraneln vitro release rate of Lacidipine loaded
NLCs is graphically presented ktigure 4. As both particle size
and entrapment efficiency are determinants of dreigase

from a given carrier system, the vitro release profile were
expected to vary accordingly. In 2hrs, 12hrs andr24f the
release study, the %CDR observed in NLCs formulatéeti
linoleic acid was 1.12+0.004%, 59.63+0.13% and 620919
%. The formulation F14 with smallest particle sefe241.4nm
and highest entrapment efficiency displayed maxin#a@DR
in a sustained manner.

100 -+

80 A

Cumulative % drug
e =2
o Q

release
(=]
o

o

0 10

Time (hr)

20 30

Figure 4: Invitro release profile of Lacidipine loaded NLCs

3.2 Invivo studies

Lacidipine NLCs and Lacidipine suspension were |gral
administrated to Male Albino rats. ThePlasma cotre¢ion—
time plots in rats after oral administration arewh in Figure
5.The Thawas 2h and the £ value was 571.770ng/ml after
oral administration of Lacidipine suspension. Hoerethe T,ax
value (4.03 h) of Lacidipine NLCs was two hourstahan that
of Lacidipine suspension. The visible differencéwsen T«
value of Lacidipine NLCs and Lacidipine suspensitenifested
that the rates of absorption of two formulationsreveot the
same. Lacidipine in suspension dissolved in thestimial tract
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and absorbed directly into systemic circulation. wewger,
Lacidipine in NLC could hardly be released into the
gastrointestinal tract, as was supported in ith@itro release
studies. Therefore, the intact Lacidipine NLCs welgectly
absorbed into the blood circulation and releasee dnug
gradually. The G, value of Lacidipine NLCs was 813ng/ml
which was significantly higher than that obtainedthwthe
Lacidipine suspension (571.770ng/ml). The corredpan
pharmacokinetic parameters are listedTable 6. The AUC
after oral administration of Lacidipine NLCs was4319+574.9
ng/mi/h, which was approximately 3.9fold higherrhthat of
Lacidipine suspension (975.8+£109.4 ng/ml/h). Thesults
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indicated that systemic absorption of Lacidipines@mificantly
enhanced by incorporating into NLC compared witlcitigpine

suspension. The NLCs showed a promising potential f
enhancing oral bioavailability of poorly water-sble drugs.

Table 6: Mean pharmacokinetic parameters of nanostructipe@tidarriers formulations

Formulation AUC G Plasma MRT tio Relative
(h*ng/ml) (ng/ml) clearance (h) (h) bioavailability
(ml/hr)
Drug suspension 2064.7586 | 571.770 5392.32 2.35 132 |1
Lacidipine loaded 8225 813 1236.82 10.0606 | 4.03 | 3.9
nanostructured lipic
carriers (NLCs)
1000
‘__§OO :
%OO . =—¢—Drug Solution
o £
£ 00 -
2 0
S ®200 -
S ¢
§ 0 1
o 0 5 10 15 20 25 30
Time (hr)
Figure 5: Plasma—drug profile curve
4. Conclusion [4]. Suresh, G., Manjunath, K., Venkateswarlu, V.,

Using solvent injection technique, Lacidipine wasessfully
incorporated in NLCs formulations which can be ptitdly
useful for delivery of this drug. From vitro drug release study,
it was concluded that the NLCs formulation delayked drug
release for two hours and controlled drug relegse 84 hrs. It
can be concluded from the result obtained that KieCs
developed for oral delivery of Lacidipine possessite specific
targeting ability, better stability and higher epment
efficiency, easy to scale up. Pharmacokinetic stuelyealed
prolonged T and improved relative bioavailability(4-fold) of [7].
Lacidipine loaded NLCs to Lacidipine suspensionrats after
oraladministration. The results of the present stigation
showed that the problems associated with the aoaMhilability
of Lacidipine could be overcome by incorporatingnio a new
gastrointestinal drug delivery system, nanostrecturipid
carriers.

(5]

(6].

[8].
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