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In this study, we specifically addressed two issues 
associated with: (1) the efficacy of cocoa butter – equium 
oil and cocoa butter – sesame oil to assure appropriate 
structural and compatibility features for building lipid 
nanostructured delivery systems; (2) the promising effect of 
lipid nanocarriers to entrap an antidepressant drug, 
Amitriptyline (Amt) and an antipsychotic drug, Risperidone 
(Ris). In this context, Amt and Ris – Nanostructured Lipid 
Carriers (NLCs) were synthesized by a melt emulsification method coupled with high homogenization technique.  Ris-loaded NLCs have 
average diameters between 130 and 150 nm, smaller than Amt-NLC. The repartition of polyoxyethylene sorbitan monooleate and 
phosphatidyl choline surfactants in the outer lipid core assures an electronegatively surface charge, with zeta potential values maintained in 
the range of -44 and -65mV. From the scanning calorimetry study, the NLCs showed amorphous characteristics, with a slight deceleration of 
endothermic peak and melting points for Amt/Ris-NLC as compared with empty-NLC. For the lyophilized NLCs that contain 15% So/Eqo 
and 7.5% Amt/Ris have been identified entrapment efficiencies of 77-84% for Ris and a significant increase for Amt, e.g. up to 99%, thus 
confirming the appropriate role of lipid matrix to be highly effective for entrapment of both kinds of drugs. 

 

 
 

INTRODUCTION* 

Currently, depression is considered to be the 
fourth spread globally disease, being one of the 
major human health problems. The Romanian 
Mental Health Association has found a significant 
increase in the major depressive episode with age, 
from about 2.5% (18-49 years) to 5.2% (over  
50 years), with a growth rate of 1.2 percentage 
points for each age group.1,2 Thus, it appears that 
over 10 years, the depression will become the 
second leading cause of disability worldwide, after 
cardiovascular disease. The most important brain 
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diseases include brain cancer, ischemic stroke, 
Alzheimer's disease, Parkinson's disease, multiple 
sclerosis and depression.3 

The diseases of central nervous system (CNS) 
have different causes, but they all share a common 
characteristic in terms of targeted delivery. This 
characteristic is the blood-brain barrier (BBB), 
which is one of the main reasons why the delivery 
of therapeutic molecules inside the brain is so 
complex.4 This BBB is almost impossible to be 
passed, if the drugs are not functionalized with 
specific targeting segments or if they are not 
encapsulated inside other nanostructures which are 
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recognized by the specific endothelial brain cells.4 
Thus, in order to overcome this limitation, 
numerous nanostructures of various sizes and 
shapes have been reported in the literature for the 
treatment of different brain diseases.5 Among 
them, Solid Lipid Nanoparticles (SLNs) and 
Nanostructured Lipid Carriers (NLCs) are the most 
representatives of the lipid-based nanosystems, and 
they have been used for the treatment of brain 
diseases in the last 15 years.6,7 These lipid 
nanostructures are more biocompatible if compared 
to the inorganic nanoparticles, and they have an 
inherent ability, due to their small size and to their 
lipid nature, to penetrate the BBB even without 
any functionalization.4 Despite SLN safety and 
efficacy, they suffer from several fundamental 
drawbacks, for instance, unsatisfactory drug load 
due to crystalline structure, drug extrusion during 
storage, and possible polymorphic transitions and 
particle growth during storage.8 In contrast, the 
advantages of NLCs can be discussed under 
different aspects,9,10 including high physical and 
chemical stability profile (the amount of 
imperfections is much higher in NLCs because the 
addition of oil that prevents the perfect recrystalliza-
tion of the solid lipid), ease of preparation, 
avoidance of organic solvent during production 
stage, increased drug loading capacity due to 
highly disordered structure (the disordered 
arrangement leads to hosting a higher amount of 
drug in molecular form and amorphous clusters), 
applicability for lipophilic and hydrophilic drugs, 
appropriate carrier specially for lipophilic 
substances, reduced expulsion of incorporated drug 
from the lipid matrix etc.11,12 

Due to the complexity of each pathology, each 
nanostructured delivery system must be properly 
studied and designed in order to achieve the 
maximum therapeutic effect with the lowest 
possible side effects. In this context, the present 
study aims to deepen two issues: (1) the efficacy of 
cocoa butter – echium oil and cocoa butter – sesame 
oil to assure appropriate structural and compatibil-
ity features for the building of several biocompati-
ble lipid nanostructured delivery systems; (2) the 
promising effect of the developed lipid nanocarriers 
to entrap and to increase the bioavailability of two 
drugs with a strong effect on the central nervous 
system, respectively an antidepressant – Amitrip-
tyline (Amt) and a neuroleptic/antipsychotic drug – 
Risperidone (Ris).  

Risperidone (Ris) belongs to the chemical class 
of benzisoxazole derivatives (Fig. 1), being a 

selective blocker of Dopamine D2 and Serotonin 
5-HT2 receptors that acts as an atypical 
antipsychotic agent. It has been shown to improve 
both positive and negative symptoms in the 
treatment of schizophrenia. Risperidone therapy is 
associated with serum aminotransferase elevations 
and in rare instances has been linked to clinically 
apparent acute liver injury.13 It showed minimal 
side effects and favorable clinical effects, 
considered to be one of the most treatment option 
for schizophrenia.14,15 Unfortunately, Ris has low 
aqueous solubility and exhibits low bioavailability 
due to extensive first pass metabolism and high 
protein binding (>90%).16 In the last years several 
studies were designed to formulate and optimize 
soft lipid vesicles,17 nanoemulsions,18 nanocrystal-
based formulations19 chitosan nanoparticles20 and 
solid lipid nanoparticles21 intended for brain 
delivery of Risperidone and proposed to overcome 
solubility and bioavailability issue of this 
antipsychotic drug.  

Nature provides natural compounds that are 
worldwide employed in the traditional medicine, 
being promising excipients for drug solubility and 
building of delivery systems. In the present study, 
to produce NLC loaded with Ris and Amt, the two 
categories of blended inner matrix have been 
selected on the basis of several structural 
considerations and owing to their promising health 
benefices. Echium seed oil (Echium plantagineum L.) 
is a rich source of omega-3 fatty acids which are 
widely used in food and pharmaceutical products 
due to their human health benefits.22 It contains 
high amounts of fatty acids, such as linoleic acid 
(C18:2) known as intermediate in the biosynthesis 
of eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA), also important for human 
nutrition.23 Moreover, echium oil also has a ratio of 
omega-3 to omega-6 ideal for health, which is not 
found in any another type of oil24. Sesame seeds oil 
(Sesamum indicum) enriched with ω−6 polyunsatu-
rated fatty acids, has antioxidant and anti-inflamma-
tory properties.25,26 Sesame oil consumption reduces 
blood glucose and has beneficial effects on lipid 
peroxidation and antioxidant levels in streptozotocin-
induced diabetic rats.27 Also, it has been suggested 
that it induce apoptosis of cancer cells28 and recently, 
it has been shown that sesame oil may have 
beneficial effects for multiple sclerosis patients, 
through a decrease in IFN-γ secretion and anti-
inflammatory and antioxidant activities.29 
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                                             a.                                                                                         b. 

Fig. 1 – The structure of: a. Amitriptyline (Amt); b. Risperidone (Ris). 
 

EXPERIMENTAL 

1. Materials 

Polyoxyethylenesorbitan monooleate (Tw 80), Synperonic 
PE/F68 (Poloxamer 188) and L-α-Phosphatidylcholine (PC) 
were obtained from Sigma Aldrich Chemie GmbH became 
Merck (Munich, Germany). The synthetic drugs, Amitriptyline 
hydrochloride (Amt), ≥98% (HPLC) and Risperidone (Ris) 
≥98% (HPLC) were purchased from Merck (Germany). 
Glycerol monostearate (GMS) was obtained from Cognis 
GmbH (Germany). The cocoa butter (CB), with a main 
composition of triglycerides of palmitic, stearic and oleic 
acids, e.g. palmitooleostearin and oleodistearine, was 
purchased from Elemental Company, SRL (Oradea, 
Roumania). The sesame oil was purchased from Elemental 
Company, SRL (Oradea, Roumania) and the Echium oil has 
been provideed by Mylnefield Research Services, Errol Road, 
UK. A gas chromatographic analysis was performed to 
determine the composition in fatty acids, the peaks 
identification being performed by comparing the retention 
times obtained with those of a standard mixture of 37 known 
methyl esters of known fatty acids (section 2.2). The standard 
mixture of 37 fatty acids methyl esters (Supelco™ 37 
Component FAME Mix) used for the gas-chromatographic 
analyses was purchased from Supelco. 

To improve the encapsulation efficiency of Amitriptyline 
in the lipid core of NLC, it was necessary to neutralize 
amitriptyline hydrochloride to obtain the free amine (soluble 
in lipophilic medium). Thus, 1g of amitriptyline hydrochloride 
(3.19 mmol) was dissolved in 20 ml of water. After adjusting 
the pH to 12 and repeated extractions in chloroform, the 
organic phase was washed with a supersaturated solution of 
sodium chloride, dried over anhydrous magnesium sulfate, and 
thereafter the chloroform was removed by vacuum distillation 
to obtain Amitriptyline, light yellow viscous oil. 

2. Transesterification of echium and sesame oils for 
determination of fatty acids composition 

The echium and sesame oils where converted in the 
corresponding fatty acids methyl esters (FAME) using a 
standard method of transesterification with methanol and BF3-
MeOH complex as catalyst.30 The production of methyl esters 
in an acidic medium (in the presence of BF3 in MeOH) was 
carried out in two steps: saponification of the triglycerides 
with sodium hydroxide and esterification of the sodium salts 
of the methanolic fatty acids (soaps) in acid catalysis (BF3). 

The gas-chromatograms of the fatty acid methyl esters 
mixtures were recorded on an Agilent Technologies model 
7890A instrument coupled with an Agilent Technologies 
model 5975 C VL MSD mass detector with Triple Axis 
Detector and Agilent auto-sampler. The separation into 
components was made on a capillary column especially 
designed for the fatty acids methyl esters (FAME) analysis 
(Supelco SPTM 2560, with the following characteristics: 100 m 
length, 0.25 mm inner diameter, 0.2 µm film thickness). The 
injection solutions were prepared in CH2Cl2 of HPLC purity 
grade. Fatty acids identification was made by comparing for 
each peak the retention time with those of a standard mixture 
of 37 fatty acid methyl esters (SupelcoTM 37 Component 
FAME Mix). Both, standard mixture and each of the fatty acid 
methyl esters of the analyzed vegetable oils were 
chromatographically separated under the same conditions, 
using the same temperature program (oven initial temperature 
140ºC to final temperature 240 ºC, heating rate 4 ºC/min.), 
injection volume 1µL, split rate 100:1, carrier gas He 
according to the Supelco specifications. The calibration of the 
signals was made by taking into account the concentration of 
each component of the standard mixture, correlated with the 
detector’s response. 

 
Table 1 

Fatty acids composition of echium oil and sesame oil 

Fatty acids Echium oil (Eqo), % Sesame oil (So), % 

Palmitic acid (C16:0) 6.15 8.51 

Stearic acid (C18:0) 2.64 5.88 

Oleic acid (C18:1, ω-9) 13.64 39.81 

Linoleic acid (C18:2, ω-6) 14.98 44.01 

γ-Linolenic acid (C18:3,  ω-6) 11.88 0.41 

α-Linolenic acid (C18:3,  ω-3) 37.66 – 
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Table 1 (continued) 

cis 11, 14 eicosadienoic acid 13.05 0.17 

Arachidic acid – 0.68 

 
3. Synthesis of Ris and Amt – NLCs 

The free- and loaded-nanostructured lipid carriers were 
prepared by a melt emulsification method coupled with the high 
shear homogenization (APV 2000 Lab Homogenizer, Germany), 
by using the method described by the authors elsewhere.31 In 
brief, an aqueous phase which consisted of distilled water and 2% 
surfactant mixture with different weight ratio between Tween 80, 
Phosphatidyl choline and Poloxamer 188 (w/w) and lipid phases 
(e.g. mixture of solid lipids, including CB/MSG and vegetable oils 
– echium oil/sesame oil) were separately prepared. Both aqueous 
and lipid phases were heated under stirring at 70°C for 5 min. The 
aqueous phase was gradually added to the oil phase with intense 
stirring; the hot emulsion was maintained 30 min under agitation. 
The resulted dispersions were subjected to a high shear 
homogenization stage (High-Shear Homogenizer PRO250 type; 
0~28.000 rpm; power of 300 W, Germany), by applying 12000 
rpm for 1 min and then processed through high pressure 
homogenization (HPH, APV 2000 Lab Homogenizer, Germany), 
with six homogenization cycles at 500 bar. The formed hot 
nanoemulsions were cooled at room temperature, under stirring 
for 15 min, to allow the recrystallization of lipid phase to form 
free- and Ris, Amt - loaded NLCs (Tables 2, 3). The aqueous 
dispersions of NLCs were frozen at –25oC overnight and were 
lyophilized for 72h, at –55oC using an Alpha 1-2 LD Freeze 
Drying System Germany. 

4.  Size determination, by DLS measurements 

The particle size parameters of lipid nanocarriers given by 
the hydrodynamic diameters, zaverage (the particle diameter plus 
the double layer thickness) and polydispersity index, Pdl (the 
measure of the distribution of nanoparticle population) have 
been determined after one day of preparation, using Dynamic 
Light Scattering technique (Zetasizer Nano ZS, Malvern 
Instruments Ltd., United Kingdom), at a scattering angle of 
90o and 25oC temperature. The free- and Amt, Ris-loaded 
NLCs aqueous dispersions were analyzed after appropriate 
dilution with deionized water to an adequate scattering 
intensity prior to the measurement. The particle size analysis 
data were evaluated using intensity distribution. The average 
diameters (determined based on the Stokes-Einstein equation) 
and the polydispersity index is presented with the average of 
three measurements. 

d = , 

where d is the diameter of the spherical particle, k is the 
Boltzmann constant, T is the absolute temperature, ρ is the 
viscosity of the medium, and D is the particle diffusion 
coefficient. 

5. Physical stability of NLC aqueous dispersions 

The physical stability of NLCs was evaluated by determining 
their zeta potential values, by measuring the electrical efficiency 
in an electric field. The zeta potential values were measured by 
using the principles of laser Doppler velocitometry.  An electric 
field is applied to the aqueous dispersion of free- and Amt, Ris – 
NLCs which than move with a specific velocity. This velocity is 

measured by laser interferometry technique and used for 
calculation of the electrophoretic mobility (based on Helmholtz-
Smoluchowsky equation) and from this the zeta potential value 
and zeta potential distribution. For the measurements, a Zetasizer 
Nano ZS, Malvern Instruments Ltd., U.K. equipped with He-Ne 
laser and l = 633 nm was used. Each sample was dispersed in 
deionized water and was adjusted with 0.9% NaCl solution, in 
order to reach a conductivity of 50 µ S/cm. All measurements 
were performed at 25°C, in triplicate and the mean value was 
reported. 

Zeta potential of NLCs was determined by measuring the 
electrical efficiency of nanoparticles in an electric field using 
Zetasizer Nano ZS. Electrophoretic mobility is converted to 
potential zeta using the Helmholtz-Smoluchowski equation: 

µ= , 

where ε is the potential of Zeta, ξ = electrophoretic mobility, ε 
is the dielectric constant of the environment, and η is the 
viscosity of the environment. 

6. Thermal behaviour of lyophilized lipid nanocarriers 

Differential scanning calorimetry measurement were 
performed using Netzsch DSC 204F1 Phoenix equipment and 
were carried out under nitrogen flow and heating rate of 5 °C/ 
min., in the temperature range 25 to 200 °C. The melting 
temperatures (Tm) and corresponding enthalpy (∆Hm) values 
were obtained from the registered thermograms.  

7. Entrapment efficiency of encapsulated drug 

The entrapment efficiency (EE%) of Amitriptyline and 
Risperidone into NLCs was determined by measuring the 
amount of the free/unentrapped drug, using the 
spectrophotometric method. The samples were prepared by 
uniformly mixing of the 0.5 g lyophilized Ris/Amt-NLCs with 
ethanol, after being centrifuged for 25 min at 13.000 rpm. The 
supernatant was collected, diluted and measured spectro-
photometrically at λmax = 238 nm for Amp and at λmax = 280 
nm for Ris, using an UV–VIS–NIR Spectrophotometer Type 
V670, Jasco, Japan. The calibration curves for Amt was 
determination at 238 nm, (concentration domain 1–14 mg/L, 
R²=0,9997) and for Ris at 280 nm (the concentration range of 
2–20 mg/L, R2 = 0.9980). The percentage of Ris/Amt 
entrapment efficiency was calculated using the equation: 

% 100a s

a

W WEE
W
−

= ×  

where: Wa is the weight of Amp/Ris added into nanocarriers 
and Ws is the analyzed weight of drug in supernatant. 

RESULTS AND DISCUSSION 

The lipid core containing cocoa butter, glyceryl 
monostearate and sesame oil or echium oil was 
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selected so that it could lead to highly disordered 
amorphous lipid networks which would present 
multiple network imperfections capable of 
encapsulating synthetic drugs with bulky structure, 
such as Risperidone. The obtaining of free- and Amt 
and Ris loaded – NLC was accomplished by the use 
of complex mixtures of alkyl polyoxyethylene 
sorbitan surfactants (Tween 80) in combination with 
an ionic surfactant (Phosphatidylcholine) and a non-
ionic co-surfactant (Polyethylene-Polypropylene 
glycol block copolymer) using the melt 
emulsification and high-pressure homogenization 
technique (HPH). In order to select the optimal 

surfactant composition that lead to a narrow 
distribution of the lipid particle size, the influence of 
the surfactant composition was first studied on free-
NLCs, by varying the mass ratio between the 
surfactants. The composition of each NLC-free is 
shown in Table 2. According to the obtained results, 
an average of Zave diameters of 132.5 ± 1.286 nm 
with a polydispersity index of 0.166 ± 0.007 was 
determined for a mass ratio of 85 : 10 : 5  between 
the Tw 80, PC and Poloxamer. This composition was 
subsequently used for the preparation of NLCs 
loaded with Risperidone and Amitriptyline. 

 
Table 2 

Influence of surfactants composition on average diameters of the free-NLC 

NLC type Tw 80 PC Polox MSG Cocoa 
butter 

Sesame 
oil (So) 

Echium oil 
(Eo) 

Zave  
(nm) 

PdI 

NLC-Eo 1.5 0.4 0.1 4 4 - 2 193.7 ± 0.850 0.352 ± 0.065 
NLC-Eo’ 2.125 0.25 0.125 4 4 - 2 151.8 ± 2.503 0.385 ± 0.021 

NLC-Eo’’ 1.7 0.2 0.1 4 4 - 2 132.5 ± 1.286  0.166 ± 0.007 
  
NLC-So 1.7 0.2 0.1 3.75 4 2 - 159.9 ± 0.896 0.237 ± 0.001 

  
Table 3 

Size and structural characteristics of NLC-Ris and NLC-Amt 

NLC formulation Drugs So Eo Zave (nm) PdI ξ  
(mV) 

EE% 

NLC-Eo-Amt 1 1% Amt  - 2 187.5 ± 1.704 0.141 ± 0.009 -44.5 ± 1.30 98.92 ± 0.0325 

NLC-So-Amt 1 1% Amt  2 - 234.8 ± 3.759 0.176 ± 0.016 -50.7 ± 1.99 99.24 ± 0.1800 
NLC-So-Amt 2 0.5% Amt  2 - 193.3 ± 3.553 0.186 ± 0.011 -44.7 ± 1.18 99.15 ± 0.1496 
        
NLC-Eo-Ris 1 1% Ris  - 2 153.2 ± 1.300 0.232 ± 0.002 -64.9 ± 1.31 77.72 ± 0.1909 
NLC-So-Ris 1 1% Ris  2 - 137.1 ± 1.375 0.160 ± 0.005 -59.0 ± 1.57 84.2 ± 0.2404 

 
1. Influence of the two types of lipid matrices  

on the size of Ris and Amt-NLC 

The comparative study of the two categories of 
lipid cores highlighted a significant decrease in 
average diameters when using cocoa butter in 
combination with echium oil, only reported for 
Amitriptyline-NLC. For example, Zave for NLC-
Eq-Amt 1 was 187.5 ± 1.704 nm versus 234.8 ± 
3.759 nm for NLC-So-Amt 1. It is noted that this 
behavior was not maintained in the case of 
Risperidone antipsychotic drug encapsulation, 
where the difference between the mean diameters 
is not significant (Table 3, Fig. 2); in this last case 
a slight decrease of the NLC based on sesame oil - 
cocoa butter (Zve = 137.1 ± 1.375 nm) was 
determined. The results obtained may be 

associated with: (i) the composition of the two 
vegetable oils, e.g. 44% linoleic acid (C18:2, ω-6) 
in sesame oil, compared to the echium oil (37% α-
linolenic acid, C18:3, ω-3) which lead to varied 
degrees of imperfections in the lipid network; (ii) 
the compatibility/affinity of the two drugs in the 
lipid melt, during the emulsion preparation step. 
 The low polydispersity index, ranging from 
0.186 to 0.141, demonstrates the existence of a 
rather narrow dimensional lipid population, as can 
be seen from the distribution of the NLC 
dimension shown in Fig. 3. Last but not least, the 
correlation of the dimensions with the subsequent 
results of the DSC and the encapsulation efficiency 
demonstrate the efficiency of these lipid networks 
to capture both selected drugs. 
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Fig. 2 – Average diameters (Zave) and polydispersity index (PdI) of free- and  Ris and Amt loaded-NLC. 

 
2. Determination of physical stability of lipid 

nanocarrriers loaded with Ris and Amt 

 To establish predictions about the stability of 
NLC aqueous dispersions obtained, the zeta 
electro-kinetic potential was determined, reflecting 
the electrical charge on the particles surface, being 
a key factor in assessing the physical stability of 
colloidal dispersions. Nanoparticles are unstable 
thermodynamic systems, and for stability, a 
potential of between -30 mV and -60 mV is needed 
to avoid particle aggregation. 
 The results obtained revealed negative Zeta 
potential values for both categories of cocoa 
butter and sesame oil/equium oil (Fig. 4). It 
should be noted that Ris encapsulated NLCs 
have more electronegative values than Amt-NLC 
(eg -59.0 ± 1.57mV for NLC-So-Ris 1 and -64.9 
± 1.31mV for NLC-Eqo-Ris 1), which may 
reported the presence of functional groups of Ris 
in the outer shell, with a direct result on the 
modification of surface loads by creating weak 
links between surfactants and the Ris molecule. 
The potential zeta values in the NLC-Amt were 
in the range of -44 to -50 mV (Fig. 4). These ξ 
values indicate the existence of effective 
repulsions between electrostatically-predisposed 
particles that will prevent NLC from aggregating 
over time. 

3. Evaluation of the lipid core before  
and after loading with Ris and Amt 

The benefits of lipid nanocarriers, such as their 
physical and chemical stability, are mainly due to 
the solid state of the particles. During and after the 
crystallization step, the particles may undergo 
polymorphic transitions, which are mainly a result 
of the type of lipid constituents. The components 
of the lipid matrix determine the types of 
crystalline and/or amorphous changes that may 
occur, being the main factors influencing the 
number and type of lipid network imperfections. 
The arrangement of the hydrocarbon chains of the 
fatty acids from triglyceride structure of vegetable 
oils and cocoa butter (saturated and unsaturated) is 
generally correlated with the entrapped capacity of 
the drug. Amorphous lipid structures provide a 
higher loading capacity than crystalline structures. 

The evaluation of the crystalline or amorph 
structure of the samples was performed on the basis 
of differential scanning calorimetry (DSC) in the 
range 25–150oC. The allure of the DSC curve and the 
presence of two peaks, one around an average of 
33°C (characteristic of unsaturated fatty acids) and 
between 53–55.4 °C (specific for solid lipids present 
in the NLC core), underlined an amorph and 
disordered lipid network (Fig. 6). Comparing the 
results obtained for the free NLCs formulated with 
echium oil and sesame oil, it can be seen that there 
are no significant changes in the lipid network due to 
the higher unsaturation of the echium oil (e.g. 44% 
linolenic acid, C18: 3). 
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Fig. 3 – Illustration of lipid population distribution for several representative Ris and Amt loaded-NLC.  

  

 
Fig. 4 – The zeta potential values for free and NLC encapsulated with Ris and Amt. 
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Fig. 5 – Distribution of zeta potential values for several NLCs representative samples. 

   
Slight changes were determined when the two 

drugs are encapsulated, by means an  increase in 
the melting point for NLC-Ris (Table 4), and a 
decrease in the melting point for NLC-Amt. 
Significant changes in ∆H were also observed, 
visibly different, depending on the nature of the 
vegetable oil, e.g. from ∆H = 32.15 J/g (for NLC-

Eo/free) to 28.5 J/g (for NLC-Eo-Amt 1 and 2) 
versus NLC based on sesame oil (eg ∆HNLC-Eo /free = 
43.4 J/g and 36.6 J/g and 39.9 J/g for the two 
loaded nanocarriers, NLC-So-Ris/Amt). These 
noticeable changes in DSC parameters reveal more 
or less disturbing of the two lipid cores as a result 
of drug encapsulation. 
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Fig. 6 – The calorimetry behavior of free-NLC and loaded with pharmacologically active compounds. 

 
Table 4 

DSC parameters for the free and Amt, Ris – loaded NLC 

Sample Tm1 (ºC) ∆H 1 (J/g) Tm2 (ºC) ∆H 2 (J/g) 
NLC-Eo (free-NLC based Eo) 32.9 12.42 55.0 32.15 

NLC-So (free-NLC based So) 33.4 22.98 55.0 43.40 

NLC-So-Ris 1 36.2 17.86 54.2 36.36 

NLC-Eo-Ris 1 34.0 16.00 55.4 34.62 

 
NLC-So-Amt 1 32.7 6.16 54.4 39.90 

NLC-Eo-Amt 1 31.7 10.27 54.2 28.55 

NLC-Eo-Amt2 32.0 4.61 53.3 28.55 

Tm1 and Tm2 = melting temperatures 

 
4. Determination of entrapment efficiency  

of Amitriptyline and Risperidone 

 In order to highlight the performance of the two 
lipid cores in building efficient nanocarriers, the 
following step was aimed to determine the Amt and 
Ris encapsulation efficiency. Entrapment efficiency 
values for Ris and Amt encapsulated in NLC based on 
cocoa butter and sesame oil, respectively cocoa butter 
and echium oil, indicated a better ability of NLC to 
capture Amt compared to Ris. For example, in the 
case of NLC-Ris, EE values were 77.72 ± 0.191 for 
NLC-Eo-Ris 1 and 84.19 ± 0.24 for NLC-So-Ris 1, 

while in case of NLC-Amt it reached maximum 
values of 98-99%, in both categories of lipid cores. 
This behavior can be correlated with: 1. better affinity 
and solubility of Amitriptyline in the two vegetable 
oils due to its oily natur; 2. the presence of a 
significant amount of Risperidone in the surfactants 
coating of NLC, which in the encapsulation 
determination step was fairly readily taken over by 
the solvent; this is also supported by the previous zeta 
potential values that suggest a change in surfaces 
(due to the drug distribution in the coating), only for 
NLC-Ris systems. 
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Fig. 8 – Encapsulation efficiency values for Ris and Amt loaded -NLC based on cocoa butter and sesame oil/echium oil. 

 
CONCLUSIONS 

In the present study various experiments were 
carried out to obtain lipid nanocarriers able of 
encapsulating synthetic drugs with a strong effect 
on the central nervous system. The main purpose 
of the research was to increase the bioavailability 
of both, antidepressant (Amt) and neuroleptic (Ris) 
drugs, by encapsulation into appropriate NLC 
based on bioactive vegetable oils. 

The blended inner matrix of NLC based on 
cocoa butter and sesame oil, respectively cocoa 
butter and echium oil, affords promising physical 
stability (with zeta potential values more 
electronegatively than 50mV) and high disordered 
lipid arrangement of the host matrices.  

Average main diameters, ranging from 120 to 
235 nm, as well as low values of the polydispersity 
index, e.g. Pd1<0.19 revealed relatively monodis-
persed lipid particle populations. The calorimetric 
profiles and DSC parameters indicated that the 
lipid matrix produced with two vegetable oils 
guaranteed a high encapsulation efficiency of 
Risperidone and Amitriptyline. Summarizing, the 
developed lipid nanocarriers have a high potential 
for pharmacological applications, representing 
suitable delivery systems for the brain active drugs. 
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