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Quetiapine is an atypical antipsychotic used to treat schizophrenia. However, despite great interest for its chronic therapeutic use, 
quetiapine has some important side effects such as weight gain induction. The development of a quetiapine nanocarrier can potentially 
target the drug into central nervous system, resulting in a reduction of systemic side effects and improved patient treatment. In the 
present work, a simple liquid chromatography/ultraviolet detection (LC/UV) analytical method was developed and validated for 
quantification of total quetiapine content in lipid core nanocapsules as well as for determination of incorporation efficiency. An 
algorithm proposed by Oliveira et al. (2012) was applied to characterize the distribution of quetiapine in the pseudo-phases of the 
nanocarrier, leading to a better understanding of the quetiapine nanoparticles produced. The analytical methodology developed 
was specific, linear in the range of 0.5 to 100 µg mL−1 (r2 > 0,99), and accurate and precise (R.S.D < ±5%). The absolute recovery 
of quetiapine from the nanoparticles was approximately 98% with an incorporation efficiency of approximately 96%. The results 
indicated that quetiapine was present in a type III distribution according to the algorithm, and was mainly located in the core of the 
nanoparticle because of its logD in the formulation pH (6.86 ± 0.4). 
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INTRODUCTION

Schizophrenia is a chronic and severe brain disorder that presets 
cognitive impairment in nearly all patients being very disabling.1 
Quetiapine (QTP), marketed as quetiapine fumarate (Figure 1), is 
an atypical antipsychotic used to treat schizophrenia. It belongs to 
the group of the dibenzothiazepines and is structurally similar to 
clozapine, the prototype of the atypical antipsychotics.2 

QTP interacts with multiple neurotransmitter brain receptors and 
has a high serotonin/dopamine binding ratio, with the affinity to sero-
tonin type 2 receptor (5-HT2) about twice as strong as the dopamine 
D2-receptor.3 This receptor blocking profile is in part responsible for 
the low incidence of extrapyramidal side-effects of quetiapine and 
the good response in reduction of positive (e.g: hallucinations and 
delusions) and negative (e.g: poverty of speech and apathy) symptoms 
of schizophrenia.4 However, in spite of the great therapeutic interest 
of this drug for chronic use, quetiapine-induced weight gain is of 
major clinical importance since it is associated with severe metabolic 
complications and increased morbidity and mortality.5 

The uses of polymeric nanocapsules, submicron vesicles com-
posed of a polymeric shell, an oil core and stabilized by surfactants, as 
drug carriers have been received much attention over the last years due 
to their biodegradability, the ability to control drug release, modulate 

drug’s pharmacokinetics and to vetorize drugs to specific tissues in 
the human body reducing systemic side effects.6-8

Dimer et al.6,9 showed that administration of olanzapine loaded 
in a polymeric nanoparticle increased brain penetration of the drug, 
prolonged its therapeutic efficacy and reduced olanzapine-induced 
weight gain and total cholesterol in male Wistar rats comparing with 
those that received the free drug. In this context, the development of 
a polymeric systems loaded with QTP can target the drug into the 
central nervous system, reducing peripheral tissues distribution and 
consequently the occurrence of side effects potentially improving the 
treatment of schizhophrenic patients. 

Jäger et al.10 developed lipid-core nanocapsules (LNC) with a 
core composed by a dispersion of sorbitan monostearate (SM) and 
medium chain tryglicerides (MCT) (capric/caprylic acid) surrounded 
by poli(e-caprolactone) and polysorbate 80 (Tween-80).6,8,10 The 
author showed that varying the MCT and SM concentration it is pos-
sible to modulate the drug release kinetics when the drug is dispersed 
within the lipophilic core which is an important factor when using 
nanocarriers as delivery systems. 

Oliveira et al.7 developed an algorithm in order to determine 
the mechanisms of drug distribution in LNC formulation using the 
ultrafiltration-centrifugation technique and liquid chromatography 
(HPLC) analysis. The called therapeutic “nano-effect” expected from 
the administration of LNC formulation is dependent on the drug dis-
persion among the diverse pseudo-phases of the colloidal suspension 
(inner, interface and outer pseudo-phases of the formulation). Thus 
this strategy can be applied in order to select formulations intended 
for drug delivery systems. 

Due to its pharmacologic activities in the CNS3 and its physi-
cochemical properties such as logD7.4 and ability to absorb certain 
wavelengths from the ultraviolet spectrum of light11 QTP is a good 
liphophilic drug model to be encapsulated in LNC and evaluated in 
terms of drug targeting to the brain.

Although QTP is not official in most worldwide used pharma-
copeias,12 there are publications concerning only the analysis of 
quetiapine fumarate in bulk and pharmaceutical dosage forms using 

Figure 1. Molecular structure of quetiapine (A) and quetiapine fumarate (B)
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usually liquid chromatography/mass spectrometry (LC-MS/MS 
methods).13,14 So it was necessary to develop and validated a simple 
and rapid liquid chromatography/ultraviolet detection (LC/UV) 
analytical method, according to the Brazilian Health Surveillance 
Agency (ANVISA) guidelines, for the extraction and quantification 
of QTP from LNC developed to determine the total drug content and 
encapsulation efficiency as well as to investigate QTP mechanism of 
distribution in the pseudo-phases of this nanocarriers. 

EXPERIMENTAL

Chemicals

Quetiapine fumarate (purity > 99.0%) was a donation from 
Prati Donaduzzi Pharmaceutical Laboratory (Toledo – PR, Brazil). 
Acetonitrile, methanol (LC grade) and triethlamine were obtained 
from Tedia (Fairlfield, USA). Other chemicals used were of analytical 
reagent grade and purchased from commercial sources. Water was 
purified by a Milli-Q system (Millipore®).

Quetiapine base preparation

QTP base was prepared by liquid-liquid extraction (ethyl 
acetate/ammoniun hydroxide saturated solution) from QTP-
hemifumarate. Briefly, QTP-hemifumarate (corresponding to 10 g of 
QTP free base) was solubilized in 100 mL of ethyl acetate aqueous 
solution (50% v/v). Under controlled magnetic stirring ammonium 
hydroxide solution (30%) was slowly added to QTP solution and 
the pH was set to 10. After 30 min, the solution was transferred to 
a separation funnel and extracted with 150 mL of distillated water. 
The ethyl acetate phase was concentrated under reduced pressure to 
remove the solvents. The prepared QTP base was a faint yellow oily 
material. The removal of fumaric acid was confirmed by infrared 
spectroscopy (data not show). 

Preparation of lipid-core nanocapsules

QTP lipid core (QLNC – 1 mg mL-1) (n = 3 batches) and LNC 
blank nanocapsules were obtained by nanoprecipitation of preformed 
polymer.8,10,15 PCL (0.1 g), medium chain triglycerides (160 μL), 
sorbitan monoestearate (0.019 g) and QTP (0.01 g) were dissolved in 
acetone (20 mL) and ethanol (3 mL). This organic phase was injected 
into an aqueous phase containing polysorbate 80 (P-80) (0.078 g) in 
ultrapurified water (53 mL) under magnetic stirring. After 10 min, 
acetone was eliminated and the suspension concentrated to 10 mL 
under reduced pressure. Blank nanocapsules were prepared in the 
same manner, but the drug was not added to the organic phase. 

LC/UV apparatus and chromatographic conditions

The method was performed on a Waters LC system equipped 
with a Waters® 600 pump controller, automatic injector (717 Plus, 
Waters®), and a Waters® 2487 dual λ absorbance detector. Analytical 
separation was achieved on a reversed phase C18 column (Phenomenex 
Luna 150 mm x 4.6 mm i.d.; particle size 5 µm) coupled to a C18 
Phenomenex security guard pre-column. 

Chromatographic separation was accomplished by the isocratic 
elution of a mixture of a triethylamine solution (0.4%, v /v) adjusted 
to pH 3.0 ± 0.2 using phosphoric acid and acetonitrile (70:30, v/v). 
Before delivering the mobile phase into the system, it was degassed 
for 30 min by sonication and filtered through 0.45 µm filter (Sartorius, 
Germany) using vacuum. The flow rate was 1 mL min-1 and the injec-
tion volume was 20 µL. QTP was detected at 225 nm and the total 

run time was 6 min. Waters® Empower software was used for data 
acquisition and processing.

Standard solutions, analytical curves and quality control 
samples

QTP standard stock solution (1 mg mL-1) was prepared in volu-
metric flask diluting the appropriate amount of the substance in metha-
nol and stored at -80 ± 1 °C. QTP working solutions were prepared by 
subsequent dilutions of the stock solution in methanol:water (50:50, 
v/v) to reach the concentration range of 0.5 – 100 µg mL-1. Standard 
curves were generated by measuring the seven different standard 
concentrations (0.5; 1; 5; 7.5; 12; 16 and 20 µg mL-1) and quality 
control (QC) samples were prepared with low (QCL: 0.75 µg mL-1), 
medium (QCM: 10 µg mL-1) and high (QCH: 15 µg mL-1) concentra-
tions. All work and standard solutions were freshly prepared every 
day during the ongoing analysis.

Sample preparation

In order to determine the total QTP concentration in QLNC 
formulations the nanocapsules (100 µL) were dissolved in methanol 
(10 mL) and placed for 20 min in an ultrasonic bath. An aliquot of 1 
mL was centrifuged at 12.000 rpm for 10 min and filtering (0.45 µm) 
before HPLC injection. QCs were prepared using 100 µL of blank 
LNC (without drug) spiked with QTP solution. 

To obtain the encapsulation efficiency, free QTP concentration 
was obtained using the centrifugation-ultrafiltration technique using 
a Microcon® membrane device (MC Milipore 10 KDa) filled with 
0.2  mL of QLNC formulation and centrifuged at 5.000 rpm for 
10 min. The filtrate was collected and inject into the LC/UV system. 

Method validation

The method was validated according to the International 
Conference of Harmonization guideline16 considering the following 
parameters: linearity, precision, repeatability, accuracy, recovery, 
limit of quantification and limit of detection. 

To assess selectivity, comparative analyses of the QLNC and 
blank LNC were performed in order to evaluate if any formulation 
components interfered with QTP quantification.

Linearity determination was conducted by quantifying three dif-
ferent QTP standard curves (ranging from 0.5 - 20 µg mL-1) prepared 
daily for two consecutive days. The standard curve equation was 
obtained plotting QTP peak area against the respective nominal con-
centration. By using linear regression analysis (least square regression 
method) the slopes, intercepts and determination coefficients were 
determined. The validity of the assay was verified by means of the 
one-way ANOVA (α = 0.05).

Intra-day precision (repeatability) was evaluated by extracting 
and performing six determinations of QCM (10 µg mL-1) sample 
(blank LNC spiked with QTP), corresponding to 100% of the test 
concentration, in the same day. Inter-day precision (intermediate 
precision) was evaluated comparing six determinations of QCM on 
two consecutive days. Precision was given as the relative standard 
deviation (R.S.D%). 

Accuracy of the method was determined by adding a known 
amount of QTP (100 µg mL-1) to the sample solution (blank LNC), 
resulting in six concentrations of each QC samples (0.75 µg mL-1; 
10 µg mL-1 and 15 µg mL-1) on two consecutive days. The assay ac-
curacy was calculated as relative error (R.E%). Precision and accuracy 
values within ± 5% of the nominal concentration were considered 
acceptable, according to the validation guidelines used. 
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The quantitation limit (QL) and the detection limit (DL) were 
estimated using the standard deviation of the response based on 
the calibration curve and the slope ratio multiplied by 10 and by 3, 
respectively. 

The standard solutions stability was investigated at room tempera-
ture after 6 h of preparation and after 1 week and 1 month stored at 
-80 ± 1 °C. Sample stability studies were carried out in triplicate for the 
lower and higher QCs solutions. The samples were considered stable 
if the deviation from nominal concentration was within ± 5% (16,17).

QTP saturation concentration in water and P-80 aqueous 
solution

QTP saturation concentration in pure water and polysorbate 80 
aqueous solution was determined by adding an excess of the drug to 
pure water (n = 3) or to solutions (n = 3) containing P-80 in the same 
concentration as in the LCN aqueous phase. The mixture was soni-
cated for 10 min and, after 24 hours of storage at room temperature, 
samples were centrifuged at 1844 x g for 10 min and the supernatant 
was analyzed by LC/UV. 

pH measurements and logD determination

The pH values of the QLNC formulation were measured using 
a calibrated potentiometer (Digimed, Brazil) at 25 °C. The soft-
ware MarvinSketch 5.12.4 (Academic Licenses - ChemAxon,Ltda, 
Budapest, Hungary) was used to determine the logD values, using 
the experimental pH values obtained. 

Determination of the drug distribution into the LNC

The distribution of QTP among the diverse pseudo-phases of 
the nanocapsules suspension was determined using an algorithm 
developed by Oliveira et al.7. Briefly, QLNC were diluted with ul-
trapure water in order to give final concentrations of 1:2, 1:10, 1:100 
and 1:1000 (v/v). 200 µL of each diluted sample was transferred to 
centrifugal filter device (Microcon® - Millipore) and centrifuged at 
1844 x g for 10 min at 25 ± 1 °C. The filtrate was collected and 20 µL 
was injected into the LC/UV as describe previously. This experiment 
was performed in triplicate. 

RESULTS AND DISCUSSION

LC/UV method development

Before the validation step, the chromatographic conditions were 
optimized for the determination of QTP in order to provide a good 
performance analysis within a suitable analysis time (5 min), peak 
parameters (symmetry, tailing), ease of preparation and low cost.

The mobile phase consisting a mixture of triethylamine aqueous 
solution (0.4%, v/v) adjusted to pH 3.0 ± 0.2 using phosphoric acid 
and acetonitrile (70:30,v/v), using isocratic mode with mobile phase 
flow rate at 1.0 mL.min-1 was found to be satisfactory allowing a rapid 
determination of the drug, which is important for routine analysis.

The use of a C18 column was suitable for separation of QTP and 
resulted in adequate peak shape and resolution. Based on QTP UV 
spectra (data not shown) the wavelength for UV analysis was chosen 
allowing the maximum absorption for the drug detection.

The specificity of the analytical method is illustrated in 
Figure 2 by comparing the chromatograms of blank extracted LNC 
(Figure 2-A) and QTP extracted from QLNC formulation (10 µg mL‑1) 
(Figure 2-B). 

The chromatograms obtained by LC/UV for blank LNC showed 

a low signal response for the solvent and did not show any peak with 
similar retention time to QTP (4.3 min ± 5%) allowing to conclude 
that the developed method is selective in relation to the excipients of 
the final QLNC formulation. 

Method validation

Linearity of the standard curves was checked in six different 
runs by the calculation of slopes, intercepts and determination coef-
ficient of each individual curve after plotting the peak area versus 
nominal concentration. The method showed good linearity in the 
0.5 – 20 µg mL-1 range. The representative linear equation was: y 
= 66519.17x - 5343.8 with a determination coefficient (r2 = 0.999) 
highly significant for the method (Table 1). 

The linearity results were analyzed for statistical significance by 
ANOVA, using the software GraphPad Prism 5.01. A linear regression 
(Fcalc > Fcrit; p > 0.05) with no deviation from linearity (Fcalc < Fcrit; 
p < 0.05) was observed.

Repeatability (intra-day) and intermediate precision (inter-day) 
of the method are reported in Table 2. 

The method showed repeatability R.S.D (%) ranging between 
0.53 - 1 and an intermediate precision R.S.D (%) of 1.36, lower than 
the officially accepted 5%, in accordance to ANVISA (16) and ICH 
(17) being considered precise. 

The accuracy of the method was determined and the mean 
recovery was found to be 101.5% (Table 3). According to ICH and 
ANVISA guidelines, for pharmaceutical formulations the recovery 
percent in accuracy test must be between 95% and 105%, equivalent 
to ± 5.0% of the relative error. 

The results of the stability tests showed that QTP standard 
solution was stable at room temperature for 6 hours, maintaining 
104.11 ± 0.19% (lower CQ) and 102.06 ± 3.80% (higher CQ) of the 
initial concentration and for 1 month in at the -80 ± 1 °C freezer (lower 
CQ: 99.31 ± 0.19% and higher CQ: 100.20 ± 1.43%).

A literature review showed that previous methods described QTP 
quantification using liquid chromatography in tandem with mass spec-
trometry, using high percentage of organic solvent or long running 
time (~ 9.0 min).13,14,17 The present method is simple, economical (the 
mobile phase is 70% water) and rapid (QTP retention time: 4.3 min) 
and was successfully applied for quantification of QTP associated 
with nanoparticles. 

QLNC pH measurements and logD determination

In order to determine the pH of the QLNC, three different batches 
were prepared. The QLNC were physicochemically characterized 
presenting nanometric size (D4.3 = 172 ± 5 nm), negative zeta po-
tential (-9.15 ± 0.9 mV) and low polydispersity index (PI < 0.1). 
Blank nanocapsules showed similar results in the physicochemical 
characterization (data not shown)

The pH was measured in triplicate, just after the preparation 
of the LNC (Day 0) and ten days after (Day 10), using a calibrated 
pHmeter. The results are presented in Table 4. 

The logarithm of the octanol-water distribution coefficient (logD) 
is defined as the ratio of the equilibrium concentration of a molecule 
(unionized) in octanol to that of the same molecule in the water 
phase (unionized or ionized) and is used as a tool to estimate drug’s 
lipophilicity. According to Oliveira et al.7 the logD at the pH of the 
nanocapsules formulation is the best physicochemical parameter for 
predicting the type of drug distribution in LNC aqueous solution. 

Using the software MarvinSketch 5.12.4 QTP octanol-water 
partitioning pH-dependent logD was simulated considering the 
molecule ionizable groups and the different ionic forms of the drug 
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in solution with pHs ranging between 0 and 14. Fo the simulations 
equation 1 was used: 

	 	  (1)

The simulation plot of LogD as a function of pH is shown in 
Figure 3.

Analyzing the graph in Figure 3 it is possible to note that there is a 
proportional pH-dependent partitioning effect for QTP. An increasing 
in the pH promotes an increase in QTP unionized molecules in water 
increasing the drug’s affinity to octanol phase. 

QLNC formulation pH at Day 0 was 6.86 ± 0.4, leading to a 
QTP logD of 2.35. 

QLNC drug content and incorporation efficiency 

The LC/UV validated method was successfully applied in order 
to determine the total QTP content and the drug loading into LNC 
following centrifugation-ultrafiltration method. The incorporation 
efficiency (IE%) was determined for the difference between the 
total QTP concentration and the concentration of free drug in the 
ultrafiltrate, using the following equation (Eq. 2):

	 	 (2)

where Qtotal is the total concentration of QTP in the colloidal 
suspension (µg mL-1) and Qfree is the concentration of free QTP in 

Figure 2. Representative LC chromatograms of: (A) blank extracted LNC; (B) and QTP extracted from QLNC formulation (10 µg mL-1). QTP retention time 
is 4.3 min
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describes the efficiency of the QTP loading process into the QLNC. 
After centrifugation, the ultrafiltrate could be directly analyzed by 
the LC/UV method developed, without any sample preparation 
steps. The high IE observed (95.5%) is due to QTP lipophilicity at 
the formulation pH which increases the dispersion of the drug in the 
lipid core of the nanocapsules. 

QTP saturation concentrations in water and polysorbate 80 
aqueous solution

The saturation concentration of QTP in pure water was 
4.1 ± 0.6 × 10-2 mg mL-1, slightly lower than in the P-80 solution, 
5.5 ± 0.3 × 10-2 mg mL-1. These results demonstrate that free drug 
is soluble in LNC aqueous medium of nanoparticles dispersion and 
that QTP concentration in the ultrafiltrate is below its saturation con-
centration does not allowing for the formation of insolubles crystals. 
Furthermore, the drug is very soluble in the oil of the nanoparticles 
core (> 1 mg mL-1). After LNC dilution with pure water, viewing to 
determine the type of drug distribution in the nanoparticles, QTP 
concentration in the aqueous media is even lower that the saturation 
concentration and no nanocrystal could be formed. 

Application of the algorithm to experimentally determine QTP 
distribution QLNC formulation

We applied an algorithm proposed by Oliveira et al.7 in order to 
determine the distribution of quetiapine in the pseudo-phases of the 
nanoparticles. 

The algorithm is composed of six questions and the rational 
basis of it is the use of serial dilutions and centrifugations in order 
to shift the drug distribution equilibrium allowing the quantification 
of the drug distribution among the different pseudo-phases of the 
formulation. The results obtained for the dilution in QLNC are 
shown in Table 6.

The results summarized in Table 6 were used in order to answer 
the questions of the algorithm. The first question is regarding the size 

Table 4. pH measurement of blank LNC and QLNC formulations after pre-
paration (Day 0) and ten days later (Day 10)

Formulation
Mean pH

Batches Day 0 Day 10

Blank LNC

1 6.6 ± 0.5 5.26 ± 0.5

2 6.8 ± 0.1 6.72 ± 0.3

3 6.3 ± 0.3 6.59 ± 0.2

QLNC (1 mg mL-1)

1 6.95 ± 0.5 6.62 ± 0.1

2 6.94 ± 0.1 6.56 ± 0.2

3 6.71 ± 0.6 6.27 ± 0.5

Data show mean ± S.D for triplicate measurement in the same formulation 
batch.

Table 1. Results of regression analysis of data for the quantification of QTP 
by LC/UV method

Curve Slope y-intercept
Determination 

Coefficient

Day 1

1 68316 7185 0.9996

2 67132 5051 0.9998

3 68525 5651 0.9995

Day 2

1 63349 5251 0.9999

2 68678 4435 0.9999

3 63115 4490 0.9998

Mean 66519 5344 -

SD 2605 1013 -

R.S.D (%) 3.9 - -

Table 2. Intra-assay and inter-assay precision for the LC/UV method

Nominal concentrations Day
Measured 

concentrations 
(µg mL-1)

S.D
R.S.D 
(%)

Repeatability (n = 6/day)

10 µg mL-1
1 10.13 0.10 1.00

2 9.89 0.05 0.53

Intermediate Precision (n = 12)

10 µg mL-1 10.00 0.13 1.36

SD. standard deviation; R.S.D. relative standard deviation. 

Table 3. Accuracy for the determination of quetiapine in LNC by LC/UV 
method 

Nominal Concentration
Determined 

concentration range 
(µg mL-1)

Accuracy (%)

0.75 µg mL-1 0.75 – 0.76 101.36

10 µg mL-1 9.90 – 10.36 101.95

15 µg mL-1 14.84 –15.85 101.20

Figure 3. QTP octanol-water partitioning values (LogD) as a function of pH 
obtained after MarvinSketch simulation using Eq. 1

Table 5. Absolute recovery (QTP content – mg  mL-1) and encapsulation 
efficiency (%) in the QLNC formulations

Formulation Batches
Drug content 

(mg mL-1)
Incorporation 
efficiency (%)

QLNC 
(1 mg mL-1)

1 0.985 ± 0.8 95.4 ± 0.1

2 0.987 ± 0.3 97.8 ± 0.2

3 0.957 ± 0.1 93.3 ± 0.1

Mean 0.976 95.5

S.D 1.4 1.8

the ultrafiltrate phase (µg mL-1). The results of incorporation efficiency 
are summarized in Table 5. 

The method of sample extraction and analysis proved to be effi-
cient for absolute recovery analysis, the average-absolute recovery 
(QTP content) was 0.976 ± 1.4 mg mL-1, which is considered very 
efficient. The method was also capable of determining free QTP 
present in the ultrafitrate samples. The encapsulation efficiency (IE%) 
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distribution of the formulation and differentiates a suspension from 
a colloidal formulation (exclusively nanoscopic particles size), this 
distinction is important since when microscopic contamination is 
detected pre-formulation studies are still needed. QLNC formulation 
presented a volume- weighted mean diameter (D4.3) of 172 ± 5 nm 
and a low polydispersity index (PI < 0.1) indicating that is a real 
colloidal formulation. The second question “is the drug detected in 
the ultrafiltrate?” was answered after the centrifugation-ultrafiltration 
method using the formulation without any dilution. QTP was detected 
in the ultrafiltration which indicates that there are drug dispersed in 
the aqueous solution either as drug aggregates or in the colloidal 
phase. The small percentage of QTP detected in the ultrafiltrate 
without previous dilution (2.9 ± 3.2%) answers the third algorithm’s 
question: “Is 100% of the drug detected in the ultrafiltrate?” and 
allows one to conclude that the drug in QLNC formulations is not 
only dispersed in colloidal continuous phase. The dilution of QLNC 
formulation promotes a shift in the drug distribution equilibrium 
among the colloidal pseudo-phases and was necessary in order to 
differentiate the drug distribution types. The fourth question of the 
algorithm “After diluting at 1:10 (v/v) is 100% of the drug detected in 
the ultrafiltrate?”. The results showed that 27.1 ± 1.9% of QTP were 
detected in the ultrafiltrate after 1:10 (v/v) dilution which indicates 
that QLNC have a drug distribution in continuous phase, dispersed at 
the interface and dissolved in the core of the nanocapsules. Increasing 
the formulation’s dilution (1:100 and 1: 1000 v/v) the QTP (%) in the 
ultrafiltrate increases and was near 100% after 1:1000 (v/v) dilution 
analysis. According to the algorithm proposed QTP follow a type III 
distribution (Figure 4) and is distributed mainly in the inner pseudo-
-phase of the colloidal suspension. However, there is still some drug 
associated to the interface of the polymeric shell as well as soluble 
in the outer phase of the formulation. The results obtained with QTP 
corroborate the existence of a strong correlation between the logD 
and the type of drug distribution into LNC. 

CONCLUSIONS

The results from our study demonstrated the development, 
validation and application of a new LC/UV for the quantification 
of QTP in lipid-core nanocapsules. The method was shown to be 

Figure 4. Schematic representation of QTP distribution in the LNC based on 
the algorithm described in ref. 7

Table 6. Percentages of the QTP quantified in the ultrafiltrate before and 
after QLNC dilution

Formulation
QTP % at the ultrafiltrate after centrifugation

(1:0) (1:10) (1:100) (1:1000)

QLNC (1 mg mL-1) 2.9 ± 3.2 27.1 ± 1.9 52.0 ± 1.5 99.4 ± 4.5

simple, rapid, specific, linear, accurate, sensitive and precise. The 
analytical procedure has a total analysis time of 5 min which allows 
analyzing a large number of samples in a short period of time. The 
low percentage of acetonitrile used reduces the cost and the damage 
to the environment. 

The method was suitable for quantifying QTP total content and 
incorporation efficiency in the nanocarriers, showing that QTP has 
a high incorporation efficiency in the LNC formulation. By using a 
previously described algorithm7 it was shown that QTP is mainly 
distributed into the core of the LNC and that this distribution is 
related to its logD at pH 6.8. Taking together these results indicates 
that QLNC can be a suitable formulation to deliver QTP to the brain 
assuming that the type of drug distribution influences the potential 
for the application of a new formulation as a drug delivery system. 
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