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A B S T R A C T   

The therapeutic potential of cannabidiol (CBD) has been explored to treat several pathologies, including those in 
which pain is prevalent. However, the oral bioavailability of CBD is low owing to its high lipophilicity and 
extensive first-pass metabolism. Considering the ability of the nasal route to prevent liver metabolism and in
crease brain bioavailability, we developed nanostructured lipid carriers (NLCs) for the nasal administration of 
CBD. We prepared particles with a positively charged surface, employing stearic acid, oleic acid, Span 20Ⓡ, and 
cetylpyridinium chloride to obtain mucoadhesive formulations. Characterisation of the CBD-NLC dispersions 
showed uniform nano-sized particles with diameters smaller than 200 nm, and high drug encapsulation. The 
mucoadhesion of cationic particles has been related to interactions with negatively charged mucin. Next, we 
added in-situ gelling polymers to the CBD-NLC dispersion to obtain a CBD-NLC-gel. A thermo-reversible in-situ 
forming gel was prepared by the addition of PluronicsⓇ. CBD-NLC-gel was characterised by its gelation tem
perature, rheological behaviour, and mucoadhesion. Both formulations, CBD-NLC and CBD-NLC-gel, showed 
high mucoadhesion, as assessed by the flow-through method and similar in vitro drug release profiles. The in 
vivo evaluation showed that CBD-NLC dispersion (without gel), administered intranasally, produced a more 
significant and lasting antinociceptive effect in animals with neuropathic pain than the oral or nasal adminis
tration of CBD solution. However, the nasal administration of CBD-NLC-gel did not lessen mechanical allodynia. 
These findings demonstrate that in-situ gelling hydrogels are not suitable vehicles for highly lipophilic drugs such 
as CBD, while cationic CBD-NLC dispersions are promising formulations for the nasal administration of CBD.   

1. Introduction 

Chemotherapy-induced peripheral neuropathy (CIPN) is considered 
a common adverse effect in cancer patients undergoing chemotherapy, 
and 40–80% of patients undergoing chemotherapy develop CIPN in the 
first 3–6 months of treatment (Blanton et al., 2019; Starobova and 
Vetter, 2017). The treatment of CIPN with common painkillers is un
satisfactory. Therefore, several studies have been carried out using 
cannabidiol (CBD; Fig. 1) in the treatment of this pain (Blanton et al., 
2019; Brenneman et al., 2019; De Gregorio et al., 2019). 

CBD is a phytocannabinoid found in the Cannabis sativa plant, and 
belongs to a group of natural, endogenous, and synthetic compounds 
called cannabinoids. These compounds modulate several important 
physiological functions in organisms, such as locomotion, memory, pain 

perception, food intake, and inflammatory reactions (Fasinu et al., 
2016). This phytocannabinoid is a highly lipophilic molecule (logP =
6.64) and is sparingly soluble in aqueous media. It is classified as a Class 
II substance according to the Biopharmaceutical Classification System 
(Gaston and Friedman, 2017; Cherniakov et al., 2017; Paudel et al., 
2010). The low aqueous solubility of CBD, associated with the extensive 
metabolism that it undergoes in the first passage through the liver, 
makes its oral bioavailability low and variable (6–13%) (WHO, 2018; 
Cherniakov et al., 2017). 

Considering the inconveniences of oral CBD administration, we 
developed a nasal delivery system for CBD. The nasal route prevents 
first-pass hepatic metabolism and avoids the blood–brain barrier. The 
nasal epithelium, with its high permeability to small and lipophilic 
molecules, has a large absorption surface, promoting rapid absorption of 
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the drug (Bruni et al., 2018; Cunha et al., 2017). Consequently, this 
administration route has frequently been explored, especially for drugs 
acting on the central nervous system (Chatterjee et al., 2019; Costa et al., 
2019). The main limitation of the nasal route is mucociliary clearance, 
which causes low drug availability by shortening the residence time of 
the formulation on the nasal epithelium. The formulations must there
fore be designed to increase their residence time in the nasal cavity. This 
challenge may be overcome using formulations with mucoadhesive 
properties (Martins et al., 2019). Although the physicochemical char
acteristics of CBD hinder the development of mucoadhesive nasal for
mulations, the use of nanocarriers is a promising strategy for the 
administration of this compound. 

Nanostructured lipid carriers (NLCs) are colloidal particles, 
composed of a biodegradable and biocompatible lipid matrix capable of 
encapsulating highly lipophilic drugs, with low toxicity to the nasal 
mucosa. After administration via the nasal pathway, NLCs promote drug 
targeting of the brain increasing the bioavailability and half-life of the 
drug (Beloqui et al., 2016; Deepak et al., 2019). When incorporated into 
NLCs, the bioavailability of the drug is increased as it is protected from 
degradation and the efflux that would return it to the nasal cavity (Costa 
et al., 2019; Cunha et al., 2017; Gadhave and Kokare, 2019). 

In this study, we develop a CBD nasal delivery system composed of 
NLCs loaded with this bioactive compound. To increase the bio
adhesiveness of this formulation, we employed two strategies: (i) 
obtaining particles with a positively charged surface, and (ii) adding an 
in-situ gelling polymer into the NLC dispersion. The formulations were 
characterised in vitro, and an in vivo assay was used to evaluate the 
antinociceptive effects of these nasal drug delivery systems when 
administered to mice with neuropathic pain induced by chemotherapy. 

2. Materials and methods 

2.1. Materials 

CBD (≥ 98%) was purchased from THC-Pharm-GmbH (Frankfurt, 
Germany). Stearic acid (≥ 95%), oleic acid (≥ 99%), cetylpyridinium 
chloride (≥ 98%), Span 20Ⓡ (≥ 44%), Pluronic F68Ⓡ, and Pluronic 
F127Ⓡ were purchased from Sigma-Aldrich (Steinheim, Germany). 
Paclitaxel (OntaxⓇ 100 mg, Libbs Farmacêutica), as a solution for in
jection, was purchased from Libbs (Embu das Artes, Brazil). All other 
reagents used were of chromatographic grade. 

2.2. High performance liquid chromatography analysis 

For the quantification of CBD, an analytical method was developed 
and validated following the International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals for Human Use and 

Agência Nacional de Vigilância Sanitária (ICH, 2005; Brasil, 2017). The 
analyses were performed using high performance liquid chromatog
raphy (HPLC) Prominence equipment (ShimadzuⓇ, Kyoto, Japan) and a 
C18 column, 150.0 × 4.6 (id) with a 5-μm particle size (LiChrospherⓇ 

100 RP-18 endcapped, Merck). The mobile phase was a mixture of 
acetonitrile, methanol, and water (50:30:20 v/v/v). The flow rate of the 
mobile phase was 1.0 mL•min− 1, the injection volume was 50 μL, and 
UV detection was performed at 208 nm. The time retention of CBD was 
7.78 min. The linearity of the method was demonstrated over a range of 
1.0–20.0 µg•mL− 1 (correlation coefficient = 0.9979). The limit of 
quantification and limit of detection were 0.167 and 0.055 µg•mL− 1, 
respectively. The precision of the analytical method was illustrated by 
the low variability of the data (<5%), and the accuracy remained in the 
range of ± 5%. 

2.3. NLC preparation 

CBD-loaded NLCs (CBD-NLC) were obtained using the hot micro
emulsion technique (Gasco, 1993). The NLCs were prepared using 
stearic acid (1.25%) as a solid lipid and oleic acid (0.75%) as a liquid 
lipid. To obtain particles with a positively charged surface, cetylpyr
idinium chloride (0.05%) was employed as an active surfactant and 
Span 20Ⓡ (0.25%) as a co-surfactant. A mixture of stearic acid, oleic 
acid, cetylpyridinium chloride, and Span 20Ⓡ was heated to 85 ◦C, after 
which CBD (150 mg) was added. The microemulsion is only formed after 
heating and stirring (500 rpm), when 300 µL of purified water is added 
and a transparent system is obtained. The hot microemulsion was 
dripped into 20 mL of purified ice water (2–4 ◦C) under vigorous stirring 
(13,400 rpm for 10 min, IKA T25 Ultra-TurraxⓇ) to form the CBD-NLC 
dispersion. Unloaded-NLCs were prepared as controls using the same 
method without adding CBD. 

2.4. NLC characterisation 

2.4.1. Particle size, polydispersity index, and zeta potential 
The average hydrodynamic particle size, polydispersity index (PdI), 

and zeta potential were determined by dynamic light scattering (DLS) 
using a Zetasizer Nano ZS analyser (Malvern Instruments, UK) with a 
633-nm laser. All the samples were diluted (1:100) in purified water and 
the measurements were performed at 25 ◦C. The zeta potential mea
surements were performed in water with a pH adjusted to 6.0, and 
conductivity adjusted to approximately 50 µS•cm− 1 (20 ◦C) using so
dium chloride solution (10 mmol•L − 1). 

2.4.2. Entrapment efficiency and drug loading 
Drug entrapment efficiency (EE) and drug loading (DL) refer to the 

amount (%) of drug encapsulated by the NLCs. EE and DL were indi
rectly determined by the ultrafiltration/centrifugation method using 
AmiconⓇ ultrafiltration devices (Millipore, 50-kD cut-off). One millilitre 
of freshly prepared CBD-NLC dispersion was added to the upper part of 
the device and centrifuged at 3400 rpm for 30 min. The CBD-NLC 
retained on the filter was washed three times to remove any free drug. 
The amount of CBD in the filtered pool (free drug) was determined by 
HPLC. The amount of CBD in the dispersion (total drug) was determined 
by dissolving an aliquot of the dispersion in methanol followed by HPLC. 
The EE (%) and DL (%) were calculated using Eqs. (1) and 2:  

EE (%) = (total drug – free drug) / (total drug) × 100                          (1)  

DL (%) = (total drug – free drug) / (weight of lipids) × 100                   (2)  

2.4.3. Assessment of NLC mucoadhesion by zeta potential measurement 
The mucoadhesion of NLC was tested by assessing the effects of the 

mucin solutions on particle zeta potential (Shen et al., 2009). Aliquots of 
the NLC dispersion (10 µL) were placed in contact with mucin solutions 

Fig. 1. Structure of cannabidiol (C21H30O2; Molecular weight =

314.45 g•mol− 1). 
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(10 µL) at concentrations of 0.025, 0.05, 0.1, 0.25, 0.5, 1.0, 2.0, 3.0, 4.0, 
and 5.0 mg•mL− 1. The mixtures were diluted to a final volume of 10 mL 
with purified water, and the zeta potential of each diluted mixture was 
measured. 

2.4.4. Atomic force microscopy 
The nanoparticles were visualised by atomic force microscopy (AFM) 

using a ParkⓇ microscope (model NX10). The images were obtained in 
non-contact operating mode, with a silicon-type probe (model NSC15) 
and a cantilever resonance frequency of 277.39 kHz. Aliquots (10 µL) of 
the unloaded-NLC and CBD-NLC dispersions were deposited on mica 
plates and dried at room temperature. 

2.4.5. Differential scanning calorimetry 
Differential scanning calorimetry (DSC) measurements were per

formed using a Syrius 3500 calorimeter (NetzschⓇ, Germany). Samples 
of freeze-dried NLCs (unloaded-NLC and CBD-NLC), stearic acid (solid 
lipid), CBD, and mannitol (cryoprotectant used in the freeze-drying 
process) were weighed (6 mg) and placed in sealed aluminium pans. 
DSC curves were recorded from 50 to 250 ◦C at a heating rate of 
10 ◦C•min− 1 under a nitrogen atmosphere (50 mL•min− 1). 

2.4.6. Powder X-ray diffraction 
The NLCs dispersions (unloaded-NLC and NLC–CBD) were sub

jected to freeze-drying using mannitol as a cryoprotectant. The diffrac
tion patterns of the NLC samples, stearic acid, CBD, and mannitol were 
obtained using an Ultima IV (type II) diffractometer (RigakuⓇ, Japan) 
under the following conditions: room temperature (293 K), CuKα radi
ation (1.5418 Å) generated at 40 kV and 30 mA, a 10-mm wide slit, 
continuous scan mode with a 0.02◦ 2θ step size, a scan speed of 1◦

2θ•min− 1, and an angular range of 5–35◦ in 2θ. 

2.4.7. Fourier transform infrared–attenuated total reflectance 
Fourier transform infrared (FTIR)–attenuated total reflectance 

spectra of the freeze-dried NLCs (unloaded-NLC and CBD-NLC), stearic 
acid, CBD, and mannitol were obtained using a FTIR spectrophotometer, 
model Affinity-1 (ShimadzuⓇ, Japan), coupled with an attenuated total 
reflectance sampling accessory with ZnSe waveguides (Pike Technolo
giesⓇ, USA). The spectra were recorded in transmittance mode at room 
temperature, using 32 scans per analysis at a resolution of 4.0 cm− 1, in a 
range of 4000–600 cm− 1. 

2.5. NLC-gel 

2.5.1. Gelation study of NLC dispersions 
Initially, NLC-gels were prepared by dispersing Pluronic F127Ⓡ and 

Pluronic F68Ⓡ in proportions of 19:1, 18:2, and 17:3 using the cold 
method. For this, 20% (w/v) of Pluronic was dispersed in the NLC 
dispersion in an ice bath with stirring for 20 min. Then, the formulations 
were placed in a water bath, where the temperature was increased by 
1 ◦C•min− 1 until the gelation temperature was observed. A thermometer 
was used to monitor the temperature changes of the formulations. Ti 
(temperature at the start of gelation) and Tg (temperature of total 
gelation of the system) were recorded. 

2.5.2. Texture and mucoadhesion analysis of the NLC-gels 
Texture profile analysis and mucoadhesive strength determination 

were performed on the NLC-gels using a TA-XT plus texture analyser 
(Stable Micro Systems, Surrey, England) (Ruela et al., 2016; Colombo 
et al., 2018). For texture profile analysis, the samples were conditioned 
in 50-mL centrifuge tubes (Falcon, BDⓇ, Franklin Lakes, NJ, USA), and 
a 10-mm diameter analytical probe was descended at a constant speed (1 
mm•s − 1) until the sample was reached. Then, the probe continued to a 
depth of 10 mm within the sample. Next, the probe was returned to the 
surface at a speed of 0.5 mm•s − 1 and, after 5 s, a second compression 
was started. The test provided a force–time curve from which it was 

possible to calculate mechanical parameters, such as hardness, 
compressibility, and cohesiveness (Fig. 1SA). 

Mucoadhesive strength was determined by measuring the strength 
required to detach samples maintained in contact with a porcine intes
tinal mucosa (used as a mucosa model). Fresh porcine intestinal mucosa 
was obtained from healthy pigs at a local slaughterhouse (Alfenas, 
Brazil). The porcine intestinal mucosa was washed under running water, 
cut into appropriately sized pieces for analysis, and washed again with 
saline solution. The mucosa was attached to the analytical probe with 
the lumen of the intestinal mucosa exposed to the external environment. 
The formulations were placed below the probe, and the test was per
formed by lowering the probe at a constant speed (0.5 mm•s − 1) until 
the mucosa and formulation made contact. The mucosa and samples 
were kept in contact for 60 s without the application of any force. Then, 
the probe was removed at 0.5 mm•s − 1 until the two surfaces were 
completely separated. The force required for detachment was recorded. 
During the analyses, a force–time curve was created, and the work of 
adhesion and peak adhesion were calculated to describe the mucoad
hesive characteristics of the formulations (Fig 1SB). All the analyses 
were performed on samples placed in a water bath at 37 ± 1 ◦C to assure 
sample gelation during the tests. 

2.6. Mucoadhesion measurements using the flow-through method 

The mucoadhesion of CBD-NLC and CBD-NLC-gel was also evaluated 
using the flow-through method (Jiang et al., 2017). The analyses were 
performed using porcine intestinal mucosa, prepared as previously 
described. The mucosa was placed in a cylindrical tube, which was cut 
longitudinally in half and fixed at an angle of 45◦ to facilitate flow. Forty 
microlitres of the samples were dropped onto the mucosa. To simulate 
nasal fluid under normal conditions, a flow of artificial nasal fluid 
[aqueous solution; pH 5.7; consisting of 2.0% (w/v) mucin, 0.745% 
(w/v) NaCl, 0.129% (w/v) KCl, and 0.032% (w/v) CaCl2] was main
tained for 5 min to circulate the surface of the mucosal tissue at a rate of 
1 mL•min− 1, controlled by a peristaltic pump (Masterflex L/S Series 
Peristaltic Pumps, United States) (Fig 2S). NLCs with low adhesion force 
to the mucosal membrane were washed off, and the drug concentration 
in the eluted solution was quantified by HPLC. Then, the amount of drug 
retained on the mucosa was determined as the difference between the 
amount applied to the mucosa and the amount eluted in the artificial 
nasal fluid solution. The test was performed for the CBD-NLC and 

Fig. 2. Measurement of the zeta potential of CBD-NLC after adding different 
concentrations of mucin (0.025–5.0 mg•mL− 1). 
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CBD-NLC-gel samples. CBD solution in water with 5% (w/v) Tween 80 
was used as a positive control. All the samples had a CBD concentration 
of 7.5 mg•mL− 1. 

2.7. Rheology 

The rheological behaviours of the CBD-NLC and CBD-NLC-gel were 
analysed at 25 ◦C and 37 ◦C, using an R/S-controlled stress rheometer 
(Brookfield Engineering Laboratories, Middleboro, MA) and Rheocalc 
T1.2.19 software. For the analyses at 25 ◦C, the CP-40 spindle was used, 
and for the analyses at 37 ◦C, the CP-52 spindle was used. 

The measurements were carried out at progressively higher rotation 
speeds to obtain ascendant curves. The procedure was then performed in 
the opposite direction, and descendant curves were obtained. From the 
results, consistency index values were calculated, according to the 
Ostwald-deWaele model (Power Law), as described below: 

τ = K γη (3)  

where τ is the shear stress (D•cm− 2), K is the flow consistency index 
(centipoise, cP), γ is the shear rate (s − 1), and η is the flow index. Data 
adjustment was determined by the coefficient of determination (r2). For 
a Newtonian fluid, η = 1; for a pseudoplastic fluid, η < 1. 

2.8. In vitro release studies 

The in vitro release of CBD from CBD-NLC and CBD-NLC-gel was 
performed using the USP II apparatus (paddle) in a Nova Etica 299/6 
dissolution test system (São Paulo, Brazil). Isotonic phosphate buffer 
(20 mM, pH 6.8) containing 5% (w/v) Tween 80 was used as the release 
medium to assure sink conditions. A 1-mL sample (CBD-NLC or CBD- 
NLC-gel) was placed into each vessel containing 900 mL of release 
medium, stirred at 100 rpm, and maintained at 37 ± 1 ◦C. At pre
determined time intervals (5, 10, 15, 30, 45, 60, and 90 min), 2-mL 
aliquots were withdrawn, filtered through 0.1-µm membranes, and the 
amount of CBD released was determined by HPLC. 

2.9. In vivo studies 

2.9.1. Animals 
Male Swiss mice (8–10 weeks old at the beginning of the experiment) 

from our breeding colony at the Federal University of Alfenas, Alfenas, 
Brazil, were used. Mice were housed individually in standard hanging 
cages, at 22 ± 1 ◦C and 50% ± 5% relative humidity, using a reversed 
12/12 h light/dark cycle with the lights turning on at 7:30 p.m. The 
animals were provided with standard rodent food and tap water ad 
libitum. All experiments were conducted between 9:00 a.m. and 5:00 p. 
m. The present study was conducted with the approval of the Animal Use 
Ethics Committee at the Federal University of Alfenas (protocol number 
33/2018). Furthermore, all experiments were performed in accordance 
with the International Association for the Study of Pain guidelines on the 
use of laboratory animals (Zimmermann, 1983). 

2.9.2. Model of neuropathic pain induced by chemotherapy 
To induce neuropathic pain, the animals received paclitaxel (PTX) 

intraperitoneally, at a dose of 1 mg•kg− 1 body weight, every other day 
for 8 days (four injections in total) (Sekiguchi et al., 2018) 

2.9.3. Administration pathways 

2.9.3.1. Nasal administration. To evaluate the effects of the nasal 
administration of CBD on the treatment of neuropathic pain, the test 
formulations (CBD-NLC and CBD-NLC-gel), the control (CBD solution), 
and the respective formulation vehicles were intranasally administered. 
Before nasal administration, the animals were acclimated to restraint by 
the experimenter to reduce stress. After that, the animals were held by 

the skin in the cervical region and kept in a dorsal position at an angle of 
45◦. Approximately 6 μL of formulation was pipetted next to each nostril 
of the animal to be inhaled, and after 3 s the procedure was repeated 
(Hanson et al., 2013). 

2.9.3.2. Oral administration. The control (CBD solution) and its vehicle 
were also administered orally. Oral administration was carried out using 
the gavage method. Gavage was performed with a volume of approxi
mately 0.1 mL/10 g, at a concentration of 5 mg•kg− 1. 

2.9.4. Assessment of nociceptive threshold 
The von Frey filament test (Stoeling, Wood Dale, IL, USA) was used 

to measure the mechanical nociceptive threshold. For this test, the mice 
were placed on an elevated wire mesh platform in individual glass 
compartments, and were allowed to acclimate for at least 60 min. A 
mechanical stimulus was applied to the middle of the plantar surface, 
using a series of von Frey filaments with increasing bending forces (0.16, 
0.4, 0.6, 1.4, and 2.0 g), and the pressure value was recorded at paw 
withdrawal. The results reported for the test represent the mean values 
of three consecutive tests performed at intervals of 3 min. 

2.9.5. Motor performance test 
Motor performance was evaluated by time spent walking on a 

rotating rod (13 rpm) (Rota-rod, Bonther, Brazil) for 2 min (cut-off 
time), as previously described (Dunham and Miya, 1957). Swiss male 
mice without (control) and with neuropathic pain underwent training 
sessions for 3 days prior to testing. Motor performance was analysed 
immediately before (basal) and 30 min, 1:30, 2:30, and 24 h after the 
administration of the CBD formulations (CBD-NLC, CBD-NLC-gel, or 
CBD solution intranasally, and CBD solution orally). 

2.9.6. Experimental procedure 
Initially, the mechanical nociceptive threshold was measured 

(baseline), and new measurements were taken on the 4th, 7th, 14th, 
21st, and 28th days after PTX injection, to assess the peak of nociception 
for later treatment with CBD. The animals were then randomly divided 
into the following groups: mice subjected to neuropathic pain induced 
by PTX (NP) and mice that received the PTX vehicle (NPcontrol). 

We investigated which dose of CBD would promote analgesia in the 
animals. For this, a dose-response (2.5 and 5 mg•kg− 1) experiment was 
performed to assess the effect of oral CBD solution on the 14th day of 
neuropathic pain. Thus, the mice were randomly divided into following 
groups (n = 6): NP + CBD: mice with neuropathic pain that received 
CBD solution (5 mg•kg− 1) orally; NPcontrol + CBD: mice without 
neuropathic pain that received CBD solution (5 mg•kg− 1) orally. 

For nasal administration, the groups were as follows: NP + CBD: 
mice with neuropathic pain that received CBD solution (5 mg•kg− 1) 
intranasally; NPcontrol + CBD: mice without neuropathic pain that 
received CBD solution intranasally; NP + CBD-NLC: mice with neuro
pathic pain that received CBD-NLC (equivalent to 5 mg•kg− 1 of CBD) 
intranasally; NPcontrol + CBD-NLC: mice without neuropathic pain that 
received CBD-NLC intranasally; NP + CBD-NLC-gel: mice with neuro
pathic pain that received CBD-NLC-gel (equivalent to 5 mg•kg− 1 of 
CBD) intranasally; NPcontrol + CBD-NLC-gel: mice without neuropathic 
pain that CBD-NLC-gel intranasally; Furthermore, control groups were 
also used to assess the effects of the vehicle. In the groups of animals that 
received the drug or vehicle, new measurements of the nociceptive 
threshold were taken at intervals 30 min, 1:30, 2:30, 3:30, 4:30, 5:30, 
24, and 48 h after administration on the 14th day of neuropathic pain. 

Finally, to evaluate the effect of CBD on the motor performance of 
the animals, the following groups were used (n = 5): NP + CBDoral; NP +
CBDnasal; NP + CBD-NLC; NP; and NPcontrol. This procedure is described 
in Section 2.9.5. 
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2.9.7. Statistical analysis 
The in vivo data are presented as the mean ± S.E.M. of the evaluated 

parameter and were analysed by two-way ANOVA for repeated mea
surements, followed by Bonferroni’s post-hoc test for multiple compar
isons. The minimum level of significance was set at p < 0.05. Statistical 
analyses and figure preparation were performed using version 5 of 
GraphPad Prism (GraphPad Software, La Jolla, CA). 

3. Results and discussion 

3.1. Preparation and characterisation of NLC 

In this study, we developed a mucoadhesive NLC for the nasal 
administration of CBD. One of the strategies employed was to develop 
positively charged particles. For this, a cationic surfactant (cetylpyr
idinium chloride) was used as a stabiliser, and Span 20Ⓡ was employed 
as a co-stabiliser. The NLCs were characterised by their average particle 
size, PdI, zeta potential, EE, and DL. 

Both the unloaded-NLC and CBD-NLC showed nanometric hydro
dynamic sizes (285 ± 5.2 nm and 177 ± 3.1 nm, respectively); however, 
the incorporation of the drug caused a significant decrease in particle 
size (p ≤ 0.05, Student’s test). This may be related to the lipophilic 
characteristics of CBD making the system more compact because of the 
intermolecular interactions that probably occur between CBD and the 
nonpolar components of the NLC, leading to the retraction of the par
ticles and a decrease in particle size. Regarding PdI, values of 0.34 ±
0.05 and 0.30 ± 0.02 were obtained for the unloaded-NLC and CBD- 
NLC, respectively, demonstrating homogeneity. 

The CBD-NLC showed 99.99% EE (± 0.0001) and 18.75% (± 0.0001) 

DL, which is attributed to the highly lipophilic nature of the drug 
(Mendes et al., 2019; Pires et al., 2019). In addition, the NLCs could 
encapsulate large amounts of the drug because of their disorganised 
lipid matrix (Khosa et al., 2018; Haider et al., 2020). 

Zeta potential is a parameter that influences the physical stability of 
nanocarriers. It is related to the surface charge of nanoparticles and 
indicates the degree of repulsion between them. Particle aggregation is 
less likely in systems with zeta potential values above |30| mV (Müller 
et al., 2000; Rouco et al., 2020). Zeta potential values of 40 ± 0.5 mV 
and 41 ± 0.6 mV were obtained for the unloaded-NLC and CBD-NLC, 
respectively, showing the physical stability of the system. Moreover, 
the most important feature of these positive zeta potentials is the 
mucoadhesive properties of the nanoparticles, owing to the possibility of 
electrostatic interactions with negatively charged mucin (Hommoss 
et al., 2017; Karimi et al., 2018). 

Mucin is known to be a large, negatively charged glycoprotein and is 
the main macromolecular component of the secretions present on the 
surface of the nasal mucosa (Akilo et al., 2019; Karimi et al., 2018). 
Therefore, the positively charged CBD-NLC particles are expected to 
have a longer retention time on the mucosal surface owing to electro
static interactions with the oppositely charged mucin. To assess the in
teractions between the mucin and the CBD-NLC particles, CBD-NLC 
dispersions were mixed with mucin solutions of different concentrations 
(0.025–5 mg•mL− 1) and the zeta potentials of the NLC particles 
measured (Fig. 2). Increasing the concentration of mucin added to the 
NLC dispersions (0.025–0.25 mg•mL− 1) led to a decrease in the zeta 
potential of the NLC particles, indicating interactions with the mucin. 
Further increases in the concentration of mucin resulted in the charge 
reversal of the particles, owing to the increased adsorption of negatively 

Fig. 3. AFM images of unloaded-NLC (A) and CBD-NLC (B): 2D surface topography and 3D particle distribution.  
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Fig. 4. DSC curves of unloaded-NLC, CBD-NLC, CBD, mannitol, and stearic acid (A). Magnification of the unloaded-NLC and CBD-NLC DSC curves (B). ΔH: enthalpy.  

Fig. 5. PXRD patterns of unloaded-NLC, CBD-NLC, CBD, mannitol, and stearic acid.  

A.P. Matarazzo et al.                                                                                                                                                                                                                          



European Journal of Pharmaceutical Sciences 159 (2021) 105698

7

charged mucin on the NLC surfaces (Hommoss et al., 2017). These re
sults suggest that CBD-NLC may adhere to the nasal mucosa, increasing 
the contact time of the formulation in the nasal cavity and improving the 
bioavailability of the drug. 

The unloaded-NLC and CBD-NLC were examined by AFM, and the 
images are shown in Fig. 3. The NLCs have a spherical shape and a 
smooth and regular surface. In addition, the AFM results demonstrate 
that the size of the NLCs was slightly smaller than that observed by the 
DLS technique. This was caused by methodological differences in size 
measurement. According to Singh et al. (2016), the DLS technique 
measures the hydrodynamic particle size, which is always larger than 
the actual size. Examining the AFM 3D images, we can see that the 
unloaded-NLC (Fig. 3A) have a maximum roughness of 200 nm, while 
the CBD-NLC (Fig. 3B) have a roughness of around 80–120 nm. This 
difference in size between the unloaded-NLC and CBD-NLC corroborates 
the values obtained in the DLS. 

The characterisation of the crystallinity of NLCs is important because 
it can influence encapsulation and drug release (Attama, 2006; Santos 
et al., 2019). DSC studies were performed to obtain information about 
the crystallinity of the NLCs and the interactions between the drug and 
lipids in the formulation. Fig. 4A shows the DSC curves for stearic acid, 
CBD, CBD-NLC, unloaded-NLC, and mannitol. The DSC curves of stearic 
acid, CBD, and mannitol show a single endothermic event at 69.7, 71.8, 
and 169.7 ◦C, respectively, which corresponds to the melting points of 
these compounds, according to the literature (Sallam et al., 2016; 
Mendes et al., 2019). The DSC curves of the unloaded-NLC and CBD-NLC 
show a significant event at 169.6 ◦C, consistent with the melting point of 
mannitol (used as a cryoprotectant in the freeze-drying process). The 
NLC melting points were displaced to lower temperatures (59.8 ◦C in the 
unloaded-NLC and 62.0 ◦C in the CBD-NLC) than that of stearic acid, 
with a significant decrease in enthalpies (Fig. 4B). This could be indic
ative of the smaller particle size and the reduction in crystallinity 
attributed to the formation of the NLC matrix, which is composed of a 
mixture of solid and liquid lipids (Jain et al., 2015; Chauham et al., 
2020). Moreover, the CBD-NLC presented a lower melting enthalpy than 
the unloaded-NLC, which corroborates the DLS and AFM particle size 
measurements. In addition, the DSC curve of the CBD-NLC did not show 
a thermal event that could be attributed to the melting of CBD, sug
gesting that the drug is in an amorphous state or is molecularly dispersed 

in the lipid matrix. 
The crystallinity of the NLCs was also assessed by powder X-Ray 

diffraction (PXRD). Fig. 5 shows the comparative diffractograms of 
stearic acid, mannitol, CBD, CBD-NLC, and unloaded-NLC. The main 
peaks found for stearic acid (7.08◦, 11.5◦, 19.42◦, 20.72◦, 21.9◦, 24.48◦, 
27.66◦, and 30.52◦ 2θ), mannitol (10.66◦ 14.82◦, 19.0◦, 20.66◦, 21.28◦, 
23.6◦, 26.1◦, 28.48◦, 29.68◦, 31.96◦, and 33.66◦ 2θ), and CBD (9.72◦, 
10.16◦, 11.6◦, 13.08◦, 15.04◦, 17.34◦, 18.78◦, 19.42◦, 20.58◦, 21.6◦, 
22.14◦, 22.7◦, 23.66◦, 24.38◦, 25.54◦, 28.62◦, and 29.12◦ 2θ) show that 
these compounds have a crystalline nature. The unloaded-NLC and CBD- 
NLC standards showed similarities. However, the CBD-NLC diffracto
gram showed a widening of the peaks with displacement to the right. 
This was probably caused by the presence of CBD in an amorphous state 
within the lipid matrix, disturbing the crystallinity and decreasing the 
peak intensity (Müller et al., 2002; Haider et al., 2020). In addition, the 
absence of CBD peaks (9.72◦, 11.6◦, and 15.28◦) in the CBD-NLC agree 
with the DSC results, corroborating that the drug is distributed in an 
amorphous state or molecularly dispersed in the lipid matrix. 

FTIR is a technique used to investigate the structural characteristics 
of lipids and to determine the interactions between a drug and the ex
cipients used in formulations (Mehnert and Mäder, 2012; Kar et al., 
2017; Özdemir et al., 2019). The FTIR spectra are shown in Fig 6. The 
FTIR spectra of mannitol, stearic acid, and CBD are compatible with 
their structures and consistent with the literature (Duarte, 2016; Zhang 
et al., 2017; Salyan and Suresh, 2018). In the unloaded-NLC and 
CBD-NLC spectra, the bands observed are largely consistent with the 
bands found in the stearic acid and mannitol spectra. Moreover, 
high-intensity bands of CBD (at 1213 cm− 1, 1582 cm− 1, 1622 cm− 1, 
3408 cm− 1, and 3520 cm− 1) were not observed in the unloaded-NLC and 
CBD-NLC spectra. Another notable result is the high similarity between 
the two nanocarrier spectra (unloaded-NLC and CBD-NLC). This simi
larity could be attributed to the incorporation of the drug into the par
ticle, which occurs by mechanical entrapment. Intermolecular 
interactions amongst the components of the formulation and the drug 
may occur, but if so, they are too small to be detected by infrared 
spectroscopy. The absence of characteristic CBD bands in the CBD-NLC 
spectrum and the similarity between the unloaded-NLC and CBD-NLC 
spectra may indicate the absence of free drug on the surface of the 
nanocarriers (El Assay et al., 2019; Managuli et al., 2019; Mendes et al., 

Fig. 6. FTIR-attenuated total reflectance spectra of unloaded-NLC, CBD-NLC, CBD, mannitol, and stearic acid.  
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2019). 

3.2. Preparation and characterisation of the NLC-gels 

The NLC dispersion was mixed with thermo-reversible polymers to 
obtain an in-situ gelling vehicle when administered to the nasal mucosa, 
which would be triggered by increasing temperature in vivo. By 
administering the formulation in a gelling vehicle, an increase in the 

residence time of the drug in the nasal cavity may occur owing to the 
increased viscosity of the formulation (Ahmed et al., 2019). Thus, the 
addition of different proportions of Pluronic F127Ⓡ and Pluronic F68Ⓡ, 
and their behaviour under increasing temperatures, were evaluated. The 
formulation containing 20% mixed polymers (PluronicⓇ) at a ratio of 
17:3 (Pluronic F127Ⓡ: Pluronic F68Ⓡ) showed Ti at 34 ◦C and Tg at 
37 ◦C; thus gelation was observed at a temperature close to the tem
perature of the nasal cavity. 

Table 1 
Texture and mucoadhesive strength parameters measured by the texture profile analysis.  

Sample Compressibility (Ns) Adhesion (Ns) Cohesion Hardness (N) Mucoadhesion 

NLC-gel 0.440 ± 0.100 a 0.240 ± 0.040 a 0.720 ± 0.020 a 0.035 ± 0.002 a 0.100 ± 0.001 
Chitosan hydrogel 0.250 ± 0.010 b 0.220 ± 0.005 a, b 0.780 ± 0.030 a, b 0.020 ± 0.002 b 0.017 ± 0.001 
HPMC hydrogel 0.230 ± 0.002 b, c 0.130 ± 0.015 c 0.830 ± 0.050 b, c 0.020 ± 0.008 b, c 0.017 ± 0.001 

NLC, nanostructured lipid carrier; HPMC, hydroxypropyl methylcellulose. Values are expressed as mean ± standard deviation (n = 3). Values with different letters in 
the same column are statistically different according to one-way ANOVA, followed by the Tukey test * p < 0.05, p < 0.01. 

Fig. 7. Flow properties of NLC (A and B), NLC-gel at 25 ◦C (C and D), and NLC-gel at 37 ◦C (E and F); n = 3.  
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The texture parameters (hardness, compressibility, adhesion, and 
cohesion) and mucoadhesion strength of the NLC-gel were compared 
with those obtained for hydrogels of chitosan 5% (w/w) and hydrox
ypropyl methylcellulose 10% (w/w). The results are shown in Table 1. 
The NLC-gel showed greater compressibility, hardness, and adhesion 

than the chitosan or hydroxypropyl methylcellulose hydrogels. Consid
ering that the increased stiffness is related to greater adhesion, we can 
infer high potential bioadhesion of the NLC-gel. In addition, the tensile 
strength mucoadhesion measurements also show that the NLC-gel had 
higher mucoadhesion than the other hydrogels. 

The mucoadhesive properties of the CBD-NLC and CBD-NLC-gel were 
also determined by the flow-through method. This method is often 
employed for dosage forms administered via the intranasal pathway 
because nasal mucociliary clearance is an issue still to be solved (Jiang 
et al., 2017). The amount of CBD retained on the mucosa was 64.5% 
from the CBD-NLC, 78.8% from the CBD-NLC-gel, and 35.3% from the 
drug solution (control). These results are important to demonstrate that 
mucoadhesion of the CBD-NLC occurred as a function of electrostatic 
interactions with mucin, while the mucoadhesion of the CBD-NLC-gel is 
dependant on in-situ gelling. 

Rheological analyses were performed for NLC dispersion and NLC- 
gel at 25 ◦C and 37 ◦C, and the results are shown in Fig. 7. The NLC 
dispersion showed Newtonian flow (η = 1), while the NLC-gel showed 
pseudoplastic (η < 1) and thixotropic flow. In addition, the NLC-gel 
showed a higher consistency index at 37 ◦C than at 25 ◦C (Table 2), 
related to the gelling agent and leading to an increase in the apparent 
viscosity of the formulation. This rheological behaviour of the NLC-gel is 
desirable considering that, at room temperature, the formulation has 
low viscosity, facilitating application and spreadability at the applica
tion site. However, when applied to the nasal mucosae, the apparent 
viscosity of the NLC-gel increases at a normal human body temperature. 
The increased viscosity of the NLC-gel after administration to the nasal 
mucosae contributes to the mucoadhesiveness of the formulation. 

In vitro drug release studies were performed with CBD-NLC and CBD- 
NLC-gel, and the results are shown in Fig. 8. The release profiles of CBD 
from the two formulations showed an initial burst (releasing more than 
50% of the drug in 5 min), followed by slow and sustained release. This 
biphasic release pattern has been previously observed for NLCs (Bhadra 
et al., 2017; Garg et al., 2017; Pivetta et al., 2018; Mendes et al., 2019) 
and has been related to drug diffusion from the lipid matrix of the NLCs, 
and to drug location in the lipid matrix. During NLC preparation, the 

Table 2 
Rheological data obtained for NLC and NLC-gel, at 25 ◦ and 37 ◦C (n = 3).  

Sample Temperature ( ◦C) Flow index Consistency index (Pa.s) 

NLC 25 0.880 0.004 
NLC-gel 25 0.830 0.148 
NLC-gel 37 0.880 107.676  

Fig. 8. Cannabidiol (CBD) release profiles from (■) CBD-NLC (as an aqueous 
dispersion) and (●) CBD-NLC-gel (n = 6). 

Fig. 9. Effect of different formulations with cannabidiol 
(CBD) and different treatment routes on the nociceptive 
threshold of mice with PTX-induced neuropathic pain 
(NP). Before the induction of NP, a baseline measurement 
of the nociceptive threshold (MB) was performed in each 
animal. Then new measurements were taken on the 14th 
day of pain. The animals received CBD solution (5 
mg•kg− 1) intranasally (v.n) and orally (v.o), CBD-NLC 
(equivalent to 5 mg•kg− 1 of CBD) v.n, and CBD-NLC-gel 
(equivalent to 5 mg•kg− 1 of CBD) v.n. Data are pre
sented according to the mean + SEM of the nociceptive 
threshold of six animals per group. *** p < 0.001: sta
tistical difference between the group of animals with NP 
and control animals; # p < 0.05, ## p < 0.01, and ### p 
< 0.01: statistical differences between the group of ani
mals with NP and the groups of animals with NP + CBD 
treatment; and & p < 0.05, && p < 0.01, and &&& p <
0.001: statistical differences between groups of animals 
with NP that received CBD v.o versus groups of animals 
with NP that received CBD v.n or CBD-NLC v.n. Two-way 
ANOVA followed by Bonferroni’s post-hoc test.   
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rapid cooling of the lipids favours enrichment of the drug in the outer 
layers of the nanocarriers. This superficial entrapment leads to an initial 
burst release (Kar et al., 2017). The sustained release pattern of CBD 
could be attributed to strong interactions with the lipid matrix because 
of its high lipophilicity, as well as the slow degradation of the NLCs in 
the release medium. No differences were observed in the release profiles 
or amounts of CBD released from the CBD-NLC and CBD-NLC-gel. This is 
probably because the large volume of medium used in the release 
studies, instead of leading to the formation of a gelled matrix, caused the 
dissolution of the polymers. 

3.3. In vivo studies 

To evaluate the in vivo efficacy of nasal CBD administration from the 
developed mucoadhesive formulations, CBD-NLC, CBD-NLC-gel, and 
CBD solution (used as a control) were administered intranasally to mice 
with PTX-induced neuropathic pain. In addition, oral administration of 
CBD solution was assessed as a positive control. Mice that underwent 
PTX-induced neuropathic pain presented with mechanical allodynia 
that lasted for more than 14 days. (Fig. 3S). Thus, the CBD was 
administered on the 14th day, when neuropathic pain was already 
installed. The dose/response experiment found that the CBD oral solu
tion induced antinociception at a dose of 5 mg•kg− 1 (data not shown). 

Nasal administration of CBD-NLC produced a significant anti
nociceptive effect in animals with neuropathic pain (p < 0.001), and this 
effect lasted for more than 6 h (Fig. 9). Moreover, CBD solution 
administered through the nasal route produced antinociception (p <
0.001); however, this effect lasted only 1 h 30 min. When compared to 
the oral route, the intranasally administered CBD solution produced a 
faster effect, demonstrating the ability of the nasal route to transport the 
drug directly to the brain, possibly overcoming the first hepatic meta
bolism that occurs after absorption through the gastrointestinal mucosae 
(Chatterjee et al., 2019; Costa et al., 2019; Akel et al., 2020). Intrana
sally administered CBD-NLC showed a better antinociception effect than 
CBD solution, administered intranasally or orally, showing enhanced 
effectiveness and prolonged effect duration. 

However, CBD-NLC-gel administered intranasally did not alter me
chanical allodynia (p > 0.05). These findings were associated with a 
reduced in vivo release of CBD, probably owing to the viscosity of the 
hydrogel formed in situ, which adds an additional diffusional resistance 
to drug release (Abdeltawab et al., 2020; Pineda-Hernández et al., 
2020), and the lipophilic properties of the drug and its limited diffusion 
through the aqueous medium of the hydrogel. The lipophilicity of CBD 
makes its release dependant mainly on the dissolution and erosion of the 
polymeric matrix of the gel. The erosion rate tends to decrease owing to 
the presence of NLCs in the gel (Nie et al., 2011; Pineda-Hernández 
et al., 2020). This can hinder the release and absorption of the drug. As 
expected, neither unloaded-NLC nor unloaded-NLC-gel altered the 
nociceptive threshold (Fig. 4S) 

Neither the CBD-NLC (administered intranasally) nor the CBD solu
tion (administered intranasally and orally) influenced the time of 
permanence of the animals, as evaluated by motor performance tests 
(Fig. 5S). These findings indicate that CBD does not have adverse effects 
on the central nervous system, such as sedation, and confirms that the 
CBD effects evaluated by the von Frey test were specifically 
antinociceptive. 

4. Conclusion 

Mucoadhesive NLC formulations loaded with CBD were developed 
and characterised. The mucoadhesiveness of the formulations based on 
cationic CBD-NLC, designated as an aqueous dispersion of these nano
carriers or a CBD-NLC-gel, was characterised by an in vitro assay. The in 
vitro release studies showed that both formulations exhibited a burst 
effect, releasing about 50% of their CBD within 5 min. The in vivo 
performance, assessed by antinociceptive effects following nasal 

administration of the formulations in mice with chemotherapy-induced 
neuropathic pain, showed that CBD-NLC as an aqueous dispersion pro
duced a greater antinociceptive effect than nasally or orally adminis
tered CBD solution. However, CBD-NLC-gel did not show any 
antinociceptive effect. Although the NLC-gel increased the residence 
time of the formulation in the nasal cavity, the viscosity and hydrophilic 
characteristics of this formulation hindered the diffusion and release of 
the lipophilic drug, reducing its nasal absorption. Therefore, CBD-NLC, 
administered as an aqueous dispersion via the nasal route, is a promising 
delivery system to enhance the bioavailability of CBD in the brain. 
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