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Abstract: The present study thus aimed at the development and physicochemical characterization of solid 

lipid nanoparticles loaded with crude extract of Piper corcovadensis roots (SLN-CEPc) and chitosan-

coated solid lipid nanoparticles loaded with crude extract of P. corcovadensis roots (C-SLN-CEPc), as 

well as the determination of its antimycobacterial activity against Mycobacterium tuberculosis H37Rv, its 

cytotoxicity against the Vero cell line and evaluation in the hemolysis assay. Both formulations 

containing the encapsulated extract showed high encapsulation efficiency, formed by a monodispersed 

system with small and spherical particles, and there was no aggregation of particles. In the biological 

assays, SLN-CEPc and C-SLN-CEPc showed promising anti-M. tuberculosis activity with a minimum 

inhibitory concentration (MIC) of 12.5 μg/mL, whereas the cytotoxic concentrations obtained at 50% 

(CC50) in Vero cells were 60.0 and 70.0 μg/mL, respectively. Therefore, nanoencapsulation showed 

satisfactory results, justifying its usage in the development of new products. 
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Resumen: El presente estudio apuntó al desarrollo y caracterización fisicoquímica de nanopartículas 

lípidas en estado sólido, cargadas con extracto crudo de raíz de Piper corcovadensis (SLN-CEPc) y 

nanopartículas lípidas en estado sólido cubiertas con quitosano cargadas con extracto crudo de raíz de P. 

corcovadensis (C-SLN-CEPc), así como la determinación de su actividad antimicobacterial contra 

Mycobacterium tuberculosis H37Rv, su citotoxicidad contra la línea celular Vero y su evaluación en 

ensayo de hemólisis. Ambas formulaciones que contenían el extracto encapsulado mostraron alta 

eficiencia de encapsulación, formado por un sistema monodispersado con pequeñas partículas esféricas, y 

no hubo agregación de partículas. En los ensayos biológicos, SLN-CEPc y C-SLN-CEPc mostraron una 

prometedora actividad anti-M. tuberculosis con una mínima concentración inhibitoria (MIC) de 12,5 

μg/mL, mientras que las concentraciones citotóxicas obtenidas al 50% (CC50) en células Vero estuvo en 

60,0 y 70,0 μg/mL, respectivamente. Por lo tanto, la nanoencapsulación mostró resultados satisfactorios, 

justificando su uso en el desarrollo de nuevos productos. 

 

Palabras clave: Nanopartículas lípidas en estado sólido; Piper corcovadensis; Tuberculosis; Quitosan; 

Citotoxicidad. 
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INTRODUCTION 

Tuberculosis (TB) is an infectious disease caused by 

the bacillus Mycobacterium tuberculosis which 

usually affects the lungs (pulmonary tuberculosis), 

transmitted by the inhalation of droplets containing 

expelled bacilli from the coughing, speaking, or 

sneezing of a patient with active tuberculosis (WHO, 

2019). According to World Health Organization 

(WHO, 2019), in 2018, it was estimated that 10.0 

million people falling ill with tuberculosis 

worldwide, with approximately 1.5 million deaths, 

remains the top infectious killer worldwide, and 

reports that about 3 million people with TB did not 

have access quality health care.  

The World Health Organization, from an 

epidemiological point of view, estimated that about 

1.7 billion people are infected with M. tuberculosis, 

and 5-10% of these people will develop the disease 

during their lifetime (WHO, 2019). Another concern 

is the increase in drug-resistant TB cases (WHO, 

2019), so urgent action is needed to improve and 

increase the number of drugs that have effective 

action against M. tuberculosis. In this way, 

researchers have been developing research projects 

with plants looking for new classes of 

antimycobacterial agents (Scodro et al., 2015; Pereira 

et al., 2018; Fernandez et al., 2019).  

The species Piper corcovadensis 

(Piperaceae), popularly known as “João 

brandinho” and “Falso-jaborandi”, it is a 

Brazilian native shrub commonly used for the 

treatment of flu, cough, and rheumatism (Parmar 

et al., 1997; Facundo et al., 2004). In the studies 

by Fernandez et al. (2019), the P. corcovadensis 

root extract showed potential anti-tuberculosis 

activity against Mycobacterium tuberculosis 

H37Rv and for resistant clinical isolates, as well 

as a synergistic effect with isoniazid and 

rifampicin. However, the extract of P. 

corcovadensis has low water solubility, a 

limiting factor for the oral bioavailability, being 

one of the main challenges in the pharmaceutical 
field, the employment of molecules with 

therapeutic potential as drugs. Thus, 

nanotechnology is an alternative that has enabled 

effective administration and the modified release 

of the active molecule according to the needs of 

the patients and the characteristics of the drug 

(Jato, 2009; Marcato, 2009; Trousil et al., 2017).  
Solid lipid nanoparticles are nanocarriers 

formed by solid lipids at room and body temperature 

and are stabilized by one or more surfactants. In these 

systems, the drug is encapsulated in a lipid matrix 

covered by a phospholipid monolayer (Marcato, 

2009; Geszke-Moritz & Moritz, 2016). Solid lipid 

nanoparticles present several benefits in the oral 

release of drugs, such as: (1) encapsulation of 

lipophilic and hydrophilic drugs; (2) increase in 

permeability and bioavailability in the epithelium; (3) 

protection of the active molecule in the storage and 

during oral administration of photosensitive, 

moisture-sensitive and chemically labile molecules; 

(4) viability of industrial production due to the low 

cost and simplicity and (5) low toxicity (Marcato, 

2009; Das & Chaudhury, 2011; Lin et al., 2017). 

Furthermore, they might have potential applications 

in the pharmaceutical area, such as against diseases 

of the central nervous system, cardiovascular and 

inflammatory diseases, cancer, and viral and bacterial 

infections (Marcato, 2009; Lin et al., 2017). 

Surface modifications of solid lipid 

nanoparticles may improve the biocompatibility and 

the interaction of these systems with the target site 

(Mishra et al., 2018). Chitosan is a natural cationic, 

biodegradable, biocompatible, and low toxicity 

polysaccharide, which can be used to coat solid lipid 

nanoparticles by adsorption through electrostatic 

interactions with the negative surface of solid lipid 

nanoparticles (Baek & Cho, 2017). Besides that, it 

has mucoadhesive properties, promoting greater 

interaction, adhesion, and retention of the 

pharmaceutical form in the intestinal epithelium 

(Lima et al., 2018). 

Whereas the application of the crude extract 

of P. corcovadensis would have several limitations 

due to its hydrophobic characteristic, which would 

affect bioavailability, the present study thus aimed to 

develop, characterize and evaluate the anti-

tuberculosis activity in Mycobacterium tuberculosis 

H37Rv of solid lipid nanoparticles containing crude 

extract of P. corcovadensis roots. The nanoparticles 

were obtained with and without chitosan coating by 

the method of melt-emulsification and were evaluated 

for cytotoxicity using Vero cells and hemolysis assay. 

 

MATERIALS AND METHODS 

Materials 

Precirol® ATO and phospholipon 90G were kindly 

supplied by Gatefossé (France) and Lipoid 

(Germany), respectively. The PEG 40 hydrogenated 

castor oil with 40 moles of ethylene oxide was 

purchased from the company Oxiteno. Sorbitan 

monooleate (Span® 80) and isoniazid were obtained 

from Sigma-Aldrich, whereas Piperlonguminine > 
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98% was purchased from Cayman Chemical. 

Acetonitrile, formic acid, and HPLC grade 

chloroform were purchased from Panreac. The ultra-

pure water used was obtained by the Milli-Q 

purification system (Millipore®).  

 

High-performance liquid chromatography (HPLC) 

with photodiode array (PDA) 

The analysis was carried out by high-performance 

liquid chromatography (Waters 2695) with 

photodiode array (Waters 2998) (HPLC-PDA) by 

using the software Empower® to obtain the data. The 

separation was performed on a Hyperclone C18 

column (5 μ ODS, 250 x 4.6 mm) (Phenomenex®, 

USA) with a KJO-4282 pre-column (particle ≥ 3 μm, 

< 5,000 psi / 345 bar) (Phenomenex®, USA). The 

injection volume was 20 μL and the UV-vis detection 

system was 332 nm. As mobile phase, water was 

acidified with formic acid at 0.1% (phase A) and 

acetonitrile acidified with formic acid at 0.1% (phase 

B) with a flow rate of 1.0 mL/min. The phase A:B 

was constituted as follows: 95:5 for 10 minutes, 

40:60 from 10 to 18 minutes, and 5:95 up to 24 

minutes, with an analysis time of 24 minutes. Prior to 

the analysis, the samples were solubilized in 

chloroform and filtered by using an HV membrane 

(Durapore) in a PVDF of 0.45 µm (Millipore®, 

USA).  

 

Analytical curve of Piperlonguminine 

The calibration curve was determined within the 

range from 5.00 to 0.06 μg/mL. Solutions were 

prepared in triplicate at different concentrations 

(5.00; 2.50; 1.25; 0.50; 0.25; 0.12 and 0.06 μg/mL) 

from a piperlonguminine stock solution (1 mg/mL). 

The peak areas related to piperlonguminine were 

plotted along with the respective concentrations (data 

not shown). The linearity estimated by linear 

regression showed a coefficient of determination (r2) 

of 0.9999, which is in accordance with the limit (> 

0.99) specified by Resolution RE nº 166, from July, 

24th 2017 (Brasil, 2017). Thus, it can be said that 

there is a correlation between the peak area and the 

concentration of analyte within the evaluated 

concentration range. 

 

Plant material and collection of the crude extract 

The roots of P. corcovadensis were collected at the 

Caiuá Ecological Station (52º 49’ to 52º53’W and 22º 

34’to 22º 37’ S), Diamante do Norte, Paraná, Brazil. 

The exsiccate was identified by Dr. Mariza Barion 

Romagnolo and placed at the Herbarium of Nupélia 

under the number 16706. The roots were then dried in 

a circulating air oven (Quimis®) at 40ºC and then 

sprayed in a knife mill (Usi Ram). The root powder 

(350 g) was subjected to extraction in a Soxhlet 

apparatus by using dichloromethane as extracting 

solvent for 2 hours. After that, the crude extract of P. 

corcovadensis roots (CEPc) was concentrated under 

reduced pressure in a rotary evaporator at 40ºC 

(IKA® RV 10 Basic) and then stored at 4ºC 

(Fernandez et al., 2019). 

  

Production of the solid lipid nanoparticles (SLN) 

The solid lipid nanoparticles were prepared by the 

method of melt-emulsification followed by cooling. 

The oil phase, which was composed of the lipid 

(Precirol® ATO 5, 1.5%), lipophilic surfactants 

(Phospholipon 90G, 1.0% e Span® 80, 1.0%), and 

CEPc (0.5%), was heated to 90ºC. The aqueous 

phase, composed by water and the hydrophilic 

surfactant (PEG 40H, 7.0%), was heated up to the 

same temperature as the oil phase. The oil phase was 

poured over the aqueous phase with constant 

agitation of 15,000 rpm in the Ultra-Turrax® 

(IKA®T25, USA) for 10 minutes. The formulation 

was then cooled to room temperature in an ice bath to 

solidify the lipid, obtaining the solid lipid 

nanoparticles loaded with crude extract of Piper 

corcovadensis roots (SLN-CEPc). The solid lipid 

nanoparticles without CEPc (SLN) were prepared by 

following this same methodology.  

 

SLN-coating with chitosan  

The SLN-CEPc were coated with chitosan by 

physical adsorption following, with some alterations, 

the methodology described by Baek and Cho (2017). 

For that, equal volumes of negatively charged SLN or 

SLN-CEPc and chitosan solution (0.2% in 0.2% 

acetic acid) were mixed and stirred at 200 rpm for 30 

min. The resulting chitosan-coated solid lipid 

nanoparticles loaded with crude extract of P. 

corcovadensis roots (C-SLN-CEPc) were stored at 

4°C. The chitosan-coated solid lipid nanoparticles 

without CEPc (C-SLN) were also prepared following 

this same methodology. 

 

Characterization of the SLN 

The formulations were visually analyzed in terms of 

color, appearance, and phase separation. The 

determinations of average diameter and 

polydispersity index of the nanoparticles were 

performed by the scattered light method, whereas the 

Zeta potential was obtained by the electrostatic 

mobility method, both at the temperature of 25±0.1ºC 

using the equipment Litesizer 500 Particle Analyzer 
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(Anton Paar, USA). To perform the measurements, 

the samples were diluted in ultra-pure water at the by 

volume-proportion of 1:10. Both SLN-CEPc and C-

SLN-CEPc were stored and kept at temperatures of 

5ºC, 30ºC, and 40ºC for 90 days. At pre-determined 

intervals (15, 30, 60, and 90 days) the samples were 

analyzed in terms of macroscopic aspects, such as 

transparency, viscosity and uniformity, average 

diameter, polydispersity index (PI), and Zeta 

potential. The stability study was carried based on the 

guide for the realization of stability Resolution RE 

No. 1, from July, 29th 2005 (Brasil, 2005). To assess 

the stability of SLN-CEPc and C-SLN-CEPc at 

different pH ranges, the nanoparticle suspensions 

were dissolved in water with previously adjusted pH 

(3.0; 5.0; 6.0; 7.0 and 9.0) so that the average 

diameter and the Zeta potential could be analyzed. 

The pH of the samples was determined using a pH 

meter (Digimed DM 22) at 25±1ºC. 

Moreover, the encapsulation efficiency (EE) 

was determined by the indirect method, concerning 

the quantification of free piperlonguminine present in 

SLN-CEPc and C-SLN-CEPc as follows: the 

nanoparticle suspension was submitted to 

ultrafiltration/centrifugation. A 250 µL aliquot of the 

nanoparticle suspension was then subjected to 

centrifugation (Eppendorf 5810 R) in a 30 kDa ultra-

filter of regenerated cellulose (Amicon 0.5 mL - 

Millipore®) at 3,500 rpm for 45 minutes (3 washes 

with ultra-purified water every 15 minutes). The 

ultra-filtrate was analyzed by HPLC-PDA and the 

concentration of free piperlonguminine was then 

determined. The encapsulation efficiency (EE%) was 

calculated by using Equation 1, where mCEPc actual is 

the mass of CEPc detected by HPLC-PDA in the 

sample and mCEPc added is the theoretical mass of CEPc 

added according to the formulation. 

 

 

                                                             

(1) 

 

The amount of CEPc incorporated in the 

prepared SLN-CEPc and C-SLN-CEPc was 

determined by the ratio between the mass of CEPc 

present in the nanoparticle suspension and the mass 

of nanoparticle suspension weighed for the 

determination, multiplied by 100. The result was 

presented as a percentage of incorporation. 

The morphology and homogeneity of both 

SLN-CEPc and C- SLN-CEPc were observed under 

the transmission electron microscopy (TEM) (JEM - 

1400, JEOL). A volume of 10 µL of formulation was 

placed on a copper grid, covered with carbon film 

and then kept at rest for 5 min. After that, the excess 

water was removed with filter paper, and 10 µL of 

phosphotungstic acid at 2.0% (m/v) was applied for 

the contrast, and then kept at rest for 10 min. The grid 

was subsequently kept at room temperature for 24 

hours for complete drying. FT-Raman spectra were 

obtained for SLN (solid lipid nanoparticles without 

CEPc), SLN-CEPc, C-SLN (chitosan-coated solid 

lipid nanoparticles without CEPc), C-SLN-CEPc, and 

CEPc by using FT-Raman Spectrometer (FT -Ram II 

Bruker® Vertex 70v) in the range from 400 to 4000 

cm-1 with a resolution of 4 cm-1. In addition, 

thermograms for the nanoparticles (SLN, SLN-CEPc, 

C-SLN, C-SLN-CEPc) and CEPc were achieved 

using differential scanning calorimetry (DSC, Perkin 

Elmer 4000). For that, samples of approximately 10 

mg were heated from 30 to 300°C in a closed 

aluminum sample holder at 10°C/min under a 

nitrogen gas flow of 50 mL/min.  

   

In vitro release test 

The release test was carried out for SLN-CEPc and 

C-SLN-CEPc samples in phosphate buffer saline 

(PBS) solutions at pH 7.4 and 1.2 containing Tween 

80 at 1.0% w/v. The samples were added to the buffer 

solution and evaluated for 72 h at pH 7.4 and for 2 h 

at pH 1.2 at different time intervals. The samples 

were kept in constant agitation at 500 rpm at 37°C 

and the suspension was subjected to centrifugation 

(Eppendorf 5810 R) after predetermined intervals in a 

30 kDa regenerated-cellulose ultrafilter (Amicon 0.5 

mL - Millipore®) at 3,500 rpm for 15 minutes to 

separate the piperlonguminine released from SLN-

CEPc and C-SLN-CEPc. The amount of free 

piperlonguminine was then quantified by HPLC-

PDA. 

 

Cytotoxicity in Vero cells and Hemolytic Activity 

To analyze the cytotoxicity, confluent Vero cells 

(ATCC CCL81) were exposed to different 

concentrations (15.1-500 µg/mL) of SLN, SLN-

CEPc, C-SLN, C-SLN-CEPc, and CEPc for 72 h, at 

37°C and 5% of CO2. After incubation, cell viability 

was assessed by the assay MTT (3-(4,5-

dimethylthiazol-2yl)-2,5-diphenyl tetrazolium 

bromide). The 50% cytotoxic concentration (CC50), a 

concentration at which the cell viability is reduced to 

50%, was calculated in relation to the untreated 

controls (Benassi-Zanqueta et al., 2018). 

 

Anti-Mycobacterium tuberculosis activity 

An in vitro test to determine the minimum inhibitory 

concentration (MIC) in M. tuberculosis H37Rv 
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(ATCC 27294) was also performed for SLN, SLN-

CEPc, C-SLN, C- SLN-CEPc, and CEPc by using the 

Resazurin Microtiter Assay Plate (REMA) 

methodology (Palomino et al., 2002; Scodro et al., 

2015). The samples were diluted in Middlebrook 7H9 

supplemented with oleic acid, albumin, dextrose and 

catalase (OADC) enrichment (BBL/Becton-

Dickinson, Sparks, MD, USA) in order to achieve 

final concentrations ranging from 0.39 to 100 µg/mL. 

Isoniazid was used as the reference drug in 

concentrations within the range from 0.007 to 1.0 

µg/mL, whereas resazurin was used as an indicator of 

bacillary viability. MIC was thus defined as the 

lowest concentration of the drug which was capable 

of preventing the color change from blue to pink, (i.e. 

the absence of bacillary viability). 

Statistical Analysis 

The results were all presented as average ± standard 

deviation. The data were processed and submitted to 

analysis of variance (ANOVA), and the differences 

between the averages were determined by the Tukey 

test at the significance level of 5%. 

 

RESULTS AND DISCUSSION  

Characterization of SLN-CEPc e C-SLN-CEPc 

The results for average diameter, PI, Zeta potential, 

EE, and loading capacity (LC) are shown in Table 

No. 1. In Figure No. 1A and Figure No. 1B, the 

images obtained by TEM for SLN-CEPc and C-SLN-

CEPc formulations can be observed.  It is worth 

mentioning that this is the first study of the 

encapsulation of the crude extract of P. 

corcovadensis in solid lipid nanoparticles for oral 

administration for the treatment of tuberculosis. 

 

Table No. 1 

Characterization of the solid lipid nanoparticles loaded with the crude extract of Piper corcovadensis roots 

 SLN SLN-CEPc C-SLN C- SLN-CEPc 

Average diameter (nm) 69 82 164 164 

Polydispersity index (-) 0.31 0.26 0.29 0.25 

Zeta potential (mV) -22.57 -22.80 40.20 29.60 

pH (-) 6.87 6.25 6.01 5.74 

Encapsulation efficiency (%) - 94.50 - 97.02 

Loading capacity (mg of CEPc/mL of nanoparticles suspension) - 4.2 - 4.3 

SLN: solid lipid nanoparticles without CEPc: SLN-CEPc: solid lipid nanoparticles loaded with crude extract 

of Piper corcovadensis roots; C-SLN: chitosan-coated solid lipid nanoparticles without CEPc; C-SLN-CEPc: 

chitosan-coated solid lipid nanoparticles loaded with crude extract of P. corcovadensis roots 

 

By the qualitative analysis of nanoparticles’ 

suspensions, one may notice that the systems showed 

a clear and homogeneous appearance, without any 

sign of phase separation. The SLN-CEPc presented 

an average diameter of 82 nm with a PI of 0.26, 

which shows that the CEPc incorporated in the SLN 

promoted an increase in the average diameter when 

compared with SLN (69 nm and PI: 0.31). The 

coating of the nanoparticles with chitosan also 

resulted in an increase in the average diameter of C-

SLN-CEPc (164 nm and PI: 0.25) in comparison to 

SLN and SLN-CEPc, which is probably related to a 

rearrangement of the lipid matrix caused by the 

presence of chitosan (Vieira et al., 2018). The SLN-

CEPc and C-SLN-CEPc showed PI less than 0.3, 

indicating adequate homogeneity in the particle size 

distribution so that they can be considered as 

monodisperse systems (Nemen & Lemos-Senna, 

2011; Shazly, 2017). By TEM images (Figure No. 1), 

it could be observed that, for both formulations, the 

particles were spherical and not agglomerated. 

Furthermore, it was possible to confirm that the 

average diameter was below 200 nm, as previously 

determined by the dynamic light scattering analysis. 

It is worth mentioning that the size of the particles 

plays an important role in gastrointestinal absorption 

and excretion by the reticuloendothelial system. 

Considering oral administration, a particle size below 

300 nm would be recommended for intestinal 

absorption (Das & Chaudhury, 2011). The average 

diameter achieved for SLN-CEPc and C-SLN-CEPc 

is thus in agreement with the values reported in the 

literature, where the SLN typically present a spherical 

morphology (Attama et al., 2012; Naseri et al., 

2015). 
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Figure No. 1 

Images from transmission electron microscopy of (A) SLN-CEPc, (B) C-SLN-CEPc. (Scale bar: 0.2 µm) 

 

 

 

The SLN-CEPc and C-SLN-CEPc showed 

Zeta potentials of -22.80 and 29.60 mV, respectively. 

The negative charge of the SLN-CEPc system can be 

explained by the fact that there is phospholipid in its 

composition (Schaffazick et al., 2003). Moreover, it 

could be noticed that the CEPc encapsulation did not 

affect the surface charge of the SLN-CEPc 

comparing with the SLN. On the other hand, the C-

SLN-CEPc system showed a positive charge, 

representing a variation in relation to the SLN-CEPc, 

due to the presence of chitosan, which presents a 

positive charge in its molecule. The encapsulation of 

CEPc in C-SLN-CEPc led to a decrease in the Zeta 

potential compared with C-SLN. Vieira et al. (2018) 

have reported that the incorporation of the may occur 

by adsorption on the surface of solid lipid 

nanoparticles and thus causing a decrease in the Zeta 

potential. The positive charge of the solid lipid 

nanoparticles favors the interaction with the negative 

charge of intestinal epithelial membranes and 

mucosa, which in turn promotes a greater interaction, 

adhesion, and retention of the pharmaceutical form 

(Lima et al., 2018).  

Since the Zeta potential reflects the charge on 

the surface of the particles, it is an important 

parameter to determine the stability of colloidal 

suspensions. For good stability, the Zeta potential 

value required is > ± 30 mV, so that adjacent 

particles are repelled and thus are less likely to form 

aggregates due to occasional collisions. Besides, 

these characteristics of the surface charge of particles 

may also influence the biological response of the 

drug. So, it can be said that the value found in the 

present study is very close to the required one, 

indicating that the SLN-CEPc and C-SLN-CEPc 

systems are less likely to aggregate (Schaffazick et 

al., 2003; Patel & Prajapati, 2016; Shah et al., 2017).  

The chemical characterization of SLN-CEPc 

and C-SLN-CEPc by HPLC-PDA showed 

encapsulation efficiencies of 94.50 and 97.02%, 

respectively. In addition, the concentration of CEPc 

in SLN-CEPc and C-SLN-CEPc was 4.2 mg 

CEPc/mL of nanoparticles suspension (Table No. 1). 

The encapsulation efficiency was satisfactory, since 

the solid lipid nanoparticles’ system is an ideal 

nanocarrier for lipophilic substances, due to the 

interaction of its nonpolar nucleus through 

hydrophobic forces, thus increasing the encapsulation 

efficiency (Xue et al., 2017). 

To identify and verify CEPc-excipient 

interactions in the solid-state nanoparticles, FT-

Raman analysis was performed, as shown in Figure 

No. 2, wherein the FT-Raman spectra of SLN, SLN-

CEPc, C-SLN, C-SLN-CEPc, and CEPc can be 

observed. The samples were also evaluated by 

differential scanning calorimetry, as presented in the 

thermograms of Figure No. 3. 

The SLN-CEPc and C-SLN-CEPc spectra 

showed bands at 1141 and 1146, 1298 cm-1, which 

are  related  to the presence of a C-O bond at 1442 

cm-1 which in turn is related to a stretch of the 

aromatic ring C=C. Bands at 1604 and 1608, 1654 
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and 1655 cm-1 related to the presence of the bonds N-

H (bending) and C=O (stretching), and bands at 

2882-2884 cm-1 related to a stretching of bonds of C-

H (sp3), C-H (sp2) and N-H were also observed. 

These signs were characteristic of the presence of 

amides present in the CEPc.  

 
Figure No. 2 

FT-Raman Spectra of solid lipid nanoparticles loaded with crude extract of Piper corcovadensis roots (SLN-

CEPc), solid lipid nanoparticles without CEPc (SLN), chitosan-coated solid lipid nanoparticles loaded with 

crude extract of Piper corcovadensis roots (C-SLN-CEPc), chitosan-coated solid lipid nanoparticles without 

CEPc (C-SLN) and crude extract of Piper corcovadensis roots (CEPc). 

 

 

Regarding the excipients, SLN-CEPc and C- 

SLN-CEPc spectra exhibited characteristic signs of 

the constituents that were present, with bands at 2884 

and 2882, 2852 and 2851, 2724 and 2725 cm-1 related 

to stretching and bending of C-H bonds (sp3), bands 

at 1740 and 1735 cm-1 related to a stretching of the 

ester group, bands at 1442 and 1443 that can be 

assigned to the stretching of CH2-CH2 bonds and 

bands at 1127 and 1130 and 1062 and 1064 cm-1 

ascribed to a C-O stretching. Moreover, bands at 

1082 and 1080 cm-1 related to the stretching of the 

bonds P=O and P-O-C were also observed (Yu et al., 

2014; Agarwal et al., 2014; Pezeshki et al., 2014; 

Reham et al., 2015; Catauro et al., 2016). The spectra 

from SLN-CEPc and C- SLN-CEPc presented 

characteristic bands of the interaction between CEPc 

and the excipients. For this reason, these spectra were 

considered as the sum of CEPc and excipient bands. 

Regarding the physical mixture, the spectrum was the 

sum of the characteristic bands of the excipients. 

Besides that, by analyzing the FT-Raman spectra, no 

signs of a new chemical bond between the asset and 

the excipients could be observed, due to the absence 

of new bands. 

In the DSC thermograms, the crude extract 

presented a wide endothermic peak around 50°C, 

which is possibly assigned to a loss of volatile 

material of the sample, with a characteristic pattern of 

thermal degradation from 142°C. The main melting 

peak of Precirol® ATO 5 was achieved at 53°C, 

which is in line with the results found in the literature 

(Devi & Argawal, 2019). The incorporation of the 

extract did not lead to expressive alterations on the 

thermal behavior of the nanoparticles, which is 

probably due to the low concentration used. Lecithin 

(phospholipon® 90G) is liquid at room temperature 

and therefore could not be detected in that analysis. 

Furthermore, the presence of chitosan did not change 
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the melting temperature of the encapsulating lipid, 

corroborating the hypothesis that it is deposited on 

the surface of the nanoparticles.  

 
Figure No. 3 

Thermograms of the nanoparticles and crude extract of Piper corcovadensis roots obtained by 

Differential Scanning Calorimetry. (A) Solid lipid nanoparticles loaded with crude extract of Piper 

corcovadensis roots (SLN-CEPc), solid lipid nanoparticles without CEPc (SLN), and crude extract of Piper 

corcovadensis roots (CEPc). (B) Chitosan-coated solid lipid nanoparticles loaded with crude extract of Piper 

corcovadensis roots (C-SLN-CEPc) and crude extract of Piper corcovadensis roots (CEPc). 
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Figure No. 4 

Release profile of SLN-CEPc and C- SLN-CEPc at pH 1.2 for 2 h (A) and at pH 7.4 for 72 h (B) 

 

 

In summary, by observing the results 

achieved for average diameter, Zeta potential, the 

images and the DSC thermograms of the 

nanoparticles, it can be suggested that the coating of 

the SLN-CEPc with chitosan by surface modification 

took place. These results demonstrate that the 

emulsification method by melting, the chosen 

proportion of solid lipids and surfactants and the 

chitosan-coating were suitable for the development of 

SLN-CEPc and C-SLN-CEPc as systems for 

modified drug release.  

 

In vitro release test 

The SLN-CEPc and C-SLN-CEPc in vitro release 

tests were performed by using phosphate-saline 

buffer (PBS) simulating the gastrointestinal pH: pH 

1.2 (stomach) and pH 7.4 (intestine), to represent the 

passage of the nanoparticles after oral administration. 
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The results are shown in Figure No. 4. 

Both SLN-CEPc and C-SLN-CEPc showed a 

low CEPc-release profiles. At pH 1.2, the SLN-CEPc 

and C-SLN-CEPc presented different release profiles 

up to 2 h (Figure No. 4A). C-SLN-CEPc showed a 

slower CEPc release profile (4% in 2 h) compared 

with the SLN-CEPc (11% in 2 h). At pH 7.4, both 

formulations released less than 10% of encapsulated 

CEPc in the first 8 h, gradually increasing up to 72 h. 

However, after 72h, the release of CEPc was less 

than 20% (Figure No. 4B). According to literature 

reports, the release profile of pharmaceuticals from 

nanoparticles may be affected by several factors, such 

as the solubility and the partition coefficient of the 

drug, the nature of the lipids used, parameters of 

production and surface modification (Baek & Cho, 

2017). The surface modification of the SLN-CEPc 

with chitosan may be a promising technique to inhibit 

the release of CEPc in acidic conditions providing 

thus protection against degradation and improving the 

bioavailability of the drug (Baek & Cho, 2017). 

These results indicate that most part (> 80%) of the 

CEPc remained in SLN-CEPc and C-SLN-CEPc after 

the contact with the gastrointestinal mimetic 

conditions, which may contribute to the release of 

CEPc within the target cells. 

 

Stability tests 

The stabilities of SLN-CEPc and C-SLN-CEPc were 

verified at temperatures of 5, 30, and 40ºC for 15, 30, 

60, and 90 days and the physicochemical parameters 

of average diameter, PI, and Zeta potential were 

analyzed, as can be seen in Tables No. 2 and Table 

No. 3. The data obtained 24 hours after preparing the 

formulations were the base values used for the 

comparisons.  

 

Table No. 2 

Average diameter, polydispersity index, and Zeta potential of the solid lipid nanoparticles loaded with crude 

extract of Piper corcovadensis roots (SLN-CEPc) for stability studies 

Temperature  5ºC 30ºC 40ºC 

Days 1 15 30 60 90 15 30 60 90 15 30 60 90 

Parameter              

Average diameter 

(nm) 
80c 99c 136b 137b 140b 96c 188a - - 90 - - - 

Polydispersity 

index  
0.32a 0.30a 0.31a 0.32a 0.32a 0.30a 0.24ª - - 0.28a - - - 

Zeta potential (mV) 

-

24.30
a 

-24.7a -24.5a -26.1a -24.4a -24.8a -20.3b - - -27.0a - - - 

-: not determined. The average values followed by the same letter on a line do not differ from each other 

according to the Tukey test (p≤0.05) 

 

Long-term stability studies are performed 

to establish or confirm the expiration date and 

recommend the storage conditions resulting from 

the checking of the physical, chemical, 

biological and microbiological characteristics of 

a pharmaceutical product during or after the 

expected expiration date (Brasil, 2005).  
The SLN-CEPc system (Table No. 2) stored 

at different temperatures varied, presenting turbidity 

and phase separation at 30ºC (30 days) and 40ºC (15 

days), which indicates the destabilization of the 

system. In the SLN-CEPc formulation stored at 30ºC, 

there was an increase in the average particle diameter 

(188 nm) in the Zeta potential (-20.3 mV). At high 

temperatures, the kinetic energy of the system 

increases, leading to an increase of the number of 

collisions between particles, favoring thus 

aggregation and, consequently, an increase in the 

particle diameter (Freitas & Müller, 1999). A 

destabilization process associated with changes in the 

Zeta potential can cause an increase in the average 

particle diameter by aggregation, namely by the 

attraction between adjacent particles due to 

occasional collisions (Shah et al., 2017). The increase 

in temperature may cause a decrease in the micro-

viscosity of the emulsifier and lead to a 

destabilization of the system since a high rigidity of 

the emulsifier's film (micro-viscosity) prevents the 

fusion of the film layers after the contact between 

particles (Schuhmann, 1995). 
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When stored at 5ºC, the SLN-CEPc 

formulation was more stable. On the other hand, an 

increase in the average particle diameter from 80 to 

140 nm could be observed. Low temperatures might 

favor the aggregation of particles, this occurs mainly 

due to the decrease in the Brownian motion of the 

particles, which in turn leads to increased interaction 

(collisions) and interparticle reaction (Santos et al., 

2015). The stability of C-SLN-CEPc (Table No. 3) 

significantly varied (p<0.05) at different temperatures 

(5; 30 and 40ºC) within the analyzed parameters. 

Nevertheless, in the macroscopic analysis, a system 

with a clear and homogeneous aspect without 

separation of phases or turbidity could be noticed, 

showing that it remained stable at the end of 90 days. 

These changes may be related to the chitosan-coating, 

which after the time in aqueous suspension may have 

dissolved, causing thus changes in the stability 

parameters.  

 

Table No. 3 

Average diameter, polydispersity index, and Zeta potential of the chitosan-coated solid lipid nanoparticles 

with crude extract of Piper corcovadensis roots (C-SLN-CEPc) for stability studies 

Temperature  5ºC 30ºC 40ºC 

Days 1 15 30 60 90 15 30 60 90 15 30 60 90 

Parameter              

Average diameter (nm) 164a 154b 132d 133d 121e 141c 115e 107f 91g 100f\ 93f.g 103f 99f 

Polydispersity index 0.25a 0.26a 0.29a 0.28a 0.31a 0.28a 0.29a 0.24a 0.29a 0.29a 0.28a 0.25a 0.23a 

Zeta potential (mV) 29.6a 27.7a 27.1a 17.0a.b 8.0c 25.4a 21.5a 12.4b 5.4c 23.7a 21.0a 11.7b 8.6c 

-: not determined. The average values followed by the same letter on a line do not differ from each other 

according to the Tukey test (p≤0.05) 

 

 

Regarding the developed systems, C-SLN-

CEPc proved to be more stable at high temperatures, 

due to the presence of chitosan, which is an 

amphiphilic polyelectrolyte and combines 

electrosteric and viscosifying stabilization 

mechanisms that may increase the stability of 

nanoparticle dispersions (Ridolfi et al., 2012). The 

aqueous stability of the SLN-CEPc and C-SLN-CEPc 

suspensions was determined by evaluating average 

diameter, polydispersity index, and Zeta potential, 

depending on the pH change of the aqueous medium.  

The stability of the nanoparticle dispersions 

was also evaluated at different pH ranges. The data of 

average diameter and Zeta potential of the SLN-

CEPc and C-SLN-CEPc nanoparticles at different pH 

values are shown in Figure No. 5.  

In the SLN-CEPc suspension, with an 

increase in pH, there was an increase in the average 

diameter of the nanoparticles (85 and 94 nm, 

respectively) when compared the average diameter of 

the particles at pH 3.0; 5.0, and 6.0. At acidic pH (pH 

3.0), there was an enhancement of the Zeta potential 

(-3.4 mV). The suspension of C-SLN-CEPc with 

decreasing pH (pH 3.0) showed a decrease in the 

average diameter of the nanoparticles (83 nm). In the 

other pH ranges, there were no significant changes 

(p<0.05) in the parameters evaluated. 

Stability and dispersibility of the aqueous 

nanoparticles’ suspension are important for the long-

term stability of the lipid particle and the retention of 

the core material (Choi et al., 2014). Alterations in 

pH can easily destabilize or flocculate the SLN since 

they have an electrical double layer on their surface, 

where the first layer contains ions adsorbed directly 

on the particle, and in the second one, the ions are 

attached to the surface charge. So, the more away 

from the isoelectric point the pH is, independent of 

positive or negative state, the charge density of a 

particle it increases, as has been reported for ionic 

and amphoteric surfactants elsewhere (Schwenzfeier 

et al., 2013). Choi et al. (2014) reported that the 

particle diameter increased with a decrease in the pH 

of the nanoparticle suspension. The authors suggest 

that this increase may be due to the protonation of the 

ether bond in polyoxyethylene chains of the 

emulsifier (Tween 80), which at an acidic condition 
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causes insufficient interfacial adsorption of the 

surfactant between lipid and aqueous phases, and this 

may lead to a decrease in the surfactant’s surface 

properties, changing thus the electrical charge of the 

bilayer leading to the aggregation of particles. 

 

 

Figure No. 5 

Stability of the nanoparticles at different pH values in relation to average diameter and Zeta potential 
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Biological activity 

The minimum inhibitory concentration (MIC) for M. 

tuberculosis and the 50% cytotoxic concentration 

(CC50) in Vero cells of SLN, SLN-CEPc, C-SLN, C-

SLN-CEPc, and CEPc are presented in Table No. 4. 

The SLN-CEPc and C-SLN-CEPc showed 

MIC values of 12.5 µg/mL and CC50 of 60.0 and 70.0 

µg/mL, respectively, whereas CEPc showed a MIC of 

15.6 µg/mL and CC50 of 55 µg/mL. Both SLN-CEPc 

and C-SLN-CEPc showed promising results and the 

encapsulation of CEPc did not inhibit their 

antimycobacterial activities, since they showed 

similar anti-M. tuberculosis action. The SLN system 

showed no action against M. tuberculosis in the 

highest concentration tested, while the C-SLN 

exhibited antimycobacterial action (MIC: 100 

µg/mL), which may be due to the presence of 

chitosan, that presents antimicrobial activity (Ridolfi 

et al., 2012). 

 

Table No. 4 

Minimum inhibitory concentration (MIC) in Mycobacterium tuberculosis (H37Rv) and cytotoxicity in Vero 

cells of the solid lipid nanoparticles loaded with crude extract of Piper corcovadensis 

Samples MIC 

(µg/mL) 

CC50  

(µg/mL) 

SLN >100 70.3 

SLN-CEPc 12.5 60.0 

C-SLN 100.0 78.7 

C- SLN-CEPc 12.5 70.0 

CEPc 15.6 71.9 

MIC: Minimum inhibitory concentration; CC50: 50% cytotoxic concentration; SLN: solid lipid nanoparticles 

without CEPc: SLN-CEPc: solid lipid nanoparticles loaded with crude extract of Piper corcovadensis roots; 

C-SLN: chitosan-coated solid lipid nanoparticles without CEPc; C-SLN-CEPc: chitosan-coated solid lipid 

nanoparticles loaded with crude extract of P. corcovadensis roots; CEPc: crude extract of Piper corcovadensis 

roots 

 

The hemolysis assay in erythrocytes of sheep 

was carried out, from which it could be observed that 

SLN-CEPc and C-SLN-CEPc did not show hemolytic 

effect at the evaluated concentrations after 60 

minutes of incubation. Hemolysis of 13.8% and 0.4% 

were achieved at 100 µg/mL for SLN and C-SLN, 

respectively. However, at the concentrations of 50, 

25, and 12.5 µg/mL they did not exhibit any 

hemolytic effect. Thus, at the concentration of 12.5 

µg/mL (MIC for M. tuberculosis) none of the 

formulations showed hemolytic effects. 

SLN-CEPc and C-SLN-CEPc showed 

antimycobacterial activity against M. tuberculosis. 

The cell wall of M. tuberculosis presents on its 

surface a coating composed mainly of mycolic acids, 

which are in turn composed of long chains of fatty 

acids, that confer a low permeability to hydrophobic 

substances (Lemmer et al., 2015). Since the 

nanoparticles are composed of lipids and 

phospholipids, they allow a greater lipophilicity to 

the system, interacting with the mycobacterial cell 

wall and penetrating it due to its small size and 

hydrophobic character, releasing thus the drug more 

efficiently (Aboutaleb et al., 2012). 

 

CONCLUSION 

Solid lipid nanoparticles were obtained as an 

alternative to the oral administration of the crude 

extract of Piper corcovadensis roots. The 

nanoparticles showed high encapsulation efficiency, 

constituting monodispersed systems with stable, 

nanometric, and spherical particles, without particle 

aggregation. The surface modification of 

nanoparticles by chitosan-coating was successful, 

improving its stability and cytotoxicity. It was 

noticed that temperature and pH influence the 

stability of the aqueous dispersions of the 

nanoparticles. 

The antimycobacterial activity of the system 

against M. tuberculosis was assessed in vitro and 

showed promising results. Neither the nanoparticles 

nor the extract exhibited hemolytic and cytotoxic 

effects in Vero cells. These results demonstrate that 

nanoencapsulation proved to be satisfactory and that 

its use in the development of new products is 

justifiable.   
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