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Industrial application of lycopene is limited due to its chemical instability and low 

bioavailability. This study proposes the development of fucan-coated acetylated cashew gum 

nanoparticles (NFGa) and acetylated cashew gum nanoparticles (NGa) for incorporation of 

the lycopene-rich extract from red guava (LEG). Size, polydispersity, zeta potential, 

nanoparticles concentration, encapsulation efficiency, transmission electron microscopy 

(TEM) and atomic force microscopy (AFM) were used to characterize nanoparticles. The 

antioxidant activity was determinated and cell viability was evaluated in the human breast 

cancer cells (MCF-7) and human keratinocytes (HaCaT) by MTT assay. The toxic effect was 

evaluated by hemolysis test and by Galleria mellonella model. NFGa showed higher stability 

than NGa, having a size of 162.10±3.21 nm, polydispersity of 0.348±0.019, zeta potential -

30.70±0.53 mV, concentration of 6.4×10
9
 nanoparticles/mL and 60% LEG encapsulation. 

Microscopic analysis revealed a spherical and smooth shape of NFGa. NFGa showed 

antioxidant capacity by ABTS method and ORAC assay. The NFGa presented significant 

cytotoxicity against MCF-7 from the lowest concentration tested (6.25-200 µg/mL) and did 

not affect the cell viability of the HaCaT. NFGa showed non-toxic effect in the in vitro and in 

vivo models. Therefore, NFGa may have a promising application in LEG stabilization for 

antioxidant and antitumor purposes.  

Keywords: lycopene; polysaccharides; nanoparticles; biocompatibility; antioxidant; 

antitumor. 

1. Introduction 

The Psidium guajava L. is a plant of great economic importance due to the 

commercialization of its fruit, the red pulp guava. Among the carotenoids present in the 

reddish pulp of the fruit, we highlight the lycopene, the content of which in the fruit in natura, 

as well as in its industrial derivatives, is higher in relation to watermelon, pitanga, papaya and 

tomato itself, which currently the main source of lycopene in developed countries [1]. 

Carotenoids can be extracted from different plant sources (leaves, bark, seeds, fruits, roots) 

and are cited in several epidemiological studies because they present as natural antioxidants 

[2,3], antifungal [4], antibacterials [5,6], anti-inflammatory [7], antitumor [8,9]. Carotenoids 

have benefits for mental health and metabolism, in adults (including pregnant women) and 

even children. The literature also demonstrates the application of these molecules in 

cosmetics, mainly due to their antioxidant potential [10]. 

Among the carotenoids, lycopene is considered a potent antioxidant, since it has the 

ability to react with free radicals, mainly singlet oxygen, formed from the irradiation of 

oxygen by ultraviolet (UV) rays, which is responsible for lipid peroxidation in cell 
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membranes [11,12]. In addition to the antioxidant activity, anti-inflammatory activity [13,14]; 

antifungal activity [15,16], cardioprotective activity [17,18] and neuroprotective activity 

[19,20] is attributed to lycopene. The antitumor activity is reported in several studies, with a 

great prominence under prostate cancer [21], ovary [22] and breast [23,24]. 

Chemically, lycopene is a hydrocarbon composed of a symmetric and acyclic structure 

containing 11 conjugated double bonds and 2 unconjugated bonds, this being the efficacy in 

the stabilization of singlet oxygen [25,26]. This chemical characteristic limits the use of 

lycopene in formulations, since the molecule is unstable to the presence of light, oxygen, heat 

and presents low bioavailability due to its hydrophobic nature [27]. 

The compound encapsulation in inclusion complexes, nanodispersions, nanoparticles, 

nanoemulsions, liposomes presents a perspective of improving physico-chemical 

characteristics, as well as the pharmacological and therapeutical efficacy. Using nanocarriers, 

several studies indicate promising results in the stability optimization of lycopene with 

increase of biological activity, well as to improve bioavailability [28-30]. 

Polymeric nanoparticles are often defined as solid colloidal particles having size in the 

range of 10-1000 nm [31]. These transport systems offer a great advantage over the others 

because their physicochemical properties can be controlled according to the composition of 

the polymers and the constituents of the nanoformulations [32,33]. Due to its ability to 

accommodate drugs of different levels of hydrophobicity, molecular weight and charge, 

polymeric nanocarriers are employed for various biological activities like anti-inflammatory, 

antiulcerogenic, hepatoprotectant and as intended in this study, antitumor and antioxidant [34-

36]. 

In the present study, a lycopene-rich extract (LEG) was obtained from the red guava and 

was incorpored into a polymeric blend nanoparticle of modified cashew gum and fucan. The 

physico-chemical characterization, antioxidant activity and biological studies to evaluate 

biocompatibility and antitumor activity were performed. 

2.  Materials and methods 

2.1. Chemicals and reagents 

Ethanol, chloroform, acetone, Polysorbate 80, pyridine, formamide, acetylic anhydride 

were purchased from Dinâmica® Química Contemporânea Ltda (Brazil). Lycopene ≥90%, 

from tomato, penicillin and streptomycin, MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 

phenyltetrazolium bromide), ABTS (2,2′-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), 

sodium fluorescein and AAPH (2,2′-Azobis (2-amidinopropane) dihydrochloride) were 

obtained from Sigma–Aldrich (Madrid, Spain). Dulbecco's modified Eagle's medium 
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(DMEM, Gibco BRL, USA) was used to cell culture. Acetonitrile and methanol (HPLC-

grade) were purchased from Merck (Germany). N-hexane and ammonium acetate (HPLC-

grade) were supplied by Tedia Company Inc. (USA) and J.T. Baker (Mexico), 

dichloromethane analytical grade from purchased Sharlab S.L (Spain).  

2.2. Production and characterization of lycopene-rich extract from red guava (LEG) 

The red guava was purchased in the local market, in the city of Parnaíba, state of Piauí, 

Brazil. The production of LEG was carried out in accordance with the methodology described 

in the patent n° EP2018017165320180509 by Amorim et al.[37]. The extract was dried on an 

evaporator route (Evaporator Route R-215, Buchi, Switzerland) at 175 mbar at room 

temperature.  The LEG was analyzed by UV-Vis spectrophotometer (Shimadzu UV-1800, 

Japan) by scanning in the region of wavelength (λ) between 300 and 650 nm according to dos 

Santos et al. [38]. The quantification of lycopene in the extract was estimated at λmax 472 nm 

from the all-trans-lycopene standard calibration curve. HPLC analysis of the LEG was 

conducted in consonance with Amorim et al. [39] using a Shimadzu liquid chromatographer 

(Japan), RPAQUEOUS Develosil-C30 analytical column (4.6 × 150 mm, 5 µm), mobile 

phase composed by acetonitrile, methanol, hexane, dichloromethane, ammonium acetate 

(55:22:11.5:11.5:0.02, v:v:v:v:w) at a flow rate of 1 mL/minute and UV-Vis detection 

between 800 and 200 nm at 1.2 nm/s with monitoring at 472 nm. 

2.3. Obtaining acetylated cashew gum (CGa) and fucan (FUC) polysaccharides 

Cashew gum (CG) was isolated from exudates from trees of the genus Anacardium 

occidentale L. native to Parnaíba, Piauí, Brazil. The extraction method followed the 

methodology described by De Paula, Heatley, and Budd [40] and Araújo et al. [41]. CG was 

modified by insertion of acetyl groupings (CGa) using acetic anhydride according to the 

methodology proposed by Pitombeira et al. [42]. Fucan (FUC) was obtained from the 

seaweed Padina gymnospora (Kützing) Sonder collected at Coqueiro beach, Luiz Correia - 

PI, Brazil and the extraction process was carried out according to Wang and Chen [43], with 

modifications. The dry mass of seaweed (10 g) was ground and hydrated in 1:20 (w/v) 

deionized water and heated (80 ± 5 °C) for 60 minutes under constant stirring. Then, the 

solution was filtered and adjusted to pH 7.0. For polysaccharide precipitation 1:3 (v/v) 

ethanol was added and the precipitate was then filtered and washed with acetone and 

subjected to hot air flow to obtain the dry mass of FUC. 

2.4. Encapsulation of LEG in polymer carriers 

2.4.1 Synthesis of fucan-uncoated acetylated cashew gum nanopartciles (NGa) 
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An polymer nanoparticle based on acetylated cashew gum and without fucan loading 

LEG, named NGa, was produced by nanoprecipitation method, in accordance with described 

by Gharib and Faezizadeh [44], with modifications. The organic phase was prepared by 

dissolving the LEG (10 mg) and CGa (10 mg) in acetone (5 mL) under magnetic stirring for 5 

min. The aqueous phase, consisting of distilled water (5.3 mL) and tween 80 (7 mg for NGa1 

and 14 mg for NGa2), was prepared under the same homogenization conditions as the organic 

phase. Then, the organic phase was slowly dripped into the aqueous phase under high shear 

homogenization (T 10 basic Ultra-Turrax®-Ika) at 15,000 rpm for 5 min. The residual organic 

solvent was removed in a vacuum concentrator (Eppendorf™ Concentrator Plus/Vacufuge®). 

NGa without LEG was produced as a blank control under the same synthetic conditions and 

was identified as NBGa. 

2.4.2. Synthesis of fucan-coated acetylated cashew gum nanoparticles (NFGa) 

An polymer nanoparticle based on acetylated cashew gum and fucan loading LEG, 

named NFGa, was produced according to the methodology detailed by Li et al. [45], with 

adaptations. The organic phase was prepared by dissolving the LEG (10 mg) and CGa (10 

mg) in acetone (5 mL) under magnetic stirring for 5 min. The aqueous phase, consisting of 

distilled water (5.3 mL) and tween 80 (33 mg), was prepared under the same homogenization 

conditions as the organic phase. Then, the organic phase was slowly dripped into the aqueous 

phase in an ice water bath (4-8 °C) under high shear homogenization (T 10 basic Ultra-

Turrax®-Ika) at 15,000 rpm for 5 min. Subsequently, the nanoparticles previously prepared 

were poured into the distilled water (7.5 mL) containing FUC (10 mg), under high shear 

homogenization (T 10 basic Ultra-Turrax®-Ika) at 15,000 rpm for 5 min. The residual organic 

solvent was removed in a vacuum concentrator (Eppendorf™ Concentrator Plus 

/Vacufuge®). NFGa without LEG was produced as a blank control under the same conditions 

and was identified as NBFGa. 

2.5. Characterization of the nanoparticles 

The mean particle size (z-average), polydispersity index (PDI) and zeta potential were 

determinated by Dynamic Light Scattering (DLS) using a Malvern Zetasizer Nano ZS90 

equipment. The nanoparticles absorption spectrum was obtained using a UV-Vis 

spectrophotometer (Shimadzu UV-1800, Japan) by scanning in the region of wavelength (λ) 

between 350 to 650 nm. The concentrantion of nanoparticles and mean particle size was 

evaluated by Nanoparticle Tracking Analysis (NTA) using Malvern Panalytical NanoSight 

NS300 equipment with a 642 nm laser module (Malvern, UK) and NTA 3.3 software. For 

morphological analysis were employed Atomic Force Microscopy (AFM) using a TT-AFM 
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(AFM Workshop, USA) in vibrating mode and Transmission Electron Microscopy (TEM) 

using a JEOL JEM-1011 at 10 kV with 20 mm aperture. 

2.6. Encapsulation efficiency 

The encapsulation efficiency was measured according to Li et al. [43] with 

modifications. Nanoparticles solutions were diluted in chloroform: ethanol (2:1, v:v) at the 

ratio of 1:2 (v:v), vortexed for 10 minutes and then centrifuged at 15,000 rpm for 15 minutes. 

The supernatant was removed and the precipitate containing LEG was analyzed using a 

Shimadzu UV-1800 spectrophotometer (Japan) by scanning in the region of wavelength (λ) 

between 300 to 650 nm. This procedure was also performed using nanoparticles without LEG 

as a blank solution. The quantification was performed at 472 nm and the encapsulation 

efficiency (EI) was calculated by equation below:      

%EE = Me / Mi × 100 (Eq. 1) 

Where Me is the mass of LEG quantified in the precipitate and Mi is the initial mass of LEG 

added in the system.   

2.7. Stability study of the nanoparticles 

To evaluate the colloidal stability of the nanoparticles and the nanoencapsulated LEG 

stability, the samples were stored under refrigeration (4 °C) and room temperature (27 °C). 

The mean particle size, PDI, zeta potential and pH were analyzed monthly over 90 days. The 

stability of LEG encapsulated in the nanoparticles was evaluated through the absorption 

spectrum using a UV-Vis spectrophotometer (Shimadzu UV-1800, Tokyo-Japan) by scanning 

in the region of wavelength (λ) between 300 to 650 nm. The quantification of lycopene 

equivalent was performed on the day of synthesis (day 0) and after 90 days. Free LEG was 

evaluated under the same conditions of analysis and storage as control. 

2.8. Fourier transform infrared spectroscopy (FTIR) 

Infrared absorption spectrum of the LEG, CG, CGa, FUC, NBFGa and NFGa were 

measured using the IRAffinity-1S (Shimadzu, Japan) equipment. Infrared spectra were 

recorded at the range from 4000 to 700 cm
-1

 in transmittance mode. 

2.9. Antioxidant activity 

The antioxidant activity of the NFGA was evaluated by the ABTS colorimetric method, 

according to Okonogi and Riangjanapatee [30]. The absorbances were measured in a 

spectrophotometer at 750 nm after 6 min of reaction. The calibration curve of the Trolox 

synthetic antioxidant standard was prepared varying the concentrations from 7.8 to 125 μM e 

the results were expressed TEAC (Trolox μM equivalent antioxidant capacity).  
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The oxygen radical absorbance capacity (ORAC) assay was performed as described by 

Mendes et al. [46]. Measurements were performed on Multi-mode Microplate Reader (BioTek 

Instruments, USA). The calibration curve was obtained with Trolox in dilutions between 12.5 

and 100 μM and expressed at TEAC (Trolox μM equivalent antioxidant capacity). 

2.10. Biological studies 

2.10.1. Cell culture 

Human breast adenocarcinoma (MCF-7) and human keratinocyte (HaCaT) cell lines 

were obtained from the American Type Culture Collection (ATCC
®
, USA). Cells were 

cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal 

bovine serum (Gibco, USA) and 1% antibiotic solution (10,000 IU/mL penicillin and 10 

mg/mL streptomycin, in a humid atmosphere at 37 °C and 5% CO2. 

2.10.2. Cell viability assay  

The cell viability assay was performed by the MTT dye reduction method as described 

by Vasconcelos et al.  [47]. MCF-7 and HaCaT cells were seeded at a density of 3 x 10
3
 into 

96-well plate in DMEM culture medium and incubated for 24 hours at 37 °C in a CO2 

incubator. The cells were treated with NFGa, NBFGa diluted in DMEM and LEG diluted in 

0.5% DMSO at a concentration range from 6.25 to 200 μg/mL. Cells were incubated for 24 

and 72 hours at 37°C and 5% CO2. DMEM and 0.5% DMSO were used as cell viability 

control. After exposure time, the supernatant was discarded and 150 μL of DMEM containing 

MTT at 5 mg/mL was added in each well, following incubation for 2 hours at 37 °C and 5% 

CO2. Thereafter, the supernatant was removed and 100 μL of DMSO was added to dissolve 

the blue formazan crystals produced from the metabolism of MTT by living cells. The 

absorbance was monitored at 595 nm using a SpectraMax
®
 Plus 384 plate reader (Molecular 

Devices, USA). The tests were performed in quintuplicates in two independent experiments. 

2.10.3. Hemolytic activity 

Hemolytic activity was evaluated according to dos Santos et al. [38]. A volume of 4 mL 

of sheep (Ovis aries) blood was collected in tubes containing EDTA (1.8 mg/mL). The animal 

is from the Água Limpa Farm of the University of Brasília-UnB, Brazil. The experiment was 

approved by Animals Ethics Committee of the Institute of Biological Sciences of the 

University of Brasília under protocol number 09/2019. The blood was washed with 

phosphate-buffered saline (PBS) and a 5% erythrocytes solution was prepared. NFGa and 

NBFGa diluted in PBS was added (20 µL) to cell solution (80 µL) into a 96-well plate. The 

samples were tested at a concentration range from 6.25 to 200 µg/mL. After incuation for 1 

hour at a 37 ºC the reaction was interrupted and the samples were centrifuged at 3,000 rpm for 
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10 minutes. The supernatant was measured at 550 nm using a SpectraMax® Plus 384 plate 

reader (Molecular Devices, USA). PBS (1x) was used as the negative control and Triton-X 

(0.1% v/v) was used as the positive control. The percentage of hemolytic activity was 

calculated by the following equation:  

%HA = ABSsample – ABSsaline × 100  (Eq. 2) 

ABStriton – ABSsaline 

Where ABS is the absorbance value. 

2.10.4. In vivo toxicity in the Galleria mellonella model 

The toxicological evaluation in the Galleria mellonela model was performed according 

to Ignasiak and Maxwell [48] and do Nascimento Dias et al. [49]. Groups containing sixteen 

sixth instar larvae (250-300 mg) received injections of 10 μL of different doses of NFGa (5, 

10 and 20 mg/kg). The control group received only PBS. The larvae were incubated at 37 ºC 

for seven days with daily monitoring of deaths. The analysis were carried out in two 

independent experiments. 

2.11. Statistical Analysis 

The statistical analysis of the nanopartciles characterization data (size, PDI, zeta 

Potential and encapsulation efficiency) was carried out by one-way ANOVA followed by 

Tukey post-test.  Cell viability data were evaluated by analysis of variance (ANOVA) 

followed by Bonferron's multiple comparison test to verify statistical differences between 

groups. Two-way ANOVA followed by Bonferroni’s multiple comparison analyses were 

employed to compare means between the exposure times 24 and 72 h. Log-rank was used in 

the analysis of Mantel-Cox survival curves. All analyzes were performed using GraphPad 

Prism 6.0 (GraphPad Softwares, USA) and the results expressed as mean ± standard error of 

the mean (SEM). The statistical significance was set at p < 0.05. 

3. Results and Discussion 

3.1. Characterization of LEG by UV-Vis spectrophotometry and HPLC-DAD              

The UV-Vis spectrum of lycopene standard (LS) and lycopene-rich extract from red 

guava (LEG) in ethanol are shown in Fig. 1A. The spectrum obtained with scanning between 

650-300 nm show that the LEG absorbance pattern is similar to the LS absorbance pattern, 

with wavelength of maximum absorbance (λmax) of 446, 472 and 504 nm. This data 

corroborate with the UV Vis spectrum of the lycopene-rich extract from tomato [50, 51], as 

well as to the LEG previously described by Santos et al. [38]. The lycopene content in the 

extract was 34.4% per dry mass. The concentration of lycopene in the extract may vary due to 
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its own lycopene content in fruits and vegetables related to climatic and edaphic variables, 

stage of maturation, planting of varieties, postharvest, management and storage [52]. 

Comparing the LS with the LEG chromatogram, the same retention time (RT = 9.36 

minutes) is observed (Fig. 1B). In the LEG chromatogram there are also two other peaks at 

8.75 and 15.34 minutes. These results are similar to the chromatogram of the lycopene-rich 

extract from red guava obtained by [36] where it presents the same retention time 

corresponding to the lycopene standard (RT = 10.5 minutes) and two other peaks at different 

retention times (RT = 9.5 and 16.1 minutes), which wereattributed to the presence of other 

carotenoids. 

3.2. Characterization of polymer nanoparticles 

In this study, two natural polymers were explored for production of nanoparticles 

loading LEG: acetylated cashew gum and fucan, a sulfated polysaccharide from seaweed. The 

acetylation of the cashew gum (CG) was promoted through the reaction with acetic anhydride 

(Fig. 2). The chemical modification is usually carried out with the primary hydroxyl group 

(C6) of the sugar due to the greater reactivity of this position in relation to the secondary or 

tertiary portions [53]. The replacement of numerous hydrophilic hydroxyl groups as a result 

of the insertion of acetyl groups in the polymeric chain of CG promotes changes in the 

solubility of the gum, making it insoluble in water. Thus, through the process of 

nanoprecipation, when the organic phase containing a mixture of acetone, LEG and CGa is 

dispersed under an aqueous phase allows the assembly of a self-organized system [42].  

Table 1 presents composition and characterization data of polymeric nanoparticles 

loading LEG and without the extract (blank control). It is possible to observe that the size of 

NBGa (189.3 ± 0.4 nm) was significantly lower (p < 0.05) than NGa1 and NGa2, probably 

due incorporation of LEG. The PDI (0.25 ± 0.02) and zeta potential (-26.5 ± 1.1 mV) of 

NBGa was significantly higher (p < 0.05) than NGa1 and NGa2. The differences on the 

particle size, PDI, zeta potential and encapsulation efficiency were also observed between 

NGa1 and NGa2. NGa2 presented size and PDI significantly larger (p < 0.05) than NGa1 as 

opposed to the zeta potential that was significantly lower (p < 0.05). The variation in these 

parameters may be due to the increased surfactant concentration. 

Sharma, Madan, and Lin [54] in a study that aimed to evaluate the effect of process and 

formulation variables on the synthesis of nanoparticles from biodegradable polymers for the 

carrying of paclitaxel noted that as increased concentration of the surfactant poly-vinyl 

alcohol (PVA) at 0.10; 0.25; 0.50; 0.75; 1.0 and 2.0%, the particle size and PDI increased, 

while the encapsulation efficiency decreased when the higher concentrations are used (0.75; 
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1.0 and 2.0%). According to the authors, the effect of the surfactant concentration on these 

parameters could be explained by the gelatinization of PVA molecules due to the strong 

hydrogen bonds via the hydroxyl group, thus the gelatinization of PVA at the oil/water 

interface can occur during the formation process of nanoparticles. 

Kheradmandnia et al. [55] synthesized lipid nanoparticles for incorporation of 

ketoprofen using a combination of lectin and tween 80 as surfactants, the latter being used in 

the formulation at concentrations of 40; 50; 60 and 100%. In the formulation where the 

concentration of tween 80 was 100%, there was an increase in particle size and PDI and the 

zeta potential showed a proportional decrease as the tween 80 concentration was increased, 

reaching the lowest value (-8.60 mV) when 100% tween 80. 

About fucan-coated acetylated cashew gum nanoparticles (Table 1), the nanoparticles 

without LEG (NBFGa) showed a size and PDI significantly larger (p < 0.05) than 

nanoparticles containing LEG (NFGa), however, there was no significant difference in the 

zeta potential of NBFGa compared to NFGa. 

Previous studies using acetylated cashew gum as a polymer for the incorporation of 

hydrophobic active compounds presented similar behavior regarding particle size when 

incorporated into the active. Rodrigues et al. [56] synthesized nanoparticles with acetylated 

cashew gum for the incorporation of epiisopiloturin, a slightly water soluble alkaloid, the 

incorporation of the active in the polymer matrix significantly reduces the particle size, as did 

studies developed by Pitombeira et al. [42] that when synthesizing nanoparticles using 

acetylated cashew gum to incorporate indomethacin, hydrophobic compounds, the 

nanoparticles without indomethacin incorporated showed larger sizes than the nanoparticles 

incorporated with the active. 

In general, in relation to the size of the nanoparticles, NBGa had a smaller average size 

(p <0.05) than NGa1 and NGa2, in contrast to NBFGa, whose average size was larger (p 

<0.05) than NFGa. It is worth mentioning that NFGa has the smallest size and NGa2 the 

largest among the nanoparticles produced in the study (p <0.05). NFGa did not show 

significant difference in the zeta potential when compared to NBFGa, however, NBFGa and 

NFGa showed zeta potential greater than NBGa, NGa1 and NGa2 (p <0.05). 

Several parameters in the synthesis can influence the characteristics of the nanoparticles 

and using the nanoprecipitation method the main aspects that seem to have influenced the 

size, PDI, zeta potential and encapsulation efficiency of the nanoparticles synthesized in this 

study were the nature and concentration of the polymers, concentration of active and 

surfactant in the reaction medium [57]. 
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The biological application of loading systems depends in part on the particle size. 

Banerjee et al. [58] affirmed that nanoparticles with a diameter in the range of 50 nm to 200 

nm are better absorbed and transported by intestinal cells more efficiently when compared to 

larger particles because these reduced sizes provide higher solubility, reactivity and efficiency 

to deliver bioactive compounds in the gastrointestinal tract, as well as facilitate penetration 

into biological barriers. Danaei et al. [59] points out that nanovesicles with a diameter of 300 

nm or below can distribute their content to some extent in the deeper layers of the skin, 

particles in the 10-210 nm size range may preferentially penetrate the transfollicular pathway. 

In the present study, the nanoparticles produced present satisfactory scale sizes for a 

nanocarrier for the pharmaceutical, food and cosmetic industries.  

The PDI is a representation of the particle size variability in a colloidal system that may 

eventually arise as a result of factors associated with the synthesis process [60]. The degree of 

polydispersity is measured in a distribution range consisting of the value of 0.0 (system with 

uniform particle size) to 1.0 (polydispersed system with populations of particle size). Within 

this range, the polydispersity index of 0.3 indicates a narrow particle size distribution. In this 

study, the PDI values presented by the nanoparticles correspond to a system with relatively 

uniform distribution [61].  

The zeta potential is used to determine the surface charge and stability of a colloidal 

suspension and considered to be indicative of good colloidal stability.  According to DLVO 

theory, zeta potential values in modules between 0 mV and 10 mV demonstrate highly 

unstable particles, 10 mV at 20 mV relatively stable particles, 20 mV at 30 mV moderately 

stable and values above 30 mV highly stable particles [58,62]. The surface charge values of 

NGa1 and NGa2 confer a relative stability to the colloidal system and we infer that although 

the hydroxyl groups of Tween 80 can contribute slightly to the negative charge, even in the 

case of a nonionic surfactant, the charge of the zeta potential is attribution mainly to the acetyl 

groups inserted in the CG. The surface load values of NFGa are consistent with a system of 

high stability and the negative value is related, in addition to the acetyl groups inserted in the 

cashew gum or Tween 80, with the sulphate groups of the fucana. Thus, stabilization in 

suspension can occur from electrostatic force (polysaccharide loading) and steric (by 

surfactant) [56,61,63]. 

The Fig. 3 shows the absorption spectrum of the nanoparticles after synthesis (day 0). 

The UV-Vis spectrum of NBGa (Fig. 3A) and NBFGa (Fig. 3D) showed absence of LEG 

absorption profile, while the UV-Vis spectrum of the nanoparticles containing LEG (Fig. 3B, 

C and E) presents characteristic lycopene absorption bands. When comparing the UV-Vis 
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spectrum of NGa1, NGa2 and NFGa (Fig. 3B, C and E, respectively), the maximum 

wavelengths of the LEG were more evident in the NGa1 and NGa2 spectra. These suggest 

that the LEG may have adsorbed in the polymeric matrix, which may be the reason why the 

extract was not adequately protected from possible chemical degradation, as there was a 

gradual decrease in the maximum wavelengths of the LEG in the NGa1 and NGa2 spectrum 

to the point that they are no longer evident at the end of a month of synthesis. In addition, this 

fact may have contributed to a low encapsulation efficiency in both nanoparticles (Table 1). 

The UV-Vis spectrum of NFGa shows more subtle maximum wavelengths of the LEG, 

suggesting that the FUC coating for CGa nanoparticles containing LEG was efficient, 

reflecting an improvement in the system and increasing the efficiency of the encapsulation 

(Table 1). 

Temporal colloidal stability under different storage conditions is a challenge and several 

factors can affect the stability of nanoparticles in suspensions during the storage period. The 

stability test in this study was performed by storing the nanoparticles in refrigeration (4 °C) 

and room temperature (~27 °C) in a period of 90 days. Size, PDI, zeta potential and pH values 

are shown in Table 2. At room temperature, all nanoformulations showed degradation profile 

around 30 days, with precipitation of nanoparticles and phase separation. At 4 °C, NGa1 and 

NGa2 in the second month exhibited degradation profile (precipitation and phase separation), 

while NFGa showed no significant difference in size (F = 0.899, p = 0.456), PDI (F = 0.270, p 

= 0.772), zeta potential (F = 2,430, p = 0.169) and pH (F = 2,275, p = 0.184) when stored at 4 

°C for periods of 90 days. After this time, the LEG extracted from the nanoparticles showed 

the same absorption spectrum as the first day, with three characteristic maximum absorption 

peaks, by UV-Vis technique (Figure S1).  

Changes in particle size and PDI may be due to particle aggregation mediated by 

variation of zeta potential, pH, encapsulated active concentration, among others [57]. The pH 

changes suggest influence of this parameter in the nanoparticle stability, the pH decreased 

with increasing temperature, which may affect the polymeric matrix [57,64]. In addition to 

temperature and pH, the phase separation in nanoparticles suspensions is commonly related 

chemical composition of the nanoparticles [65, 66]. Thus, the presence of fucan in NFGa can 

contribute to stability. The behavior observed in the UV-Vis spectrum suggests that there was 

no degradation of lycopene, since lycopene degradation by reversible isomerization of all-

trans lycopene to more oxidizable cis isomers promotes promotes changes in physical and 

chemical properties that are reflected in the UV-Vis spectrum [67,68]. 
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During the stability study period, the LEG incorporated in the nanoparticles was 

evaluated and as a stability parameter, the free LEG was evaluated under the same storage 

conditions as the nanoparticles. According to the previous data presented in Table 2, the 

NFGa showed better stability and even after the 90 days of storage, there was no significant 

difference (p = 0.253) in the percentage of LEG incorporated. However, the free LEG, after 

90 days at the same storage conditions, significantly decreased (p < 0.05) the lycopene 

content by 26%. In view of what has been reported so far, we conclude that NFGa 

nanoparticles at 4 ºC maintained the physico-chemical characteristics of the system, in 

addition to actually preserving the encapsulated LEG at a rate of 60%, therefore, it was the 

system selected for the continuation of this study. 

The NFGa were evaluated by nanoparticle tracking analysis (NTA). This 

characterization technique combines dynamic light scattering and Brownian motion with laser 

light scattering microscopy with a coupled charge device (CCD) camera which allows 

individual particle analysis to obtain particle distribution and concentration through size 

versus counting in numbers. NTA is a technique that categorically represents a major advance 

for the study of polydispersed systems, because the main characterization technique used, 

DLS, is more sensitive to the presence of large particles, this is because the size of the 

particles is determined by fluctuations in the intensity of the scattered light. Due to the 

Brownian motion of the particles, thus it can lead to an inaccurate size determination in 

colloidal systems [65,69]. 

The NTA data (Fig. 4) revealed that the particles have a modal size of 125 nm with a 

concentration of 6.04 × 10
9
 nanoparticles/mL. The data obtained by NTA corroborate the data 

obtained by DLS, indicating a system with size distribution narrow. 

The morphological characterization by microscopic techniques, in particular 

transmission electron microscopy (TEM) and probe scanning microscopy (AFM), have been 

the widely used methods to characterize nanometric materials [70].  

TEM allows you to obtain images with a significantly higher resolution [71]. The 

investigation of the morphology of NBFGa (Fig. 5A) and NFGa (Fig. 5B) by TEM, 

demonstrate a particle size less than 200 nm with a spherical and smooth nature, in addition, it 

is possible to observe dark regions around the nanoparticles. Pereira et al. [72] when 

analyzing by TEM the morphology of PLGA nanoparticles for the incorporation of guabiroba 

extract rich in phenolic and carotenoid compounds attributed the shading at the edges of the 

nanoparticles to the suffactor, which forms connections between their hydrophobic regions 

with the polymeric chain, while its hydrophilic regions are exposed to the aqueous phase. 
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According to Tsapis [73] the surfactant can produce artifacts that are observed next to the 

nanoparticles. In some regions, it is also possible to observe slight aggregations of the 

nanoparticles, which is quite common, since the malleable walls of the polymeric particles 

can undergo forces of interfacial attraction during the evaporation of the solvent in the 

analysis substrate [74]. 

The smooth appearance and spherical shape of the nanoparticles by AFM corroborate 

the data obtained by TEM, as shown in Fig. 5C-D (NBFGa) and Fig. 5 E-F (NFGa). The 

average size for NBFGa was 173 ± 13.9 nm and for NFGa 125 ± 8.65 nm. The ability of the 

AFM to produce accurate results depends on several aspects such as how to sample 

preparation, type of substrate, resolution, software used, mode of operation of the instrument, 

measurement cantilever interaction, pixel size and scan rate [75]. In this study, in order to 

minimize the formation of aggregates and obtain reliable results, the methodology was 

carefully employed, considering the type of sample, the dilution and the type of material for 

the deposition of the sample. 

In addition to the morphological aspects, it is possible to observe with the microscopic 

images of NBFGa and NFGa that there is a very homogeneous size distribution, therefore, 

there is a correlation with the data of medium size and polydispersion of nanoparticles 

obtained by DLS and NTA. 

3.4. Fourier transform infrared spectroscopy (FTIR) 

In order to characterize the most important organic groups referring to the components 

of the nanoparticles, analysis by Fourier transform infrared spectroscopy (FTIR) of the 

cashew gum (CG), acetylated cashew gum (CGa), fucan (FUC), lycopene-rich extract from 

red guava (LEG), NFGa and NBFGa (Fig. 6).  

In the CG spectrum (Fig. 6A) it is possible to observe in 3340 cm
-1 

to stretching     O-H; 

2951 cm
-1

 and 2887 cm
-1

 symmetric and asymmetric stretching of C-H respectively; 1734 cm
-

1
 axial deformation of C = O in COOH; 1373 cm

-1
 to stretching C = O; 1149 cm

-1
, 1089 cm

-1
 

and 1038 cm
-1

 are attributed to stretching C-O-C and O-H, referring to the glycosidic units 

[42,76]. Observing the CGa spectrum (Fig. 6A), there is a significant reduction of the band by 

3380 cm
-1

 and an intensification of the bands of 1375 cm
-1

 and 1745 cm
-1

, typical of the 

vibrational frequencies of carbonyl C = O, which can be attributed to acetylation. In addition, 

the corresponding bands 1149 cm
-1

, 1089 cm
-1

 and 1038 cm
-1

 attributed to the C-O-C and O-

H section referring to the glycosidic units appear as a single absorption peak [77,78].  

In the FUC spectrum (Fig. 6A) the band at 3297 cm
-1

 is attributed to stretching   O–H; 

2883 cm
-1

 symmetric stretching of C-H; 1601 cm
-1

 and 1410 cm
-1

 asymmetric stretching to 
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COO of glucuronic acid and symmetric glucuronic acid vibrations respectively. The band at 

1226 cm
-1

 and 1129 cm
-1

 are attributed to asymmetric stretching of S = O; 1080 cm
-1

 is due to 

the stretching of C-O-C relative to the glycosidic units [79-81]. 

In the LEG espectrum shown in Fig. 6B, the peak at the 994 cm
-1

 region is attributed to 

trans angular deformation outside the C-H plane; the bands at 1460 cm
-1

, 1743 cm
-1

, 2855 and 

2927 cm
-1

 are respectively attributed the angular deformation C-H, the trans stretching of C = 

C; to the strong stretching for symmetrical methylene (CH sp
2
) and asymmetric methyl (CH 

sp
3
). The FTIR characterization of lycopene-rich extract from red guava showed vibrational 

frequencies similar to those of Priam et al. [82] and Santos et al. [38]. 

The NBFGa and NFGa absorption peaks (Fig. 6B) in the region of 1700 cm
-1

 and 1368 

cm
-1

 can be attributed to a displacement respectively of the 1745 cm
-1

 and 1375 cm
-1

 regions 

present in the CGa spectrum. The vibrational frequency at 1427 cm
-1

 can be attributed to a 

displacement of the vibrational frequency in the region of 1410 cm
-1

 and the intensification at 

1239 cm
-1

 can be attributed to the intensification of 1226 cm
-1

, frequencies of functional 

groups present in the spectra of the FUC. The vibrational frequencies at 1093 cm
-1

 are 

attributed to the displacement of C-O-C present in both polysaccharides. These results suggest 

that there was an interaction of polysaccharides in the polymer mixtures for LEG 

encapsulation. Comparing the LEG spectrum with the NFGa spectrum (Fig. 6B), the 

disappearance of the characteristic peaks of the extract at 2927 cm
-1

, 12855 cm
-1

, 1460 cm
-1

 

and 994 cm
-1

 indicates that there was an incorporation of the extract in the polymeric matrix.  

Nascimento et al. [83] characterized by FTIR polymeric nanoparticles based on PCL 

(polycaprolactone) for incorporation of red propolis extract. When comparing the absorption 

spectrum of empty nanoparticles and the nanoparticles loaded with the extract observed that 

both contained similar absorption peaks and when compared to the extract spectrum they 

observed the disappearance of characteristic peaks of the extract, thus suggesting the 

incorporation of the extract in the polymeric matrix. 

Akhoond Zardini et al. [61] through analysis of FTIR spectra of lipid transporters for 

the incorporation of lycopene, observed that the transported and empty nanoparticles 

presented the same vibrating frequencies for both spectra and also suggested that the absence 

of new peaks in the spectra of the transported nanoparticles when compared to the spectra of 

the empty nanoparticles, they indicate that adsorption occurred in the lipid matrix. 

3.5. Antioxidant activity 

Due to the complexity of the sample, reaction mechanism and different reaction 

substrates, the correlation and comparison between the results against different trials to 
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evaluate antioxidant capacity becomes difficult, so there is a need to use of more than one 

method to infer the antioxidant capacity. 

The antioxidant capacity of NFGa was evaluated by the ABTS and ORAC assays, both 

of which allow evaluating the antioxidant capacity of lipophilic or hydrophilic compounds. 

The ABTS assay is a colorimetric test based on the reaction with an organic cation (ABTS
●+

), 

while the ORAC assay is based on the decrease in fluorescence of phycobilin class proteins 

through the peroxyl radical reaction induced by AAPH (2,2'-azobis-2-amidinopropane). 

Because of the use of peroxyl radicals or prooxidant hydroxyls, the ORAC assay is very 

biologically relevant since it uses radicals similar to those occurring in vivo [84]. In Table 3 

we find the results of the antioxidant activity of NFGa by the ABTS and ORAC assay 

expressed as TEAC (Trolox equivalent antioxidant activity). 

Previous studies with a  lycopene-rich extract from red guava showed TEAC values of 

2980 ± 34 μM Trolox equivalent /g by ABTS method and 402.80 ± 44.40 μM Trolox 

equivalent/g by ORAC assay [36].  Additionally, nanoemulstion containing lycopene-purified 

from red guava presented TEAC of 127.66±0.45 μM Trolox equivalent/g [85]. In this context, 

the TEAC values of NFGa suggest a satisfactory antioxidant capacity. 

From the preparation of solid lipid carriers with different concentrations of tomato 

extract (90% lycopene), Okonogi and Riangjanapatee [30] obtained different values of TEAC 

against the radical ABTS
●+

, with a TEAC value of 36.6 μM Trolox equivalent /mg for the 

nanocarrier with the maximum concentration of 50mg of lycopene, the TEAC values obtained 

were lower than that of this study using NFGawith lower concentration of incorporated LEG. 

Pereira et al. [86] encapsulated in polymer nanoparticles from PLGA guabiroba extract rich in 

phenolic compounds and the TEAC values against the ORAC assay was 229.0 μM Trolox 

equivalent/g. 

3.6. Cell viability on human breast cancer cell and human keratinocytes 

The viability assay was performed on human breast adenocarcinoma (MCF-7) and 

human keratinocyte normal cell line (HaCaT) lines exposed to LEG, NBFGa and NFGa at 

concentrations range from 6.25 to 200 μg/mL for 24 and 72 hours. Fig. 7 shows the cell 

viability in MCF-7 at 24 and 72 hours. Free LEG (Fig. 7A) there was a significant reduction 

(p < 0.05) in cell viability (24.35% of reduction) from 6.25 μg/mL, while for NBFGa the 

reduction in cell viability was significant from the 25 μg/mL (32.54% of reduction). However, 

there was a significant reduction (p < 0.05) in cell viability in all concentrations of NFGa, 

being able to observe a reduction of almost 41.24% in cellular viability at the lowest 

concentration (6.25 μg/mL). At 72 h (Fig. 7) the cytotoxic effects were significant (p < 0.05) 
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for all concentrations of free LEG, NBFGa and NFGa, with a reduction of 51.98%, 40.20% 

and 55.50% in cell viability at 6.25 μg/mL, respectively. Since the effect did not occur in 

dose-dependent manner, it not was possible to calculate the IC50. Statiscally significant 

difference was observed between exposure times of 24 and 72 hours for LEG, NBFGa and 

NFGa.  

In a previous study with  lycopene-rich extract from red guava in MCF-7, Santos et al. 

[38] observed that the viability reduction was time and dose dependent, exhibiting a cytotoxic 

effect for 24h treatment from the lowest concentration used (6.25 μg/mL; IC50= 29.85 

μg/mL). The cell viability was similar to the results in this work for LEG. Furthermore, the 

cytotoxic activity of LEG was optimized when nanoencapsulated, similarly to found by 

Vasconcelos et al. [47] for lipid-core nanocapsules containg LEG with a reduction of MCF-7 

viability of 61.45% at 6.25 μg/mL at 24 hours of exposure.  

The higher cytotoxic effect of nanoparticles loading LEG in relation to free LEG may 

be related to the form of cell uptake, since it is suggested that the absorption of lycopene 

occurs in a passive way mediated by proteins or added to lipid droplets, whereas the polymer 

nanoparticles are through an endocytic pathway, which may result in increased cellular uptake 

of the LEG in the encapsulated form [87,88].  

Puri et al. [88] evaluated the cytotoxic effect of docetaxel-loaded polymer nanoparticles 

at 24, 48 and 72 hours in insensitive androgen-sensitive prostate cancer cell lines (PC3 and 

LNCaP, respectively). The nanoparticles had the spherical shape with a mean size of 265 ± 2 

nm, PDI 0.23 ± 0.003 and zeta potential of -30.1 ± 0.5 mV, characteristics of particles similar 

to those obtained in this work. The docetaxel-loaded polymer nanoparticles showed a dose-

time cytotoxic effect dependent more effectively on the same molar amount as the free drug, 

with the cell line LNCaP being more sensitive to docetaxel than PC3 cells. Akl et al. [89] 

evaluated the effect of curcumin-loaded PLGA polymer nanoparticles under the colon 

adenocarcinoma cell line (HT29 cells). The cytotoxic effect on the lineage studied was 

potentiated in comparison with free curcumin. 

According to Fig. 8, the treatment of HaCaT non-cancerous cell line with free LEG did 

not significatively affect the viability at 24 hours of exposure. The reduction of the HaCaT 

viability was only at the highest concentration of NBFGa (200 µg/mL, 45.29% of reduction) 

and NFGa (100 and 200 µg/mL, 35.04% and 48.02% of reduction, respectively).  At the 72 

hours of exporure, the HaCaT viability was significantly (p < 0.05) affected by free LEG, 

NBFGa and NFGa from the 25 µg/mL. 
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These results suggest the anticancer potential of LEG encapsulated in the polymeric 

nanoparticles, because its cytotoxicity to cancer cells at low concentration and low cytotoxic 

effect to non-cancerous cells. In addition, several studies indicate that nanoparticles ≤ 200nm 

demonstrate efficiency in targeting tumor tissues through a passive mechanism that makes use 

of increased retention and permeability in tumors, called enhanced permeability and retention 

effect (RPE), and prevents rapid leakage in the blood capillaries, resulting in high antitumor 

efficacy potential [90,91]. 

3.7. Toxicity assessment  

Erythrocytes are the most abundant blood cells and an in vitro toxicity test for 

hemolytic activity is a very effective test for assessing the biocompatibility effects of new 

biotechnological products [92,93]. The haemolytic activity test showed no cytotoxic effect of 

NFGa in sheep erythrocytes at the tested concentrations (6.25 to 200 μg/mL) (Fig. 9A). In an 

earlier study, Santos et al. [38] evaluated the hemolytic activity of lycopene-rich extract from 

red guava in sheep erythrocytes and showed a very slight reduction in cell viability (5%) at 

the highest concentration tested (800 μg/mL). Additionally, a lipid-core nanocpasule 

containing LEG does not affect the viaility of sheep erythrocytes at concentration range from 

6.25 to 200 μg/mL, corroborating our results [47]. These data indicate that polymeric 

nanoparticles loading LEG present biocompatibility with the normal cell model used.  

Chiste et al. [94] evaluated through peroxyl radical toxicity (ROO
•
) the potential of 

carotenoids to inhibit hemolysis of human erythrocytes and lycopene was the most efficient to 

prevent hemolysis, followed by β-carotene, lutein and zeaxanthin. Our results showed 

biocompatibility even at the highest doses and seem to corroborate with the studies mentioned 

above, since lycopene is the carotenoid with the highest antioxidant activity moreover there 

are studies relating the sulfate polysaccharide (fucan) to a good antioxidant activity. 

In vivo toxicity is a prerequisite for testing compounds for use in humans and tests on G. 

melonella larvae is an alternative to the cost, time and ethical criteria required for testing on 

mammals. The advantage of this cytotoxicity model is that the immune system of the G. 

mellonella larvae is similar in structure and function to the innate immune system of 

vertebrates, thus it is being established as a model for tests of infectivity and toxicity [48,95]. 

The in vivo test on G. mellonella larvae presents no toxic effect of NBFGa or NFGa at 5, 10 

and 20 mg/kg (Fig. 9B), corroborating the hemolysis test. Spadari et al. [96], evaluated 

through the hemolysis and survival test of G. mellonella larvae, the effect of miltefosine 

encapsulation in alginate nanoparticles and the results showed that in addition to reducing the 

toxicity of miltefosine, the nanoparticles polymeric compounds showed low toxicity. In view 
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of the promising results, we suggest that the polymeric carrier in the present study is a safe 

formulation and the LEG carrier did not alter the biocompatibility of the system. 

4. Conclusion 

The fucan-coated nanoparticle obtained from modified cashew gums presented 

promising results for applicability in hydrophobic compounds carrying systems as lycopene-

rich extract. The nanoparticles remained stable to the temporal degradation to which the 

extract is subject when free. In addition, the nanoparticles optimized the cytotoxic effect of 

free LEG on breast cancer cell, presented biocompatibility with human keratinocytes and 

sheep erythrocytes and was no toxic to Galleria mellonella larvae. Therefore, because it is a 

natural composition, these results suggest a potential complementary alternative for the 

treatment of the disease, since, chemotherapeutics present high dose cytotoxicity. We suggest 

more studies using additional biological models to expand the results. 
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Table 1. Composition and characterization of nanoparticles: particle size, zeta potential, 

polydispersity index (PDI) and incorporation efficiency (IE). 

NPs 

OP AP Coating 

Size (nm)* PDI* ZP (mV) EE (%) LEG 

(mg) 

CGa 

(mg) 

T80 

(mg) 

FUC 

(mg) 

NBGa - 10 7 - 189.3±0.4 0.25±0.02 -26.5±1.1 - 

NGa1 10 10 7 - 215.5±0.5 0.20±0.00 -23.3±0.3 13.0±0.2 

NGa2 10 10 14 - 251.1±3.5 0.20±0.01 -17.5±1.2 8.5±0.4 

NBFGa - 10 33 10 272.0±11.3 0.46±0.01 -29.9±0.9 - 

NFGa 10 10 33 10 162.0±3.3 0.35±0.02 -30.7±1.3 60.0±0.1 

* Data obtained by Dynamic Light Sacattering (DLS). The data were expressed as mean ± 

standard deviation. NPs: nanoparticles; OP: organic phase; AP: aqueous phase; LEG: 
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lycopene-rich extract from red guava; CGa: acetylated cashew gum; T80: tween 80; FUC: 

fucan. PDI: polydispersity index; ZP: zeta potential; EE: encapsulation efficiency. 

 

Table 2. Size, polydispersity index (PDI), zeta potential (ZP) and pH of the nanoparticles 

over 30, 60 and 90 days at 4ºC and 27ºC. 

Temperature Sample Period  Size (nm)* PDI* ZP (mV) pH 

4 °C 

NGa1 30 days 215.5 0.197 -23.3 4.3 

 60 days - - - - 

 90 days - - - - 

  215.5 0.197 -23.3 4.3 

NGa2 30 days 251.1 0.202 17.5 5.1 

 60 days - - - - 

 90 days - - - - 

  251.1 0.202 -17.5 5.1 

 30 days 160.9 0.336 -29.5 6.7 

NFGa 60 days 159.5 0.338 -30.5 6.6 

 90 day 165.7 0.371 -32.1 6.7 

  162.0 0.348 -30.7 6.7 

 NFGa 30 days 258.9 0.539 -23.2 5.7 

27 °C  60 days - - - - 

  90 days - - - - 

   258.9 0.539 -23.2 5.7 

* Data obtained by Dynamic Light Sacattering (DLS).  - Periods without information on the 

parameters due to the degradation of the sample. 

 

Table 3. Quantitative data of the antioxidant activity of NFGa. 

Antioxidant assay TEAC (µM Trolox/mL de nanoparticles) 

ABTS 93.7 ± 1.1 

ORAC 2267.0 ± 70.8 

 

 

Legend of figures 

Fig. 1. UV-Vis spectrum (A) and chromatogram (B) of the lycopene standard (LS) and 

lycopene-rich extract from red guava (LEG). 

Fig. 2. Representation of acetylation of cashew gum. 

Fig. 3. Characterization by UV-VIS spectrophotometry of the blank nanoparticles with (D) 

and without (A) fucan coating and nanoparticles containing LEG with (E) and without (B and 

C) fucan coating. 
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Fig. 4. Analysis of the size distribution and concentration of NFGa by NTA technique. 

Fig. 5: Morphological characteristics of nanoparticles. In A and B, image by TEM of NBFGa 

and NFGa respectively. Images by AFM in 3D and 2D respectively of NBFGa in C and D and 

NFGa in E and F. 

Fig. 6. Fourier Transform Infrared Spectroscopy (FTIR) characterization of cashew gum 

(CG), acetylated cashew gum (CGa), fucan (FUC), lycopenerich extract from red guava 

(LEG), fucan-coated acetylated cashew gum nanparticles containing LEG (NFGa) and fucan-

coated acetylated cashew gum nanparticles without LEG (NBFGa). 

Fig. 7. Effect of lycopene-rich extract from red guava (LEG) (A), NBFGa (B) and NFGa (C) 

on cell viability in MCF-7 cell line for a period of 24 and 72 hours. Values were expressed as 

means ± SEM. ** p<0.01 versus 24 h DMEM control group. **** p <0.0001 versus 24 h 

DMEM control group. # p<0.0001 versus 72 h DMEM control group. 

Fig. 8. Effect of lycopene-rich extract from red guava (LEG) (A), NBFGa (B) and NFGa (C) 

on cell viability in HaCaT cell line for a period of 24 and 72 hours. Values were expressed as 

means ± SEM. * p<0.05 versus 24 h DMEM control group. *** p <0.001 versus 24 h DMEM 

control group. #  p<0.0001 versus 72 h DMEM control group. 

Fig. 9. Hemolytic activity of NFGa and NBFGa in sheep erythrocytes (A) and survival curve 

of G. mellonella larvae after inoculation of different doses of NFGa (5, 10 and 20 mg kg) (B). 
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Fig. 2 

 

Fig. 3 
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Fig. 4 
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Fig. 5 

 

Fig. 6 
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Fig. 7 
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Fig. 8 

 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



Fig. 9 
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Highlights 

 Nanocarrier based on fucan-coated acetylated cashew gum containing lycopene-rich 

extract from red guava was produced.  

 The fucan coating improved the encapsulation efficiency and physicochemical 

properties. 

 Lycopene-rich extract encapsulated was more stable than free extract.   

 Nanocarriers showed high cytotoxicity against breast cancer cells and low toxicity in 

normal model. 
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