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PROLOGO

Las propiedades particulares de las Nps, muy diferentes en muchos aspectos a
las de sus solidos masivos, han abierto nuevos campos de estudio e investigacion a todo
nivel: tedricos y aplicados. Son mas inestables que los sélidos masivos de los que se
diferencian principalmente por su estructura electrénica que no suele ser continua. Esto
es una ventaja a nivel de su reactividad y suelen presentar superficies especificas altas
que son muy propicias para los procesos de catalisis, un ingrediente muy importante
en los procesos cinéticos. Otra propiedad interesante es que no presentan defectos
estructurales en su volumen como vacancias o dislocaciones, a diferencia de sus
correspondientes soélidos masivos.

Las presentes monografias forman parte del titulo: “Nanociéncias e
Nanotecnologia: Pesquisa e Aplicagdes”. Los articulos estan ordenados de lo
mas general (e.g., produccioén y caracterizacion de las Nps) a los relacionados con
aplicaciones practicas (e.g., foto catdlisis y a su relacion principalmente con aplicaciones
de origen biologico).

Estos muestran la potencialidad de las nanotecnologias en la comprension
de nuevas aplicaciones en campos tan variados como la catalisis, fotocatalisis, bio-
remediacion, contaminantes, ambientes acuaticos, antisépticos, bactericidas, virucidas,
compuestos bio-activos, biosintesis extracelular e intracelular, estudio de suelos,

vegetales y probidticos, etc.

Juan Ramon Collet-Lacoste
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Nanociéncias e Nanotecnologia: Pesquisa e Aplicacoes

ABSTRACT: The purpose of this project was
to develop an antiseptic gel based on bioactive
compounds of Origanum vulgare and Aloe
vera incorporated with SiO, and ZnO - SnO,
nanoparticles, to obtain a broad spectrum of
bactericidal and virucidal action. Currently, in
Mexico, the sanitary crisis caused by SARS-
CoV-2 has had a significant impact on Mexican
families, since hygiene and disinfection is the
main concern of Mexicans. This problem has
led the population to purchase antiseptic gels
with a narrower spectrum of action, in order to
reduce the cost of disinfection products. ZnO
nanoparticles present antimicrobial properties,
which together with SnO, nanoparticles, which
have photocatalytic properties, generate a
synergy. Likewise, the liberating properties
of the SiO, nanoparticles show a better
antimicrobial activity as a function of the
antiseptic gel based on bioactive compounds
of Origanum vulgare and Aloe vera.

KEYWORDS: Nanotechnology. Nanoparticles.
Controled Release. Antiseptics. Bactericidal.
Virucidal and bioactive compounds.

1INTRODUCTION

Nanotechnology is the study and
development of systems at the nanometer
scale (1 nm is equivalent to 10°m), in which
totally new properties and phenomena are
observed, which are governed by the laws of

quantum mechanics, these new properties

Capitulo 7
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are those that scientists take advantage of to create new materials (nanomaterials) or
nanotechnological devices. Ortiz Aguilar (2019) explains that nanomaterials can occur
naturally, however, there are also manufactured nanomaterials, which are intentionally
designed with specific properties (mechanical, electrical, optical and catalytic) and
these nanomaterials can be presented in the form of nano-objects, materials that are
characterized by having one, two or three external dimensions at the nanoscale.

Si0,, SnO, and ZnO nanoparticles are nanostructured materials that have been
studied for their properties, which include antibacterial action. For the fabrication of these
nanomaterials, different synthesis methods have been used, either chemical or physical,
which provide good properties.

In Mexico, the health crisis caused by SARS-CoV-2 had a significant impact
on Mexican families, as the unemployment rate in Mexico increased, indicating a slow
recovery of the country’s economy. The Mexican population is applying sanitary measures
to avoid contagion in their homes, with an estimated increase in the use of antiseptic gels
in homes. However, due to the sanitary crisis, the prices of sanitizers, such as antiseptic
gels, have risen, since hygiene and disinfection is the main concern of Mexicans. This
problem leads the population to purchase antiseptic gels with a lower spectrum of action,
in order to reduce the cost of disinfection products. On the other hand, there is a problem
related to the epidemiology of wounds in Mexico. The health sector (2018) mentions the
epidemiological characteristics and costs to wound care in medical units, as well as for
the affected population in this area, since the prices of antiseptics present high costs for
the treatment of acute and chronic wounds. It is estimated that 26.6% of the Mexican

population presents traumatic injuries, and 23.4% corresponds to diabetic foot ulcers.

2 OBJECTIVE

To elaborate an antiseptic gel based on bioactive compounds of Origanum vulgare
and Aloe vera, incorporated with SiO, and ZnO-SnO,, nanoparticles, which allows having a
broad bactericidal and virucidal spectrum to be used as a sanitary measure and improve

the antimicrobial action against microorganisms present in wounds.
3 EXPERIMENTAL PART

31 OBTAINING THE AQUEOUS EXTRACT OF ORIGANUM VULGARE

Origanum vulgare leaves were collected on the federal highway in Fortin, Ver. The
leaves were selected complete and free of pests. They were then washed with abundant

tap water and the leaves were dried by dehydration for 6 h at 40°C in a smoking oven. Once
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dried, they were ground in a grinder. The crushed material was subjected to continuous
extraction with 95% ethanol using the Soxhlet method. Finally, a simple distillation was

performed to obtain the pure extract.

3.2 OBTAINING THE EXTRACT OF ALOE VERA

Aloe vera leaves were collected and selected homogeneously and representatively
in shape, size and color, discarding those that showed damage or other alterations. The
Aloe vera leaves were washed in a bath with water and sodium hypochlorite to eliminate
microorganisms. Once the leaves were washed and dried, they were cut longitudinally
on a tray, then with a spoon, the mucilage was gently scraped until it was completely

separated from the cortical parenchyma, then the gel was stored in airtight containers.

3.3 PREPARATION OF NANOPARTICLES
SiO, nanopartciles

400 mL of distilled water and the surfactant were placed in an agitation of 700
rpm for 5 min. Subsequently, 16 mL of NH,OH were added by drip, leaving the solution to
agitate for 10 min. The temperature was raised to 95°C, leaving it to react by a constant
agitation at 700 rpm. To maintain the temperature, a sand bath system was mounted.
The product was then allowed to cool to room temperature. It was centrifuged at 15,000
rom for 15 minutes with three washes of an ethanol-water solution (1:1). Once obtained,
15 mL of Origanum vulgare extract was added, allowing the mixture to rest. Subsequently,
the mixture was placed in a water bath at 40°C until a pasty consistency was obtained. It
was calcined at 400°C for 1h. At the end of the process of obtaining nanoparticles, a light

green dry material was obtained.
SnO, nanoparticles

Two g of tin chloride (SnCl,-2H,0), used as tin precursor, was added to 42 mL
of Origanum vulgare extract and left in agitation until its complete dissolution; obtaining
a mixture. Subsequently, the sample was placed in a water bath at 60°C until a pasty
consistency was obtained. It was then calcined at 400°C for 60 min. At the end of the

process, a dry light gray material was obtained.
Zn0O nanoparticles

2 g of zinc nitrate was dissolved in 50 mL of distilled water in a beaker with constant

stirring for 10 min, using a magnetic stirrer. After stirring, 5 mL of Origanum vulgare extract
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was added. The mixture was heated from 60°C to 90°C. The color of the resulting solution
changed from a transparent white to a light green paste confirming the formation of
ZnO NPs. The obtained paste was transferred to a ceramic crucible and kept in a muffle
furnace heated at 400°C for 2h. The resulting powder was used for characterization and

preparation of the antiseptic gel.

3.4 CHARACTERIZATION OF NANOPARTICLES

UV-Vis Spectroscopy Analysis

UV-Visible spectrophotometer was used to confirm the formation of SiO,, SnO,
and ZnO nanoparticles. The UV-Vis spectra of the samples were performed in Perkin

Elmer spectrophotometer, in the range of 200 to 800 nm.

3.5 PREPARATION OF ANTISEPTIC GEL BASE

2 g of carbopol were dissolved in 120 mL of alcohol in a beaker with a stirring of
less than 150 rpm. Subsequently, 2 mL of glycerin was added, maintaining a constant
agitation. When the mixture was homogenized, 1 mL of trihydroxyethylamine was added.

Finally, when the gel obtained consistency, it was bottled.

3.5 PREPARATION OF AN ANTISEPTIC GEL BASED ON NATURAL EXTRACTS AND
NANOPARTICLES

2 g of carbopol were dissolved in 120 mL of alcohol in a beaker with a stirring of
less than 150 rpm. Subsequently, 2 mL of glycerin was added, maintaining a constant
agitation. When the mixture was homogenized, 1 mL of trihydroxyethylamine and 5 mL
of Aloe vera extract were added. After the gel obtained consistency, it was packaged. To
impregnate the SiO,and ZnO - SnO, nanoparticles, a sonicator was used with a duration

of 30 min. Finally, the gel samples were left to rest.

3.6 PREPARATION OF CULTURE MEDIA

In the preparation of the culture media using nutrient agar, 23 g of the medium
was rehydrated in 1L of distilled water. It was then allowed to stand for 10 to 15 min. Once
rested, it was heated at constant stirring to boiling point for 1 min to dissolve it completely.
It was then autoclaved at 121°C for 15 min.

In casein peptone culture media, 20 g of the medium was rehydrated in 1 L of

distilled water. It was then allowed to stand for 15 to 20 min. Once resting, it was heated
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by stirring constantly to boiling point for 2 min to dissolve completely. It was then sterilized
in autoclave at 121°C for 17 min.

Once sterilization was complete, the media were poured into each of the
corresponding petri dishes, where they were allowed to cool to room temperature. Finally,

the media were labeled for use in other tests.

3.7 DETERMINATION OF ANTIMICROBIAL ACTIVITY

To analyze the antimicrobial activity of the antiseptic gel based on extracts with
the incorporation of SiO, and SnO, - ZnO nanoparticles, disc diffusion methods were
performed, where gram-positive and gram-negative bacterial species were used. The
sterile discs loaded with different concentrations of nanoparticles solution (1 mg/ mL)
were aseptically maintained in petri dish media, previously cleaned with a broth solution
of test bacteria.

In addition, the base antiseptic gel was used as a positive control, while samples of
the natural extract-based antiseptic gel with the incorporation of nanoparticles were used
as negative controls. The antimicrobial activity was scored in the clear zones surrounding

the corresponding discs.

4 RESULTS AND DISCUSSION

UV-Vis Spectroscopy Analysis
SiO, nanoparticles
The SiO, nanoparticles were analyzed using UV-Vis spectroscopy in the range

between 300 to 800 nm. In Figure 1, the peak absorbance of these nanoparticles is

observed at 350 nm, due to their surface plasmon resonance.

Figure 1. UV-Vis spectroscopy of the SiO,
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SnO, nanoparticles

UV-Vis spectroscopy analysis was performed at room temperature. The absorption
spectrum of SnO, nanoparticles was recorded in a wavelength range between 200 to
800 nm. In Figure 2, the absorbance peak of SnO, nanoparticles at 260 nm is observed.
The energy value of the forbidden band is 2.84 eV.

Figure 2. UV-Vis spectroscopy of the SnO,.
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Zn0O nanoparticles

The confirmation of Origanum vulgare extract of ZnO nanoparticles was observed
by the color change from white to light green. In Figure 3, the UV spectrum of the
synthesized ZnO nanoparticles is shown. The absorbance peak is at 354 nm, due to the

surface plasmon resonance of these nanoparticles.

Figure 3. UV-Vis spectroscopy of the ZnO.
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Determination of antimicrobial activity of antiseptic gel

The nanoparticles used for the preparation of the antiseptic gel are used in various
applications due to their antimicrobial properties. In the present study, agar disc diffusion
test was used to measure the efficiency of the antiseptic gel based on natural extracts
with the incorporation of SiO, and ZnO - SnO, nanoparticles against gram negative and
gram positive bacteria. The inhibition zone was analyzed by the disk diffusion method for 4
h with the corresponding nanoparticles, using different concentrations for the preparation
of the antiseptic gel.

Figure 4 shows the antimicrobial activity of the antiseptic gel samples, in
the case of Figure 4(a) it can be determined that the base gel presents a superficial
antimicrobial activity against the positive bacteria, this is attributed to the large surface
area to volume ratio of the nanoparticles used, providing a better inhibitory contact with
the microorganisms. The antimicrobial properties of the nanoparticles interact with the
microorganisms by adhering to the surface of the bacterial cell membranes, penetrating

and affecting the permeability of the bacterial membranes.

Figure 4. Antimicrobial activity (a) base gel and (b) antiseptic gel with ZnO-SnO, nanoparticles.

i

Tables 1 and 2 show the size of the disinfected diameter using the antiseptic gel

based on natural extracts with the incorporation of SiO, and ZnO - SnO, nanoparticles.

Table 1. Recording of the diameter of the disinfected area of the ZnO-SnO, nanoparticles.

Registro de area desinfectada (mm)
1h 2h 3h 4h
Blanco 5mm 6 mm 7 mm 8 mm
0.25g/L 5 mm 7 mm 9 mm 11 mm
05g/L 9 mm 10 mm 15 mm 17 mm
1g/L 10 mm 11 mm 14 mm 17 mm
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Table 1 shows the records regarding the diameter of the disinfection area using
Zn0O-Sn0O, nanoparticles in the antiseptic gel samples. The record of the disinfection
area was recorded in millimeters. As can be seen in the table, the antiseptic gel
without the bioactive components of Origanum vulgare and Aloe vera extracts with the
incorporation of nanoparticles at different concentrations, presented a lower area than
the samples of the antiseptic gel incorporated by natural extracts already mentioned
and ZnO-SnO, nanoparticles.

The study to evaluate the effectiveness of the antiseptic gel had a duration of 4 h,
where the samples showed an effectiveness in reducing microorganisms present in the
medio de cultivo of gram-negative and gram-positive.

The sample with a concentration of 0.5 g/L showed a higher effectiveness in
the antimicrobial activity on gram-negative and gram-positive bacteria. However, the
samples with a concentration of 1 g/L of ZnO-SnO, nanoparticles also presented
a greater effectiveness, however, there was not a great difference with respect to
the samples with a concentration of 0.5 g/L, which is why it was analyzed that this
concentration allows a prolonged release of the bioactive compounds of the Origanum

vulgare and Aloe vera extracts.

Table 2. Recording of the diameter of the disinfected of the SiO, nanoparticles

Registro de area desinfectada (mm)
1h 2h 3h 4h
Blanco 5mm 6 mm 7 mm 8 mm
0.25g/L 5 mm 6 mm 8 mm 9 mm
0.5g/L 5mm 7 mm 8 mm 10 mm
1g/L 6 mm 8 mm 9 mm 11 mm

Table 2 shows the record corresponding to the antimicrobial evaluation of the
antiseptic gel based on the bioactive components of Origanum vulgare and Aloe vera
extract with different concentrations of SiO, nanoparticles with respect to the antiseptic
gel without components, which was considered as a blank.

The sample that presented the best effectiveness for the reduction of
microorganisms was the one with the concentration of 1 g/L of SiO, nanoparticles with
the bioactive compounds of the Origanum vulgare and Aloe vera extracts. However, this
sample did not present the same effectiveness with both gram-negative and gram-positive

microorganisms.
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5 CONCLUSIONS

UV-Vis spectroscopy confirmed the formation of SiO,, ZnO and SnO, nanoparticles.

The study of the antimicrobial activity showed that the antiseptic gel based on
Origanum vulgare and Aloe vera extract with the incorporation of 0.5 g/L of ZnO - SnO,
nanoparticles developed a synergy, increasing the efficiency of the antimicrobial activity
due to its photocatalytic properties, allowing the reduction of gram-negative and gram-
positive bacteria.

The release character of SiO, can be observed through the increase of the inhibition
area with respect to the release of Origanum vulgare and Aloe vera extracts over time.

Therefore, it is concluded that the antiseptic properties of alcohol, as well as those of
Origanum vulgare and Aloe vera extracts, the SiO, releasing character, and the photoactive

properties of ZnO-SnO,, present a synergy resulting in a better antimicrobial activity.

6 ACKNOWLEDGMENTS

Agradecemos a la Universidad Tecnologica del Centro de Veracruz, por todo
el apoyo brindado y por permitirnos el uso de su infraestructura para desarrollar este
proyecto. Asimismo, le agradecemos al Dr. Vicente Rodriguez Gonzélez del Instituto
Potosino de Investigacion Cientifica y Tecnoldgica AC. (IPICYT), como también al Dr.
Francisco Javier Tzompantzin Morales del departamento de Quimica de la Universidad

Autonoma Metropolitana (UAM).

BINLIOGRAPHIC REFERENCES

Ortiz Aguilar, J. E. (2019). Actividad antimicrobiana de nanoparticulas ceramicas sintetizadas
por un método verde para uso en aplicaciones biomédicas. [Tesis de grado, Universidad
Autonoma  de Occidente]. https://red.uao.edu.co/bitstream/handle/10614/11795/T08856.
pdf?sequence=6&isAllow

Morales, R., Pascual, H. y Tandio, J. (2004). Jardin Botanico de Madrid. Ibersaf.

Arcila, C., Loarca, G., Lecona, S. y Gonzélez, E. (2004). Oregano: Properties, composition and
biological activity. Scielo, 54(1), 100 — 111. http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S

Lépez, D. (2019). Identification of possible toxicological risks and their sanitary regulations of the use
of nanomaterials in products for human consumption in Mexico. Revista Médica, 10(3), 221 — 228.
https://www.medigraphic.com/pdfs/revmed/md-2019/md193e.pdf

Rodrigues, M., Kosaric, N., Bonham, C. y Gurtner, G. (2019). Wound healing: A cellular perspective.
Physiological reviews, 99(1), 665-706. https://doi.org/10.1152/physrev.00067.2017

Wang, P, Huang, B., Horng, H., Yeh, C. y Chen, Y. (2018). Wound healing. Journal of the Chinese
Mediical Association: JCMA, 81(2), 94-101. https://doi.org/10.1016/j.jcma.201711.002

Nanociéncias e Nanotecnologia: Pesquisa e Aplicacoes Capitulo 10 m


https://red.uao.edu.co/bitstream/handle/10614/11795/T08856.pdf?sequence=6&isAllow
https://red.uao.edu.co/bitstream/handle/10614/11795/T08856.pdf?sequence=6&isAllow
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S
https://www.medigraphic.com/pdfs/revmed/md-2019/md193e.pdf
https://doi.org/10.1152/physrev.00067.2017
https://doi.org/10.1016/j.jcma.2017.11.002

SOBRE EL ORGANIZADOR

El Dr. Juan Ramon Collet-Lacoste es licenciado en ciencias quimicas de la
Universidad de Buenos Aires (UBA) y PhD de la Universidad de Paris Sud (XI). Su
especialidad es la fisico quimica, en la rama de la termodinamica de los procesos
irreversibles (TPI), especialmente en el estudio de los procesos cinéticos en los sistemas
electroquimicos.

Ha desarrollado varios trabajos relacionados a los mecanismos de reaccion y
transporte de materia sobre electrodos metalicos, asi como el desarrollo de electrodos
para celdas de combustible de baja temperatura (fuel cells).

Es un especialista en la técnica de impedancia electroquimica, en la cual ha
publicado varios articulos en revistas internacionales.

Desde el punto de vista experimental, ha trabajado en el desarrollo de celdas
de combustible con Nps de platino y paladio y de electrolizadores alcalinos de baja
temperatura.

Actualmente realiza trabajos sobre la oxidacion acuosa del aluminio en
gradientes de temperatura. Este trabajo esta relacionado a los elementos combustibles
de los reactores experimentales multipropdsito para la fabricacion de radioisétopos de

uso médico.

Nanociéncias e Nanotecnologia: Pesquisa e Aplicacoes Sobre o Organizador m



iNDICE REMISSIVO

A

Antiseptics 126, 127
Aquatic environment 98, 99, 100, 101
Au Nanoparticle 87, 96

B

Bactericidal 126, 127
Bioremediation 98, 99, 100, 101, 105, 106, 125
Biosintesis extracelular 116

Biosintesis intracelular 116
C

Carbon nanoparticles 99, 101, 104, 135, 136, 137, 138, 139, 142
Catalise 29, 62, 63, 64, 66, 67, 81

Ceramicas funcionais 28

Contaminants 98, 99, 100, 101, 102

Controled release 126

E

Efeito Plasmonico 62, 71, 76, 77, 80, 81, 82, 83
Extracto 108, 109, 110, 111, 112, 113, 120

F

Feixe de elétrons 49, 52, 53, 54, 55, 56, 57

Filtradhussao extracelular 116

Filtrado libre de células 116, 118, 120, 121,122, 123, 124
Fotocatalise 61, 62, 64, 66, 67, 68,70, 71,72, 78, 80, 81, 82, 83

H

Hidrotermal assistido por micro-ondas 28, 29
Hongo 108, 109, 111, 113, 116, 117, 118, 119, 120, 121, 122, 123, 124
Hybrid film 87, 88, 89, 90, 91, 92, 93, 95

Nanociéncias e Nanotecnologia: Pesquisa e Aplicacoes indice Remissivo



L
Low temperature fuel cells 1, 24
M
Metais nobres 61, 62, 68, 69, 83
N

Nanofiber 48, 87, 88, 91, 92, 93, 94, 95, 96, 101

Nanomateriais 34, 39, 54, 57

Nanoparticles 1, 2, 23, 24, 25, 26, 27, 29, 38, 39, 40, 48, 58, 59, 62, 84, 85, 87, 88, 93, 94,
95, 98, 99,100, 101,102,103, 104, 105, 106, 107, 109, 114, 115, 116, 124, 125, 126, 127, 128, 129,
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 142

Nanoparticles synthesis 1, 85

Nanoparticulas 28, 34, 37, 39, 40, 41, 42, 43, 46, 47, 54, 61, 64, 67, 68, 70, 72, 76, 83, 85,
108, 109, 110, 111, 112, 113, 114, 116, 117, 118, 119, 121, 122, 123, 124, 125, 134

Nanoparticulas Metalicas 39, 40, 54, 61, 62, 68, 83

Nanotechnology 24, 59, 87, 96, 125, 126, 141, 142

Nucleation and growth mechanism 1

0]

Oxido de cério 28, 29, 30, 31, 32, 33, 37, 38
Oxido de grafeno reduzido 49, 50, 51, 52, 53, 54, 56

P

Plant probiotics 135
Praseodimio 28, 30, 33, 37
Prata 31,39, 40, 41, 47, 70, 82, 85

Puntos cuanticos 109, 111
R

Radiacdo gama 49, 52, 53, 56, 57, 59
Radiacéo ionizante 49, 52, 53, 54

S

Self-assembly 87, 88, 91, 95, 96
SERS 39, 40, 42, 46, 47, 48

Nanociéncias e Nanotecnologia: Pesquisa e Aplicacoes indice Remissivo “



Soil 99, 135, 136, 137, 138, 139, 141
T

Tetramethylbenzidine 87, 96
Thermodynamic properties 1

Transition metals 1, 3, 12, 22
Vv

Vegetable 135

Virucidal and bioactive compounds 126

Nanociéncias e Nanotecnologia: Pesquisa e Aplicacoes indice Remissivo m



	0_Folha de  Créditos_NanociÊncia e Nanotecnologia_PÁGINA 1_16x23.pdf
	Conselho Editorial




