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Abstract

In medical applications, specifically in the handling of
mechanical utensils, hygiene and safety must be ensured,
which implies a complete cleaning and sterilization of
these, as well as the absence of burrs on support edges, in
order that there are no harmful cuts of the tissues that are
being examinated or manipulated. In such a way, the so-
called mirrors or vaginal dilators are very useful elements
in the review of women's health and should not be exempt
from the minimum quality of hygiene and safety. These
devices, are developed using a special polymer, which are
commonly elaborated through plastic injectors using
molds, due to, they are implemented using different parts,
generate the creation of sharp edges and shavings that
must be eliminated. The geometry of the mirrors implies a
certain complexity in the elimination of the cutting
elements. In the present work the design of a polishing
machine is presented, which is designed under the
principle of fusion of sharp edges and shavings by
applying heat from butane gas flames. The proposed
machine transports the mirrors to the position to the
location of the heating source, with the proper orientation,
in order to eliminate the edges and shavings.

Deburring, Polishing Machine, Plastic Vaginal
Dilators

Resumen

En aplicaciones médicas, especificamente en el manejo de
utensilios mécanicos, debe asegurarse la higiene y
seguridad, lo cual, implica una completa limpieza y
esterilizacion de estos, asi como la ausencia de filos en
bordes de sustentacién para que no existan cortes
perjudiciales en tejidos que se estén examinando o
manipulando. En ese sentido, los denominados espejos o
dilatadores vaginales, son elementos muy Uutiles en la
revision de la salud de las mujeres y no deben estar exentas
de calidad minima en higiene y seguridad. Estos
dispositivos, hechos con un polimero especial, son
comumente elaborados por medio de la inyeccion del
plastico en moldes, debido a que, al estar construidos de
diferentes partes, generan la creacion de bordes filosos y
virutas que deben ser eliminados. La geometria de los
espejos, implica una cierta complejidad en la eliminacion
de elementos cortantes. El presente trabajo presenta el
disefio de una méaquina pulidora que funciona bajo el
principio de fusién de los bordes filosos y virutas
aplicando calor proveniente de flamas de gas butano. La
maquina propuesta transporta los espejos hacia la posicion
donde se encuentra la fuente de calor, con la orientacion
adecuada, para que estas alcancen los bordes y virutas a
eliminar.

Desbarbado, Maquina de pulido, Dilatadores vaginales
plasticos
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1. Introduccién

In order to perform operations or medical
examinations, the tools and auxiliary elements
must be sterilized and free of sharp edges and
shavings that could damage the tissues that are
subject to manipulation.

Vaginal mirrors devices are one of the
auxiliary elements used to verify good health in
women, which are developed using a transparent
polymer, through the injection process using
molds, which generate certain undesirable edges
and shavings.

On the other hand, the devices geometry is
complex, therefore, removing the edges and
shavings is a difficult process to implement.

For the elimination of these waste
material, a deburring and/or a polishing process
can be performed, for this purpose, a circular
fine-grained stone rotating a determined speed
could be used.

In addition, to remove burrs, cones with
sharp grooves are used. Another approach is
using micro-abrasion with high pressure water
with micro particles of carbon, or using laser
systems that perform fusion or cutting of
shavings in the areas of interest (Lamikiz et al.
2007) or use chemical agents to erode shavings
(Chen et al., 2019; Zhao and Chang, 2002).

To achieve all points of interest, deburring
or polishing tools can be guided on complex
trajectories using five degrees of freedom
robotic devices (Guo et al. 2019).

Another approach to cover the areas of
interest is through the regulation of the deburring
trajectories using of a 5-axis CNC machine
(Pessoles and Tournier 2009).

In this work, the design of a machine is
presented, which uses the heat of flame source of
liquefied petroleum gas affecting directly the
sites of interest. Using this approach, the edges
and shavings are melted in order to achieve the
polishing of the critical areas.

The design of this system will allow to the
company SYM Laboratorios S.A. de C.V. to
achieve a higher productivity in the process of
polishing the dilating mirrors with a relatively
low investment.

ISSN: 2410-3462
ECORFAN® All rights reserved
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2. Proposed design description

The mechanical proposed design was
implemented using the CAD software CATIA
(Torrecilla 2019).

2.1. Mechanical-operational design

Figure 1 and 2 shows the polishing assembly and
the principal subassemblies. The subassemblies
are listed below:

Guide feeder

Capacitive sensor assembly
Belt drive system with blades
Capacitive sensor assembly
Burner 1

o E

Burner 2

Figure 1 View 1 of the designed polishing equipment
Source: Own Elaboration

Figure 2 View 2 of the designed polishing equipment
Source: Own Elaboration

ROJAS-GARNICA, Juan Carlos, MUNOZ-MATA, José Lorenzo,
CERVANTES-DE LA ROSA, Juan Pedro and OCOTITLA-MURNOZ,
Alma Delia. Design of an equipment for polishing of medical vagin
dilators in order to eliminate edges and burrs. Journal Simulation and
Laboratory. 2021
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The Guide Feeder consists of a structure
that supports the entire process, it is based on two
long supports of two-inch PTR profile made of
1018 steel, part 1 of Figure 3. Moreover, two
short supports (Figure 3, part 2), of the same
profile and same material as Figure 3 part 1.
With this lenght difference, a slope of 30 ° is
obtained, allowing an initial sliding of the
mirrors. Over the four supports, two angular
joists are welded with dimensions of two inches
of 1018 steel (Figure 3, part 3), which support a
sliding base (Figure 3, part 4), and a roof (Figure
3, part 5).

The sliding base has an end in the shape of
an arc of a circumference in order to facilitate the
coupling of the mirrors when they slide inside
the structure. This base use 7075 aluminum, as
well as the material considered for the roof. Both
the sliding base and the roof are joined to the
angular joists through bolted joints supported by
angular supports using the same material (Figure
3, part 7). In order to reinforce the structure, two
crossbars are welded using the same profile and
material as the supports (Figure 3, part 8).

The initial orientation to adjust the mirror
to polish is shown in Figure 4. Due to the
inclination, this mirror slides until it meets one
of the blades of the drive system.

Figure 3 Guide feeder of the designed polishing
equipment
Source: Own Elaboration

ISSN: 2410-3462
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Figure 4 Mirror in the Guide feeder, at the beginning of
the polishing process
Source: Own Elaboration

The belt and blade drive system can be
observed in Figure 5. As can be observed, the
drive system is mounted at the bottom of the
sliding base, conecting the system structure
(Figure 5, part 1), to the feeder-guide assembly
using screws. A 100 W direct current electric
motor is mounted on this structure (Figure 5, part
2), through a pair of gears, (Figure 5, part 3),
with a 2 mm module and 18 teeth, allows the
rotation of a roller 1 (Figure 5, part 4). Using the
roller 2 (Figure 5, part 5), it is possible to tension
and pull a band (Figure 5, part 6).

The band contains a series of blades
(Figure 5, part 7), with sufficient spacing
between them to hold and drag one mirror per
blade. Using this subassembly, only one mirror
is located to the burner area with a constant
speed, which can be regulated using the motor
through the electronic system. In order to verify
the position of the blades, the optical sensor
showed in Figure 1 is used. This sensor is aligned
towards the body of the blades in a determined
position, where it is possible to verify the
presence of any jam in the feed.

Figure 5 Belt and blade drive system on designed
polishing equipment
Source: Own Elaboration

ROJAS-GARNICA, Juan Carlos, MUNOZ-MATA, José Lorenzo,
CERVANTES-DE LA ROSA, Juan Pedro and OCOTITLA-MURNOZ,
Alma Delia. Design of an equipment for polishing of medical vagin
dilators in order to eliminate edges and burrs. Journal Simulation and
Laboratory. 2021
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Figure 6 shows the movement of a vaginal
mirror device towards the burners area though
the band with Blades.

Figure 6 Dragging a mirror by means of the belt and blade
system on the designed polishing equipment
Source: Own Elaboration

Figure 7 shows a zoom-in towards the
optical sensor, which detects the position of the
blades through the lower part of the drag system.

Figure 7 Optical sensor in the designed polishing
equipment
Source: Own Elaboration

In Figure 8, the burner 1 can be observed,
which is located on the roof of the mechanism.
This roof has a cutting that allows the burner of
LP gas flames to achieve the top of the mirror
assembly. These flames arise from a copper tube,
part 1 of Figure 8, with perforations in two rows
of perforations at 45 ° of separation at the lower
position. This tube is welded with an elbow joint
(Figure 8, part 2), moreover, this joint is welded
to a gas feed tube (Figure 8, part 3).

The burner 1, is fixed using two clamps
(Figure 8, part 4), screwed at the roof and to one
of the joists with an angle profile. The diameter
and lenght dimension of the tube depends of the
size of the mirrors to be polished. The range
considered for the diameter and lenght of the
burner is from 10 to 20 mm and from 50 to 70
mm respectively.

ISSN: 2410-3462
ECORFAN® All rights reserved
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Figura 8 Burner 1 of the designed polishing equipment
Source: Own Elaboration

The burner 2, shown in Figure 9, which is
located at the bottom, on the sliding joist. It
consists of a copper T-joint (Figure 9, part 1),
with a thread to facilitate its connection to the
joist, using two screws, one above and one below
the joist (Figure 9, part 2). The T-joint is welded
to two Elbow joints (Figure 9, part 3). These
elbow joints are welded to a pipe (Figure 9, part
4), with a seal at the end (Figure 9, part 5).

The T-joint, elbows and pipes are
perforated with 5 mm of separation and at both
sides of the diameter to guarantee a uniform
application of heat at the two inferior parts of the
mirror assembly through the flame generated
from the LP gas. The dimensions of the
diameters and height of the burner are adjusted
according to the size of the mirrors to be
polished, considering a diameter range of 10 to
20 mm and a height range of 50 to 70 mm.

Figura 9 Burner 2 of the designed polishing equipment
Source: Own Elaboration

ROJAS-GARNICA, Juan Carlos, MUNOZ-MATA, José Lorenzo,
CERVANTES-DE LA ROSA, Juan Pedro and OCOTITLA-MUNOZ,
Alma Delia. Design of an equipment for polishing of medical vagin
dilators in order to eliminate edges and burrs. Journal Simulation and
Laboratory. 2021
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Figure 10 shows the advance of a mirror
through the burner area. Is also shown, the
capacitive sensor, which is located below the
mirrors and whose function is to detect and count
the parts to polish.

Figure 10 The passage of a mirror through the burner area
Source: Own Elaboration

When the polishing process has been
finished at the burner area, the mirror is expelled
into a container by gravity, to continue to a
review and packaging area.

2.2. Electronic Design

Once the mechanical design assembly as well as
the subassemblies were completed, and having
knowledge of the dynamics of the process, the
electronic system was designed. Therefore, a
programmable device was used for the
implementation of an algorithm that contains the
necessary logic for the automation of the
designed mechanism. In such a way, be able to
integrate a fully automated system. The block
diagram of the electronic system is shown in
Figure 11.

ELECTRONIC
SYSTEM
CAPACITIVE
B
OPTICAL
Elw mp| 5
VALVE

GAS VALVE MOTOR SPEED SPARK GENERATOR|
REGULATOR REGULATOR BUTTON

EMERGENCY
STOP BUTTON

- DISPLAY
MICROCONTROLLER -

Figura 11 Block diagram of the designed electronic circuit
Source: Own Elaboration

For the electronic design, a PIC 16F877A
microcontroller (Microchip 2006) was used,
which contains the firmware with the
programming algorithm to control the process.

ISSN: 2410-3462
ECORFAN® All rights reserved
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Figure 12 Flow chart of the firmware implemented
Source: Own Elaboration

A system was developed which consists of
a process start button, an emergency stop button.
In addition, the electronic system has the ability
to manipulate a 100 W DC motor to activate the
mechanism. Such movement is conditioned by
an optical sensor, which detects the adecuate
position of the blades, subsequently, a capacitive
sensor is used to detect the part correctly placed
with respect to the position of the burners of the
device, as well as to perform the part counting to
be polished. Finally, it contains a spark generator
to activate the flame and two regulators to
control the opening and closing of a solenoid
valve to regulate the gas output to modulate the
intensity of the flame, as well as the speed of the
motor to regulate the rotation of the blades to
obtain a better performance of the system. A
firmware was developed using the CCS compiler
(Garcia Trejo 2009).

2.3. Firmware Design

Figure 12 shows the flow chart corresponding to
the firmware designed to control the process and
integrate the electronics with the mechanical
system.

ROJAS-GARNICA, Juan Carlos, MUNOZ-MATA, José Lorenzo,
CERVANTES-DE LA ROSA, Juan Pedro and OCOTITLA-MURNOZ,
Alma Delia. Design of an equipment for polishing of medical vagin
dilators in order to eliminate edges and burrs. Journal Simulation and
Laboratory. 2021
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To iniciate the system, the motor remains
stopped and an initial message is displayed
requesting that the "PRESS START" button be
pressed. If such button is not pressed, the
systems asks if the emergency stop button is
pressed, otherwise It is kept in an infinite cycle.
In this loop it is only possible to adjust the burner
flame through the solenoid valve and regulate
the motor speed, until a start or an emergency
stop event is generated. Subsequently, if the start
button is pressed, a message of "PLACING
PART" is displayed, which means that the motor
moves the blades to place the vaginal mirror at
the polishing position.

Once the motor sensor is activated, the
motor stops and verifies if the part was placed
correctly through the capacitive sensor, if the
oart is not detected, the system displays the
message "PART JAMMED", therefore, the
system stops completely and ths system is in
"EMERGENCY STOP" and the user can only
restart the process until the part is liberated and
the the start button is pressed.

On the other hand, if the piece is
positioned correctly, the flaming process for
polishing the vaginal mirror begins, indicated on
the display as: "POLISHING PIECE". It is
important to mention that the motor speed can be
regulated from the control panel knob in case it
is required to be able to accelerate or decelerate
the process. Once the process is finished, the
legend “PROCESS FINISHED” is displayed
and the motor ia activated again to remove the
polished piece and insert a new piece to start the
cycle of the polishing process.

In the case of an event that threatens the
system and it is necessary to stop the process, the
electronic system constantly monitors the stop
button to stop the entire system and correct the
problem that occurs within or outside the
process. Additionally, a spark generator was
added to electronically ignite the burner that
generates its flame.

Optionally, a second motor is proposed for
the opening and closing of the gas valve to be
carried out from a knob similar to the speed
regulation knob for the mechanism motor.

ISSN: 2410-3462
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Figure 13 View 1 of the designed electronic diagram
Source: Own Elaboration

Figure 13 and 14 shows the electronic
diagram of the electronic system. It can be
observed that it contains a motor driver to
activate and to regulate the motor speed.
Moreover, is shows the signal conditioning
circuit of the sensors to detect the blades
position, as well as the polishing part. Finally,
the start and stop buttons, and the regulators
knobs for the modulation of the flame intensity
and the motor speed using Pulse Widith
Modulation (PWM).

GAS VALVE MOTOR SYSTEM MOTOR

LvoteL GAS VALVE MOTOR SPEED
REGULATOR REGULATOR
g 3

START STOP

0 5
VCE [0 0> R1 VCC [0 o> 7.2 LIGHT

PIECE MOTOR INITIAL EYES
DETECTOR POSITION DETECTOR D3
cl|ar T T SPARK

%
agm) al
#«ajsc ’ ) S |G GENERATOR
[CINC) ®
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A E
e

t
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/@ -’ - £ R sp
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P e LEDRED
R0

4 o
D1 D2
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Figura 14 View 2 of the designed electronic diagram
Source: Own Elaboration
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3. Results

Once both the mechanical system and the
electronic system were designed, the assembly
of the entire system was carried out. Figure 15
shows the assembly of the integrated mechanical
system proposal.

Figure 15 Mechanical design assembly completed
Source: Own Elaboration

Figure 16 shows the proposal of the
control panel for the electronic system, which
contains the control logic to control the pulishing
process. As can be observed, such panel contains
the buttons and indicators necessary to control
and monitoring the system.

Figura 16 Mechanical design assembly completed
Source: Own Elaboration

Finally, a fully integrated system was
assembled to complete the design proposal, in
order to fullfill the user requirements, as can be
observed in Figure 17.
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Mechanical System
(Design)

Control Panel
(Electronic Design)

Figura 17 Full assembly proposal completed
Source: Own Elaboration

With the development of this proposal, it
is possible to reduce the polishing process time
in at least 50 % of the actual process,
successfully achieving the expectations and
requirements of the requesting company.

4. Conclusions

A system for polishing mirrors or vaginal
dilators has been designed, with an estimated
cost to manufacture of approximately $1,500
dollars.

Likewise, the circuit for regulating the
supply of the elements to be polished has been
proposed.

The approach of this proposal is to support
the local industry in the improving of the quality
and productivity of the polishing process.

5. Future work

As future work, it is planned to perform an
evaluation of the effectiveness and efficiency of
the proposed approach, in order to improve the
elaborated design.
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Abstract

The demand for chiltepin is increasing, since in
addition to the traditional sale of fresh and dried fruit
in the street and regional markets, there is also the
commercialization of derived products such as
pickles, sauces and dehydrated products in chain
stores, the market is supplied by the collection of
wild fruits. This has made harvesting intense and
aggressive, because collectors cut productive
branches or the entire plant in order to harvest a
larger quantity, limiting its possibilities for
regeneration. Therefore, it is proposed to improve the
germination of chiltepin seeds and to evaluate the
obtaining of good quality seedlings through substrate
mixtures and application of gibberellic acid (AG3) at
400 parts per million (ppm). The results of the
research indicate that at seven days treatments 4, 3, 7
and 8 differ significantly from the other treatments,
while by day 31 treatments 1, 7 and 8 are
significantly different from the others, with a
significance of 95%; for the number of roots the best
treatment was T1 for the evaluation on day 31 after
planting (dds).

Physiologic, Capsicum annuum var. aviculare,
germination

Resumen

La demanda de chiltepin va en aumento, ya que a la
venta tradicional de fruto fresco y seco en la calle y
mercados regionales, se agrega la comercializacion
de productos derivados como escabeches, salsas y
deshidratados en cadenas de tiendas comerciales, el
mercado se abastece de la colecta de frutos silvestres.
Esto ha hecho intensa y agresiva la recoleccion,
debido a que los colectores por cosechar mayor
cantidad, cortan las ramas productivas o la planta
completa, limitando sus posibilidades de
regeneracion. Por lo que se propone mejorar la
germinacion de semillas de chiltepin y evaluar la
obtencion de plantulas de buena calidad a través de
mezclas de sustratos y aplicacion de acido giberélico
(AGs3) a400 partes por millén (ppm). Los resultados
de la investigacion indican que a los siete dias los
tratamientos 4, 3, 7'y 8 difieren significativamente de
los demaés tratamientos, mientras que para el dia 31
los tratamientos 1, 7 y 8 son significantemente
diferentes de los demas, con una significancia del
95%; para el numero de raices el mejor tratamiento
ha sido el T1 para la evaluacidn el dia 31 después de
siembra (dds).

Fisioldgico, Capsicum annuum var. aviculare,
germinacion
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Introduction

64 types of chili peppers have been identified,
Oaxaca is the state with the greatest diversity
with at least 25 types, followed by Guerrero with
12 records, Puebla with 10 and Veracruz with
nine. In the north of the country, the states of
Nuevo Ledn, Coahuila, Chihuahua, Sonora and
the Baja California Peninsula registered
different variants of the piquin, wild, chiltepin or
“del monte” chili (Capsicum annuum var.,
Aviculare. Dierb D ' Arcy & Eshbaugh or
glabriusculum); Around this diversity of chili
peppers, a local economy develops on which
families depend to survive or improve family
well-being, many of these continue to be
cultivated thanks to the great interrelation with
culinary wealth, immersed in the ethnic-cultural
complex that characterizes to Mexico (Vera et
al., 2016).

The most consumed chili peppers are
generally cultivated, although there are also
some widely consumed species that have not
been properly domesticated and that are obtained
through the collection of wild plants. One of
these cases is the chiltepin, which is found in
almost the entire national territory (Bafiuelos et
al., 2008). Cano Vazquez et al., (2015), mention
that in the north of the country there are some
orchards that cultivate chiltepin for commercial
purposes, but there is no updated information
about production and prices, only its backyard
cultivation for self-consumption ( Pedraza and
Gomez, 2008).

The demand for chiltepin is increasing,
since to the traditional sale of fresh and dried
fruit in the street and regional markets, the
commercialization of derivative products such
as pickles, sauces and dehydrated products in
commercial chain stores is added (Sandoval-
Rangel et al. ., 2018). Therefore, this market is
supplied almost entirely by the collection of wild
fruits (Bran et al., 2007). The problem in this
way of obtaining it is that there is no control over
the collected plants and those natural genotypes
are not replaced, which puts them in danger of
extinction (Bafiuelos et al., 2008).

In the recognized diversity of chiltepin
there are morphological variations, such as in the
size of the fruit, which is very small in the states
of Sonora and Tamaulipas, compared to those
from the states of Veracruz and Puebla.
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Variations in plant and seed characteristics
have also been reported, which could influence
germination (Hernandez-Verdugo et al., 2010).
The low and variable germination rate of 5 to
80% (Rodriguez del Bosque et al., 2003), is an
important impediment to having certified seed
that allows establishing commercial production
batches of this species and is attributed to
physical or physiological latency , caused by the
impermeability of its testa or cover, immaturity
of the seed or rest of the embryo.

To solve this problem, different
techniques are reported, among them, chemical
and physical scarification, conditioning or
treatment of the seed prior to sowing with
gibberellic acid, potassium nitrate, hydrogen
peroxide (Rodriguez del Bosque et al, 2003;
Cano-Véazquez et al., 2015).

For what was previously reported, it is
necessary to look for options to conserve
existing wild populations, specifically in the
Sierra Norte de Puebla region and it is
considered that one of the strategies is to solve
the problem of seed germination, and thus avoid
the collection of fruits. of wild plants, through
the domestication and agronomic production of
these chili peppers.

Therefore, in the present investigation, the
germination percentage of chiltepin was
evaluated in different substrate mixtures with
and without application of gibberellic acid at 400
ppm at 7, 14, 21 and 31 days, as well as the root
size, number of roots, number of leaves and
seedling size of the same plants at 31 days after
sowing.

Methodology

The methodological process is made up of 2
phases; Phase 1 is called recognition and
validation of the experimentation process and is
analyzed through 3 stages (Figure 1.2 Stages that
constitute Phase 1), in Phase 2 the regional
substrate mixtures were made and gibberellic
acid (AG3) was applied at 400 ppm through a
series of experiments on chiltepin seeds
(application of experimental processes).
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1. Phase 1: Recognition and validation of |Data collection was carried out at 7, 14, 21

the experimentation process

Stage 1

TR

Stage 2

Seed extraction }
Stage 3

Fruit collection and experiment location

Figure 1.2 Stages that constitute Phase 1
Source: Own Elaboration

The collection of fruits for seeds of wild
plants of chile piquin was carried out in the
community of Santa Cruz Grande belonging to
the municipality of Xicotepec, with the aim of
obtaining the seeds to begin the experimental
work on germination, later the seed was
transferred to Xicotepec, where the drying
process was carried out under shade, which
lasted two weeks, and then the seeds were
extracted from the fruit at the facilities of the
Xicotepetl AC University, where 0.04 g of
gibberellic acid (BIOGIB®) was weighed. On a
Velab brand scale and added to 10 L of water,
the seeds were introduced into the water with
gibberellic acid for 24 hours.

The next day the seed was removed, it was
placed on brown paper so that they lost moisture,
the next thing was to start the germination
process in the different treatments with the
substrate already disinfected with captan at 1.5 ¢
- L-1 at the same time They disinfected the trays,
once ready, the substrates of the different
treatments were prepared, and later the mixtures
were made according to the treatments.

Treatments Description of treatments

Tl AG3 + 70% Peat moss + 30% agrolite.
T2 AG3 + 100% mountain land
T3 AG3 + 40% agrolite + 60% vermicompost.
T4 AG3 + 50% agrolite + 30% +
T5 vermicompost + 20% litter.
T6 70% Peatmoss + 30% agrolite.
T7 100% mountain land
T8 40% agrolite + 60% vermicompost.
50% agrolite + 30% vermicompost + 20%
litter.

Table 1 Description of Treatments
Source: Self Made

and 31 days; Counting how many plants
germinated per treatment, at 31 days with the
support of a rule, the size of the root and plant
was measured for each treatment, as well as
counting the number of leaves of each plant of
each treatment..

Results

Variable germination and emergency
Date: March 22, 2019

To determine the significance of the eight types
of treatments applied to the chiltepin plants, 4
repetitions are carried out, subsequently through
the Tukey Test it is determined if the means of
these are significantly the same or different. The
wide Tukey Test confidence intervals allow less
precise estimates to be obtained, but limit the
probability that one or more confidence intervals
do not contain the true difference to a maximum
of 5%. For the Tukey test of germination of 7
days it is observed that treatments 4, 3, 7 and 8
are significantly different from the total group of
treatments, this considering an error of 5%, this
is clearly observed in the graphs presented
below.
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Variable germination and emergency
Date: March 29, 2019

Now, as can be seen in Graphs, when the 8
treatments exposed to a germination process of
14 days were subjected to a Tukey test with 95%
significance, unlike the previous 7-day test, the
significantly different groupings are as follows.
Treatments 1, 4, 7 and 8. Graphically in the mean
differences the intervals are aligned to the left.
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Graph 3

Variable Germination And Emergency
Date: April 5, 2019

Considering the germination and emergence
variable of new chiltepin plants, 21 days of
germination are taken as a reference. To evaluate
the results, the Tukey test is used with 95%
confidence, where the means of the 8 treatments
subjected to 4 repetitions are compared. As
shown in the Graph, the significantly different
treatments are 1, 7 and 8. Which means that their
germination in number of seedlings is different
from the other 5 treatments where at least they
share similarity with one treatment.
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Variable germination and emergency
Date: April 15, 2019

The last experiment considering the same
variables of germination and seedling
emergence, only this time in a period of 31 days.
It is observed that through the Tukey Test, as in
the previous experiment, treatments 1, 7 and 8
are significantly different from the others, with a
significance of 95%. Representing a difference
in the emergence of the number of seedlings.
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Variable root size (cm)
Date: April 15, 2019 (31 AD)

For the validation of the growth of the chiltepin
seedlings, the size of the root of each one in
centimeters is also recorded and quantified, this
for the period of 31 days since this period is
easier to measure the root of each of the plants.
In this sense, applying the Tukey test with 95%
significance for the 8 treatments and with 4
repetitions each, it is identified that the means of
the groups are significantly equal, so there is no
evidence that there are differences in the size of
the the roots.
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Variable Number of Roots
Date: April 15, 2019 (31 AD)

Complementing the previous analysis, the
number of roots of chiltepin plants is counted,
again in a counting period 31 days after sowing.
Unlike the previous study, when applying the
Tukey test with 95% reliability and subjecting
the 8 treatments in 4 repetitions, the significantly
different groupings correspond to treatments 1,
5, 6 and 8; therefore, treatments 4, 3, 2 and 7
share equalization in significant means with at
least one group.
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Variable number of sheets
Date: April 15, 2019 (31 AD)

Likewise, the number of leaves in the seedlings
resulting from a germination process of 31 days
is considered. Again, the 8 different treatments
with 4 repetitions each are taken as a reference.
When executing the Tukey test with significance
of 95%, it was found that the means of the
treatments are equal, so they share similarity in
the number of leaves regardless of the treatment
applied.
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Variable plant size (cm)
Date: April 15, 2019 (31 AD)

Finally, in addition to the variables mentioned
above, the size of the plant in cm is studied, for
a germination and growth period of 31 days. The
Tukey test applied shows that the 8 treatments
are significantly equal, submitted to 4 repetitions
with a reliability of 95%. Which means that the
applied treatment does not significantly
influence the size of the chiltepin plant, so any
of these works with the same effect.
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Conclusions

The research results indicate that at seven days
treatments 4, 3, 7 and 8 differ significantly from
the other treatments, while on day 31 treatments
1, 7 and 8 are significantly different from the
others, with a significance 95%; for the number
of roots, the best treatment was T1 for the
evaluation on day 31 after sowing (dds). The
results indicate that the AG3 at 400 ppm does
influence the germination of chiltepin seeds.
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Abstract

This work presents the effect of atmospheric-
pressure plasma (APP) treatment on mesoporous
TiO2 (mp-TiO2) layers for antimony sulfide
(Sh2S3) solar cells. For this work, it was prepared
heterojunctions of antimony sulfide (Sh2Ss3) thin
films solid solution as the absorbing materials
and cadmium sulfide (CdS) as a sensitized layer
deposited by the successive ionic layer
adsorption and reaction (SILAR) technique, the
Sh>Ss was obtained by chemical bath deposition
(CBD). The photovoltaic characteristics of the
solar cells with APP treatment showed a power
conversion efficiency (PCE) of 0.54% to 1.04%
with APP 0- and 60-seconds treatment,
respectively.

Plasma treatment, Solar cells, Antimony
sulfide

Resumen

Este trabajo presenta el efecto del tratamiento
con plasma a presion atmosférica (APP) sobre
peliculas mesoporosas de TiO2 (TiO2-mp) para
celdas solares de sulfuro de antimonio (Sh2Ss).
Para este trabajo, se prepararon heterouniones de
sulfuro de antimonio (Sh2S3) de solucion solida
de peliculas delgadas como materiales
absorbentes y sulfuro de cadmio (CdS) como
capa sensibilizadora, la cual fue depositada por
la técnica de adsorcion y reaccion de capas
i6nicas sucesivas (SILAR) y se deposito el Sh2Ss
por la técnica de bafio quimico (BQ). Las
caracteristicas fotovoltaicas de las celdas con
tratamiento APP mostraron una eficiencia de
conversion de energia de 0,54% a 1,04% con
tratamiento APP 0 y 60 segundos,
respectivamente.

Tratamientos con plasma, Celdas solares,
Sulfuro de antimonio
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Introduction

The wuse of semiconductor chalcogenide
materials have become an important field of
research as alternative for photovoltaic
applications (Buffiere, Dhawale, and El-
Mellouhi 2019) . They have suitable optical band
gaps, and are non-toxic, earth abundant and low-
cost materials. The band gaps of semiconductor
materials oscillate between 1.10-1.55 eV,
possess a large absorption coefficient, therefore
they work as optimal materials for solar cells
devices (Tao n.d.).

Researchers around the world have
obtained interesting  power  conversion
efficiencies (PCE’s) from chalcogenide
materials based solar cells, for example: 5.1%
efficiency from a solar cell with copper tin
sulfide (Cu2SnSz)(Chantana et al. 2020), 3-4%
with copper antimony sulfide (CuSbhS>)(Edley et
al. 2018), 6.4% with silver bismuth sulfide
(AgBiS,)(Burgués-Ceballos et al. 2020), 9.2%
with antimony selenide (Sbh2Ses)(Li et al. 2019),
7.5% with antimony sulfide (Sh.Sz)(Choi et al.
2014), 6.2%(De Bray Sanchez, Nair, and Nair
2018) and 6.63%(Wu et al. 2019) from an
antimony sulfide selenide [Sbh2(SxSeix)3] solar
cell.

Specially, the Sb»Sz thin films have
received greater attention for their suitable
properties for solar cell applications. For
example, the antimony sulfide (Sb2S3) has a
direct band gap of 1.70-1.88 eV, an
orthorhombic crystal structure, a n-type
conductivity, a hall mobility of 9.8 cm?V1s? a
carrier concentration of 1.2x10'2 cm™, a high
absorption coefficient (>10%m™), and a
resistivity of 5.3x10% ohm.cm(X. Wang et al.
2018),(Ben Nasr et al. 2011),(Kondrotas, Chen,
and Tang 2018), when it is prepared by chemical
bath deposition (CBD).

For this reason, different types of
configurations have been used to obtain better
PV properties. For example, it is widely studied
the use of metal oxides such as TiO», due to it is
a versatile material useful for photocatalysis,
hydrogen generation and solar energy
application. A typical solar cell configuration
has a blocking layer of titanium dioxide (TiO2),
a mesoporous layer of TiO,, an absorbing
material or generator of electron-hole carriers
and back contacts of carbon or silver.
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In the case of the mesoporous TiO> film, it
is considered crucial for optimal performance,
because it provides a greater surface area,
minimizes the migration of photogenerated
electrons between the semiconductor and the
electron transport layer, which helps to decrease
exciton recombination, in addition the thickness
and morphology affect the optical and electrical
properties of the device in general.

Therefore several efforts have led to
modify characteristic on the materials in order to
increase the efficiency of solar cells, such as
plasma®'4, sulfurization(Guo et al. 2019),(B.
Yang et al. 2017), selenization(Yuan et al.
2017),(Zhang et al. 2017), post annealing(X.
Wang et al. 2017), thioacetamide (TA)-based
sulfurization(Choi et al. 2014) and plasma
treatments(Calixto-Rodriguez et al. 2010), to
mention a few. The plasma treatment can modify
the wettability of materials due to the
interactions of free radicals(Dominguez-Diaz,
Escorcia-Garcia, and Martinez 2019),(Nishihara
et al. 2018), degradation of textile dyes(Vergara
Sanchez et al. 2017), improve PV characteristic
such as: conductivity, mobility(Y. Wang et al.
2019), low-density of defect state(K. Wang et al.
2019) and in consequence the increase of the
PCE. Most of these treatments shown a mixture
of nitrogen/oxygen, CO., argon/oxygen or just
argon.

In this work, we report an atmospheric-
pressure plasma (APP) treatment on mesoporous
titanium dioxide (mp-TiO2), used as part of
window layers for antimony sulfide (Sh2S3) solar
cells (SC’s). It is demonstrated that APP
treatment can modify optical and structural
properties of mp-TiO2 and improve photovoltaic
performance of the corresponding solar cells.

Methodology

As part of the configuration’s solar cells of Sb2S3
based on TiO2-mesoporous, different materials
were deposited as follow: compact TiO2 (bl-
TiO2), mesoporous TiO2 (mp-TiOz), cadmium
sulfide (CdS), antimony sulfide (Sbh2S3) and
silver contacts.

- Blocking TiO2

First, a 30 nm blocking TiO2 layers (bl-TiO,)
were deposited on cleaned FTO-coated glass
substrates. All the process is summarized in
Figure 1.
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Materials —  Atmospheric-pressure plasma

—  Titanium tetraisopropoxide (TTIP, Ti
[OCH (CHa) 2] 4, Sigma Aldrich, 97%)

- 2-propanol (CH3CH (OH) CHas, J.T.
Baker, 99.9%)

- Hydrochloric acid (HCI, J.T. Baker, 36.5-
38%)

A 20 mL of 2-propanol were added, then
1.2 mL of titanium tetraisopropoxide and 0.4 mL
of HCl were slowly added. The solution obtained
was kept stirring at 450 rpm for 30 minutes. As
a result, a clear-yellow solution was obtained.
This solution was deposited by spin coating. The
spin coating process consisted of using a FTO
substrate and the TiO. precursor solution was
added. Finally, the bl-TiO2 layers were treated at
450 °C for 30 minutes (Hernandez-Granados et
al. 2016).

- Mesoporous TiO2

To obtain the mesoporous titanium dioxide (mp-
TiO2) precursor solution, the materials used are
listed below:

Materials

—  Titanium tetraisopropoxide (TTIP), Ti
[OCH (CHs3)2]4, (Sigma Aldrich, 97%)

—  Poly (vinylpyrrolidone) (PVP, Mw ~
1,300,000, Sigma Aldrich)

—  Ethanol (CH2HeO, J.T. Baker, 99.9%)

- Hydrochloric acid (HCI, J.T. Baker, 36.5-
38%)

—  Acetic acid (CH3COOH, Fermont, 99.9%)

The precursor solution of mp-TiO; was
prepared by the synthesis of two different
solutions labeled as A and B. The first solution
A: 7.5 ml of ethanol and 0.45 grams of PVP
stirring at 900 rpm for 15 minutes. The solution
B: 3 ml of ethanol, 3 ml of acetic acid, 1.5 ml of
Ti tetraisopropoxide keeping the stirring at 900
rpm for 15 minutes. Then the solution B was
added on solution A and was stirred at 900 rpm
for 1 hour. After this, a 0.5 ml of the precursor
solution was deposited on bl-TiO2 by spin
coating and the samples were thermally treated
at 550 °C for three hours.
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treatments

After that, atmospheric-pressure plasma (APP)
treatments were done on the surface of the mp-
TiO2 layers. The distance between the electrode
and the sample was 3 cm. APP treatments were
applied for 0, 15, 30 and 60 seconds in each
sample.

- Cadmium sulfide

The mp-TiO2 layers were sensitized by cadmium
sulfide (CdS) with the SILAR technique, which
consists of having the anion and the cation in
separate solutions.

Materials

- Cadmium chloride (CdClz, J.T. Baker,
79.9%)

—  Sodium sulfide (Na2S, Fermont, 99.6%)

- Methanol (CH3OH, J.T. Baker)

For this purpose, separate solutions were
prepared at 0.05 M of cadmium chloride and
sodium sulfide, used as precursors of cadmium
and sulfide respectively. The solutions were
prepared as 50:50 ratios of distilled water and
methanol. The deposition technique consisted of
immersing the previously obtained substrate in
the cadmium chloride solution for 60 s, at the
end of 60 s, the substrate was placed in a solution
of 50:50 distilled water and methanol for 30 s to
remove the excess material from the previous
dipping in CdCly, then the substrate was
immersed in the sodium sulfide solution for 60 s
and finally it was again immersed in a 50:50
solution of distilled water and methanol as a final
wash and to remove excess NazS. This entire
process was called a SILAR cycle. For the
present work, 25 cycles were carried out.

—  Sbh2Ss solar cells preparation

The deposition of Sb»Sz was carried out by
chemical bath deposition (CBD). The chemical
solution was constituted by 20 ml of 0.1 M
potassium antimony tartrate, 20 ml of 1 M
tartaric acid, 31 ml of distilled water, 6 ml of 7
M ammonium hydroxide, and 3 ml of 0.2 M
sodium selenosulfate. The solution had a pH of
10. The FTO/bI-TiO2/mp-TiO2/CdS samples
were immersed in that chemical bath at 80 °C for
1.5 h, obtaining in ~120 nm thick Sbh,Ss films.
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Then they were annealed at 270 °C in
nitrogen for 30 min at 1 atm to become
crystalline Sh,Sz (Ayala-Sanchez, Escorcia-
Garcia, and Alonso-Lemus 2020; Escorcia-
Garcia et al. 2018). To complete the PV devices,
graphite contacts (0.25 cm?) were placed on top
of the absorber (Sh2Ss).

Figure 1 Fabrication process of the two types of solar
cells: a) Fluorine doped Tin Oxide (FTO) glass, b) etching
of the FTO, c) deposition of the blocking TiO- layer by
spin-coating, d) deposition by spin-coating of the
mesoporous TiO2, e) atmospheric plasma treatment on the
surface of mp-TiO,, f) deposition of the CdS by SILAR
technique, g) Sb.Ss deposition by chemical bath
deposition and h) contacts.

Table 1 shows all the configuration details
for the solar cells prepared of this work.

Label Configuration APP
time

A bl-TiO,/mp-TiO, 0

B FTO/bI-TiO2/mp-TiO2/Sh,Ss/C 0

C FTO/bI-TiO2/mp-TiO2(APP- 0
0)/CdS/Sh,Ss/C

D FTO/bI-TiO2/mp-TiO2(APP- 15s
15)/CdS/Sh,S3/C

E FTO/bI-TiO2/mp-TiO2(APP- 30s
30)/CdS/Sh,Ss/C

F FTO/bI-TiO2/mp-TiO2(APP- 60 s
60)/CdS/Sh,Ss/C

Table 1 Configuration details of the PV devices

Characterization

The film thickness was measured using a
profilometer (Ambios technology XP-200).
Optical transmission (T) and reflection (R)
spectra of thin film samples were measured
using a UV-Vis-NIR spectrophotometer (Jasco
V-670). An atmospheric plasma from Diener
Electronic GmbH+Co., KG model APC500
Spray Corona) with a line of air at atmospheric
pressure, and a power generator capable of
producing approximately 500 W at a voltage of
10 kV and at a gas pressure of 1500 Torr.
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Raman spectra were measured using a
Raman SENTERRA 1l (Bruker), Olympus
microscope (20X objective), software OPUS
7.8, laser with a wavelength of 785 nm and
power of 10 mW, 2 scans were acquired for each
spectrum, each with an integration time of
60,000 ms. The 1-V curves of solar cells were
obtained with a Keithley 230 programmable
voltage supply coupled with a Keithley 619
multimeter under a 400 W/m? radiation intensity
from a white-light LED. |

Results and discussion

In this section it is presented the solar cells
obtained by chemical bath of Sh,S; used as
absorber  semiconductor  supported  on
mesoporous titanium dioxide (mp-TiO>), as well
as the use of a CdS sensitizing. The results are
divided in two sections: optical and
photovoltaic.

—  Optical

Figure 2, shows digital photographs from the
obtained solar with bl-TiO2/mp-
TiO2/CdS/Sh,S3: a) solar cell without CdS, in
this image it is clear to see the low deposit rate
of Sh,S3 on the surface of mp-TiO2, b) this solar
cell has a yellow-brown color, which results
from the combination of CdS and Sh,Ss, without
any APP treatment, ¢) and d) these solar cells
show a homogeneous deposit and a darker color,
due to the increase in thickness and APP
treatment of 15 and 30 s, respectively, and )
solar cell with APP of 60 s, shows a darker color
due to the increase of thickness of Sb,Sa.

Sx m puowa

Figure 2 Digital images: a) bl-TiOx/mp-TiO,, b) bl-
TiO2/mp-TiO2(P0)/CdS(25)/Sh2Ss, ¢) bl-TiOo/mp-TiO>
(P15) /CdS (25) / Sbh,Ss, d) bl-TiO2/mp-TiO, (P30)/CdS
(25)/ Sh2S3 and €) bl-TiO2/mp-TiO, (P60)/CdS(25)/ ShySs.

Figure 3 shows the surface images of mp-
TiO> taken by Raman SENTERRA Il Bruker,
Olympus microscope, software OPUS 7.8.
Figures a) and b) are deposited on glass with 0
and 120 s of APP treatment, in comparison the
sample b shows a homogenous morphology and
smaller grains when the APP is applied; figure ¢)
and d) are samples deposited on FTO substrates
with 30 and 120 s, respectively.
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In comparison the morphology changes
drastically when the time is 3 times longer;
showing a homogenous deposit after applying
120 s of APP.

a)

Figure 3 Surfaces images a) mp-TiOz on glass substrate at
0 s of plasma treatment, b) mp-TiO2 on glass substrate at
120 s of plasma treatment, c) mp-TiO; on FTO substrate
at 30 s of plasma treatment and d) mp-TiO, on FTO
substrate at 120 s of plasma treatment

The UV-Vis-NIR characterization was
performed to study the changes of transmittance
(T) and reflectance (R) because of APP. In figure
4, it is showing the blocking and mesoporous
TiO2 layers with APP treatments at 0, 15, 30 and
60 s. Black line belongs to bl-TiO: film, it shows
a uniform spectrum in T and R measurements.
The film labeled as bl-TiO2/mp-TiO2 shows a
typical TiO2 absorption (380 nm) and some
waves on the spectrum, this is related to the
effect of light dispersion due to the porous
structure (blue line).

The samples with APP treatment at 15, 30
y 60 seconds (green, wine and orange lines,
respectively) showed an increase of T (from 60
to 70%) at 400 nm and R at 450 nm compared
with the pristine film. This might be attributed to
the detachment of TiO> material at the time of
the APP process, thus the thickness is reduced.
As the CdS is deposited onto the films (thinner
lines), the light absorption moves to the visible
range, because of the effect of the new material
incorporation and its different band bap (2.5
eV)(Mukherjee et al. 2015).

The final structure it is not completely
covered by the CdS due to the synthesis type
used (SILAR). With this method is possible to
form dots and sensitized the surface of mp-TiOg,
therefore the mp-TiO. contribution spectrum
remains even with the CdS deposition.
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Figure 4 Optical measurements: Transmittance and
reflectance of mp-TiO, with APP and CdS as sensitizer.

Raman analysis is very sensitive
characterization technique, and it was carried out
to identify structural properties and understand
the modification of TiO2 with and without the
APP treatment. Figure 5 shows the complete
Raman spectrum measured from 0-3000 cm
and the difference in intensity between the
sample APP-0 and the other samples. At the
region of 0-1000 cm™, shows the vibrational
modes between 100-900 cm?, related to
characteristic peaks of Anatase phase TiO;
according to previous works (Ekoi et al. 2019).

Also, it is possible to see a peak around
1374 cm™ corresponding to the C-Hz bending
observed in pure PVP (Zidan et al. 2019), while
the band at 1800-1900 cm™ is related to carbonyl
compounds, caused by the stretching of the C=0
bond (L. Yang, Wu, and Zhao 2015) (Colthup,
Daly, and Wiberley 1990).

The notably decrease of peak intensities in
1000-2000 cm™ region after APP treatment
suggests the reduction of PVP traces at the
surface of mp-TiO2, as it was reported by our
group before (Hernandez-Granados et al. 2019).
This can be related to the oxide’s crystallinity
from the temperature used (Yan et al. 2013) in
the plasma treatments.
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Figure 5 Raman spectra of TiO, at different APP: a)
region of 0-3000 cm'%, b) region of 0-1000 cm!

- PV performance

To understand the effect of APP on PV devices,
the current density-voltage (J-V) curves of solar
cells were acquired under AM 1.5 irradiation
treated with different times of APP. Figure 6
shows J-V curves of the configuration FTO/bl-
TiO2/mp-TiO2(APP)/CdS/Sh,Ss/C. The lowest
PV parameters are from the solar cell without
any APP or CdS treatment: open-circuit voltage
(Voc) = 420 mV, short-circuit current density
(Jsc) = 0.74 mA/cm?, fill factor (FF) =0.33 and
power conversion efficiency (PCE) = 0.26%.

However, when the CdS is included, it is
observed that Voc and Jsc increased, giving better
PV parameters and by doing that the PCE
increased by double (Vo= 550 mV, Jsc = 2.06
mA/cm?, FF =0.19, and PCE = 0.54%). With the
APP treatment on mp-TiO2 layers, the
photovoltaic performance is improved even
more.

The main increases are observed in Voc and
FF; the APP-15, APP-30 and APP-60 showed
Voc of 590, 540, and 570 mV, and FF of 0.18,
0.26 and 0.41, giving improved PCE values of
0.58%, 0.55% and 1.04%, respectively. Table 2
summarizes PV parameters for all the solar cell
samples showed in Figure 6.
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Figure 6 J-V of Sh,Ssolar cells under AML1.5 irradiation
treated with different times of APP treatment

Sample Voc Jsc FF PCE
(mVv) _ (mA/cm’) ‘ (%)
FTO/bI-TiO2/mp- 420 0.74 0.33 | 0.26%
Ti02/Sh2S3/C
FTO/bI-TiO2/mp- 550 2.06 0.19 0.54%
TiO2(APP-
0)/CdS/Sh2Ss/C
FTO/bI-TiO2/mp- 590 2.13 0.18 | 0.58%
TiO2(APP-
15)/CdS/Sh.S3/C
FTO/bI-TiO2/mp- 540 1.57 0.26 | 0.55%
TiO2(APP-
30/CdS/Sh2Ss/C
FTO/bI-TiO2/mp- 570 1.77 0.41 1.04%
TiO2(APP-
60)/CdS/Sh2S3/C

Table 2 Photovoltaic parameters obtained from J-V curves
in figure 6
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Conclusions

The mesoporous TiO: layers were obtained by
simple sol-gel synthesis and the incorporation of
Sh,S3 for solar cells was successfully carried out
with CBD methods. It was presented the
contribution of the CdS by SILAR technique as
the light absorption moved to the visible range,
because of the effect of the new material
incorporation and its different band gap. The air
pressure plasma (APP) treatment can modify the
surface and optical properties of sol-gel prepared
the mesoporous TiO> thin film layers.
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The Raman analysis confirms the Anatase
phase in mp-TiO2 samples It also shows that the
intensities of those peaks related to the C-Hz and
stretching of the C=0 bond, originated from the
surfactant trace (PVP) and they are significantly
reduced in mp-TiO, samples after APP
treatment. Finally, photovoltaic performance of
Sh>Ss based solar cells is improved when the
APP treatment was done for 60 seconds on mp-
TiO2 layers, obtaining 1.04% of power
conversion efficiency. APP treatment is a useful
method to modify surface chemistry and
structure of semiconductor thin films.
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Abstract

Introduction. Diabetes mellitus is a disease which affects
recently at least 415 million people around the world.
Obesity is the main risk factor for the development of this
disease. In the development of insulin resistance
influences several factors such as carbohydrates
metabolism and the secretion of GLP-1 and GIP.
Obijective. Correlate levels of GLP-1 and GIP with HOMA
in students. Methods. A cross-sectional study was
performed, we determine glucose levels using dry
chemistry and GIP, GLP-1 and insulin levels were
quantified by ELISA technique. A Pearson correlation
between HOMA.. Besides, we stratify in normal weight,
overweight and obesity and we did the correlation in the
three groups. Results. 78 students in total. GIP increased
according to the BMI and show difference between the
three groups p=0.01. The GLP-1 did not modify. HOMA
index and GIP had a correlation of 0.36 with a significance
p=0.002. In the other hand, HOMA index vs GLP-1r=0.52
(p=0.001); normal weight r=0.94 (p=0.001), overweight
r=0.75 (p=0.001), obesity r=0.045 (p=0.001) respectively.
Conclusions. GIP and GLP-1 correlate with HOMA. The
better correlation was found in GLP-1 which is higher in
people with normal weight and decreases in obesity. The
correlation between GIP and HOMA was low.

GLP-1, Insulin resistance, Obesity

Resumen

Introduccion. La diabetes mellitus es una enfermedad que
afecta a 415 millones de personas en el mundo, la obesidad
el principal factor de riesgo para el desarrollo. En el
desarrollo de la resistencia a la insulina influyen diversos
factores, entre ellos una alteracion en el metabolismo de
carbohidratos y la secrecion de GLP-1 y GIP. Objetivo.
Correlacionar los niveles de GLP-1 y GIP con HOMA en
estudiantes. Metodologia. Estudio transversal. Se
cuantifico glucosa por el método de quimica seca y GIP,
GLP-1 e insulina se cuantificaron por ELISA. Se realizé
la correlacion de Pearson entre HOMA vy los niveles de
GLP-1 y GIP. Ademas, se realizaron las correlaciones
entre normopeso, sobrepeso y obesidad. Resultados. 78
estudiantes. El nivel de GIP se increment6 de acuerdo con
el IMC y hubo diferencia en los tres grupos con una
p=0.01. Los niveles de GLP-1 no se modificaron. El indice
HOMA y GIP tuvo una correlacion de r=0.36 con una
significancia de p=0.002. Conclusiones. GIP y GLP-1 se
correlaciona con HOMA. La mayor correlacién se obtuvo
con GIP-1 en normopeso y disminuye en obesidad. La
correlacion de GIP vs HOMA tuvo una correlacion baja.

GLP-1, Resistencia a la insulina, Obesidad
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Introduction

According to the international diabetes
federation, this disease currently affects at least
415 million people around the world. This
number is estimated to rise even higher. The
regions with the highest prevalences (above 9%)
are in Africa, South America and Central
America. (Alva, 2018)

There is no single cause for the
development of this pathology, but risk factors
such as demographic characteristics and clinical
factors that have been shown to contribute to the
development of this disease influence. However,
the main risk factor is obesity, which contributes
to a state of insulin resistance. (Alva, 2018)

Insulin resistance (IR) is a metabolic
disorder characterized by an attenuated
biological response to the action of this
hormone. It is defined as a state in which a
greater amount of insulin is needed to produce a
normal biological response to a glucose load,
that is, compensatory hyperinsulinism develops.
(Martinez-Basilia et al., 2011)

Obesity induces IR and involves a large
amount of substances that predispose the
individual to an inflammatory state and
metabolic ~ complications.  Genetic  and
environmental factors influence the
development of IR, such as a hypercaloric diet
high in trans-fats, obesity, aging and sedentary
lifestyle. (Martinez-Basilia et al., 2011)

The HOMA index (Homeostasis Model
Assessment) was proposed by Mathews in 1985.
It is the most widely used method to diagnose IR
in humans and it was deduced from a
mathematical equation that relates the function
of B-pancreatic cells and fasting glucose and
insulin concentrations (Wallace et al, 2004)

Carbohydrate metabolism

For their metabolism, organisms depend on the
oxidation of complex organic compounds for
energy. Among them, carbohydrates, glucose
being the primary source of energy for all cells
in the body, including the brain, erythrocytes and
cells (Murray et al., 2009).
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After the ingestion of carbohydrates with
the diet, the intestinal mucosa begins to secrete
certain hormones to regulate their concentration.
Among these, the glucagon-like peptide 1
(Glucagon-Like Peptide 1, GLP-1) and the
glucose-dependent  insulinotropic  peptide
(Glucose-dependent Insulinotropic Polypeptide,
GIP), collectively referred to as incretins.
Incretins play an important role in regulating the
function of the islets of Langerhans and blood
glucose levels (Deacon & Ahren, 2011)

The mechanism of action of GLP-1
involves stimulation of insulin secretion by 3
cells in the islets of Langerhans in the pancreas
leading to inhibition of glucagon secretion by o
cells. Elevated insulin secretion results in the
synthesis of GLP-1. This hormone acts on
receptors located in the central nervous system
in order to suppress appetite and reduce the rate
of absorption of food into the blood by reducing
gastric emptying. GLP-1 levels depend on the
composition of the food eaten and higher levels
are observed after high calorie foods rich in fat.
(Adamska et al, 2014)

GIP receptors are not only found on f cells
in the islets of Langerhans in the pancreas, but
also in adipose tissue, the central nervous
system, the heart, the adrenal cortex, and the
vascular  endothelium.  Additionally, GIP
stimulates D cells in the pancreatic islets to
secrete somatostatin and glucagon. Resistance to
GIP has been observed in diabetic patients,
which could be caused by a defect at the level of
its receptor (Adamska et al, 2014).

Previous studies in which diabetic and
non-diabetic people were compared in relation to
the incretin effect, found that in people with type
2 diabetes mellitus, the effect of GIP was
reduced, especially in the last phase of the
response of the insulin compared to people who
used as a control (Knop et al, 2007). The
relationship between incretin secretion and
adequate insulin secretion could give us an
overview of the insulin control that is being
carried out in each person and help us identify a
possible lack of control that could lead to insulin
resistance and diabetes in the long term.
Therefore, the objective of this work is to
correlate GLP-1, GIP with the HOMA index in
university students.

GONZALEZ-SANDOVAL, Claudia Elena, DIAZ-BURKE, Yolanda,
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Methodology The data were processed in the statistical

The inclusion criteria were: being active students
of the University where it was carried out, age
range of 18-25 years, with a previous fast of 10-
12 hours, all those with a previous diagnosis of
diabetes were excluded. A total of 78 students
were recruited who met these criteria.

This work complies with the regulations
established in accordance with the general health
law on research and is based on the principles of
the Declaration of Helsinki.

Demographic data (age and sex) and then
somatometric data were taken from each
volunteer. Weight, expressed in kilograms (kg),
was obtained with a clinical scale and height, in
meters (m), with its scale. Once these parameters
were obtained, the clinical history was drawn up
by direct questioning and the pathological family
history and lifestyle habits were obtained. Each
one signed an informed consent.

After this, a blood sample was taken, the
sample was allowed to clot and was centrifuged
at 3,500 rpm. Once the sample was centrifuged,
the serum was separated into two aliquots; the
first, for the determination of glucose, which was
immediately processed in the semi-automated
fujifilm dri-chem nx500i dry chemistry
apparatus, which uses the enzymatic technique,
and the second aliquot was used for the
quantification of GLP-1, GIP, and insulin by the
ELISA Bio-Plex 200 System Assay Human
Diabetes kit method. The readings were carried
out on the Magpix Luminex equipment using its
instructions (Bio-plex, 2014)

Independently, the HOMA index was
calculated from the values obtained from
glucose and insulin according to the Martinez
Basila formula (Martinez-Basilia et al., 2011) for
each student and once the data was complete, we
proceeded to perform correlation and other
analysis.

Statistic analysis

For the relationship of variables, Pearson
correlations are used to calculate r. For the
differences between normal weight, overweight
and obesity, a one-way ANOVA was performed.
To identify differences between genders, a
student's t-test was performed after a normality
test (Kolmogorov-Smirnov).
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programs Excel 2013 and Statgraphics
Centurion XVI. A confidence level of 95% was
used, therefore, p less than 0.05 was considered
statistically significant.

Results

Of a total of 78 students, 11 had a normal BMI,
15 were overweight and 52 were obese. Table 1
shows the descriptive data of the population.

Normo- Overweight Obesity n =
weight
Age 21.7%1.7 21.6+1.8 21.5+19| 0.92
(years)
BMI (kg / 22.0£2.0 27915 33.8£4.1| 0.00*
m2)
Glucose 73.8+5.8 74.2+7.3 75.948.1| 0.59
(mg/dL)
Insulin 170.6+£74.2| 190.4+94.3| 254.1+120| 0.02*
(pg / mL)
GLP-1 121.3£30.0| 120.0+40.2| 126.6+30.3| 0.77
GIP (pg /| 71.4+12.2] 63.1+17.1| 82.5+26.6| 0.01*
mL)
HOMA 0.7+0.3 0.8+0.4 1.14+0.5| 0.01*
BMI (Body Mass Index, GLP-1 (Glucagon-Like Peptide-1),
GIP (Glucose-dependent Insulinotropic Polypeptide), HOMA
(Homeostasis Model Assessment).

Table 1 Descriptive data

In this Table we can see the data for each
group, normal weight (BMI 18.5-24.9),
overweight (BMI 25-29.9) and obesity (BMI>
30). They are presented as means * standard
deviation. An ANOVA was performed for each
parameter and the result is shown in column p,
where the statistically significant are highlighted
with * (p <0.05)

It is observed that in age the three groups
were very similar, the difference found in BMI
was to be expected, since this was the way to
stratify, glucose did not give a difference, while
insulin did give a statistically significant
difference, this could be due to the increased
BMI that contributes to the establishment of
insulin resistance. The levels of GLP-1 and GIP
were very similar in the three groups, and the
HOMA index also gave a statistically significant
difference, without being a diagnosis of insulin
resistance.

To know the degree of relationship
between the HOMA index and the levels of the
GIP and GLP-1 incretins, the Pearson
correlation test was performed.
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The results are represented by (r), to know
the degree of correlation of the variables and by
(p) to know if there is a statistical significance
between the correlations. The results obtained in
Table 2 are shown below.

general Normo- Overweight| Obesity
n=78 weight n=15 n=>52
n=11

GLP-1 0.54 0.94 0.75 0.45
r 0.00* 0.00* 0.00* 0.00*
p value

GIP 0.36 0.27 0.25 0.33
r 0.00* 0.42 0.35 0.02*
p value

GLP-1 (Glucagon-Like Peptide-1), GIP (Glucose-dependent
Insulinotropic Polypeptide)

Table 2 Incretin correlations with the HOMA index

This Table shows the results of the Pearson
correlations made between GLP-1 and GIP and
the HOMA index, this in our general population,
and stratified in groups of normal weight,
overweight and obesity. The r value represents
the correlation coefficient and the p value the
statistical  significance. Those statistically
significant correlations were marked with * (p
<0.05)

In this Table we can see that the incretin
that most correlates with the insulin resistance
index was GLP-1, which decreased as the
volunteers presented higher BMI, from which
we could conclude that its incretin effect is
diminished by the increased adiposity. While in
GIP a significant correlation is not found if not
up to the state of obesity.

Discussion

During the obesity process, insulin often disrupts
the proper storage of glucose and suppresses
hepatic glucose production, resulting in
hyperglycemia, which is associated with a state
described as insulin resistance. This insulin
resistance promotes an increase in B cell mass
and increases insulin secretion to normalize
glucose levels, resulting in hyperinsulinemia. In
obese patients, insulin resistance eventually
results in B cell dysfunction, which leads to the
inability to control blood glucose, and leads to
type 2 diabetes mellitus (Roth et al, 2016)
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Obesity has been associated with the
development of important chronic-degenerative
diseases such as: hypertension, metabolic
syndrome, diabetes mellitus (DM),
cardiovascular diseases (CVD), cancer, among
others. (Williams et al, 2015) And it has been
described to be associated with an increase in the
severity of infectious diseases such as
coronavirus, influenza, for influenza and
rhinovirus.

In addition, in 2009 it was recognized as
an independent risk factor in the pandemic
caused by the variant of influenza A, H1INL.
(Kwok et al, 2020) On the other hand, in the
current COVID19 pandemic, various studies
have shown that the risk of severe disease is
increased in the presence of obesity, as well as
the rate of hospitalization and a negative result.
(Druncker D.J., 2021)

In our results we found HOMA index
values of 1.14 + 0.53 for obese, 0.8 and 0.7 for
overweight and normal students respectively
with a p = 0.01 which leads us to think that there
is a disability of B cells in obese subjects which
leads to hyperinsulinemia to try to compensate
for this dysfunction, finding elevated levels of
insulin, normal glucose and presenting
differences in the HOMA index between the
three groups. (Table 1). However, as the BMI of
the students increases, there is an increasing
trend in both insulin secretion and the HOMA
index.

On the other hand, these results are similar
to those reported by Hinnoucho (Hinnouho et al,
2013) where they report HOMA values of 1.1 in
a population of metabolically healthy obese and
1.7 for non-metabolically healthy obese, the age
range of the The population studied by this group
was between 39 and 62 years, unlike our study
where the age range was 18 to 24 years. This
leads us to think that the population studied is
probably metabolically healthy obese, given that
a high value of insulin resistance is not observed,
but itis likely that the metabolism of these young
people will alter in the coming years, if they
continue with the same life habits. On the other
hand, GIP and GLP-1 are known as incretin
hormones, since one of their functions is to
increase insulin secretion after the ingestion of
carbohydrates, some amino acids and lipids.
GLP-1 also helps to delay gastric emptying, this
increases the satiety signal, among other
functions. (Palou et al, 2014)
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It is believed that some of the mechanisms
involved in the development of insulin resistance
are the decreased action of GIP and GLP-1, in
people with obesity. (Knop et al, 2007) GLP-1
levels remained constant in the three groups,
while in GIP we found an increase in the levels
as the BMI increased with a p = 0.01, which
could indicate that as there is a greater
accumulation of adipose tissue, a greater
secretion of incretins is required and this effect
is only seen in GIP in our population (Adamska
et al, 2014). In this work, GIP and GLP-1 levels
were observed within the normal values for a
healthy population reported in the ELISA KIT
insert (Wang et al, 2010), this means that the
incretin levels are still normal despite the
obesity.

One of the functions of incretins is their
insulinotropic function, which is why it was
decided to correlate these proteins with the
HOMA index, since this relationship could be of
interest because it speaks of a control over
glucose metabolism that is modified in obesity
(Adamska et al, 2014)

We found a Pearson correlation of GIP vs
HOMA index r = 0.36, p = 0.00 and GLP-1 vs
HOMA index r = 0.54, p = 0.00 in the general
population. When we analyze the correlations
according to their BMI, we find a similar
behavior in GIP between the three groups, this
due to the fact that there is an increase in GIP
and HOMA in the groups simultaneously, while
in GLP-1 it is observed that the correlation is
decreasing since the GLP-1 values are
maintained, but those of HOMA increase. These
findings could indicate that, in young people, the
incretin effect is carried out mainly through GIP
and could give us a new therapeutic target for
people who later develop diabetes. Contrary to
what is normally used in GLP-1 clinical practice.
(Tran et al, 2017)

The values obtained from the correlations
in the case of GLP-1 decreased as the BMI
increased. In the literature, we are told that
incretin activity is decreased in the state of
obesity. Here we can say that this incretin did not
exercise its role properly and | was replaced by
GIP, so we can say that despite being obese,
these subjects can still exercise adequate
metabolic control in other ways, perhaps due to
the short time of establishment of the obesity due
to their short age range (Aulinger et al, 2015).
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Conclusions

GIP and GLP-1 are positively correlated in a
moderate to strong way with the HOMA index,
the correlation being higher with GIP-1, which
is strong in people with normal weight and
moderate in people with obesity. The GIP vs
HOMA correlation was maintained despite
obesity.

Obesity is known to be the result of
chronic deterioration, of many years of
evolution, and although the population we study
is obese, this is not yet reflected in the decrease
in incretin levels. However, this could be
modified if the same lifestyle is continued and
the obesity process continues to perpetuate.

This study sets a precedent for the levels of
GIP and GLP-1 in this population of young
people. In addition, it encourages the
continuation of this line of research, even
determining the levels of other proteins involved
in carbohydrate metabolism to see interactions
between them. Which could give us a more
complete picture.
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