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EDITORIAL 
El Premio Nobel de Medicina o Fisiología 2023.

Invest Clin 64(4): 437 - 439, 2023 https://doi.org/10.54817/IC.v64n4a00

El 2 de octubre del 2023, la Asamblea 
Nobel del Instituto Karolinska, en Estocol-
mo, Suecia, anunció que el Premio Nobel en 
Fisiología o Medicina fue otorgado conjun-
tamente a Katalin Karikó y Drew Weissman 
“por sus descubrimientos concernientes a 
las modificaciones de bases (nucleosídicas), 
que permitieron el desarrollo de vacunas 
efectivas de ARN mensajero (ARNm), contra 
la COVID-19”. Aunque una lectura rápida del 
veredicto podría sugerir que se premiaba al 
desarrollo de la vacuna contra la COVID-19, 
en realidad ese no fue el caso. Por instruccio-
nes de Alfred Nobel, el premio de Medicina 
se adjudicaría solo por un descubrimiento, 
no necesariamente por la aplicación práctica 
de un descubrimiento. Eso explica, por ejem-
plo, que los científicos que desarrollaron las 
vacunas contra la poliomielitis no recibieron 
el Premio Nobel, sino que fue adjudicado en 
1954 a John F. Enders, Thomas H Weller y 
Frederick C Robbins “por su descubrimiento 
de la capacidad de los virus de la poliomie-
litis para crecer en cultivos de varios tipos 
de tejido”. Ese descubrimiento permitió la 
producción en gran escala, de los virus que 
se utilizaron más tarde en el desarrollo de las 
vacunas contra la poliomielitis (la inactivada 
inyectable de Jonas Salk en 1955 y la atenua-
da oral de Albert Sabin en 1961). De hecho, 
la única vacuna que ha ameritado un Premio 
Nobel fue la desarrollada contra la fiebre 
amarilla, concedido en 1951 a Max Theiler 
“por sus descubrimientos concernientes a la 
fiebre amarilla y como combatirla” 1.

El Premio Nobel fue otorgado a Karikó y 
Weissman, por sus descubrimientos básicos 
en relación con modificaciones del ARNm, 
los cuales más tarde llevaron al desarrollo 

de una vacuna contra la COVID-19 2. El con-
texto de dichos estudios se sitúa dentro del 
dogma central de la biología molecular, que 
estipula que la información genética codifi-
cada en el ácido desoxirribonucleico (ADN), 
se transcribe a ácido ribonucleico mensajero 
(ARNm), el cual lleva esta información gené-
tica a los polirribosomas, donde es traducida 
a proteínas, que cumplen una gran variedad 
de funciones, entre ellas, el servir como antí-
genos inductores de una respuesta inmune. 
Las vacunas generalmente presentan al sis-
tema inmune, las proteínas virales responsa-
bles de la inducción de una respuesta inmu-
ne protectora, ya sea como virus atenuados, 
virus inactivados o subunidades protéicas. 
Desde los años 90, se ha estado investigado 
el uso de vacunas basadas en ácido desoxirri-
bonucleico (ADN) como vacunas. Sin embar-
go, la esperanza que en una época se puso 
en dicha plataforma vacunal, no ha resultado 
en vacunas prácticas, incluyendo el hecho de 
que el ADN vacunal debe migrar al núcleo 
celular donde debe ser transcrito al ARNm 
correspondiente, que entonces debe migrar 
al citoplasma para ser traducido a la proteí-
na viral inmunogénica. Es así como se postu-
ló que una plataforma basada directamente 
en ARNm, podría ser más eficiente, cosa que 
se facilitó por el desarrollo de métodos efi-
cientes para la producción in vitro de ARNm. 
Sin embargo, la molécula de ARNm es suma-
mente inestable y se degrada fácilmente. 
Además, cuando el ARNm se inyecta en las 
altas concentraciones, necesarias para indu-
cir la producción de la proteína de interés, 
se inducen respuestas inflamatorias que se-
rían inaceptables para una vacuna o proteína 
terapéutica.
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Katalin Karikó nació en 1955 en Hun-
gría, país donde recibió su PhD en 1982, y 
donde trabajó hasta 1985, año en el que se 
mudó a los Estados Unidos. En la Universi-
dad de Pensilvania, comenzó a experimentar 
con diferentes formas de ARN, con el obje-
tivo de optimizar la expresión de proteínas 
terapéuticas. A finales de los años 90, inició 
una colaboración con el norteamericano 
Drew Weissman, un colega inmunólogo tam-
bién de la Universidad de Pensilvania, espe-
cialista en el uso de células dendríticas como 
mediadoras de la inducción de respuestas 
inmunes. En el curso de sus trabajos, Ka-
rikó y Weissman, encontraron que las célu-
las dendríticas reconocían al ARN sintético 
como una substancia extraña, que llevaba a 
su activación y a la liberación de citoquinas 
inflamatorias. Se encontró que esa  respues-
ta era mediada por un mecanismo del siste-
ma inmune de defensa innato, que incluye 
los receptores de peaje (Toll-like receptors 
o TLR) presentes en las células dendríticas, 
que reconocen formas moleculares extrañas 
conocidas como “patrones moleculares aso-
ciados a patógenos (“pathogen-associated 
molecular patterns” o PAMS), incluyendo 
los TLR3 y TLR7/8, que reconocen ARN de 
doble cadena y ARN de cadena sencilla, res-
pectivamente. Los investigadores galardona-
dos con el Premio Nobel, especularon que 
las modificaciones postranscripcionales que 
ocurren en los ARN producidos de manera 
natural, los protegen de ese reconocimiento 
por el sistema inmune innato. En un artícu-
lo publicado en el 2005, demostraron que la 
sustitución de nucleósidos comunes usados 
para la síntesis del ARN, especialmente con 
el uso de psedouridina (Ψ) en vez de uridina, 
se abolía la respuesta inflamatoria indesea-
ble 3. En estudios que se publicaron en los 
años 2008 y 2010, Karikó y Weissman demos-
traron que el ARN así modificado, resultaba 
en un aumento marcado en la producción de 
proteínas, debido a que el ARNm modificado, 
evade el reconocimiento por la proteína qui-
nasa R (PKR), una enzima que reconoce el 
ARN apagando el proceso de traducción 4,5. 

Esas observaciones representaron un cam-
bio del paradigma en nuestro entendimiento 
de cómo como las células responden a dife-
rentes tipos de ARN, produciendo el conoci-
miento básico que varios años más tarde, se 
aplicó para el rápido desarrollo de vacunas 
contra la COVID-19.

Aunque los descubrimientos de Karikó 
y Weissman fueron de importancia funda-
mental, se necesitaba desarrollar un mé-
todo de empaque del ARNm modificado, 
para evitar su hidrólisis y permitir su trans-
porte al citoplasma celular. El método de 
transporte que se desarrolló, es el de nano-
partículas lipídicas, que se dirigen a células 
presentadoras de antígenos en los nódulos 
linfáticos, aumentando la respuesta inmu-
ne e induciendo la activación de un tipo 
particular de células CD4 ayudadoras 6. Con 
respecto al desarrollo de la vacuna contra 
la COVID-19, también debe mencionarse 
el trabajo de Barney Graham y colaborado-
res, del Centro para el Desarrollo de Vacu-
nas del Instituto Nacional de Higiene de los 
Estados Unidos, que por medio de estudios 
de biología estructural, propusieron que 
ciertas mutaciones en la proteína de la es-
pícula de los Betacoronavirus, preservaban 
su conformación en un estado de prefusión, 
mejorando su expresión y aumentando su 
inmunogenicidad 7.

Aunque el Comité Nobel decidió pre-
miar a Karikó y a Weissman, el rápido de-
sarrollo de vacunas contra la COVID-19 se 
debió a muchos años de investigación básica 
y aplicada, llevada a cabo por muchos inves-
tigadores, mucho antes de que se declarara 
la pandemia de la COVID-19 8. Con las va-
cunas contra la COVID-19, la tecnología de 
ARNm demostró de una manera espectacu-
lar su seguridad y efectividad, y abrió nuevas 
líneas de investigación y desarrollo para el 
desarrollo de nuevas vacunas y proteínas te-
rapéuticas. 

   José Esparza 
ORCID 0000-0002-2305-6264
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The 2023 Nobel Prize in Medicine or Physiology.

The 2023 Nobel Prize in Medicine or Physiology, awarded to Katalin Karikó and Drew 
Weissman, recognizes the fundamental discovery that the modification of bases in mRNA 
synthesized in vitro prevents inflammatory responses and increases protein production when 
it is introduced into the cell. Although these discoveries received little attention when they 
were published between 2005 and 2010, ten years later they made possible the rapid develop-
ment of vaccines against COVID-19.
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Abstract. Cervical cancer is the fourth most common malignant tumor 
in women. Many studies have confirmed that early childbirth, prolificacy, HPV 
infection, and smoking are some risk factors. This article explored the effects 
of exposing human cervical cancer HeLa cells to different focused ultrasound 
intensities in vitro. The study employed three groups of cells: 1- a high-intensity 
treated group, 2- a low-intensity treated group, and 3- a control group. Results 
showed that after 12 hours of focused ultrasound treatment, the growth inhibi-
tion rate of the low-intensity group was 55.6% higher than that of the control 
group, and the growth inhibition rate of the high-intensity group was 41.2% 
higher than that of the low-intensity group. Therefore, focused ultrasound had 
a specific inhibitory effect on the growth of HeLa cells, and the higher the 
intensity of focused ultrasound, the higher the inhibition rate on cancer cells. 
In addition, the Cycle Threshold (Ct) values of the three groups of cells before 
treatment were the same, but the Ct values after treatment had changed. The 
Ct value of the low-intensity group was 18.1% lower than that of the control 
group, and the Ct value of the high-intensity group was lower than that of the 
low-intensity group by 27.8%, showing that focused ultrasound can effectively 
reduce the activity of HeLa cells in vitro. 
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Efectos del ultrasonido focalizado sobre células HeLa de cáncer 
cervical humano in vitro.

Invest Clin 2023; 64 (4): 441 – 450

Palabras clave: ultrasonido focalizado; cáncer de cuello uterino; línea celular HeLa; 
efectos in vitro.

Resumen. El carcinoma de cuello uterino es el cuarto tumor maligno más 
común en las mujeres. Muchos estudios han verificado que el parto prematu-
ro, la prolificidad, la infección por VPH y fumar son algunos de los factores de 
riesgo. El propósito de este artículo fue investigar los efectos del tratamiento 
con diferentes intensidades de ultrasonido focalizado sobre células HeLa de 
cáncer de cuello uterino humano in vitro. Este estudio utilizó tres grupos de 
células HeLa: 1- un grupo de tratamiento con alta intensidad, 2- un grupo de 
tratamiento con baja intensidad y 3- un grupo control. Los resultados mostra-
ron que después de 12 horas de tratamiento con ultrasonido focalizado, la tasa 
de inhibición del crecimiento del grupo de baja intensidad fue 55,6% más ele-
vada que la del grupo control y la tasa de inhibición del crecimiento del grupo 
de alta intensidad fue 41,2% más elevada que la del grupo de baja intensidad. 
Por lo tanto, el ultrasonido focalizado tiene un efecto inhibitorio sobre el cre-
cimiento de células HeLa, y cuanto mayor sea la intensidad del ultrasonido 
focalizado, más elevada será la tasa de inhibición de las células cancerosas. Ade-
más, los valores del Umbral de Ciclos [Cycle Threshold (Ct)] de los tres grupos 
de células eran los mismos antes del tratamiento, pero estos valores tuvieron 
cambios evidentes después del tratamiento. El valor del Ct del grupo de baja 
intensidad fue 18,1% inferior al del grupo de control y el valor del Ct del grupo 
de alta intensidad fue 27,8% más bajo que el del grupo de baja intensidad; lo 
que demuestra que el ultrasonido focalizado puede reducir la actividad de las 
células HeLa in vitro.

           Received: 23-08-2022       Accepted: 01-08-2023

INTRODUCTION

Cervical cancer is the most common 
malignant tumor of the reproductive organs 
in women. Based on the statistics, more 
than 500,000 new cervical cancer cases oc-
cur yearly; about 5% of all new cancer pa-
tients and more than 80% live in developing 
countries 1. Many studies have confirmed 
that sexual disorders, oral contraceptives, 
bisphenol A, early sexual life, nutritional 
factors, premature birth, fertility, human 
papillomavirus (HPV) infection, and smok-

ing contribute to the pathogenesis 2,3. Zhang 
et al. investigated the relationship between 
HPV16 E6 and E7 protein expression and 
telomerase in cervical cancer carcinogen-
esis. The results showed that these proteins 
and telomerase increase gradually with the 
progression of cervical cancer 4. Sufficient 
and improved screening programs to detect 
this kind of cancer increase the knowledge 
about its relation with HPV, reducing disease 
cases in developed countries 5.

Patients may have no apparent symp-
toms in the early stage of this disease. With 
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the disease progression, vaginal bleeding and 
vaginal drainage, and even systemic failure 
signs like anemia and cachexia in the later 
stages may appear 6, which seriously threat-
en the lives and health of most women.

The common symptoms of cervical can-
cer are vaginal bleeding, vaginal discharge, 
frequent urination, urgency, constipation, 
swelling of the lower limbs, and abdominal 
pain caused by the involvement of adjacent 
tissues, organs, and nerves. In recent de-
cades, due to the wide application of cervi-
cal cytology screening technology, early di-
agnosis and treatment of cervical cancer and 
precancerous lesions have become the main 
reason for reducing morbidity and mortality, 
thereby improving patient survival. A study 
investigated the positive effect of using 
WhatsApp (the internet messaging app) on 
the health promotion of older women’s be-
havior for early detection of cervical cancer 
through the visual acetic acid examination 7.

Focused ultrasound technology is a 
high-tech that has gradually matured and 
developed in recent years. Its basic principle 
is to use ultrasound to have good perme-
ability inside the tissue and focus on iden-
tification. Through the computer control 
system, the thermal effect, cavitation effect, 
and mechanical effect eventually make the 
target tumor cell degeneration and necrosis 
to achieve the purpose of treatment3tissue 
disintegration is also possible because of 
the interaction between the distorted HIFU 
bursts and either bubble cloud or boiling 
bubble. Hydrodynamic cavitation is another 
type of cavitation and has been employed 
widely in industry, but its role in mechani-
cal erosion to tissue is not clearly known. In 
this study, the bubble dynamics immediately 
after the termination of HIFU exposure in 
the transparent gel phantom was captured 
by high-speed photography, from which the 
bubble displacement towards the transducer 
and the changes of bubble size was quantita-
tively determined. The characteristics of hy-
drodynamic cavitation due to the release of 
the acoustic radiation force and relaxation 

of compressed surrounding medium were 
found to associate with the number of pulses 
delivered and HIFU parameters (i.e. pulse 
duration and pulse repetition frequency. In 
recent decades, because focused ultrasound 
has the advantages of non-invasiveness, 
quick recovery after surgery, and less pain 
for patients, it has been increasingly used to 
treat various solid tumors, such as cervical 
cancer, uterine fibroids, and pancreatic can-
cer 8. Many clinical studies have confirmed 
that focused ultrasound can play a better 
role in treating cervical cancer 9,10.

Imankulov et al. evaluated the feasibil-
ity of using high-intensity focused ultrasound 
(HIFU) to treat tumors and proved that high-
intensity focused ultrasound can effectively 
inhibit the growth of various tumor cells 11. 
Hong et al. discussed the effect of HIFU irra-
diation on the apoptosis-related genes of hu-
man pancreatic cancer xenograft tumors. By 
establishing a nude mouse-human pancreatic 
cancer YY-1 cell xenograft model and HIFU ir-
radiation, the original TUNEL labeling meth-
od was used to detect the apoptosis rate of 
tumor cells, and it was found that the tumor 
cell apoptosis rate in the irradiated group was 
higher 12. Yuan et al. reported that the mecha-
nism by which HIFU enhances anti-tumor 
immunity has not been well elucidated, and 
there is emerging evidence that miRNA plays 
an essential role in the immune response 13.

Focused ultrasound for the treatment 
of cervical cancer uses the directionality of 
ultrasound, tissue penetration, and focusing 
and uses special focusing equipment to fo-
cus ultrasound from the outside of the body 
to the selected treatment area in the body14. 
In some studies, focused ultrasound treat-
ment was recorded, and the average number 
of treatments was eight times. Most patients 
completed the follow-up. Among patients 
who completed follow-up, survival rate statis-
tics were conducted every six months for the 
24 months after treatment. The survival rate 
in the 6th month was 100.00%; the survival 
rate at the 12th month was 75.93%; the sur-
vival rate at the 18th month was 66.67%; the 
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survival rate at the 24th month was 55.56%. 
These results show that focused ultrasound 
can kill cancer tissues in a targeted manner 
while preserving most normal tissues 15.

This article aimed to analyze the effect 
of focused ultrasound on human cervical 
cancer HeLa cells in vitro.

MATERIALS AND METHODS

Preparation of Experimental Materials
A medical university’s ultrasound en-

gineering institute provided human cervi-
cal cancer HeLa cells. The cultured HeLa 
cells were randomly divided into control, 
low-intensity, and high-intensity irradiation 
groups. The control group was treated with 
conventional interferon in vitro, the low-
intensity group was treated with focused ul-
trasound, and the high-intensity group was 
treated with an intensity-focused ultrasound 
instrument (Table 1).

The conventional cell culture method
The cryopreserved human cervical can-

cer HeLa cells were recovered in a culture 
bottle containing 10% fetal bovine serum 
RPM H-1640 nutrient solution, and a single-
cell suspension was prepared. Cell growth in-
hibition was determined by MTT colorimetry 
(tetrazolium dye colorimetric assay).

The density of human cervical cancer 
HeLa cells was adjusted to 3x103 cells/mL. 
The MTT method was used to determine the 
concentration, and the inhibition rate (R) 
was calculated as follows: 

Inhibition rate (R) = (1-experimental 
group A value, control group A value) × 100%

The experiment was repeated three 
times with the same method. 

Focused ultrasonic field treatment
Logarithmically grown cells were taken 

and digested with 0.25% trypsin. They were 
centrifuged and washed with PBS solution 
2~3 times. The cell density was adjusted to 2 
x 104 cells/mL. The experimental group was 
divided into low-dose and high-dose groups 
according to the different intensities of fo-
cused ultrasound (0, 1000 and 3000 Watts/ 
cm2). A volume of 500 µL was taken out of 
cell suspension from each group and placed 
in the smallest electric chamber. The fixed 
electric field intensity was 250 kV/cm, the 
repetition frequency was 3 Hz, and the pulse 
width was 800 ps. The control group did not 
receive focused ultrasound treatment.

Observing the cell morphology under  
an optical microscope 

The cell density was adjusted to 3x104 
cells/mL and inoculated into a 24-well culture 
plate with a preset cover glass. Each well was 
placed in an incubator for 1ml culture, and the 
medium changed in the logarithmic growth 
phase. After 72 hours, the coverslip was re-
moved and stained, and the cell morphology 
was observed under an optical microscope. 

Observing the cell morphology by 
transmission electron microscopy (TEM)

The cells were inoculated in a culture 
flask according to the above density. They 
were collected, fixed before washing through 
4% glutaraldehyde, fixed after washing with 
1% acid, periodically dehydrated, and then 
soaked with epoxy resin. They were then 
embedded to make a fat mass and cut into 
ultra-thin sections. The cell morphology was 
observed with TEM. 

Table 1 
The condition and treatment of Hela cells in different groups.

Serial number Number of cells Passages Treatment

Control group 1.83×104 5 Alpha interferon

Low-intensity group 1.75×104 5 Low-intensity Focused ultrasound

High-intensity group 1.82×104 5 High-intensity focused ultrasound
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Detecting cell apoptosis by the TUNEL 
method

 Cell slides were obtained according to 
the method of observing cell morphology 
under an optical microscope and cultured in 
an incubator. After the logarithmic growth 
phase, the medium was changed, and drugs 
were added, according to the TUNEL meth-
od, which was utilized for detecting apoptot-
ic DNA fragmentation and identifying and 
quantifying apoptotic cells.

Western blot analysis of BAX and Bcl-2 
protein expression

After cell treatment, each group of cells 
was incubated for 12 hours, suspended in PBS, 
and counted. The 1x106 cells were pelleted by 
centrifugation, lysed with 200 mL PMSF cell 
lysis buffer for one hour, and then centrifuged 
at 12000 g at 4 °C for 10 minutes. Bcl-2 and 
BAX primary antibodies were added overnight 
at 4 °C. The samples were washed three times 
at room temperature in TBST for 10 minutes 
each time. Quantity One ® 1-D image analysis 
software (Bio-Rad) was used to analyze the 
results. The absorbance of the blot was equal 
to the average absorbance × area. The ratio 
of BAX / Bcl-2 was equal to the absorbance of 
the BAX band/Bcl-2 band. 

Immunohistochemical staining (SP 
method) was performed, and the steps of the 
SP kit instructions were followed. PBS was 
used instead of the primary antibody as a neg-
ative control, and Fuzhou Maxim Biological 
Company provided photos of the positive pair.

Real-time Quantitative Polymerase Chain 
Reaction (rtPCR) and Cycle Threshold 
(Ct) Determination

Cycle Threshold (Ct) values were de-
termined using the real-time quantitative 
polymerase chain reaction (rtPCR) method. 
Total RNA was extracted from the control, 
low-intensity, and high-intensity HeLa cell 
samples before and after treatment using 
the TRIzol reagent. The quality and concen-
tration of the extracted RNA were measured 
using a NanoDrop spectrophotometer.

The extracted RNA was then reverse-tran-
scribed into cDNA using a reverse transcription 
kit. The cDNA was used as the template for real-
time PCR amplification. The reaction mixture 
included SYBR Green PCR Master Mix, forward 
and reverse primers specific to the gene of in-
terest, and the cDNA template.

The cDNA was amplified by real-time 
PCR using SYBR Green PCR Master Mix on 
an Applied Biosystems 7500 Fast Real-Time 
PCR system. The amplification conditions 
were as follows: initial denaturation at 95 °C 
for 10 min, followed by 40 cycles of denatur-
ation at 95 °C for 15 sec, annealing at 60 °C 
for 1 min, and extension at 72 °C for 30 sec.

The Ct value indicates the number of 
cycles required for the fluorescence signal to 
surpass the threshold level, which is inversely 
proportional to the amount of target nucleic 
acid in the sample. Lower Ct values corre-
spond to higher levels of target nucleic acid.

The Primer Premier software designed 
PCR primers specific for the reference gene 
GAPDH, and the target gene was used. Rela-
tive expression levels of the gene of interest 
were calculated using the 2-ΔΔCT method, 
with GAPDH as the internal control. Fold 
changes in gene expression were analyzed 
using the 2-ΔΔCt method, and qRT-PCR was 
performed in triplicate for each sample. The 
Ct values of the control, low-intensity, and 
high-intensity groups before and after treat-
ment were compared to evaluate the effect 
of various treatments on HeLa cell activity. 
Lower Ct values were indicative of higher 
gene expression and cell activity.

Statistical processing

The IBM SPSS 18.0® statistical analy-
sis software was used for statistical process-
ing. All experiments were performed at least 
three times. MTT results were analyzed 
for the variance of repeated measurement 
data, and laser scanning confocal and West-
ern blot detection was performed using the 
ANOVA test. The difference was statistically 
significant with p<0.05.
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RESULTS

Comparison of the mortality of each 
group of cells after focused ultrasound 
treatment

 The mortality of each group of cells was 
measured using focused ultrasound treat-
ment of human cervical cancer HeLa cells at 
three h, six h, 12 h, 24 h, and 48 h. The mor-
tality of cells in each group at 48 h showed 
an upward trend with time, but the rising 
speed of each group was different. It can be 
seen that there is a difference between the 
death rate of human cervical cancer HeLa 
cells and the intensity of focused ultrasound 
have a proportional relationship. In addition, 
the cell death rate of HeLa cells in the same 
treatment group reached a peak 12 hours af-
ter treatment, which was significantly higher 
than other time points (P<0.01) (Table 2).

Comparison of the growth inhibition rate 
of focused ultrasound

The growth inhibition of human cervical 
cancer HeLa cells by focused ultrasound af-
ter different times was statistically analyzed. 
It can be seen from the data in Fig. 1 that 
focused ultrasound has a specific inhibitory 
effect on the growth of HeLa cells, and the 
higher the intensity of focused ultrasound, 
the higher the inhibition rate on cancer cells. 
After 12 hours of focused ultrasound treat-
ment, the growth inhibition rate of the low-
intensity group was 55.6% higher than that 
of the control group, the growth inhibition 
rate of the high-intensity group was 41.2% 
higher than that of the low-intensity group, 
and 72 hours after the focused ultrasound 
treatment, the growth inhibition of the low-

intensity group was 55.6% higher than that of 
the control group. The growth inhibition rate 
of the high-intensity group was 11.1% higher 
than that of the low-intensity group.

Western blot detection of BAX and Bcl-2 
expression

It can be seen from the data in Fig. 2 
that the expression of BAX protein increased 
significantly after focused ultrasound treat-
ment. The expression of BAX in the low-in-
tensity group was 13.6% higher than that in 
the control group, and the expression of BAX 
in the high-intensity group was 2.1 higher 
than that in the low-intensity group. The ex-
pression of Bcl-2 protein decreased after fo-
cused ultrasound treatment. The expression 
of Bcl-2 in the low-intensity group was 15.9% 
lower than that in the control group, and 
the expression of Bcl-2 in the high-intensity 
group was 51.7% lower than that of the low-
intensity group.

Changes in Ct values before and after 
treatment of HeLa cells

Table 2 
The percentage of mortality of different groups of cells at different time points.

Group 3 h 6 h 12 h 24 h 48 h

Control group   1.05±1.25   2.57±0.98   4.67±1.28   5.60±1.22   7.05±3.44

Low-intensity group 35.94±1.68 71.23±0.99 74.22±0.87 57.56±0.99 74.88±1.96

High-intensity group 56.94±3.68 83.24±0.25 85.23±0.45 85.68±2.97 85.88±1.01
Values are mean ± standard deviation.

Fig. 1. Comparison of the growth inhibition rate of 
focused ultrasound on human cervical can-
cer HeLa cells after different times.
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This study recorded the Ct value chang-
es of three groups of human HeLa cells before 
and after treatment. It can be seen from the 
data in Fig. 3 that the Ct values of the three 
groups of HeLa cells before treatment are 
the same, but the Ct values after treatment 
have apparent changes. After treatment, the 
Ct value of the low-intensity group is 18.1% 
lower than that of the control group. The Ct 
value of the intensity group is 27.8% lower 
than that of the low-intensity group, which 
shows that focused ultrasound can effective-
ly reduce the activity of HeLa cells.

DISCUSSION

This study analyzed the effect of focused 
ultrasound on human cervical cancer HeLa 
cells in vitro, and it showed that. This study 
showed that HIFU could be used to treat cer-
vical cancer. Specifically, the following three 
points: first, this article uses a controlled ex-
periment to compare the in vitro effects of 
low-intensity and high-intensity focused ul-
trasound. It accurately reflects the inhibitory 
effect of focused ultrasound on HeLa cells. 
Secondly, this article uses Western blot to de-
tect the expression of BAX and Bcl-2 proteins, 
which can accurately reflect the changes in 
protein expression in HeLa cells and the tu-
mor suppressor effect of focused ultrasound 
at the protein level. Thirdly, MTT results for 
repeated measurement data analysis of vari-
ance, laser scanning confocal, and Western 
blot detection using ANOVA test to ensure 

the experimental results are rigorous and 
credible.

The research results show that focused 
ultrasound has a particular inhibitory effect 
on the growth of human HeLa cells, and the 
higher the intensity of focused ultrasound, 
the higher the inhibition rate on cancer 
cells. After 12 hours of focused ultrasound 
treatment, the growth inhibition rate of the 
low-intensity group was 55.6% higher than 
that of the control group, and the growth in-
hibition rate of the high-intensity group was 
41.2% higher than that of the low-intensity 
group. A study found that HIFU combined 
with cisplatin facilitates tumor volume re-
duction and could be beneficial in treating 
patients with cervical cancer 16. In addition, 
Abel et al. reported that HIFU is a potentially 
safe way to treat cervical cancer 17.

Bcl-2 is a member of the apoptotic gene 
family. It is known that Bcl-2 is expressed 
in solid tumors and is mainly located in the 
cytoplasm and nucleus. Scientists speculate 
that this may be related to the formation of 
certain malignant tumors 18. In the related 
studies of cervical cancer, although the ex-
pression of Bcl-2 has no apparent relationship 
with tumor histological type, tumor stage, or 
lymph node metastasis, the five-year survival 
rate of Bcl-2-positive patients is significantly 
higher than in BAX-positive patients 19.

In addition, BAX protein expression 
was significantly increased after focused ul-
trasound treatment. The expression of BAX 
in the low-intensity group was 13.6% higher 

Fig. 2. Comparison of the results of Western blot 
detection of BAX and Bcl-2 expression.

Fig. 3. Changes of Ct values before and after 
treatment of HeLa cells.
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than that in the control group, and the ex-
pression of BAX in the high-intensity group 
was 2.1 times higher than that in the low-
intensity group, while the Bcl-2 protein after 
focused ultrasound treatment, the expres-
sion level decreased. The expression level of 
BAX in the low-intensity group was 15.9% 
lower than that of the control group, and the 
expression level of BAX in the high-intensity 
group was 51.7% lower than that of the low-
intensity group.

According to the study results, the Ct 
values of the three groups of HeLa cells be-
fore treatment were the same, but the Ct 
values after treatment had changed. After 
treatment, the Ct values of the low-intensity 
group were 18.1% lower than those of the 
control group, and the Ct value of the high-
intensity group was 27.8% lower than the 
low-intensity group, showing that focused 
ultrasound can effectively reduce the activ-
ity of HeLa cells. In addition, focused ultra-
sound has the highest proportion in treating 
pancreatic cancer, reaching 51.4%, followed 
by bone tumors, accounting for 21.1%, while 
cervical cancer only accounts for 3% (Fig. 4) 
20,21. It can be seen that focused ultrasound 
has a more favorable prospect for treating 
cervical cancer.

In summary, this article proposed fo-
cused ultrasound as a new treatment meth-
od for cervical cancer. This study briefly in-
troduced focused ultrasound as a treatment 
method, studied the in vitro effects of focused 
ultrasound on HeLa cells, and analyzed the 
inhibitory effect of focused ultrasound on 
cancer cells. The research results show that 
focused ultrasound has a specific inhibitory 
effect on the growth of HeLa cells, and the 
higher the intensity of focused ultrasound, 
the higher the inhibition rate on cancer cells. 
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Resumen. El suicidio de adolescentes aumentó en las Américas. En Chile, 
el intento de suicidio de adolescentes es un problema de salud pública que ne-
cesita una urgente solución. Se realizó un estudio cuantitativo, comparativo y 
retrospectivo con el objeto de proporcionar al hospital estrategias de interven-
ción y de articulación con la red territorial de salud mental. Se revisaron, com-
pararon y relacionaron los aspectos sociodemográficos y clínicos de 96 fichas 
de adolescentes hospitalizados por intento de suicidio entre enero del 2017 a 
diciembre del 2018. Se conformaron dos grupos de estudio; el grupo I, con 14 
adolescentes previamente internados en la Unidad de Tratamientos Intensivos 
y el grupo II, con 82 adolescentes que no requirió de esta unidad. Se estudió 
el género, edad, escolaridad, antecedentes de abuso sexual, diagnósticos de 
trastornos mentales, co-morbilidades, cuidador con trastorno mental y consul-
tas previas en salud mental. Se utilizó estadística descriptiva y odd ratio. En el 
grupo I, con un 92% de adolescentes hombres, se observó un 57% de depresión 
grave y el 100% de sus integrantes sufrió abuso sexual; en el grupo II, con un 
91% de adolescentes mujeres, se encontró un 79% de depresión moderada, un 
85,3% de desarrollo anormal de la personalidad y el 70% de sus integrantes su-
frieron abuso sexual. El abuso sexual explicó el mayor porcentaje de la varianza 
(29%). Se concluye que el hospital debe considerar en sus intervenciones las 
características distintivas de los grupos de estudio y coordinar con la red terri-
torial de salud mental la continuidad de cuidados. 
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Abstract. Adolescent suicide has increased in the Americas. In Chile, at-
tempted suicide in adolescents is a public health problem that needs an urgent 
solution. A quantitative, comparative and retrospective study was conducted 
to provide the hospital with intervention strategies and articulation with the 
territorial mental health network. The sociodemographic and clinical aspects 
of 96 records of adolescents hospitalized for attempted suicide between Janu-
ary 2017 and December 2018 were reviewed, compared, and related. Two study 
groups were formed: Group I, 14 adolescents previously hospitalized in the 
Intensive Treatment Unit and Group II, 82 adolescents who did not require 
this unit. Gender, age, education, history of sexual abuse, diagnoses of mental 
disorders, co-morbidities, previous mental health consultations, and caregivers 
with mental disorders were studied. Descriptive statistics and odds ratios were 
used. In group I, with 92% male adolescents, severe depression was observed 
in 57% of cases, and 100% of its members suffered sexual abuse; in group II, 
with 91% female adolescents, 79% moderate depression was found, 85.3% ab-
normal personality development and 70% of its members suffered sexual abuse. 
Sexual abuse explained the highest percentage of the variance (29%). It is con-
cluded that the hospital must consider the distinctive characteristics of the 
study groups and coordinate with the territorial network of mental health the 
continuity of care in its interventions.

           Recibido: 25-10-2022       Aceptado: 01-08-2023

INTRODUCCIÓN

El suicidio es todo acto intencional por 
el cual una persona se provoca la muerte; aso-
ciado a este concepto se encuentra el intento 
de suicidio que son los actos auto-lesivos in-
tencionales que no provocan la muerte 1,2. El 
suicidio genera más de 800.000 mil muertes 
anuales en el mundo; esto equivale a un sui-
cidio cada 40 segundos con una proyección 
de 1,5 millones de suicidios para el término 
del año 2023, representando uno de los ma-
yores problemas de salud a nivel mundial 3. 

En estas últimas décadas, las Américas regis-
traron más de 7 suicidios por hora, con 4,6 
casos de mujeres y 15,1 casos de hombres, 
afectando principalmente a la población de 
adolescentes 4,5. Se estima que por cada sui-
cidio de adolescente se realizaron entre 1 a 
20 intentos con repercusiones en el entor-
no familiar, escolar y social 6,7. En Chile, el 
suicidio es la segunda causa de muerte de 
adolescentes, observándose que las mujeres 
adolescentes lideran los intentos de suicidio, 
pero son los hombres adolescentes quienes 
lo consuman tres veces más 8,9. Con relación 
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a las tasas de suicidio de adolescentes, estas 
pasaron de 5,83 casos por 100.000 habitan-
tes en el año 1990, a 9,28 casos en el año 
2005 y a 11,8 en el año 2013 9. El suicidio no 
es una enfermedad, sin embargo, padecer de 
un trastorno mental es un importante factor 
de riesgo 10. Los adolescentes chilenos tie-
nen alta prevalencia de trastornos mentales 
en comparación a los adolescentes de otros 
países latinoamericanos. Así, Chile tiene un 
14,6% de trastornos disruptivos, un 8,3% de 
trastornos ansiosos y un 5,1% de trastornos 
afectivos (depresión y bipolaridad) que, por 
lo general, cursan con desarrollos anormales 
de la personalidad 11,12. El diagnóstico más 
frecuente del adolescente en los centros chi-
lenos especializados de salud mental es el 
trastorno depresivo con intento de suicidio, 
diagnóstico que, en la actualidad, constituye 
un importante problema de salud pública; 
mientras que adolescentes con trastornos 
bipolares registran escasas consultas, pero 
tienen un alto riesgo de suicidio incluso con 
tratamiento farmacológico 12,13. Adolescen-
tes con diagnósticos de trastornos afectivos 
pueden incrementar hasta un 60% la pro-
babilidad de muertes por suicidio; en este 
grupo etario no existe otra enfermedad que 
genere tanta interferencia y discapacidad 
como la mental 14,15. El plan chileno de salud 
mental 2017-2025 busca estrategias para la 
intervención de las Unidades de Cuidados 
de Hospitalización Intensivos en Psiquiatría 
(UCHIP) de adolescentes con o sin intento 
de suicidio y para la articulación de las redes 
territoriales de salud mental 16,17.

El propósito del estudio fue revisar, en 
un determinado período de tiempo, los as-
pectos sociodemográficos y clínicos de ado-
lescentes hospitalizados en una UCHIP por 
intento de suicidio para proporcionar al hos-
pital estrategias de intervención y de articu-
lación con la red territorial de salud mental. 

MATERIAL Y MÉTODO

Se realizó un estudio descriptivo, de 
tipo comparativo y retrospectivo usando un 

método cuantitativo. Se conformaron dos 
grupos de estudio; el grupo I, con 14 adoles-
centes de mayor gravedad previamente inter-
nados en la Unidad de Tratamientos Intensi-
vos (UTI) y el grupo II, con 82 adolescentes 
que no requirió de esta unidad. El objetivo 
fue comparar y relacionar a los grupos de es-
tudio; de igual modo, aportar a la UCHIP es-
trategias de intervención y articulación con 
los dispositivos de la red territorial de salud 
mental. Los datos se recogieron de las fichas 
clínicas de adolescentes entre los 14 años 0 
mes a 17 años 11 meses de edad que estuvie-
ron hospitalizados en la UCHIP del hospital 
público Roberto del Río de la ciudad de San-
tiago de Chile, entre enero del 2017 a diciem-
bre del 2018. Las variables estudiadas fue-
ron: edad, género, escolaridad, antecedente 
de abuso sexual, diagnóstico del trastorno 
mental (eje I) realizado por médico psiquia-
tra, según la Clasificación Internacional de 
Enfermedades en su 10ª versión18 (CIE-10), 
dado que al momento del estudio el hospi-
tal no utilizaba la versión CIE-11. También 
se estudió el diagnóstico de la co-morbilidad 
o funcionamiento de la personalidad (eje II) 
realizado por el psicólogo tratante según la 
CIE-10, número de días de hospitalización 
en la UCHIP, consultas en centros de la red 
territorial de salud mental (se consideraron 
10 o más consultas en los 6 meses previos a 
la hospitalización en la UCHIP) y cuidador 
responsable con trastorno mental con o sin 
tratamiento. 

Los criterios de inclusión fueron los si-
guientes: adolescentes entre 14 años 0 mes 
a 17 años 11 meses de edad hospitalizados 
en la UCHIP entre enero del 2017 a diciem-
bre del 2018; adolescentes con trastornos 
mentales e intento de suicidio que, por la 
gravedad del intento, previamente necesita-
ron atención en la UTI (grupo I) y adoles-
centes con trastornos mentales e intento de 
suicidio que no necesitaron la UTI (grupo 
II); adolescentes con o sin co-morbilidad, 
es decir, con o sin diagnóstico de desarro-
llo anormal de la personalidad; adolescentes 
escolarizados; adolescentes con o sin ante-
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cedentes de abuso sexual; adolescentes con 
10 o más consultas en dispositivos de salud 
mental de la red territorial en los 6 meses 
previos a la hospitalización en la UCHIP; 
adolescentes con familiar en el rol de cuida-
dor responsable y adolescentes cuyo cuida-
dor responsable porte un trastorno mental 
con o sin tratamiento. 

Se excluyen: adolescentes hospitaliza-
dos en la UCHIP menores de 14 años y ma-
yores de 17 años 11 meses; adolescentes 
hospitalizados en la UCHIP con altas admi-
nistrativas; adolescentes hospitalizados en la 
UCHIP de hogares de menores, residencias u 
otros lugares cuyo cuidador responsable no 
es un familiar; adolescentes sin intento de 
suicidio y, finalmente, adolescentes con me-
nos de 10 consultas en dispositivos de salud 
mental de la red territorial en los 6 meses 
previos a la hospitalización en la UCHIP. 

Se utilizó un muestreo intencionado. 
Se revisaron las bases de datos de la UCHIP 
entre enero del 2017 a diciembre del 2018 
y se seleccionaron las fichas clínicas que 
cumplían con los criterios de inclusión. Se 
obtuvieron 96 fichas, 14 correspondieron al 
grupo I y 82 al grupo II. Asimismo, de las 
96, 79 eran de adolescentes mujeres y 17 de 
adolescentes hombres.

Se utilizó un análisis descriptivo y de 
frecuencia para identificar las característi-
cas sociodemográficas y clínicas, tanto de 
la muestra total como separada por grupos. 
Para obtener la significancia de las variables 
cuantitativas se utilizó la prueba de U Mann 
Whitney, para estudiar las asociaciones en-
tre las variables de los grupos se utilizó la 
prueba de Chi-cuadrado de Pearson (X2) y la 
regresión lineal múltiple por pasos sucesi-
vos, donde la variable dependiente fue el in-
tento de suicidio y las variables predictoras 
la edad, género, escolaridad, abuso sexual, 
diagnóstico de trastorno mental, co-morbi-
lidad, consultas previas a la hospitalización 
y cuidador con trastorno mental. El análisis 
se complementó con el cálculo de Odds Ra-
tio (OR). Para el procesamiento de los datos 
se utilizó el programa estadístico Statistical 

Package for Social Sciences (SPSS) versión 
15,0. El nivel de significancia en todas las 
pruebas se estableció en un p<0,05.

Estudio aprobado por el comité de éti-
ca del Servicio de Salud Metropolitano Norte 
(SSMN) de la ciudad de Santiago de Chile, 
acreditado por la Secretaría Regional Minis-
terial de Salud (SEREMI) y que adscribe a 
las normativas de los principios éticos inter-
nacionales, fundamentalmente de la declara-
ción de Helsinki. Los datos fueron tratados 
con confidencialidad, custodiados por el in-
vestigador responsable y eliminados al ter-
mino del estudio. 

RESULTADOS

El grupo II tuvo cinco veces más adoles-
centes que el grupo I. La edad promedio de 
los adolescentes en las fichas analizadas fue 
de 16 años 1 mes, y una desviación estándar 
(DE) de 1,76. Por género, se observó que un 
82,3% eran adolescentes mujeres y un 17,7% 
eran adolescentes hombres. En el grupo I 
(92,9% de adolescentes hombres y 7,1% de 
adolescentes mujeres), la edad promedio fue 
de 15 años 9 meses (DE=1,1); en el grupo 
II (91,5% de adolescentes mujeres y 8,5% de 
adolescentes hombres) fue de 16 años 5 me-
ses (DE= 1,8). Inter-grupo no hubo diferen-
cias significativas en las variables edad, esco-
laridad y duración de la hospitalización; sin 
embargo, la variable género mostró diferen-
cia significativa (X2

(5)=9,344; gl:6; p<0,05); 
es decir, ser adolescente hombre con intento 
de suicidio y atenciones en la UTI tiene ma-
yor probabilidad de estar hospitalizado en 
la UCHIP que un adolescente hombre con 
intento de suicidio sin atenciones en la UTI 
(OR= 12,5; 95% IC= 2,57-60,7). Otras di-
ferencias significativas se observaron en el 
cuidador con trastorno mental (X2

(6)=21,4; 
p<0,05); en adolescentes con consultas 
previas a la hospitalización (X2

(9)=21,54; 
p<0,05); y en adolescentes víctimas de abu-
so sexual (X(8)

2=11,32; p<0,05). El 100% de 
los integrantes del grupo I sufrieron abusos 
sexuales (Tabla 1).
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Otras diferencias significativas se obser-
varon en el diagnóstico de la conducta alimen-
taria de anorexia (X2

(10)=44,66; p<0,05); en 
el trastorno bipolar (X2

(9)=42,28; p<0,05); 
en el diagnóstico de la co-morbilidad 
(X2

(11)=76,57; p<0,05) y; en el diagnóstico 
de depresión (X2

(12)=64,47; p<0,05), con 
mayor probabilidad de encontrar adolescen-
tes con depresión grave en el grupo I (OR= 
2,8; 95% IC=1,72-9,19), (Tabla 2). 

En la regresión lineal múltiple se eva-
luaron los supuestos de normalidad, lineali-
dad y homocedasticidad. Su análisis mostró 
que ser víctima de abuso sexual explica un 
mayor porcentaje de la varianza (29%) con 
un β positivo (0,397), antecedente que podría 
predecir la hospitalización por intento de 
suicidio. Consultas en dispositivos de salud 
mental de la red territorial 6 meses antes de 
la hospitalización explican un 21% de la va-
rianza con un β negativo (-0,301). Cuidador 

con trastorno psiquiátrico en tratamiento 
explica un 12% de la varianza con un β nega-
tivo (-0,224) y el trastorno depresivo explica 
muy poco (1%) con un β negativo (-0,056), 
(Tabla 3). 

DISCUSIÓN

El estudio mostró diferencias entre los 
adolescentes con intento de suicidio hos-
pitalizados en la UCHIP. Los adolescentes 
que no necesitaron atenciones en la UTI se 
hospitalizaron cinco veces más que aquellos 
que necesitaron esta atención. Este resulta-
do podría estar relacionado con el género, 
ya que quienes necesitaron la UTI fueron 
adolescentes del grupo I que concentró, 
principalmente, a hombres. Este hallazgo es 
concordante con otros estudios 12,13, en los 
cuales se muestra que adolescentes hombres 
usan métodos letales y al fracasar su intento 

Tabla 1 
Frecuencias porcentuales de las variables por grupos de estudio y nivel de significancia.

Variables 
Grupo I
N=14

Grupo II
N=82

Total
N= 96

p

Edad (años y meses)
   Media(±desviación estándar)  15, 9 (1,1)  16,5 (1,8) 16,1 (1,7)

0,687

Escolaridad (%)
   Educación básica
   Educación secundaria

 7,1 
 92,9

 0
100

 1,1
98,9

0,548

Género (%)
   Hombre
   Mujer

92,9
 7,1

 8,5
 91,5

20,8
79,2

0,002*

Cuidador con trastorno mental en tratamiento (%)
   Sí
   No

57,1
42,8

58,5
41,5

 58,3
 41,7

 0,003*

Consultas previas en salud mental (%)
   Sí
   No

 7,1
92,9

67,1
32,9

 58,3
 41,7

0,001*

Víctima de abuso sexual (%)
   Sí
   No

100
 0

 72,7
27,3

 73,8
 26,2

 0,002*

Duración de la hospitalización 
   Media en días (±desviación estándar) 35,0 (8.2) 28,5 (4.7)  31,7

 0,780 

Test Chi-cuadrado con p significativo*.
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lo repiten con mayor intensidad. Si los ado-
lescentes hombres necesitaron atenderse en 
la UTI y se caracterizan por realizar intentos 
más severos, entonces la UCHIP debería di-
señar intervenciones psicoterapéuticas espe-
cíficas que aborde el intento de suicidio por 
género. 

El rol del cuidador es clave en el pro-
nóstico del adolescente. De acuerdo con la 
literatura, los cuidadores con trastornos 
mentales sin tratamiento o con tratamien-
to incompleto son un factor de riesgo para 
el desarrollo psicológico de niños, niñas y 
adolescentes, ya que los predisponen a per-

turbaciones psíquicas e intento de suicidio 
19,20. En virtud de ello, la UCHIP debe identi-
ficar la condición de salud mental del cuida-
dor, considerando algunos factores: la forma 
como realizan los cuidados los cuidadores 
con trastorno mental sin tratamiento o con 
tratamiento incompleto; el tipo el tipo de 
trastorno mental que pueda estar cursando 
el cuidador que realiza los cuidados; si tie-
ne tratamiento, el tiempo que lleva con el 
mismo y si sigue las indicaciones que están 
recibiendo, u otras preguntas que permitan 
una mayor comprensión del cuidador para 
implementar intervenciones de apoyo. 

Consultas en dispositivos de la red te-
rritorial de salud mental 6 meses antes de 
la hospitalización en la UCHIP es un antece-
dente a considerar. En el grupo I la consulta 
fue escasa, esto genera dudas sobre: las ra-
zones por las cuales no consultaron; si so-
licitaron la cita, pero no concurrieron a sus 
atenciones; quedaron en lista de espera que 
no avanzó o hubo otra razón. Esta eviden-
cia permite proyectar que los adolescentes 
del grupo I al alta de la UCHIP concurrirán 
poco a sus atenciones y terminaran abando-
nando el tratamiento en los dispositivos de 

Tabla 2 
Frecuencias porcentuales de los diagnósticos por grupos de estudio y nivel de significancia.

Diagnósticos 
Grupo I
N=14

Grupo II
N=82

Total
N= 96

p

   Diagnósticos eje I CIE-10 (%) 

Trastorno depresivo
   Grave 
   Moderado
Trastornos de la conducta alimentaria
   Anorexia
   Bulimia 
Trastorno bipolar
Trastorno de ansiedad generalizada
Trastorno obsesivo-compulsivo
Trastorno psicótico 
   Diagnóstico eje II CIE-10 (%) 
Comorbilidad (%) 
   Sí
   No

57,1
0

14,4
0

21,4
0
0

7,1

28,5
71,5

 2,4
 79,2

 0
 4,0
 0

 8,3
 6,1
 0
 
 

 85,3
 14,7

10,4
 67,7

 
 2,1
 3,3
 3,1
 7,2
 5,2
 1,0

 79,2
 20,8 

 0,036*

 0,012*

 0,001*
0,457
0,125
0,358

 0,027*

*Test Chi-cuadrado con p significativo.

Tabla 3 
Análisis de la regresión lineal múltiple (N=96).

Variables b R2 p

- Víctima de abuso sexual
- Consultas de salud  
  mental 6 meses antes  
  de la hospitalización 

 0,397 

-0,301

 0,29
 

0,21

 0,01
 

0,01

-Cuidador con trastorno  
  mental en tratamiento 
- Trastorno depresivo

-0,224
 -0,056

 
0,12
 0,01 

 0,01
 0,05 

Total de la varianza explicada: 63%.



Adolescentes con intento de suicidio 457

Vol. 64(4): 451 - 459, 2023

la red ambulatoria con la posibilidad de nue-
vos intentos o bien el suicidio. Es conocido 
que adolescentes hospitalizados por intento 
de suicidio tienen 8 veces más riesgo de sui-
cidarse comparados con la población gene-
ral y más del 50% de los suicidios ocurren 
hasta 16 meses después de intentos frustra-
dos21,22. En este sentido, es fundamental que 
la UCHIP se coordine con los dispositivos de 
la red territorial para implementar la conti-
nuidad de cuidado que beneficia a todos los 
adolescentes hospitalizados por intento de 
suicidio. Esto se traduce en una derivación 
asistida o entrega del paciente de forma per-
sonalizada a la red, en seguimiento estrecho, 
en registros actualizados y planes de rescate 
de aquellos adolescentes que aborten o asis-
tan de manera irregular. Todo ello implica 
un enorme desafío de integración y articu-
lación de los saberes del conjunto de la red 
territorial de salud mental.

Ser víctima de abuso sexual es un even-
to traumático que afecta principalmente a 
mujeres y que se caracteriza por alterar el 
desarrollo emocional, cognitivo, social e ins-
talar ideas suicidias 21. Si bien en ambos gru-
pos se dieron cifras altas de abuso sexual, es 
llamativo que el 100% de los integrantes del 
grupo I fue víctima de abuso; es importan-
te señalar que este grupo concentró a ado-
lescentes hombres con intentos de mayor 
gravedad. Esto requiere ser profundizado, 
no obstante se plantea que el abuso sexual 
en adolescentes hombres es un antecedente 
que puede predecir intento severo o la muer-
te por suicidio 25. 

Una limitación fue restringir el estu-
dio a 2 años; para ver el movimiento de las 
variables se debió considerar un mínimo de 
5 años. Otra de ellas fue no haber realizado 
correlaciones entre las variables y no incor-
porar el número de intentos de suicidio, los 
tipos de familia, los métodos utilizados en 
el intento, las formas de abuso sexual, entre 
otras.

Se concluye que la UCHIP debe consi-
derar en sus intervenciones las caracterís-
ticas distintivas de los grupos de estudio y 

coordinarse con los dispositivos de la red te-
rritorial de salud mental para implementar 
la continuidad de cuidados en beneficio de 
todo adolescente que se hospitaliza por in-
tento de suicidio. 
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Abstract. The aim was to explore the influencing factors of post-trans-
plantation diabetes mellitus (PTDM) in kidney transplant recipients and to es-
tablish a risk prediction model. A retrospective analysis was performed on the 
clinical data of 408 patients subjected to kidney transplantation from May 2015 
to March 2022. With the simple random sampling method, they were divided 
into a training set (n=306) and a test set (n=102) at a ratio of 3:1. According 
to the occurrence of PTDM, the training set was further classified into PTDM 
and non-PTDM groups. The influencing factors of PTDM were identified by least 
absolute shrinkage and selection operator and multivariate logistic regression 
analysis. A nomogram prediction model was constructed and validated. Non-PT-
DM and PTDM groups had significantly different preoperative body mass index 
(BMI), family history of diabetes mellitus, 2-h preoperative and postprandial 
blood glucose, 2-h preoperative and postprandial peptide index, postoperative 
hypomagnesemia, whole blood concentration of tacrolimus, triacylglycerol, 
glycated albumin and fasting blood glucose (P<0.05). BMI, family history of 
diabetes mellitus, 2-h preoperative and postprandial blood glucose, and post-
operative whole blood tacrolimus concentration were independent risk factors 
for PTDM. In contrast, the 2-h preoperative and postprandial peptide index was 
an independent protective factor (P<0.05). The incidence of PTDM in patients 
receiving kidney transplantation correlates with the family history of diabetes 
mellitus, preoperative BMI, 2-h postprandial blood glucose, 2-h postprandial 
peptide index, and postoperative whole blood tacrolimus concentration.
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Factores que influyen en la diabetes mellitus post-trasplante  
en receptores de trasplante renal y el establecimiento  
de un modelo de predicción de riesgo.

Invest Clin 2023; 64 (4): 460 – 470

Palabras clave: trasplante renal; diabetes mellitus; factores de influencia; modelo de 
predicción.

Resumen. El propósito del trabajo fue explorar los factores que influyen 
en la diabetes mellitus post-trasplante (PTDM) en receptores de trasplante re-
nal y establecer un modelo de predicción. Se realizó un análisis retrospectivo 
de los datos clínicos de 408 pacientes sometidos A trasplante renal de mayo 
de 2015 a marzo de 2022. La muestra se obtuvo con el método de generar 
números aleatorios en una computadora, y fueron divididos en un conjunto de 
entrenamiento (n=306) y un conjunto de prueba (n=102) en una proporción 
de 3:1. De acuerdo con la ocurrencia de PTDM, el conjunto de entrenamiento 
fue clasificado en grupos PTDM y no PTDM. Los factores de influencia de PTDM 
se identificaron mediante el operador de menor contracción y selección abso-
luta y el análisis de regresión logística multivari. Se construyó y validó un mo-
delo de predicción de nomograma. Los grupos no PTDM y PTDM presentaron 
diferencias significativas en el índice de masa corporal (IMC) preoperatorio, 
antecedentes familiares de diabetes mellitus, glucosa sanguínea preoperatoria 
y postprandial 2-h, índice de péptido preoperatorio y postprandial 2-h, hipo-
magnesemia posoperatoria, concentración sanguínea total de tacrolimus, tria-
cilglicerol, albúmina glicosilada sanguínea en ayunos (p<0,05). Entre ellos, 
el IMC, los antecedentes familiares de diabetes mellitus, la glucemia preope-
ratoria y postprandial de 2-h y la concentración de tacrolimus en sangre total 
postoperatoria fueron factores de riesgo independientes para PTDM, mientras 
que el índice de péptido preoperatorio y postprandial de 2-h fue un factor de 
protección independiente (p<0,05). La incidencia de PTDM en pacientes que 
reciben trasplante renal tiene correlaciones con los antecedentes familiares de 
diabetes mellitus, IMC preoperatorio, glucosa sanguínea postprandial 2-h, ín-
dice de péptido postprandial 2-h y concentración de tacrolimus en sangre total 
posoperatoria.

           Received: 01-12-2022       Accepted: 03-06-2023

INTRODUCTION

Kidney transplantation is currently con-
sidered effective in treating end-stage renal 
disease. The five-year survival rate reaches 
over 80% among kidney transplant recipients 
1, but some still experience different postop-
erative complications. A common metabolic 

complication after kidney transplantation 
is post-transplantation diabetes mellitus 
(PTDM), increasing the risk of cardiovas-
cular and cerebrovascular diseases and re-
sulting in deaths and seriously affecting the 
prognosis of patients 2,3. PTDM, with an inci-
dence of about 4-25%, usually occurs within 
one year after surgery 4. It may be triggered 



462 Dong

 Investigación Clínica 64(4): 2023

by such factors as the patient’s age, family 
history of diabetes mellitus, high-fat diet, 
and donor type 5,6. Thus, exploring the risk 
factors of PTDM in kidney transplant recipi-
ents and constructing a risk prediction mod-
el is of great significance in reducing the 
incidence rate of PTDM and improving the 
prognosis of patients. This study conducted 
a retrospective analysis of the clinical data 
of 312 patients experiencing living-donor 
kidney transplantation in our hospital from 
May 2015 to August 2021. On this basis, the 
influencing factors in the development of 
PTDM in patients were identified, and a no-
mogram prediction model was built to pro-
vide a clinical reference.

PATIENTS AND METHODS

General data
A retrospective analysis was performed 

on the clinical data of 408 patients who re-
ceived kidney transplantation in our hospi-
tal (the Second People’s Hospital of Shanxi) 
from May 2015 to March 2022. These patients 
were assigned to a training set (n=306) and 
a test set (n=102) at a ratio of 3:1 by gener-
ating random numbers on a computer. These 
two sets were used to construct a risk predic-
tion model and validate the model’s predic-
tion performance, respectively. The training 
set [160 males and 146 females, (34.02 ± 
7.71 years old)] and the test set [53 males 
and 49 females, (34.15±7.32 years old)] did 
not have significant differences in the gen-
eral data (P>0.05). The inclusion criteria 
were: (1) Patients who received allogeneic 
kidney transplantation for the first time, 
(2) had a follow-up time ≥ one year, and (3) 
whose age ≥ 18 years old. Exclusion criteria 
were patients who (1) had no family history 
of diabetes before surgery, (2) experienced 
more than one kidney transplantation, (3) 
experienced the preoperative use of gluco-
corticoids for > three months, (4) had in-
complete clinical data, or (5) died within 
one year after transplantation. This study 
was reviewed and approved by the ethics 

committee of our hospital, and all enrolled 
patients were informed and signed the in-
formed consent.

Postoperative immunosuppressive regimen
The postoperative immunosuppressive 

regimen for patients was orally taking cy-
closporine A (3-5 mg·kg–1·d–1) or tacrolimus 
(0.05-0.10 mg·kg-1·d–1) + mycophenolate 
mofetil (1.0-1.5 g/d) or sodium mycophe-
nolate (720-1080 mg/d) or mizoribine (3-4 
mg·kg–1·d–1). The dose was adjusted based on 
the plasma concentration of cyclosporine A 
or tacrolimus. Then methylprednisolone (30 
mg/d) was taken orally from the fourth day 
after surgery, and the dose was reduced to 
5 mg on the seventh day after surgery and 
continually taken.

Clinical data collection
The clinical data of patients collected in-

cluded (1) preoperative clinical data: age, gen-
der, family history of diabetes mellitus, body 
mass index (BMI), causes of end-stage renal 
disease, type of dialysis, dialysis time, type of 
donor’s kidney, warm ischemia time, cold isch-
emia time, glycated albumin, 2-h postprandial 
blood glucose, and 2-h postprandial peptide 
index, and (2) postoperative data: delayed 
functional recovery of the transplanted kidney, 
rejection, cytomegalovirus, hypomagnesemia, 
postoperative immune induction drugs, whole 
blood concentration of tacrolimus, whole 
blood concentration of cyclosporine, triglyc-
eride, glycated albumin, total cholesterol, cre-
atinine, urea nitrogen, uric acid and estimated 
glomerular filtration rate.

Diagnostic criteria
Patients were diagnosed six weeks af-

ter kidney transplantation according to the 
diagnostic criteria issued by the American 
Diabetes Association (ADA) in 2019 7 if they 
had stable immunosuppression, stable renal 
function, and no acute infection. Those sat-
isfying the diagnostic criteria were included 
in the PTDM group, while the rest of the pa-
tients were included in the non-PTDM group.
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Statistical analysis
The statistical analysis of data was per-

formed with the IBM SPSS® 23.0 software. 
Measurement data were expressed as mean 
± standard deviation (`x ± s), and the t-
test was applied to compare the two groups. 
Count data were expressed as a percent-
age (%), and the c2 test was used to com-
pare groups. The independent risk factors of 
PTDM were analyzed with the least absolute 
shrinkage and selection operator (LASSO) 
and multivariate logistic regression. The 
nomogram prediction model was built by R 
software, and its predictive value, accuracy, 
and clinical practicability were evaluated 
using the receiver operating characteristic 
(ROC) curve, calibration curve, and deci-
sion curve, respectively. A significance level 
of α=0.05 was utilized.

RESULTS

Univariate analysis results of PTDM in 
patients

Among the 306 patients, the incidence 
rate of PTDM within one year after surgery 
was 24.84% (76/306). The non-PTDM group 
and the PTDM group had statistically signifi-
cant differences in preoperative BMI, family 
history of diabetes mellitus, 2-h preoperative 
and postprandial blood glucose, 2-h preop-
erative and postprandial peptide, postopera-
tive hypomagnesemia, whole blood concen-
tration of tacrolimus, triglyceride, glycated 
albumin and fasting blood glucose (P<0.05) 
and no statistically significant differences in 
other clinical data (P>0.05) (Table 1).

Multivariate analysis results of PTDM  
in patients

The occurrence of PTDM was taken as 
the dependent variable, and a total of 29 in-
dependent variables were included. LASSO 
reduced the dimensionality of independent 
variables to avoid model overfitting. The 
optimal penalty coefficient λ of the model 
was identified by the 10-fold cross-validation 
method. When λ kept increasing to one stan-

dard error, it was the optimal value of the 
model. Nine predictors were screened out, 
including BMI, family history of diabetes 
mellitus, 2-h preoperative and postprandial 
blood glucose, 2-h preoperative and post-
prandial peptide index, postoperative hypo-
magnesemia, whole blood concentration of 
tacrolimus, triacylglycerol, glycated albumin 
and fasting blood glucose (Fig. 1).

With the occurrence of PTDM as the 
dependent variable (yes =1, no =0), the 
above nine predictors were included in the 
multivariate logistic regression model. It 
was found that BMI, family history of diabe-
tes mellitus, 2-h preoperative and postpran-
dial blood glucose, and postoperative whole 
blood concentration of tacrolimus were 
independent risk factors for PTDM. In con-
trast, the 2-h preoperative and postprandial 
peptide index was an independent protective 
factor for PTDM (P<0.05) (Table 2).

Model establishment
By means of the “rms” program pack-

age, the nomogram prediction model was 
built based on the five independent influ-
encing factors for predicting the occurrence 
of PTDM in patients. The results showed 
that the five independent influencing fac-
tors obtained 263 points (56.75 points for 
the family history of diabetes mellitus, 82.5 
points for 2-h preoperative and postprandi-
al blood glucose PG >6.65 mmol/L, 66.25 
points for 2-h preoperative and postprandial 
CPI<5.26, 26 points for BMI >23.85 kg/m2, 
and 31.50 points for whole blood concentra-
tion of tacrolimus >8.62 C0) in total and 
the corresponding risk value of PTDM was 
0.875, meaning that the probability of PTDM 
predicted by the model was 87.50% (Fig. 2).

Discrimination evaluation  
of the nomogram model

Here, the discrimination of the mod-
el was evaluated by the ROC curve. The 
training set obtained the area under the 
curve (AUC) of 0.758 (95%CI: 0.682-0.834, 
p<0.001) and the C-index of 0.882. The test 
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Table 1 
Clinical data of the two groups of patients.

Preoperative data 
Item

Non-PTDM group 
(n=230)

PTDM group 
(n=76)

t/c2  
value

p

Age (years old)** 34.02±7.71 34.15±7.32 0.892 0.215

Male* 160 (69.57) 53 (69.74) 0.112 0.902

BMI (kg/m2)** 22.45±1.32 24.61±1.45 5.943 <0.001

Family history of diabetes mellitus* 23 (10.00) 26 (34.21) 6.934 <0.001

Smoking* 57 (24.78) 24 (31.58) 1.082 0.345

Type of dialysis before transplantation 1.023 0.093

Hemodialysis* 187 (81.30) 57 (75.00)

Peritoneal dialysis* 43 (18.70) 19 (25.00)

Dialysis time (month)** 25.92±8.12 24.81±7.96 1.009 0.116

Causes of end-stage renal disease 0.863 0.345

Glomerulus nephritis* 171 (74.35) 57 (75.00)

IgA nephropathy* 29 (12.61) 8 (10.53)

Polycystic kidney* 18 (7.83) 6 (7.89)

Others* 12 (5.21) 5 (3.13)

Type of donor kidney 0.834 0.226

Living body* 34 (14.78) 17 (22.37)

Corpse* 196 (85.22) 59 (77.63)

Warm ischemia time (min)** 7.56±5.43 7.67±4.76 0.782 0.324

Cold ischemia time (h)** 5.71±1.24 5.85±1.13 0.343 0.872

Glycated albumin (%)** 13.52±1.12 14.15±1.34 0.345 0.668

2-h postprandial blood glucose (mmol/L)** 5.33±1.32 7.29±1.45 4.012 0.012

2-h postprandial peptide index** 5.42±1.31 4.61±1.10 3.024 0.015

Delayed functional recovery of transplanted 
kidney*

 
22 (9.57)

 
7 (10.34)

 
0.283

 
0.692

Rejection* 6 (2.84) 4 (5.17) 0.091 0.804

Cytomegalovirus* 16 (7.95) 4 (5.17) 0.224 0.782

Hypomagnesemia* 41 (21.59) 27 (41.38) 5.9723 <0.001

Postoperative immune induction drugs

Basiliximab* 46 (20.00) 20 (26.32) 0.852 0.203

Rabbit anti-human thymocyte immunoglobulin* 128 (55.65) 35 (46.05) 0.773 0.334

Antithymocyte immunoglobulin* 132 (57.39) 38 (50.00) 0.765 0.204

Whole blood trough concentration  
of tacrolimus (C0)**

 
7.19±2.21

 
9.34±3.12

 
6.245

 
<0.001

Whole blood trough concentration  
of cyclosporine (C0)**

 
158.23±21.32

 
161.14±20.34

 
2.034

 
0.098

Triacylglycerol (mmol/L)** 1.96±0.21 2.38±0.32 7.304 <0.001
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set had an AUC of 0.732 (95% CI: 0.682-
0.782, P<0.001) and a C-index of 0.878. 
The prediction model had a C-index >0.75 
in both sets, showing high discrimination 
(Fig. 3).

Calibration evaluation of the nomogram 
model

According to the calibration curve of 
the prediction model plotted, the predic-
tion probability curve of the model well fit 
the reference probability, and no significant 

difference was revealed by the Hosmer-Lem-
eshow test results (P>0.05), indicating high 
accuracy of the model (Fig. 4).

Efficiency evaluation of the nomogram 
model

According to the plotted clinical deci-
sion curve, the model was far away from the 
extreme curve in both the training and test 
sets and obtained high a net benefit, indicat-
ing high reliability and practicability of the 
constructed nomogram model (Fig. 5).

Preoperative data 
Item

Non-PTDM group 
(n=230)

PTDM group 
(n=76)

t/c2  
value

p

Glycated albumin (%)** 12.78±1.23 15.11±1.23 5.492 <0.001

Fasting blood glucose (mmol/L)** 4.32±0.34 5.18±0.34 7.472 <0.001

Albumin (g/L)** 42.45±1.34 42.45±1.26 0.603 0.402

Total cholesterol (mmol/L)** 3.09±0.34 3.17±0.32 0.282 0.828

Urea nitrogen (mmol/L)** 13.83±1.23 10.45±1.25 0.447 0.548

Creatinine (μmol/L)** 151.31±24.34 151.72±20.23 0.682 0.392

Uric acid (μmol/L)** 309.124±24.23 295.19±20.83 0.332 0.672

Estimated glomerular filtration rate 
[mL (min·1.73 m2)]**

 
60.45±5.72

 
72.98±5.15

 
1.114

 
0.092

Measurement data were expressed as mean ± standard deviation (`x ± s) and the t-test was applied to the compa-
rison between the two groups. Count data were expressed as a percentage (%), and the c2 test was applied to the 
comparison between groups. C0: Whole blood trough concentration.   *: n (%); **: (`x ± s). 

Table 1 
CONTINUATION

Fig. 1. LASSO regression analysis results for 27 predictors. A: Coefficient curve of 27 variables, B: Optimal 
clinical features selected by 10-fold cross-validation.
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DISCUSSION

PTDM is a common complication after 
kidney transplantation, the pathogenesis of 
which remains unclear. Its correlation with 
insulin resistance and insufficient insulin se-
cretion is accepted in most literature 8,9, while 
hyperglycemia is closely associated with insulin 
production and target tissue demand. In addi-

tion, PTDM is also a high-risk factor inducing 
cardiovascular and cerebrovascular diseases in 
kidney transplantation, possibly resulting in the 
reduction or loss of transplanted kidney func-
tion and increased risk of postoperative death 
in patients 10. For this reason, exploring the in-
fluencing factors of PTDM in kidney transplant 
recipients is significant in improving patients’ 
prognosis and postoperative survival rate.

Table 2 
Multivariate logistic regression analysis results of related factors affecting PTDM in patients.

Factor β SE Wald p OR  95%CI

BMI 1.825 1.538 2.417 0.009 3.474 2.045~4.856

Family history of diabetes mellitus 2.672 2.358 3.983 0.006 4.728 3.049~5.861

2-h preoperative and postprandial blood glucose 0.501 0.146 11.775 0.012 1.156 1.024~1.572

2-h preoperative and postprandial peptide index -0.342 0.172 0.835 0.003 0.710 0.518~0.849

Postoperative hypomagnesemia 0.794 0.519 7.68 0.066 2.213 0.986~4.733

Whole blood concentration of tacrolimus 2.583 2.067 4.075 0.004 4.369 2.358~5.592

Postoperative triglycerides 0.507 0.179 0.750 0.038 1.661 0.731~2.439

Postoperative glycated albumin 0.502 0.492 0.757 0.024 1.652 0.915~2.903

Postoperative fasting blood glucose 1.578 1.326 2.805 0.091 2.152 0.937~3.498
BMI, family history of diabetes mellitus, 2-h preoperative and postprandial blood glucose, and postoperative whole 
blood concentration of tacrolimus were independent risk factors for PTDM, while 2-h preoperative and postprandial 
peptide index was an independent protective factor for PTDM. BMI: Body mass index; CI: confidence interval; OR: 
odds ratio; PTDM: post-transplantation diabetes mellitus; SE: standard error.

Fig. 2. Nomogram prediction model for predicting PTDM in patients.
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Fig. 3. ROC curves of prediction model in training and test sets. A: Training set, B: test set.

Fig. 4. Calibration curves of nomogram prediction model. A: Training set, B: test set.

Fig. 5. Clinical decision curve analysis results of prediction model in training and validation sets. A: Training 
set, B: test set.
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A total of 58 patients (24.78%) in this 
study’s test set (n=234) had PTDM within 
one year after surgery. PTDM is a major 
cause of postoperative serious infection and 
even death in patients. Herein, preoperative 
BMI, family history of diabetes mellitus, 2-h 
preoperative and postprandial blood glu-
cose, 2-h preoperative and postprandial pep-
tide index, postoperative hypomagnesemia, 
the whole blood concentration of tacroli-
mus, triacylglycerol, glycated albumin, and 
fasting blood glucose were all determined in 
the univariate analysis to be influencing fac-
tors of PTDM in patients. BMI, family history 
of diabetes mellitus, 2-h preoperative and 
postprandial blood glucose, and postopera-
tive whole blood concentration of tacrolimus 
were independent risk factors for PTDM. In 
contrast, the 2-h preoperative and postpran-
dial peptide index was an independent pro-
tective factor for PTDM, as revealed by the 
multivariate logistic regression analysis re-
sult. The close correlation of BMI with the 
occurrence of PTDM in kidney transplant 
recipients has been reported in previous lit-
erature 11. 

According to a study on the Korean 
population 12, kidney transplant recipients 
with BMI ≥25 kg/m2 suffered a 3.64 times 
higher risk of PTDM than those with BMI< 
25 kg/m2. A possible mechanism is that 
obesity triggers chronic inflammation and 
stimulates pancreatic beta cells, thus caus-
ing insulin resistance and reduced glucose 
clearance rate, eventually increasing the risk 
of PTDM. It was found in a study 13 that a 
family history of diabetes presented a sig-
nificant correlation with the risk of PTDM. 
People with a family history of diabetes may 
be subjected to abnormal glucose metabo-
lism, which in turn influences the function 
of pancreatic β-cells and thus causes abnor-
mal changes in postoperative blood glucose 
levels and even the occurrence of PTDM. 
Hence, for patients with a family history of 
diabetes mellitus, measures should be taken 
to closely monitor their blood glucose and 
carry out timely interventions to reduce the 

incidence rate of PTDM. A related study 14 

published by the ADA showed that the ma-
jority of patients experience an abnormal 
glucose tolerance stage before diabetes de-
velopment, and those showing abnormal 
glucose tolerance possibly become potential 
diabetic patients. The study of Sato et al. 15 
unveiled that preoperative glucose tolerance 
was a risk factor for postoperative diabetes 
in transplant recipients. The 2-h postpran-
dial peptide index, which reflects the func-
tion of pancreatic islet B cells and reduces 
with the increasing duration of type 2 diabe-
tes mellitus, is related to insulin sensitivity 
and is considered a protective factor against 
PTDM in transplant recipients 16. Moreover, 
tacrolimus is a typical drug for treating anti-
rejection reactions. Its significantly positive 
correlation with the occurrence of PTDM and 
stronger sugar-causing effect than cyclospo-
rine A 17 has been revealed. Additionally, for 
patients receiving kidney transplantation, 
the administration of tacrolimus can reduce 
the synthesis and secretion of insulin in the 
body, increasing the body’s blood glucose 
level and thus resulting in diabetes 18. Fur-
ther, some believe that other important in-
fluencing factors on the occurrence of PTDM 
in transplant recipients include hypomagne-
semia and rejection 19. However, no statisti-
cally significant difference in rejection was 
found between the two groups of patients in 
this study. In addition, postoperative hypo-
magnesemia was found in the multivariate 
analysis not to be an independent influence 
factor of PTDM, possibly related to the small 
sample size of this study, which failed to 
present statistical differences.

Based on the influencing factors on the 
occurrence of PTDM in kidney transplant 
recipients, the nomogram model was built 
in this study, whose predictive performance 
was evaluated with the ROC curve, calibra-
tion curve, and clinical decision curve. The 
results showed that the predicted value ap-
proximated the actual observed value, sig-
nifying high discrimination and clinical va-
lidity of the model. Compared with a single 
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influencing factor, the prediction model can 
better identify patients subjected to high-
risk liver metastasis, which boosts the clini-
cal application of the research results. 

This study still has some limitations. First, 
the subjects were collected from a single center, 
and the types of potential predictive variables 
collected were limited by clinical practice. Sec-
ond, the prediction model was built through 
retrospective analysis, while limited clinical 
data were collected, and further validation in a 
prospective cohort was not carried out. Hence, 
the results may have bias. The research should 
be further improved by prolonging the follow-
up time and increasing the collected data on 
influencing factors.

In conclusion, the model established in 
this study showed that BMI, family history 
of diabetes mellitus, 2-h postprandial blood 
glucose, postoperative whole blood tacroli-
mus concentration, and 2-h postprandial 
peptide index were independent influenc-
ing factors for predicting the occurrence of 
PTDM. Based on this model, attention can 
be paid to these factors, and early interven-
tion can be taken to reduce the incidence 
rate of PTDM. Thus, this model is potentially 
applicable to clinical practice.
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Abstract. This research aimed to determine the susceptibility of Aspergil-
lus spp. to four antifungal agents using the Etest® method in several clinical 
samples (respiratory samples, soft tissue, otic tissue, and ocular tissue, among 
others) from a private health center in Venezuela. Thirty-three strains were 
evaluated: 11 Aspergillus section Flavi, eight Aspergillus section Fumigati, six 
Aspergillus section Nigri, four Aspergillus section Terrei, and four Aspergillus 
spp. A 0.5 McFarland standard suspension of a 5-day culture of each Aspergillus 
strain was prepared on Potato Dextrose agar and then inoculated on Sabouraud 
agar plates with 2% glucose. Voriconazole (VCZ), amphotericin B (AMB), caspo-
fungin (CAS), and posaconazole (PCZ) were tested. Minimal inhibitory concen-
trations (MIC) in μg/mL were determined after 24 and 48 hours of incubation 
at 35 °C and th range (R), geometric mean (GM), MIC50, and MIC90 were calcu-
lated. The results for the 33 Aspergillus spp. tested after 24 h were the follow-
ing: VCZ (R = 0.031- 16; GM = 0.145; MIC50 = 0.125 and MIC90 = 0.5), AMB (R 
= 0.031-16; GM = 0.644; MIC50 = 0.5 and MIC90 = 8), CAS (R = 0.031-16; GM 
= 0.1076; MIC50 = 0.063 and MIC90 = 1), PCZ (R =0.031 - 0.5; GM = 0.0755; 
MIC50 = 0.063 and MIC90 = 0.25). This investigation allowed assessing the an-
tifungal susceptibility profiles of Aspergillus spp. isolated from clinical samples 
by the Etest® method, which is practical, reproducible and easy to perform in 
microbiology laboratories.
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Susceptibilidad a los antifúngicos del género Aspergillus  
determinada por el método Etest®: once años de experiencia  
en el Instituto Médico La Floresta. Caracas, Venezuela.

Invest Clin 2023; 64 (4): 471 – 481

Palabras clave: susceptibilidad; Aspergillus spp.; especies crípticas; antifúngicos; 
método de difusión Etest; concentración mínima inhibitoria.

Resumen. El objetivo de esta investigación fue determinar la susceptibili-
dad de Aspergillus spp., a cuatro antifúngicos mediante el método de Etest®, 
en aislados clínicos (muestras respiratorias, partes blandas, óticas, y oculares, 
entre otras) provenientes de un centro de salud privado en Venezuela. Se eva-
luaron 33 cepas: 11 Aspergillus sección Flavi, ocho Aspergillus sección Fumi-
gati, seis Aspergillus sección Nigri, cuatro Aspergillus sección Terrei y cuatro 
Aspergillus spp. Se preparó una suspensión al 0,5 MacFarland a partir de culti-
vos de 5 días de incubación de cada cepa de Aspergillus en agar Papa Dextrosa, 
que se inocularon posteriormente en placas de agar Sabouraud con glucosa 
al 2%. Los antifúngicos ensayados fueron: voriconazol (VCZ), anfotericina B 
(AMB), caspofungina (CAS) y posaconazol (PCZ). Posterior a la incubación a 
35 °C, se determinó la Concentración Mínima Inhibitoria en μg/mL (CMI) para 
cada antifúngico a las 24 y 48 h. Se calculó el rango (R), media geométrica 
(MG), CMI50 y CMI90. Los resultados a las 24 h para las 33 cepas de Aspergillus 
fueron: VO (R = 0,031- 16; MG = 0,145; CMI50 = 0,125 y CMI90 = 0,5), AB (R 
= 0,031-16; MG = 0,644; MIC50 = 0,5 y MIC90 = 8), CS (R = 0,031-16; MG = 
0,1076; MIC50 = 0,063 y MIC90 = 1), PO (R =0,031 - 0,5; MG = 0,0755; MIC50 
= 0,063 y MIC90 = 0,25). Esta investigación permitió valorar los perfiles de sus-
ceptibilidad antifúngica en aislamientos clínicos de Aspergillus spp., mediante 
el método de Etest®, el cual es práctico, reproducible y fácil de realizar en los 
laboratorios de microbiología.

           Received: 15-01-2023       Accepted: 18-05-2023

INTRODUCTION

There has been a recent increase in epi-
demiological changes in filamentous fungi 
that cause diseases related to cryptic Asper-
gillus species. These species comprised 10 
to 15% of Aspergillus isolates in epidemio-
logical inquiries from Spain and the United 
States, particularly as the cause of invasive 
aspergillosis (IA) 1-3. They are referred to as 
“cryptic” due to being sister species whose 
morphological distinction is rather complex, 

as they exhibit different phenotypic and ge-
notypic characteristics1.

Molecular studies have shown how the 
conventional identification method, based 
on morphological characteristics, is limited 
when it comes to differentiating Aspergillus 
species, as evidenced by the fact that such 
methodologies could only use one species or 
section (such as Fumigati, Flavi, Nidulantes, 
Usti, and Terrei) to identify morphologically 
identical species that could be separated 
through molecular methods 4.
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The Aspergillus species most frequently 
isolated in a clinical context are A. fumiga-
tus, A. flavus, A. niger, and A. terreus. The 
members of the Fumigati section, consisting 
of A. fumigatus sensu stricto and its cryptic 
species, are the most commonly isolated 
from clinical specimens and often from envi-
ronmental sources. Furthermore, resistance 
to azoles has increased among clinical sam-
ples of the Fumigati section 5.

The prophylaxis and treatment of inva-
sive aspergillosis are controversial due to its 
increasing morbidity and mortality 6. While 
voriconazole (VCZ) is the drug of choice, isa-
vuconazole (ISZ) can be used against Asper-
gillus spp., and is considered the most effec-
tive by European guidelines 7,8. Posaconazole 
(PCZ) is recommended for primary antifungal 
prophylaxis during induction chemotherapy, 
immunosuppressive therapy for graft-versus-
host disease after hematopoietic stem cell 
transplantation (HSCT), and salvage therapy 
for refractory IA 1–5. Lipid formulations of am-
photericin B (AMB) and echinocandins are 
an alternative to azoles in aspergillosis treat-
ment 9. However, epidemiological changes, 
including cryptic Aspergillus species’ resis-
tance to azoles, are of growing concern 4.

This study evaluated the levels of azoles 
(VCZ, PCZ), echinocandins (CAS), and am-
photericin B susceptibility in Aspergillus 
species found in human samples using the 
Etest® gradient diffusion method. 

MATERIAL AND METHODS

Aspergillus isolates
Clinical isolates of Aspergillus spp. were 

collected during 11 years (2011-2021) from 
patient samples processed in the Instituto 
Médico La Floresta microbiology laboratory 
in Caracas, Venezuela. Each clinical sample 
came from a different patient. The age, gen-
der, and underlying disease of each patient 
were recorded. The isolates were preserved 
in distilled water with glycerol until the mo-
ment of the study. The different Aspergillus 
species’ identification was based on the cri-

teria by De Hoog et al. 10 and Klich et al. 11, 
assessing macro and microscopic aspects 
from subcultures on Sabouraud Dextrose 
Agar (SDA-Oxoid, USA), Mycosel Agar (Ox-
oid, USA), and Potato Dextrose Agar (PDA-
Oxoid, USA), incubated in a temperature 
range between 20-30 °C.

In vitro susceptibility using the gradient 
diffusion method Etest®

A subculture on PDA agar of each As-
pergillus spp. isolates were made and in-
cubated for five days to prepare a conidia 
suspension in 0.85% sterile saline solution. 
The conidia concentration was determined 
by a Neubauer counting chamber (Hausser 
Scientific, Horsham, PA, USA) and standard-
ized at 1 – 5 x 106 CFU/mL (Densimat™ 
bioMérieux, France) at 530 nm 12-14. Plates 
containing Müeller-Hinton Agar, 2% glu-
cose with Methylene blue, were inoculated, 
streaked in three directions, and left to dry 
for 15 minutes. Etest® strips of each anti-
fungal (AB bioMérieux, France); VCZ, PCZ 
(0.002-32 μg/ mL), AMB, and caspofungin 
(CAS=0.016-256 μg/ mL) were placed ac-
cording to the manufacturer’s instructions. 
Each plate was incubated at 35 °C. MIC was 
measured at 24 h, with a maximum time of 
48 h, in case the lecture was not possible at 
the stipulated time.

Criteria for interpreting the minimum 
inhibitory concentration

The MIC was defined as the lowest drug 
concentration at which the border of the el-
liptical inhibition zone intercepted the scale 
on the antifungal strip. To compare the MICs 
obtained during this study with the epide-
miological cut-off values (ECVs) established 
by the Clinical and Laboratory Standards In-
stitute (CLSI, M61 document, 2017), they 
were placed between two sequential dilu-
tions taken to the subsequent higher dilu-
tion from the reference method. The values 
on the strip’s upper end were taken to the 
highest concentration allowed, while those 
on the lower end were left unchanged. Ac-
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cording to de CLSI, ECVs in wild and non-
wild isolates are classified based on the fol-
lowing MICs: VCZ: A. fumigatus=1 μg/mL; 
A. flavus, A. niger, and A. terrreus=2 μg/mL. 
PCZ: A. flavus=0.5 μg/mL; A. niger=2 μg/
mL, A. terreus=1 μg/mL. AMB: A, flavus and 
A. terreus=4 μg/mL; A. fumigatus, A. niger, 
and A. versicolor=2 μg/mL. CAS: A. flavus 
and A. fumigatus=0.5 μg/mL; A. niger=0.25 
μg/mL, and A. terreus=0.12 μg/mL15.

Statistical analysis
A database was created in Excel® 2010. 

The data was analyzed through percentages 
and central tendency measures: ranges, geo-
metric mean (GM), mode (Mo), and median 
(Mdn) for each antifungal. The MIC values 
that inhibited 50% (MIC50) and 90% (MIC90) 
of the isolates were also calculated.

Quality control
American Type Culture Collection 

(ATCC®) control strains were used in or-
der to evaluate the susceptibility tests: A. 
fumigatus ATCC® 204305, Candida krusei 
ATCC® 6258, and Candida parapsilosis 
ATCC® 22019.

RESULTS

The strains analyzed came from 33 pa-
tients, 18 female and 15 male, aged between 
2-76 years and an average of 56 years. Thir-
ty-three Aspergillus spp. isolates were iden-
tified, mostly from lower respiratory tract 
samples (17;51.5%), followed by isolates 
obtained from soft tissue (6;18.2%), ear dis-
charge (4;12.12%), corneal ulcer scraping 
(2;6.06%), and one of each one from nasal 
septum, peritoneal fluid, bone marrow, and 
nail (1;3.03%). Table 1 shows Aspergillus 
species identified through phenotypic tests, 
isolation place, underlying disease, and MICs 
for each tested antifungal.

According to the ECV of CLSI, the re-
sults showed that 97% of Aspergillus isolates 
tested against VCZ were categorized as wild 
strains, while for PCZ, all the isolates were 

categorized as 100% wild strains. However, 
for AMB, 18.2% of isolates were wild strains.

Fig. 1 (A, B, C, D) shows the graphical 
distribution of each Aspergillus spp. against an-
tifungals with their respective MICs. Table 2 de-
scribes the in vitro activity according to MICs, 
CMI50 and CIM90.

DISCUSSION

Although it was found that the resis-
tance of Aspergillus spp. tested in this study 
was low, without involving Aspergillus spe-
cies with intrinsic resistance to some anti-
fungals; it is necessary to be cautious when 
discussing susceptibility patterns in these 
species of filamentous fungi. The aim is to 
highlight the importance of monitoring re-
sistance at local, national and international 
levels while investigating emerging resis-
tance mechanisms 6.

Aspergillus flavus was the most frequent 
Aspergillus species isolated in this study, fol-
lowed by A. fumigatus. This result is not com-
parable to that reported in the international 
literature, according to which A. fumigatus 
is the most identified species 1,4,14,16,17. Sus-
ceptibility tests showed that 94% of Asper-
gillus species tested against VCZ had MICs 
lower than 1 μg/mL compared to the ECVs 
reported by CLSI, where these species were 
categorized as wild strains. However, one of 
the isolates MIC showed ≥16 μg/mL, which 
could be attributed to the fact that the Fu-
migati section contains A. lentulus, which 
has been observed to be intrinsically resis-
tant to VCZ 18. The molecular techniques 
corroborating this description were not fea-
sible for this study. These results were simi-
lar to those reported by Castanheira et al.17, 
who also obtained MICs90 of 0.5 μg/mL in A. 
fumigatus, A. terreus, and A. niger against 
VCZ, as well as to those obtained by Espinell-
Ingroff et al. 12. As is the case for most azoles, 
VCZ acts on 14-α-sterol demethylase, and on 
24-methylene dihydrolanosterol demethyl-
ase, another enzyme from the ergosterol bio-
synthetic pathway. 
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Table 1 
Epidemiological, clinical characteristics and in vitro susceptibility to antifungal  

agents tested in Aspergillus spp. Isolates.

Nº Type of sample Aspergillus Age Gender Diagnosis VCZ
(ug/
mL)

AMB
(ug/
mL)

CAS
(ug/
mL)

PCZ
(ug/
mL)

1 Sputum A. fumigatus 68 M Lung cancer 0.064 0.5 0.125 0.031

2 Sputum A. niger 62 F Bile duct cancer 0.031 0.063 0.015 0.031

3 Sputum A. terreus 62 M Bile duct cancer 0.031 8 0.015 0.015

4 Nasal septum A. versicolor 59 M Lung cancer 0.5 0.5 1 0.250

5 Sputum A. terreus 63 M Lung cancer 0.25 4 0.125 0.500

6 Sputum A. fumigatus 59 F COPD 0.125 0.5 0.250 0.064

7 Sputum A. fumigatus 70 F Pneumonía 0.060 0.125 0.015 0.064

8 Ear discharge 
canal

A. flavus 45 F Otitis media 0.064 0.5 0.064 0.125

9 Sputum A. fumigatus 66 F COPD 0.250 0.064 0.015 0.064

10 Foot discharge A. terreus 69 F Breast cancer 0.125 8 0.031 0.031

11 Bronchoalveolar 
lavage

A. fumigatus 57 F Aspergilloma ≥16 ≥16 0.064 0.5

12 Ear discharge 
canal

A. flavus 2 M Otitis media 0.125 1 0.015 0.064

13 Jaw discharge A. fumigatus 76 F Reconstructive 
surgery

0.250 0.5 0.031 0.250

14 Ear discharge 
canal

A. niger 68 M Otitis media 0.064 ≥16 0.064 0.031

15 Thigh discharge A. penicellioides 52 M Trauma 0.250 2 0.031 0.063

16 Sputum A. flavus 68 F COPD 0.250 2 ≥16 0.250

17 Sputum A. nidulans 68 F COPD 0.064 0.125 ≥16 0.031

18 Sputum A. niger 68 F Breast cancer 0.031 1 0.125 0.031

19 Corneal ulcer A. flavus 39 M Keratitis 0.125 2 0.015 0.063

20 Ear discharge 
canal

A. niger 37 M Otitis media 0.125 1 0.063 0.031

21 Peritoneal fluid A. penicellioides 49 F Renal 
insufficiency

0.250 1 0.5 0.031

22 Bronchoalveolar 
lavage

A. flavus 58 M COPD 0.25 1 0.015 0.031

23 Sputum A. flavus 57 F Colon cancer 0.015 0.250 0.015 0.063

24 Endotracheal 
discharge

A. flavus 63 M Lung cancer 0.015 0.125 0.031 0.063

25 Bronchial 
discharge

A. flavus 53 M Pneumonia 0.063 0.5 0.015 0.125

26  Bone marrow A. fumigatus 58 F Lymphoid 
leukemia

0.5 0.5 0.015 0.125
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This mechanism of action could explain 
the effectiveness of this antifungal compared 
to other azoles 19. These drugs, VCZ in par-
ticular, are the first line of prophylaxis and 
treatment for fungal infections, although 
fluconazole is inactive against filamentous 
fungi 20.

PCZ is one of the last triazoles effec-
tive against various filamentous fungi, even 
Mucorales. Therefore, it has become the 
antifungal of choice in primary and salvage 
prophylaxis, especially for oncohematology 
patients 21. The mean of the MIC (0.063 
μg/mL), the MIC50 (0.063 μg/mL), and the 

Fig. 1. Distribution of the different minimum inhibitory concentrations (MIC) obtained for Aspergillus spp. 
isolates (n=33), compared by antifungal agents tested. A) voriconazole; B) amphotericin B; C) cas-
pofungin; and D) posaconazole.

Nº Type of sample Aspergillus Age Gender Diagnosis VCZ
(ug/
mL)

AMB
(ug/
mL)

CAS
(ug/
mL)

PCZ
(ug/
mL)

27 Finger discharge A. niger 61 F Diabetes 0.063 0.125 0.015 0.031

28 Ankle tissue A. terreus 42 F Trauma 0.250 16 0.250 0.063

29 Nail A. flavus 72 F Diabetes 0.5 1 1 0.250

30 Sputum A. flavus 68 M Lung cancer/
COVID

0.5 1 0.063 0.250

31 Leg ulcer A. flavus 81 F Colon cancer 0.250 0.015 1 0.015

32 Sputum A. fumigatus 18 M Idiopathic 
hepatitis

1 0.5 0.25 0.063

33 Corneal ulcer A. niger 35 M Keratitis 0.031 2 0.063 0.250

Table 1 
CONTINUATION

VCZ: voriconazole; AMB: amphotericin B; CAS: caspofungin; PCZ: posaconazole, COPD: chronic obstructive pul-
monary disease.
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MIC90 (0.25 μg/mL) obtained through this 
research shows the excellent in vitro activity 
of this triazole when compared to the ECVs 
reported by CLSI. The most frequently ob-
tained MICs were 0.031 μg/mL and 0.063 
μg/mL, although MICs for PCZ were rela-
tively low. These results are similar to those 
obtained by Build et al. 22, confirming this 
drug’s effectiveness in the tested isolates. 
However, that study suggests that high doses 
of PCZ could be used to treat azole-resistant 
Aspergillus spp. isolates. 

Several studies have reported about 
the resistance of A. fumigatus to azoles. 
This is probably due to cross-resistance be-
tween triazoles used in agriculture 14,17,23,24. 
These resistances are transmitted to hu-
mans through food and water consumption 
9. Most of them are mediated by the cyp51A 
gene. Depending on the specific mutation, 
one or even all triazoles can be resistant 4. 
Resistance rates vary widely among medical 
centers worldwide, reporting high rates or 
rates of 1% or less 23-25. MICs varied between 
Aspergillus species against AMB. Fortu-
nately, resistance to this antifungal is very 
rare. Even so, the MIC was above the ECV 
reported by the CLSI in six of the Aspergil-
lus species isolates. Four A. terreus isolates 
showed MICs ≥ 4 μg/mL, while MICs of 
both one A. niger isolate and one A. fumiga-
tus were ≥ 2 μg/mL

The Fumigati section susceptibility pro-
file is not consistent because this section 
contains A. lentulus and A. fumigatiaffinis, 

which have high MICs for azoles and AMB 26. 
Despite this, it should be noted that data ob-
tained from the Fumigati section regarding 
MICs were two dilutions lower than those 
reported by Denardi et al.9 (Brazil) and Cas-
tanheira et al. 17 (global study). 

Aspergillus terreus is known to be intrin-
sically resistant to AMB, but this depends on 
the cryptic species within the Terrei section 
16. Despite testing a few isolates, this study’s 
A. terreus MICs results are comparable to 
those reported in the literature. Aspergil-
lus terreus has emerged as an opportunistic 
pathogen, capable of causing pulmonary 
aspergillosis, onychomycosis, and fungal 
keratitis, among other diseases; it has also 
garnered attention due to its natural in vitro 
and in vivo resistance 19.

Amphotericin B is the antifungal of 
choice to treat severe fungal infections. 
Most hospitals or healthcare services com-
monly use it. The selective pressure in these 
environments could contribute to the emer-
gence of resistant phenotypes. Resistance to 
AMB is most likely associated with low levels 
of ergosterol in the cell membrane, which re-
duces the effectiveness of the drug because 
of mutations in the Erg3 gene that inacti-
vate 5,6 sterol desaturase, an enzyme that 
functions as a step in the sterol biosynthet-
ic pathway, creating dysfunctional sterols. 
There are also Aspergillus species capable 
of producing enzymes with reducing activ-
ity, decreasing the oxidative stress of AMB in 
fungal metabolism 28,29.

Table 2 
Activity of antifungal agents tested by the E-Test® gradient diffusion method  

against Aspergillus spp. (n=33)

Antifúngicos Range Mean Mode Median MIC50 MIC90

Voriconazole 0.015-16 0.015 0.25 0.125 0.125 0.5

Anphotericin B 0.015-16 0.1732 0.5 1 0.5 8

Caspofungin 0.015-16 0.0848 0.015 0.063 0.063 1

Posaconazole 0.015-0.5 0.0723 0.031 0.063 0.063 0.25
MIC50: minimal inhibitory concentration that inhibited the growth of 50% of the isolates; MIC90: minimal inhibitory 
concentration that inhibited the growth of 90% of the isolates.  MIC: μg/mL.
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In this study, other isolates, such as A. 
niger and A. nidulans, were categorized as 
non-wild-type or AMB-resistant strains. In 
any case, although other studies have re-
ported similar results, the number of iso-
lates tested from these species was not sig-
nificant enough to obtain sufficient data to 
draw more informed conclusions 7-29.

Echinocandins are one of the new an-
tifungals used for aspergillosis treatment. 
These molecules inhibit the synthesis of 
β-(1,3)-d-glucan synthase, indirectly affect-
ing β-(1,3)-d-glucan incorporation into fun-
gal cell walls. Caspofungin is used success-
fully in salvage therapy against IA. During 
this study, 94% of Aspergillus species were 
resistant against CAS, and showed mean, 
MIC50, and MIC90 values of 0.063 μg/mL, 
0.063 μg/mL, and 1 μg/mL, respectively, 
when compared to the ECVs reported by 
CLSI. The GM of the Aspergillus spp. against 
CAS (0.063 μg/mL) is a lower dilution than 
that of Denardi et al. 9 (0.078 μg/mL) re-
gardless of the methodology used. In the 
treatment of aspergillosis, echinocandins 
are focused mainly on the wall of the api-
cal region of the Aspergillus hyphae, ignor-
ing the rest of the fungal structures. The 
activity of this group of antifungals thus 
affects the growth rate of the fungus but 
leaves other physiological aspects intact 30. 
Two other isolates, A. flavus and A. nidu-
lans, showed MIC ≥ 16 μg/mL, categoriz-
ing them as non-wild. Resistance to echino-
candins is not common among Aspergillus 
species; however, some recent reports of 
resistance to CAS 30,31 are consistent with 
our findings.

These cryptic species are significant 
mainly because they can display intrinsic re-
sistance with an in vitro rate of around 40% 
against at least one antifungal 6, 13. The resis-
tance rate against azoles, polyenes, and echi-
nocandins varies by region, hence the impor-
tance of getting global epidemiological data. 
Furthermore, MICs from environmental and 
clinical samples of azole-resistant Aspergil-
lus species should be compared to under-

stand this antifungal resistance phenom-
enon. In order to determine a precise ECV 
that could improve the use of clinical cut-off 
points for Aspergillus species, it seems im-
perative to obtain both more epidemiologi-
cal and more semiotic data (clinical and mo-
lecular), which includes the treatment of IA 
caused by resistant strains to different anti-
fungal drugs 1,17,23.

We ratify the need to identify the differ-
ent species in each section using molecular 
techniques and include susceptibility tests. 
In this study, the Etest® agar strip diffusion 
method proved to help obtain ECV-guided 
MICs established by CLSI. These MICs pro-
vided clinical guidelines for treating infec-
tions caused by Aspergillus species isolated 
in Venezuela.
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Abstract. SU5416 is a small molecule vascular endothelial growth factor 
(VEGF) receptor signal transduction inhibitor, which can block the VEGF re-
ceptor autophosphorylation and inhibit receptor tyrosine kinase signal trans-
duction, thereby reducing VEGF activity. However, there are few reports about 
the correlation of SU5416 to the occurrence and angiogenesis in endometrio-
sis. In this study, we observed the effects of VEGF receptor inhibitor SU5416 
on angiogenesis in endometriosis in rats. Thirty female specific-pathogen-free 
Sprague-Dawley rats were randomly divided into sham operation group (SOG), 
model group (MG), and SU5416 group (n=10 for each group). In the SOG, only 
the uterus was cut and sutured, and endometriosis models were established in 
the MG and SU5416 group by autologous transplantation. The SU5416 group 
was injected with 15 mg/kg SU5416 intraperitoneally, and the SOG and MG 
were intraperitoneally injected with an equal volume of normal saline for 6 
weeks. The volume of ectopic lesions was lower in the SU5416 group at 42 
d postoperatively than in the MG (p<0.05). The proportion of CD31-positive 
cells in the endometrial tissue of the SU5416 group was lower than that of 
the MG (p<0.05); angiopoietin-1 (Ang-1), angiopoietin-2 (Ang-2), laminin-5γ2 
(LN-5γ2) and phosphorylation of ERK (P-ERK), VEGF, matrix metalloproteinase 
(MMP)-2, and MMP-9 protein expressions were lower in the SU5416 group than 
in the MG (p<0.05). VEGF receptor inhibitor SU5416 can inhibit endometrio-
sis angiogenesis and reduce inflammatory response in rats, and its mechanism 
of action may be related to the down-regulation of the ERK-VEGF/MMP-9 path-
way expression.
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Efecto del SU5416 sobre la angiogenesis y la via ERK-VEGF/
MMP-9 en la endometriosis de ratas.

Invest Clin 2023; 64 (4): 482 – 494

Palabras clave: angiogénesis; endometriosis; vía ERK-VEGF/MMP-9; SU5416.

Resumen. SU5416 es un inhibidor de la transducción de señales del re-
ceptor del factor de crecimiento endotelial vascular (VEGF), una molécula pe-
queña, capaz de bloquear la autofosforilación del receptor VEGF e inhibir la 
transducción de señales de la tirosina quinasa del receptor, reduciendo así la 
actividad del VEGF. Sin embargo, existen escasos informes acerca de la co-
rrelación entre SU5416 y la aparición y angiogénesis de la endometriosis. En 
este estudio, hemos observado los efectos del inhibidor del receptor del VEGF, 
SU5416, sobre la angiogénesis en la endometriosis en ratas. Treinta ratas Spra-
gue-Dawley hembra, libres de patógenos específicos, fueron divididas aleatoria-
mente en un grupo de operación simulada (SOG), un grupo de modelo (MG) 
y un grupo de SU5416 (n=10 en cada grupo). En el SOG, solo se realizó una 
incisión en el útero y se suturó, mientras que en los grupos MG y SU5416 se es-
tablecieron modelos de endometriosis mediante trasplante autólogo. Al grupo 
SU5416 se le inyectaron 15 mg/kg de SU5416 por vía intraperitoneal, y tanto 
el SOG como el MG recibieron una inyección intraperitoneal de un volumen 
igual de solución salina normal durante 6 semanas. El volumen de lesiones ec-
tópicas fue menor en el grupo SU5416 a los 42 días después de la operación en 
comparación con el MG (p<0,05); la proporción de células CD31 positivas en 
el tejido endometrial del grupo SU5416 fue inferior a la del MG (p<0,05); las 
expresiones de las proteínas angiopoyetina-1 (Ang-1), angiopoyetina-2 (Ang-2), 
laminina-5γ2 (LN-5γ2) y la fosforilación de ERK (P-ERK), VEGF, metaloprotei-
nasa de matriz (MMP)-2 y MMP-9 fueron menores en el grupo SU5416 que en 
el MG (p<0,05). El inhibidor del receptor del VEGF, SU5416, puede inhibir la 
angiogénesis de la endometriosis y reducir la respuesta inflamatoria en ratas, y 
su mecanismo de acción puede estar relacionado con la regulación a la baja de 
la expresión de la vía ERK-VEGF/MMP-9.
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INTRODUCTION

Endometriosis (EMs) is a benign mor-
phological manifestation, but the biological 
behaviors such as implantation invasion, ag-
gressive growth and distant metastasis are 
similar to those of malignant tumors, which 
can induce painful intercourse, dysmenor-
rhea, chronic pelvic pain, and infertility up 
to 25%-35% 1,2. The specific etiology of this 

disease has not been elucidated, and it is 
mostly thought to be related to genetic fac-
tors, endometrial implantation, retrograde 
menstruation, implantation, and immune 
regulation 3,4. However, both endometrial 
implantation and menstrual reflux implanta-
tion depend on adequate blood supply, so an-
giogenesis plays a key role in the occurrence 
and development of EMs.
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Vascular endothelial growth fac-
tor (VEGF) is an autocrine and paracrine 
growth factor that can improve vascular 
permeability, damage the tight junctions of 
vascular endothelial cells, induce endothe-
lial cell proliferation, and promote extracel-
lular fluid accumulation, vascular leakage, 
and neovascularization 5,6. Matrix metallo-
proteinase-9 (MMP-9), one of the important 
protein hydrolases in the family of MMPs, 
disrupts basement membrane integrity and 
promotes neovascularization and vascular 
endothelial cell outgrowth, thus playing an 
important role in the ectopic implantation, 
adhesion, and growth of endometrial cells 
7. Therefore, downregulation of VEGF and 
MMP-9 expression is particularly critical in 
inhibiting angiogenesis and blocking sig-
naling in vascular endothelial cells. SU5416 
is a small molecule VEGF receptor signal-
ing inhibitor, which can block VEGF recep-
tor autophosphorylation, inhibit receptor 
tyrosine kinase signaling, and reduce VEGF 
activity 8. It was found that SU5416 in a rat 
pulmonary hypertension model reduced 
pulmonary inflammatory response, inhibit-
ed intimal proliferation of small pulmonary 
arteries, and promoted pulmonary vascular 
remodeling 9. However, there are few reports 
on the relevance of SU5416 on the develop-
ment of EMs and angiogenesis worldwide. 
The objective of this study was to analyze 
the effects of SU5416, a VEGF receptor 
inhibitor, on angiogenesis and ERK-VEGF/
MMP-9 signaling pathway in EMs in rats.

MATERIAL AND METHODS

Experimental animals 
The experiment procedures conformed 

to the relevant requirements of the Regula-
tions of the People’s Republic of China on the 
Administration of Laboratory Animals; 30 fe-
male specific-pathogen-free (SPF) Sprague-
Dawley (SD) rats weighting 180-200 g were 
purchased from (purchased from Beijing 
Viton Lihua Laboratory Animal Technology 
Co., Ltd; animal Use License), Animal Use Li-

cense No.: SYXK (Beijing) 2018-0015, Labo-
ratory Animal Production License No.: SCXK 
(Beijing) 2018-0022. Rats were housed at a 
temperature of (24±1) °C, relative humid-
ity of 50%, and noise<80 db. The researcher 
changed the bedding, and cleaned and disin-
fected the rat cages regularly.

Drugs, reagents and instruments
VEGF receptor inhibitor SU5416 

(Shanghai Hengfei Biotechnology Co., Ltd., 
China), Two-steps IHC detection kits for rat 
tissues (Shanghai Qi Ming Biotechnology 
Co., Ltd., China), Western blot electropho-
resis instrument (Bio-Rad Inc., USA), BCA 
protein concentration assay kit (Beijing 
Solaibao Technology Co. Ltd., China), He-
matoxylin Eosin Staining Kit (Wuhan PhD 
Bioengineering Co., Ltd., China), angiopoi-
etin (Ang)-1, Ang-2, laminin-5γ2 (LN-5γ2), 
phosphorylation of ERK (P-ERK), VEGF, 
MMP-2, MMP-9, GAPDH antibodies (CST 
Biotechnology Co., Ltd., USA), Horserad-
ish Peroxidase (HRP)-Labeled Goat Anti-
Rabbit Immunoglobulin (Ig) G (Solepow 
Technology Co., Ltd., China), VEGF, MMP-
9, and GAPDH primers (synthesized by 
Sangon Biotech (Shanghai) Co., Ltd.), 
fluorescent quantitative PCR kit (Lot. No. 
639519, Takara Bio Inc., Japan), Trizol kit 
(Thermo Fisher Science, USA), RNA extrac-
tion kit (Nanjing Novozymes Biotechnology 
Co., Ltd., China), reverse transcription kit 
(Genecopoeia, Inc., USA), 5415D high-
speed centrifuge (Eppendorf, Germany), 
and CX21 optical microscope (Olympus, 
Japan), Light Cycler 2.0 Real-time PCR in-
strument (Roche Equipment Ltd., Switzer-
land), -80℃ ultra-low temperature refriger-
ator (SANYO, Japan), enzyme immunoassay 
analyzer (Shanghai Kunke Instruments Co., 
Ltd., China), surgical instruments (Beijing 
Youcheng Jiaye Biotechnology Ltd., China), 
VEGF, MMP-9, GAPDH primers (Shanghai 
Bioengineering Co., Ltd., China), vernier 
calipers (Shanghai YuYan Scientific Instru-
ments Co., Ltd., China), etc.
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METHODS

Model establishment and grouping
Thirty female SPF SD rats were random-

ly divided into sham operation group (SOG), 
model group (MG), and SU5416 group 
(n=10 for each group). In the SOG, only the 
uterus was cut and sutured. The EMs mod-
els were established in the MG and SU5416 
group by autologous transplantation, that 
is, the rats were anesthetized by intraperi-
toneal injection of 10% chloral hydrate at a 
dose of 300 mg/kg, and the rats were placed 
in the supine position and fixed on the oper-
ating table, disinfected. A 2 cm incision was 
made in the middle of the lower abdomen, 
the uterus and endometrium were separat-
ed, and two 5mm × 5mm fragments were 
taken from the left uterine horn, which were 
quickly transplanted into the rat mesenteric 
artery with abundant blood vessels. The ab-
dominal cavity was washed and sutured layer 
by layer, and the postoperative anti-infec-
tion was performed for 3 days. The success 
criteria for model establishment: the graft 
was opened 14 d postoperatively, and the 
volume of the graft was observed visually to 
be increased, with a light red, round or oval 
vesicle with internal fluid accumulation, and 
the surface was covered with a large number 
of blood vessels and closely adhered to the 
surrounding tissues. The SU5416 group was 
injected intraperitoneally with 15 mg/kg 
SU5416 twice a week, and the sham opera-
tion and MGs were injected intraperitoneally 
with equal volume of saline for 6 weeks. Ev-
ery procedure was approved by the Animal 
Care and Use Committee of the First Affili-
ated Hospital of Fujian Medical University.

Morphology of normal and ectopic 
endometrial tissue and volume of ectopic 
lesions in rats 

At 42 d after surgery, morphological 
changes of endometrial tissue in rats were 
observed under optical microscope; at 14 d 
and 42 d after surgery, the width and length 
of ectopic lesions were measured using ver-

nier calipers, and the volume of lesions was 
calculated = length×width2×0.5.

Specimen collection
After 24h after the last administration, 

3mL of tail vein blood was collected from 
rats, left for 15min, centrifuged at 2000×g 
for 15min, and the supernatant was stored 
in an ultra-low temperature refrigerator at 
-80℃. After anesthesia, the rats were exe-
cuted and dissected. In the MG and SU5416 
group, ectopic endometrium was removed, 
and in the SOG, normal endometrium was 
removed. Each specimen was immediately 
cut into three parts and rinsed with saline, 
and 1g of tissue was cut off and stored in an 
ultra-low temperature refrigerator at -80℃, 
which were used for real-time quantitative 
PCR and western blot assay. The remaining 
endometrium tissue was fixed with 4% para-
formaldehyde, dehydrated in gradient alco-
hol, transparent in xylene, embedded in par-
affin, and routinely pathologically sectioned.

Immunohistochemical staining method
CD31 is a platelet endothelial cell ad-

hesion molecule expressed at the tight 
junctions between endothelial cells, which 
regulates the process of angiogenesis and 
reflects the microvessel density (MVD), and 
can therefore be used as a marker for the 
measurement of microangiogenesis. In this 
study, the number of CD31 positive cells in 
endometrial tissues was mainly detected by 
immunohistochemical detection. Paraffin 
sections were dewaxed, soaked in alcohol 
from high to low gradient, rinsed with dis-
tilled water, incubated with 0.3% H2O2 for 30 
min, blocked with 5% serum for 2 h, incubat-
ed with CD31 primary antibody at 4℃ over-
night, rinsed with TBST, immunohistochem-
ical staining, rinsed with distilled water, 
dehydrated in gradient alcohol, transparent 
in xylene, and sealed. The staining was ob-
served using light microscopy, and any five 
fields of view of each section were photo-
graphed. The number of CD31 positive cells 
and the total number of cells were counted, 
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and the proportion of CD31 positive cells 
was calculated. Proportion of CD31 positive 
cells = number of CD31 positive cells/total 
number of cells × 100%.

Enzyme-linked immunosorbent assay 
(ELISA) 

The spare serum was taken, and the 
levels of serum VEGF, MMP-9, interleukin 
(IL)-1, IL-2, IL-6 and tumor necrosis factor 
(TNF)-α were determined according to the 
instructions of the ELISA kit. Blank wells 
(no sample and enzyme reagents were added 
to the blank control wells, the rest of the 
procedure was the same), standard wells and 
test sample wells were set respectively. Stan-
dard (50 μL) was accurately added on the 
ELISA coated plate. Sample diluent (40 μL) 
was added to the test sample wells, and then 
10 μL of test sample was added (the final 
sample dilution was five times). The sample 
was added to the bottom of the well of ELISA 
plate without touching the wall of the well, 
and was gently shaken and mixed. After seal-
ing the plate with sealing film, the sample 
was incubated at 37 °C for 30 min. The 30 
times concentrated washing solution was di-
luted with 30 times distilled water for fur-
ther use. After carefully removing the seal-
ing film, the solution was discarded, and the 
sample was shaken dry. Each well was filled 
with washing solution, and after leaving for 
30 s, the solution was discarded, repeating 
this for 5 times and patting dry. Enzyme re-
agent (50 μL) was added to each well, except 
blank wells. The plate was the sealed with 
sealing film, and the sample was incubated 
at 37°C for 30 min. After washing the plate 
as the above method, Chromogen solution 
A (50 μL) was added to each well first, and 
then Chromogen solution B (50 μL) was add-
ed to each well, and the mixture was gently 
shaken and mixed for chromogenic reaction 
at 37 °C for 15 min. The stop solution (50 
μL) was added to each well to stop the re-
action (at this time, the blue immediately 
turned to the yellow). The blank well was set 

to zero, and the optical density (OD) of each 
well at 450 nm wavelength was measured.

Quantitative real-time fluorescence  
(qRT-PCR)

Spare uterine tissue was taken and to-
tal RNA from uterine tisuue extracted ac-
cording to the instructions of Trizol kit and 
total RNA extraction kit, and use reverse 
transcription kit to reverse-transcribe the 
total RNA into cDNA. Using the reverse tran-
scribed cDNA as a template, the expression 
of VEGF and MMP-9 was detected by Real-
time PCR instrument. The total reaction vol-
ume was 20 μL, GAPDH was used as the in-
ternal reference, and the relative expression 
of genes in each group was calculated by the 
2-ΔΔCt method.

Western blot
The spare remaining uterine tissue was 

taken, followed by the BCA method for pro-
tein quantification, 12% SDS-polypropylene gel 
electrophoresis, wet transfer to PVDF mem-
brane, treatment with a closure solution for 
two h at room temperature in a shaker, pri-
mary antibody (1:500 dilution) (Ang-1, Ang-2, 
LN-5γ2, P-ERK, VEGF, MMP-2, MMP-9, GAPDH) 
was added, incubated overnight at 4 °C, and the 
membrane was washed three times with TBST 
for 15 minutes each time. HRP-labeled Goat 
Anti-Rabbit IgG secondary antibody (1:2000 
dilution) was added, incubated for two hours 
at room temperature, and the membrane was 
washed three times with TBST for 15 minutes 
each time. Enhanced chemiluminescence 
(ECL) reagents were used to develope the 
color and quantitative analysis was performed 
using Image J software. GAPDH (1:1000 dilu-
tion) was used as the internal reference, and 
the ratio result indicated the relative concen-
tration of the target protein.

Statistical analysis
Statistical Package for the Social Sci-

ences (SPSS) 24.0 statistical analysis soft-
ware was used, and the measurement data 
conforming to normal distribution were ex-
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pressed as sx ±  and compared using one-
way analysis of variance (ANOVA) while least 
significant difference (LSD)-t test was used 
for two-way comparison, p<0.05 was consid-
ered statistically significant difference.

RESULTS

Volume of ectopic lesions
The volume of ectopic lesions in the MG 

and SU5416 group at 42 days after operation 
was higher than that at 14 days after opera-
tion (p<0.05), but there was no significant 
difference in the volume of ectopic lesions 
between the MG and SU5416 group at 14 
days after operation (p>0.05); the volume 
of ectopic lesions in the SU5416 group was 
lower than that in the MG at 42 days after 
operation (p<0.05), indicating that SU5416 
could effectively inhibit the increase in the 
volume of ectopic lesions in rats (Fig. 1).

Morphological changes of normal and 
ectopic endothelial tissues in rats under 
light microscopy

Since the rats in the sham-operation 
group did not develop EMs and there was no 
presence of ectopic endometrial tissue, the 
comparison was made between normal endo-
metrial tissue and ectopic endometrial tissue 
from the other groups. At 42 days after opera-
tion, the normal endometrial epithelial cells 
and glandular epithelium of the rats in the 
sham-operation group were arranged in a co-
lumnar shape with a complete structure, and 
the glands, blood vessels and interstitial cells 
of the lamina propria were neatly arranged 
and structurally complete. The ectopic en-
dometrial epithelial cells and the glandular 
epithelium of the rats in the MG were high 
columnar; the endometrial structure was cir-
cular sawtooth closed, the numbers of lamina 
propria glands, stromal cells and blood vessels 
were large, and the nucleus oval was deeply 
stained. The ectopic endometrial epithelial 
cells of the SU5416 group showed atrophic 
changes, the structure of some epithelial 
cells is incomplete, the lamina propria gland 
epithelial cells are incomplete, the mesen-
chymal cells become smaller, the number of 
blood vessels is reduced and the arrangement 
is disordered (Fig. 2). 

CD31-positive cell expression  
in endometrial tissue

Since the rats in the sham-operation 
group did not develop EMs and there was no 
presence of ectopic endometrial tissue, the 
comparison was made between normal endo-
metrial tissue and ectopic endometrial tissue 
from the other groups. The staining of CD31 
positive cells and the proportion of positive 
cells were detected by immunohistochemi-
cal method, which could show the changes 
of MVD of endometrium. The proportion of 
MVD of ectopic endometrial tissue (that is, 
CD31-positive cell expression) in the MG 
and SU5416 group was higher than that of 
normal endometrial tissues in the SOG (p < 
0.05); The proportion of CD31-positive cell 

Fig. 1. Comparison of ectopic lesion volume in 
each group.

Shows that there was no significant difference 
in the volume of ectopic lesions between the model 
group and SU5416 group at 14 days after operation, 
while the volume of ectopic lesions in the SU5416 
group was lower than that in the model group at 
42 days after operation. Note: MG: model group; 
SG: SU5416 group. Compared within the group at 
14 days after operation, &&&p<0.001; compared 
with the model group at 42 days after operation, 
###p<0.001.
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expression of ectopic endometrial tissues 
was lower in the SU5416 group than in the 
MG (p<0.05), which showed that SU5416 
could effectively reduce the MVD of endome-
trial tissue in rats (Fig. 3).

Endometrial angiogenesis-related protein 
expression 

Ang-1, Ang-2, and LN-5γ2 protein ex-
pression of ectopic endometrial tissues in 
the MG and SU5416 group were higher than 
those of normal endometrial tissues in the 
SOG (p<0.05); Ang-1, Ang-2, and LN-5γ2 
protein expression in ectopic endometrial 
tissues of the SU5416 group were lower than 
that of the MG (p<0.05), indicating that 
SU5416 could effectively inhibit endometri-
al angiogenesis-related protein expression in 
rats (Fig. 4).

VEGF, MMP-9 
The serum VEGF and MMP-9 levels 

and the expression of VEGF messenger RNA 
(mRNA) and MMP-9 mRNA in ectopic endo-
metrial tissues of the MG and SU5416 group 
were higher than those of normal endome-
trial tissues in SOG (p<0.05); The serum 

VEGF and MMP-9 levels and the expression of 
VEGF mRNA and MMP-9 mRNA in ectopic en-
dometrial tissues of the SU5416 group were 
lower than those of the MG (p<0.05), which 
showed that SU5416 could effectively inhibit 
the serum expression of VEGF and MMP-9 
and endometrial tissues of rats (Fig. 5).

ERK-VEGF/MMP-9 pathway-related 
protein expression 

The protein expression of P-ERK, VEGF, 
MMP-2 and MMP-9 of ectopic endometrial 
tissues in the MG and SU5416 group were 
higher than those of normal endometrial tis-
sues in the SOG (p<0.05); The protein ex-
pression of P-ERK, VEGF, MMP-2 and MMP-9 
in ectopic endometrial tissues of the SU5416 
group were lower than that of the MG (p< 
0.05). It is evident that SU5416 can effec-
tively inhibit the activation of ERK-VEGF/
MMP-9 pathway in rats (Fig. 6). 

Inflammatory factors 
The levels of serum IL-1, IL-2, IL-6 and 

TNF-α were higher in the MG and SU5416 
group than in the SOG (p<0.05); The lev-
els of serum IL-1, IL-2, IL-6 and TNF-α were 

Fig. 2. Morphological changes of normal and ectopic endometrial tissues of rats under light microscopy (200×).
Shows that there was no endometriosis lesion in the sham-operation group, so the comparison was 

made between normal endometrial tissue and ectopic endometrial tissue from the other groups. At 42 
days after operation, the normal endometrial epithelial cells and glandular epithelium of the rats in the 
sham-operation group were arranged in a columnar shape with a complete structure. The ectopic endo-
metrial epithelial cells and the glandular epithelium of the rats in the model group were high columnar; 
the endometrial structure was circular sawtooth closed, the numbers of lamina propria glands, stromal 
cells and blood vessels were large, and the nucleus oval was deeply stained. The ectopic endometrial 
epithelial cells of the SU5416 group showed atrophic changes.
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Fig. 3. Comparison of CD31-positive cell expression in endometrial tissues of rats in each group.
Shows that there was no endometriosis lesion in the sham-operation group, so the comparison was 

made between normal endometrial tissue and ectopic endometrial tissue from the other groups. (A) 
Staining of CD31-positive cells detected by immunohistochemistry (200×); (B) proportion of CD31-
positive cell expression. Note: Compared with the sham operation group, ***p<0.001; Compared with 
the model group, ###p<0.001. Proportion of CD31-positive cell expression = number of CD31 positive 
cells/total number of cells × 100%.

Fig. 4. Comparison of endometrial an-
giogenesis-related protein ex-
pression.

Shows that (B) Ang-1, (C) Ang-
2, and (D) LN-5γ2 protein expressions 
in endometrial tissues of the SU5416 
group were lower than those of the 
model group. Note: Ang-1: angiopoi-
etin-1; Ang-2: angiopoietin-2; LN-
5γ2: laminin-5γ2. Compared with the 
sham operation group, ***p<0.001; 
Compared with the model group, 
###p<0.001.
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Fig. 5. Comparison of VEGF and 
MMP-9 expression in rats in 
each group.

Shows that the protein ex-
pression levels of serum (A) VEGF 
and (B) MMP-9 and the mRNA ex-
pression levels of (C) VEGF and 
(D) MMP-9 in endometrial tissue 
of the SU5416 group were lower 
than those of the model group. 
Note: VEGF: vascular endothe-
lial growth factor; MMP-9: matrix 
metalloproteinase-9. Compared 
with the sham operation group, 
***p<0.001; Compared with the 
model group, ###p<0.001.

Fig. 6. Comparison of ERK-VE-
GF/MMP-9 pathway-rela-
ted protein expression.

Shows that the expres-
sion levels of (B) P-ERK, (C) 
VEGF, (D) MMP-2, and (E) 
MMP-9 proteins in the endo-
metrial tissue of the SU5416 
group were lower than those of 
the model group. Note: P-ERK: 
phosphorylation of ERK; VEGF: 
vascular endothelial growth 
factor; MMP-2: matrix meta-
lloproteinase-2; MMP-9: matrix 
metalloproteinase-9. Compa-
red with the sham operation 
group, **p<0.01, ***p<0.001; 
Compared with the model 
group, ###p<0.001.
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lower in the SU5416 group than in the MG 
(p<0.05), which showed that SU5416 could 
effectively reduce the inflammatory response 
in rats (Fig. 7).

DISCUSSION

The etiology and mechanism of EMs 
are complex and diverse. The implantation 
theory of reverse flow of menstrual blood 
proposed by Sampson in 1921 is the most 
supported, that is, the exfoliated endome-
trial fragments flow back into the pelvic and 
abdominal cavity with the menstrual blood, 
and are implanted in the ovary and adjacent 
pelvic and abdominal cavity, causing a local 
inflammatory response in the peritoneum, 
leading to the establishment of a local mi-
croenvironment and angiogenesis, thereby 
providing a continuous angiogenesis stimu-
lus for vascular remodeling 10-13. However, 
either theory involves neovascularization 

and degradation and reconstruction of the 
extracellular matrix. The reason for the ini-
tiation of pathological angiogenesis lies in 
the unbalanced regulation of vascular inhib-
itory factors and promoting factors, among 
which the increase of pro-angiogenic factors 
such as VEGF and matrix metalloproteinase 
(MMP) is the main cause 14. Therefore, anti-
angiogenesis is of great importance in the 
prevention and treatment of EMs. SU5416 
is a lipid-soluble small molecule VEGF re-
ceptor signal transduction inhibitor, which 
can block the interaction between VEGF 
and its receptor and inhibit angiogenesis 15. 
However, there are no reports on the effect 
of SU5416 in EMs. In this experiment, an 
EMs model was established by autologous 
transplantation. The results showed that 
compared with the MG, the volume of ecto-
pic lesions, the proportion of CD31 positive 
cells and the level of serum inflammatory 
factors in the SU5416 group were reduced 

Fig. 7. Comparison of serum inflam-
matory factor levels in rats 
of each group.

Shows that the expression 
levels of (A) IL-1, (B) IL-2, (C) 
IL-6 and (D) TNF-α in endometrial 
tissue of the SU5416 group were 
lower than those of the model 
group. Note: IL-1: interleukin-1; 
IL-2: interleukin-2; IL-6: inter-
leukin-6; TNF-α: tumor necrosis 
factor-α. Compared with the sham 
operation group, ***p<0.001; 
Compared with the model group, 
###p<0.001.
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at 42 days after operation. Membrane epi-
thelial cells showed atrophic changes, mes-
enchymal cells became smaller, and the 
number of blood vessels decreased. It can 
be seen that SU5416 can reduce the volume 
of ectopic lesions and prevent the inflam-
matory response by inhibiting cell prolifera-
tion and angiogenesis.

The ERK signaling pathway is one of the 
mitogen-activated protein kinase (MAPK) 
pathways. Activated ERK can activate down-
stream targets such as the 90kD ribosomal 
S6 protein kinase family (RSKs), and promote 
the translocation of RSK1/2 and pERK1/
pERK2 into the nucleus, activate early and 
immediate gene transcription, thereby regu-
lating cell survival, apoptosis, proliferation, 
metabolism, transcription and other biologi-
cal behaviors 16,17. VEGF is one of the endo-
thelial cell-specific vascular-derived proteins, 
which can promote fibrinogen exudation, 
increase trophoblast, endometrial and meco-
nium permeability, promote endothelial cell 
proliferation and subperitoneal vascular net-
work formation, thus inducing lesion growth 
and endothelial implantation; Moreover, 
VEGF can bind to relevant receptors on en-
dothelial cells and initiate paracrine mecha-
nisms via signaling pathways, which play an 
important role in endothelial implantation 
and placenta formation 18,19. MMP-9 can de-
grade the main components of extracellular 
matrix such as collagen type IV, collagen V, 
and gelatin, destroy the integrity of the base-
ment membrane, and promote the formation 
of new blood vessels and the sprouting of 
vascular endothelial cells 20. Meanwhile, the 
degraded extracellular matrix protein frag-
ments could regulate apoptosis, migration, 
and invasion of epithelial cells, leading to 
invasion into other parts of the eutopic en-
dometrium 21. Chen 22 et al. found that the 
ERK-VEGF/MMP-9 signaling pathway is close-
ly related to angiogenesis, and down-regulat-
ing the expression of this signaling pathway 
can inhibit cell proliferation, invasion and 

angiogenesis. Guo 23 et al. found that inhibi-
tion of extracellular ERK activation down-
regulated MMP-9 and VEGF expression and 
signaling, thereby slowing down the rate of 
vascular invasion and growth. Yilmaz 24 et al. 
found increased expression of P-ERK, VEGF, 
and MMP-9 proteins in rats with EMs, while 
blocking cytokine binding to surface recep-
tors and intercellular signaling pathways 
could control abnormal endometrial prolif-
eration and angiogenesis. The results of this 
study revealed that the expression of P-ERK, 
VEGF, MMP-2, and MMP-9 proteins in the en-
dometrial tissues of the MG was higher than 
that of the SOG, which was consistent with 
the above findings and again confirmed that 
the activation of ERK-VEGF/MMP-9 signaling 
pathway might be related to the development 
of EMs. The expression of P-ERK, VEGF, MMP-
2, MMP-9 and Ang-1, Ang-2, LN-5γ2 proteins 
were reduced in the endometrial tissues of 
rats after SU5416 treatment, which showed 
that the VEGF receptor inhibitor SU5416 
could reduce the synthesis and secretion of 
extracellular signal-regulated kinases and 
inhibit the activation of ERK-VEGF/MMP-9 
signaling pathway in ectopic endometrial tis-
sues, thus preventing angiogenesis and the 
growth, implantation and adhesion of abnor-
mal proliferating cells in the pelvic and ab-
dominal peritoneum.

In summary, the VEGF receptor in-
hibitor SU5416 inhibited angiogenesis 
and reduced inflammatory response in 
rat EMs, and its mechanism of action may 
be related to the downregulation of ERK-
VEGF/MMP-9 pathway expression. This ex-
periment confirmed the effects of SU5416 
on angiogenesis, signaling pathway and 
inflammatory response in rats with EMs, 
providing new ideas for the clinical treat-
ment and the development of new drugs. 
However, further in vivo experiments are 
needed to verify the therapeutic effects 
and specific mechanism of action of the 
VEGF receptor inhibitor.
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Abstract. The aim was to investigate the effect of different peritoneal tear 
closure methods on the operative outcomes and prognosis of patients undergo-
ing laparoscopic inguinal hernia repair (LIHR). Ninety patients who underwent 
LIHR in our hospital from August 2019 to December 2020 and had peritoneal 
tears during the operation were selected, and the patients were divided into 
a control group (CG) and the observation group (OG) according to different 
treatment plans, with 45 cases in each group. Patients in the CG were treated 
with absorbable sutures to repair the peritoneal tears, while patients in the OG 
were treated with bipolar coagulation to close and repair the peritoneal tears. 
The surgical conditions, postoperative pain scores, quality of life scores, com-
plications, and recurrence were compared between the CG and OG groups. The 
operation time and hospital stay in the OG were shorter than those in the OG 
(p<0.05). The pain scores in the OG at 24 hours after operation were lower 
than those in the CG (p<0.05), and the pain scores of the two groups were 
not significantly different at two hours and 12 hours (p>0.05). Postoperative 
complications were not significantly different between the groups (p>0.05). 
The scores of material life, physical, social, and psychological function in the 
OG were higher than in the CG (p<0.05). There were no recurrences in the two 
groups during the 1-year follow-up. Closing repair of peritoneal rupture with 
bipolar coagulation reduces the operation time of patients with peritoneal rup-
ture during TEP (total extraperitoneal hernioplasty) operations, reduces pain, 
and improves their quality of life. The treatment outcome is safe, effective, and 
has an excellent clinical application effect.
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Influencia de diversos métodos de cierre de la incisión  
peritoneal en los resultados quirúrgicos y el pronóstico en  
pacientes sometidos a reparación laparoscópica de hernia inguinal.

Invest Clin 2023; 64 (4): 495 – 504

Palabras clave: reparación laparoscópica de la hernia inguinal; ruptura peritoneal;  
coagulación bipolar.

Resumen. El propósito de este trabajo fue investigar el efecto de distintos 
métodos de cierre de desgarros peritoneales sobre el resultado quirúrgico y 
el pronóstico en pacientes sometidos a la reparación laparoscópica de hernia 
inguinal (LIHR). Fueron elegidos un total de 90 pacientes sometidos a LIHR 
en nuestro hospital desde agosto de 2019 a diciembre de 2020 y que tuvieron 
desgarros peritoneales durante la operación; los pacientes fueron divididos en 
un grupo control (GC) y un grupo de observación (OG) según distintos planes 
de tratamiento, con 45 casos en cada grupo. Los pacientes del GC fueron tra-
tados con suturas absorbibles para reparar los desgarros peritoneales, mientras 
que los pacientes del OG fueron tratados con coagulación bipolar para cerrar y 
reparar los desgarros peritoneales. Se realizó una comparación de ambas con-
diciones quirúrgicas, que incluyeron las puntuaciones de dolor posoperatorio y 
calidad de vida, las complicaciones y la recurrencia entre los grupos GC y OG. 
El tiempo de operación e ingreso en el hospital en el OG fueron más cortos que 
en el OG (p<0,05). Las puntuaciones de dolor en el OG a las 24 horas después 
de la operación fueron menores que las del GC (p<0,05) y las puntuaciones de 
dolor de ambos grupos no fueron diferentes de modo significativo a las 2 horas 
y 12 horas (p>0,05). Las complicaciones postoperatorias no fueron significati-
vamente diferentes entre OG (p>0,05). Los puntajes de vida material, función 
física, función social y función psicológica en el OG fueron más elevados que 
los del GC (p<0,05). No hubo recurrencias en ninguno de los grupos durante el 
seguimiento de 1 año. En conclusión, la reparación de cierre de la ruptura peri-
toneal con coagulación bipolar redujo el tiempo de operación de los pacientes, 
redujo su dolor y mejoró su calidad de vida. El efecto del tratamiento es seguro, 
efectivo y tiene un excelente resultado en su aplicación clínica.

           Received: 19-03-2023       Accepted: 21-05-2023

INTRODUCTION

An inguinal hernia is a common medi-
cal problem that develops when tissue, such 
as a portion of the intestine or abdominal 
fat, pushes through a weak area or hole in 
the abdominal wall 1. This type of hernia is 
most common in men, but women can also 

develop them 2. The lifetime risk of develop-
ing an inguinal hernia is 27-43% for men and 
3-6% for women 3.

Inguinal hernias can be brought on by 
many things, such as heredity, age, persis-
tent coughing, obesity, and physical stress4,5. 
Inguinal hernias often generate a visible 
bulge or swelling in the groin area, which 
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might become more noticeable while cough-
ing or moving heavy things. The hernia may 
be painful or uncomfortable in certain cir-
cumstances, especially while standing or 
walking for extended periods 6,7.

Inguinal hernias can develop problems 
like incarceration or strangulation, in which 
the projecting tissue becomes trapped and 
loses blood flow, potentially resulting in tis-
sue damage or even death. So, early diagnosis 
and treatment are essential in managing the 
condition and preventing complications 8.

Inguinal hernias are commonly treat-
ed with surgical repair, which may be done 
using laparoscopic or open methods. Dur-
ing surgery, the projecting tissue is pulled 
back into position, and the weak muscle wall 
is strengthened with sutures or synthetic 
mesh. Inguinal hernia surgery is frequently 
very successful and can offer long-lasting 
symptom alleviation 9,10.

However, during abdominal operations, 
peritoneal rips are a typical occurrence. Ab-
sorbable sutures and bipolar coagulation are 
two methods available to heal peritoneal in-
juries 11. After a laparotomy or laparoscopy, 
the surgeon may close the peritoneum based 
solely on personal preference 12. In order 
to minimize abdominal wall weakening and 
to prevent incisional hernias, it has been 
claimed by surgeons and in the standard sur-
gical texts that the peritoneum should be 
sutured 13. Nevertheless, clinical and experi-
mental studies have shown that the raw peri-

toneal defect heals spontaneously, quickly, 
smoothly, and without apparent catastrophe 
because the peritoneum has no discernible 
impact on the healing process or the tensile 
strength of the laparotomy wound. So, after 
the laparoscopic hernia repair, the peritone-
um should be left to heal spontaneously 14-16.

Since limited studies have compared 
these two techniques, and due to the exis-
tence of disagreements regarding the need 
to perform therapeutic measures and the 
need not to take action to repair the peri-
toneal rupture, this study was indicated to 
be conducted to compare the efficiency and 
safety of these two techniques and investi-
gate the necessity or not of intervention in 
the repairment of peritoneal rupture during 
laparoscopic inguinal hernia surgery.

MATERIALS AND METHODS

General data
Ninety patients who underwent LIHR 

in our hospital from August 2019 to Decem-
ber 2020 and had peritoneal tears during 
the operation were selected and divided into 
the control group (CG) and the observation 
group (OG), with 45 cases in each group. 
The general data between the two groups 
was not significantly different (p>0.05) 
(Table 1). The ethics committee in the hos-
pital approved this study, and all patients 
signed an informed consent form. Inclusion 
criteria: ①The age range considered for 

Table 1 
General data.

Groups Cases Sex Age

(years)

Disease course 

(months)

BMI

(kg/m2)

Type (cases)

Male Female I II III IV

Observation 

group

45 40 

(88.8%)**

5 

(11.12%)

63.56±7.76* 50.52±10.25 24.75±2.47 7 

(15.5%)**

14 

(31.1%)

13 

(28.8%)

11 

(24.6%)

Control  

group

45 38 

(84.4%)

7 

(15.6%)

62.23±7.85* 52.56±9.58 24.95±2.82 9 

(20%)

12 

(26.7%)

15 

(33.3%)

9  

(20%) 

χ2/t/Z 0.385 0.808 -0.975 -0.358 -0.377

p& 0.535 0.421 0.332 0.721 0.706

*Quantitative variables expressed by mean ± standard deviation.    ** Qualitative variables expressed by frequency 
(percent).    &P-value based on t-test / chi-square χ2. Significance level ≤ 0.05.
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this study was between 30 and 80 years old; 
②Patients who were diagnosed with a direct 
inguinal hernia by clinical symptoms, signs, 
B-ultrasound, and other examinations17, and 
who underwent TEP surgery and had perito-
neal rupture during the operation; ③They 
fell within the American Society of Anesthe-
siologists grade I-II score; ④Patients with 
complete clinical medical records. Exclusion 
criteria: ①Patients with a history of mid-low-
er abdominal surgery; ②those with indirect 
inguinal hernia, incarcerated or strangulat-
ed hernia, or recurrent hernia; ③those with 
contraindications to general anesthesia; 
④those with severe cardiac, hepatic, and re-
nal dysfunction.

Operation methods
All patients received general anesthesia 

after entering the operating room. Surgeons 
performed all operations in the same group, 
and the specific operation steps strictly fol-
lowed the “Guidelines for Standardized Op-
eration of Laparoscopic Surgery for Inguinal 
Hernia”. All patients were treated with TEP. 
In the observation group, a small incision of 
about 1.5 cm in length was made at 1 cm 
below the umbilicus to the line alba, fol-
lowed by an incision of the skin, subcutane-
ous tissue, and anterior sheath of the rectus 
abdominis. The skin retractor was used to 
pull the rectus abdominis fiber to both sides 
until the posterior sheath was exposed, a one 
cm cannula was inserted, and the pneumo-
peritoneum was created. The other two five-
mm cannulas were located five cm and ten 
cm below the median line umbilicus, respec-
tively. The endoscope push method enlarged 
the preperitoneal space, and the pubic sym-
physis and the pubic ligament were exposed, 
turning laterally to isolate the Bogros space 
in the groin area.

After the direct hernia sac was freed and 
restored under direct vision, it was ligated at 
its base, and the distal end of the ligation line 
was cut off. The spermatic cord components 
were then abdominally walled, the iliac ves-
sels were exposed, and the Bogros space in 

the groin area was fully exposed. The edge of 
the peritoneum cephalad was freed as much 
as possible to make room for patch place-
ment. A 10 cm×15 cm polypropylene mesh 
was used as the repair material, and the mesh 
was rolled into a “cigarette” shape with the 
long axis as the edge and was placed in the 
casing. After entirely unfolding, the mesh was 
centered on the myopubic foramen to cover 
the inguinal foramen. The spermatic vessels 
and the Vas deferens were freed by 6 to 8 cm 
to expose the spermatic cord fully. The ab-
dominal wall suture straight needle was used 
with No. 7 silk thread to enter the preperito-
neal space twice; at the hernia ring, a needle 
thread and a needle and hook thread were 
successively passed on the patch, and the 
patch was subcutaneously fixed.

Peritoneal rupture closure methods
After the peritoneal rupture occurred 

during the operation, the peritoneum was 
closed by the corresponding methods: CG 
patients were treated with absorbable suture 
to repair the peritoneal tears, after entering 
the abdominal cavity, continuous suture with 
micro-wire or continuous suture was used 
with absorbable line, and then closed; while 
the patients in the OG were treated with 
bipolar coagulation to close and repair the 
peritoneal tears: the peritoneal rupture was 
repaired by bipolar electrocoagulation and 
hemostasis, and then the mesh was placed 
extraperitoneally.

Observation indicators
Operation situation

We observed and recorded both groups’ 
operation time, intraoperative blood loss, 
and hospital stay.

Postoperative pain
At 2 h, 12 h, and 24 h after surgery, pa-

tients were evaluated using the visual analog 
scale (VAS) 18. A 10 cm long straight line 
was used to show the degree of pain, and the 
scores ranged from 0 to 10 points, with 0 rep-
resenting no pain and 10 as the most painful.
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Complications
Patients’ complications (including 

postoperative puncture hernia, intestinal 
fistula, intestinal obstruction, and chronic 
pain) were recorded.

Quality of life
The Comprehensive Assessment Ques-

tionnaire for Quality of Life (GQOL-74) 19 
evaluated the patient’s quality. Material life, 
physical function, social function, and psy-
chological function were rated on a scale of 
0 - 100 points, with higher scores being a 
better patient quality of life.

Recurrence conditions
The recurrence of hernia sac in the two 

groups after one year of treatment was re-
corded.

Statistical methods
SPSS 20.0 was used for statistical analy-

sis, enumeration data were compared by X2 

test, rank data were compared by rank sum 
test, measurement data were expressed by 

mean±standard deviation ( sx ± ), and a t-
test was used for comparison. The statistical 
result was regarded as statistically signifi-
cant when p<0.05.

RESULTS 

Comparison of operation conditions
The operation time and hospital stay in 

the OG were reduced compared to the CG 
(p<0.05), and in both groups, the intraop-
erative blood loss was not significantly differ-
ent (p>0.05), as seen in Table 2.

Comparison of postoperative pain scores
The pain scores in the OG at 24 hours 

after the operation were reduced than those 
in the CG (p<0.05), and the pain scores at 
two hours and 12 hours in both groups were 
not significantly different (p>0.05), seen in 
Table 2.

Incidence of complications
The incidence of postoperative compli-

cations between the OG was not significant-
ly different (p>0.05), as shown in Table 3.

Postoperative quality of life between the 
two groups

The scores of material life, physical 
function, social function, and psychological 
function in the OG were higher than those 
in the CG (p<0.05), as seen in Table 4. 

Table 2 
Operation conditions and postoperative pain scores in two groups.

Groups Cases Operation conditions Postoperative pain scores

Operation  
time (min)

Intraoperative 
blood loss 

(mL)

Hospital  
stay (d)

Postoperative 
2 h

Postoperative 
12 h

Postoperative 
24 h

Observation 
group

 
45

 
40.56±6.52* 

 
24.45±4.74 

 
3.54±1.22 

 
3.58±1.34

 
2.27±0.75

 
1.20±0.28

Control 
group

 
45

 
60.35±10.74* 

 
25.12±4.23

 
4.22±1.54 

 
3.83±1.55

 
2.43±0.68

 
1.43±0.30

t -10.566 -0.708 -2.322 -0.819 -1.060 -3.760

p& 0.001 0.471 0.023 0.415 0.292 0.001
*Quantitative variables expressed by mean ± standard deviation.     
 &P-value based on t-test. Significance level ≤ 0.05.
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Comparison of postoperative quality  
of life between the two groups

There were no recurrences in the two 
groups during a one-year follow-up.

DISCUSSION

Laparoscopic inguinal hernia repair has 
become increasingly popular due to its mini-
mally invasive nature, faster recovery times, 
and lower postoperative complications than 
open surgical methods. The peritoneal inci-
sion’s closure, which might affect the pa-
tient’s recovery and general prognosis, is a 
crucial component of this treatment. The 
two main methods for closing the peritoneal 
incision are bipolar coagulation and absorb-
able sutures 11,20. This study compared the 
operative outcomes and prognosis of pa-
tients undergoing laparoscopic inguinal her-
nia repair with these two different peritoneal 
incision closure methods.

This bipolar coagulation during TEP 
operation (OG) offers several advantages 
compared to the absorbable suture method 
(CG). The results showed a significantly 
shorter operation time and hospital stay, 
reduced pain scores at 24 hours’ post-oper-
ation, and improved quality of life in various 
aspects for patients in the OG. Importantly, 
no significant difference was observed in 
the incidence of postoperative complica-
tions between the groups, indicating that 
the bipolar coagulation method is safe and 
effective.

The findings of this study are consistent 
with previous research, which has reported 
various benefits of using bipolar coagula-
tion for the repair of peritoneal rupture. The 
study’s results by Meyer et al. 21, showed that 
the rate of complications in the TEP method 
is low, and this laparoscopic hernia repair 
technique is repeatable and reliable. 

Table 3 
Incidence of complications between the two groups.

Groups Cases
Postoperative 

Puncture hernia
Intestinal 

fistula
Intestinal 

obstruction
Chronic 

pain
Total

Observation group 45 0 (0.00) * 0 (0.00) 1 (2.22) 1 (2.22) 2 (4.44)

Control group 45 1 (2.22) * 2 (4.44) 0 (0.00) 2 (4.44) 5 (11.11)

χ2 0.620

p& 0.431
* Qualitative variables expressed by frequency (percent).    &P-value based chi-square χ2. Significance level ≤ 0.05.

Table 4 
Postoperative quality of life between the two groups.

Groups Cases Psychological function Social function Physical function Material life

Observation 
group

45 72.40±6.45* 75.62±5.46 77.46±6.72 73.46±6.85

Control 
group

45 67.58±7.52* 70.32±7.14 73.34±5.76 68.63±7.03

t 3.264 3.956 3.123 3.301

p& 0.002 0.000 0.002 0.001
*Quantitative variables expressed by mean ± standard deviation.    &P-value based on t-test. Significance level ≤ 0.05.
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The bipolar coagulation sealing tech-
nology converts electrical energy into heat 
energy to dissolve and denature tissue pro-
teins, resulting in a permanent lumen or rup-
tured tissue coagulation and closure effect 
22,23. This technology can safely close tissue 
bundles, ligaments, and blood vessels with a 
<0.7 cm 24 diameter. The peritoneal injury 
stimulates the release of cytokines, acti-
vates the coagulation cascade, and deposits 
fibrin as a temporary matrix 25. When bipo-
lar electrocoagulation sealing technology is 
used to repair peritoneal ruptures, it rapidly 
dissolves and denatures fibrin and collagen 
to form new peritoneal tissue, resulting in 
a better sealing effect. Precautions should 
be taken during the operation to ensure the 
entire edge of the breach is closed, and the 
size of the bipolar energy and use time are 
critical to the closure effect 26. The results 
of the study by Liang et al. 27, showed that 
compared with ultrasonic and bipolar elec-
trocoagulation techniques, advanced bipolar 
use was more reliable for mesenteric vessels 
in laparoscopic surgery; however, bipolar 
electrocoagulation with optimal power can 
be used for its simplicity of operation and 
low cost. Various new electrosurgical devices 
will cause less damage as laparoscopic tech-
nology progresses, making surgery more ac-
curate and less damaging. Although bipolar 
electrocoagulation has a broad thermal dam-
age breadth, it is nevertheless relatively safe.

Oguz et al. 28, conducted a study to 
compare peritoneal closure techniques in 
laparoscopic transabdominal inguinal hernia 
repair. This study analyzed tucker and suture 
techniques to close the peritoneum based on 
the patient results. The results showed that 
tucker and suture have comparable safety 
for peritoneal closure in laparoscopic TAPP 
inguinal hernia surgery. However, what can 
be seen is that no study has simultaneously 
examined the variables of operation time and 
hospitalization, pain level, physical function, 
social function, and psychological function.

The results of our study showed that 
the use of bipolar coagulation reduces the 

operation time and hospitalization and also 
leads to a reduction in the pain score 24 
hours after the operation. In addition, this 
study showed that patients who underwent 
closing repair with bipolar coagulation im-
proved their scores in material life, physical 
functioning, social functioning, and psycho-
logical functioning, indicating an improve-
ment in their overall quality of life.

The reduced operation time in the OG 
group can lead to increased patient satisfac-
tion, decreased anesthesia-related complica-
tions, and reduced healthcare costs. Addi-
tionally, the shorter hospital stay observed in 
the OG group may further reduce healthcare 
costs and improve patient satisfaction.

The lower pain scores observed in the 
OG group may be attributed to the reduced 
tissue trauma and inflammation associated 
with bipolar coagulation compared to su-
tures 29. This reduction in pain may contrib-
ute to a faster return to normal activities 
and improved postoperative quality of life.

The lack of significant differences in the 
incidence of postoperative complications 
between the two groups indicates that both 
methods are safe and effective in repairing 
peritoneal rupture. However, the improved 
quality of life scores in the OG group further 
emphasizes the potential benefits of the bi-
polar coagulation method.

Several factors can explain the prefer-
ence for bipolar coagulation over spontane-
ous release of the peritoneum. Bipolar coag-
ulation allows for better control of bleeding 
during the process, which can assist in short-
ening the operation time and lower the risk 
of complications 30. Reduced operation time 
and bleeding can also contribute to a short-
er hospital stay and lower pain scores, as ob-
served in the study results.

Bipolar coagulation can accomplish he-
mostasis by denaturing proteins in the tis-
sues, resulting in coagulation and closure of 
tiny blood vessels. This shortens the dura-
tion of the procedure by minimizing blood 
loss and lowering bleeding from the location 
of the peritoneal rupture. In contrast, spon-
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taneous release of the peritoneum may re-
sult in ongoing bleeding from the rupture, 
lengthening the time needed for surgery 31.

Bipolar coagulation is a quick and sim-
ple technique that does not require sutur-
ing. It reduces operation complexity with-
out compromising efficacy. In conclusion, 
bipolar coagulation is a simple and effective 
method for managing peritoneal rupture 
during TEP inguinal hernia repair with sig-
nificant benefits over the spontaneous re-
lease of the peritoneum 32; so, it should be 
considered as the first-line treatment option 
for this intraoperative complication.
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Abstract. The receptor for advanced glycation end products (RAGE) is a 
transmembrane protein involved in the induction of inflammatory processes 
and oxidative stress after interacting with its ligands on the cell surface. Lo-
calization on the cell surface is necessary for interaction with the ligands. This 
study aimed to determine the expression of RAGE in different parts of the nor-
mal rat brain and cerebellum using the immunofluorescence technique. Sev-
eral cerebral cortex layers (molecular/granular layers: M/GL; pyramidal layer: 
PL) and the hypothalamus were analyzed, as well as the molecular layer (CML) 
and the granular layer (CGL) of the cerebellum. Cells with RAGE-positive nu-
clei were generally observed in the brain’s cerebral cortex and cerebellum. In 
the M/GL, cells with different degrees of positivity in the nucleus and cyto-
plasm accompanied by RAGE-positive material in the adjacent extracellular 
space were observed, and RAGE-positive material in the neuropile. Pyramidal 
neurons presenting various degrees of nuclear RAGE-positive material budding 
and cells with different degrees of nuclear and cytoplasmic positivity were ob-
served in PL. The hypothalamus showed a high number of cells with RAGE-
positive granules adjacent to the nucleus and in the cytoplasm; nuclei remained 
negative. Many positive nuclei were observed in CML; they were scarce in CGL. 
These data suggest the storage of RAGE at the nuclear and cytoplasmic levels 
in healthy rats and hypothesize the possible translocation of this molecule to 
the cell surface in pathological conditions.
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Expresión nuclear y citoplasmática del receptor para 
compuestos de glicosilación avanzada en el sistema nervioso 
central de la rata.

Invest Clin 2023; 64 (4): 505 – 512

Palabras clave: RAGE; ligandos; núcleo; corteza cerebral; cerebelo.

Resumen. El receptor para compuestos de glicosilación avanzada (RAGE) 
es una proteína transmembrana involucrada en la inducción de procesos infla-
matorios y en el estrés oxidativo después de su interacción con sus ligandos en 
la superficie celular. La localización de este receptor en la superficie celular es 
necesaria para su interacción con sus ligandos. El objetivo de este estudio fue 
determinar la expresión de RAGE en las diferentes partes del cerebro y cerebelo 
de la rata normal. Mediante la utilización de técnicas de inmunofluorescencia 
se analizaron varias capas de la corteza cerebral (capas molecular/granular: 
CM/G; capa piramidal: CP) y el hipotálamo. Las capas molecular (CMC) y la 
capa granular (CGC) del cerebelo fueron también analizadas. Se observaron 
células con el núcleo positivo para RAGE tanto en cerebro como cerebelo. 
En CM/G se apreciaron células con diversos grados de positividad para RAGE 
acompañadas de material positivo para RAGE en el espacio extracelular adya-
cente y en la neuropila. En la CP se observaron neuronas piramidales presen-
tando diversos grados de gemación de material nuclear positivo para RAGE y 
diversas células con diferentes grados de positividad nuclear y citoplasmática. 
En el hipotálamo se apreciaron gran número de células expresando gránulos 
positivos a RAGE tanto adyacente al núcleo como en el citoplasma; el núcleo 
permaneció negativo. Alto número de núcleos positivos se apreciaron en la 
capa CMC a diferencia de la capa CGC del cerebelo. Estos hallazgos sugieren 
el almacenamiento del RAGE en el núcleo y en el citoplasma en la rata normal 
e hipotetizan una posible translocación de esta molécula a la superficie celular 
en condiciones patológicas. 

           Received: 26-11-2023       Accepted: 06-08-2023

INTRODUCTION

The receptor for advanced glycation end 
products (RAGE) is a transmembrane protein 
and a multireceptor belonging to the immu-
noglobulin superfamily, expressed on the cell 
surface and capable of binding to various li-
gands, inducing cell activation, cell dysfunc-
tion, and tissue damage 1, 2. RAGE has been 
implicated in various pathophysiological pro-
cesses such as neurodegenerative diseases 

and infectious processes 1-3. After RAGE binds 
to its ligand, pro-inflammatory processes in-
crease with the induction of pro-inflammato-
ry cytokines and oxidative stress, determin-
ing a vicious circle of inflammation mediated 
by the overexpression of the nuclear tran-
scription factor kB (NF-kB) that leads to cell 
damage 1,3. Traditionally, the interaction of 
RAGE with its ligands at the cell surface level 
inducing intracellular signals leading to pro-
inflammatory processes has been reported 4, 
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5. The interaction of RAGE with its ligands in 
the central nervous system is of paramount 
importance in the induction of neurodegen-
erative diseases 3, 6-8; however, there is little in-
formation about the location of RAGE in cen-
tral nervous system cells in non-pathological 
conditions. The present study is focused on 
determining by immunohistochemical meth-
ods the location of RAGE in the rat central 
nervous system under healthy conditions.

MATERIAL AND METHODS

This study used healthy male Sprague-
Dawley rats (weight 150 to 200 g) (N=10). 
All rats had unlimited access to tap water 
and food. All animals were euthanized, and 
samples from rat cerebrum (including the hy-
pothalamus) and cerebellum were embedded 
in Tissue-Tek (Miles, Inc, Diagnostic Division, 
Kankakee, Illinois, United States), frozen in 
acetone and dry ice, and stored at -70 ºC un-
til use. Cryostat sections (4 µm) from sam-
ples were treated with a rabbit anti-rat RAGE 
antibody (5µg/mL: ab3611; Abcam, Cam-
bridge, United Kingdom) to analyze RAGE 
brain expression. Rabbit immunoglobulin G 
(IgG) in tissues was localized by a secondary 
rhodamine-conjugated goat anti-rabbit IgG 
at 5µg/mL (Sigma-Aldrich, St. Louis, Mis-
souri, USA). Antibody against a nonrelevant 
antigen or normal rabbit serum was used as 
the negative control. Sections were mounted 
in a solution of p-phenylenediamine in phos-
phate-buffered saline‒glycerol and viewed un-
der an epifluorescent microscope (Axioskop, 
Zeiss, Wetzlar, Germany). Positive cells were 
expressed as the number of cells per 0.0625 
µ2 from 20 randomly selected fields of the 
brain or cerebellum. Experiments were per-
formed according to the ethical guidelines of 
the committee of bioethical and biosecurity 
of FONACIT (Caracas, Venezuela) following 
the Guide for the Care and Use of Labora-
tory Animals (National Institutes of Health 
Publication No. 8023, revised 1978) and the 
committee of bioethics of the Universidad del 
Zulia School of Medicine.

Statistical analysis was performed us-
ing GraphPad Prism, version 7.0 (GraphPad 
Software, San Diego, USA). Measurement 
data with normal distribution is represented 
as mean ± standard deviation. For continu-
ous variables that were normally distributed, 
differences between groups were determined 
by ANOVA and the posttest of Bonferroni. A 
p-value < 0.05 was considered to be statisti-
cally significant.

RESULTS

The analysis of different rat cerebrum 
and cerebellum areas showed high reactivity 
to the anti-RAGE antibody in several areas. At 
the level of the cerebral cortex, positive cells 
were observed in the molecular/granular lay-
er (M/GL) and the pyramidal layer (PL). Posi-
tive cells were seen in the cerebellum in the 
molecular layer (CML) and less frequently in 
the cerebellar granular layer (CGL). A high 
number of positive cells was observed in the 
hypothalamus (Fig. 1). Histological analysis 
showed numerous cells with high nuclear 
reactivity to the anti-RAGE antibody in M/
GL (Fig. 2). Likewise, cells with negative or 
scarcely positive nuclei were found accompa-
nied by cytoplasmic and adjacent extracellu-
lar positive reactivity to RAGE, simulating a 
comet.

Interestingly, extracellular RAGE-positive 
areas without cell presence were observed (Fig. 
3). Pyramidal neurons with highly positive nu-
clei and positive glial cells were observed in PL 
(Figs. 4 and 5). RAGE-positive nuclei present-
ing structures resembling nuclear buds in pyra-
midal neurons were observed (Fig. 5). The cells 
of the hypothalamus showed a high frequency 
of cytoplasmic RAGE-positive granules but no 
nuclear positivity (Figs. 1 and 6).

Nuclear expression of RAGE in the cere-
bellum was observed mainly in the CML, with 
a low frequency of positive nuclei in CGL; 
however, some cells showed granular cyto-
plasmic positivity in this layer. Purkinje cells 
were found to be negative (Figs. 1 and 7).
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DISCUSSION

In this study, the expression of RAGE 
in the rat central nervous system was mainly 
limited to the cell nucleus and cytoplasm. 
Functionally, RAGE is expressed on the cell 
surface, where it interacts with various li-
gands to activate intracellular pathways that 
produce a pro-inflammatory and oxidative 
stress state 1-3, 6-8.

The presence of this receptor within the 
cell nucleus observed in this study suggests a 
nuclear function or represents a storage site 
for a subsequent trajectory of this receptor 
from the nucleus to the cell surface to exert 
its functions. Previous studies have shown the 
passage of intranuclear molecules to the cy-
toplasm 9-13, suggesting a possible cell surface 
expression pathway for RAGE. In this regard, 
the immunohistochemical findings of this re-
port show cerebral cells showing decreased  
expression of nuclear RAGE accompanied by  
increased cytoplasm expression and adjacent 
extracellular RAGE-positive material. In ad-
dition, pyramidal neurons showed budding 

of RAGE-positive nuclear material, and cells 
with cytoplasm RAGE-positive granules were 
observed, suggesting a possible nuclear-to-
cytoplasmic pathway.

The presence of RAGE in the nucleus 
suggests its nuclear localization prior to its 
synthesis, possibly as a storage site, as oc-
curs with the non-histone  chromosomal pro-
teins “high mobility group” (HMG) that are 
present in the cell  nucleus bound to DNA 10, 

12 and perform functions  such as determi-
nation of nucleosomal  structure and stabil-
ity, and binding of transcription factors to 
their  cognate DNA  sequences 14. HMG can 
be localized  in the  nucleus,  cytoplasm, and 
the extracellular space during some patho-
logical processes where it can interact with 

Fig. 1. Expression of the receptor for advanced glyca-
tion end products (RAGE) in the rat central 
nervous system. High nuclear expression of 
RAGE was observed in the molecular/granular 
layer of   cerebral cortex and in the molecular la-
yer of   the cerebellum. Cells from the hypotha-
lamus did not express nuclear RAGE but a high 
number expressed cytoplasmic RAGE in a gra-
nular form. M/GL: molecular/granular layer; 
PL: pyramidal layer; CGL: cerebellar granular 
layer; CML: cerebellar molecular layer; HIPO: 
hippocampus. * p<0.01 vs. PL, CGL, CML.

Fig. 2. Expression of the receptor for advanced 
glycation end products (RAGE) in the mole-
cular/granular layer of the cerebral cortex. 
A) Panoramic view where a large number of 
positive nuclei can be observed. B) Detail. 
Arrows: positive nuclei. Cross arrows: nega-
tive nuclei. Original magnification: A: x600; 
B: x1000.
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Fig. 3. Expression of the receptor for advanced 
glycation end products (RAGE) in the mo-
lecular/granular layer of the cerebral cor-
tex. A and B) Cells with different degrees 
of nuclear and cytoplasmic positivity to 
RAGE (arrows). RAGE-reactive extracellu-
lar material is seen in the neuropile (cros-
sed arrow). C) Detail of cell showing weak 
nuclear RAGE positivity and high positivity 
for cytoplasmic. Note the presence of RA-
GE-positive material adjacent to the cell. 
N: nucleus; C: cytoplasm; E: extracellular 
space. Original magnification: A and B: 
x600; C: x1000. 

Fig. 4. Expression of the receptor for advanced glyca-
tion end products (RAGE) in the pyramidal 
layer of the cerebral cortex. Pyramidal neu-
rons with high nuclear positivity for RAGE are 
appreciated. Arrows: Positive neurons. Cross 
arrow: probably a positive glial cell nucleus. 
Original magnification: x1000.

Fig. 5. Expression of the receptor for advanced glyca-
tion end products (RAGE) in the pyramidal 
layer of the cerebral cortex. A) Nuclear RAGE-
positive pyramidal neurons showing nuclear 
budding (small arrows). Cross arrow: positive 
neuron without nuclear budding. Thick arrow: 
pyramidal neuron dendrite. B) Nuclear RAGE-
positive pyramidal neuron showing nuclear 
budding (small arrow). Cross arrow: positive 
glial cell nucleus. Thick arrow: neuron axon. 
Original magnification: x1000.
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RAGE 9, 11, 13. There is no information avail-
able on the presence of RAGE in the nucle-
us, and possibly the expression of nuclear 
RAGE on the cell surface obeys mechanisms 
similar to those of HMG. Binding to DNA 
may represent the storage mechanism of 
RAGE in the nucleus. In this regard, RAGE’s 
ability to bind to DNA 15 and its role in par-
ticipating in DNA double-strand repair pro-
cesses 16 has been reported. Another point 
of analysis is the intranuclear role of RAGE 
and HMG since the latter represents one of 
the RAGE’s ligands 17.

Fig. 6. Expression of the receptor for advanced 
glycation end products (RAGE) in hip-
pocampus. A) Overview of hypothalamic 
cells, the majority of which are positi-
ve for cytoplasmic granular expression 
of RAGE. B) Hippocampal cells presen-
ting positive RAGE granules adjacent to 
the nucleus or in the cytoplasm (arrows).  
Original magnification: A: x200; B:x600.

 Fig. 7. Expression of the receptor for advanced 
glycation end products (RAGE) in the ce-
rebellum of normal rats. A) High number 
of cells expressing RAGE-positive nuclei 
(arrow) in the molecular layer, compared 
to low number in the granular layer. Arrow: 
positive nucleus. Cross arrow: negative nu-
cleus. B) Scarce presence of RAGE-positive 
nuclei (thick arrows) and RAGE-positive 
granules (small arrows) in cells of the gra-
nular layer. C) Scarce presence of RAGE-
positive nuclei and RAGE-positive granules 
(small arrows) in the granular layer. Negati-
vity was observed in Purkinje cells (arrows).  
Cerebellar molecular layer: CML. Cerebellar 
Granular layer: CGL. A and B: x200; C: x600.
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The expression of RAGE in the central 
nervous system makes this tissue vulner-
able to inflammatory processes. The role 
of RAGE in neurodegenerative processes, 
neuroinflammation, Parkinson’s, and Al-
zheimer’s diseases, among other encepha-
lopathies, has been reported 1, 3, 18, 19. Cere-
bral and cerebellar nuclear and cytoplasmic 
RAGE could play a role in these patholo-
gies. Perhaps the factors that induce those 
pathologies induce the passage of nuclear 
and cytoplasmic RAGE to the cell surface.

In conclusion, this report demon-
strates the presence of RAGE as a nuclear 
protein and its cytoplasmic expression in 
the cerebrum and cerebellum of normal 
rats. These data highlight possible stud-
ies on the translocation of RAGE from the 
nucleus to the cell surface, on nuclear func-
tions, and on the interaction of RAGE with 
HMG in the nucleus.
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Abstract. Many types of stress, including psychological stress, nega-
tively affect reproductive health. This study aimed to investigate the ef-
fects of sertraline (a selective serotonin reuptake inhibitor), cerebrolysin 
(neuroprotective/neurotrophic), and a combination of both against stress-
induced ovarian damage, infertility and pregnancy delay in female rats. 
The rats were divided into five groups (n=14/each group) as healthy (HG), 
stress control (StC), stress+sertraline (SS), stress+cerebrolysin (SC), and 
stress+sertraline+cerebrolysin (SSC). To induce stress, animals (except 
the HG) were kept in a supine position with their forelimbs and hindlimbs 
(FIM) tied for one hour. Then, sertraline (20mg/kg) was given orally to 
the SS. Cerebrolysin (2.5ml/kg) was injected into the SC subcutaneously. 
Sertraline+cerebrolysin was administered to SSC with the same methods and 
doses. FIM and drug administration continued for 30 days. Six rats from each 
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Daño ovárico, infertilidad y retraso en la concepción  
relacionados con el estrés y opciones de tratamiento.

Invest Clin 2023; 64 (4): 513 – 523

Palabras clave: daño ovárico; sertralina; cerebrolisina; estrés; ratas.

Resumen. Muchos tipos de estrés, incluido el estrés psicológico, afectan 
negativamente a la salud reproductiva. El objetivo de este estudio fue investigar 
los efectos de la sertralina (un inhibidor selectivo de la recaptación de sero-
tonina), la cerebrolisina (neuroprotector/neurotrófico) y una combinación de 
ambos contra el daño ovárico, la infertilidad y el retraso del embarazo inducido 
por el estrés en ratas hembra. Las ratas se dividieron en cinco grupos (n=14/
cada grupo), como sanas (HG), control de estrés (StC), estrés+sertralina (SS), 
estrés+cerebrolisina (SC) y estrés+sertralina+cerebrolisina (SSC) . Para indu-
cir el estrés, los animales (excepto el HG) se mantuvieron en posición supina 
con las extremidades anteriores y posteriores (FIM) atadas durante una hora. 
Luego, se administró sertralina (20 mg/kg) por vía oral al grupo SS. Cerebro-
lysin (2,5 mL/kg) se inyectó al grupo SC por vía subcutánea. Se administró 
sertralina+cerebrolisina al grupo SSC con los mismos métodos y dosis. La FIM 
y la administración de fármacos continuaron durante 30 días. Se sacrificaron 
seis ratas de cada grupo con anestesia de dosis alta, se extirparon los tejidos 
de los ovarios derecho e izquierdo y se examinaron bioquímica e histopatológi-
camente. Las ratas restantes se tomaron para reproducción. La exposición al 
estrés en ratas provocó un aumento de los niveles de malondialdehído (MDA), 
factor de necrosis tumoral alfa (TNF-α), interleucina-1β (IL-1β) e interleuci-
na-6 (IL-6) y una disminución del glutatión total (tGSH). El estrés se relacionó 
con daño histopatológico, infertilidad y retraso en el parto. La combinación de 
sertralina y cerebrolisina fue la más efectiva para prevenir estos cambios, con 
sertralina y cerebrolisina solas en segundo y tercer lugar, respectivamente. Los 
inhibidores selectivos de la recaptación de serotonina (ISRS) y los medicamen-
tos relacionados pueden ser beneficiosos en el tratamiento del daño ovárico 
relacionado con el estrés, la infertilidad y el retraso en el embarazo.

           Received: 13-05-2023       Accepted: 08-08-2023

group were euthanized with high-dose anesthesia, right and left ovarian tissues 
were removed, and tissues were examined biochemically and histopathologi-
cally. The remaining rats were taken for breeding. Exposure to stress in rats 
caused an increase in malondialdehyde (MDA), tumor necrosis factor-alpha 
(TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6) levels and a decrease 
in total glutathione (tGSH). Stress was related to histopathological damage, 
infertility, and delayed birth. The sertraline and cerebrolysin combination was 
the most effective in preventing these changes, with sertraline and cerebroly-
sin alone in second and third places, respectively. Regarding efficacy, selective 
serotonin reuptake inhibitors (SSRIs) and related drugs may be beneficial in 
treating stress-related ovarian damage, infertility, and delay in pregnancy.
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INTRODUCTION

One of the fundamental reasons for psy-
chological stress is socioeconomic factors1. 
It has been known that chronic stress is 
related to numerous diseases 2. Abnormali-
ties that cause infertility, such as ovulation, 
implantation disorders, and tube damage, 
have also been connected with psychological 
stress 3. Many types of stress, including psy-
chological stress, harm fertility and repro-
ductive functions 4. There is information in 
the literature that stress triggers depression 
and anxiety 5.

Furthermore, it is stated that depres-
sion and anxiety lead to infertility 6. It has 
been observed that oxidative stress and pro-
inflammatory cytokine production increase 
in depression and anxiety 7. Degeneration, 
infiltration, and histopathological damage , 
such as atretic follicles, are seen in response 
to stress in rat ovaries 8. Kadioglu et al. re-
vealed that stress, which leads to infertility, 
increases total oxidant levels and decreases 
antioxidant levels in rat ovarian tissue 9. This 
literature recommends that drugs with anti-
oxidant, antidepressant, anti-inflammatory, 
and anxiolytic effects may be beneficial in 
treating stress-related ovarian damage and 
reproductive dysfunction.

 Sertraline, is an antidepressant drug 
with selective serotonin re-uptake inhibitor 
antioxidant properties 10. It has been experi-
mentally revealed that sertraline exerts an 
anti-inflammatory effect by reducing tumor 
necrosis factor-alpha (TNF-α) levels 11. It has 
been suggested that the antidepressant and 
anxiolytic effect of sertraline is based on the 
suppression of excessive production of TNF-α, 
interleukin-6 (IL-6), interleukin-1beta (IL-
1β), and other pro-inflammatory cytokines 

12,13. Cerebrolysin is another drug we would 
like to see for its effects on stress-related 
ovarian damage, infertility, and preventing 
delay in maternity. Cerebrolysin is a porcine 
brain-derived drug with neuroprotective and 
neurotrophic effects and contains low mo-
lecular weight peptides and amino acids 9. It 

has been defended that the antidepressant 
effect of cerebrolysin is based on its reduc-
ing oxidative stress and cytokine-related in-
flammation 14. In addition, it has been argued 
that using an antidepressant drug with a drug 
with neuroprotective properties increases the 
effectiveness of antidepressant treatment 15. 
All this information shows that sertraline, 
cerebrolysin, and a combination of both may 
be beneficial against increased stress, ovar-
ian damage, infertility, and delay in achieving 
pregnancy in animals. This study aimed to 
investigate the effects of sertraline, cerebro-
lysin, and the combination of both on stress-
induced ovarian injury, infertility, and preg-
nancy delay in rats.

MATERIALS AND METHODS

Animals
Seventy albino Wistar female rats pro-

vided by the Medical Experimental Applica-
tion and Research Center of Ataturk Uni-
versity weighing between 272-288 grams at 
6 months of age were utilized in our study. 
Rats were placed in a laboratory with a 12-
hour light/12-hour dark cycle at appropri-
ate humidity (45%) and temperature (22°C) 
and fed ad libitum before experimentation. 
Experimental applications were carried out 
considering the ARRIVE guidelines. The im-
plementation of the experiment was started 
after the procedures were approved by the 
Atatürk University Animal Experiments Lo-
cal Ethics Committee (date: 27.12.2018, 
meeting no: 13/253).

Chemicals
Sertraline was procured from PFIZER 

(Turkey), cerebrolysin from EVER Pharma 
(Austria), and sodium thiopental from IE Ul-
agay (Turkey).

Animal groups
The rats were randomly separated into 

healthy controls (HG), stress-applied con-
trol (StC), stress+sertraline (SS), stress + 
cerebrolysin (SC), and stress+ sertraline + 
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cerebrolysin (SSC) groups, with 14 animals in 
each group.

Experiment procedure
Stress was induced in rats by the 

forced immobilization method (FIM). For 
the implementation of this experiment, all 
animals except the HG group were placed 
in the supine position; their hindlimb and 
forelimbs were tied and kept in this posi-
tion for one hour. After one hour, sertraline 
(20 mg/kg) was given to the SS rat group 
by oral gavage. SC group was injected with 
cerebrolysin (2.5 mL/kg) subcutaneously. 
Sertraline+cerebrolysin was administered to 
the SSC group at the indicated doses under 
the same method. The HG and StC groups 
were given the same volume of distilled wa-
ter. FIM and drug applications were contin-
ued once a day for 30 days. Six rats from 
each group were euthanized (ip, 50 mg/kg 
thiopental sodium), and the right and left 
ovarian tissue were removed for biochemi-
cal and histopathological examination. The 
rest of the animals were kept in the same 
environment with mature male rats for two 
months for pregnancy. 

The rats that were found to be pregnant 
were taken into separate cages and fed. Rats 
that did not become pregnant and give birth 
during this period were considered infertile. 
In addition, the time from the day the fe-
male rats were placed in the same cage with 
the male rats to the day they gave birth was 
determined. The delay in maternity was de-
termined by subtracting the standard gesta-
tional period (21 days) from this period.

Biochemical analyses
Preparation of samples

Ovarian tissues were weighed. Tissues 
were made up to 2 mL with 1.15% potassium 
chloride solution for MDA determination 
and phosphate buffer with pH=7.5 for GSH 
determination and homogenized in an ice-
cold medium, it was centrifuged for 15 min-
utes (10000 rpm, +4 °C). The supernatant 
portion was utilized as an analysis sample.

Malondialdehyde (MDA) and Total 
Glutathione (tGSH) Analysis

Malondialdehyde was measured to estab-
lish the oxidation level, tGSH was measured to 
determine the antioxidant level. MDA measure-
ments were made according to the method de-
fined by Ohkawa et al. 16. tGSH measurement 
was performed in line with the method defined 
by Sedlak and Lindsay 17.

Tumor Necrosis Factor-ɑ (TNF-α), 
Interleukin 1-β (IL-1β), and Interleukin-6 
(IL-6) Analysis

Tumor Necrosis Factor-ɑ, IL-1β, and 
IL-6 were measured to assess the pro-inflam-
matory status. The samples were weighed, 
and then all tissue was cut. These samples 
were then snap-frozen with liquid nitrogen 
and homogenized using a mortar and pestle. 
After the samples were melted, they were 
kept at 2-8 °C. PBS (pH 7.4), 1/10 (w/v) was 
added; after this, vortexed for 10 seconds, 
centrifuged at 10000 xg for 20 minutes, and 
supernatants were aliquoted. TNF-α, IL-1β, 
and IL-6 levels were measured using a com-
mercial kit (Eastbiopharm Co Ltd ELISA kit, 
China).

Histopathological Examination
After the tissue samples were defined 

in 10% formaldehyde solution, they were 
washed in the cassettes under tap water 
for 24 hours. They were then treated with 
conventional-grade alcohol to remove wa-
ter from the tissues, passed through xylol, 
and embedded in paraffin. Sections of 4-5 
microns were taken from these paraffin 
blocks and subjected to hematoxylin-eosin 
staining. Tissues were examined under a 
light microscope, and then photographs 
were taken (Olympus® Inc. Tokyo, Japan, 
DP2-SAL firmware program). Ovarian tis-
sues were evaluated regarding congestion, 
hemorrhage, degeneration in follicle cells, 
water accumulation in follicle cells, cystic 
changes in follicles, and edema. The sever-
ity of histopathological findings was graded 
from 0-3 (0-normal, 1-mild injury, 2-moder-
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ate injury, and 3-severe injury). Histopatho-
logical evaluation was performed by a pa-
thologist who was blinded to treatment and 
group allocations.

Statistical Analysis
This study used the “IBM SPSS 22® (Ar-

monk, NY: IBM Corp.)” program for statisti-
cal analysis. Since the biochemical data were 
numeric, the analysis was done with one-way 
ANOVA, Tukey was used as a post hoc test, 
and the results were presented as Mean ± 
Standard error (X±SEM). Since the histo-
pathological data were sequential, Kruskal-
Wallis was preferred for analysis, and then the 
Dunn’s test was used. Data were presented as 
Median (Minimum-Maximum), p<0.05 was 
accepted as statistical significance.

RESULTS

Biochemical Results
MDA and tGSH Analysis

The levels of MDA in the StC group 
(5.87±0.02) were significantly higher than 
in the HG (1.34±0.06), SS (2.85±0.02), SC 
(3.45±0.08) and SSC (1.52±0.06) groups as 
can be seen in Fig. 1A (p˂0.001). The increase 
in MDA levels in the SSC group was observed 

to be significantly lower than in the SS and SC 
groups (p˂0.001). For MDA, the HG and SSC 
groups were similar (p=0.123). The amount 
of tGSH measured in the ovarian tissue of the 
StC (1.30±0.05) group was observed to be 
significantly lower than the values   measured 
in the HG (6.00±0.19), SS (3.64±0.08), SC 
(2.37±0.05) and SSC (5.42±0.18) groups 
(p˂0.001). In the treatment combination 
group, inhibition in the decrease of tGSH was 
more significant than in the sertraline and 
cerebrolysin groups (Fig. 1B).

TNF-α, IL-1β and IL-6 Analysis
As seen in Fig. 2, TNF-α (Fig. 2A), IL-1β 

(Fig. 2B) and IL-6 (Fig. 2C) levels in the StC 
group (6.73±0.05, 8.05±0.17, 8.52±0.23, 
respectively) were significantly increased 
compared to HG (1.73±0.17, 2.25±0.04, 
2.87±0.12, respectively), SS (3.27±0.04, 
4.28±0.11, 4.89±0.03, respectively), SC 
(4.66±0.05, 5.81±0.04, 6.82±0.03, respec-
tively) and SSC (2.04±0.10, 2.39±0.05, 
3.14±0.03, respectively) groups (p˂0.001). 
The increase in TNF-α, IL-1β, and IL-6 levels 
was significantly lower in the combination 
group when compared with the SS and SC 
groups alone (p˂0.001). Cytokine levels were 
similar in SSC and HG groups (p>0.05).

Fig. 1. MDA (A) and tGSH (B) levels in the ovarian tissue of study groups. 
*p=0.123 vs SSC group; **p˂0.001 vs SS and SC groups; ***p˂0.001 vs HG, SS, SC and SSC groups. 
Statistical analysis was done with one-way ANOVA, followed by the Tukey test. HG, healthy group; 
StC, stress-treated control group; SS, stress+sertraline group; SC, stress+cerebrolysin group; SSC, 
stress+sertraline+cerebrolysin group. 
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Reproduction Test Results
Animals in the HG group gave birth 

within 23-26 days, as observed in Table 1. Six 
of the eight rats in the SS group gave birth 
within 27-36 days, while two did not give 
birth within two months. Three of the eight 
rats in the SC group gave birth within 33-38 
days, but three did not give birth within two 
months. In the SSC group, all eight female 
rats gave birth on days 24-28. One of eight 
female rats in the StC group gave birth on 
day 49, but the remaining seven did not give 
birth during this time.

Histopathological findings
As seen in Fig. 3A and Table 2, no path-

ological findings were found in the ovarian 
tissue of the HG group; corpus luteum and 
follicle structure were observed within nor-
mal limits. Grade-3 degenerated secondary 
follicle and congestion were observed in the 
ovarian tissue of the StC group (Fig. 3E, Ta-
ble 2). Moreover, grade-3 dilated congested 
vessels, hemorrhage, and edema were seen 
in the ovarian tissue of the StC group (Fig. 
3F, Table 2). Vascular congestion (grade-1) 
and relatively normal follicle and corpus lu-
teum structure (grade-0) were seen in the 
ovarian tissue of the SS group treated with 
sertraline (Fig. 3B, Table 2). In the SC group, 
mild fluid accumulation in the lumen, cystic 
changes (grade-1), minimal vascular conges-
tion (grade-1), and corpus luteum damage 

(grade-1) were detected (Fig. 3C, Table 2). 
There were no histopathological signs other 
than mild vascular congestion (grade-1) and 
relatively normal corpus luteum (grade-0) in 
the SSC group (Fig. 3D, Table 2).

DISCUSSION

The effects of sertraline, cerebrolysin, 
and their combination against FIM-related 
stress-associated ovarian damage, infertility, 
and delay in achieving pregnancy in female 
rats were investigated in this study. Various 
stress factors lead to damage to all organs 
and tissues of the body, as can be understood 
from the literature 18. Previous studies have 
revealed that psychological or physiological 
stress is related to oxidative stress 19. Stress 
increased the levels of MDA, known as the 
toxic product of lipid peroxidation (LPO), 
and decreased the antioxidant tGSH levels 
in the ovarian tissue of animals, as can be 
observed in our results. These biochemical 
findings show that stress changes the oxi-
dant-antioxidant balance in favor of oxidants 
in the ovarian tissue. In the literature, it has 
been shown that stress increases oxidants in 
ovarian tissue while decreasing antioxidants 
20. As it is known, membrane lipids are oxi-
dized by reactive oxygen species (ROS), and 
a toxic product, MDA, is formed. MDA re-
sulting from LPO greatly disrupts the struc-
ture and functions of the cell membrane 

Fig. 2. TNF-α (A), IL-1β (B), and IL-6 (C) levels in the ovarian tissue of study groups. 
*p>0.05 vs SSC group; **p˂0.001 vs. SS and SC groups; ***p˂0.001 vs. HG, SS, SC and SSC groups. 
Statistical analysis was done with one-way ANOVA, followed by the Tukey test. HG, healthy group; 
StC, stress-treated control group; SS, stress+sertraline group; SC, stress+cerebrolysin group; SSC, 
stress+sertraline+cerebrolysin group.
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Fig. 3 (A-F). Histopathological examination of ovarian tissues in study groups. A. Ovarian tissue of the SG 
group; view of healthy corpus luteum (star) and follicle structure (arrow) within normal limits. B. 
Ovarian tissue of the StC group; Section showing degenerated secondary follicle (bilateral arrow), 
dilated congested blood vessel (straight arrow). C. Ovarian tissue of the StC group; section showing 
dilated congested blood vessel (straight arrow), hemorrhage, and edema (bilateral arrow). D. Ova-
rian gland of the SS group; Section showing congested blood vessels (arrows), the follicle (star), 
and corpus luteum (zigzag arrow). E. Ovarian tissue of the SC group; Follicle structure with fluid 
accumulation in the lumen and cystic change (arrow), section showing mild congestion (zigzag 
arrow). F. Ovarian tissue of the SSC group; Section, showing mildly congested blood vessel (zigzag 
arrow), corpus luteum (star). H&E x 200. HG, healthy group; SS, stress+sertraline group; SC, 
stress+cerebrolysin group; SSC, stress+sertraline+cerebrolysin group; StC, stress-treated control 
group. H&E x 200.

Table 1 
Infertility and reproductive process in rats preproductiveprocess in rats.

Groups
Non-infertile rats

n %
İnfertile rats

n %
Reproductive process 

(RP) (day)
Delay in maternity

(RP-21 days)

HG (n=8) 8 100 - -  24.63 ± 0.42* 3.63 ± 0.42*

SS (n=8) 6 75 2 25    30.17 ± 1.45**  9.17 ± 1.45**

SC (n=8) 3 37.7 5 62      36.00 ± 1.53***  15.00 ± 1.53***

SSC(n=8) 8 100 - - 25.75 ± 0.59 4.75 ± 0.59*

StC (n=8) 1 12 7 88 49.00 28.00
*, p>0.05 vs SSC; **, p<0.05 vs SC and SSC, ***; p<0.05 vs SS and SSC. Statistical analysis was done with 
one-way ANOVA, followed by the Tukey test. Results are expressed as mean±standard error of the mean. 
HG, healthy group; StC, stress-treated control group; SS, stress+sertraline group; SC, stress+cerebrolysin group; 
SSC, stress+sertraline+cerebrolysin group; n, number of animals.
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and leads to further destruction 21. As such, 
MDA level is known as a marker of oxidative 
stress and antioxidant status in patients 22. 
Our results, which align with these previous 
findings, showed that the amount of tGSH 
decreased significantly. At the same time, 
MDA increased in the ovarian tissues of ani-
mals exposed to stress. GSH is a tripeptide 
that can be found in most cells. GSH pro-
tects cells from the toxic effect of ROS by 
detoxifying hydrogen peroxide and organic 
oxides 23.

It is known that pro-inflammatory cyto-
kine production plays a role in parallel with 
excessive oxidant production in the patho-
genesis of ovarian damage, infertility, and 
delay in achieving pregnancy that develops 
due to stress and other factors 9,24. Our re-
sults, accordingly, showed that TNF-α, L-1β 
and IL-6 levels increased in the ovarian tis-
sue of animals with infertility and delay in 
achieving pregnancy. In studies with pa-
tients, it has been reported that TNF-α, IL-
6, and other pro-inflammatory cytokines are 
among the factors that lead to infertility in 
ovarian pathologies 25. Oxidative stress and 
pro-inflammatory cytokines increase in psy-
chological disorders such as depression and 
anxiety, as mentioned above 7.

It has been reported that stress is asso-
ciated with depression, and depression may 
lead to ovarian dysfunction 26. Sertraline 

was more effective than cerebrolysis against 
stress-related ovarian damage, infertility, 
and pregnancy delay. The fact that sertraline 
is more effective than cerebrolysin may be 
due to its more significant inhibition of over-
production of oxidant and pro-inflammatory 
cytokines than cerebrolysin. Sertraline has 
antioxidant properties as mentioned here-
inabove 10. Moreover, it is argued that the 
antidepressant and anxiolytic effect of ser-
traline is based on suppressing excessive 
production of TNF-α, L-1β, IL-6, and other 
pro-inflammatory cytokines 12,13. It has been 
documented that the antidepressant effect 
of cerebrolysin is due to the reduction of oxi-
dative stress and cytokine-related inflamma-
tion 14. Cerebrolysin is also a neuroprotec-
tive and neurotrophic drug 27. The fact that 
the use of an antidepressant drug together 
with a drug with neuroprotective properties 
increases the effectiveness of the treatment 
has been reported in the literature 15. The 
administration of sertraline and cerebroly-
sin in combination suppressed oxidant and 
inflammatory markers in ovarian tissue bet-
ter than sertraline and cerebrolysin adminis-
tered alone. It also better prevented stress-
related infertility and delay in achieving 
pregnancy in our study.

Severe histopathological injury was 
seen in the ovarian tissue of the stress 
group. In addition, mild cystic changes in 

Table 2 
Histopathological examination of ovarian tissues.

Groups Congestion Hemorrhage Follicle cell 
degeneration

Water 
accumulation in 

follicle cells

Cystic change 
in follicles

Edema

HG (n=6) 0(0-0)* 0(0-0)* 0(0-0)* 0(0-0)* 0(0-0)* 0(0-0)*

SS (n=6) 1(0-2)* 0(0-0)* 0(0-1)* 0(0-0)* 0(0-0)* 0(0-0)*

SC (n=6) 1(0-2)* 0(0-0)* 0(0-0)* 1(0-2)** 1(1-1)** 0(0-0)*

SSC (n=6) 1(0-1)* 0(0-0)* 0(0-0)* 0(0-0)* 0(0-0)* 0(0-0)*

StC (n=6) 3(2-3)** 3(3-3)** 3(2-3)**- 0(0-0)* 0(0-0)* 3(2-3)**
Histopatological grading; 0-normal, 1- mild injury, 2-moderate injury, and 3-severe injury. *, p>0.05 vs other groups 
with the same sign; **, p<0.05 vs other groups. Kruskal Wallis test was used. Results are expressed as median 
(minimum -maximum).  HG, healthy group; SS, stress+sertraline group; SC, stress+cerebrolysin group; SSC, 
stress+sertraline+cerebrolysin group; StC, stress-treated control group.
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the follicles and water accumulation in the 
follicle cells were observed in the stress and 
cerebrolysin group, while adding sertraline 
to the treatment prevented these changes. 
Combination therapy, sertraline, and cere-
brolysin were the best suppressors of his-
topathological damage, respectively. It is 
known that oxidant and pro-inflammatory 
cytokines lead to hemorrhage, congestion, 
follicle degeneration, inflammatory cell in-
filtration, and necrosis in the ovarian tissue 
24. Infertility and delay in achieving preg-
nancy developed in the stress-treated con-
trol group in which severe histopathological 
damage was detected in the ovarian tissue, 
as can be understood from our results. Ince 
et al. reported severe follicle degeneration 
in ovaries with high MDA and low tGSH lev-
els 28. In another study by Ince et al. stated 
that severe degeneration was found in the 
ovarian follicles of animals in which sterility 
and delay in achieving pregnancy developed 
29. It was revealed in the study of Kadioglu 
et al. that the stress induced by the forced 
immobilization method causes widespread 
congestion, hemorrhage, accumulation of 
fluid, and inflammatory infiltration in the 
subcapsular area in the ovaries. Infertility, 
delay in achieving pregnancy, decrease in 
the number of offspring, and intrauterine 
physical developmental retardation were 
found in the animal group with these histo-
pathological signs 9. The stress induced by 
the FIM has led to oxidative and inflammato-
ry damage in the ovarian tissue of animals, 
sterility, and delay in achieving pregnancy. 
The combination therapy of sertraline and 
cerebrolysin were the drugs that best pre-
vented ovarian damage, infertility, and delay 
in achieving pregnancy, respectively. This 
information has revealed the fact that anti-
depressant drugs with antioxidant and anti-
inflammatory effects might be useful in the 
treatment of stress-related ovarian damage, 
infertility and delay in achieving pregnancy. 
It has been revealed particularly that the 
combination of antidepressant (sertraline) 

and neuroprotective / neurotrophic (cere-
brolysin) drug combination may be more 
beneficial. In line with this information 
sertraline, cerebrolysin and their combi-
nation may be preferred in treating stress-
associated ovarian damage, infertility, and 
delay in achieving pregnancy. However, it is 
required to investigate antidepressant and 
neuroprotective/neurotrophic drug combi-
nations from different groups in the future 
to confirm these findings.
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Resumen. El objetivo de este estudio fue determinar la frecuencia de uro-
patógenos multirresistentes (MDR) y con resistencia extendida (XDR) aislados 
de pacientes adultos de la comunidad de Barinas, Venezuela, durante el año 
2022. De un total de 1019 urocultivos provenientes de pacientes que asistie-
ron al Laboratorio Clínico Microbiológico Barinas, 337 (33,07%), fueron selec-
cionados según criterios de inclusión. El procesamiento microbiológico de las 
muestras se realizó por métodos convencionales. Las pruebas de susceptibilidad 
antimicrobiana y la determinación de betalactamasas de espectro extendido, se 
realizaron por métodos fenotípicos estandarizados. La clasificación en cepas 
MDR y XDR se llevó a cabo según criterios internacionales. Los datos fueron 
procesados mediante estadística descriptiva y análisis de frecuencia. De los 337 
urocultivos analizados, el 70,92% correspondió a pacientes del sexo femenino, 
de edades comprendidas entre 31 y 60 años. De los uropatógenos identificados, 
el 93,17% estuvo representado por Enterobacterales, donde Escherichia coli 
destacó con un 87,54%, seguido por Pseudomonas aeruginosa (2,67%) y Ente-
rococcus faecalis (1,48%). El 87,12% de las cepas de E. coli presentaron resis-
tencia por lo menos a un antibiótico, 46,78% era del fenotipo MDR y 5,42% del 
XDR. En general, más de la mitad de los uropatógenos identificados se distribu-
yeron entre los fenotipos MDR y XDR. Los resultados evidencian la necesidad de 
desarrollar investigaciones locales que permitan mejorar las terapias empíricas 
y dirigidas en las infecciones del tracto urinario, además de realizar acciones de 
concienciación para el uso racional de los antibióticos y mejorar la vigilancia 
epidemiológica de cepas multirresistentes circulantes en la región.
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Multidrug-resistant and extensively antimicrobial-resistant 
uropathogens isolated from adult patients in Barinas, 
Venezuela.

Invest Clin 2023; 64 (4): 524 – 532

Keywords: urinary infection; uropathogens; antimicrobial-resistance; multidrug-
resistance; extensive-drug resistance.

Abstract. This study aimed to determine the frequency of multidrug-resis-
tant (MDR) and extensively drug-resistant (XDR) uropathogens isolated from 
adult patients in Barinas City, Venezuela, in 2022. Of 1019 urine cultures from 
patients who attended the Barinas Clinical Microbiological Laboratory, 337 
(33.07%) were selected according to inclusion criteria. The microbiological 
processing of urine was carried out through conventional methods. Antimicro-
bial susceptibility tests and extended-spectrum beta-lactamase determination 
were performed using standardized phenotypic methods. The classification of 
MDR and XDR strains was conducted according to international criteria. Data 
were processed through descriptive statistics and frequency analysis. Of 337 
urine cultures analyzed, 70.92% corresponded to female patients, and the age 
groups between 31 and 60 years were the most frequent. Of the uropathogens 
identified, 93.17% were represented by Enterobacterales, where Escherichia 
coli stood out with 87.54%, followed by Pseudomonas aeruginosa (2.67%) and 
Enterococcus faecalis (1.48%). Of the E. coli strains, 87.12% presented resis-
tance to at least one antibiotic, with 46.78% MDR and 5.42% XDR. In general, 
more than half of the uropathogens identified were distributed either as MDR 
or XDR phenotypes. The results show the need to develop local research to im-
prove empirical and targeted therapies in urinary tract infections, in addition 
to awareness actions for the rational use of antibiotics and epidemiological 
surveillance of multiresistant strains circulating in the region.

           Received: 15-01-2023       Accepted: 18-05-2023

INTRODUCCIÓN

La infección del tracto urinario (ITU), 
es uno de los principales motivos de consul-
ta en la atención primaria y se considera una 
de las causas más frecuentes para la pres-
cripción de antibióticos 1. El aumento de la 
resistencia a los antimicrobianos, junto con 
las consecuencias negativas que confiere el 
uso de antibióticos de amplio espectro so-
bre la salud de la microbiota del hospede-

ro, han resaltado las desventajas del trata-
miento empírico para las ITU 1,2. La razón 
del avance de la resistencia a los antibióticos 
en las bacterias uropatógenas es multifacto-
rial, pero pueden identificarse como causas 
importantes el uso indebido de los antibióti-
cos, la falta de adherencia al tratamiento y la 
automedicación 3.

La resistencia antimicrobiana es un 
fenómeno dinámico en expansión, que va-
ría de acuerdo a la región geográfica, así 
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como a las diferentes áreas de un hospital 
3,4. En este contexto, conocer el patrón de 
susceptibilidad de los uropatógenos frente 
a los antibióticos es importante, no solo 
para elaborar guías de tratamiento empí-
rico que permitirían iniciar un tratamien-
to eficaz, sino también para determinar la 
complejidad del fenotipo de resistencia de 
los microrganismos, conocidos como mul-
tirresistentes, con resistencia extendida o 
panresistentes (MDR, XDR, y PDR por sus si-
glas en inglés, respectivamente) 1-5. En con-
secuencia, la probabilidad de adecuación de 
la terapia antimicrobiana disminuye con el 
aumento de la resistencia antimicrobiana, 
y el desarrollo de nuevos agentes antibacte-
rianos no es tan rápido como el incremento 
de la tasa de microorganismos resistentes2,6. 
Por consiguiente, es indispensable realizar 
una evaluación periódica, preferiblemente 
anual, de la prevalencia y la resistencia bac-
teriana de los uropatógenos más frecuentes 
e implementar redes de vigilancia regional 
de susceptibilidad antimicrobiana, como 
ha sugerido la Organización Mundial de la 
Salud 7. 

En Venezuela son pocos los reportes 
que describen los patrones complejos de 
susceptibilidad de uropatógenos aislados 
en pacientes no hospitalizados 3,8,9. Por tal 
motivo, en este trabajo se determinó la fre-
cuencia de uropatógenos multirresistentes 
(MDR) y con resistencia extendida (XDR), 
aislados de pacientes adultos de la comu-
nidad, en la ciudad de Barinas, Venezuela, 
durante el año 2022.

MATERIALES Y MÉTODOS

Diseño del estudio y selección de la 
muestra. Se realizó un estudio observacio-
nal y retrospectivo en el laboratorio privado 
Microbiología Barinas C.A., donde se anali-
zaron los datos clínicos, epidemiológicos y 
microbiológicos de pacientes adultos con 
diagnóstico de infección del tracto urinario 
(ITU), procedentes del área urbana y semiur-
bana de la ciudad de Barinas, Venezuela, du-

rante el período de enero a diciembre del 
2022. La fuente de información fue obtenida 
a través de la base de datos del laboratorio y 
estos transcritos a fichas de trabajo diseña-
das para tal fin.

La selección de los pacientes se realizó 
de acuerdo a los siguientes criterios de in-
clusión: 

• Pacientes mayores de 18 años.

• Pacientes sintomáticos con ITU con 
urocultivo positivo a partir de muestras 
clínicas tomadas por micción espontá-
nea, con contaje ≥105 UFC/mL en mu-
jeres y ≥103UFC/mL en hombres.

• Datos clínicos y epidemiológicos 
completos para cada paciente

Criterios de exclusión:
• Pacientes pediátricos

• Urocultivos negativos o contaminados

• Pacientes hospitalizados o con histo-
ria de hospitalización en los últimos 3 
meses

• Pacientes con tratamiento antibiótico

• Pacientes con catéter vesical

• Pacientes embarazadas

• Pacientes con datos incompletos

Procesamiento microbiológico. El ais-
lamiento e identificación microbiológica de 
los uropatógenos se realizó utilizando meto-
dologías convencionales basadas en pruebas 
bioquímicas y fisiológicas de acuerdo a los 
procedimientos recomendados por la Socie-
dad Americana de Microbiología 10. 

Pruebas de susceptibilidad antimicro-
biana. La susceptibilidad antimicrobiana se 
determinó mediante el método de difusión 
del disco, y la interpretación de los perfiles 
de susceptibilidad se basó en los puntos de 
cortes vigentes, establecidos por el Instituto 
de Estandarización de Laboratorios Clíni-
cos (CLSI por sus siglas en inglés, 2022) 11. 
Los antibióticos (Oxoid) ensayados fueron: 
ampicilina (AMP 10 µg), amikacina (AMK 
30 µg), cefazolina (CFZ 30 µg), ciprofloxa-
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cina (CIP 5 µg), fosfomicina (FOS 200 µg), 
gentamicina (GEN 10 µg), nitrofurantoina 
(NIT 300 µg) y trimetoprim/sulfametoxazol 
(SXT 1,25/23,75 µg). La detección fenotípi-
ca de betalactamasas de espectro extendido 
(BLEE), se realizó utilizando la prueba del 
doble disco combinado (DDC), también de 
acuerdo a lo descrito en el CLSI, 2022. Las 
definiciones de las cepas multirresistentes 
(MDR) y con resistencia extendida (XDR), 
se basaron en la terminología internacional 
estandarizada, propuesta por el Centro de 
Control de Enfermedades (CDC) y el Cen-
tro Europeo para la Prevención y el Control 
de Enfermedades (ECDC) 5. La categoría no 
MDR se definió como aquellas cepas que 
presentaron resistencia a un máximo de dos 
grupos de antimicrobianos y las que demos-
traron sensibilidad a todos los antibióticos 
ensayados se denominaron pansensibles.

Análisis estadístico. Los datos fueron 
analizados utilizando el programa SPSS ver-
sión 21 (IBM Corporation, New York, USA). 
Las variables continuas se describieron 
como promedio y desviación estándar y las 
nominales y ordinales se señalaron con por-
centajes. 

Consideraciones bioéticas. Este estu-
dio fue aprobado por el Comité de Investi-
gación y Ética de la Facultad de Medicina, 
Postgrado en Ciencias Médicas Fundamen-
tales, Universidad de Los Andes, Mérida, Ve-
nezuela (Acta Nº PCMF09-CDV-02-2022) y 
fue considerado “sin riesgo” de acuerdo los 
principios éticos internacionales descritos 
en la Declaración de Helsinki 7º Ed. 2013. 
Se protegió la privacidad de los datos de los 
pacientes y estos fueron manejados con es-
tricta confidencialidad solo para fines de in-
vestigación y académicos.

RESULTADOS

Durante el año 2022 se procesaron 
1019 urocultivos. Posteriormente, al apli-
car los criterios de inclusión determinados 
para este estudio, la población definitiva se-

leccionada estuvo constituida por 337 uro-
cultivos positivos, representando el 33,07% 
del total de muestras analizadas. El 70,92% 
(244/337) de los urocultivos estudiados co-
rrespondíó a pacientes del sexo femenino de 
edades comprendidas entre 21 y 60 años. Por 
el contrario, las muestras de orina de pacien-
tes masculinos procedían marcadamente de 
personas mayores de 61 años (Tabla 1).

Los uropatógenos identificados en este 
estudio se señalan en la Tabla 2. Se aisló un 
total de 337 microorganismos, el 93,17% de 
estos estuvo representado por las Enterobac-
terales, donde destacó Escherichia coli con 
un 87,54%. El segundo lugar lo ocuparon los 
bacilos Gram negativos no fermentadores 
(3,86%), distinguiéndose Pseudomonas aeru-
ginosa con un 2,67%, mientras que los cocos 
Gram positivos se ubicaron en el tercer lugar 
(2,97%), Enterococcus faecalis fue el más fre-
cuentemente aislado de este grupo (1,48%). 

En la Tabla 3, se muestra el perfil de 
susceptibilidad antimicrobiana de las cepas 
de E. coli, el principal uropatógeno aislado 
en las muestras analizadas. 

Tabla 1 
Distribución de las muestras de orina  

positivas al estudio microbiológico de acuerdo  
al grupo etario y sexo.

Sexo

Grupo etario 
(años)

Total
Nº (%)

Femenino
Nº (%)

 Masculino
Nº (%)

18-20 9 (2,67) 8 (3,35) 1 (1,02)

21-30 28 (8,31) 27 (11,30) 1 (1,02)

31-40 49 (14,54) 47 (19,66) 2 (2,04)

41-50 37 (10,98) 33 (13,81) 4 (4,08)

51-60 58 (17,21) 49 (20,50) 9 (9,18)

61-70 63 (18,69) 33 (13,81) 30 (30,61)

71-80 65 (19,29) 32 (13,39) 33 (33,67)

> 80 28 (8,31) 10 (4,18) 18 (18,37)

Total 337 (100) 239 (70,92) 98 (29,08)
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Los resultados indican que solo el 
12,88% (38/295) de las cepas E. coli fue to-
talmente sensibles al panel de antibióticos 
probados, mientras que el resto, 87,12% 
(257/295) presentó por lo menos un marca-
dor de resistencia. Veintiséis cepas (26/257; 
10,12%), mostraron resistencia a algunos 
de los antibióticos ensayados, sin presen-
tar producción de BLEE. Por el contrario, 
231 (85,88%) E. coli, mostraron diferentes 
patrones de resistencia, donde la produc-
ción de BLEE fue una característica común. 
Al respecto, resalta que más de la mitad 
(154/231; 66,67%) de las cepas productoras 
de BLEE desplegaron fenotipos complejos 
de multirresistencia (138/231; 59,74%) y 
con resistencia extendida (16/231; 6,93%). 
Las cepas MDR mostraron por lo menos 6 
patrones diferentes con la asociación de va-
rios marcadores de resistencia, donde la pre-
sencia de BLEE, la resistencia a ciprofloxaci-
na y trimetoprim/sulfametoxazol fueron las 
más comunes. 

Tabla 2 
Uropatógenos aislados en pacientes adultos  

con infección del tracto urinario provenientes 
de la comunidad.

Microorganismos aislados (n= 337) Nº %

Enterobacterales 314 93,17

   Escherichia coli 295 87,54

   Proteus mirabilis 11 3,26

   Klebsiella spp 4 1,19

   Complejo Enterobacter cloacae 4 1,19

Bacilos Gram Negativos  
no fermentadores

 
13

 
3,86

   Pseudomonas aeruginosa 9 2,67

   Complejo Acinetobacter  
   baumannii

 
4

 
1,19

Cocos Gram positivos 10 2,97

   Enterococcus faecalis 5 1,48

   Staphylococcus aureus 3 0,89

   Enterococcus spp 1 0,30

   Staphylococcus spp 1 0,30

Tabla 3 
Patrones de susceptibilidad antimicrobiana 
de 295 cepas de Escherichia coli, aisladas de 
pacientes con infección del tracto urinario 

provenientes de la comunidad.

Patrón de susceptibilidad N° %

Pansensible 38 12,88

Resistente 257 87,12

Total no multirresistentes (no MDR) (n= 103)

Resistentes sin BLEE 

CIP 8 30,77

AMP 1 3,85

SXT 6 23,08

CIP; SXT 4 15,38

GEN; SXT 1 3,85

SAM; SXT 1 3,85

SAM; NIT 1 3,85

GEN; CIP; FOS 1 3,85

GEN; CIP, SXT 2 7,69

AMP; CIP, SXT 1 3,85

BLEE sin otros marcadores  
de resistencia

 
6

 
2,60

BLEE+ con asociación a un marcador  
de resistencia 

BLEE+ CIP 29 12,66

BLEE+ SXT 24 10,66

BLEE+ NIT 18 8,00

Multirresistentes (MDR) (n= 138)

BLEE+ CIP; SXT; FOS 42 30,43

BLEE+ CIP; SXT; NIT 36 26,09

BLEE+ CIP; SXT; GEN 24 17,39

BLEE+ CIP; SXT; NIT 16 11,59

BLEE+ CIP; GEN; AMK 12 8,70

BLEE+ CIP; GEN; SXT 8 5,80

Resistencia extendida (XDR) (n= 16)

BLEE+ CIP; SXT; NIT; GEN; 
AMK; FOS

 
15

 
93,75

BLEE+ CRE; CIP; SXT; NIT; 
GEN; FOS

 
1

 
6,25

BLEE: betalactamasa de espectro extensivo; CRE: car-
bapenemasa; AMP: ampicilina; AMK: amikacina; CIP: 
ciprofloxacina; FOS: fosfomicina; GEN: gentamicina; 
NIT: nitrofurantoina; SXT: trimetoprim/sulfametoxazol.
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En relación a las cepas XDR, solo se ob-
servaron dos patrones de resistencia confor-
mados por la combinación de 7 grupos de 
antibióticos.

Los niveles o categorías de suscep-
tibilidad de los uropatógenos aislados se 
muestran en la Tabla 4. Del total de 337 
uropatógenos aislados, el 15,13% fue pan-
sensible y ninguna cepa mostró resistencia 
a todos los antibióticos probados, es decir 
no hubo uropatógenos panresistentes. Las 
cepas no MDR (resistentes entre 1 a 3 gru-
pos de antibióticos) solo fueron observadas 
en E. coli (34,92%). En el grupo de MDR, 
todas las especies bacterianas identificadas 
en este estudio presentaron cepas con esta 
categoría, excepto Enterococcus spp y Sta-
phylococcus spp, cuyos únicos representan-
tes fueron pansensibles. La categoría XDR, 
además de E. coli, fue observada en cepas 
de K. pneumoniae, P. aeruginosa y en el 
complejo Acinetobacter baumannii. En ge-
neral, los uropatógenos aislados se distribu-

yeron con mayor frecuencia en la categoría 
MDR (48,37%). E.coli fue la única especie 
que presentó cepas en todas las categorías 
de susceptibilidad estudiadas (pansensible, 
no MDR, MDR y XDR) excepto en la panre-
sistente.

DISCUSIÓN

Las infecciones del tracto urinario 
(ITU) se encuentran entre las causas de 
consulta ambulatoria y de urgencias más 
frecuentes 2. Estas infecciones son causadas 
predominantemente por E. coli, y cuando 
son adquiridas en la comunidad y la presen-
tación clínica no es complicada, son tratadas 
empíricamente 12. Sin embargo, en los últi-
mos años, se ha observado un aumento de E. 
coli uropatógenas con perfiles de MDR y con 
resistencia extendida (XDR), que no solo di-
ficultan el tratamiento de las ITU, sino que 
también aumentan el riesgo de una enferme-
dad prolongada y de mortalidad 1-3. 

Tabla 4 
Distribución de los uropatógenos aislados de pacientes adultos con infección del tracto urinario  

de acuerdo a categorías de susceptibilidad.

Uropatógeno Total 
Nº (%)

Pansensible 
Nº (%)

No MDR
Nº (%)

MDR
Nº (%)

XDR
Nº (%)

PDR
Nº (%)

Enterobacterales

   Escherichia coli 295 (87,54) 38 (12,88) 103 (34,92) 138 (46,78) 16(5,42) 0

   Proteus mirabilis 11 (3,26) 6 (54,55) 0 5 (45,45) 0 0

   Complejo Klebsiella pneumoniae 4 (1,19) 0 0 3 (75,00) 1 (25,00) 0

   Complejo Enterobacter cloacae 4 (1,19) 0 0 4 (100) 0 0

Bacilos Gram negativos no fermentadores

   Pseudomonas aeruginosa 9 (2,67) 2 (22,22) 0 6 (66,66) 1 (11,11) 0

   Complejo Acinetobacter baumannii 4 (1,19) 0 0 2 (50,00) 2 (50,00) 0

Cocos Gram positivos

   Enterococcus faecalis 5 (1,48) 3 (60,00) 0 2 (40,00) 0 0

   Complejo Staphylococcus aureus 3 (0,89) 0 0 3 (100) 0 0

   Enterococcus spp. 1 (0,29) 1 (100) 0 0 0 0

   Staphylococcus spp. 1 (0,29) 1 (100) 0 0 0 0

Total 337 (100) 51 (15,13) 103 (30,56) 163 (48,37) 20 (5,94) 0
No MDR: resistencia entre 1 a 2 grupos de antimicrobianos; MDR: multirresistencia antimicrobiana; XDR: resisten-
cia extendida a los antimicrobianos; PDR: panresistentes a los antimicrobianos.
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Es conocido que las ITU no complica-
das, adquiridas en la comunidad, son par-
ticularmente frecuentes entre las mujeres 
jóvenes, en edad reproductiva y en una gran 
mayoría de estas, es común que experimen-
ten al menos un episodio de infección uri-
naria en su vida 2. Uno de los factores más 
importantes que afectan el manejo de la ITU 
en los últimos años, ha sido la aparición de 
la resistencia a los antimicrobianos, impli-
cando este fenómeno un verdadero reto para 
el médico tratante 1-9. 

E. coli fue el uropatógeno más frecuen-
te identificado en este estudio y el que mos-
tró más resistencia Por otra parte, de todas 
las cepas de E. coli aisladas, las productoras 
de BLEE predominaron en más del 85%. Si-
milares resultados han sido reportados en 
otras regiones del país, de manera que E. 
coli uropatógena productora de BLEE, aisla-
da en ambientes intra o extra hospitalarios, 
es una característica común en el ámbito na-
cional 8,9,13-15. Es importante destacar que las 
cepas de E. coli, además de ser productoras 
de BLEE, presentaron resistencia asociada 
a otros antibióticos, conformando distintos 
patrones de resistencia complejos, los cuales 
se distribuyeron en fenotipos compatibles 
con MDR y XDR. Es probable que estos fe-
notipos particulares se deban, además de las 
BLEE, a la presencia de determinantes de re-
sistencia adicionales que median la produc-
ción de enzimas modificadoras de aminoglu-
cósidos, bombas de expulsión y alteraciones 
de la permeabilidad de la pared celular, en-
tre otros mecanismos 2,9,14. 

La resistencia a los antimicrobianos es 
un fenómeno creciente en expansión que 
no conoce fronteras geográficas ni ecoló-
gicas. Hasta hace poco se pensaba que los 
uropatógenos multirresistentes causaban 
infecciones urinarias complicadas solo en 
pacientes hospitalizados, como lo demos-
traron Quijada-Martínez y col. 14,15, cuando 
reportaron una variedad de cepas de Ente-
robacterales XDR en los diferentes servicios 
de Medicina Interna del Hospital Universi-
tario de Los Andes (Mérida, Venezuela). 

Ahora, y con base en los hallazgos obteni-
dos en este estudio, no solo E. coli ,sino la 
mayoría de los uropatógenos aislados en 
esta investigación, demostraron tener re-
sistencias compatibles con fenotipos MDR 
y XDR, lo que hace pensar que la urobiota 
del tracto urinario se ha convertido en uno 
de los principales reservorios de genes de 
resistencia 2,3,14,15. Aunque desde el punto de 
vista genético, la resistencia de estos uro-
patógenos a diferentes antibióticos, puede 
explicarse en parte, por la selección de mu-
taciones cromosómicas. El mecanismo más 
importante y comúnmente involucrado, es 
la adquisición de genes exógenos localiza-
dos en elementos genéticos transferibles 
como los plásmidos y los transposones. 
Entre estos genes, el papel fundamental lo 
desempeñan los que codifican para la pro-
ducción de BLEE, carbapenemasas y las be-
talactamasas tipo AmpC 1,3,8,9,14,15.

Desafortunadamente, cuando se com-
paran con las infecciones atribuibles a mi-
croorganismos susceptibles, las ITU causa-
das por uropatógenos MDR y XDR, tienen un 
mayor riesgo de evolucionar hacia la cronici-
dad, la severidad de la infección o la muerte 
1-3,12. Este hecho se debe, principalmente, al 
aumento de las probabilidades de iniciar una 
terapia antimicrobiana empírica ineficaz y al 
fracaso clínico de la terapia dirigida, incluso 
cuando se prescriben antibióticos con acti-
vidad in vitro 2. Al respecto, la mayoría de 
las guías internacionales para el diagnóstico 
y tratamiento de las infecciones urinarias, 
señala que la selección de la antibioterapia 
empírica inicial, se basará en el perfil local 
de susceptibilidad de los uropatógenos, evi-
tando aquellos antibióticos donde el registro 
de resistencia supere el 20% 2,13,16.

Si bien este estudio, probablemente, 
puede no reflejar la situación epidemioló-
gica a nivel nacional, los resultados de esta 
investigación son relevantes para establecer 
parámetros de referencia local, especialmen-
te en aquellos casos que permitan mejorar la 
calidad y seguridad de la asistencia médica, 
así como la optimización de las conductas 
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terapéuticas, dada la importancia que tiene 
la ITU como una patología frecuente en la 
consulta ambulatoria. 

En conclusión, una variedad de uropa-
tógenos fue aislada en las muestras de orina 
de pacientes adultos, provenientes de las zo-
nas urbanas y semiurbanas de la ciudad de 
Barinas. Sin embargo, E. coli destacó como 
principal agente etiológico. La mayor par-
te de estas cepas mostró diversos patrones 
de resistencia, en los que se incluyeron fe-
notipos productores de BLEE asociados a la 
resistencia a diferentes antibióticos, que ge-
neraron fenotipos complejos de resistencia 
tipo MDR y XDR. Cepas con estas categorías 
de resistencia, generan gran preocupación 
y evidencian la necesidad de desarrollar in-
vestigaciones locales urgentes que permitan 
monitorizar los perfiles de susceptibilidad 
de patógenos de interés epidemiológico para 
orientar las terapias empíricas y las dirigi-
das, además de realizar acciones de concien-
ciación para el uso racional de los antibióti-
cos y la vigilancia epidemiológica de cepas 
multirresistentes circulantes en la región.
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Evaluation of myocardial infarction  
by a 12-lead routine electrocardiogram:  
a case report of an ST-segment elevation.
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Abstract. The spiked helmet sign (SHS) is a type of ST-segment elevation 
associated with critical cardiac disease and a high risk of death. We report a 
case of SHS caused by an ECG artifact. A 60-year-old male patient presented 
to the clinic after suffering an electric shock. The initial 12-lead routine elec-
trocardiogram showed an SHS. The patient received appropriate intravenous 
fluid replacement therapy, and after 30 minutes, the ST-T changes of the 12-
lead electrocardiogram were all restored to normal. The patient was discharged 
after a 24-hour observation period in the emergency room. Recent studies have 
pointed out that there may be two different types of SHS. One is the mechanical 
factor, and the other is the significant prolongation of the QT interval. The two 
types have different clinical significance. In our report, the radial artery of the 
patient’s right wrist pulsed strongly, and after the occurrence of SHS, the SHS 
disappeared after adjusting the contact position of the electrode in his right 
arm. This SHS caused by mechanical traction was an ECG artifact. Although 
the SHS may be an essential indicator of critical illness, there are mechanical 
factors that lead to the appearance of ECG artifacts. Therefore, in clinical work, 
obtaining a complete medical history and primary conditions of the patient at 
the time of ECG sampling is necessary to help the diagnosis and thus avoid er-
roneous treatment.
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Evaluación del infarto de miocardio mediante  
un electrocardiograma de rutina de 12 derivaciones:  
reporte de un caso de elevación del segmento ST.

Invest Clin 2023; 64 (4): 533 – 538

Palabras clave: electrocardiograma; signo del casco prusiano; elevación del segmento 
ST; infarto del miocardio.

Resumen. El signo del casco prusiano (signo del casco con púa-SHS) es 
un tipo de elevación del segmento ST asociado con enfermedad cardíaca crítica 
y un alto riesgo de muerte. Presentamos un caso de SHS causado por un arte-
facto del ECG. Un paciente varón de 60 años acudió a la clínica tras sufrir una 
descarga eléctrica. El electrocardiograma de rutina inicial de 12 derivaciones 
mostró un SHS. El paciente recibió una terapia de reposición de líquidos por 
vía intravenosa adecuada y, después de 30 minutos, los cambios ST-T del elec-
trocardiograma de 12 derivaciones se normalizaron. El paciente fue dado de 
alta después de un período de observación de 24 horas en la sala de emergen-
cias. Estudios recientes han señalado que puede haber dos tipos diferentes de 
SHS. Uno debido a un factor mecánico y el otro es la prolongación significativa 
del intervalo QT. Los dos tipos tienen un significado clínico diferente. En nues-
tro reporte, la arteria radial de la muñeca derecha del paciente pulsaba con 
fuerza, y después de la aparición del SHS, este desapareció después de ajustar 
la posición de contacto del electrodo en su brazo derecho. Este SHS causado 
por tracción mecánica era un artefacto del ECG. Aunque el SHS puede ser un 
indicador esencial de enfermedad crítica, existen factores mecánicos que con-
ducen a la aparición de artefactos en el ECG. Por lo tanto, en la práctica clínica, 
es necesario obtener una historia clínica completa y observar las condiciones 
primarias del paciente en el momento de la toma de muestras del ECG para 
ayudar al diagnóstico y así evitar un tratamiento erróneo.

           Received: 19-06-2023       Accepted: 05-08-2023

INTRODUCTION

The ST-segment elevation is typical in 
acute myocardial infarction. In 2011, Lit-
tmann et al. reported a particular type of 
ST-segment elevation, which presented as 
ST-segment inferior oblique elevation with 
baseline superior oblique elevation of the 
QRS wavefront and a sharp R wave. Because 
of its graphic characteristics similar to the 
shape of the pointed helmet used by German 
soldiers, this electrocardiogram (ECG) find-

ing was named the spiked helmet sign (SHS) 
1. In the existing literature, SHS is usually as-
sociated with critical illnesses such as acute 
myocardial infarction and predicts very poor 
clinical outcomes, including death2,3. Howev-
er, the mechanism and clinical significance 
of SHS is still unclear.

ECG artifacts caused by various inter-
ferences are often encountered in clinical 
work 4. Although common interferences 
can be identified in combination with ECG 
morphology and clinical manifestations of 
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patients, some can also manifest as severe 
heart diseases, such as acute myocardial 
infarction, which is difficult for even expe-
rienced clinicians to identify. This case re-
ports the ECG manifestations of a patient 
who initially developed false SHS after an 
electric shock.

CASE DESCRIPTION

A 60-year-old man with no previous his-
tory of critical illness presented with head, 
chest, hip, and left elbow pain one hour af-
ter a fall. The patient was found lying on the 
ground at work one hour before. The patient’s 
co-workers claimed that he was injured due 
to a fall. The patient recalled the scene then 
and claimed that an electric shock caused it. 
The patient had an episode of transient coma 
and recovered spontaneously without nau-
sea, vomiting, convulsions, or dyspnea. At the 
time of presentation, the patient’s tempera-
ture was 36.6 °C, heart rate was 90 beats per 
minute, blood pressure was 150/70 mmHg, 
and oxygen saturation was 95%. The results of 
the physical examination were mild respirato-
ry sounds in both lungs, normal heart sounds, 

no evident murmur, warm limbs, about 1% of 
a third-degree burn area on the forearm of 
the left upper limb, movable limbs, and pal-
pable dorsalis pedis artery pulsation. A CT 
scan of the skull revealed swelling of the right 
scalp soft tissue. Creatine kinase and cre-
atine kinase-MB were 953.7U/L and 27U/L, 
respectively, which were higher than normal 
values. A 12-lead electrocardiogram (Fig. 1) 
revealed an SHS: lead (I, II, AVL, and AVF) 
showed an ST elevation of 0.05–0.1 mV with 
T-wave inversion, the lead AVR showed an ST 
depression of 0.05mm with T-wave bidirec-
tional changes, and QT interval extended to 
460 ms. During this period, the radial artery 
of the patient’s right wrist pulsated strongly, 
and the SHS phenomenon disappeared after 
adjusting the contact position of the right 
arm electrode. After that, the patient received 
appropriate intravenous rehydration therapy. 
After 30 minutes, the 12-lead electrocardio-
gram (Fig. 2) was reviewed, and all the ST-T 
changes in the electrocardiogram returned to 
normal. The patient was discharged without 
any abnormality after 24 hours of observation 
in the emergency department.

Fig. 1. The patient presented with a 12-lead routine ECG. Arrows indicate ST elevation of 0.05-0.1mv with T-
wave inversion in leads I, II, AVL, and AVF, and ST depression of 0.05mv in lead AVR with bidirectional 
changes in T-wave.
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DISCUSSION

In the twelve years since the SHS was 
first reported in 2011, several communica-
tions have portrayed the SHS as an indicator 
of critical illness and poor prognosis, with an 
alarming post-emergence mortality rate of 
59% 5. However, recent studies have divided 
the SHS into two types. The prolongation of 
the QT interval causes one, and the other is 
caused by the superposition of mechanical 
factors, which may be an ECG artifact 6.

Experimental data show that physical 
stretching of the skin can produce a voltage 
of several millivolts 7. The conductivity of ion 
channels in the heart will be changed under 
the pull of different tensions, affecting myo-
cardial cells’ action potential and changing 
the ECG pattern 8. In addition, recent stud-
ies support the conclusion that mechani-
cal factors contribute to the SHS. When 
Tomcsányi et al. placed the ECG lead over 
the arteriovenous fistula in the left arm of a 
hemodialysis patient, the ECG showed SHS, 
whereas when the electrodes were placed 
further on the normal epidermis, the SHS 
disappeared, meaning that SHS was caused 
by pulsatile epidermal stretching 6. Agarwal 

et al. reported that an SHS appeared in the 
ECG of a 77-year-old male patient who used 
mechanical ventilation when the pressure 
in the chest cavity increased, obviously due 
to excessive positive end-expiratory pres-
sure, but disappeared after reducing positive 
end-expiratory pressure 9. In this case, when 
compared with the ECG image in Fig. 1, we 
found no dynamic changes in ST-T in Lead 
III. According to Einstein’s triangle theory, 
Lead III was the potential difference between 
the left arm and left leg. When the artifact 
came to the right arm, there was an interfer-
ence artifact in leads I and II, and Lead III 
remained normal. The patient’s right wrist 
radial artery was beating strongly, and the 
ECG showed SHS, whereas the ECG disap-
peared after adjusting the position of the 
right arm electrode contact, similar to the 
case reported by Tomcsányi 10. Therefore, 
in our case, the SHS was an ECG artifact 
caused by mechanical traction.

The SHS phenomenon can be produced 
when limb lead electrodes are placed on the 
radial artery, indicating acute ST-segment 
elevation muscular infarction (STEMI). Al-
though an SHS may be an essential indicator 
of critical diseases, we must identify other 

Fig. 2. The patient’s ECG reviewed after 30 minutes. ST-T in leads I, II, AVR, AVL, and AVF returned to normal.
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conditions that can cause SHS and remain 
vigilant. Obtaining a complete medical his-
tory and the patient’s basic situation during 
ECG sampling can help clarify the truth of 
ECG performance, thus avoiding wrong di-
agnosis and over-treatment.
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Resumen. Se estima que 300 millones de personas padecen alguna infec-
ción fúngica y 1,5 millones fallecen anualmente a consecuencia de ella, similar 
a la mortalidad por tuberculosis y tres veces más que por malaria. Cifras que 
pueden ser mayores pues las micosis no son de denuncia obligatoria. Con las 
lecciones aprendidas durante la pandemia por SARS-CoV-19, el brote 2022 por 
viruela del mono, la resistencia a los antibacterianos y el reconocimiento por 
la OMS que las micosis reciben poca atención y recursos, sumado a que los 
antifúngicos disponibles poseen importantes efectos adversos, escasa biodispo-
nibilidad oral y creciente resistencia, se hace imperativo el desarrollo de nuevos 
antifúngicos con mejores características farmacocinéticas y farmacodinámicas, 
amplio espectro a costos accesibles y disponibles a nivel mundial. Es lo que 
queremos. Todo un reto.
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Antifungals: what we have, what we will have, what we want.

Invest Clin 2023; 64 (4): 539 – 556

Keywords: antifungals; mycoses; invasive fungal disease; antimicrobial resistance; Novel 
antifungals.

Abstract. It is estimated that 300 million people have some fungal infec-
tion, and 1.5 million die annually because of it, similar to the mortality from 
tuberculosis and three times more than malaria. These numbers may be higher 
since mycoses are not mandatory reporting. With the lessons learned during 
the SARS-CoV-19 pandemic, the 2022 outbreak of Monkeypox, the resistance 
to antibacterial, and the recognition by the WHO that mycoses receive very 
little attention and resources, added to the fact that available antifungals have 
significant adverse effects, poor oral bioavailability and growing resistance, it is 
imperative to develop new antifungals with better pharmacokinetics and phar-
macodynamic characteristics, a broad spectrum at affordable costs and world-
wide supply. It is what we want. A huge challenge.

           Recibido: 21-02-2023       Aceptado: 01-05-2023

INTRODUCCIÓN

Se estima que 300 millones de personas 
padecen alguna infección fúngica (aproxi-
madamente 3.000.000 de casos de aspergi-
losis pulmonar crónica y 250.000 de asper-
gilosis pulmonar invasiva, 223.100 casos de 
meningitis criptocóccica complicada con 
VIH/SIDA, 700.000 con candidosis invasiva, 
500.000 con neumonía por Pneumocystis 
jirovecii, 100.000 con histoplasmosis dise-
minada, 1.000.000 con keratitis fúngica y 
cerca de 200.000.000 con Tinea capitis) y 
al menos 1,5 millones fallecen anualmente 
a consecuencia de ella, cifra similar a la de 
mortalidad por tuberculosis y aproximada-
mente tres veces más a la de muertes produ-
cidas a consecuencia de la malaria, lo que las 
convierte en un problema de salud pública 
mundial 1-3. Números alarmantes que pueden 
ser mayores debido a que las enfermedades 
fúngicas no son de denuncia obligatoria en 
la mayoría de los sistemas de salud con el 
consiguiente subregistro de casos 4.

No obstante la creciente resistencia a 
los antifúngicos, los disponibles poseen im-
portantes efectos adversos y escasa biodispo-
nibilidad oral, por lo que se hace imperativo 
el desarrollo de nuevos antifúngicos con me-
jores características farmacocinéticas y far-
macodinámicas y menos efectos adversos5. 
A continuación, se describen los antifúngi-
cos disponibles actualmente en el mercado 
mundial, los que están en estudios fase 3 
y brevemente otras alternativas en estudio 
para el tratamiento de las micosis. 

LO QUE TENEMOS

Polienos: (nistatina, natamicina, 
anfotericina B) 

Los miembros de esta familia son in-
solubles en agua e inestables en presencia 
de luz. Comparten características químicas: 
cadenas insaturadas (tetraenos y heptaenos 
los de importancia clínica), un éster interno, 
un grupo carboxilo libre y una hexosamina 
lateral denominada micosamina, que es la 
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estructura química que se une al ergosterol 
formando canales o poros, lo cual permite 
la pérdida de iones y altera la estructura de 
la membrana, incrementando su permea-
bilidad con pérdida de proteínas y glúcidos 
citoplasmáticos causando la muerte celu-
lar6 (Fig. 1). Además, se ha reportado que la 
anfotericina B y la nistatina, promueven la 
producción de especies reactivas de oxígeno 
(ROS) e interleucina-1β (IL-1β) alterando 
la viabilidad de las biopelículas de hongos 
filamentosos y levaduras incluso antes de la 
formación de los poros de membrana, confi-
riéndoles efectos directos e indirectos en la 
destrucción de los hongos 7,8. El mecanismo 
de resistencia a los polienos consiste en re-
ducir la síntesis de ergosterol (C5-6 esterol 
desaturasa) y reducir la producción de ROS 

con alteración mitocondrial; efecto observa-
do en Candida tropicalis y algunas especies 
de Aspergillus 9,10. 

La nistatina (1951), aislada a partir 
de cultivos de Streptomyces noursei, tiene 
actividad sobre levaduras del género Can-
dida. No se absorbe por vía oral ni cutánea, 
empleándose la vía tópica en la candidosis 
vaginal, orofaríngea y en la infección gas-
trointestinal en inmunocomprometidos11. 
En modelos murinos, los ensayos combi-
nando nistatina con Intralipid® (emul-
sión lipídica para perfusión intravenosa), 
demostraron que puede administrarse de 
forma sistémica con muy buena respuesta 
contra la candidosis y aspergilosis sistémi-
ca 12,13, pero su uso endovenoso no ha sido 
autorizado en humanos.

Fig. 1. Mecanismos de acción y dianas de los antifúngicos disponibles (rectángulo amarillo) y los antifúngicos 
en desarrollo (rectángulo azul), señalando la enzima inhibida (rectángulo blanco) y el punto de la 
ruta metabólica afectada (equis).
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La natamicina (1955), derivada del 
Streptomyces natalensis, ha sido empleada 
en el tratamiento de la queratitis micótica 
por Aspergillus spp., Acremonium spp., Fusa-
rium spp. y algunas especies de Candida14, 15. 
Los análogos sintéticos de la natamicina ca-
recen de micosamina, por lo que no se unen 
a los esteroles de membrana, empleándose 
en la industria alimentaria para prevenir la 
contaminación por mohos 16.

La anfotericina B (1959) (AmB), ais-
lada del Streptomyces nodosus obtenido en 
muestras de suelo del río Orinoco, debe su 
nombre a las características anfotéricas de 
la molécula. Con más de 50 años en el mer-
cado (Fig. 2), sigue siendo considerada el 
Gold standard (Estándar de oro). en el tra-
tamiento de las micosis sistémicas, sin em-
bargo, a pesar de que los siete enlaces dobles 
en su estructura química le confieren mayor 
selectividad por el ergosterol que por el co-

lesterol de membrana 17-20, la nefrotoxicidad 
es el principal efecto adverso, atribuible pro-
bablemente, a la utilización de desoxicola-
to y fosfato sódico como excipiente 21. En 
la búsqueda de reducir los efectos adversos 
manteniendo el mismo espectro, en 1991 
salió al mercado la primera formulación li-
pídica compuesta de fosfatidilcolina hidro-
genada de soja: la anfotericina B liposomal 
(ABL), en 1994, la presentación en disper-
sión coloidal (ABDC), asociada a discos de 
sulfato de colesterol y en 1995 la anfoteri-
cina B complejo lipídico (ABCL), asociada a 
L-dimiristofosfatidilcolina y L-dimiristofos-
fatidilglicerol 22. Con excelente respuesta te-
rapéutica, tolerancia y menos efectos adver-
sos, su principal limitación es el costo. 

La nistatina, la anfotericina B desoxico-
lato y la AmB liposomal forman parte de la 
lista de medicamentos esenciales de la Orga-
nización Mundial de la Salud (OMS) 23.

Fig. 2. Evolución histórica de los antifúngicos y las nuevas alternativas en desarrollo.
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Azoles (imidazoles, triazoles, tetrazoles)
Los azoles son compuestos aromáticos 

heterocíclicos en los que uno o más átomos 
de carbono (C) son sustituidos por átomos 
de nitrógeno (N) que se unen mediante enla-
ces C-N a otros anillos aromáticos, formando 
cadenas con diferencias en las propiedades 
farmacodinámicas y farmacocinéticas 24. 
Inhiben la 14-α-esterol-desmetilasa, depen-
diente de la citocromo P450, acumulando 
metil-esteroles que son tóxicos para la mem-
brana fúngica, evitando la síntesis del ergos-
terol (Fig. 1) 24, 25. 

Los imidazoles son: clotrimazol, mico-
nazol, econazol, bifonazol, tioconazol, ke-
toconazol, sertraconazol (imidazol + grupo 
benzotifeno) y los triazoles: fluconazol, itra-
conazol, voriconazol, posaconazol, isavu-
conazol, SUBA-itraconazol (Super-Bioavai-
lability-Itraconazol): los miembros de esta 
familia poseen buena absorción por vía oral 
(incrementada con pH ácido) y son bien to-
lerados, sin embargo, por su metabolismo de 
primer paso hepático, presentan interacción 
farmacológica con inhibidores o inductores 
de las enzimas del sistema del citocromo 
P450, son hepatotóxicos y pueden prolongar 
el intervalo QT 26-28. En pacientes con patolo-
gía renal deben monitorizarse continuamen-
te, siendo el más seguro para estos pacientes 
el isavocunazol, pues por su alta solubilidad 
no se asocia a ciclodextrina, reduciendo la 
nefrotoxicidad 24. 

La resistencia a los azoles está asociada 
a: a) la ruta de la síntesis del ergosterol por 
mutación del gen ERG11 que modifica el si-
tio diana y/o mutaciones puntuales en ERG3 
e inactivación de la C5 esterol desaturasa, 
b) la sobreexpresión de trasportadores por 
modificación del CDR1/CDR2 y MDR1 con 
mutaciones en los factores de transcripción 
TAC1 y MRR1, incrementando el eflujo ex-
tracelular de la droga, c) la síntesis de bio-
películas (biofilm) y d) las especies genética-
mente resistentes a los azoles 9, 29.

Se utilizan en la profilaxis y tratamien-
to de infecciones fúngicas por Aspergillus 
spp, Candida spp, Cryptococcus spp, Histo-

plasma spp., Coccidioides spp. Cladophia-
lophora spp, Sporotrix spp. Fusarium spp, 
Lomentospora spp., Scedosporium spp., Ra-
samsonia, Schizophyllum, Scopulariopsis, 
Paecilomyces, Penicillium, Talaromyces spp. 
Purpureocillium spp., Rasamsonia spp, Schi-
zophyllum spp., Scopulariopsis spp., Paeci-
lomyces spp Cladophialophora spp. Las dosis 
deben ajustarse según lo recomendado por 
las guías prácticas recientes pues son dosis y 
especie dependiente 17, 20, 30-32. 

El fluconazol, el itraconazol y el vori-
conazol forman parte de la lista de medica-
mentos esenciales de la OMS 23. 

Equinocandinas (caspofungina, 
micafungina, anidulofungina)

Las equinocandinas son lipopéptidos 
semi-sintéticos. La caspofungina (1989), de-
rivada de Glarea lozoyensis, la micafungina 
(1990) de Coleophoma empedri y la anidulo-
fungina (1974) del Aspergillus nidulans. Dis-
ponibles en el mercado en 2001, 2005 y en 
el 2006 respectivamente (Fig. 2) 33. Inhiben 
la síntesis del β-1-3-D-glucano, el polisacári-
do estructural más importante de la pared 
celular, uniéndose a la subunidad FKS de la 
enzima β-1-3-D-glucano sintetasa inhibien-
do la actividad catalítica que polimeriza la 
glucosa difosfato en fibras de D-glucano con 
enlaces β-1,3, provocando lisis por edema ce-
lular (Fig. 1) 29, 33. Además, la exposición del 
ß-1,3-D-glucano induce la secreción de cito-
cinas a través del receptor para ß-glucano 
dectina-1 favoreciendo la respuesta inmuni-
taria del hospedero para la eliminación del 
hongo 34. Originalmente fueron fungicidas 
para las especies de Candida y recomenda-
das en primera línea para las candidemias en 
pacientes neutropénicos y no neutropénicos, 
candidemias sistémicas y en el tratamiento 
empírico de las cadidemias en unidad de cui-
dados intensivos (UCI) 17, 36. En la actualidad 
se reporta cada vez con mayor frecuencia 
la presencia de mutaciones en las subuni-
dades FKS1 y FKS2, por lo que su uso debe 
ser evaluado según la eficacia clínica a dosis 
terapéuticas36. Son fungistáticas para Asper-
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gillus spp., poseen actividad limitada contra 
Blastomyces dermatitidis, Histoplasma spp. 
Coccidioides spp y Paracoccidioides spp y 
carecen de actividad contra Criptococcus 
spp, Fusarium spp y Zigomicetos, pues estos 
poseen D-glucano con enlaces β-1,4 y β1,6 
con escaso D-glucano de enlaces β-1,3 17. 
Otra de las limitaciones en su uso es la for-
mulación exclusiva por vía endovenosa (IV). 

Las equinocandinas forman parte de la 
lista de medicamentos esenciales de la OMS 23. 

Alilaminas (terbinafina, naftifina, 
butenafina)

La terbinafina, comercializada desde 
1992 (Fig. 2) como una nueva familia para 
el tratamiento de la micosis superficial por 
dermatofitos y candidosis mucocutánea, ha 
demostrado utilidad en la terapia combina-
da de las micosis por mohos raros: Lomen-
tospora prolificans, Scedosporium spp, Pur-
pureocillium spp. y en feohifomicosis, con 
evidencia que sustenta el uso como monote-
rapia en el tratamiento de cromomicosis por 
Cladophialophora carrionii 20, 37, 38. Inhibe la 
síntesis del ergosterol inactivando la escua-
leno epoxidasa, con la consecuente acumu-
lación tóxica de escualeno (Fig. 1). La ab-
sorción por vía oral es independiente del pH 
gástrico y la presentación tópica se acumula 
en uñas 27. El metabolismo hepático no inhi-
be el citocromo P450 por lo que tiene escasa 
interacción con otros medicamentos 38. La 
naftifina y la butenafina son de uso tópico. 

La terbinafina no se encuentra en la lis-
ta de medicamentos esenciales de la OMS 23. 

Flucitosina (5-fluorocitosina)
La 5-fluorocitosina es una pirimidina 

fluorada sintetizada como agente antitu-
moral en 1957. En 1968 fue utilizada en el 
tratamiento de candidosis sistémica y crip-
tococosis meníngea con buenos resultados40 
(Fig. 2). Ingresa al citoplasma a través de 
una permeasa en la membrana celular espe-
cífica para citosina, donde es transformada 
a 5-fluorouracilo por acción de una citosina 
desaminasa para ser incorporado al ARN, 

convirtiéndose en un desoxinucleotido que 
compite con el uracilo y debido a la falta del 
terminal 3’ no pueden agregarse otros nu-
cleósidos, inhibiendo de esta forma, la sínte-
sis proteica y del ADN fúngico 39-40 (Fig. 1). 
Las células de los mamíferos son incapaces 
de producir esta conversión. El mecanismo 
de resistencia se asocia a la inactivación de 
la permeasa en la membrana celular y la dis-
minución de la acción enzimática de la cito-
sina desaminasa 39, 40. 

Se absorbe por vía oral con poca fija-
ción en proteínas. Tiene amplia distribución 
en órganos, atraviesa la barrera hematoen-
cefálica (BHE) logrando concentraciones en 
líquido cefalorraquídeo (LCR) de 60 a 70%41. 
El mejor efecto antimicótico se consigue a 
concentraciones plasmáticas de 50 a 100 
mg/mL Los efectos adversos se asocian a 
la toxicidad de los tejidos en rápido creci-
miento, como la médula ósea o las células 
epiteliales de la mucosa gastrointestinal. El 
riesgo de hipoplasia de médula ósea aumen-
ta en tratamientos prolongados a concentra-
ciones plasmáticas >100 mg/mL 39. El es-
pectro antifúngico en terapias combinadas 
incluye meningitis por Cryptococcus spp. y 
en casos de cromomicosis, con resultados 
alentadores 41-43. 

La fluorocitosina se encuentra en la lis-
ta de medicamentos esenciales de la OMS 23. 

Griseofulvina
Derivada del Penicillium griseofulvum, 

se describe su uso por primera vez en 193944 
(Fig 2). Se une a la queratina de piel, pe-
los y uñas formando un complejo queratina-
griseofulvina. Cuando los dermatofitos se 
unen a la queratina, la griseofulvina se fija 
en la tubulina fúngica inhibiendo el ensam-
blaje de los microtúbulos del huso mitótico 
evitando la división celular, así, las células 
sanas van reemplazando a las infectadas (Fig 
1) 37, 44. Con excelente respuesta en el ma-
nejo de las dermatofitosis por Microsporum 
cannis y algunos Trichophyton spp. (hongos 
queratinofílicos y queratinolíticos) 37. Se ad-
ministra por vía oral y su absorción se incre-
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menta al acompañarla con alimentos grasos. 
Posee metabolismo de primer paso hepático, 
por lo que puede generar interacción con 
otros fármacos 44. 

La griseofulvina se encuentra en la lista 
de medicamentos esenciales de la OMS 23. 

Yoduro de potasio
Descrito para el tratamiento de espo-

rotricosis a principios de 1900 (Fig. 2), el 
yoduro de potasio es una sal compuesta por 
76% de yodo y 24% de potasio, soluble en 
agua y fotosensible 45,46. Sigue siendo una 
alternativa en el tratamiento de esporotri-
cosis refractarias a itraconazol y terbinafina 
46. Se han reportado casos exitosos con cu-
ración total sin recidivas en el tratamiento 
de esporotricosis linfocutánea diseminada y 
basidiobolomicosis 45-49 y representa una ex-
celente alternativa terapéutica costo/bene-
ficio. El mecanismo de acción se relaciona 
con la quimiotaxis de neutrófilos que lesio-
na el granuloma favoreciendo la fagocitosis 
del Sporothrix spp. Recientemente, se ha 
descrito que inhibe la formación de biopéli-
culas en la forma saprófita y en la patógena 
de Sporothrix schenckii species complex 48. 
Los efectos adversos más frecuentes se rela-
cionan con el tracto digestivo y síntomas de 
yodismo; y con tratamientos prolongados 
puede desarrollarse toxicidad por potasio, 
hiper o hipotiroidismo 46.

El yoduro de potasio se encuentra en 
la lista de medicamentos esenciales de la 
OMS 23. 

Tolnaftato (tiocarbamatos)
Derivado del tiocarbamato, es un inhi-

bidor selectivo, reversible y no competitivo 
de la escualeno-2,3-epoxidasa, inhibiendo la 
síntesis de ergosterol 40. Aunque comparte el 
mecanismo de acción con las alilaminas, no 
pertenece a la misma familia. Se emplea por 
vía tópica y tiene espectro reducido contra 
dermatofitos y algunas formas no inflamato-
rias de infección por Malassezia spp 27,51. 

El tolnaftato no se encuentra en la lista 
de medicamentos esenciales de la OMS 23. 

Ciclopiroxolamina (hidroxipiridona)
Es un derivado de la hidroxipiridona 

comercializado como antimicótico de uso 
tópico desde 1999 (Fig. 2) 52. Activo frente 
a onicomicosis por dermatofitos, candido-
sis cutánea, Pitiriasis versicolor y dermati-
tis seborreica, también muestra efectividad 
contra algunas bacterias Gram negativas 53. 
Actúa en varios aspectos del metabolismo y 
crecimiento celular pues quela cationes de 
hierro y aluminio, inhibiendo las enzimas 
dependientes de metales como las catalasas, 
peroxidasas y citocromos, con la consecuen-
te alteración en el transporte transmem-
brana de electrolitos y aminoácidos 54. La 
depleción de hierro también afecta la ribo-
nucleótido reductasa, lesionando la replica-
ción y reparación del ADN 55. Además, inhibe 
la cascada del ácido araquidónico, confirién-
dole actividad antiinflamatoria 53. Debido a 
su mecanismo de acción está siendo estudia-
do como antineoplásico y en el tratamiento 
de la enfermedad poliquística del riñón 55, 56. 

La ciclopiroxolamina no se encuentra 
en la lista de medicamentos esenciales de la 
OMS23. 

Amorolfina (morfolina)
Es un derivado de la morfolina, comer-

cializado como antimicótico de uso tópico 
desde 1981 52 (Fig. 2). Inhibe la 14-delta-re-
ductasa y la 7-8 delta isomerasa, enzimas en 
la vía de la síntesis del ergosterol 57 (Fig. 1). 
Con buena respuesta terapéutica en las oni-
comicosis por dermatofitos y mohos como 
Alternaria spp., Hendersonula spp., Scopu-
lariopsis spp. y en micosis superficiales por 
algunas levaduras del género Candida spp. y 
Malassezia spp 52. 

La amorolfina no se encuentra en la lis-
ta de medicamentos esenciales de la OMS 23. 

LO QUE TENEMOS DE NUEVO

Ibrexafungerp (Brexafemme®)
El ibrexafungerp es, hasta la fecha, 

la única molécula perteneciente a una 
nueva familia de antifúngicos, los triter-
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penoides58 (Fig. 2). Derivado semisintéti-
co de la enfumafungina, inhibe la enzima 
1,3-β-glucanosintetasa evitando el ensam-
blaje del β-1-3-D-glucano de la pared celular 
(Fig. 1), mecanismo de acción que compar-
te con las equinocandinas pero a diferencia 
de estas, con menos inhibición del complejo 
enzimático citocromo P450 disminuyendo 
la interacción con otras drogas 59, 60. Pue-
de administrarse por vía oral o IV La solu-
bilidad es pH dependiente, mejorando la 
biodisponibilidad en medio ácido. Estudios 
in vitro reportan actividad contra Candida 
spp. incluso las que expresan mutación en la 
subunidad Fskp resistentes a las equinocan-
dinas, Aspergillus spp. resistentes a los azo-
les, Lomentospora prolificans, Paelomyces 
variotti y Pneumocistis jiroveci en pacientes 
inmunocomprometidos 61,62. Sin embargo, 
expresan poca actividad contra Mucor spp y 
Fusarium spp, pues estos tienen menos β-1-
3-D-glucano en su pared 62. Ha sido aproba-
da por la FDA en junio de 2021 solo para el 
tratamiento de la vulvovaginitis severa por 
Candida spp. en tabletas de 150 mg 59 y en 
diciembre de 2022 se aprobó la indicación 
para prevenir candidosis vaginal recurrente. 

Oteseconazol (tetrazol)
Perteneciente a la nueva generación de 

azoles: los tetrazoles, con cuatro átomos de 
nitrógeno que le confieren mayor especifici-
dad por la enzima fúngica Cyp51 (lanosterol 
14α-desmetilasa) que por el complejo enzi-
mático CYP450 del humano y aunque com-
parte el mecanismo de acción con los tria-
zoles (Fig. 1), tiene mayor selectividad para 
enzimas fúngicas y potencialmente menos 
efectos adversos e interacciones farmacoló-
gicas 63. Se le describe actividad contra es-
pecies Candida incluyendo las resistentes a 
fluconazol, Coccidioides spp., Cryptococcus 
spp, Histoplasma capsulatum, Blastomyces 
dermatitidis y especies de Trichophyton, por 
lo que también se ensaya su uso en onicomi-
cosis 59, 63, 64. Los mecanismos de resistencia 
son los mismos descritos para los triazoles. 
En abril de 2022 la FDA aprobó su uso por 

vía oral en la candidosis vaginal recurrente 
en dosis de 600 mg el día 1, 450 mg el día 2 
y luego comenzando el día 14, 150 mg una 
vez por semana por 11 semanas, cuando se 
usa como monoterapia y cuando se combina 
con fluconazol en régimen pulsátil, se inicia 
con fluconazol una vez al día los días 1, 4 y 
7 luego oteseconazol una vez al día los días 
14 a 20 y una vez a la semana a partir del día 
28 durante 11 semanas (semanas 4 a 14) 65. 

LO QUE TENDREMOS

Olorofim (orotomidas)
Es el primer miembro de una nueva fa-

milia: las orotomidas, cuya diana es la sín-
tesis de ácidos nucleicos. El olorofim inhi-
be la enzima dihidroorotato deshidrogenasa 
evitando el paso de dihidroorotato a orotato 
en la vía de síntesis de la citosina (Fig. 1)66. 
En presentación oral y endovenosa, posee 
alta unión a proteínas y baja solubilidad en 
agua. Su actividad antifúngica es tiempo 
dependiente, llegando a ser fungicida con-
tra algunas especies de Aspergillus, Cocci-
dioides spp, Histoplasma spp, Taloromyces 
marnefeffei, Madurella mycetomatis, Fusa-
rium spp. Scedosporium spp., Scopulariop-
sis spp., Rasamsonia spp. y dermatofitos 59, 

64. Carece de acción contra las especies de 
Candida, Mucorales y Exophiala dermatiti-
dis 64, 66. 

En 2019 y otra vez en 2020, la Admi-
nistración de Drogas y Alimentos de los Es-
tados Unidos (FDA) le otorgó la designación 
de terapia innovadora para el tratamiento de 
coccidioidomicosis del sistema nervioso cen-
tral (SNC) refractaria e infecciones invasivas 
resistentes por Aspergillus spp., Fusarium 
spp., Lomentospora prolificans, Scedospo-
rium spp. y Scopulariopsis spp., en tabletas 
de 30mg 59, 67. Actualmente en fase 3 del es-
tudio OASIS 67 (Olorofim Aspergillus Infec-
tion Study) en donde se evalúa la eficacia y 
seguridad del olorofim frente al AmBisome® 
en pacientes con enfermedad fúngica invasi-
va causada por Aspergillus spp. cuyos resul-
tados se esperan entre 2024 y 2025.
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Rezafungina (equinocandina)
Pertenece a la familia de las equino-

candinas. Es un análogo estructural de la 
anidalofungina, menos hepatotóxico y con 
vida media de hasta 150 horas luego de la 
segunda y tercera dosis, facilitando su admi-
nistración semanal 59. El espectro de acción 
es comparable con el de otros miembros de 
la familia, abarcando especies de Candida 
resistentes a los azoles incluyendo C. auris. 
También es eficaz contra dermatofitos y en 
modelos murinos ha demostrado buena res-
puesta terapéutica en neumonía por Pneu-
mocystis jirovecii y en aspergilosis invasiva 
por A. fumigatus 3.

En agosto de 2022, se presentó la soli-
citud ante la FDA y ante la Agencia Europea 
de Medicamentos (EMA) para la autoriza-
ción del uso endovenoso de rezafungina en el 
tratamiento de candidiasis invasiva y la pro-
filaxis de infecciones fúngicas invasivas en 
pacientes sometidos a trasplante alogénico 
de sangre y médula. De ser aprobada, sería 
el primer miembro de las equinocandinas de 
segunda generación en salir al mercado 59, 64. 

Opelconazol (PC945) (triazol)
Es un triazol para uso inhalatorio en 

aspergilosis pulmonar no diseminada. Se ad-
ministra en nebulizaciones de partículas li-
pofílicas micronizadas cuya lenta absorción 
garantizan la concentración efectiva locali-
zada en pulmones, disminuyendo los efectos 
adversos 68. Su uso profiláctico en pacientes 
con leucemia linfocítica, trasplante de célu-
las madre o trasplante de pulmón lo coloca 
como una promisoria vía terapéutica entre 
los azoles 64. Se encuentra en estudio fase 3 
para evaluar la seguridad y la tolerabilidad en 
la profilaxis contra la aspergilosis pulmonar 
en receptores de trasplantes de pulmón 69. 

Fosmanogepix/Manogepix (inhibidores  
de la glicosil-fosfatidil-inositol (GPI)) 

Es el primero de una nueva familia con 
diana de acción contra las mananoproteínas 
de la pared celular. Inhibe la inositol-acil-
transferasa Gwt1 en la vía de maduración 

de la proteína anclada al GPI que es esencial 
para el tráfico de mananoproteínas hacia la 
membrana y la pared de la célula fúngica 59 
(Fig. 1). Las mananoproteínas ancladas a 
GPI son necesarias para la integridad de la 
pared celular, favorecen la adherencia y la 
evasión del sistema inmunitario 70. El fos-
manogepix (APX001) es un profármaco que 
es convertido a manogepix por las fosfatasas 
sistémicas64,70. Posee amplio espectro contra 
especies de Candida incluyendo las resisten-
tes a los azoles, menos Pichia kudriavzevii 
(antes C. krusei). En modelos murinos, ha 
demostrado eficacia contra infección di-
seminada por C. albicans, Nakaseomyces 
glabrataa (antes C. glabrata), C. auris, C. 
immitis, C. neoformans, F. solani e infec-
ción pulmonar por A. fumigatus, A. flavus, 
S. prolificans, S. apiospermum, R. arrhizus 
(revisado en Shaw, 2020)70. Con un estudio 
en humanos en curso, se esperan resultados 
en el 2026 71.

Anfotericina B endococlear (polienos)
La novedosa formulación coclear de la 

AmB es una estructura en espiral multicapa 
compuesta de un lípido cargado negativa-
mente (fosfatidilserina) y un catión divalente 
(calcio++), lo que protege a la AmB de la de-
gradación gástrica, permitiendo la adminis-
tración oral con importante reducción de la 
toxicidad, liberándose solo cuando interac-
túa con las células fúngicas diana. En mode-
los murinos de infección diseminada por C. 
albicans y Aspergillus spp. mostraron similar 
repuesta a la AmB desoxicolato por vía intra-
peritoneal en la supervivencia y reducción 
de la carga de hongos 64, 72. Actualmente con 
un estudio en curso para el uso en pacientes 
con VIH y meningitis criptocóccica72. 

Otras opciones terapéuticas estudiadas 
y/o en estudio.

• El ajoeno [(E,Z)-4,5,9-tritiadodeca-
1,6,11-triene 9-oxido], es un compues-
to sulfurado obtenido del ajo (Allium 
sativum) 73. Inhibe la enzima fosfatidile-
tanolamina n-metil transferasa (PEMT) 
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evitando la transformación de fosfati-
diletanolamina en fosfatidilcolina, con 
la consecuente lesión en la biosíntesis 
de la fosfatidilcolina y generación de la 
membrana celular (Fig. 2) 73-75. Se ha 
descrito también, que interfiere en el 
metabolismo redox reaccionando con 
los grupos sulfhídricos de las proteínas 
de membrana, lo que afecta a los pro-
cesos de adhesión y señalización 73,75,76. 
Utilizado en cromomicosis, paracocci-
dioidomicosis, histoplasmosis y micosis 
superficiales por dermatofitos 43, 74, 76, 

77. El ajoeno no ha sido comercializado 
para su uso como antifúngico.

• El estudio de los compuestos presen-
tes en los aceites esenciales de las la-
miáceas (Orden: Lamiales, Familia: La-
miaceae), ha reportados buenos efectos 
in vitro contra especies de levaduras 
formadoras de biofilms 78,79. 

• El reposicionamiento de medica-
mentos como sertralina, tamoxifeno e 
inhibidores de la histona desatilasa son 
algunos de los fármacos que se han pro-
bado como adyuvantes en el tratamien-
to de las micosis con resultados contro-
versiales 5, 80.

• La neuraféresis permite la filtración 
del LCR y ha sido experimentado en 
conejos en el tratamiento de la cripto-
cocosis meníngea con resultados alen-
tadores lo que permite proponerlo en 
casos graves de meningitis criptocócci-
ca 81, 83. 

• El desarrollo de vacunas contra los 
principales hongos patógenos sigue 
siendo un desafío debido a la compleja 
y poco conocida respuesta inmunitaria 
a levaduras y hongos filamentosos 32, 83.

LO QUE QUEREMOS

Durante la pandemia por el SARS-
CoV-19 se demostró que el desarrollo de las 
actividades científicas relacionadas con la 

salud y la calidad de vida pueden perfeccio-
narse en semanas si hay inversión económica 
y apoyo logístico 84. La alerta epidemiológi-
ca mundial por el brote 2022 de la viruela 
del mono demostró también que eliminar 
la palabra “endémica” de una enfermedad 
permite el reporte de casos, el estudio epi-
demiológico mundial y la visibilidad en tér-
minos clínicos, terapéuticos y preventivos, lo 
que favorece el desarrollo de nuevos trata-
mientos y métodos diagnósticos que puedan 
masificarse 85. La abrumadora realidad de la 
resistencia por el uso indiscriminado de los 
antibacterianos es, igualmente, una prueba 
que debe motivar al uso adecuado del escaso 
arsenal antifúngico.

Con estas lecciones aprendidas, vemos 
como las micosis van dejando de ser endé-
micas debido a la movilidad poblacional, la 
dinámica migratoria, las características del 
esparcimiento, las relaciones humanas y el 
cambio climático, entendiendo que los hon-
gos consiguen cada vez más oportunidades 
de infectar a la creciente cifra de personas 
inmunosuprimidas que suman los pacien-
tes con cáncer, trasplantes, enfermedades 
infeccionas, metabólicas, terapias con cor-
ticoesteroides y pacientes en estado crítico 
70, 86. 

En octubre del 2022, la OMS publicó la 
lista de patógenos fúngicos prioritarios, di-
vidiéndolos en tres categorías: crítica, alta y 
media 4. El documento reconoce que las mi-
cosis reciben muy poca atención y recursos 
y enfatiza la necesidad de entender mejor la 
resistencia a los antifúngicos. Además, reco-
mienda el reporte sistemático de los casos 
y mantener la inversión en investigación y 
desarrollo 4. En enero del 2023, Venezuela 
incluye a las micosis dentro de las enferme-
dades de denuncia obligatoria 87, siendo el 
primer país en América.

Históricamente las micosis habían sido 
consideradas de baja mortalidad y las lla-
madas endémicas eran más frecuentes en 
personas pobres que responden bien a los 
antifúngicos ya comercializados. Pareciera 
que la industria farmacéutica ha estado in-
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teresada básicamente en continuar produ-
ciendo los antifúngicos rentables, aunque 
tengan importantes efectos adversos. Es 
probable que esto esté causando la insufi-
ciente disponibilidad mundial de antifúngi-
cos económicos como la griseofulvina o la 
5-fluorocitocina y que haya desmotivado la 
investigación sobre nuevas dianas terapéuti-
cas seguras. Cierto es también que las mi-
cosis no son enfermedades raras y afectan 
a mucho más de 200.000 personas al año, 
sin embargo, llama la atención como varios 
de los nuevos antifúngicos han conseguido 
la denominación de “medicamentos huérfa-
nos” recibiendo el fast track (vía rápida) en 
los estudios clínicos, algunos realizados en 
un número reducido de personas y en países 
de escasos recursos económicos. 

Es solo con la aparición del VIH y el 
estudio reciente de otras inmunodeficien-
cias que se va transformando el panorama, 
entendiendo que todas las micosis pueden 
comportarse como oportunistas, son cos-
mopolitas y cada vez más frecuentes, por lo 
que el éxito terapéutico depende de: a) la 
integración del diagnóstico eficaz y oportu-
no, por lo que hay que formar cada vez más 
profesionales especializados en las micosis 
y sus agentes causales; b) la correcta iden-
tificación de especie, incluyendo la suscep-
tibilidad a los antifúngicos, para ello nece-
sitamos masificar las técnicas diagnósticas 
y las herramientas moleculares; c) conocer 
los mecanismos de resistencia; d) disponer 
del tratamiento adecuado: seguro, eficaz y 
costo efectivo y e) realizar farmacovigilancia 
y reporte de casos en una red de vigilancia 
internacional.

La necesidad de nuevas terapias anti-
fúngicas es cada vez más crítica, las cifras 
y la rápida aparición de resistencia lo de-
mandan. Para ello, los nuevos antifúngicos 
deberán: 

1. Tener nuevos y mejorados mecanismos 
de acción. 

2. Con menos efectos adversos. 
3. Ser de amplio espectro. 

4. Ser eficaces contra las biopelículas 
(Biofilms).

5. Tener mejores características farmaco-
lógicas. 

6. Tener buena biodisponibilidad oral.
7. A costos accesibles. 

Es lo que queremos. Todo un reto.
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