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EDITORIAL 
Nuestra experiencia con Crossref.

Invest Clin 65(3): 265 - 266, 2024 https://doi.org/10.54817/IC.v65n3a00

Crossref es una organización sin fines 
de lucro, orientada a proveer una infraes-
tructura digital a la comunidad académica y 
de investigación global. Es la mayor agencia 
de registro de identificadores de objetos di-
gitales (DOI) de la Fundación Internacional 
DOI. El identificador de objeto digital, co-
nocido en inglés como digital object identifier 
y abreviado DOI, es un enlace permanente en 
forma de código alfanumérico que identifica 
de forma única un contenido electrónico. 
Una forma común de emplear el sistema DOI 
es dar a las publicaciones científicas un nú-
mero específico que cualquiera puede utili-
zar para localizar a través de la Red el citado 
artículo. Constituye una fuente valiosa para 
la investigación en cienciometría, incluida la 
medición del crecimiento y el impacto de la 
ciencia y la comprensión de las nuevas ten-
dencias en las comunicaciones académicas.

Crossref proporciona a los editores de 
las revistas científicas, un registro mensual 
de la cantidad de veces que el DOI de un tra-
bajo, publicado en la revista, ha sido visitado 
por un individuo. Se asume que, si lo visita, 
es porque tiene interés en el tema tratado en 
dicho trabajo y, por lo tanto, puede ser una 
medida del impacto que ese trabajo tiene 
como referencia para su investigación; pue-
de ser motivo para afianzar sus conocimien-
tos en su profesión o simplemente motivado 
para conocer sobre un tema, de una forma 
más sólida que la que pueden brindar las re-
des sociales, las cuales están plagadas de in-
formación sin base científicamente probada. 
Con más de 106 millones de registros y una 
tasa de expansión promedio del 11% anual, 
los metadatos de Crossref se han convertido 
en una de las principales fuentes de datos 
académicos para editores, autores, bibliote-
carios, financiadores e investigadores 1.

Investigación Clínica se beneficia del 
servicio de Crossref desde comienzos del 
2022. En el Editorial del número correspon-
diente a diciembre del 20222, me referí al 
impacto de las citaciones vs la lectura de un 
trabajo, discutiendo algunas posiciones de 
investigadores sobre este punto. Este tema 
acerca de la vigencia de las visitas a la Re-
vista, también ha sido objeto de análisis en 
un estudio sobre la experiencia con nuestra 
página “Web” 3. Quiero en este documento 
expresar nuestra experiencia con Crossref 
en cuanto a la frecuencia y cantidad de visi-
tas que han recibido los trabajos publicados 
en la Revista, todos identificados con DOI 
durante los años 2022 y 2023 y comentar lo 
que está sucediendo en los primeros 6 me-
ses del 2024. Durante el año 2022 se obtuvo 
un total de 11.121 visitas, con un promedio 
mensual de 926, cifras que se elevaron a 
13.008 visitas durante el 2023, con un pro-
medio de 1.084 por mes. Los trabajos más 
frecuentemente citados, identificados por 
Crossref como “top ten” representaron entre 
un 20 a 30% del total de cada uno de estos 
dos años, visitas que variaron entre 12 y 165 
veces. Sin embargo, hay que considerar que 
un buen número de trabajos (70-80%) reci-
bieron al menos 1 visita. No sabemos si es-
tas visitas se transformaran en una citación, 
pero tal como mencioné en la referencia del 
editorial del 20222, el efecto de leer un tra-
bajo puede ser tan útil como una citación. 
Como en aquella ocasión, los trabajos más 
visitados fueron los de Revisión, la mayoría 
(24/162), fueron investigaciones realizadas 
en Venezuela y escritos preferentemente 
en español. Sin embargo, también obtuvie-
ron visitas dentro del “top ten” trabajos de 
otros países latinoamericanos como México 
y Perú, además de España y países asiáticos. 
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Y tal como esperábamos para el 20244, en 
los primeros 6 meses el total de visitas ya 
alcanza 10.707, con un promedio mensual 
de 1.784, 65% superior al promedio del 2023 
y 93% al del 2022. Las características de los 
trabajos visitados en estos primeros meses 
del 2024 se asemejan a lo encontrado en los 
dos años anteriores.

Esto nos lleva a concluir que la revista 
tiene más lectores en países de habla hispa-
na, a pesar que la proporción de trabajos en 
español se mantiene, en los últimos años, en 

menor proporción que los escritos en inglés. 
Consideramos que la inclusión del DOI en los 
trabajos, puede ser efectiva no tan solo para 
servir de identificador del artículo y para ser 
referidos en la bibliografía de las publicacio-
nes, sino para que cualquier individuo pueda 
ubicar el tema de primera mano y así actuali-
zar, transmitir conocimientos o aplicar políti-
cas públicas en salud o en educación.

Elena Ryder 
ORCID 0000 0003 4613 6424
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Our experience with Crossref

The DOI or digital object identifier gives scientific publications a specific number used 
to locate them on the Internet. Crossref is the largest DOI registration agency and provides 
editors of scientific journals with a monthly record of the number of times an individual 
has visited the DOI of a work published in the Journal. This visit can measure the impact 
of the work as a reference for your research, to strengthen your professional knowledge, or 
to learn about a topic more solidly than that provided by social networks, which are full of 
information without a scientifically proven basis. This Editorial expresses my experience with 
Crossref regarding the frequency and number of visits the works published in the Journal 
identified with DOI have received from 2022 and 2023. In 2022, there were 11,121 visits 
(926/month), which rose to 13,008 visits in 2023 (1,084/month). The most frequently cited 
works, identified by Crossref as “top ten,” represented between 20 and 30% of the total, with 
a frequency of visits of 12 to 165 times. However, 70-80% received at least one visit. The most 
visited works were Reviews, with the majority (24/162) realized in Venezuela and in Spanish. 
However, works from other Latin American countries such as Mexico and Peru, in addition to 
Spain and Asian countries, also received visits within the “top ten”. This leads us to conclude 
that the Journal has more Spanish-speaking readers, even though the proportion of works 
in Spanish is lower than those in English. We believe that the inclusion of the DOI in the 
works can be effective not only to serve as an identifier for the article and to be cited in the 
bibliography of the publications but also so that any individual can locate a topic firsthand 
and thus update, transmit knowledge or apply public policies in health or education.
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Dihydroartemisinin, an artemisinin 
derivative, reverses oxaliplatin resistance  
in human colorectal cancer cells  
by regulating the SIRT3/PI3K/AKT 
signalling pathway.

Xiaodong Shen, Chencheng Shi, Ming Lei, Rongjian Zhou, Shaoqun Liu and Chang Su

Department of Gastrointestinal Surgery, Minhang Hospital Affiliated to Fudan 
University, Shanghai, China.

Keywords: dihydroartemisinin; SIRT3; oxaliplatin; colorectal cancer.

Abstract. Dihydroartemisinin (DHA), a derivative of artemisinin, has been 
shown to act as a chemosensitizer of various cancer chemotherapeutic agents 
both in vitro and in vivo. However, in colorectal cancer (CRC), no study has fo-
cused on the effect of DHA on oxaliplatin (L-OHP) resistance. Our study aimed 
to examine the effectiveness of DHA in reversing the resistance of human CRC 
cells to L-OHP, as well as its underlying molecular mechanisms. LoVo cells were 
purchased from ATCC, while LoVo/L-OHP cells were obtained by exposing LoVo 
cells to progressively increasing concentrations of L-OHP. LoVo/L-OHP were 
treated with various concentrations of DHA, and cell apoptosis ratio and vi-
ability were assessed by flow cytometry and CCK-8. Our results showed that 
DHA treatment remarkably decreased the viability of LoVo/L-OHP cells and 
increased the apoptosis ratio. As the mechanism of action, we found that DHA 
enhanced the expression of Sirtuin 3 (SIRT3) and suppressed the phosphati-
dylinositol 3-kinase (PI3K)/AKT signalling cascade. Silencing of SIRT3 reversed 
the effect of DHA on cell apoptosis and viability by activating the PI3K/AKT 
axis in LoVo/L-OHP cells. Overall, our study found that DHA has the ability to 
counteract L-OHP resistance in LoVo/L-OHP cells through the modulation of 
the SIRT3/PI3K/AKT signalling pathway, suggesting a new research target for 
CRC treatment.
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La dihidroartemisinina, un derivado de la artemisinina, revierte 
la resistencia al oxaliplatino en células humanas de cáncer 
colorrectal mediante la regulación de la vía de señalización 
SIRT3/PI3K/AKT.

Invest Clin 2024; 65 (3): 267 – 278

Palabras clave: dihidroartemisinina; SIRT3; oxaliplatino; cáncer colorrectal.

Resumen. Se ha demostrado que la dihidroartemisinina (DHA), un deri-
vado de la artemisinina, actúa como quimiosensibilizador de diversos agentes 
quimioterapéuticos contra el cáncer tanto in vitro como in vivo. Sin embargo, 
en el cáncer colorrectal (CCR), ningún estudio se ha centrado en el efecto del 
DHA sobre la resistencia al oxaliplatino (L-OHP). El objetivo de nuestro estu-
dio era examinar la eficacia del DHA para revertir la resistencia de las células 
humanas de CCR al L-OHP, así como sus mecanismos moleculares subyacentes. 
Las células LoVo se adquirieron a ATCC, mientras que las células LoVo/L-OHP 
se obtuvieron exponiendo las células LoVo a concentraciones progresivamente 
crecientes de L-OHP. Las células LoVo/L-OHP se trataron con diversas con-
centraciones de DHA, y el índice de apoptosis celular y la viabilidad se evalua-
ron mediante citometría de flujo y CCK-8. Nuestros resultados mostraron que 
el tratamiento con DHA disminuía notablemente la viabilidad de las células 
LoVo/L-OHP y aumentaba el índice de apoptosis. Desde el punto de vista de 
su mecanismo de acción, se observó que el DHA potenciaba la expresión de la 
sirtuina 3 (SIRT3) y suprimía la cascada de señalización fosfatidilinositol 3-ci-
nasa (PI3K)/AKT. El silenciamiento de SIRT3 revirtió el efecto del DHA sobre la 
apoptosis y la viabilidad celular a través de la activación del eje PI3K/AKT en las 
células LoVo/L-OHP. En conjunto, nuestro estudio descubrió la capacidad del 
DHA para contrarrestar la resistencia a L-OHP en células LoVo/L-OHP a través 
de la modulación de la vía de señalización SIRT3/PI3K/AKT, lo cual sugiere una 
nueva foco de investigación para el tratamiento del CCR.

           Received: 25-07-2023       Accepted: 27-09-2023

INTRODUCTION

According to the 2020 GLOBOCAN sta-
tistics on the incidence and mortality rates 
of 36 types of cancer worldwide, colorectal 
cancer (CRC) ranks third in terms of inci-
dence (10.0%) but second in terms of mor-
tality rate (9.4%) 1. Chemotherapy based on 
oxaliplatin (L-OHP) is a crucial component 
of the comprehensive treatment for CRC, 
which can prolong the survival of patients 

and improve their quality of life 2-4. How-
ever, primary and/or acquired resistance to 
L-OHP remains a significant factor limiting 
the effectiveness of CRC treatment 5,6. There-
fore, it is urgent to clarify the mechanisms 
of L-OHP resistance in CRC and to find cor-
responding resistance reversal agents or 
chemosensitizers.

Previous studies have demonstrated 
that the mechanisms of resistance to plati-
num-based chemotherapy drugs may be re-



Dihydroartemisinin reverses oxaliplatin resistance in colorectal cancer 269

Vol. 65(3): 267 - 278, 2024

lated to the abnormal regulation of signal-
ling networks within tumor cells caused by 
the sustained action of drugs. For example, 
abnormalities in signalling pathways such as 
PI3K/AKT and NF-κB give the cells strong 
anti-apoptotic abilities, leading to resistance 
to chemotherapy drugs 7,8. Sirtuin 3 (Sirt3) 
plays a crucial role in controlling physiologi-
cal and pathological processes, such as regu-
lating inflammation, oxidative stress, cell 
proliferation, differentiation, and apoptosis. 
This protein belongs to the sirtuin protein 
family, known for its diverse biological func-
tions 9-11. Research has found that SIRT3 can 
cause mutant p53 to be deacetylated, lead-
ing to cancer cell apoptosis and increased 
sensitivity to chemotherapeutic drugs 12. 
Other evidence also suggested that SIRT3 
could improve disease conditions by regu-
lating apoptosis and utilizing the PI3K/Akt 
pathway in various diseases 13,14. Dihydroarte-
misinin (DHA) is a derivative of artemisinin, 
and there is evidence that DHA can act as 
a chemosensitizer for various cancer chemo-
therapeutic drugs both in vitro and in vivo15. 
The latest research has found that DHA can 
alleviate acute and chronic pain by increas-
ing the activity of SIRT3 16. However, in CRC, 
no study has focused on the effect of DHA on 
L-OHP resistance through the SIRT3/PI3K/
AKT axis.

Based on previous studies, we hypoth-
esize that DHA may affect the resistance of 
human CRC cells to L-OHP by regulating the 
SIRT3/PI3K/AKT axis. Our study aimed to 
examine the effectiveness of DHA in revers-
ing the resistance of human colorectal can-
cer cells to L-OHP, as well as its underlying 
molecular mechanisms.

METHOD

Cell culture and induction of L-OHP 
resistance

 Human CRC cells (LoVo, not resistant 
to L-OHP) were obtained from the American 
Type Culture Collection (CCL-229, ATCC) 
in Manassas, Virginia. The human L-OHP-

resistant CRC cells (LoVo/L-OHP, resistant 
to L-OHP) were obtained by exposing LoVo 
cells to progressively increased concentra-
tions of L-OHP 17. The initial concentration 
of L-OHP was 5 μM, and cells were exposed 
to L-OHP for two days in each cycle, followed 
by recovery in L-OHP-free culture medium. 
The same concentration of L-OHP was re-
peated for three cycles. After completing 
three cycles at the same concentration of 
L-OHP stimulation, the dose was escalated. 
This procedure was repeated until the final 
concentration of L-OHP reached 70 μM. 
Only cells that remained resistant to L-OHP 
after being cultured in an L-OHP-free me-
dium for at least six months were used for 
subsequent experiments.

The LoVo/L-OHP and LoVo cells were 
cultured at 37°C and 5% CO2 in RPMI-1640 
medium (Thermo Fisher Scientific, Inc., 
MA, USA) that was supplemented with 10% 
Gibco® fetal bovine serum (FBS) and 100 
μg/mL penicillin-streptomycin. Cells were 
treated with PI3K inhibitor LY294002 (1μM) 
for 24 hours to inhibit PI3K signaling.

Preparation of Dihydroartemisinin 
Solution

A stock solution of dihydroartemisinin 
(obtained from Puyi Biological, Nanjing, 
China) was prepared by dissolving it in a 
small quantity of dimethyl sulfoxide (DMSO, 
procured from Sigma-Aldrich, USA). The 
resulting stock solution was formulated to 
have a concentration of either 100 or 300 
nmol/L, which was sonicated and stored 
at 4°C. In subsequent experiments, all cell 
samples were treated with 30 μM L-OHP or 
an equivalent amount phosphate-buffered 
saline (PBS) for treatment.

Cell transfection 
The siRNA targeting the SIRT3 gene (si-

SIRT3#1, #2, #3) and the negative control 
(NC) were procured from GeneChem Corp. 
for cell transfection experiments.
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According to the manufacturer’s in-
structions, the LoVo/L-OHP cells were trans-
fected with 5 nM of the aforementioned si-
RNA or negative controls. Transfection was 
carried out by using the lipofectamine 3000 
(Invitrogen) reagent, following the pre-
scribed protocol, while incubating the cells 
in a serum-free Opti-MEM medium. After 48 
hours of transfection, the transfection effi-
ciency was evaluated through RT-qPCR.

Cell Counting Kit-8 (CCK-8)
LoVo, LoVo/L-OHP, and LoVo/L-

OHP+DHA (100nmol/L or 300nmol/L) 
cells were treated with different concentra-
tions of OHP (5μM-70μM) 17,18. Cells were 
cultured into 96-well plates at 5×103 cells/
well density. After incubating the cells with 
CCK-8 reagent (10μL, Sangon) for 2 hours, 
the absorbance at 450 nm was determined 
on a microplate reader (Thermo Fisher Sci-
entific, MA, USA). The half-maximal inhibi-
tory concentration (IC50) of L-OHP was de-
termined in LoVo and LoVo/L-OHP cells 19.

Reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR)

RT-qPCR was used to determine the ex-
pression of PI3K, SIRT3 and AKT in the cells. 
We utilized the RNAiso plus kit (procured 
from Takara, Japan) to obtain RNA from 
cells and subsequently performed reverse 
transcription into cDNA using the Prime-
ScriptTM one-step qRT-PCR kit (obtained 
from Takara, Dalian, China). For RT-qPCR, 
we employed the SYBR Premix ExTaq (TaKa-
Ra) and the ABI PRISM7300 Sequence De-
tection System (from Applied Biosystems). 
Primer sequences are shown in Table 1. GAP-
DH served as an internal control. The mRNA 
expressions were calculated by the 2-ΔΔCt 
method.

Western blot
Total proteins were extracted from the 

cell lysates and quantified using the Pierce™ 
BCA Protein Assay Kit (Thermo Scientific). 

Then, 20 μg of the extracted proteins were 
separated by SDS-PAGE and transferred onto 
PVDF membranes. The PVDF membranes 
were then incubated with a primary antibody 
at 4˚C overnight. After washing, the mem-
branes were incubated with Goat Anti-Rab-
bit IgG H&L secondary antibody (ab96899, 
1/1000) at 37˚C for 45 minutes. The prima-
ry antibodies included the SIRT3 antibody 
ab217319, 1/1000, Abcam), PI3K antibody 
(ab140307, 1/2000, Abcam), AKT antibody 
(ab8805, 1/1000, Abcam), bcl-2 antibody 
(ab32124, 1/1000, Abcam), Bax antibody 
(ab32503, 1/1000, Abcam), cleaved cas-
pase-3 antibody (ab32042, 1/5000, Abcam), 
P-gb (ab202976, 1/1000, Abcam), GAPDH 
antibody (ab8245, 1/1000, Mybiosource), 
and GAPDH was served as an internal con-
trol. We utilized the Pierce ECL Western 
Blotting Substrate to visualize the protein 
bands, which was procured from Pierce in 
Shanghai, China. The membranes were de-
veloped and imaged using a chemilumines-
cence imaging system.

Flow cytometry for cell apoptosis
Cells were incubated at 37°C with 5% 

CO2. After the incubation of 24 h, LoVo/L-
OHP cells were collected into 1.5 mL tubes 
with annexin-FITC and propidium iodide 
(PI) regents, followed by incubation for 10 
min. To detect cell apoptosis, 200 μL PI was 
supplemented with 1 mL phosphate buffer 

Table 1 
The sequences of all constructs.

Name Sequence

SIRT3 Forward 5’-CCCCAAGCCCTTTTTCACTTT-3’

Reverse 5’-CGACACTCTCTCAAGCCCA-3’

PI3K Forward 5’-TCTAAACCCTGCTCATC-3’

Reverse 5’-CTTGCCGTAAATCATCCC-3’

AKT Forward 5’-CTACAACCAGGACCATGAGAAG-3’

Reverse 5’-ACACGATACCGGCAAAGAAG-3’

GAPDH Forward 5′-CACCCACTCCTCCACCTTTG-3′

Reverse 5′-CCACCACCCTGTTGCTGTAG-3′
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solution (PBS) into the flow tube. Then, the 
apoptotic cells were measured using flow cy-
tometry (Beckman Coulter).

Statistical analysis
The data is presented as mean ± SD, 

and we utilized one-way ANOVA followed by 
a Tukey post hoc test for statistical compari-
sons. For significance, a p-value less than 
0.05 was considered.

RESULTS

DHA inhibited the proliferation of LoVo/
L-OHP cells and induced their apoptosis

We first treated LoVo/L-OHP cells with 
different concentrations (100 nmol/L or 300 
nmol/L) of DHA then used the CCK-8 assay to 
detect the IC50 of all cells. As shown in Fig. 
1-A, the IC50 of LoVo/L-OHP cells to L-OHP 
remarkably declined (p<0.05) after DHA 
treatment. In the next experiment, we treat-
ed LoVo/L-OHP cells with 30μM L-OHP or an 
equal amount of phosphate-buffered saline 
(PBS) and investigated the changes in cell vi-
ability of LoVo/L-OHP cells after DHA treat-
ment. Our findings demonstrated a notable 
decline in cell viability of LoVo/L-OHP cells 
following DHA treatment (p<0.05, as de-
picted in Fig. 1-B). Moreover, flow cytometry 
analysis substantiated a marked rise in apop-
totic cells in LoVo/L-OHP cells when treated 
with 300 nmol/L DHA (p<0.05, as illustrated 
in Fig. 1-C). Furthermore, compared with the 
LoVo/L-OHP group, the expression of cleaved 
caspase-3 protein and the Bax/Bcl-2 ratio in 
the L-OHP +300 nmol/L DHA and L-OHP 
+100nmol/L DHA groups were remarkably 
increased, while the expression of P-gb pro-
tein was markedly decreased (p<0.05, Fig. 
1-D). In the subsequent experiments, cells 
were treated with 300 nmol/L of DHA.

The expression of SIRT3, PI3K, and AKT 
in LoVo/L-OHP cells after DHA treatment

To further investigate the expression of 
SIRT3, PI3K, and AKT in LoVo/L-OHP cells 

after DHA treatment, we examined the ex-
pression of SIRT3, PI3K, and AKT in each 
group of cells using WB and PCR. As shown in 
Figs 2 A-B, our results indicated a significant 
decrease in SIRT3 expression level, whereas 
PI3K and AKT expression levels were signifi-
cantly elevated in LoVo/L-OHP cells com-
pared to the LoVo  group (p<0.05). After ad-
ministering L-OHP to LoVo/L-OHP cells and 
subsequently treating them with 300 nmol/L 
DHA, we observed a noteworthy upsurge 
in the protein and mRNA levels of SIRT3 as 
compared to the LoVo/L-OHP+L-OHP group 
(p<0.05). Furthermore, we observed a reduc-
tion in expression levels of PI3K and AKT in 
cells following DHA treatment (p<0.05). 

Silencing SIRT3 promoted L-OHP 
resistance in LoVo/L-OHP cells after DHA 
treatment through the PI3K/AKT pathway

To validate the role of the SIRT3/PI3K/
AKT signalling pathway in L-OHP resistance 
of LoVo/L-OHP cells after DHA treatment, 
we transfected cells with si-SIRT3#1, si-
SIRT3#2, si-SIRT3#3, and si-NC and mea-
sured the knockdown efficiency of SIRT3. 
As shown in Figs. 3 A-B, in LoVo/L-OHP 
cells after DHA treatment, si-SIRT3#1, 
si-SIRT3#2, and si-SIRT3#3 all markably 
reduced the expression of SIRT3, and we 
selected si-SIRT3#2 with the highest knock-
down efficiency for subsequent experiments. 
In addition, we also used the PI3K inhibitor 
LY294002 to inhibit the PI3K/AKT path-
way and divided the cells into groups: conc-
trl (LoVo/L-OHP+L-OHP+DHA), si-NC 
(conctrol+si-NC), si-SIRT3 (conctrol+si-
SIRT3), and si-SIRT3+LY294002 (conctrol+ 
si-SIRT3+LY294002). As shown in Fig. 3-C, 
compared with the si-NC group, silencing 
SIRT3 remarkably increased cell viability 
and reduced the proportion of cell apopto-
sis (p<0.05). However, the addition of the 
PI3K agonist LY294002 reversed this effect. 
Compared with the si-SIRT3 group, the si-
SIRT3+LY294002 group had significantly 
reduced cell viability and increased apopto-
sis (Fig. 3-D). 
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Effects of SIRT3 knockdown on relevant 
proteins in LoVo/L-OHP cells after DHA 
treatment

Finally, we used WB to measure the 
protein expression of the SIRT3/PI3K/AKT 
signalling pathway proteins, the drug-resis-
tant protein P-gb, and the apoptosis-related 

proteins cleaved caspase-3, Bax and Bcl-2. As 
illustrated in Fig. 4, our data demonstrated 
that transfection with si-SIRT3 resulted in a 
notable decline in SIRT3 protein expression 
and increased protein expression of PI3K 
and AKT (p<0.05). 

Fig. 1. DHA inhibited the proliferation of LoVo/L-OHP cells and induced their apoptosis. (A) The IC50 of 
all groups of cells were detected by CCK-8 assay. (B) Cell viability of all groups of cells was detected 
by CCK-8 assay. (C) The apoptosis rate of all groups of cells was analyzed by flow cytometry. (D) The 
expression of P-gp protein related to drug resistance and apoptosis-related proteins, cleaved caspase-3 
protein, Bax, and Bcl-2, was detected by Western blot. Continuous data were compared using ANOVA. 
*p<0.05 compared with the L-OHP group. #p<0.05 compared with the LoVo/L-OHP group.
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On the other hand, treatment with 
PI3K inhibitor LY294002 remarkably re-
duced the protein expression levels of PI3K 
and AKT (p<0.05). Silencing SIRT3 marked-
ly enhanced the expression of P-gb while re-
ducing the protein expression of cleaved cas-
pase-3 and the ratio of Bax/Bcl-2. However, 
the PI3K inhibitor LY294002 reversed this 
effect. In the si-SIRT3+LY294002 group, the 
protein expression of P-gb decreased, while 
the expression of cleaved caspase-3 and the 
ratio of Bax/Bcl-2 significantly increased 
(p<0.05).

DISCUSSION

For researchers, the mechanism of L-
OHP resistance in CRC is still elusive. De-
spite many molecular medicine studies to 
explain the resistance mechanisms of CRC, 
it is challenging to distinguish genuinely 
effective targets for regulating resistance. 
In addition, most existing multidrug resis-

tance reversal agents have issues such as 
incomplete resistance reversal, high tech-
nical requirements, and significant adverse 
reactions 20, 21. Therefore, finding new sensi-
tizers to combine with L-OHP to treat CRC 
patients is still necessary. We demonstrated 
that DHA could inhibit the L-OHP resistance 
in LoVo human colorectal cancer cells by 
regulating the SIRT3/PI3K/AKT axis.

Studies conducted in the past have dem-
onstrated that DHA can hinder the growth 
of cancer cells and trigger apoptosis in pan-
creatic cancer, ovarian cancer, and colorec-
tal cancer. An added advantage of DHA is its 
low toxicity towards normal tissue cells 22, 

23. In addition, DHA also has a killing effect 
on multidrug-resistant tumor cells 24. In our 
study, we treated CRC-resistant cells LoVo/
L-OHP with different concentrations of DHA 
and found that the viability of LoVo/L-OHP 
cells marked decrease, and the proportion 
of apoptotic cells increased significantly af-
ter DHA treatment. This phenomenon was 

Fig. 2. The expression of SIRT3, PI3K and AKT in LoVo/L-OHP cells after DHA treatment. The SIRT3, 
PI3K and AKT expression in each group were measured by WB (A) and PCR (B). ANOVA was used to 
compare the groups. #p<0.05 compared with the LoVo/L-OHP group. *p<0.05 compared with the 
LoVo/L-OHP+L-OHP group.
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more pronounced in the group with higher 
concentrations of DHA, indicating that DHA 
can inhibit the resistance of LoVo/L-OHP to 
L-OHP. Similar results have been obtained in 
other cancers. In non-small-cell lung cancer 
(NSCLC), DHA can eliminate radiation re-
sistance of NSCLC cell lines and xenograft 
models by inhibiting the TGF-β, PI3K/Akt, 
and STAT3 signalling pathways, and enhance 

the anti-tumor effect of radiotherapy 25. In 
breast cancer, DHA regulates the STAT3/
DDA1 axis to inhibit the proliferation of 
breast cancer tumor cells 26. In addition, Yao 
et al. confirmed that DHA can effectively sen-
sitize CRC cells to 5-fluorouracil (5-FU) by 
mediating ROS-induced apoptosis 27. Wang 
et al. also showed that DHA inhibits the char-
acteristics of cancer stem-like cells (CSLCs) 

Fig. 3. Silencing SIRT3 promotes L-OHP resistance in LoVo/L-OHP cells after DHA treatment through 
the PI3K/AKT pathway. The expression of SIRT3 was measured by WB (A) and PCR (B). (C) Cell via-
bility of all groups of cells was detected by CCK-8 assay. (D) The apoptosis rate of all groups of cells 
was analyzed by flow cytometry. ANOVA was used to compare the groups. *p<0.05 vs si-NC group. 
#p<0.05 vs si-SIRT3 group.
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in CRC through the AKT/mTOR signalling 
pathway 28. These results suggested that 
DHA can be a sensitizing cancer treatment 
agent.

The protein and mRNA levels of SIRT3 
were enhanced in LoVo/L-OHP cells after 
treatment with DHA, indicating that SIRT3 
may be involved in the sensitization of LoVo/
L-OHP by DHA. Cao et al. found that acti-
vation of SIRT3 inhibits cisplatin resistance 
in lung cancer cells and reduces the prolif-
eration and invasion of lung cancer cells 29. 
Another research showed that the activity of 
SIRT3 in colon cancer cells can be enhanced 
by nitric oxide synthase (NOS), which helps 
to promote cell apoptosis 30. To study the 
mechanism of action, we silenced SIRT3 and 
found that the viability of LoVo/L-OHP cells 
improved, and the proportion of apoptotic 
cells and apoptotic proteins cleaved cas-
pase-3 and the ratio of bax/bcl-2 decreased 
significantly, indicating that the knockdown 
of SIRT3 affected the resistance of LoVo/L-
OHP cells to L-OHP after DHA treatment. 
Furthermore, we confirmed that silencing 
SIRT3 enhanced the expression of PI3K and 
AKT in LoVo/L-OHP cells. The aberrant acti-
vation of the PI3K/AKT pathway acts against 
chemotherapy-induced apoptosis by increas-
ing the expression of anti-apoptotic genes 
(bcl-2 and XIAP) and reducing the expres-

sion of pro-apoptotic genes (bax) 31. In our 
study, we inhibited the PI3K/AKT axis with 
LY294002 and found that the viability of 
LoVo/L-OHP cells decreased while apopto-
sis increased. This also reversed the effect 
of knocking down SIRT3 on the viability and 
apoptosis of LoVo/L-OHP cells. Zhang et al. 
32 found that inhibiting the PI3K/AKT signal-
ling pathway in CRC cells can inhibit cell 
proliferation and activate apoptosis, thereby 
reversing oxaliplatin resistance, consistent 
with our research results.

Limitation
Our research also has some limitations. 

Whether other genes regulate SIRT3 is not 
clear. We also did not perform in vivo experi-
ments to confirm the apoptosis results. All 
these need further studies to illustrate.

Our study found that DHA could inhibit 
the L-OHP resistance in LoVo human colorec-
tal cancer cells by regulating the SIRT3/
PI3K/AKT axis. The results might provide a 
new integrated treatment approach for CRC 
treatment in clinical practice.
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Abstract. Osteonecrosis of the femoral head (ONFH) is a debilitating ortho-
pedic condition with two primary categories: traumatic osteonecrosis (TONFH) 
and non-traumatic ONFH, including alcoholic-induced osteonecrosis (AIONFH). 
Core decompression combined with bone grafting is a common treatment ap-
proach, but its efficacy and influencing factors in these two categories remain 
unclear. We conducted a study involving 50 patients (25 TONFH, 25 AIONFH) 
who underwent this procedure. Demographic data and clinical assessments were 
collected. The average age was 47.2 years, with 72% males. AIONFH patients had 
a higher BMI and more comorbidities like diabetes, hyperlipidemia, hyperten-
sion, and immune-related diseases. TONFH had a higher prevalence of osteopo-
rosis and fracture history. Bilateral hip necrosis was more frequent in TONFH, 
while left hip necrosis dominated in AIONFH. Both groups mainly had JIC classi-
fications C1 and C2. Preoperatively, most cases were ARCO grade III and IV, with 
lower Harris, PCS, and MCS scores. Both groups improved at the six-month post-
operative assessment, with better results in AIONFH. The last follow-up was 16.62 
months after treatment. In the final follow-up, AIONFH cases were mainly ARCO 
type I, and HHS, PCS, and MCS scores were significantly better than TONFH. 
Core decompression combined with bone grafting effectively treats AIONFH and 
TONFH, with superior outcomes in AIONFH. Factors influencing postoperative 
efficacy include BMI, JIC classification, and PCS score. These findings provide 
valuable insights for tailoring treatment strategies to specific ONFH categories.
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Análisis comparativo de la eficacia clínica de la descompresión 
central combinada con injerto óseo en el tratamiento de la 
osteonecrosis traumática o inducida por alcohol de la cabeza 
femoral.

Invest Clin 2024; 65 (3): 279 – 293

Palabras clave: descompresión central; injerto óseo; osteonecrosis traumática de la 
cabeza femoral; osteonecrosis inducida por alcohol de la cabeza femoral.

Resumen. La osteonecrosis de la cabeza femoral (ONFH) es una afección or-
topédica clasificada en dos categorías principales: osteonecrosis traumática (TON-
FH) y osteonecrosis no traumática, incluida la osteonecrosis inducida por alcohol 
(AIONFH). Un estudio con 50 pacientes (25 AIONFH, 25 TONFH) sometidos a des-
compresión central con injerto óseo evaluó su eficacia y factores influyentes. La 
edad promedio fue de 47,2 años, con un 72% de hombres y el seguimiento promedio 
fue de 16,62 meses. Los pacientes con AIONFH tenían un IMC más alto y más co-
morbilidades como diabetes, hiperlipidemia, hipertensión y enfermedades inmuno-
lógicas. La TONFH tenía una mayor prevalencia de osteoporosis y antecedentes de 
fracturas. La necrosis bilateral de cadera fue más frecuente en la TONFH, mientras 
que la necrosis de cadera izquierda dominaba en la AIONFH. Ambos grupos tenían 
principalmente clasificaciones JIC C1 y C2. Preoperatoriamente, la mayoría de los 
casos eran de grado ARCO III y IV, con puntajes de Harris, PCS y MCS más bajos. A 
los 6 meses de la evaluación posoperatoria, ambos grupos mejoraron, con resultados 
superiores en la AIONFH. El seguimiento promedio fue de 16,62 meses. En la última 
evaluación de seguimiento, la mayoría de los casos de AIONFH eran del tipo ARCO 
I, y los puntajes de HHS, PCS y MCS fueron significativamente mejores que en la 
TONFH. La descompresión central con injerto óseo trata eficazmente ambas cate-
gorías de ONFH, con resultados superiores en la AIONFH. Los factores que influyen 
en la eficacia posoperatoria incluyen el IMC, la clasificación JIC y el puntaje PCS. 
Estos hallazgos informan sobre la adaptación de las estrategias de tratamiento a las 
categorías de ONFH.

           Received: 22-09-2023       Accepted: 21-04-2024

INTRODUCCIÓN

Osteonecrosis of the femoral head 
(ONFH), or aseptic or avascular necrosis 
of the femoral head, is a progressive and 
painful orthopedic disease 1,2. It can be cat-
egorized into traumatic and non-traumatic 
osteonecrosis based on its etiology. Non-
traumatic ONFH is associated with various 
factors, including alcohol consumption, 

glucocorticoid use, infection, bone marrow 
infiltrative diseases, blood coagulation disor-
ders, and certain autoimmune diseases 3. Ac-
cording to a cross-sectional epidemiological 
study on ONFH in China, alcohol, steroids, 
and trauma are the three most common 
causes, with alcohol-induced non-traumatic 
osteonecrosis accounting for 37.15% and 
trauma-induced osteonecrosis accounting 
for 15.73%4. Regardless of the cause, with-
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out timely and effective treatment, the dis-
ease can lead to excruciating pain, the col-
lapse of the femoral head, and impaired hip 
joint movement, significantly affecting the 
patient’s quality of life 5.

Currently, clinical treatments for ONFH 
primarily focus on preserving hip joint func-
tion and halting disease progression. Various 
treatment modalities exist, including total 
hip arthroplasty, core decompression, vas-
cularized and non-vascularized bone trans-
plantation, and different osteotomy proce-
dures 6. Each treatment approach presents 
its advantages and drawbacks. Among these 
options, core decompression stands out as 
an ideal method, particularly for patients 
with early-stage ONFH 7. This technique en-
tails the removal of necrotic tissue from the 
femoral head, thereby reducing intraosseous 
pressure, promoting vascular reconstruc-
tion, facilitating bone regeneration within 
the necrotic region, relieving bone edema, 
and improving blood supply to the femoral 
head to foster lesion repair 8-10.

However, it should be noted that both 
thick channel core decompression and fine 
needle multi-hole drilling decompression 
procedures may inadvertently compromise 
the mechanical properties of the already 
fragile subchondral bone during the opera-
tion. Consequently, this may accelerate the 
collapse of the load-bearing surface of the 
femoral head or lead to subchondral bone 
fractures 11,12. Combining core decompres-
sion with bone grafting has emerged as a vi-
able solution to address this issue. Incorpo-
rating bone grafts into the necrotic segment 
after decompression provides structural sup-
port, facilitating subchondral bone recon-
struction in the femoral head and mitigating 
the risk of cartilage collapse 13. It is essen-
tial to recognize that the etiology of ONFH 
may vary, potentially impacting the clinical 
efficacy of core decompression combined 
with bone grafting. Thus, this study aims to 
analyze patients with alcohol-related ONFH 
(AIONFH) and traumatic ONFH (TONFH) to 
compare the clinical outcomes of core de-

compression combined with bone grafting in 
both types of patients and identify relevant 
factors. This research offers valuable insights 
to enhance the accuracy of the clinical ap-
plication of core decompression and bone 
grafting for patients with ONFH.

MATERIAL AND METHODS

Subject Recruitment and Surgical Proce-
dure

For this study, 50 patients were recruit-
ed based on strict inclusion and exclusion 
criteria. Twenty-five patients (35 hips) with 
TONFH were randomly selected to form the 
TONFH group, while another 25 patients (34 
hips) diagnosed with AIONFH were chosen 
to constitute the AIONFH group.

All recruited patients underwent sur-
gery under general anesthesia, assuming 
a supine position. The iliac crest served as 
the designated operation site. Prior to sur-
gery, routine disinfection and towel laying 
were performed. The surgical procedure 
commenced with a layered tissue incision 
to expose the iliac crest. Subsequently, the 
iliac bone was removed using a bone knife, 
crushed with rongeurs, and rinsed with nor-
mal saline. Following this, a guide needle 
was used to puncture the necrotic site along 
the vertex of the greater trochanter of the 
femur, approximately 2 cm in length. Ne-
crotic tissue was carefully scraped off from 
the site. Bone grafting material, composed 
of a mixture of the just removed bone tis-
sue and artificial bone, was then crushed and 
implanted into the necrotic area, ensuring 
complete filling. Attention was given to con-
firm adequate filling of the bone graft, and 
any remaining bone tissue was placed into 
the channel. The wound was finally rinsed 
and sutured. Postoperatively, all patients 
were required to remain in bed for one 
month, after which they resumed limited ac-
tivity combined with appropriate functional 
exercise. From three months post-surgery 
to six months post-surgery, patients utilized 
walking aids to increase weight-bearing ex-
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ercise gradually. Whole weight-bearing exer-
cise was used after six months post-surgery.

Inclusion criteria
1. Patients with a confirmed diagnosis 

of ONFH through imaging and clinical ex-
aminations. 2. Patients with ONFH caused 
either by alcohol consumption or traumatic 
incidents. 3. Patients who underwent core 
decompression combined with bone grafting 
as a treatment modality. 4. Patients who pro-
vided informed consent after being informed 
about the study.

Exclusion criteria
1. Patients with ONFH caused by hor-

monal imbalances or inflammation. 2. Pa-
tients who underwent treatment methods 
unrelated to core decompression combined 
with bone grafting. 3. Patients with an insuf-
ficient matching degree or lacking relevant 
case data. 4. Patients with severe conditions 
such as malignant tumors or hemorrhagic 
diseases.

Main observation index
This study utilized the hospital medical 

record system to gather crucial patient in-
formation, medical records during hospital-
ization, preoperative and postoperative im-
aging data, postoperative adverse reactions, 
and follow-up records. The primary data of 
patients, including sex, age, height, weight, 
body mass index (BMI), and complications, 
were collected. All patients underwent an 
impact examination upon admission, and 
regular follow-ups were conducted after the 
operation to assess the presence of necrosis 
and collapse of the femoral head. The classi-
fication system used for ONFH was based on 
the Japanese Investigation Committee, JIC 
classification.

The clinical efficacy was evaluated 
through the Association Research Circula-
tion Osseous (ARCO) classification, Harris 
Hips score (HHS), and SF-36 scale before the 
operation and the follow-up at six months af-
ter and at the last follow-up.

The ARCO classification served as a 
means to categorize ONFH, providing in-
sight into the surgical effect and enabling 
targeted adjustments to the treatment 
plan. In this study, the ARCO 2019 staging 
method was employed 14, dividing patients 
into four stages (I, II, III and IV) based on 
imaging examination results and patho-
logical changes in the femoral head. Stage 
I showed abnormalities in X-ray examina-
tion, while MRI indicated a banded low sig-
nal surrounding the necrotic area. Stage IV 
was characterized by evident osteoarthritis, 
with an X-ray examination revealing bone-
joint space narrowing, acetabular changes, 
and joint destruction.

HHS was utilized to evaluate the hip 
joint function, encompassing four aspects: 
pain degree (44 points), joint function (47 
points), deformity (4 points), and range of 
motion (5 points). A higher score indicated 
better hip joint function, with scores less 
than 70 points indicating poor function, 
scores between 70 and 79 indicating medi-
um-level function, scores between 80 and 89 
indicating good function, and scores of 90-
100 indicating excellent function.

The SF-36 scale was employed to as-
sess patients’ quality of life, covering eight 
aspects: physiological function, emotional 
function, physical pain, general health sta-
tus, experience, social function, and mental 
health. The SF-36 conversion equation of 
the Chinese population published by Lam 
et al. was used to convert the questionnaire 
responses into physical health score (PCS) 
and mental health score (MCS), with higher 
scores indicating a better quality of life.

Additionally, the therapeutic effect 
was evaluated based on the results of the 
last follow-up, with patients without data at 
the last follow-up being analyzed using data 
from 6 months after the operation. The ef-
fectiveness of treatment was categorized as 
follows: “Extremely effective”, indicating 
increased bone mineral density in the fo-
cus, with the cystic light transmission area 
and fissure sign returning to normal, and 
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no collapse of the femoral head; “Effective”, 
indicating increased bone mineral density 
in the focus, with the cystic light transmis-
sion area and fissure sign decreased, and 
femoral head collapse < 2mm; and “Inef-
fective,” indicating femoral head collapse 
≥ 2mm. The effective rate of treatment 
was calculated by summing the number of 
patients classified as “Extremely effective” 
and “Effective”.

Statistical analysis
Data entry and collation of the ques-

tionnaire were performed using Excel soft-
ware, while statistical data analysis was con-
ducted using Statistic Package for Social 
Science (SPSS) 25.0 ® (IBM, Armonk, NY, 
USA). Continuous variables and classified 
variables in the study were described and 
analyzed in the form of “average ± standard 
deviation” and “cases (proportion),” respec-
tively. For continuous variables conforming 
to the normal distribution, the independent 
sample T-test was employed to analyze differ-
ences between groups, while those not con-
forming to the normal distribution were an-
alyzed using the Mann-Whitney U test. The 
classified variables were subjected to sta-
tistical analysis using the chi-square test or 
Fisher exact test. Univariate Logistic regres-
sion analysis was used to identify risk factors 
affecting treatment efficacy, while multivari-
ate logistic regression analysis was employed 
to analyze significant indicators. Statistical 
results with p<0.05 were considered to have 
a significant difference in the data.

RESULTS

Study Characteristics
This study presents the patients’ basic 

information and clinical characteristics, as 
outlined in Table 1. The average age of the 
patients included in the study was 47.2 ± 
7.4 years, with a majority of male patients 
(72.0%). The BMI of the patients in the 

AIONFH group was significantly higher than 
that of the patients in the TONFH group 
(p<0.05). The prevalence of diabetes, hy-
perlipidemia, hypertension, and immune-
related diseases was higher in the AIONFH 
group compared to the TONFH group, while 
the history of osteoporosis and fracture was 
more frequent in the TONFH group. Regard-
ing postoperative adverse reactions, both 
groups experienced a higher occurrence of 
severe pain and deep venous thrombosis at 
the last follow-up, and there was no signifi-
cant difference between the two groups (p 
>0.05).

Imaging Features
The imaging results for both groups are 

detailed in Table 1. Among the patients in 
the TONFH group, 40.00% exhibited necro-
sis in both hip joints, while in the AIONFH 
group, 40.00% displayed necrosis in the 
left hip joint. According to the JIC classifi-
cation, many patients in both groups were 
categorized as C1 and C2 types. Specifically, 
the TONFH group had a higher proportion 
of C2 type (45.71%) compared to C1 type 
(34.29%), whereas both C1 and C2 types 
were equally distributed in the AIONFH 
group (38.24%). No significant difference 
between the two groups was observed in hip 
joint pathological changes and JIC classifi-
cation.

Comparison of ARCO classification, HHS 
and SF-36 score between the two groups 
before operation

Results of ARCO classification, HHS, 
and SF-36 score for both groups before the 
operation are presented in Table 2. No sig-
nificant difference was found in the above in-
dexes between the two groups before the op-
eration (p>0.05). The most common ARCO 
classification in both groups was Grade IV. 
In terms of Harris score, the scores for both 
groups were significantly lower than 70, in-
dicating poor hip joint function.
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Table 1 
Basic information and clinical characteristics of patients.

Variables Total TONFH Group AIONFH Group t/Z/χ2/F p 

Patients/hips 50/69 25/35 25/34

Age  
(year, mean ± SD)

 
47.2±7.4

 
45.6±8.2

 
48.8±6.2

 
1.528

 
0.133

Gender  
n (%)

Male 36 (72) 16 (64) 20(80) 1.587 0.208

Female 14 (28) 9 (36) 5(20)

BMI  
(kg/m2, mean ± SD)

 
23.81±2.49

 
22.85±2.54

 
24.78±2.06

 
2.949 0.005

Smoking  n (%) 27(54) 13(52) 14(56) 0.081 0.777

Alcohol  
n (%)

 
40(80)

 
15(60)

 
25(100)

 
12.500

 
<0.001

Pathogeny  
n (%)

Alcohol 25(50) - 25(100) - -

Trauma 21(42) 21(84) -

Others 4(8) 4(16) -

Complications / 
existing medical 
history  
n (%)

Diabetes 23(46) 9(36) 14(56) 22.543 <0.001

Hyperlipidemia 27(54) 9(36) 18(72)

Hypertension 28(56) 10(40) 16(64)

Immune-related 
diseases

 
19(38)

 
7(28)

 
12(48)

Osteoporosis 26(52) 14(56) 12(48)

Fracture 23(46) 21(84) 2(8)

Necrotic hip joint  
n (%)

Left 18(26.09) 8(32) 10(40) 0.352 0.839

Right 13(18.84) 7(28) 6(24)

Both 19(27.54) 10(40) 9(36)

JIC classification  
n (%)

A 7(10.14) 4(11.43) 3(8.82) 0.985 0.805

B 8(11.59) 3(8.57) 5(14.71)

C1 25(36.23) 12(34.29) 13(38.24)

C2 29(42.03) 16(45.71) 13(38.24)

Postoperative  
adverse reactions 
n (%)

Severe pain 8(16) 4(16) 4(16) 0.287 0.963

Infected 2(4) 1(4) 1(4)

Deep venous 
thrombosis

6(12) 3(12) 3(12)

Hematoma 3(6) 1(4) 2(8)

Follow-up time 
(month, mean ± SD)

 
16.62±5.21

 
17.04±5.22

 
16.2±5.28

 
0.566

 
0.574

p<0.05 indicates statistical significance. 

For continuous variables conforming to the normal distribution, the independent sample T-test was employed to 
analyze differences between groups, while those not conforming to the normal distribution were analyzed using the 
Mann-Whitney U test. The classified variables were subjected to statistical analysis using the chi-square test or Fis-
her exact test; Traumatic osteonecrosis (TONFH); non-traumatic- alcoholic-induced osteonecrosis (AIONFH). BMI: 
body mass index; JIC: Japanese Investigation Committee Classification.
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Comparison of ARCO classification, 
HHS and SF-36 score between the two 
groups of the follow-up at 6 months after 
operation

Six months after the operation, the re-
sults of ARCO classification, HHS, and SF-36 
score for both groups are shown in Table 3. 
However, it is worth noting that one patient 
in the TONFH group could not be reached 
for follow-up, reducing the number of pa-
tients/hips to 24/34 in this group.

In terms of ARCO typing, a majority 
of patients in the AIONFH group were clas-
sified as type III (61.76%), while those in 
the TONFH group still belonged to grade 
IV (38.24%). This difference between the 
two groups was statistically significant (p < 
0.05). The total HHS for the AIONFH group 
was (73.24 ± 8.45), indicating a significant 
improvement in hip joint function for these 
patients. On the other hand, the Harris score 
for the TONFH group remained lower than 
70 (p<0.05), indicating persistent poor hip 

joint function. Moreover, the scores of PCS 
and MCS in the AIONFH group were higher 
compared to those in the TONFH group, and 
the difference in MCS scores was found to be 
significant. This suggests that patients with 
AIONFH experienced better physical and 
mental health outcomes compared to those 
with TONFH.

Comparison of ARCO classification, HHS 
and SF-36 score between the two groups 
at the last follow-up

At the last follow-up, the results of ARCO 
classification, Harris score, and SF-36 score 
for both groups are presented in Table 4. It 
should be noted that during the last follow-
up, two patients in the TONFH group and 
four patients in the AIONFH group could not 
be contacted normally, reducing the number 
of patients/hip joints to 22/31 and 21/29.

At the last follow-up, significant differ-
ences were observed in the results of all three 
indexes between the AIONFH and TONFH 

Table 2 
Comparison of ARCO classification, HHS and SF-36 score between the two groups before operation.

Variables TONFH Group AIONFH Group t/Z/χ2 p 

Patients/hips 25/35 25/34

ARCO n (%) I/II 3 (8.57) 3 (8.82) 0.825 0.662

III 8 (22.86) 11(32.35)

IV 24 (68.57) 20 (58.82)

HHS (score, mean ± SD) Pain   21.4±2.72 21.09±3.18 0.691 0.490

Function 23.31±3.34 23.65±2.59 0.461 0.646

Deformity   4±0   4±0 - -

Range of motion     0.6±0.65 0.59±0.5 0.190 0.849

Total scores 49.31±5.11 49.32±5.76 0.007 0.994

SF-36 (score, mean ± SD) PCS 32.64±2.89 32.04±2.73 0.755 0.454

MCS 43.48±1.85 43.04±3.52 0.553 0.583
p<0.05 indicates statistical significance. 

For continuous variables conforming to the normal distribution, the independent sample T-test was employed to 
analyze differences between groups, while those not conforming to the normal distribution were analyzed using 
the Mann-Whitney U test. The classified variables were subjected to statistical analysis using the chi-square test or 
Fisher exact test.

Traumatic osteonecrosis (TONFH) ; non-traumatic-alcoholic-induced osteonecrosis (AIONFH). ARCO: Association 
Research Circulation Osseous; HHS: Harris Hip Score; SF-36: 36-Item Short Form Health Survey.
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groups (p<0.05). In the AIONFH group, most 
patients were classified as type I according 
to the ARCO classification (43.33%), while 
most patients in the TONFH group were clas-
sified as type II (38.71%). This difference in 
ARCO classification between the two groups 
was statistically significant. The HHS of pa-
tients in both groups were higher than 70, 
indicating improved hip joint function. How-
ever, the Harris scores in the AIONFH group 
were notably higher than 80. Furthermore, 
the scores of PCS and MCS in the AIONFH 
group were significantly higher than those in 
the TONFH group. 

Therapeutic effect of two groups  
of patients

The therapeutic effects of the two 
groups are shown in Table 5. The total effec-
tive rate of the AIONFH group was 76.47%, 

which was higher than that of TONFH group 
(55.88%). 

Analysis of the related factors affecting 
the prognosis of patients

Table 6 presents the results of the Lo-
gistic regression analysis conducted to iden-
tify possible factors related to the prognosis 
of patients. The univariate Logistic analysis 
examined several factors, including BMI, 
immune-related diseases, history of osteo-
porosis, JIC classification, HHS, PCS, and 
MCS. The analysis revealed that these fac-
tors showed statistical significance concern-
ing the prognosis of patients.

Upon further analysis using multivari-
ate Logistic regression, three factors were 
statistically significant predictors of progno-
sis. These factors were BMI, JIC classifica-
tion, and PCS.

Table 3 
Comparison of ARCO classification, HHS and SF-36 score between  

the two groups 6 months after operation.

Variables TONFH Group AIONFH Group t/Z /χ2 p 

Patients/Hips 24/34 25/34

ARCO  n (%) I 1(2.94) 5(14.71) 15.156 0.002

II 11(32.35) 5(14.71)

III 9(26.47) 21(61.76)

IV 13(38.24) 4(11.76)

HHS  
(score, mean ± SD)

Pain 25.59±2.73 32.85±3.81 5.881 <0.001

Function 27.76±3.96 34.76±4.63 6.701 <0.001

Deformity   4±0   4±0 - -

Range of motion   1.26±0.45   1.62±0.92 1.416 0.157

Total scores 61.62±5.83  73.24±8.45 6.600 <0.001

SF-36  
(score, mean ± SD)

PCS 36.21±4.49  38.08±4.73 1.529 0.126

MCS 45.25±2.77  47.52±4.82 2.030 0.049
 p<0.05 indicates statistical significance. 

For continuous variables conforming to the normal distribution, the independent sample T-test was employed to 
analyze differences between groups, while those not conforming to the normal distribution were analyzed using 
the Mann-Whitney U test. The classified variables were subjected to statistical analysis using the chi-square test or 
Fisher exact test.

Traumatic osteonecrosis (TONFH); non-traumatic- alcoholic-induced osteonecrosis (AIONFH). ARCO: Association 
Research Circulation Osseous; HHS: Harris Hip Score; SF-36: 36-Item Short Form Health Survey.



Comparing treatment for alcohol and trauma-induced femoral head necrosis 287

Vol. 65(3): 279 - 293, 2024

DISCUSSION

Core decompression combined with bone 
grafting is ideal for treating AIONFH  
and TONFH

ONFH is a challenging orthopedic con-
dition with a high disability rate, necessitat-
ing timely and effective treatment to pre-

serve patients’ health and quality of life 15. 
Among various treatment approaches, core 
decompression and bone grafting are con-
sidered favorable surgical methods 16. The 
combination of these techniques not only re-
duces internal pressure in the femoral head, 
alleviates bone marrow edema, and enhanc-
es intraosseous microcirculation through 

Table 4 
Comparison of ARCO/ classification, HHS and SF-36 score between the two groups  

at six months after the last follow-up.

Variables TONFH Group AIONFH Group Z /χ2 p 

Patients/Hips 22/31 21/29

ARCO▲ n (%) I 3(9.68) 13(43.33) 10.806 0.013

II 12(38.71) 10(33.33)

III 5(16.13) 3(10)

IV 11(35.48) 4 (13.33)

HHS▲  
(score, mean ± SD)

Pain 32.58±5.1 36.83±6.29 3.225 0.001

Function   35.39±7.28 40.00±6.26 3.100 0.002

Deformity     3.77±0.43   3.86±0.35 0.872 0.383

Range of motion     3.13±1.71 3.59±1.4 0.713 0.476

Total scores     74.87±14.17   84.28±13.99 2.791 0.005

SF-36▲  
(score, mean ± SD)

PCS   41.86±8.35 45.86±7.32 2.296 0.022

MCS   47.26±3.78 50.27±5.48 2.088 0.037
▲ The results were compared with the corresponding indexes of this group before operation, p< 0.05; p<0.05. 

For continuous variables conforming to the normal distribution, the independent sample T-test was employed to 
analyze differences between groups, while those not conforming to the normal distribution were analyzed using 
the Mann-Whitney U test. The classified variables were subjected to statistical analysis using the chi-square test or 
Fisher exact test.

Traumatic osteonecrosis (TONFH); non-traumatic- alcoholic-induced osteonecrosis (AIONFH). ARCO: Association 
Research Circulation Osseous; HHS: Harris Hip Score; SF-36: 36-Item Short Form Health Survey.

Table 5 
Clinical treatment of patients in two groups.

Groups Extremely effective Effective Ineffective Total efficiency

TONFH Group (34 hips) 15(44.12)* 4(11.76) 15 (44.12) 19 (55.88)

AIONFH Group (34 hips) 23(67.65) 3(8.82) 8 (23.53) 26 (76.47)

χ2 value 3.219

p value 0.073
* n (%).

p<0.05 indicates statistical significance. 

Traumatic osteonecrosis (TONFH); non-traumatic- alcoholic-induced osteonecrosis (AIONFH). 
The classified variables were subjected to statistical analysis using the chi-square test or Fisher exact test.
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improved muscle and pulse reflux but also 
facilitates osteogenesis, bone repair, and 
provides structural support to the femoral 
head, thereby reducing the risk of postop-
erative femoral head collapse 17.

Prior research by Larson et al. indicated 
that using core decompression alone to treat 
ONFH yields variable clinical success rates, 
with the lowest rate being only 20%, leading 
to uncertain therapeutic outcomes 18. How-
ever, our study demonstrates that combin-
ing core decompression with bone grafting 
yields better therapeutic results for patients 
with AIONFH and TONFH, achieving 55.88% 
and 76.47% success rates. By comparing 
various indices before surgery, at six months 
after the operation, and at the last follow-up, 
we observed an improvement in the ARCO 

classification from grade III/IV to grade I/
II in both groups. The HHS and SF-36 scores 
were also significantly enhanced, indicating 
notable improvements in hip joint function 
and overall quality of life. The ARCO classifi-
cation system is widely used to assess ONFH 
and reflects the occurrence of femoral head 
collapse 5,19. The HHS provides a comprehen-
sive evaluation of post-surgery hip joint func-
tion. The combination of these assessments 
effectively captures the hip joint’s recovery 
and the overall well-being of the patients 20. 
The SF-36 scale is a reliable tool for measur-
ing health-related quality of life 21, and when 
combined with the other measures, it high-
lights the substantial positive impact of the 
surgical intervention on the patient’s func-
tional recovery and psychological well-being.

Table 6 
Logistic regression analysis of factors related to prognosis of patients.

Predictor Univariables OR (95% CI) p Multivariables OR (95% CI) p

Pathogeny 2.566(0.905-7.275) 0.076

Gender 0.653(0.21-2.027) 0.461

Age 0.979(0.906-1.059) 0.602

BMI 0.723(0.571-0.915) 0.007 0.692(0.507-0.944) 0.020*

Smoking 2.141(0.771-5.945) 0.144

Alcohol 0.389(0.128-1.181) 0.096

Diabetes 2.612(0.902-7.569) 0.077

Hyperlipidemia 1.146(0.418-3.138) 0.791

Hypertension 1.95(0.705-5.394) 0.198

Immune-related diseases 0.28(0.097-0.805) 0.018 0.133(0.007-2.47) 0.176

Osteoporosis 0.222(0.07-0.703) 0.011 3.365(0.536-21.125) 0.195

Fracture 0.429(0.153-1.198) 0.106

JIC 5.526(1.726-17.692) 0.004 14.275(1.117-182.387) 0.041*

HHS 0.811(0.707-0.93) 0.003 0.779(0.594-1.023) 0.072

PCS 0.581(0.432-0.78) <0.001 0.419(0.192-0.913) 0.029*

MCS 0.674(0.52-0.875) 0.003 0.781(0.475-1.284) 0.330
*p<0.05.

Univariate Logistic regression analysis was used to identify risk factors affecting treatment efficacy, while multiva-
riate Logistic regression analysis was employed to analyze significant indicators.

Body mass index (BMI); JIC: Japanese Investigation Committee; HHS: Harris Hip Score; Physical Health Score 
(PCS); Mental Health Score (MCS).
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Core decompression combined with bone 
grafting has a better therapeutic effect  
on AIONFH

Upon further analysis, we observed that 
the therapeutic efficacy of core decompres-
sion combined with bone grafting was su-
perior in patients with AIONFH compared 
to those with TONFH. TONFH is gener-
ally caused by direct trauma to the femoral 
head, leading to the disruption of blood sup-
ply, ischemia, and hypoxia of osteocytes, ul-
timately resulting in necrosis 22. The blood 
supply to the femoral head is primarily from 
the medial and lateral circumflex femoral 
arteries, which supply blood to the lateral 
anterior superior region and the area below 
the femoral head. Fractures, particularly in 
the femoral neck region, can damage these 
arteries, increasing the likelihood of ONFH.

On the other hand, AIONFH arises 
mainly from an imbalance in osteogenesis/
osteoclast activity and abnormal lipid me-
tabolism, causing ischemia, hypoxia, venous 
stasis, and elevated intraosseous pressure 
in the femoral head 23,24. Considering the 
unique characteristics of core decompres-
sion combined with bone grafting and the 
distinct pathological nature of the two dis-
eases, this treatment approach holds greater 
promise for managing AIONFH. Our study 
supports this notion, as the total effective 
rate in the AIONFH group was higher than 
that in the TONFH group. Moreover, starting 
from six months after the operation, many 
indices in the AIONFH group showed better 
outcomes than those in the TONFH group. 
At the last follow-up, except for “deformity” 
and “range of motion” in the Harris score, 
all other indices demonstrated significant 
improvement in the AIONFH group com-
pared to the TONFH group. These findings 
suggest that core decompression combined 
with bone grafting yields superior clinical ef-
ficacy in treating AIONFH, leading to more 
pronounced improvements in the patients’ 
quality of life.

Overall, the results indicate that the 
chosen treatment approach is more advanta-

geous for AIONFH patients due to its ability 
to address the disease’s specific pathological 
mechanisms. This study highlights the im-
portance of selecting appropriate treatment 
strategies tailored to the unique character-
istics of different types of femoral head ne-
crosis, ultimately leading to better clinical 
outcomes and improved patient well-being.

BMI, JIC classification and PCS score are 
the risk factors affecting the prognosis  
of patients

Our results also indicated that BMI, JIC 
classification, and PCS score could be poten-
tial risk factors influencing the prognosis of 
patients with AIONFH and TONFH. BMI is 
a commonly used indicator to assess body 
weight and is employed to evaluate various 
health conditions 25, including obesity and 
the risk of fractures 26, hypertension 27, and 
kidney disease 28. Prior studies have high-
lighted the crucial role of lipid metabolism 
in the development of femoral head osteone-
crosis. Lowering body fat content has been 
shown to enhance osteogenesis, while lipid 
metabolism disorders may lead to fat enter-
ing the bloodstream and spreading through-
out the body, potentially affecting bone mar-
row and increasing intramedullary pressure. 
This process could obstruct venous reflux 
and impede blood circulation within bone 
tissue, ultimately influencing the clinical ef-
fectiveness of intramedullary decompression 
combined with bone grafting. Hence, higher 
BMI levels may impact the treatment out-
comes of this surgical approach.

Additionally, the location of the ne-
crotic area within the femoral head is closely 
associated with femoral head collapse and 
pain 29,30. When the osteonecrosis area is lo-
cated inside the weight-bearing region, the 
subchondral bone remains more intact, en-
hancing femoral head stability and reduc-
ing pain and collapse rates during weight-
bearing 31,32. On the contrary, when the JIC 
classification of the patient indicates type C, 
where the necrotic area is situated outside 
the weight-bearing region, patients tend to 
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experience more severe pain, and the proba-
bility of postoperative femoral head collapse 
is higher. Therefore, the JIC classification 
serves as an effective index for predicting 
the prognosis of patients.

Furthermore, the PCS score reflects 
patients’ physical health and indirectly indi-
cates the impact of femoral head osteone-
crosis on their life. Patients’ quality of life is 
often closely related to the severity and du-
ration of the disease and the stress caused by 
it 33. As a result, the PCS score can provide 
insights into the patient’s overall condition 
and prognosis, helping to gauge the severity 
of the disease and its impact on the patient’s 
well-being.

Considering BMI, JIC classification, 
and PCS score as potential risk factors in 
the prognosis of AIONFH and TONFH pa-
tients can aid in understanding their clini-
cal outcomes and developing appropriate 
treatment strategies tailored to their spe-
cific conditions. The findings of this study 
underscore the efficacy of core decompres-
sion combined with bone grafting in treat-
ing avascular necrosis of the femoral head 
(ONFH), particularly in the context of al-
cohol-induced ONFH. While the results of 
this study support the positive outcomes of 
this surgical technique, it is essential to ac-
knowledge that the focus on alcohol-induced 
ONFH necessitates specific consideration 
of the population studied. Given the epide-
miological significance of alcohol-induced 
ONFH in specific populations, it is crucial to 
emphasize the specificity of this study’s find-
ings to the alcoholism-related etiology in 
the title of the manuscript. By recognizing 
the unique epidemiological aspects of the 
study population, the results and implica-
tions can be more accurately contextualized 
and better aligned with the specific medical-
metabolic origins of alcohol-induced ONFH.

While the current study included as-
sessments at preoperative, six months 
postoperative, and a final follow-up, we ac-
knowledge the need for more frequent and 
intermediate medical controls during the 

postoperative period. Therefore, it is recom-
mended to incorporate interim assessments 
at specific intervals, such as three months 
and 12 months postoperatively, to provide 
a more comprehensive understanding of 
the progression and outcomes of the surgi-
cal treatment. These additional checkpoints 
will allow for a more nuanced evaluation 
of the patient’s recovery and the effective-
ness of the intervention, particularly in the 
context of the described surgical treatment 
approach for osteonecrosis of the femoral 
head. Further, it is imperative to acknowl-
edge the significance of utilizing additional 
assessment scales, including imaging-based 
evaluations, alongside standard clinical rat-
ing scales for a comprehensive evaluation 
of treatment outcomes in osteonecrosis of 
the femoral head. While the study incorpo-
rated reliable and internationally recognized 
clinical rating scales such as the Associa-
tion Research Circulation Osseous (ARCO) 
classification, Harris Hip Score (HHS), and 
SF-36 scale, the inclusion of imaging-based 
assessments, such as MRI and X-ray evalua-
tions, would provide valuable insights into 
the structural changes and healing progres-
sion within the femoral head post-surgery. 
The integration of imaging assessments 
will offer a more holistic understanding of 
the treatment response and aid in deter-
mining the success of the surgical interven-
tion from both functional and anatomical 
perspectives. Therefore, it is recommended 
to consider including imaging-based evalu-
ation tools as supplementary measures to 
augment the comprehensive assessment of 
treatment outcomes in future research en-
deavors. Besides, this study included its fo-
cus on a specific population and etiological 
factors, which may restrict the generalizabil-
ity of the findings to other populations and 
ONFH etiologies.

In conclusion, core decompression 
combined with bone grafting has demon-
strated promising therapeutic outcomes for 
AIONFH and TONFH, with particularly sig-
nificant results observed in AIONFH cases. 
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This treatment approach improves hip joint 
function and effectively enhances patients’ 
overall quality of life while mitigating the 
risk of postoperative femoral head collapse. 
Consequently, it is a recommended surgical 
method for managing these conditions.

Moreover, our findings suggest that 
BMI, JIC classification, and PCS score may 
serve as potential risk factors influencing 
the prognosis of patients with AIONFH and 
TONFH. Patients who present with specific 
indicators related to these factors should 
receive heightened attention and suitable 
treatment measures to improve the sur-
gery’s clinical effectiveness and prognostic 
outcomes. Furthermore, as medical advance-
ments continue to progress, the availability 
of various bone grafting options has expand-
ed. Building upon the established efficacy 
of core decompression combined with bone 
grafting in treating AIONFH, further explo-
ration into different types of bone grafts may 
offer additional opportunities for treatment 
optimization.
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Resumen. Las micosis superficiales constituyen uno de los principales mo-
tivos de consulta en el área dermatológica. En los últimos años se ha compro-
bado en diferentes países la efectividad terapéutica de los aceites ozonizados en 
infecciones micóticas por su amplio espectro germicida y antifúngico. El objeti-
vo fue evaluar la eficacia del uso de aceite de girasol ozonizado en el tratamien-
to de micosis superficiales en pacientes de la consulta externa de Micología en 
el Servicio de Dermatología del Hospital Vargas de Caracas, Instituto Autónomo 
de Biomedicina Dr. Jacinto Convit. Se realizó un estudio experimental descrip-
tivo transversal, donde se evaluaron 36 pacientes con diagnóstico de micosis 
superficial y 10 sujetos sanos. Del grupo de 36 pacientes, 26 fueron tratados 
con aceite de girasol ozonizado (AGO) y 10 pacientes con aceite de girasol sin 
ozonizar (AGNO). Los 10 individuos sanos representaron el control de sensibi-
lidad al AGO. Las micosis superficiales más frecuentes evaluadas en el grupo 
de AGO fue tinea corporis (31%), seguido de estomatitis subprotésica (23%) y 
para el grupo de AGNO tinea pedis (50%); en cuanto al agente etiológico se evi-
denció una mejoría con el tratamiento de AGO del 86% para Candida albicans 
y 60% para el complejo Trichophyton rubrum a la semana 8 de tratamiento. Se 
concluyó que el efecto antifúngico del AGO es mayor para el género Candida 
spp que para los dermatofitos, evidenciándose una mejoría total de las lesiones 
con seis semanas de tratamiento. 
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Abstract. Superficial mycoses are one of the main reasons for consulta-
tion in the dermatological area. In recent years, the therapeutic effectiveness 
of ozonated oils in fungal infections has been verified in different countries due 
to its broad germicidal and antifungal spectrum. The objective is to evaluate 
the efficacy of the use of ozonated sunflower oil in the treatment of superficial 
mycoses in patients of the Mycology consultation at the Dermatology Service 
of the Hospital Vargas de Caracas, Instituto Autonómo de Biomedicina “Dr. Ja-
cinto Convit”. A cross-sectional descriptive, experimental study was conducted, 
where 36 patients diagnosed with superficial mycosis and ten healthy subjects 
were evaluated. Of the group of 36 patients, 26 were treated with ozonated sun-
flower oil (AGO) and ten patients with non-ozonized sunflower oil (AGNO). Ten 
healthy individuals represented the AGO sensitivity control. The most frequent 
superficial mycosis evaluated in the AGO group was tinea corporis (31%), fol-
lowed by denture stomatitis (23%) and for the AGNO group, tinea pedis (50%). 
Regarding the etiological agent, an improvement with the AGO treatment of 
86% for Candida albicans and 60% for the Trichophyton rubrum complex was 
evidenced at week eight of treatment. It is concluded that the antifungal effect 
of AGO is more significant for the genus Candida spp than for dermatophytes, 
evidencing a total improvement of the lesions with six weeks of treatment.

           Recibido: 05-09-2023       Aceptado: 26-04-2024

INTRODUCCIÓN

Las micosis superficiales son infeccio-
nes fúngicas que afectan la piel, las uñas y 
el cabello. Son causados   por dermatofitos, 
mohos y levaduras. Estas infecciones fúngi-
cas son de distribución geográfica cosmopo-
lita y predominan en las regiones tropicales 
y subtropicales 1,2. En cuanto a los factores 
predisponentes se encuentran los malos há-
bitos higiénicos, el hacinamiento, acondicio-
namiento físico, el uso de zapatos cerrados y 
ropa sintética 3,4. En el caso de pacientes con 
procesos crónicos o debilitantes como la dia-
betes, las micosis superficiales se incremen-
tan y se extienden con facilidad. Aunque no 

causa mortalidad, se sabe que se asocia con 
una alta morbilidad que puede ser psicológi-
ca o física. Esto afecta la calidad de vida de 
las personas infectadas lo que repercute ne-
gativamente en su situación laboral, afectiva 
y social. Tales infecciones están aumentando 
a escala mundial y, por lo tanto, son motivo 
de grave preocupación en todo el mundo 5. 

A lo largo de los años se han incluido 
diferentes métodos terapéuticos para las 
micosis superficiales, entre las cuales existe 
la ozonización de aceites vegetales, lo cual 
se logra utilizando el ozono (O3), el cual se 
caracteriza por ser una molécula inestable 
compuesta por tres átomos de oxígeno. Cada 
átomo de oxígeno liberado se une a otra mo-
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lécula de oxígeno (O2) formando moléculas 
de O3. En condiciones normales es muy solu-
ble en agua, 20 veces más soluble que el oxí-
geno, como es una molécula bastante inesta-
ble, su vida media en agua es de 20 minutos 
aproximadamente, limitando su uso por este 
medio. Por otro lado, es soluble en aceites 
comerciales, al unirse la molécula de ozono 
a los dobles enlaces de los ácidos insatura-
dos, hace que esta se vuelva más estable y 
puede permanecer unida inclusive hasta dos 
años. El potencial de oxidación del ozono 
es de 2,07 Voltios, es uno de los potenciales 
más elevado en la tabla de los potenciales de 
oxidación, superado solamente por el poten-
cial del flúor cuyo valor es de 2,87 Voltios 6,7. 
El gas ozono (O3) es un potente oxidante lo 
que lo convierte en un potente agente ger-
micida, fungicida y viricida. Actualmente, se 
conoce sus efectos antiinflamatorios 8, anti-
oxidantes 9 y cicatrizantes 10. Por lo tanto, la 
ozonoterapia se ha sugerido como un trata-
miento alternativo en odontología y en cam-
pos médicos, como la dermatología. Se ha 
propuesto su uso en casos de acné, eczema, 
dermatitis atópica, psoriasis, herpes zoster, 
pioderma, micosis, y también en la cicatriza-
ción de heridas en la piel 10. 

En la búsqueda de tratamientos alter-
nativos para las micosis superficiales, se 
planteó un ensayo clínico para evaluar la efi-
cacia del uso de aceites de girasol ozonizado 
en el tratamiento de micosis superficiales en 
pacientes de la consulta externa de Micolo-
gía en el Servicio de Dermatología del Hos-
pital Vargas de Caracas, Instituto Autónomo 
de Biomedicina Dr. Jacinto Convit.

MATERIALES Y MÉTODOS

Se trata de un estudio del tipo expe-
rimental, descriptivo y de corte transver-
sal, para evaluar pacientes con diagnóstico 
presuntivo de micosis superficiales. Estos 
fueron atendidos en la consulta externa de 
Micología del Servicio de Dermatología del 
Hospital Vargas de Caracas, Instituto de Bio-
medicina Dr. Jacinto Convit.

Población y muestra: Se evaluaron 36 
pacientes con diagnóstico presuntivo de mi-
cosis superficiales, 26 fueron tratados con 
aceite de girasol ozonizado (AGO), 10 con 
aceite de girasol sin ozonizar (AGNO). Adi-
cionalmente, se incluyeron 10 individuos sa-
nos, como controles, a quienes se les colocó 
aceite de girasol ozonizado para evaluar la 
sensibilidad del producto, durante el lapso 
de octubre a diciembre de 2019.

Con aprobación del comité de Bioética 
del Instituto autónomo de Biomedicina Dr. 
Jacinto Convit y, previo consentimiento in-
formado de cada paciente, se recolectó la 
información clínico-epidemiológica de cada 
paciente (edad, sexo, procedencia, antece-
dentes personales, presentación clínica, me-
joría clínica, duración del tratamiento, efec-
tos adversos y recidivas).

Criterios de inclusión:
• Se seleccionaron pacientes con mi-
cosis superficiales no complicadas, que 
no comprometían la salud ni la vida de 
los pacientes, mientras se realizó el es-
tudio.

• Pacientes de ambos géneros. En eda-
des entre 5 y 70 años.

• Los pacientes en edad pediátrica 
(<12 años) recibieron solo el trata-
miento de aceite de girasol ozonizado.

• Pacientes que aceptaron voluntaria-
mente participar en el estudio, previo 
consentimiento informado.

• Sin tratamientos previos con antimi-
cóticos tópicos y sistémicos.

Criterios de exclusión:
• Pacientes con enfermedades menta-
les que impidieran su colaboración con 
el estudio y condiciones del mismo.

• Pacientes con micosis superficiales 
muy extensas o que afectaran uñas y 
pelo ya que éstas ameritan tratamiento 
sistémico.
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• Pacientes VIH positivos.

• Pacientes menores de 2 años o mayo-
res de 80 años.

Preparación del aceite ozonizado: Se 
utilizaron aceites purificados refinados de 
girasol de uso comestible. El equipo TA-600 
fue el elegido para la ozonización del mismo. 
La capacidad de generación de ozono fue de 
6 gr/hora. El método de ozonización fue de 
difusión por burbujeo y agitación. Se sumer-
gió un difusor poroso en una mezcla agua-
aceite y se agitó mecánicamente de forma 
constante durante todo el tiempo de ozoni-
zación. Los poros del difusor fueron de ta-
maño controlado, a fin de proporcionar bur-
bujas que pudieron interaccionar, con cierta 
eficacia, con las gotas del aceite de girasol 
dispersas en la fase acuosa 6.

Toma de muestra: Una vez seleccionado 
el paciente, se realizó la limpieza de la zona 
afectada con alcohol isopropílico al 70% para 
remover contaminantes, luego se practicó es-
carificado de la piel afectada utilizando hoja 
de bisturí número 15, recolectando el mate-
rial (polvo o escama) sobre un porta-objeto.

Estudio micológico:
Examen directo: Las muestras obteni-

das se impregnaron con una gota del colo-
rante clorazol Black-E y encima se colocó un 
cubre objeto, se esperó 5 minutos y se obser-
vó al microscopio de luz, para la detección 
de estructuras fúngicas (hifas y blastoconi-
dias).

Cultivo micológico: El material recolec-
tado (escamas), se cultivó en los medios agar 
Sabouraud o de lactrimel, ambos suplemen-
tados con cloranfenicol al 5%. Los cultivos 
fueron incubados de 25 a 30°C durante 4 se-
manas aproximadamente. Posteriormente, en 
los cultivos donde hubo crecimiento, se de-
terminó el agente etiológico, según las carac-
terísticas macroscópicas y microscópicas 11.

Ensayo clínico: El tratamiento con acei-
te ozonizado se indicó una frecuencia de dos 
veces al día en la zona afectada, por un máxi-

mo de 8 semanas. La evolución clínica de los 
pacientes fue evaluada por dos residentes 
del último año del postgrado de Dermato-
logía y un especialista en Dermatología del 
Instituto de Biomedicina Dr. Jacinto Convit.

Los pacientes tratados con aceite de gi-
rasol ozonizados y sin ozonizar después de 2 
semanas sin mejoría clínica, tuvieron trata-
miento convencional asegurado.

Registro fotográfico: Se realizó registro 
fotográfico estricto de los pacientes con cáma-
ra digital de 8 megapíxeles, previo al inicio del 
tratamiento y luego a la semana 2, 4, 6 y 8.

Análisis estadístico
Se realizó análisis de varianza, el cual 

permitió determinar si los diferentes trata-
mientos mostraron diferencias significativas 
o, por el contrario, puede suponerse que sus 
medias poblacionales no difieren. Se utilizó 
la prueba exacta de Fisher para analizar los 
datos categóricos, examinando la significan-
cia de la asociación entre los dos tipos de cla-
sificación. Se consideraron estadísticamente 
significativas aquellas comparaciones con va-
lores de p<0,05.

RESULTADOS

En este trabajo se encontró que en 
ambos grupos el sexo predominante fue el 
femenino, con 62% (16/26) para el grupo 
AGO y 60% (6/10) para el grupo de AGNO. 
El grupo etario predominante en ambos gru-
pos fue de 31 a 40 años (35,5 ± 4,5), con un 
porcentaje de 30,8% (8/26) en el primero y 
40% (4/10) en el segundo. El fototipo cutá-
neo predominante fue el IV con 73% (19/26) 
y 90% (9/10) respectivamente (Tabla 1).

El Distrito Capital fue el lugar de ma-
yor procedencia de los pacientes para ambos 
grupos, con 84,61% (22/26) para AGO y 70% 
(7/10) AGNO; otras procedencias fueron los 
estados Miranda, Vargas y Aragua (Tabla 1). 

Del total de pacientes evaluados en el 
grupo de AGO, solo 42,3% (11/26) presen-
taron comorbilidades asociada, entre ellas, 
psoriasis 7,6 % (2/26), penfigoide ampollar 
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3,8% (1/26), lupus eritematoso cutáneo 
crónico 3,8% (1/26), hipertensión arterial 
19,2% (5/26), adenocarcinoma faríngeo 
3,8% (1/26). Para el grupo de AGNO se pre-
sentó un solo paciente con psoriasis ,10% 
(1/10) y dos con hipertensión arterial, 20% 
(2/10) (Tabla 1).

El diagnóstico clínico encontrado en el 
grupo de pacientes tratado con AGO en or-
den de mayor a menor frecuencia fue: Tinea 
corporis 31% (8/26), estomatitis subprotési-
ca 23% (6/26), tinea pedis y tinea cruris 15% 
(4/15), tinea faciei 8% (2/26), intertrigo y 
queilitis 4% (1/26). Para el grupo AGNO, 
fue tinea pedis 50% (5/10), estomatitis sub-

Tabla 1 
Datos epidemiológicos de los pacientes tratados con aceite de girasol ozonizado 

y aceite de girasol sin ozonizar.

AGO AGNO

Sexo Número Porcentaje % Número Porcentaje %

   Femenino 16 62 (16/26) 6 60 (6/10)

   Masculino 10 38 (10/26) 4 40 (4/10)

   Total 26 100 (26) 10 100 (10)

Grupo etario

   0 a 10 2 7,7 (2/26) 0 0

   11 a 20 2 7,7 (2/26) 0 0

   21 a 30 1 3,8 (1/26) 0 0

   31 a 40 8 30,8 (8/26) 4 40 (4/10)

   41 a 50 3 11,5 (3/26) 0 0

   51 a 60 2 7,7 (2/26) 2 20 (2/10)

   61 a 70 4 15,3 (4/26) 3 30 (3/10)

   >70 4 15,3 (4/26) 1 10 (1/10)

   Total 26 100 (26) 10 100 (10)

Fototipo

   I 0 0 0 0

   II 1 4 (1/26) 0 0

   III 4 15 (4/26) 0 0

   IV 19 73 (19/26) 9 90 (9/10)

   V 2 8 (2/26) 1 10 (1/10)

   VI 0 0 0 0

   Total 26 100 (26) 10 100(10)

Procedencia

   Distrito Capital 22 84,61 (22/26) 7 70 (7/10)

   Miranda 3 11,53 (3/26) 2 20 (2/10)

   Vargas 0 0 (0/0) 1 10 (1/10)

   Aragua 1 3,84 (1/26) 0 0 (0/0)

   Total 26 99,98 (26) 10 100 (10)

AGO: Pacientes tratados con aceite de girasol ozonizado; AGNO: Pacientes tratados con aceite de girasol sin ozonizar.
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protésica 20% (2/10), tinea corporis, tinea 
faciei y tinea cruris 10% (1/10) respectiva-
mente (Fig. 1).

Con relación al examen directo mico-
lógico fue positivo en todos los casos estu-
diados, para el grupo de AGO se visualiza-
ron, hifas 50% (13/26), blastoconidias 27% 
(7/26) y ambas estructuras 23% (6/26). 
Para el grupo de AGNO, hifas 80% (8/10), 
blastoconidias 10% (1/10) y ambas estruc-
turas 10% de los casos (1/10).

Al observar, por patología, el agen-
te etiológico más frecuente en el grupo de 
AGO, para tinea corporis fue el complejo 
Trichophyton rubrum. En los casos de esto-
matitis subprotésica fueron Candida albi-
cans y Candida tropicalis. Para tinea pedis, 
complejo Trichophyton mentagrophytes y en 
tinea cruris, complejo Trichophyton rubrum. 
En los dos casos de tinea no se aisló el agen-
te. Se reportó un solo caso de intertrigo y 
un caso de queilitis aislándose Candida albi-
cans en ambos casos (Tabla 2).

Para el grupo de AGNO, el agente etio-
lógico más frecuente según la patología fue, 
para tinea corporis el complejo Trichophy-
ton rubrum, en estomatitis subprotésica dos 
pacientes en los cuales se aisló Candida no 
albicans; en los cinco casos de tinea pedis, 
se reportó un caso del complejo Trichophy-
ton rubrum y 4 casos sin crecimiento. En 

tinea cruris se aisló complejo Trichophyton 
rubrum, en tinea faciei, no se aisló el agente 
(Tabla 2).

Para evaluar la evolución clínica con 
los aceites, se usó una escala de puntuación 
de mejoría clínica, cuyo significado fue, 1: 
mejoría total (100%), 2: mejoría moderada 
(50%-70%), 3: mejoría leve (25%), 4: sin me-
joría (0%). En la evolución clínica del grupo 
de los 26 pacientes tratados con AGO, en 
la segunda semana de tratamiento, el 73% 
(19/26) de los pacientes obtuvieron una me-
joría moderada. En la cuarta semana, el 23% 
(6/26) de los pacientes alcanzaron mejoría 
total. En la sexta semana, el 57,7% (15/26) 
tuvieron mejoría total y se observó que el 
número de pacientes con mejoría total fue 
significativamente mayor (p<0,001), que 
aquellos que tuvieron mejoría moderada o 
leve. Finalmente, en la semana 8 se encontró 
que los pacientes tratados con AGO 61,5% 
(16/26) tuvieron mejoría total, seguido por 
7,7% (2/26) con mejoría moderada; 23% 
(6/26) con mejoría leve y 7,7% (2/26) sin 
mejoría (Fig. 2).

Con respecto a la evolución clínica del 
grupo de AGNO, no se observó mejoría en 
ninguno de los 10 pacientes.

En cuanto a la mejoría de los pacien-
tes según el agente etiológico tratados con 
AGO, a la semana 8 de tratamiento, se obser-

Fig 1. Diagnóstico clínico de pacientes tratados con aceite de girasol ozonizado y aceite de girasol sin ozonizar.
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vó que los pacientes con reporte de Candida 
albicans, tuvieron una mejoría total en 86% 
(6/7) de los casos y solo 14% (1/7) restan-
te con mejoría moderada. La mejoría total se 

obtuvo en los pacientes a partir de la semana 
4 de tratamiento y se completó a la semana 6 
de tratamiento. 

Tabla 2 
Agentes etiológicos aislados en cultivos de pacientes tratados con aceite de girasol ozonizado  

y aceite de girasol sin ozonizar.

 AGO AGNO

Diagnóstico
clínico

Agente
etiológico

Porcentaje de 
aislamiento

Agente 
 etiológico

Porcentaje de 
aislamiento

Tinea corporis Complejo Trichophyton rubrum
No se aisló el agente

58%
50%

Complejo Trichophyton 
rubrum 100%

Estomatitis 
subprotésica

Candida albicans 
Candida tropicalis

83.30%
 16.70%

Candida no albicans
100%

Tinea pedis Complejo Trichophyton 
mentagrophytes

Complejo Trichophyton rubrum

25%

75%

Complejo Trichophyton 
rubrum

No se aisló el agente 

 
56%
44%

Tinea cruris Complejo Trichophyton rubrum 100% Complejo Trichophyton 
rubrum 100%

Tinea faciei - - - -

Intertrigo Candida albicans 100% - -

Queilitis Candida albicans 100% - -

AGO: Pacientes tratados con aceite de girasol ozonizado; AGNO: Pacientes tratados con aceite de girasol sin ozonizar.

Fig. 2. Evolución clínica en pacientes tratados con aceite de girasol ozonizado. 
Escala de puntuación de mejoría clínica en pacientes tratados con aceites ozonizados: 1: mejoría 
total (100%), 2: mejoría moderada (50%-70%), 3: mejoría leve (25%), 4: sin mejoría (0%).
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En cambio, aquellos pacientes donde 
se le aisló el complejo Trichophyton rubrum 
presentaron una respuesta variable al trata-
miento reflejada en 60% (3/5) mejoría total, 
20% (1/5) mejoría moderada y 20% (1/5) 
mejoría leve. Solo se observó mejoría total en 
los pacientes a quienes se le aisló el complejo 
Trichophyton mentagrophytes y Candida tro-
picalis (Figs. 3,4 y 5).

En la evaluación del control de sensibi-
lidad al producto, representado por 10 suje-
tos sanos, a los cuales se les aplicó aceite de 
girasol ozonizado en el dorso de la mano dia-
riamente por una semana, ninguno de ellos 
presentó reacción adversa al mismo.

En cuanto a las recidivas, se observó 
que de los 26 pacientes tratados con AGO, 9 
(34%) recidivaron antes de los 6 meses de cul-
minado el tratamiento. Los agentes etiológi-
cos involucrados fueron: complejo Trichophy-
ton mentagrophytes, complejo Trichophyton 
rubrum; es importante destacar que no se ob-
servó recidiva en el género Candida. Cuando 
se evaluó por patología, las recidivas fueron: 
tinea cruris (2/4), tinea pedis (3/4), tinea 
corporis (3/8) y tinea faciei (1/2). En los pa-
cientes que presentaron estomatitis subpro-
tésica y queilitis no se observó recidiva.

DISCUSIÓN

En este estudio, se evaluó la eficacia 
antifúngica del aceite de girasol ozonizado 
(AGO) en el tratamiento de micosis superfi-
ciales. En la actualidad existen reportes que 
aseguran su propiedad curativa. Bocci, expli-
ca el mecanismo de acción principal del ozo-
no, el cual no actúa sobre receptores especí-
ficos, sino de forma indirecta, es decir, por la 
producción de “estrés oxidativo” que induce 
posteriores respuestas adaptativas 12. El O3 
reacciona rápidamente con los antioxidantes 
y ácidos grasos poliinsaturados y los resul-
tados son productos de oxidación lipídica e 
inducción de segundos mensajeros intracelu-
lares, de los cuales los más importantes son 
el peróxido de hidrógeno (H2O2) y alquenales 
(principalmente 4- hidroxinonenal, 4-HNE). 
Estos segundos mensajeros conducen a la 
activación de factores transcripcionales nu-
cleares como el factor nuclear (derivado de 
eritroide 2) como 2 (Nrf2), que resulta en 
transcripción de elementos de respuesta an-
tioxidante (ARE) y la producción posterior de 
enzimas antioxidantes incluyendo superóxido 
dismutasa, glutatión-peroxidasa, proteínas de 
choque térmico (HSP70) y hemo oxigenasa-1 
(HO-1) 12,13. Además, Nrf2 puede conducir a la 

                   Pre-tratamiento                                 4ta semana de tratamiento 

Fig. 3. Paciente con estomatitis subprotésica tratada con aceite de girasol ozonizado. 
Paciente femenina de 73 años, con estomatitis  subprotésica, por  uso de prótesis dental. Directo mi-
cológico: blastoconidias, cultivo micológico: Candida tropicalis. Mejoría completa tras aplicar aceite 
de girasol ozonizado (AGO) a las 4 semanas de tratamiento.
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supresión del factor nuclear kappa β (NF𝜅B) 
que tiene un efecto proinflamatorio, produ-
ciendo un estrés oxidativo controlado. La ozo-
noterapia (O3T) puede modular la respuesta 
inmune mediante la supresión de NF𝜅B y la 
inducción de otros factores de transcripción 
nuclear, como el factor nuclear de células T 
activadas (NFAT) y proteína activada-1 (AP-
1), así como una mayor modulación de los 
interferones e interleucinas 14. 

Con relación a la acción de aceites ve-
getales, se ha reportado que, extractos alco-
hólicos, aceites esenciales y compuestos ais-

lados de los bulbos de ajos (Allium sativum), 
tienen un efecto antimicótico contra algu-
nos géneros de hongos. El aceite de girasol 
ozonizado, siendo el ozono la unidad alotró-
pica del oxígeno, constituido por moléculas 
triatómicas de este elemento, es el responsa-
ble de potenciar la actividad antimicrobiana 
debido a su poder oxidante, mediante acción 
directa por radicales libres15.

En el presente estudio, se tomó una po-
blación total de 36 pacientes, de los cuales 
26 fueron tratados con AGO y 10 con AGNO. 
Existen pocos estudios publicados a nivel 

Fig. 4. Paciente con tinea corporis en glúteo tratada con aceite de girasol ozonizado. 
Paciente femenina de 34 años, con tinea corporis en ambos glúteos. Directo micológico: Hifas grue-
sas ramificadas, cultivo micológico: complejo T. rubrum. Mejoría completa tras aplicar aceite de 
girasol ozonizado (AGO) a las 6 semanas de tratamiento. 

       Pre-tratamiento           2da semana de tratamiento       6ta semana de tratamiento

                        Pre-tratamiento                        6ta semana de tratamiento

Fig. 5. Paciente con tinea corporis en abdomen tratada con aceite de girasol ozonizado. 
Paciente femenina de 11 años, con tinea corporis. Directo micológico: Hifas gruesas tortuosas y sep-
tadas, cultivo micológico: negativo. Mejoría completa tras aplicar aceite de girasol ozonizado (AGO) 
a las 6 semanas de tratamiento.
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clínico acerca de la eficacia de este aceite 
ozonizado a nivel mundial y hasta la fecha, 
ninguno publicado en Venezuela; la mayoría 
muestran su eficacia in vitro.

En este trabajo se observó que ambos 
grupos fueron similares en cuanto a su pre-
dominio del sexo femenino, promedio de 
edad 31 a 40 años (35,5 ± 4,5), fototipo 
cutáneo IV, procedencia Distrito Capital, 
lo cual ayudó a minimizar los sesgos. Con 
respecto al grupo etario predominante, con-
cuerda con lo descrito por otros autores 16,17, 
donde el grupo trabajador comprendido en 
este rango de edades, es el más afectado por 
estas micosis. Distrito Capital fue el lugar de 
mayor procedencia de los pacientes, debido 
a que el estudio se realizó en Caracas.

Del total de pacientes con comorbili-
dad asociada, del grupo tratado con aceite 
de girasol ozonizado, entre ellas: penfigoide 
ampollar, lupus eritematoso cutáneo cróni-
co, adenocarcinoma faríngeo y una pacien-
te con 30 semanas de gestación, mostraron 
una curación completa. Se necesitan estu-
dios a posteriori con una muestra poblacio-
nal mayor, para demostrar su efectividad en 
estos pacientes con compromiso del sistema 
inmunológico.

Sin embargo, algunos informes han in-
dicado el éxito de las aplicaciones tópicas de 
ozonoterapia (O3T). En el estudio de Clavo 
y col. 14, se tomó un grupo de 12 pacientes 
y se realizaron insuflaciones rectales de O3 y 
aplicación tópica de aceite ozonizado, en el 
manejo de la persistencia de hemorragia rec-
tal inducida por radiación, en pacientes con 
cáncer de próstata. El aceite ozonizado no 
penetra a través de las membranas mucosas, 
pero, en cambio, reacciona para inducir la 
producción celular de peróxido de hidróge-
no, que actúa como segundos mensajeros en 
la curación de heridas. Al final de este estu-
dio, de los 12 pacientes tratados, se observó 
mejoría del 100% en 7 pacientes, del 75% en 
3 pacientes y del 50% en los otros dos pa-
cientes, mejorando notablemente la calidad 
de vida de los mismos 14.

Los agentes etiológicos más frecuente-
mente aislados en los cultivos micológicos, 
para ambos grupos, fueron el complejo Tri-
chophyton rubrum y Candida albicans, coin-
cidiendo estos, como los principales agentes 
causantes de dermatofitosis y estomatitis 
subprotésica, respectivamente, según dife-
rentes autores 1,17. El agente etiológico más 
frecuente según la patología, para el grupo 
AGO, en tinea corporis, fue el complejo Tri-
chophyton rubrum; sin embargo, en el 42% 
de los cultivos no se obtuvo crecimiento, lo 
que pudo ser consecuencia de que los pa-
cientes tuvieron tratamiento previo y no lo 
revelaron al momento del interrogatorio. 
Estos resultados coinciden con la literatura, 
autores como Tangarife y col. reportan que 
hasta 40% de los cultivos resultan negativos, 
del total de casos positivos por examen mi-
cológico directo (microscopía) 18. 

En estomatitis subprotésica, intertri-
go y queilitis, el agente etiológico fue Can-
dida albicans; para tinea pedís el complejo 
Trichophyton mentagrophytes; para tinea 
cruris, complejo Trichophyton rubrum. Para 
el grupo AGNO, el agente etiológico más 
frecuente según la patología fue para tinea 
corporis, tinea pedís y tinea cruris, comple-
jo Trichophyton rubrum y para estomatitis 
subprotésica, Candida no albicans. En am-
bos grupos estudiados, los agentes etiológi-
cos encontrados son los más comunes para 
las patologías estudiadas. Estos resultados 
concuerdan con varios estudios, entre ellos 
el de Arosemena y col. quienes evaluaron 51 
pacientes de la consulta de Micología con ti-
nea pedis, de los cuales el 51% consultaron 
por la tinea pedis per se y un 49% por otras 
dermatomicosis distintas, siendo la tínea un-
guis la más frecuente con 65% 19. Se observó 
la forma clínica crónica interdigital como la 
más frecuente y el agente etiológico común-
mente aislado fue el complejo Trichophytum 
rubrum 19. Por otro lado, Angulo y col. re-
visaron 2623 casos de dermatofitosis de los 
registros del departamento de Micología del 
Instituto de Biomedicina Caracas, en donde 
1363 casos correspondieron al complejo T. 
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rubrum (52%), siendo tinea unguium, tinea 
corporis y tinea pedis las patologías más fre-
cuente asociadas 20.

Con respecto a la evolución clínica se 
observó que en la semana 2, la mayoría de 
los pacientes presentaron mejoría mode-
rada, 73%, y al transcurrir el tiempo, en la 
semana 4, se observó la mejoría total en el 
23% de los pacientes, que fue aumentando 
hasta llegar a la semana 8 de mejoría total 
(61,5%). Estos resultados concuerdan con 
el ensayo aleatorizado controlado de fase III 
de Menéndez y col. acerca de la eficacia del 
aceite de girasol ozonizado (Oleozon®) en 
200 pacientes con tinea pedis, observando 
su efectividad cuando fue administrado dos 
veces al día durante un período de 6 sema-
nas y comparado con ketoconazol 7. La cu-
ración clínica y micológica total se alcanzó 
en el 75% y 81% de los casos tratados con 
Oleozon® y ketoconazol, respectivamente, 
sin diferencias significativas entre los dos 
grupos y sin reportes de efectos adversos. 
Los autores de ese estudio consideraron el 
aceite ozonizado como un medicamento an-
timicótico eficaz y de bajo costo. Además, 
evidenciaron los efectos fungicidas del acei-
te de girasol ozonizado en un porcentaje del 
75%, comparables con el del presente traba-
jo que fue de 61,5% para todas las patologías 
estudiadas 7. 

Al mencionar el grupo de pacientes con 
micosis superficiales y tratados con aceite 
de girasol no ozonizado (AGNO), se obser-
vó que no hubo mejoría clínica con el mis-
mo, con lo cual se puede demostrar que la 
ozonización es la que provee la actividad 
antifúngica, así como lo refiere Travagali y 
col. quienes mencionan que la reacción del 
ozono con los ácidos grasos insaturados, que 
componen los triglicéridos presentes en los 
aceites y grasas vegetales, se forma toda una 
gama de productos oxigenados (hidroperóxi-
dos, ozónidos, diperóxidos, peróxidos y po-
liperóxidos) que son los responsables de la 
amplia actividad biológica de estos aceites 
vegetales ozonizados 21.

En cuanto a la mejoría de los pacientes 
según el agente etiológico, tratado con AGO 
a la semana 8 de tratamiento, se demostró 
que para Candida albicans hubo una mejo-
ría total del 86% y sólo el 14% restante con 
mejoría moderada, lo cual significa que este 
agente es sensible al tratamiento, encon-
trando similitud con lo descrito por Kumar 
y col. 22 en el ensayo clínico donde evaluaron 
la eficacia del aceite de oliva ozonizado en 
el manejo de lesiones y condiciones bucales 
aplicado dos veces al día, con masaje con to-
runda o guante durante 1 min sobre la le-
sión, todos los pacientes con candidiasis oral 
y queilitis angular mostraron curación total. 

Por otro lado, Ouf y col. 23, estudiaron 
el efecto del ozono y aceite ozonizado en la 
esporulación, pérdida de micelio, manano, 
nutrientes y la actividad de las enzimas hi-
drolíticas de cinco dermatofitos diferentes. 
Se encontró que el aceite ozonizado era más 
eficaz que el ozono gaseoso. Los agentes 
más susceptibles fueron Nannizzia gypsea y 
Microsporum canis (la CMI fue de de 4 μg/
mL para ambos hongos en el caso del ozono 
aplicado como gas y fue de 0,5 y 0,25 μg/
mL para los mismos ítems en el caso de acei-
te ozonizado); mientras que Trichophyton 
interdigitale y Trichophyton mentagrophytes 
fueron relativamente resistentes (la CMI fue 
16 μg/mL en el caso del ozono gaseoso y 2,0 
μg/mL para el aceite ozonizado en el caso de 
ambos hongos) 23. 

El estudio reveló una disminución cons-
tante en la producción de esporas de Nanni-
zzia gypsea y Microsporum canis en la apli-
cación de aceite ozonizado. El hecho de que 
los dermatofitos sean más resistentes en su 
pared celular y en su producción de esporas 
que Candida spp, puede ser la razón por la 
cual el tratamiento no sea tan efectivo en 
estos 23,24.

En el presente estudio solo el 60% de 
los pacientes positivos para el complejo Tri-
chophyton rubrum presentaron mejoría com-
pleta y dos pacientes con el complejo Tri-
chophyton mentagrophytes y Microsporum 
canis mejoraron totalmente. Weitzman y col 
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reportaron que la resistencia del complejo 
T. rubrum a la erradicación está relacionada 
con su pared celular, esta barrera protectora 
contiene manano, que puede inhibir la in-
munidad mediada por células, obstaculizar 
la proliferación de queratinocitos y mejorar 
la resistencia del organismo a las defensas 
naturales de la piel 25. Por otro lado, Geweely 
y col. en su estudio in vitro sobre la activi-
dad antifúngica del aceite de oliva ozonizado 
(oleozon®) demostró la actividad antimicro-
biana contra todas las especies de dermato-
fitos y no dermatofitos analizados, con una 
CMI que van desde 0,53 a 2,0 mg/mL 26. 

En nuestro trabajo, se observó que la 
mejoría clínica, de acuerdo al agente etio-
lógico por semanas de tratamiento, fue con 
Candida spp siendo las más rápidas en res-
ponder al tratamiento. Los pacientes mostra-
ron mejoría total en la semana 4, comparado 
con los dermatofitos, en donde se observó 
una mejoría total a partir de la semana 6. 
En cuanto a la evaluación del control de sen-
sibilidad al producto, representado por 10 
individuos sanos, a los cuales se les aplicó 
aceite de girasol ozonizado, ninguno de ellos 
presentó reacción adversa al mismo, al igual 
que ninguno de los 36 pacientes con micosis 
superficial, tal como han reportado otros au-
tores tales como Menedez y col. en pacientes 
con onicomicosis 27.

Se observó recidiva de las lesiones en 
34% de los pacientes tratados con AGO luego 
de los 6 meses de culminado el tratamiento 
y los agentes etiológicos involucrados fueron 
los dermatofitos y ninguna especie del géne-
ro Candida. Las patologías por estomatitis 
subprotésica y queilitis causadas por la es-
pecie Candida no recidivaron durante este 
lapso de tiempo. Esto coincide con los estu-
dios de Menéndez y col., donde a los 6 meses 
posterior al uso del tratamiento recidivaron 
pacientes con tinea pedis 7, y el de Kumar y 
col. donde pacientes con estomatitis subpro-
tésica y queilitis ocasionadas por el género 
Candida, no recidivaron 22.

Este es el primer estudio preliminar 
que se realiza en Venezuela utilizando acei-

tes ozonizados en pacientes, destacándose 
que el aceite de girasol ozonizado (AGO) 
fue efectivo para el género Candida y con 
resultados poco satisfactorios para los der-
matofitos según la muestra estudiada. Se re-
comienda, realizar un ensayo clínico con un 
mayor número de pacientes para corroborar 
la eficacia de los aceites ozonizados en mico-
sis superficiales no extensas. 
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Abstract. In acute heart failure (AHF), elevated carbohydrate antigen 125 
(CA125) and N-terminal pro-B-type natriuretic peptide (NTproBNP) have been 
shown to correlate with adverse events. We sought to quantify their prognostic 
usefulness in predicting the six-month combined death/heart failure readmis-
sion endpoint. The study included 352 patients admitted for AHF. The primary 
endpoint was the six-month combined endpoint of death/AHF rehospitaliza-
tion. CA125 and NTproBNP were dichotomized according to the best cut-offs 
to predict the six-month primary endpoint. The independent association of 
CA125 and NTproBNP with the primary endpoint was assessed by multivari-
ate Cox regression analysis, and their incremental prognostic utility was evalu-
ated by net reclassification improvement (NRI) and integrated discrimination 
improvement (IDI) index. Forty-seven (13.4%) deaths and 113 (32.1%) AHF 
rehospitalizations were identified at the six-month follow-up. The subjects with 
CA125≥39.7 U/mL and NTproBNP≥3900 pg/mL had significantly higher cu-
mulative event rates (56.1% vs. 33.3% and 53.3% vs. 33.8%, both p<0.001). 
Elevated CA125 (HR 1.93; 95% CI [1.32-2.83]; p=0.001) was associated with 
a higher HR (hazard ratio) than NTproBNP≥3900 pg/mL (HR 1.71; 95% CI 
[1.19-2.48]; p=0.004) after adjusting for established risk factors. Elevated 
CA125 still independently predicted adverse events when CA125 and NTproB-
NP entered the same multivariate model. Furthermore, risk reclassification 
analyses demonstrated significant improvements in NRI of 22.3% (p=0.014) 
and IDI of 2.7% (p=0.012) when adding CA125 to the base model + NTproBNP. 
Elevated CA125 and NTproBNP predicted adverse outcomes in AHF patients. 
CA125 added prognostic value to NTproBNP; thus, their combination conferred 
greater predictive capacity.
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Valores elevados de CA125 predicen resultados adversos  
en la insuficiencia cardíaca aguda.

Invest Clin 2024; 65 (3): 308 – 320

Palabras clave: antígeno carbohidrato 125; predicción del riesgo; péptido natriurético 
tipo pro-B N-terminal; insuficiencia cardíaca aguda.

Resumen. En la insuficiencia cardíaca aguda, se ha demostrado que el an-
tígeno de carbohidratos 125 (CA125) elevado y el péptido natriurético tipo B 
N-terminal (NTproBNP) se correlacionan con eventos adversos. Intentamos cuan-
tificar su utilidad pronóstica al predecir el punto final combinado de 6 meses de 
readmisión por muerte/insuficiencia cardíaca. El estudio incluyó a 352 pacien-
tes ingresados  por insuficiencia cardíaca aguda. El punto final principal fue el 
punto final combinado de 6 meses de muerte/rehospitalización aguda. CA125 y 
NTPROBNP se dicotomizaron de acuerdo con los mejores límites para predecir 
el punto final primario de 6 meses. La asociación independiente de CA125 y 
NTPROBNP con el punto final primario se evaluó mediante análisis multivariado 
de regresión de Cox, y su utilidad pronóstica incremental se evaluó mediante la 
mejora de la reclasificación neta (NRI) y el índice de mejora de la discriminación 
integrada (IDI). En el seguimiento a los 6 meses se identificaron un total de 
47 (13,4%) muertes y 113 (32,1%) rehospitalizaciones por insuficiencia cardíaca 
aguda. Los sujetos con CA125≥39,7 U/mL y NTproBNP≥3900 pg/mL presenta-
ron tasas de acontecimientos acumulativos significativamente más altas (56,1% 
frente a 33,3% y 53,3% frente a 33,8%, p<0,001 en ambos casos). CA125 elevado 
(HR: 1,93; IC del 95% [1,32-2,83]; p = 0,001) se asoció con un HR superior al 
NTproBNP ≥3900 pg/mL (HR 1,71; IC del 95% [1,19-2,48]; p = 0,004) después 
del ajuste por los factores de riesgo establecidos. CA125 elevado aún predijo de 
forma independiente los acontecimientos adversos cuando tanto CA125 como 
NTproBNP se introdujeron juntos en el mismo modelo multivariante. Además, 
los análisis de reclasificación del riesgo demostraron mejoras significativas en el 
NRI del 22,3% (p = 0,014) y en el IDI del 2,7% (p = 0,012) al añadir CA125 al 
modelo base + NTproBNP. Los niveles elevados de CA125 y NTproBNP predijeron 
los resultados adversos en los pacientes con insuficiencia cardíaca aguda. CA125 
añadió valor pronóstico al NTproBNP y, por lo tanto, su combinación confirió una 
mayor capacidad predictiva. 
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INTRODUCTION

Given the variations in clinical pre-
sentation and the impact of comorbidities 
in acute heart failure (AHF) patients, risk 
prediction remains challenging. Identifying 
high-risk subjects will help in further man-
agement by optimizing diuretic therapy, in-

creasing the frequency of monitoring visits, 
and other therapeutic measures.

Published studies indicate that high 
levels of several biomarkers 1, including na-
triuretic peptides 2,3, sST-2 4-6, cardiac tro-
ponins 7,8, and carbohydrate antigen 125 
(CA125) 9,10, correlate with AHF severity and 
adverse outcomes. Based on different patho-
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physiological pathways involving heart fail-
ure progression and response patterns for 
modification over time, we speculate that in-
tegrating multiple biomarkers will improve 
prognostic power in subjects admitted for 
AHF. As a widely used biomarker for moni-
toring ovarian cancer 11, CA125 has been 
studied in heart disease patients 10,12-14 and 
especially in heart failure 10,12,15, emerging as 
a surrogate for fluid overload and/or cyto-
kine production in AHF 16.

Our study was performed to evaluate 
the prognostic utility of CA125 in predicting 
the six-month combined endpoint of death/
AHF rehospitalization among AHF patients.

METHODS

Study population and design
This prospective, observational cohort 

study from a single centre included 352 pa-
tients consecutively admitted to the cardiol-
ogy ward from December 2019 to September 
2020 due to AHF following current guide-
lines 17,18. AHF was the primary diagnosis of 
hospitalization for our study. Patients with 
a diagnosis of severe hepatic disease, sepsis, 
ongoing dialysis treatment for end-stage re-
nal disease, pulmonary embolism, or acute 
rheumatic and autoimmune diseases were 
excluded by design. Demographic informa-
tion, vital signs, medications, and medical 
history were collected, along with standard 
echocardiographic evaluation, laboratory re-
sults and 12-lead electrocardiogram during 
index admission. Intravenous furosemide or 
torasemide was used in all patients at least 
24 h after admission. 11.4% and 4.5% of the 
patients received intravenous treatment 
with vasodilators and vasopressors, respec-
tively. The established treatment guidelines 
were followed 17-19. Time to death/AHF read-
mission, whichever occurred first, was the 
primary endpoint at the six-month follow-up.

Subjects were followed up through out-
patient service or by telephone. Three pa-
tients were lost to follow-up during the study 
period. Patients were censored free of events 

or lost to follow-up at last contact within this 
period or at six months. The local ethics com-
mittee approved this study, and all patients 
provided informed consent for their partici-
pation following the Declaration of Helsinki.

Biomarker measurement
CA125 serum levels were obtained be-

tween 5:30 and 8:00 h on the second day of 
admission. In contrast, N-terminal pro-B-
type natriuretic peptide (NTproBNP) serum 
levels were immediately determined after ad-
mission using commercially available immu-
noassay kits (Elecsys CA125 II assay, Roche 
Diagnostics and Vitros Immunodiagnostic 
Products NT-proBNP Reagent Pack, Ortho-
Clinical Diagnostics, respectively). A techni-
cian blinded to the clinical information per-
formed the biomarker assay.

Statistical analysis
Categorical variables are presented as 

frequencies and percentages, and continuous 
variables are summarized as the mean ± stan-
dard deviation or median (interquartile range). 
We dichotomized both biomarkers according 
to the best predictive cut-offs and compared 
between-group baseline characteristics using 
the t-test, Mann‒Whitney test, chi-square or 
Fisher exact test, as appropriate. The result-
ing cut-off values were 39.7 U/mL for CA125 
and 3900 pg/mL for NTproBNP. The cumula-
tive rate of events (death or AHF readmission) 
among CA125 or NTproBNP categories was 
estimated and compared using the Kaplan‒
Meier method and log-rank test. Univariate 
and multivariate Cox analyses determined the 
relationship of CA125 and NTproBNP with the 
primary endpoint. Candidate variables in the 
initial multivariate model included clinical 
characteristics such as age, sex, weight, history 
of atrial fibrillation, diabetes, hypertension and 
acute myocardial infarction on admission. The 
biochemical variables included were serum 
creatinine, blood hemoglobin, and serum so-
dium. We also included left ventricular ejection 
fraction (LVEF>50% [reference], 36%-50%, 
and ≤35%), admission heart rate, admission 
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systolic blood pressure, evidence of pleural ef-
fusion, peripheral oedema, and AHF category 
(worsening heart failure [WHF] or new-onset 
heart failure) in our analyses. For multivariate 
Cox regression analyses, we retained factors 
with p<0.15 in univariate Cox analysis and 
those clinically relevant. Given the number of 
events available, the included variables were 
carefully chosen, and a parsimonious multivari-
ate Cox model was derived. CA125, NTproBNP, 
or both biomarkers were first entered individu-
ally in the multivariate model. The Schoenfeld 
residuals were used to test the assumption of 
proportional hazards over time.

Harrell’s C-statistics measured the dis-
criminative ability of the models. The incre-
mental prognostic utility of CA125 for NT-
proBNP and baseline variables was evaluated 
using integrated discrimination improve-
ment (IDI) and net reclassification improve-
ment (NRI) with the corresponding P values. 
We performed two multiple linear analyses 
to examine the relations of log-transformed 
CA125 and NTproBNP to clinical variables.

A 2-sided p value of <0.05 was consid-
ered statistically significant in all analyses. 
The principal analysis was performed using 
SPSS 26.0. Risk reclassification was calcu-
lated in R 4.0.3.

RESULTS

Baseline characteristics
Of 352 subjects, 49.4% had LVEF>50%. 

Heart failure with preserved ejection frac-
tion predominated in our population, with 
only 17.0% and 21.2% exhibiting LVEF≤35% 
for patients with CA125<39.7 U/mL and pa-
tients with CA125≥39.7 U/ mL, respective-
ly. The sample consisted of 46.9% females, 
and the mean age was 76±11 years. The me-
dian baseline levels of CA125 and NTproB-
NP in the entire population were 43.2 U/ 
mL  (21.6-102.7) and 5170 pg/mL  (2748-
10000), respectively. The baseline charac-
teristics of the study participants by CA125 
categories are shown in Tables 1, 2 and 3. Pa-
tients with elevated CA125 (CA125≥39.7 U/

mL) exhibited a worse clinical profile. Lower 
LVEF and pleural effusion were more preva-
lent when CA125 was elevated. Subjects with 
CA125 ≥39.7 U/mL had a higher proportion 
of treatment with digitalis at discharge and 
a lower proportion with sodium-glucose co-
transporter 2 inhibitor. Lower LVEF, pleural 
effusion, peripheral edema and paroxysmal 
nocturnal dyspnea were more prevalent 
when CA125 was elevated. No differences 
were detected in the presence of orthopnea 
and moist rales in lung fields.

Clinical predictors of CA125  
and NTproBNP

Table 4 lists those variables indepen-
dently correlated with log-transformed 
CA125 and NTproBNP. We identified different 
clinical predictors of these two biomarkers 
in the AHF setting. For lnCA125, the most 
important predictors were pleural effusion 
and WHF (standardized β coefficients 0.392 
and 0.231, respectively). The most important 
predictors of lnNTproBNP were serum creati-
nine, weight and LVEF (standardized β coeffi-
cients 0.382, -0.306 and -0.286, respectively).

Moreover, we found differential associa-
tions of CA125 and NTproBNP with clinical 
presentations of AHF. A presentation as WHF 
was associated with higher CA125 levels; 
conversely, admission for new-onset heart 
failure was independently and positively re-
lated to NTproBNP values.

CA125 levels, NTproBNP levels,  
and the primary endpoint

In total, 47 patients (13.4%) died (12 
deaths occurred during the index admission 
and 35 post-discharge), and 113 (32.1%) 
AHF rehospitalizations were identified at the 
six-month follow-up. CA125 and NTproBNP 
values in subjects experiencing death/AHF 
rehospitalization were significantly higher 
when compared with those free of events 
(56.3 U/mL [27.2-135.6] vs. 33.9 U/mL 
[18.4-79.8] and 6255 pg/mL [3425-6255] 
vs. 4085 pg/mL [2390-8015], respectively, 
p<0.001 for both).
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Table 1 
Demographic and medical characteristics stratified by CA125 categories.

CA125<39.7U/mL 
 (n=159)

CA125≥39.7U/mL 
(n=193)

p

Age, years 77±9 75±12 0.085

Female, n (%) 83 (52.2) 82 (42.5) 0.069

Weight, kg 60.4±12.3 59.4±12.1 0.425

Hypertension, n (%) 108 (67.9) 112 (58.0) 0.056

Diabetes mellitus, n (%) 44 (27.7) 55 (28.5) 0.864

Atrial fibrillation, n (%) 76 (47.8) 107 (55.4) 0.153

Previous coronary artery disease, n (%) 38 (23.9) 33 (17.1) 0.114

Previous myocardial infarction, n (%) 19 (11.9) 15 (7.8) 0.187

Acute myocardial infarction, n (%) 25 (15.7) 11 (5.7) 0.002

Previous PCI, n (%)  15 (9.4) 9 (4.7) 0.077

Valvular heart disease, n (%) 17 (10.7) 24 (12.4) 0.612

WHF, n (%) 131 (82.4) 182 (94.3) <0.001

Previous pacemaker, n (%) 4 (2.5) 5 (2.6) 1.000

Anemia, n (%) 43 (27.0) 51 (26.4) 0.896

Previous stroke, n (%) 17 (10.7) 22 (11.4) 0.833

COPD, n (%) 35 (22.0) 45 (23.3) 0.771

Previous malignancy, n (%) 2 (1.3) 12 (6.2) 0.018

Pleural effusion, n (%) 59 (37.1) 140 (72.5) <0.001

Peripheral oedema, n (%) 38 (23.9) 96 (49.7) <0.001

CA125, carbohydrate antigen 125; PCI, percutaneous coronary intervention; WHF, worsening heart 
failure; COPD, chronic obstructive pulmonary disease. Anemia, defined as a hemoglobin level <120g/L 
in men and <110g/L in women.

By the Kaplan–Meier method, subjects 
with CA125≥39.7 U/mL and NTproBNP≥3900 
pg/mL exhibited significantly higher cumula-
tive event rates (56.1% vs. 33.3% and 53.3% vs. 
33.8%, both p<0.001, Fig. 1A, B). When com-
bined (Fig. 1C), patients with both biomark-
ers elevated had the highest cumulative event 
rate (61.5%); intermediate when only one of 
them was elevated: 44.2% for those with only 
CA125 elevated and 40.5% for subjects with 
only NTproBNP elevated, respectively, and low-
er (25.3%) for patients with values below the 
chosen biomarker cutpoints, p trend <0.001.

Table 5 displays the results of univariate 
and multivariate modelling. In the multivariate 
Cox analysis, elevated CA125 (HR 1.93; 95% CI 
[1.32-2.83]; p=0.001) was associated with a 

higher adjusted HR than NTproBNP≥3900 pm/
mL (HR 1.71; 95% CI [1.19-2.48]; p=0.004). 
Elevated CA125 still independently predicted 
adverse events when CA125 and NTproBNP en-
tered in the same multivariate model. In the 
final Cox model, serum creatinine and NTproB-
NP≥3900 pm/mL were other independent pre-
dictors. No interactions were found when these 
two biomarkers were included in the final Cox 
model (p=0.508).

We compared the performance of each 
regression model by using Harrell’s C-sta-
tistic as a discrimination measure. Com-
pared with the model including NTproBNP 
alone (0.623), CA125 alone (0.635) or none 
(0.606), the Cox model including CA125 and 
NTproBNP had a higher C-statistic (0.648).
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Table 2 
Vital signs, laboratory and echocardiography data stratified by CA125 categories.

CA125<39.7U/mL 
(n=159)

CA125≥39.7U/mL 
(n=193)

p

Heart rate, b.p.m. 87±22 93±24 0.033

Systolic blood pressure, mmHg 136±24 135±23 0.564

Diastolic blood pressure, mmHg 80±16 83±15 0.150

Haemoglobin, g/L 123.6±24.0 126.3±25.6 0.314

Serum creatinine, umol/L 86 (69–117) 83 (66–114) 0.340

Sodium, mmol/L 140.1±5.3 139.0±5.3 0.057

NTproBNP, pg/mL 4200 (2510–7940) 5990 (3245–11400) 0.002

CA125, U/mL 21 (13-27) 91 (56-173) <0.001

LVEF, % 50±13 47±13 0.020

LVEF ≤ 35%, n (%) 27 (17.0) 41 (21.2) 0.313

LVEF ≤ 50%, n (%) 43 (27.0) 67 (34.7) 0.122

LVDD, mm 53±9 53±10 0.802

LVSD, mm 39±10 40±11 0.317

LAD, mm 46±8 48±9 0.035
CA125, carbohydrate antigen 125; NTproBNP, N-terminal pro-B-type natriuretic peptide; LVEF, left ventricular ejection 
fraction; LVDD, left ventricular diastolic diameter; LVSD, left ventricular systolic diameter; LAD, left atrial diameter. 

Table 3 
Medical treatment stratified by CA125 categories

CA125<39.7U/mL CA125≥39.7U/mL p

Intravenous administration of vasopresors , n (%) 8(5.0) 8(4.1) 0.691

Intravenous administration of vasodilators, n (%) 21(13.2) 19(9.8) 0.322

Medication before admission

Loop diuretic, n (%) 61(38.4) 64(33.2) 0.310

Spironolactone, n (%) 55(34.6) 60(31.1) 0.486

ACEI/ARB/ARNI, n (%) 48(30.2) 50(25.9) 0.372

Beta-blocker, n (%) 46(28.9) 48(24.9) 0.391

Digitalis, n (%) 17(10.7) 25(13.0) 0.515

SGLT2 inhibitor, n (%) 20(12.6) 17(8.8) 0.251

Medication at discharge (340 cases discharged after improvement)

Loop diuretic, n (%) 138(89.0) 172(93.0) 0.202

Spironolactone, n (%) 122(78.7) 159(85.9) 0.079

ACEI/ARB/ARNI, n (%) 105(67.7) 112(60.5) 0.169

Beta-blocker, n (%) 106(68.4) 130(70.3) 0.649

Digitalis, n (%)  30(19.4) 56(30.3) 0.021

SGLT2 inhibitor, n (%) 61(39.4) 47(25.4) 0.006
CA125, carbohydrate antigen 125; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor 
blockers; ARNI, angiotensin receptor neprilysin inhibitor; SGLT2, sodium-glucose co-transporter 2.
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IDI and NRI values were significantly 
higher when adding each biomarker or both 
to the baseline variables model. Further-
more, a significant improvement in NRI of 
22.3% (p=0.014) and IDI of 2.7% (p=0.012) 
was observed when adding CA125 to the 
base model + NTproBNP, supporting the 
incremental prognostic effect on top of NT-
proBNP (Table 6).

DISCUSSION

Our study compared the risk prediction 
capacity of NTproBNP and CA125 in the set-
ting of AHF. After multivariate adjustment, 
the elevation of CA125 and NTproBNP had a 
positive prognostic effect on adverse events. 
Not only elevated NTproBNP but also CA125 
remained independent predictors of poor 
outcomes by combining both biomarkers. 

Table 4 
Clinical predictors of lnCA125 and lnNTproBNP.

Standardized 
β regression 
coefficient

p

Ln (CA125) 

Pleural effusion, n (%) 0.392 <0.001

WHF, n (%) 0.231 <0.001

Peripheral oedema, n (%) 0.173 <0.001

Weight, kg -0.154 0.002

Age, years -0.151 0.003

LVEF, % -0.132 0.006

Sodium, mmol/L -0.106 0.018

Ln (NTproBNP)

Serum creatinine, umol/L 0.382 <0.001

Weight, kg -0.306 <0.001

LVEF, % -0.286 <0.001

Pleural effusion, n (%) 0.154 <0.001

WHF, n (%) -0.141 0.001

LVDD, n (%) 0.139 0.019
Ln(CA125), antigen carbohydrate 125 natural loga-
rithm; Ln(NTproBNP), N-terminal pro–B-type natriu-
retic peptide natural logarithm; WHF, worsening heart 
failure; LVEF, left ventricular ejection fraction; LVDD, 
left ventricular diastolic diameter.

Additionally, adding CA125 to the model, 
including NTproBNP, significantly improved 
the predictive power.

Congestion, as a strong predictor of heart 
failure-related readmission and death 20, is re-
sponsible for most heart failure decompensa-
tion and is an essential therapeutic target in 
AHF 17,18; however, evaluation of congestion 
remains a challenge in the routine manage-
ment of AHF 21. Perhaps due to the limited 
accuracy of signs and symptoms for quantify-
ing fluid overload severity 22,23, signs of con-
gestion (peripheral edema, pleural effusion, 
and other signs) are not routinely used for 
risk stratification. Suitable biomarkers would 
optimize risk prediction. CA125 levels cor-
relate well with signs of fluid congestion9,10,16 
and pulmonary artery wedge pressure 10,16. In 
this study, the most important clinical predic-
tor of serum CA125 levels was the presence of 
pleural effusion. As a marker of congestion, 
CA125 is related to adverse events in heart 
failure patients 9,10 and indicates heart fail-
ure severity. However, in the BIOSTAT-CHF 
study, CA125 levels were highly predictive of 
adverse outcomes, beyond and independently 
of surrogates of congestion 9. We also con-
firmed the predictive value of CA125 in stage 
D heart failure independently of pleural effu-
sion or ascites. Therefore, we think CA125 
could provide added prognostic value over 
surrogates of congestion 24. Elevated CA125 
is an independent predictor with incremental 
prognostic value over traditional prognostica-
tors and natriuretic peptides 9, and thus, com-
bining both biomarkers improved risk stratifi-
cation in AHF 10.

Interestingly, although CA125 has been 
shown to be a potential tool for treatment 
guidance in AHF 12,25, little support is avail-
able regarding the benefits of NP-guided 
therapy over usual care 26. In the CHANCE-
HF trial,  compared  to the  standard of care, 
a CA125-guided  therapy  characterized by 
a higher  frequency  of  furosemide  equiva-
lent dose  adjustments and  ambulatory in-
travenous  furosemide  administrations  ac-
cording to  CA125  response  and clinical 
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Table 5 
CA125 and NTproBNP hazard ratios for 6-month combined endpoint of death/AHF readmission.

Variables Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age, /10 years increase 1.10 (0.96-1.29) 0.167 1.06 (0.90-1.24) 0.457

Atrial fibrillation, n (%) 1.38 (1.01-1.89) 0.046 1.21 (0.85-1.71) 0.291

Serum creatinine, /SD increase 1.20 (1.00-1.01) 0.004 1.20 (1.04-1.38) 0.014

LVEF≤35%, n (%) 0.76 (0.48-1.21) 0.251 0.75 (0.45-1.27) 0.285

LVEF≤50%, n (%) 1.37 (0.98-1.92) 0.069 1.30 (0.92-1.86) 0.142

Systolic blood pressure, /10 mmHg increase 0.93(0.87-1.00) 0.042 0.96(0.90-1.03) 0.222

Sodium, /SD increase 0.90 (0.79-1.03) 0.112 0.92 (0.79-1.06) 0.243

WHF, n (%) 1.39 (0.80-2.40) 0.244 1.15 (0.63-2.08) 0.647

Pleural effusion, n (%) 1.32 (0.96-1.82) 0.086 0.99 (0.69-1.42) 0.955

Peripheral oedema, n (%) 1.40 (1.04-1.91) 0.034 1.14 (0.82-1.60) 0.430

CA125≥39.7U/mL, n (%) 2.00 (1.44-2.79) <0.001 1.78 (1.22-2.61) 0.003

NTproBNP≥3900pg/mL, n (%) 1.78 (1.26-2.50) 0.001 1.57 (1.08-2.27) 0.018
HR from Cox regression analysis. Multivariate HR from the model containing CA125 + NTproBNP + baseline varia-
bles. HR, hazard ratio; CI, confidence intervals; SD, standard deviation.

Fig. 1. Kaplan‒Meier estimates for the six-month combined endpoint of death/AHF rehospitalization stratified by 
CA125 (A), NTproBNP (B) and the combination of CA125 and NTproBNP (C). AHF: acute heart failure.
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profile indicated a significantly reduced risk 
of 1-year mortality or AHF readmission 12. 
In a recent multicentre randomized study 
of 160 AHF subjects with renal dysfunction, 
a CA125-guided diuretic strategy with an 
admission loop diuretics dose determined 
based on CA125 levels significantly im-
proved 72-h eGFR 25. Briefly, in subjects with 
high CA125 levels, high-intensity diuretic 
treatment and/or closer follow-up were ad-
vocated. When CA125 was low or decreased, 
a down-titration was recommended in both 
trials, which endorsed the role of CA125-
guided decongestion treatment in AHF.

This study included a non-selected 
hospitalized population of patients with 
AHF. Based on this, we think many patients 
hospitalized for AHF have preserved ejec-
tion fraction in the real world. Although 
we pay more attention to heart failure with 
reduced ejection fraction, Dunlay et al. re-
ported that two-thirds of advanced heart 
failure subjects had LVEF>40% 27. The pre-
dominance of preserved ejection fraction in 
our population may explain a slightly lower 
proportion of treatment with renin–angio-
tensin system inhibitors and beta-blockers. 
Advanced heart failure occurs primarily in 
the elderly, and the cardiorenal syndrome 
is common. Sodium-glucose cotransporter 
2 inhibitors may carry a higher risk of hy-
potension in older adults, in patients with 

renal dysfunction and taking loop diuretics. 
We know that patients with elevated CA125 
had a worse clinical profile, which may be 
one possible explanation for a lower propor-
tion of treatment with sodium-glucose co-
transporter 2 inhibitor and a higher propor-
tion of treatment with digitalis in patients 
with elevated CA125 values.

In this study, we used a cut-off value 
of 39.7 U/mL for CA125, but our previ-
ous paper confirmed that CA125≥65.7 U/
mL was highly predictive of adverse out-
comes in stage D heart failure patients 24. 
We noticed that some researchers divided 
patients based on the normal CA125 lev-
els (<35 U/mL) derived primarily from 
cancer studies28. The optimal cut-off for 
defining normal vs. elevated values in dif-
ferent heart failure scenarios has not been 
established. We think the value of CA125 
we obtained could provide a particular 
reference value in the setting of AHF and 
stage D heart failure.

Given the long half-life of CA125 (ap-
proximately 5-12 days) 16 and the shorter 
mean half-life of NTproBNP (60-120 min) 29, 
CA125 potentially provides pathophysiologi-
cal information several weeks prior, and NT-
proBNP could provide acute hemodynamic 
information, similar to glycated hemoglobin 
and serum glucose in diabetes. One study re-
ported that levels of CA125 and NTproBNP 
represent distinct pathophysiological states 
related to heart failure severity 10. The com-
bined use of CA125 and NTproBNP improved 
risk stratification, and this multimarker ap-
proach holds promise in guiding depletion 
therapy, showing the need to incorporate 
CA125 into daily clinical practice. In addi-
tion, conversely to natriuretic peptides, age, 
sex, body weight, and renal function did not 
significantly influence CA125 levels 12,21. In 
the current study, we found that NTproBNP 
strongly depended on serum creatinine, 
weight, and LVEF, while CA125 appeared 
not to be significantly influenced by these 
factors. Beyond these considerations, ad-
ditional benefits for implementing CA125 

Table 6 
Reclassification results for 6-month combined 

endpoint of death/AHF rehospitalization.

NRI (%)  
(p-value)

IDI (%)  
(p-value)

Model 2 vs. 1 16.2(0.014) 2.6(0.010)

Model 3 vs. 1 23.8(0.008) 3.5(0.002)

Model 4 vs. 1 27.0(0.002) 5.3(<0.001)

Model 4 vs. 2 22.3(0.024) 2.7(0.020)
NRI, net reclassifification improvement; IDI, integrated 
discrimination improvement.   Model 1 = base model.    
Model 2 = base model + NTproBNP categories.    Model 
3 = base model + CA125 categories.  Model 4 = base 
model + NTproBNP categories + CA125 categories.
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testing in daily clinical practice arise from 
its standardized measurement, low cost, and 
wide availability.

Our study had some limitations. First, 
its observational design makes it suscep-
tible to confounding factors and bias. Sec-
ond, it is a single-centre study that pre-
cludes the extrapolation of results. Third, 
it is impossible to extrapolate findings to 
patients undergoing renal dialysis because 
this study included patients with baseline 
serum creatinine values ≤360 µmol/L. Fi-
nally, we measured CA125 levels at the 
one-time point after an overnight fast on 
the second day of admission; however, peak 
CA125 levels might better reflect fluid 
overload in patients with AHF.

In conclusion, in AHF patients, elevat-
ed CA125 levels were highly predictive of 
six-month death/AHF readmission, adding 
prognostic value to NTproBNP and clinical 
risk factors. Measuring simultaneously these 
two biomarkers conferred greater predic-
tive capacity when compared with either of 
them alone. Hence, this glycoprotein should 
be considered a complement for optimal risk 
prediction. The underlying mechanisms of 
CA125 in AHF syndromes remain unclear, 
and more research is needed.
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Abstract. Isoniazid and rifampicin (IRC) have been shown to cause hepa-
totoxicity in both clinical and preclinical studies. Oxidative stress and in-
flammation have been held responsible for the pathogenesis of IRC-induced 
hepatotoxicity. Antioxidative and anti-inflammatory effects of thiamine py-
rophosphate (TPP) and cinnamon extract (CE) have been shown in previous 
studies. Therefore, our study investigated the protective effects of TPP and CE 
on possible liver damage caused by IRC treatment in rats. Twenty-four albino 
Wistar rats were categorized into four groups: a healthy group (HG), an IRC 
group (IRG), a TPP+IRC group (TIRG), and a CE+IRC group (CIRG). TPP (25 
mg/kg) was administered intraperitoneally to TIRG, while CE (100 mg/kg) 
was administered orally to CIRG. In IRG, TIRG, and CIRG, isoniazid (50 mg/
kg) and rifampicin (50 mg/kg) were administered orally one hour after these 
treatments. For seven days, this procedure was repeated once a day. After this 
period, blood samples were taken from the tail veins, and the rats were sac-
rificed. The removed liver tissues were analyzed for oxidant, antioxidant, and 
proinflammatory cytokines and subjected to histopathological evaluation. 
Serum alanine aminotransferase and aspartate aminotransferase activities 
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contra el daño hepático oxidativo inducido por la combinación 
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Resumen. Se ha demostrado que la isoniazida y la rifampicina (IRC) cau-
san hepatotoxicidad tanto en estudios clínicos como preclínicos. El estrés 
oxidativo y la inflamación se han considerado responsables de la patogénesis 
de la hepatotoxicidad inducida por IRC. En estudios anteriores se han demos-
trado los efectos antioxidantes y antiinflamatorios del pirofosfato de tiamina 
(TPP) y del extracto de canela (CE). Por lo tanto, en nuestro estudio se inves-
tigaron los efectos protectores del TPP y el CE sobre el posible daño hepático 
causado por el tratamiento con IRC en ratas.  Se clasificaron 24 ratas Wistar 
albinas en cuatro grupos: un grupo sano (HG), un grupo IRC (IRG), un grupo 
TPP+IRC (TIRG) y un grupo CE+IRC (CIRG). El TPP (25 mg/kg) se admi-
nistró por vía intraperitoneal al TIRG, mientras que el CE (100 mg/kg) se ad-
ministró por vía oral al CIRG. En IRG, TIRG y CIRG, se administró isoniazida 
(50 mg/kg) y rifampicina (50 mg/kg) por vía oral una hora después de estos 
tratamientos. Durante siete días, este procedimiento se repitió una vez al día. 
Tras este periodo, se tomaron muestras de sangre de las venas de la cola y se 
sacrificaron las ratas. Los tejidos hepáticos extraídos se analizaron en busca 
de citocinas oxidantes, antioxidantes y proinflamatorias y se sometieron a una 
evaluación histopatológica. También se midieron las actividades séricas de la 
alanina aminotransferasa y la aspartato aminotransferasa. Con el tratamien-
to con IRC se observó un aumento de los niveles de malondialdehído, factor 
nuclear kappa B, factor de necrosis tumoral alfa, interleucina 1 beta e inter-
leucina 6, una disminución de los niveles totales de glutatión y de las activi-
dades de superóxido dismutasa y catalasa, y un aumento de las actividades de 
alanina aminotransferasa y aspartato aminotransferasa (p<0,001). El análisis 
histopatológico del IRG sugirió hepatotoxicidad (p<0,001). El TPP y el CE 

were also measured. An increase in malondialdehyde, nuclear factor kappa 
B, tumor necrosis factor-alpha, interleukin 1 beta, and interleukin-6 levels, a 
decrease in total glutathione levels, superoxide dismutase and catalase activi-
ties, and an increase in alanine aminotransferase and aspartate aminotrans-
ferase activities were found with IRC treatment (p<0.001). The histopatho-
logical analysis of the IRG suggested hepatotoxicity (p<0.001). TPP and CE 
administered with IRC inhibited the biochemical changes (p<0.001). In the 
TIRG, this inhibition was higher than in the CIRG (p<0.05). Histological 
damage was inhibited by TPP (p<0.001). CE prevented biochemical changes 
but not histological changes except inflammatory cell infiltration. Therefore, 
TPP may be better than CE in preventing IRC-induced hepatotoxicity. 
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INTRODUCTİON

Isoniazid and rifampicin are anti-my-
cobacterial drugs that are part of the World 
Health Organisation’s recommended com-
bination treatment regimen for tuberculo-
sis1. Treatment for tuberculosis consists of 
a quartet of anti-mycobacterial medications, 
including isoniazid, rifampicin, ethambutol, 
and pyrazinamide. Furthermore, the isonia-
zid and rifampicin combination (IRC) in-
cludes the supportive phase of tuberculosis 
treatment 1,2. Although effective in treating 
tuberculosis, these drugs may cause serious 
side effects. During treatment, there may be 
toxic effects on the dermatology, gastroin-
testinal system, hypersensitivity, neurology, 
hematology, and renal system 3. Antituber-
culosis drugs can cause liver toxicity, which 
can result in the discontinuation of the drug 
as well as morbidity and mortality 4. A pri-
mary antituberculosis drug, isoniazid, has 
been reported to cause liver injury through 
oxidative stress 5. The role of lipid peroxida-
tion (LPO) in the pathogenesis of isoniazid-
associated oxidative liver injury has been 
documented 6. Severe oxidative liver damage 
is believed to be initiated by reactive oxygen 
species (ROS) 7. According to the literature, 
isoniazid has hepatotoxic effects due to the 
formation of the acetylhydrazine metabolite 
due to its acetylation 1. Although rifampicin 
alone has a low hepatotoxicity potential 6, it 
exhibits additive and synergistic hepatotox-
icity when used with isoniazid in treating 
tuberculosis 4. This has been attributed to 

the stimulation of hydrolases by rifampicin 
and the formation of hepatotoxic reactive 
metabolites from isoniazid 8.

The protective effect of thiamine pyro-
phosphate (TPP), thiamine’s active metabo-
lite, was evaluated in IRC-induced hepatotox-
icity in rats 9. Evidence in the literature shows 
that TPP protects various organs from oxida-
tive and proinflammatory cytokine damage 
10-12. Cinnamon, which we also investigate in 
our study against the possible toxicity of IRC 
on the liver, is the bark of some Cinnamo-
mum (Lauraceae) species 13. Cinnamon has 
been shown to have anti-inflammatory, anti-
oxidant, and many other beneficial biologi-
cal properties in the literature 14. It has been 
reported that cinnamon protects the heart, 
liver, kidney, blood, brain, and spleen from 
the toxicity of chemicals through its anti-
oxidant, radical-scavenging, and LPO-sup-
pressing properties15. The anti-inflammatory 
effect of cinnamon extract (CE) has been as-
sociated with inhibition of proinflammatory 
cytokines 16. This information suggests that 
TPP and CE may be helpful in treating IRC-
induced liver injury. This study was designed 
to investigate the protective effects of TPP 
and CE against IRC-induced liver injury in 
rats.

MATERİALS AND METHODS

Animals
Twenty-four male albino Wistar rats 

(282-294 g, 5-6 months old) purchased from 
the Experimental Animal Research and Ap-

administrados con el IRC inhibieron los cambios bioquímicos (p<0,001). En 
el TIRG, esta inhibición fue mayor que en el CIRG (p<0,05). El daño histoló-
gico fue inhibido por el TPP (p<0,001). El CE previno los cambios bioquími-
cos pero no los histológicos, excepto la infiltración de células inflamatorias. 
Por lo tanto, TPP puede ser una mejor opción que CE para la prevención de la 
hepatotoxicidad inducida por IRC.

           Received: 24-01-2024       Accepted: 28-04-2024
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plication Centre of Erzincan Binali Yildirim 
University were used in the study. The rats 
were housed in an environment with ap-
propriate temperature (22±2°C), humidity 
(50-60%) and 12-h light-dark cycle and fed 
ad libitum. Experimental procedures were 
carried out after the approval of the local 
Animal Experiments Ethics Committee of 
Erzincan Binali Yıldırım University (Date: 
31.08.2023, Decision number: 29). 

Chemical substances
Isoniazid and Rifampicin were procured 

from Koçak Farma Ilaç ve Kimya Sanayi (Is-
tanbul, Turkey), Thiamine pyrophosphate 
was procured from BioPharma (Moscow, 
Russia), Cinnamon extract was procured 
from Solgar (Leonia, USA), and thiopental 
sodium used for the experiment was pro-
cured from IE Ulagay (Istanbul, Turkey).

Experimental groups
The rats (n=6/each group) were ran-

domly divided into healthy control (HG), iso-
niazid + rifampicin (IRG), TPP + isoniazid 
+ rifampicin (TIRG), and CE + isoniazid + 
rifampicin (CIRG) groups.

Experimental process
In the experiment, TPP (25 mg/kg) was 

administered intraperitoneally to the TIRG. 
CE (100 mg/kg) was administered orally 
by gavage to the CIRG. In both the HG and 
IRG, distilled water was administered the 
same way. To the IRG, TIRG, and CIRG, iso-
niazid (50 mg/kg) and rifampicin (50 mg/
kg) were given orally one hour after the TPP, 
CE, and distilled water were given. The indi-
cated treatment protocol was administered 
once daily for seven days. At the end of the 
seventh day, blood samples were collected 
from the tail vein of the rats for alanine 
aminotransferase (ALT) and aspartate ami-
notransferase (AST) analyses. The rats were 
then euthanized with 50 mg/kg thiopental 
sodium intraperitoneally, and liver tissues 
were collected. Malondialdehyde (MDA), 

total glutathione (tGSH), superoxide dis-
mutase (SOD), catalase (CAT), nuclear fac-
tor kappa B (NF-κB), tumor necrosis factor-
alpha (TNF-α), interleukin 1 beta (IL-1β), 
and interleukin 6 (IL-6) were analyzed in 
the liver tissues. Liver tissues were also ex-
amined histopathologically.

Biochemical analyses
Preparation of the samples

The tissues were cleaned of blood using 
physiological saline and pulverized by adding 
liquid nitrogen. Powdered tissues were dis-
solved in 50 mM phosphate buffer (pH=7.4). 
For MDA, tGSH, SOD, CAT, NF-κB, TNF-α, IL-
1β, and IL-6 analyses, the supernatants ob-
tained after centrifugation were used.

Tissue MDA, tGSH, SOD, and CAT 
determination

MDA and tGSH levels and SOD activities 
in tissues were determined by measuring each 
with Enzyme-Linked ImmunoSorbent Assay 
(ELISA) kit (product nos. 10009055, 703002, 
and 706002, respectively, Cayman Chemical 
Company) according to the instructions. The 
CAT analysis was conducted according to the 
method recommended by Goth 17.

Tissue NF-κB, TNF-α, IL-1β, and IL-6 
determination

TNF-α, IL-1β, and IL-6 levels were deter-
mined with ELISA kits purchased from East-
biopharm Co Ltd (China), and NF-κB levels 
were measured with commercial ELISA kits 
purchased from SunRed Biological Technol-
ogy Co. Ltd (China). The analyses were per-
formed according to the kit instructions.

Determination of ALT and AST in 
serum. Tubes without anticoagulants were 
used for blood samples, and serum was used 
for analyses. After centrifugation, the clear 
filtrate was separated and stored at -80°C. 
ALT and AST activities were determined 
spectrophotometrically using a Cobas 8000 
autoanalyzer (Roche Diagnostics GmBH, 
Germany) with kits (Roche Diagnostics).
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Histopathological analysis
Tissue samples were fixed in formalin 

(10%). Subsequently, tissue samples were 
washed. Tissues were embedded in paraffin 
after ethanol (70-100%) and xylol proce-
dures. Sections (4-5 µ) were prepared and 
stained with hematoxylin-eosin (H&E). Sec-
tions were photographed and analyzed using 
a light microscope (Olympus Inc., Tokyo, 
Japan) and the DP2-SAL firmware program. 
Histopathological changes in liver tissue 
were defined as hepatocyte degeneration, 
Kupffer cell activation, capillary congestion, 
and the presence of polymorphonuclear cell 
(PMNL) infiltration. Each section was grad-
ed 0-3 for each criterion (0, absent; 1, mild; 
2, moderate; 3, severe). The evaluation was 
performed by a pathologist who was unaware 
of the study groups’ assignments.

Statistical analyses
The statistical procedures were con-

ducted using “SPSS for Windows, 22.0” sta-
tistical software. It was determined that the 
numerical data were normally distributed 
by the Shapiro-Wilk test; therefore, one-way 
ANOVA was used for the analysis. Accord-
ing to the results of Levene’s test, Tukey 
HSD or Games Howell tests were used as 
post hoc tests for intergroup comparisons. 
The biochemical data were presented as 
mean ± standard deviation (X±SD). The 
Kruskal-Wallis test was preferred for analyz-
ing semiquantitative histopathologic grad-
ing data, and then the post-hoc Dunn’s test 
was employed for the analysis. Statistical 
results were presented as median (quartile 
1- quartile 3). The significance level was set 
at p<0.05.

RESULTS

Analysis of MDA, tGSH, SOD and CAT 
levels in liver tissue

It can be seen from Fig. 1A that MDA 
levels in liver tissue increased in the IRG 
group (5.48±0.20) compared to healthy 
rats (2.39±0.18) (p<0.001). The increase 

in MDA was observed to be suppressed in the 
TIRG (2.67±0.24) and CIRG (4.06±0.15) 
(p<0.001). Compared with CE, TPP sup-
pressed the increase in MDA more effectively 
(p<0.001). The MDA levels in TIRG and HG 
were not significantly different (p=0.100). 

In IRG, a decrease in tGSH levels 
and SOD and CAT activities (3.42±0.24, 
5.33±0.15, 3.78±0.12, respectively) were 
detected with the increase in MDA compared 
to HG (6.34±0.18, 9.19±0.12, 7.51±0.21, 
respectively) (p<0.001). TPP (5.80±0.10, 
8.76±0.13, 7.09±0.26, respectively) and CE 
(4.48±0.09, 6.66±0.16, 5.39±0.37, respec-
tively) inhibited the decrease in tGSH levels 
and SOD and CAT activities (p<0.001). TPP 
treatment prevented the decrease in antioxi-
dants more effectively than CE (p<0.001) 
(Fig. 1B-D).

Analysis of NF-κB, TNF-α, IL-1β and IL-6 
levels in liver tissue

As presented in Fig. 2A-D, the levels of 
NF-κB, TNF-α, IL-1β, and IL-6 in the liver tis-
sues of rats in the IRG group (4.86±0.09, 
4.68±0.09, 6.29±0.15, 5.70±0.12, respec-
tively) were higher than those in the HG 
group (2.38±0.11, 2.13±0.07, 3.37±0.19, 
2.49±0.24, respectively) (p<0.001). Com-
pared to the IRG group, both TPP (2.57±0.12, 
2.37±0.11, 3.68±0.26, 2.77±0.11, respec-
tively) and CE (3.25±0.15, 3.31±0.14, 
5.00±0.48, 4.02±0.22, respectively) inhib-
ited these increases in NF-κB, TNF-α, IL-1β 
and IL-6 (p<0.05). However, this inhibition 
was more significant in the TPP than in the 
CE group (p<0.05). There were similari-
ties between TIRG and HG in terms of NF-
κB (p=0.315), IL-1β (p=0.157) and IL-6 
(p=0.064) levels.

Analysis of ALT and AST activities  
in serum samples

As presented in Fig. 3A-B, ALT and AST 
activities measured from the serum of rats in 
the IRG (86.67±4.55, 220.00±7.72, respec-
tively) were found to be increased according 
to HG (29.17±4.02, 39.17±4.92, respec-
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tively) (p<0.001). The increase in ALT and 
AST activities in the IRG appeared to be sup-
pressed in TIRG (32.83±3.55, 45.83±4.62, 
respectively) and CIRG (56.50±2.43, 
92.50±4.51, respectively) (p<0.001). TPP 
inhibited this increase in ALT and AST ac-
tivities more effectively than CE (p<0.001). 
Serum ALT (p=0.165) and AST (p=0.200) 
activities of TIRG and HG were similar.

Histopathologic findings
There were normal central arteries in 

the liver tissue sections, radially arranged 
hepatic cords in the lobules, and normal tis-
sue structure in the HG group, as presented 
in Fig. 4A and Table 1.

Upon examination of the liver tissue 
of the IRG group, it was observed that the 
hepatocytes around the central artery had 

lost their typical morphology, were degen-
erating, their nuclei bulged and appeared 
pyknotic on occasion. A noticeable phenom-
enon was the loss of radial arrangement of 
hepatic cords, which resulted in irregular 
and spiralized cords. There was a marked 
and moderate degree of congestion in both 
the central artery and surrounding blood 
vessels. A significant increase was observed 
in the number of Kupffer cells. Many PMNLs 
were detected infiltrating the pericapillary 
area (Fig. 4B and Table 1). 

Notably, in the TIRG group treated with 
TPP, the arrangement of hepatic cords and 
hepatocytes was generally normal, and the 
Kupffer cell population was relatively simi-
lar to the control group. PMNL infiltration 
was rare throughout the tissue (Fig. 4C and 
Table 1). 

Fig. 1(A-D). Results of analyses of MDA (A), tGSH (B), SOD (C) and CAT (D) data measured from liver 
tissues. *; p<0.001 vs IRG, # p>0.05 vs HG. MDA: malondialdehyde, tGSH: total glutathione, 
SOD: superoxide dismutase, CAT: catalase, HG: healthy group, IRG: isoniazid+rifampicin applied 
group, TIRG: thiamine pyrophosphate+izoniazid+rifampisin applied group, CIRG: Cinnamon 
extract+izoniazid+rifampisin applied group.
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Fig. 2 (A-D). Results of analyses of NF-κB (A), IL-1β (B), TNF-α (C), and IL-6 (D) data measured from liver 
tissues. *; p<0.05 vs IRG, #, p>0.05 vs HG.  
NF-κB: nuclear factor kappa-B, IL-1β: interleukin 1-beta, TNF-α: tumor necrosis factor-alpha, IL-6: 
interleukin-6, HG: healthy group, IRG: isoniazid+rifampicin group, TIRG: thiamine pyrophosphate
+izoniazid+rifampisin group, CIRG: Cinnamon extract+izoniazid+rifampisin group.

Fig. 3 (A-B). Results of analyses of ALT (A) and AST (B) data measured from serum. *; p<0.001 vs IRG, #, 
p>0.05 vs HG.  
ALT: alanine aminotransferase, AST: aspartate aminotransferase HG: healthy group, IRG: 
isoniazid+rifampicin group, TIRG: thiamine pyrophosphate+izoniazid+rifampisin group, CIRG: 
cinnamon extract+izoniazid+rifampisin group.
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Fig. 4 (A-D). A. Liver tissue belonging to the HG. ; hepatocyte, ; Kupffer cell, ; normal appearance of 
blood vessels (H&E x200).   B. Liver tissue belonging to the IRG. ; degenerated hepatocyte, ; irreg-
ularity in hepatic cords, ; increased Kupffer cells, ; polymorphonuclear cell infiltration, ; moder-
ately congested blood vessel (H&E x 200).   C. Liver tissue belonging to the TIRG. ; hepatocyte with 
normal morphology, : Kupffer cell, ; slightly congested blood vessel (H&E x 200).  D. Liver tissue 
belonging to the CIRG. ; moderately degenerated hepatocytes, ; increased Kupffer cells, ; irreg-
ularity in the hepatic cords, ; weakly polymorphonuclear cell infiltration, ; moderately congested 
blood vessels (H&E x200).   HG: healthy group, IRG: isoniazid+rifampicin group, TIRG: thiamine 
pyrophosphate+izoniazid+rifampisin group, CIRG: Cinnamon extract+izoniazid+rifampisin group.

Table 1 
Analysis results of histopathological grading data of liver tissues from rats.

Parameters

Groups (n=6/each groups)

H / p valuesHG (n=6) IRG (n=6) TIRG (n=6) CIRG (n=6)

Median (quartile 1-quartile 3)

Degeneration 0(0-0)* 3(2-3) 0(0-0)*,# 2(2-2)£ 129.013<0.001

Kupffer cell activation 0(0-0)* 3(2-3) 0(0-0)*,# 2(2-2)£ 129.151/<0.001

Congestion 0(0-0)* 2(2-3) 0.5(0-1)*,# 2(2-2)£ 122.132/<0.001

PMNL infiltration 0(0-0)* 3(3-3) 1(1-1)* 1(0.25-2)* 114.468/<0.001
Histopathological grading (0-3): 0: absent, 1: mild damage, 2: moderate damage, 3: severe damage. * p<0.001 vs. 
IRG, #; p>0.05 vs. HG, £; p>0.05 vs. IRG, HG: healthy group, IRG: isoniazid+rifampicin group, TIRG: thiamine 
pyrophosphate + izoniazid + rifampisin group, CIRG: Cinnamon extract + izoniazid + rifampisin group. Statistical 
analysis was done using the Kruskal-Wallis test. Then, Dunn’s test was applied. Data are presented as median (quar-
tile 1-quartile 3). p<0.05 was considered significant.
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In the CE-treated CIRG group, it was re-
markable that hepatic cords were irregular, 
and hepatocyte degeneration was at a mod-
erate level. In general, it was observed that 
the congestion in the blood vessels was at a 
moderate level, and the Kupffer cell popula-
tion was increased. Mild PMNL infiltration 
was also determined in the pericapillary area 
(Fig. 4D and Table 1).

DİSCUSSİON

The primary treatment protocol for 
tuberculosis consists of isoniazid, rifampi-
cin, pyrazinamide, and ethambutol for six 
months 18. Increased dosages of these drugs 
have been tried to overcome resistance, 
which has increased the incidence of side 
effects 19. Drug-related side effects often re-
sult in a change in treatment, which can ad-
versely affect the treatment’s effectiveness. 
One of the most common side effects of an-
tituberculosis treatment is hepatotoxicity 18. 
In the literature, mitochondrial dysfunction 
and oxidative stress have been reported to be 
involved in the mechanism of IRC-induced 
hepatotoxicity 19. In this study, TPP 10 and 
CE 14, both with antioxidative activity, were 
examined biochemically and histopathologi-
cally for their protective effects on IRC-in-
duced hepatotoxicity. Our biochemical anal-
ysis revealed that IRC use caused an increase 
in oxidant (MDA) and inflammatory markers 
(NF-κB, TNF-α, IL-1β, and IL-6), a decrease 
in antioxidants (tGSH, SOD, and CAT), and 
an increase in ALT and AST activities. 

As mentioned above, the role of LPO in 
the pathogenesis of isoniazid-induced oxida-
tive liver injury was demonstrated 6. Rifam-
picin, on the other hand, was reported to 
exhibit additive and even synergistic hepa-
totoxicity when used in combination with 
isoniazid 4. The cause of this condition has 
been attributed to rifampicin stimulating 
hydrolases and the formation of hepatotoxic 
reactive metabolites from isoniazid 8. As is 
well known, MDA is an LPO product used as 
a biomarker of oxidative stress 20. MDA ex-

hibits a toxic effect; additionally, convert-
ing ROS into active substances causes cell 
membrane damage, leading to apoptosis 
and liver necrosis 21. An experimental study 
has found that four weeks of IRC treatment 
has increased MDA in rat livers 22. By sup-
pressing the increase in MDA in the group 
administered TPP in conjunction with IRC, 
it is evident that TPP displays antioxidant 
properties. It was suggested in the litera-
ture that thiamine interacted with free radi-
cals and hydroperoxides and inhibited LPO 
23. Previously, TPP was also tested in oxida-
tive liver injury induced by propofol 11 and 
metazimol 24 and was found to inhibit the in-
crease in MDA levels in rat livers, similar to 
our study. In our study, CE suppressed the 
increase in MDA levels. However, CE sup-
pressed the increase in MDA levels less than 
TPP. Moselhy et al. reported that aqueous 
and ethanol extracts of cinnamon could pre-
vent the increase in MDA levels by reducing 
LPO in carbon tetrachloride-induced oxida-
tive liver injury in rats 25.

The liver tissues of the animals were 
also analyzed in terms of antioxidants. For 
this purpose, tissue tGSH levels and SOD and 
CAT activities were determined. GSH repre-
sented the most important endogenous non-
enzymatic antioxidant. GSH plays a role in 
the protection of cells from ROS.10 The lit-
erature reported that hydrazine reacted with 
the sulfhydryl group of GSH, depleting its 
levels in hepatocytes and causing cell death 
26. In our study, tGSH levels were found to be 
decreased in the IRC group. Similarly, Zhang 
et al. found that IRC decreased GSH levels in 
liver tissue and serum samples 27. During the 
metabolism of antituberculosis drugs, toxic 
metabolites and free radicals deplete endog-
enous antioxidants, making the liver suscep-
tible to further damage 28. According to the 
literature, external administration of agents 
with antioxidant activity could contribute 
to tissue defense in such cases 29. Our study 
determined that TPP administered with IRC 
prevented the decrease in tGSH levels and 
even maintained them at healthy levels for 
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the healthy group. Delen et al. similarly con-
cluded that TPP inhibited the depletion of 
tGSH in the liver caused by propofol use 11. 
The decrease in tGSH levels in CE-treated 
animals was suppressed, although not as 
much as in TPP-treated animals. In a previ-
ous study, CE was found to possess antioxi-
dant properties and to suppress GSH deple-
tion in liver tissue 29.

Results of our analysis indicated that 
SOD and CAT activities were also decreased 
in the IRC group in which tGSH levels were 
low. By accelerating the conversion of oxygen 
to hydrogen peroxide (H2O2), SOD was the 
first antioxidant enzyme to fight ROS 27. CAT, 
on the other hand, converted the toxic H2O2 
into H2O and oxygen 

30. As a result, SOD and 
CAT acted as mutually supportive antioxidant 
enzymes that protected ROS 27. It was dem-
onstrated in previous preclinical studies that 
IRC decreased the activity of SOD and CAT in 
the liver 31,32. The results of this study revealed 
that TPP treatment was able to prevent the 
decline in SOD and CAT activities. Through-
out the body, TPP catalyzes various chemical 
reactions. As a cofactor of enzymes involved 
in maintaining cell redox, it synthesized re-
duced nicotinamide adenine dinucleotide 
phosphate and glutathione and increased the 
synthesis of antioxidants 24. In addition, Bedir 
et al. found that TPP prevented metamizole-
induced decreases in the activities of SOD 
and CAT in the liver tissues of rats 24. El-Kholy 
et al. used CE, another therapeutic drug, to 
treat oxidative liver damage induced by amox-
icillin/clavulanate and found that it inhibited 
the decrease in SOD and CAT activity, similar 
to our results 29. 

Previously, it was reported that IRC 
treatment caused inflammation. This leads 
to activation of macrophages and infiltra-
tion of circulating immune cells into the tis-
sue 28. In contrast, sterile inflammation also 
contributed to hepatotoxicity by increasing 
oxidative stress. NF-κB was a transcription 
factor that modulated inflammation 28,33. Ac-
cording to our biochemical results and previ-
ous studies, increased NF-κB levels with IRC 

treatment confirmed inflammatory activity 
28,31. In the TPP-treated group, the increase 
in NF-κB levels seemed to be prevented. Sim-
ilarly, Ozer et al. found that TPP suppressed 
the increase of NF-κB in damaged ovarian 
tissue 34. In our CE-treated group, NF-κB 
levels were higher than the TPP group and 
lower than the IRC group. A recent study 
found that this increase was suppressed in 
obese rats treated with Cinnamon powder 
compared to rats with increased hepatic 
NF-κB expression with obesity 35. Our study 
also investigated liver tissues for the levels 
of proinflammatory cytokines such as TNF-α, 
IL-1β, and IL-6.

Increased ROS released inactive NF-κB 
through a series of reactions. Activated NF-
κB induced gene transcription of TNF- α and 
IL-1β 21. On the other hand, TNF-α, which 
is considered the primary mediator induc-
ing the inflammatory response, has been re-
ported to activate NF-κB by binding to the 
TNF receptor 31,36. In addition, it was pointed 
out that TNF-α increased ROS production 
that triggered liver injury through various 
pathways 31. IL-1β had intense proinflamma-
tory activity like TNF-α 37. Although IL-6 also 
prevented acute liver inflammation, its pro-
longed stimulation resulted in tissue dam-
age to the liver 38. Our study discovered that 
TNF-α, IL-1β, and IL-6 levels were similarly 
increased in the IRC group in which NF-κB 
levels were increased. Patel et al. also found 
an increase in TNF-α, IL-1β, and IL-6 levels 
in their study on the effects of IRC on the 
liver 38. Cytokine levels in rats administered 
with TPP and CE were lower than those of the 
IRC group. No studies have been conducted 
in the literature on the effect of TPP on tis-
sue cytokine levels in oxidative liver injury. 
However, it was reported that TPP prevented 
the increase in TNF-α and IL-1β levels due 
to ethanol toxicity in optic nerve tissue 39. 
In the literature, studies also reported that 
CE, another therapeutic agent, exhibited 
anti-inflammatory activity by suppressing 
the increase in TNF-α, IL-1β, and IL-6 levels 
induced by various causes in the liver 40,41.
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In this study, the ALT and AST activi-
ties of blood samples obtained from animals 
were measured. These transaminases were 
sensitive markers of liver cell damage, and 
these biomarkers have been widely used in 
the past and present to assess liver func-
tion 42. In both clinical and experimental 
studies, it has been demonstrated that IRC 
treatment increases the levels of ALT and 
AST 18,26,42. Our study also demonstrated 
increased ALT and AST activity after IRC 
treatment. A lower enzyme activity was ob-
served in both TPP and CE-treated groups, 
but a lower activity was observed in the 
TPP-treated group. As previously reported, 
TPP inhibited the increase in ALT, AST, and 
lactate dehydrogenase activities following 
acetaminophen 43 and cisplatin-induced liv-
er injury 12. Mosely et al. also demonstrated 
that CE inhibited the increase in ALT and 
AST activities 25.

A histologic analysis of liver tissues con-
firmed our biochemical findings. Degenera-
tion of hepatocytes and marked congestion 
of blood vessels were observed in the IRC 
group. In addition, an increase in the num-
ber of Kupffer cells and PMNL was observed. 
According to previous studies, IRC induced 
changes in the liver, such as sinusoidal dila-
tation, infiltration of immune cells, inflam-
mation in the portal system, and necrosis of 
the liver 27,28. Our histopathological analysis 
showed that the hepatocytes and Kupffer 
cell populations of the TPP-treated group 
were similar to those of the control group, 
and rare evidence of PMNL infiltration was 
observed. Several studies demonstrated that 
TPP protected liver tissue from oxidative 
damage and prevented structural changes 
such as cellular degeneration, necrosis, and 
infiltration of inflammatory cells 11,43. In the 
CE group, there was moderate hepatocyte 
degeneration and vascular congestion. In 
addition, there was a moderate increase in 
the Kupffer cell population and mild PMNL 
infiltration. However, some previous studies 
reported that CE treatment altogether 44 or 
almost entirely 25 prevented tissue damage 

in oxidative liver injury. However, our his-
topathologic evaluation indicated that TPP 
protected the histologic structure of the liv-
er better than CE, similar to our biochemi-
cal results.

Limitations
In the future, total oxidant levels and 

antioxidant levels should be measured to in-
vestigate the mechanism of hepatoprotec-
tive effect of TPP and CE in greater detail. 
Additionally, we believe that anti-inflamma-
tory cytokine levels should be evaluated.

Our results revealed that IRC induced 
an increase in oxidants and proinflammato-
ry cytokines and a decrease in antioxidants 
in the liver tissues of the animals. More-
over, IRC treatment caused an increase in 
liver function parameters and damage to 
the histological structure of the liver. TPP 
and CE inhibited both biochemical and his-
topathologic changes. However, TPP pro-
tected liver tissue from IRC-induced dam-
age better than CE. The results of our study 
indicated that adding TPP to the treatment 
might be an effective therapeutic strategy 
for preventing IRC-induced hepatotoxicity. 
Moreover, based on the results of our litera-
ture review, our study was the first to com-
pare the antioxidant and anti-inflammatory 
properties of TPP and CE. As a result of our 
current study, we are likely to contribute to 
future experimental and clinical studies on 
diseases where oxidative stress and inflam-
mation are involved in the pathogenesis.
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Abstract. This study aimed to assess the impact of recombinant human 
brain natriuretic peptide (rh-BNP) on ventricular function and hemodynamics 
in post-ST-segment elevation myocardial infarction (STEMI). We compared the 
outcomes of 65 STEMI patients treated with rh-BNP to an equal cohort given 
tirofiban following percutaneous coronary intervention (PCI). Data collected 
pre- and post-intervention included biochemical markers, TIMI (Thrombolysis In 
Myocardial Infarction) grade, hemodynamics, thrombotic score (TS), left ven-
tricular ejection fraction (LVEF), high-sensitivity C-reactive protein (CRP) levels, 
liver and kidney function, and ECG. The TIMI level (p=0.03), the ratio of TIMI 
myocardial perfusion grade III (p=0.04), and the thrombus score (p<0.001) in 
the rh-BNP group after the intervention markedly exceeded those in the tirofiban 
group. After correction, the TIMI frame count (CTFC) (p=0.02), the incidence 
of slow flow (p=0.02), thrombus score (p<0.001), stent length (p=0.02) as well 
as times of administration of sodium nitroprusside medication in the rh-BNP 
group were markedly below those in the tirofiban group (p=0.01). Creatine ki-
nase (CK) (p<0.001), CK-MB (p=0.01), and N-terminal pro-b-type natriuretic 
peptide (NT-proBNP) (p<0.02) in the rh-BNP group were markedly below those 
the in tirofiban group 24 hours after intervention; and the sum-STR (p<0.03) 
immediately after intervention markedly exceeded that in the tirofiban group. 
No significant differences were found in major cardiac adverse events (MACE) 
between the treatments. At the 30-day follow-up, rh-BNP showed a more effective 
enhancement of blood flow status, with the safety profiles of both treatments be-
ing comparable. The findings suggest that the rh-BNP has significant potential 
for treating PPCI-related slow flow.
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Beneficios del péptido natriurético cerebral humano 
recombinante para mejorar la función ventricular  
y la hemodinámica en pacientes con infarto de miocardio  
con elevación del segmento ST.

Invest Clin 2024; 65 (3): 335 – 345

Palabras clave: infarto de miocardio con elevación del segmento ST; péptido 
natriurético recombinante del cerebro humano; tirofibán; intervención 
coronaria percutánea primaria.

Resumen. El objetivo de este estudio fue evaluar el impacto del péptido na-
triurético cerebral humano recombinante (rh-BNP) sobre la función ventricular y la 
hemodinámica después de un infarto de miocardio con elevación del segmento ST 
(STEMI). Comparamos los resultados de 65 pacientes con STEMI tratados con rh-
BNP con un grupo equivalente tratado con tirofiban tras la intervención coronaria 
percutánea (PCI). Los datos recopilados antes y después de la intervención inclu-
yeron marcadores bioquímicos, grado TIMI (Trombolisis en infarto del miocardio), 
hemodinámica, puntuación trombótica (TS), fracción de eyección del ventrículo iz-
quierdo (LVEF), niveles de proteína C reactiva de alta sensibilidad (CRP), función he-
pática y renal y ECG. El nivel de TIMI (p=0,03), la proporción de grado de perfusión 
miocárdica TIMI III (p=0,04) y la puntuación trombótica (p<0,001) en el grupo rh-
BNP después de la intervención superaron significativamente a aquellos en el grupo 
de tirofiban. Tras la corrección, el conteo de fotogramas TIMI (CTFC) (p=0,02), la 
incidencia de flujo lento (p=0,02), la puntuación trombótica (p<0,001), la longi-
tud del stent (p=0,02) así como las veces de administración de la medicación de 
nitroprusiato de sodio en el grupo rh-BNP fueron notablemente inferiores a los del 
grupo de tirofiban (p=0,01). La CK (p<0,001), la CK-MB (p=0,01) y la NT-proBNP 
(p<0,02) en el grupo rh-BNP fueron significativamente inferiores a los del grupo de 
tirofiban 24 horas después de la intervención, y la sum- ST-segment resolution (STR) 
(p<0,03), inmediatamente después de la intervención superó significativamente a 
la del grupo de tirofiban. No se encontraron diferencias significativas en los eventos 
adversos cardiacos mayores (MACE) entre los tratamientos. En el seguimiento de 
30 días, el rh-BNP mostró una mejora más efectiva del estado del flujo sanguíneo, 
siendo los perfiles de seguridad de ambos tratamientos comparables. Los hallazgos 
sugieren que el rh-BNP tiene un potencial significativo para tratar el flujo lento re-
lacionado con PPCI.

           Received: 20-08-2023       Accepted: 11-02-2024

INTRODUCTION

ST-segment elevation myocardial in-
farction (STEMI) is a severe form of heart 
attack characterized by a prolonged period 
of blocked blood supply that affects a large 

area of the heart muscle 1. The mean age of 
a first MI is 65.1 for men, while for women, it 
is 72. An ST-elevation myocardial infarction 
affects around 38% of patients with acute 
coronary syndrome when they arrive at the 
hospital 2.
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STEMI is commonly caused by the rup-
ture of an atherosclerotic plaque in a cor-
onary artery, leading to the formation of a 
blood clot that completely blocks the artery 
and interrupts blood flow to the heart mus-
cle. This results in myocardial ischemia and, 
if not promptly treated, irreversible damage 
to the heart muscle 1,2.

The symptoms of STEMI can include 
chest pain or discomfort, shortness of 
breath, nausea, lightheadedness, and pain or 
discomfort in other areas of the upper body, 
such as the arms, back, neck, jaw, or stom-
ach 3.

Diagnosis of STEMI is primarily based 
on the clinical presentation, ECG findings, 
and the elevation of cardiac biomarkers. An 
ECG demonstrating ST-segment elevation 
is considered diagnostic, particularly when 
complemented by symptoms indicative of 
ischemia. Furthermore, cardiac enzymes 
such as troponins are utilized to confirm 
myocardial damage 1,4.

Treatment of STEMI focuses on the 
timely restoration of coronary blood flow, 
typically achieved through reperfusion ther-
apies such as percutaneous coronary inter-
vention (PCI) or thrombolytic therapy 5. Ad-
juvant therapies include antiplatelet agents, 
anticoagulants, beta-blockers, and angioten-
sin-converting enzyme inhibitors to reduce 
myocardial oxygen demand and prevent fur-
ther thrombus formation 6,7.

In this context, recombinant human 
brain natriuretic peptide (rhBNP) thera-
py emerges as a novel adjunct in manag-
ing STEMI. rhBNP, a synthetic form of the 
naturally occurring brain natriuretic pep-
tide, has shown promise in improving ven-
tricular function and hemodynamics 8. Its 
mechanisms of action include vasodilation, 
natriuresis, and the inhibition of the renin-
angiotensin-aldosterone system, which col-
lectively contribute to reduced cardiac load 
and improved myocardial recovery  9. Ac-
cording to a study by Zhou et al. 10, rhBNP 
has shown promise in improving ventricu-
lar function and hemodynamics in patients 

with end-stage renal disease and type 4 car-
diorenal syndrome. Another study by Liang 
et al. suggests that rhBNP combined with 
catheter-directed therapy may improve right 
ventricular dysfunction and stabilize hemo-
dynamics in patients with acute pulmonary 
embolism 11.

Given the high stakes of STEMI man-
agement and the potential impact on pa-
tient outcomes, a comprehensive evaluation 
of rhBNP’s efficacy and safety is warranted. 
Since limited studies have been conducted 
in this field, especially in the Middle East, 
this study was essential to elucidate the ef-
fect of the therapeutic effect of recombinant 
human brain natriuretic peptide in patients 
with myocardial infarction by increasing the 
ST piece.

MATERIALS AND METHODS

General information
The research is a retrospective study 

using case data. The criteria for selecting 
patients in this study were as follows: the di-
agnosis of STEMI symptoms following views 
of the “STEMI Diagnosis and Treatment 
Guidelines” 6; patients received PCI treat-
ment within 12 h after admission; treatment 
with tirofiban (TIF) or rh-BNP after PCI; no 
allergic reactions were observed after treat-
ment with TIF or rh-BNP; did not receive 
intravenous thrombolysis treatment before 
PCI; Killip level exceeds that of Grade III or 
cardiogenic shock patients. Exclusion crite-
ria: patients with comorbidities of organ and 
tissue diseases such as brain, heart, kidney, 
and liver; patients with severe aortic steno-
sis; patients with mental or other cognitive 
impairments or who refuse to cooperate with 
the experiment; patients with pulmonary hy-
pertension caused by pulmonary heart dis-
ease or other reasons; patients with a history 
of MI, valvular heart disease, dilated cardio-
myopathy, HF, hypertrophic cardiomyopathy, 
or other general diseases. Given the above 
standards, this study collected the medical 
history information of 142 STEMI patients 
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admitted to our hospital from June 2021 to 
June 2023, with 130 participants included 
in the experimental study. In the queue, 
65 patients received treatments with TIF, 
while the remaining cases received treat-
ments with rh-BNP. All sufferers had clinical 
and pathological features taken and signed 
an informed consent form to use this infor-
mation. This research was approved by the 
Ethics Committee of the Medical Center to 
collect relevant information from sufferers 
(approval number: MEC-2021-06). All work 
was carried out following the provisions of 
the Declaration of Helsinki. The research 
process is demonstrated in Fig. 1.

Treatment strategies
All patients took 300 mg aspirin orally, 

clopidogrel 300 mg/ticagrelor 180 mg, and in-
travenous heparin 5000 IU at admission. Coro-
nary artery angiography (CAG) was carried out 
before intervention to determine the quantity 
of the pathological branches, for patients who 
received treatments with rh-BNP, 5 mg of medi-
cation was injected intravascularly during the 
intervention period, followed by implantation 
of a stent and re-administration of 5 mg of rh-
BNP. If the symptoms of slow BF persisted, they 
were given a last 5 mg dose of rh-BNP. Sufferers 

who received treatments with TIF were slowly 
injected 5 mg/kg through the CA during the 
intervention period. After the stent implanta-
tion, 5 mg/kg TIF was administered via CA 
again. 3 mg/kg TIF was injected through the 
CA for sufferers with slow BF symptoms. After 
24 hours of intervention, all patients were giv-
en aspirin 100 mg, clopidogrel 75 mg/ticagre-
lor 90 mg and heparin 5000 IU for 5-7 days. 
Patients were followed up for 30 days after dis-
charge, and MACE (Major Adverse Cardiovas-
cular Events) were recorded.

Measurement of treating outcomes
The myocardial infarction thrombolysis 

(TMI) classification, hemodynamic param-
eters, thrombotic score (TS) 7, left ventricu-
lar ejection fraction (LVEF), CRP level, uric 
acid, liver and kidney functions, electrocar-
diogram (ECG), echocardiography and oth-
er information of patients before and after 
the intervention were collected to compare 
differences in the therapeutic effects (treat-
ment efficacy) and SE of the two treatment 
methods.

Statistical analysis
Relevant analysis was conducted us-

ing the SPSS version 19.0 software (IBM®, 

Fig. 1. Research Process.
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Armonk, NY). Continuous data was denoted 
by mean ± standard deviation (SD). The 
number of cases denotes classified data. The 
Student test was used to compare the dif-
ferences between consecutive data sets. Chi-
square and Fisher’s exact tests were used to 
determine whether there are differences be-
tween different categories of index groups. 
p<0.05 is statistically significant.

RESULTS

Patient baseline characteristics
The analysis of baseline data among the 

sufferers participating in this experiment 
did not demonstrate significant differences 
(SD) in preoperative age, body mass index 
(BMI), and other indicators. Table 1 demon-
strates the details.

No statistically significant differences 
were among the sufferers participating in 
this experiment in combined medication 
(Table 2).

Intervention Information
Table 3 indicates no differences in the 

number of branches, number of stents, and 
score of thrombus before the intervention, 
systolic blood pressure, and other relevant 
respects. However, after the intervention, 
the TMI changes in thrombus score levels 
in the rh-BNP group and other relevant as-
pects dramatically exceeded those in the 
TIF group (Table 3). On the other hand, the 
TMI Frame Count (CTFC), slow flow (SF) in-
cidence, post-intervention thrombus score, 
stent length, and sodium nitroprusside ad-
ministration times after correction were dra-
matically ´lower in the TIFgroup (Table 3).

The effect of rh-BNP or TIF  
on the treating outcomes of PCI

Twenty-four hours after PCI interven-
tion, creatine kinase (CK), creatine kinase 
isozyme (CKMB), and the amino-terminal 
fraction of B-type natriuretic peptide (NT 
pro-BNP) in the rh BNP group were dramati-

Table 1 
Baseline Characteristics.

Characteristic rh-BNP(n=65) TIF(n=65) t/χ2 p 

Age (years) 60.19±10.02 58.96±10.14 1.462 0.09

Gender (male, %) 47(72.3) 51(78.5) -0.613 0.36

BMI(kg/m2) 25.94±3.54 25.44±3.29 0.837 0.50

Time before balloon dilation(min) 227.98±68.52 232.19±86.43 -0.388 0.63

Killip classification

   Level 1 (n, %) 61(93.8) 60(92.3) 0.117 0.69

   Level 2 (n, %) 4(6.2) 5(7.7)

Smoke (n,%) 41(63.1) 40(61.5) 0.035 0.85

Drink (n,%) 24(36.9) 14(21.5) 3.710 0.06

Hypertension (n, %) 41(63.1) 47(72.3) 1.258 0.27

   Level 1 (n, %) 8(12.3) 7(10.8)

   Level 2 (n, %) 16(24.6) 14(21.5) 0.286 0.85

   Level 3 (n, %) 17(26.2) 19(29.2)

Diabetes (n, %) 18(27.7) 21(32.3) 0.328 0.56

Cerebral Infarction (n, %) 8(12.3) 11(16.9) 0.525 0.49
t: t-test; χ2: Chi-squared test; BMI: body mass index; rh-BNP: B-type recombinant human brain peptide.  
TIF: tirofiban. 
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cally lower than in the TIF group. The LEVF 
changes in the rh-BNP group (RBG) dra-
matically exceeded those in the TIF group. 
(Table 4).

However, there were no statistical dif-
ferences among the sufferers participat-
ing in this experiment in CK (p=0.13) and 
CKMB (p=0.18) at the peak recording time 
points. The sum STR in the RBG also mark-
edly exceeded that in the TIF group immedi-
ately after intervention (Table 5), and there 
were no differences in sum STR two hours 
after the intervention (Table 5).

Major Adverse Cardiovascular Events 
(MACE)

The incidence of angina and HF in the 
RBG was dramatically lower than in the TIF 
group (Table 6). On the other hand, in terms 
of CA occlusion microbleeds, the incidence 
of TMI microbleeds, the overall utilization of 
streptokinase, tissue type plasmin activator, 
and other relevant aspects in the RBG mark-
edly exceeded those in the TIF group (Table 
6). Both groups of patients did not experi-
ence MI or other severe side effects (Table 6).

Discharge follow-up
After discharge, there was no follow-up 

loss for 30 days. According to the informa-
tion shown in Table 7, there were no differ-

ences in physiological indicators and MACE 
among the patients participating in this ex-
periment (Table 7).

DISCUSSION

PCI can markedly unblock the infarct-
ed CA and was chosen as the first-line treat-
ment strategy for STEMI clinical treatment. 
Recent studies given a large sample suggest 
that PCI can construct BF in >90% of IRA 
and restore TMI to level 3 12. However, the 
effect of PCI is offset by some severe side ef-
fects. Slow/no BF is a risk element influenc-
ing the prognosis of SEMI patients. Some 
drugs were utilized to enhance the thera-
peutic effect of PCI to enhance coronary BF 
after PCI.

Compared to studies with TIF, few peo-
ple have focused on the influence of rh-BNP 
on coronary BF after PCI. Guo et al. showed 
that compared to patients treated with PCI 
alone, rh-BNP can significantly reduce the 
incidence of slow BF, indicating the potential 
of rh-BNP to improve BF after PCI 13. There-
fore, this study compared the therapeutic 
influences of rh-BNP and TIF on PCI-related 
slow/no flow. The outcomes demonstrated 
that compared with TIF, administering rh-
BNP markedly reduced the occurrence of SF 
after PCI. 

Table 2 
Information on drug combination use.

Characteristic rh-BNP (n=65) TIF (n=65) t/χ2 p value

Ticagrelor (n, %) 59(90.8) 61(93.8) - 0.39

Statins (n, %) 62(95.4) 61(93.8) - 0.53

Nitrates (n, %) 45(69.2) 48(73.8) 0.443 0.44

β-blocker (n, %) 57(87.7) 52(80.0) 1.690 0.13

ACEI/ARB 52(80.0) 56(86.2) 1.259 0.29

CCB (n, %) 21(32.3) 22(33.8) 0.884 0.36

PPI (n, %) 48(73.8) 52(80.0) 0.705 0.44

Hypoglycemic drugs (n, %) 21(32.3) 23(35.4) 0.327 0.53
t: t-test, χ2: Chi-squared test; rh-BNP: B-type recombinant human brain natriuretic peptide; TIF: tirofiban; ACEI: 
ACE inhibitor; ARB: angiotensin II receptor antagonist; CCB: calcium channel blocker (calcium antagonist); PPI: 
proton pump inhibitor.
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Table 3 
Information on treatment outcomes for patients with myocardial infarction with elevation  

of the segment ST (STEMI) and percutaneous coronary intervention (PCI) patients.

Characteristic rh-BNP (n=65) TIF (n=65) t/χ2 p value

Number of branches

   Single branch (n,%) 8(12.3) 7(10.8)

   Double branches (n,%) 19(29.2) 17(26.2)

   Three branches (n,%) 38(58.5) 41(63.1) 0.286 0.87

IRA distribution

   LAD (n,%) 33 (50.8) 38(58.5)

   LCX (n,%) 10 (15.4) 7(10.8)

   RCA (n,%) 22 (33.8) 20(30.8) 0.977 0.61

TMI level before PCI

   Level 0 (n,%) 19(29.2) 25(38.5) 2.298 0.51

   Level 1 (n,%) 8(12.3) 8(12.3)

   Level 2 (n,%) 9(13.8) 11(16.9)

   Level 3 (n,%) 29(44.6) 21(32.3)

TMI level after PCI

   Level 0 (n,%) 1(1.5) 2(2.3) - 0.03

   Level 1 (n,%) 2(3.1) 7(6.9)

   Level 2 (n,%) 6(9.2) 11(13.1)

   Level 3 (n,%) 56(86.2) 45(77.7)

CTFC after PCI (FPS) 23.60±4.05 25.57±5.29 -2.381 0.02

Level 3 TMPG after PCI (n,%) 58(89.2) 49(75.5) 4.279 0.04

TS score before PCI 3(2,4) 3(2,4) -1.45 0.15

TS score after PCI 0(0,1) 1(0,1) -3.908 <0.001

TS score changes 3(2,3) 1(1,1) -4.263 <0.001

Support number 1(1,1) 1(1,2) -0.898 0.37

Support length(mm) 26.4±11.33 31.35±12.93 -2.323 0.02

Thrombotic aspiration during intervention (n,%) 15(23.1) 14(21.5) 0.044 0.83

Intraoperative hypotension (n,%) 5(7.7) 7(10.8) 0.367 0.55

Intraoperative systolic blood pressure (mmHg) 125.58±18.87 122.88±21.06 0.772 0.44

Intraoperative diastolic blood pressure (mmHg) 70.66±5.09 70.69±11.50 -0.2 0.98

HR (n/min) 72.23±8.46 72.58±7.65 -0.25 0.80

SF/no flow (n,%) 9(13.8) 20(30.8) 5.370 0.02

Use of sodium nitroprusside (n,%) 4(6.2) 15(23.1) -  0.01
t: t-test, χ2: Chi-squared test; rh-BNP: B-type recombinant human brain natriuretic peptide; TIF: tirofiban; CTFC: 
corrected TMI frame count; FPS: frames per second; IRA: infarction-related artery; LAD: anterior descending 
branch of left CA; LCX: left circumflex branch; PCI: primary PCI; RCA: right CA; rh-BNP: B-type recombinant hu-
man brain natriuretic peptide; TMI: thrombolysis for MI; TMPG: TMI myocardial perfusion level; TS: thrombotic 
score; HR: heart rate; SF: slow flow.
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In addition, the thrombus score of pa-
tients receiving treatments with rh-BNP was 
evidently lower than that of TIF. It may be 
due to the more substantial thrombolytic 
function of rh-BNP on existing thrombi in 

the CA14. Regarding biochemical param-
eters, the two clinically recognized myo-
cardial function indicators, CK and CKMB, 
showed significantly lower peak levels in the 
RBG compared to the TIF group. 

Table 4 
Effects of two treating methods on ventricular function and ejection fraction.

Characteristic rh-BNP (n=65) TIF (n=65) t/χ2 p

CK peak (U/L)   2108±1452 3562±1609 0.260 0.13

CKMB peak (U/L)   168.4±112.3 206.9±139.2 0.117 0.18

Ln (NT-proBNP)   5.96±0.75 7.43±0.93 0.122 0.15

LEVF 48.32±9.86 52.08±10.04 0.103 0.42
t: t-test, χ2: Chi-squared test; rh-BNP: B-type recombinant human brain natriuretic peptide; TIF: tirofiban; CK: cre-
atine kinase; CKMB: creatine kinase isozyme; NT-proBNP: N-terminal pro B-type natriuretic peptide.

Table 5 
The impact of two treatment methods on the total STR at two hours after PCI surgery.

Characteristic rh-BNP (n=65) TIF (n=65) t/χ2 p 

Total STR after PCI surgery

   <30% (n,%) 5(7.7) 12(18.5)

   30%-70% (n,%) 13(21.5) 21(32.3)

   >70% (n,%) 47(70.8) 32(49.2) 6.795 0.03

Total STR at two hours after PCI surgery

   <30% (n,%) 3(4.6) 8(12.3)

   30%-70% (n,%) 9(13.8) 12(18.5)

   >70% (n,%) 53(81.5) 45(69.2) 3.408 0.17
t: t-test, χ2: Chi-squared test; Rh BNP: B-type recombinant human brain natriuretic peptide; TIF: tirofiban; PCI: 
primary PCI; STR: ST-segment resolution.

Table 6 
The impact of two treatment methods on the total STR at two hours after PCI surgery.

Characteristic rh-BNP (n=65) TIF (n=65) t/χ2 p

Heart failure (n, %) 11(16.9) 23(35.4) 5.735 0.03

Mortality (n, %) 1(1.5) 0(0) - 0.32

Angina pectoris (n, %) 8(12.3) 18(27.7) 4.808 0.03

TMI level

Microbleeds (n, %) 17(26.2) 8(12.3) 4.011 0.04

GUSTO

pyorrhea (n, %) 17(26.2) 8(12.3) 4.011 0.05
t: t-test, χ2: Chi-squared test; PCI: primary PCI; STR: ST-segment resolution: rh-BNP: B-type recombinant human 
brain natriuretic peptide; TIF: tirofiban; TMI: thrombolysis myocardial infarction; GUSTO: the application of strep-
tokinase and tissue type plasmin activator in the treatment of coronary occlusion.
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At the same time, side effects were ab-
sent among the sufferers participating in 
this experiment at the peak time point 15. In 
addition, the NT pro-BNP, which serves as a 
marker for the degree of myocardial injury, 
was also lower in the RBG than in the TIF 
group 16. These data clearly indicate that rh-
BNP has a more substantial protective effect 
on PCI treatment-related injuries than TIF.

The electrocardiogram examination of 
the patient’s myocardial function revealed 
that the sum-STR changes in the RBG were 
superior to those in the TIF group. Previous 
studies demonstrated a positive correlation 
between the recovery of myocardial ischemic 
injury and the recovery of sum-STR 17. Inte-
grated with the significant changes in LVEF 
in the RBG, it can be seen that the improve-
ment in the influence of rh-BNP on myocar-
dial function is also more marked than that 
of TIF. In addition, the incidence of MACE 
in the RBG was below that in the TIF group, 
representing rh-BNP’s safety in clinical ap-
plication. This study followed all patients 
for 30 days after discharge, and the results 
showed no differences in biochemical, myo-
cardial function, MACE, and other param-
eters between the two groups of patients, 
further proving the potential of rh-BNP in 

improving CA BF after PCI surgery. Existing 
research also indicates that the influence 
of rh-BNP on the heart is more pronounced 
after intervening, but over time, the dispar-
ity in treating efficacy in the two drugs de-
creases. This decrease may be because of the 
more substantial function of rh-BNP in en-
hancing microcirculation by dissolving small 
blood clots 14.

In conclusion, the current research 
compared the effectiveness of rh-BNP and 
TIF in preserving STEMI patients from PCI-
related ischemia/reperfusion (I/R) injury. 
The results show that both drugs significant-
ly reduce the occurrence of SF and MCAE 
and improve myocardial function. Addition-
ally, during the 30-day follow-up, rh-BNP 
had a more substantial immediate effect on 
most indicators after the intervention than 
TIF. The safety of its application was similar, 
suggesting good potential for clinical use in 
treating PCI-related SF. 

Notably, the study has various limita-
tions. Firstly, it is a retrospective study us-
ing case data, potentially introducing bias 
and limiting the findings’ generalizability. 
Secondly, the sample size is relatively small. 
Thirdly, the study lacks information on the 
long-term outcomes of the two treatment 

Table 7 
The impact of two treatment methods on the total STR at two hours after PCI surgery.

Characteristic rh-BNP (n=65) TIF (n=65) t/χ2 p

CK (U/L)   82.50±27.29   80.66±29.18 0.369 0.71

CKMB (U/L) 12.58±6.76 12.63±6.91 0.046 0.95

HSCRP (mg/L)   2.18±1.09   2.52±1.61 1.381 0.16

Ln (NT-proBNP)   5.23±0.85   5.41±1.22 0.941 0.34

LVEF (%) 17(26.2) 8 (12.3) 4.011 0.04

Mortality 0 0 - -

Secondary MI 0 0 - -

Treatment Failure 5(7.8) 9(13.8) 1.209 0.26

Angina pectoris 7(10.9) 5(9.3) 0.427 0.55
t: t-test, χ2: Chi-squared test; PCI: primary PCI; STR: ST-segment resolution. rh-BNP: B-type recombinant human 
brain natriuretic peptide; TIF: tirofiban; CK: creatine kinase; CK-MB: creatine kinase-myocardial band; NT-proBNP: 
N-terminal pro b-type natriuretic peptide; LVEF: left ventricular ejection fraction.
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methods, which is crucial for understanding 
their overall effectiveness and safety.
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Abstract. To study the effect of regular exercise and quantitative nutri-
tional support on dialysis patients’ immune function indicators and nutritional 
status, 100 uremic patients who underwent hemodialysis treatment in our hos-
pital from February 2021 to February 2023 were selected as the study subjects. 
They were divided into a control group (n=50) that received regular exercise 
and routine nutritional support, and a research group (n=50) that received 
regular exercise and quantitative nutritional support. This study compared the 
baseline levels of nutritional indicators such as prealbumin (PA), transferrin 
(TF), serum albumin (SAB), and hemoglobin (HB); cellular immune indicators 
such as CD3+, CD4+, and CD8+; as well as humoral immune indicators such 
as immunoglobulin A (IgA), immunoglobulin G (IgG), and immunoglobulin 
M (IgM) at enrollment and after three months of intervention. At the time of 
enrollment, there were no significant differences in nutritional indicators be-
tween the two groups of patients (p>0.05), nor in the levels of cellular immune 
indicators (p>0.05) or humoral immune indicators (p>0.05). After three 
months of intervention, nutritional indicators such as PA in all patients in the 
experiment grew (p<0.05), and those in the research group exceeded the con-
trol group (p<0.05). Similarly, the levels of CD3+ and other cellular immune 
indicators and the concentrations of IgA and other humoral immune indicators 
increased in both groups after three months of intervention (p<0.05). Howev-
er, these increases were higher in the research group than in the control group 
(p<0.05). Regular exercise combined with quantitative nutritional support can 
effectively improve hemodialysis patients’ nutritional index levels, nutritional 
status, immune index levels, and immune function.
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Efecto del ejercicio regular, combinado con soporte nutricional 
cuantitativo, sobre indicadores de la función inmune tales 
como CD3+, CD4+, CD8+, y el estado nutricional en pacientes 
en diálisis.

Invest Clin 2024; 65 (3): 346 – 357

Palabras clave: hemodiálisis; función inmune; estado nutricional.

Resumen. Para estudiar el efecto del ejercicio regular y el apoyo nutri-
cional cuantitativo sobre los indicadores de función inmune y el estado nutri-
cional de los pacientes en diálisis, se seleccionaron como sujetos de estudio 
100 pacientes urémicos que se sometieron a tratamiento de hemodiálisis en 
nuestro hospital desde febrero de 2021 hasta febrero de 2023. Se dividieron en 
un grupo control (n=50) que recibió ejercicio regular y apoyo nutricional de 
rutina y un grupo de investigación (n=50) que recibió ejercicio regular y apoyo 
nutricional cuantitativo. Este estudio comparó los niveles basales de indicado-
res nutricionales como prealbúmina (PA), transferrina (TF), albúmina sérica 
(SAB) y hemoglobina (HB); indicadores inmunes celulares tales como CD3+, 
CD4+ y CD8+; así como indicadores inmunes humorales como inmunoglobuli-
na A (IgA), inmunoglobulina G (IgG) e inmunoglobulina M (IgM) al momento 
de la inscripción y después de tres meses de intervención. En el momento del 
reclutamiento, no hubo diferencias significativas en los indicadores nutriciona-
les entre los dos grupos de pacientes (p>0,05), ni en los niveles de indicadores 
inmunes celulares (p>0,05) o indicadores inmunes humorales (p>0,05). Des-
pués de tres meses de intervención, los indicadores nutricionales como la PA en 
todos los pacientes del experimento aumentaron (p<0,05), y los del grupo de 
investigación superaron al grupo control (p<0,05). De manera similar, los nive-
les de CD3+ y otros indicadores inmunes celulares y las concentraciones de IgA 
y otros indicadores inmunes humorales aumentaron en ambos grupos después 
de tres meses de intervención (p<0,05). Sin embargo, estos aumentos fueron 
mayores en el grupo de investigación que en el grupo control (p<0,05). El ejer-
cicio regular combinado con apoyo nutricional cuantitativo puede mejorar efi-
cazmente los niveles de índices nutricionales, el estado nutricional, los niveles 
de índices inmunológicos y la función inmune de los pacientes en hemodiálisis.

           Received: 09-12-2023       Accepted: 02-03-2024

INTRODUCTION

Hemodialysis (HD) is a renal replace-
ment therapy commonly used in patients 
with advanced or end-stage renal disease. 
Diabetes nephropathy accounts for a high 
proportion of HD, which is consistent with 
the increasing trend of the number of dia-

betes patients 1. When the kidneys lose nor-
mal function, HD draws the patient’s blood 
out of the body, simulates kidney function 
through a special filter to remove waste, 
toxins, and excess water from the body, and 
then reinfuses the purified blood back into 
the patient’s body to maintain water-electro-
lyte and acid-base balance. This process can 



348 Kong and Zhu

 Investigación Clínica 65(3): 2024

help patients maintain and improve their 
quality of life 2. However, at the same time as 
treatment, patients may experience compli-
cations such as malnutrition 3.

During the HD process, waste and excess 
water in the patient’s body are discharged 
through a dialyzer, which may increase the 
patient’s metabolic rate and energy con-
sumption. Dialysis patients must limit their 
intake of substances such as sodium, potas-
sium, and phosphorus during and between 
treatment periods while also controlling 
their water intake, which may lead to loss 
of appetite and reduced intake. When energy 
intake is insufficient to meet the patient’s 
metabolic needs, it can lead to energy expen-
diture exceeding the intake, leading to mal-
nutrition 4. During dialysis, some nutrients 
and proteins may be removed along with the 
waste, leading to protein loss. The inflam-
matory response and chronic inflammatory 
state during dialysis may lead to metabolic 
disorders, promote protein breakdown, ac-
celerate protein loss, and lead to malnutri-
tion 5. The causes of HD malnutrition include 
both iatrogenic and non-iatrogenic factors. 
Possible factors related to iatrogenic factors 
include poor dialysis adequacy and excessive 
loss of serum albumin during dialysis, while 
non-iatrogenic factors include poor appetite 
and insufficient nutrition supplementation. 
These factors can be changed and incorpo-
rated into the nutritional assessment 6.

When dialysis patients are in a state of 
severe metabolic stress, a sharp decrease in 
serum albumin and a significant decrease 
in albumin and hemoglobin are usually ob-
served. These changes are usually accompa-
nied by a deterioration in the overall health 
status of patients and are unlikely to respond 
to adjustments in dialysis plans. In such cas-
es, targeted nutritional interventions and 
protein supplementation must be used dur-
ing dialysis 7. Protein-energy malnutrition 
and deficiency of single nutrients can affect 
immune responses 8. When immune cells are 
activated, they can meet nutritional needs 
through anaerobic respiration. Signals from 

adipose tissue limit the activity and quantity 
of immune cells in nutrient-deficient situa-
tions 9. Under malnutrition, the secretion 
of adipokines is dysregulated, affecting the 
activity of immune cells and leading to an 
increased susceptibility of inflammatory au-
toimmune reactions to infectious diseases10. 
Long-term protein deprivation correlates 
the degree of malnutrition in body weight 
with the antibody response in the humoral 
immune response 11. Nutritional metabolism 
is related to the differentiation and func-
tion of various immune cells, and nutritional 
intervention can manipulate immune cell 
function. Nutritional intervention can en-
hance nutritional status, affecting immune 
cell dynamics 12. This study applies regular 
exercise combined with quantitative nutri-
tional intervention to HD patients and ana-
lyzes its effectiveness.

PATIENTS AND METHODS

General Information: The research 
subjects of this study consisted of 100 ure-
mic patients who received HD treatment in 
our hospital from February 2021 to February 
2023. The patients knew the purpose of the 
research, agreed to participate, and signed 
an informed consent form. Inclusion crite-
ria: (a) Dialysis time≥6 months. (b) Age≥18 
years old. (c) Regular dialysis 2-3 times a 
week. (d) Comply with the diagnostic criteria 
for malnutrition in the GLIM Malnutrition 
Diagnostic Standards - Global Consensus Re-
port in Clinical Nutrition receive nutritional 
support. (e) Stable conditions, electrolyte 
disorders, acidosis, and other uremic signs 
have been effectively controlled. Exclusion 
criteria: (a) Concomitant acute gastrointes-
tinal diseases. (b) Concomitant malignant 
tumors and other malignant consumptive 
diseases. (c) Presented diseases that affect 
metabolism, such as hyperthyroidism and 
adrenal diseases. (d) Significant edema 
of pleural and abdominal effusion. (e) The 
combination of severe depression and recent 
poor appetite that led to a decrease in body 
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mass index. Other exclusion criteria: (a) de-
terioration of the condition or death during 
the study. (b) Missing visits. (c) Automatic 
exit. This study included 100 patients, with 
no excluded cases. Upon meeting the inclu-
sion criteria, participants were randomly as-
signed into two groups to ensure compara-
bility and to minimize selection bias. Data 
were systematically collected at two distinct 
time points: baseline data at the beginning 
of the study and follow-up data upon inter-
vention completion. Eighty valid data were 
collected, and the effective data recovery 
rate was 100%. There were no significant 
differences in general information such as 
gender, age, body mass index, and primary 
disease between the two groups of patients 
(p>0.05), as shown in Table 1.

Method: A nutritional assessment was 
conducted on the included patients, and 
their nutritional status was evaluated based 
on the Malnutrition Universal Screening 
Tool (MUST). BMI ≥ 20.0 was scored as 0. 
A BMI between 18.5 and 20.0 was 1 point. 
BMI ≤ 18.5 was 2 points, or weight loss with-
in 5% in the past 3-6 months was 0 points. 
Weight loss between 5% and 10% in the 
past 3-6 months was 1 point. Weight loss of 
more than 10% in the past 3-6 months was 2 
points. Fasting or consuming food less than 
five days due to acute illness was 2 points. 
A score of 0 indicates a low nutritional risk 
state, and regular nutritional screening is 

sufficient. A score of 1 indicated a moder-
ate nutritional risk state, requiring record-
ing dietary intake status within three days 
and repeated screening. A score of 2 or more 
indicated a high-risk state and required nu-
tritional intervention. After evaluation, the 
patient’s BMI was ≤ 18.5, indicating a high-
risk state and requiring nutritional interven-
tion.

Control Group (CG): Regular exercise 
combined with routine nutritional support. 
Regular exercise: When patients came to the 
hospital for treatment, exercise education 
was carried out, and patients were advised to 
take moderate walks indoors and outdoors 
and engage in mild aerobic exercises such 
as jogging, cycling, and swimming. Exercise 
should be carried out 2 hours after meals, 
and loose and breathable clothes suitable for 
the ambient temperature should be worn. 
Before and after exercise, measuring the 
pulse and keeping records was necessary. If 
there was any discomfort during exercise, it 
should have to be stopped immediately, and 
excessive exercise should be avoided. The 
frequency of exercise was 3-5 times a week, 
and the heart rate of exercise needed to be 
20 times/min higher than the resting rate. 
Each walk took 2-3 minutes and required 
2-3 minutes of rest, with an average of 60-
80 steps per minute, alternating. Nutritional 
support: Based on the patient’s condition 
and dietary habits, it was essential to know 

Table 1 
Comparison of general information between two groups of patients.

Group n

Gender 

Age (years)
BMI  

(kg/m2)

Primary disease

Male Female 
Chronic 

glomerulonephritis
Diabetic 

nephropathy
Polycystic 

kidney
Other 

Control 
Group

 
50

 
28 (56)

 
22 (44)

 
56.56±12.36

 
18.49±3.21

 
13 (26)

 
15 (30)

 
11 (22)

 
11 (22)

Research 
Group

 
50

 
30 (60)

 
20 (40)

 
57.12±12.40

 
18.50±3.20

 
14 (28)

 
14 (28)

 
10 (20)

 
12 (24)

χ2/t - 0.164 0.226 0.016 0.163

p - 0.685 0.822 0.988 0.983

Values are expressed as n (%) or X±SD.
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how to correctly use scale tools such as salt 
spoons and oil cups to help patients match 
their daily meals and master nutritional sup-
port. Then, it was necessary to encourage pa-
tients to record and grasp their nutritional 
intake. Weekly dietary surveys needed to be 
conducted on patients, and timely guidance 
and supplementation should be provided for 
any unreasonable situation. It is also neces-
sary to correct unhealthy dietary habits and 
adjust dietary plans.

Research group (RG): In the study, the 
rRG received a comprehensive nutritional 
intervention that included both a special-
ized nutrient formula and a tailored food 
plan. The nutritional support was twofold: 
(a) Specialized Nutrient Formula: The RG 
was provided with a specially formulated oral 
nutrient solution designed to meet the spe-
cific needs of hemodialysis (HD) patients. 
The formula composition was based on indi-
vidual protein and energy requirements. Dai-
ly protein needs were calculated at 0.8 to 1.2 
grams per kilogram of body weight. Energy 
requirements for males and females were de-
termined using separate formulas: for males, 
the formula used was 88.362 + (13.397 × 
weight in kg) + (4.799 × height in cm) - 
(5.677 × age in years); for females, the for-
mula was 447.593 + (9.247 × weight in kg) 
+ (3.098 × height in cm) - (4.330 × age in 
years). The nutrient solution was composed 
of a blend containing 1-9% protein, 1-20% 
maltodextrin, 1-10% plant mixed oils, 0.1-
1% borage oil, 1-15% corn syrup solids, 1-5% 
sugar, 1-2% cellulose, 0.1-1% essential min-
erals, 0.01-0.1% emulsifier, and 0.01-0.05% 
L-carnitine and L-taurine. The RG members 
were instructed to consume this nutrient 
solution 200-250 mL per session, 6-7 times 
daily, ensuring each feeding was completed 
within 15-20 minutes and spaced at least two 
hours apart. (b) Tailored Food Plan: In addi-
tion to the nutrient solution, patients in the 
RG were provided with a food plan tailored 
to their needs and dietary habits. This plan 
was not solely based on the consumption of 
the nutrient solution but was supplemented 

by regular meals. The food plan aimed to en-
sure that patients received a balanced diet, 
taking into account their daily total energy 
and nutrient requirements. Fat intake was 
targeted to provide 30% of the total daily 
calorie intake, and carbohydrates were to 
account for 50%. Patients were educated on 
using tools like salt spoons and oil cups to 
properly portion their meals and were en-
couraged to maintain a record of their nu-
tritional intake. Weekly dietary surveys were 
conducted to offer personalized guidance 
and to make any necessary adjustments to 
their diet. (c) The combination of the nutri-
ent solution and the tailored food plan was 
designed to ensure that patients in the RG 
received adequate nutrition to address their 
high-risk nutritional state, as identified by 
the Malnutrition Universal Screening Tool 
(MUST). Additionally, patients were advised 
to consume fruit and vegetable juices be-
tween feedings, with a hydration goal of 500 
mL of water plus the volume of the previous 
day’s urine output. Weekly follow-ups via We-
Chat phone calls by nurses helped monitor 
the patient’s adherence to the feeding regi-
men and provided an opportunity for ongo-
ing nursing guidance, including reminders 
about the importance of nutrient tube main-
tenance and timely follow-up appointments.

Electronic records of follow-up data.
Outcome Measures

Nutritional status: At the time of en-
rollment, fasting peripheral venous blood 
was collected from patients from 6:00 to 
7:00 in the morning during the intervention 
period of three months. After centrifuga-
tion, serum was collected for nutritional in-
dicators, including PA, TF, SAB, and HB. PA 
standard reference range= 0.20-0.40 g/L. 
TF’s typical reference range = 2.5-4.3 g/L. 
SAB typical reference range = 35-55 g/L. 
HB normal reference range=110~160 g/L.

Immunity
Cellular immune indicators: At the 

time of enrollment, the patient’s fasting 
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peripheral venous blood was collected from 
6:00 to 7:00 in the morning for cellular im-
mune index testing during the intervention 
period of three months. The detection in-
dicators include CD3+, CD4+, and CD8+. 
The normal reference range for CD3+ 
was 955-2860/μL. CD4+normal reference 
range= 450~1440/μL. CD8+ normal refer-
ence range= 320~1250/μL.

Humoral immune indicators: At en-
rollment, fasting venous blood was collected 
from patients at 6:00 to 7:00 in the morn-
ing for humoral immune index testing dur-
ing the intervention period of three months. 
The detection indicators include IgA, IgG, 
and IgM, and the normal reference range of 
IgA is 0.71-3.85 g/L. Normal reference range 
of lgG =7.0-16.6 g/L. IgM typical reference 
range = 0.4-3.45 g/L.

Statistical analysis: IBM SPSS 26.0® 
was used for data processing, and the mea-
surement data was expressed as mean ± stan-
dard deviation (±SD). According to the Kol-
mogorov-Smirnov test, the measurement data 
conformed to a normal distribution, with in-
dependent t-tests performed between groups 
and paired t-tests performed within groups. 
Graph Pad Prism 8 was used to draw a bar-
separated scatter plot of indicator horizontal 
changes. The number of cases used in tech-

nical data, expressed as a percentage (n,%), 
was subjected to the χ2 test, and p<0.05 was 
considered statistically significant.

RESULTS

Comparison of nutritional status between 
the two groups of patients

At the time of enrollment, there was no 
significant difference in the levels of PA, TF, 
SAB, and HB nutritional indicators between 
the two groups of patients (p>0.05). After 
intervention for three months, the levels of 
nutritional indicators such as PA in all pa-
tients in the experiment grew (p<0.05), 
while the RG group exceeded the CG group 
(p<0.05), as shown in Table 2.

Comparison of cellular immune indicators 
between the two groups of patients

At the time of enrollment, there were 
no significant differences in the levels of 
cellular immune indicators such as CD3+, 
CD4+, and CD8+ between the two groups of 
patients (p>0.05). At the time of interven-
tion for three months, the levels of CD3+ 
and other cellular immune indicators in 
both groups of patients increased (p<0.05), 
while the RG exceeded the CG (p<0.05), as 
shown in Table 3.

Table 2 
Comparison of nutritional index levels between the two groups of patients.

Group n

PA (g/L) TF (g/L) SAB (g/L) HB (g/L)

Baseline

Parameters

At three 

months of 

intervention

Baseline

Parameters

At three  

months of 

intervention

Baseline

Parameters

At three  

months of 

intervention

Baseline

Parameters

At three 

months of 

intervention

Control  

group

 

50

 

0.17±0.07

 

0.30±0.86*

 

2.30±0.31

 

2.96±0.26*

 

33.90±1.07

 

35.79±3.85*

 

106.74±8.11

 

114.85±5.73*

Research  

group

 

50

 

0.16±0.07

 

0.34±0.57*

 

2.30±0.33

 

3.15±0.40*

 

33.74±1.06

 

37.11±2.17*

 

104.82±6.27

 

117.44±5.16*

t - 0.256 2.463 0.041 2.170 0.777 2.110 1.325 2.375

p - 0.799 0.016 0.968 0.032 0.439 0.037 0.188 0.020

PA: pre albumin. TF: transferrin. SAB: serum albumin. HB: hemoglobin. 
Values are expressed as X±SD; *p<0.05 compared to levels at admission to the study.
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Comparison of humoral immune indicators 
between the two groups of patients

At the time of enrollment, a significant 
difference did not exist in the concentration 
of IgA, IgG, and IgM humoral immune indi-
cators between the two groups of patients 
(p>0.05). At the time of intervention for 
three months, the levels of IgA and other hu-
moral immune indicators in both groups of 
patients increased (p<0.05), and the RG ex-
ceeded the CG (p<0.05), as shown in Table 4.

DISCUSSION

Prealbumin PA, also known as thyroid 
binding protein, transports thyroid hor-
mones 13. Its main synthetic organ is the liv-

er. In cases of malnutrition in the body, the 
synthesis of PA is affected, and its blood level 
decreases 14. PA is often used as an essential 
indicator to evaluate the nutritional status 
of patients. During dialysis, HD patients ex-
crete a certain amount of protein through 
dialysis, resulting in protein loss. The side 
effects of medication, the disease itself, and 
other factors in patients can lead to loss of 
appetite and affect dietary intake. Patients 
can also suffer malnutrition by limiting 
phosphorus, sodium, and potassium intake 
to control the fluid balance and avoid ma-
terial accumulation in the blood 15. TF is a 
protein responsible for iron transport, pres-
ent in plasma and involved in HB synthesis 
and oxygen transport 16. It absorbs iron from 

Table 3 
Comparison of cellular immune index levels between the two groups of patients.

Group n

CD3+(μL) CD4+(μL) CD8+(μL)

Baseline

Parameters

At three months 

of intervention

Baseline

Parameters

At three months 

of intervention

Baseline

Parameters

At three months  

of intervention

Control 

Group

 

50

 

944.74±21.05

 

974.04±24.64*

 

441.30±16.31

 

465.67±27.42*

 

313.38±14.93

 

 364.68±20.60*

Research 

Group

 

50

 

943.17±25.87

 

989.20±35.40*

 

442.11±18.57

 

479.95±27.49*

 

310.87±15.41

 

 373.82±16.74*

t - 0.333 2.487 0.233 2.597 0.827 2.435

p - 0.740 0.015 0.816 0.011 0.410 0.017

Values are expressed as X±SD *p<0.05 Compared to the time of admission.

Table 4 
Comparison of humoral immune index levels between the two groups of patients.

Group n

lgA (g/L) lgG (g/L) IgM (g/L)

Baseline
Parameters

At three 
months of 

intervention

Baseline
Parameters

At three  
months of 

intervention

Baseline
Parameters

At three 
months of 

intervention

Control 
Group

 
50

 
0.70±0.06

 
1.26±0.09*

 
6.59±1.33

 
7.34±1.10*

 
0.39±0.05

 
1.57±0.08*

Research 
Group

 
50

 
0.68±0.06

 
1.31±0.10*

 
6.44±1.21

 
7.94±1.22*

 
0.38±0.04

 
1.62±0.10*

t - 1.467 2.567 0.620 2.561 0.926 2.640

p - 0.146 0.012 0.537 0.012 0.357 0.010
IgA: Immunoglobulin A. LgG: Immunoglobulin G. IgM: Immunoglobulin M. Values are expressed as X±SD. *p<0.05 
compared to Baseline Parameters.
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the intestines, spleen, and other tissues and 
transports it to the RBC in the bone marrow, 
synthesizing hemoglobin 17. Iron metabolism 
can be evaluated by monitoring the level of 
TF in the blood. In cases of malnutrition, TF 
can undergo a decrease 18. SAB is a rich pro-
tein in the blood synthesized by the liver and 
reaches the entire body through blood circu-
lation, maintaining a balance between plas-
ma and cells and avoiding the loss and reten-
tion of water and nutrients 19. It participates 
in the binding and transportation of various 
substances, binds with free fatty acids, trans-
ports fatty acids to cells, participates in im-
mune regulation of the body, and maintains 
acid-base balance 20. Changes in SAB levels 
can reflect the nutritional status of patients. 
In HD patients with malnutrition, excessive 
protein loss affects liver protein synthesis, 
decreasing SAB levels 21. HB is a Pro present 
in RBC and an essential component in the 
blood. It transports oxygen from the lungs to 
various tissues for oxygen exchange 22, and 
HB levels are commonly used to assess the 
degree of anemia in patients. Malnutrition 
may cause anemia and decreased HB 23. For 
HD patients, long-term dialysis treatment 
may lead to chronic inflammatory reactions 
and iron loss, affecting RBC generation and 
HB levels 24.

Table 2 shows that regular exercise and 
quantitative nutritional support can improve 
patients’ nutritional indicators. Quantitative 
nutritional intervention can develop person-
alized nutritional interventions based on the 
specific nutritional needs of patients, ensur-
ing that patients consume sufficient Pro and 
other nutrients. Pro is the primary raw mate-
rial for the synthesis of PA, and sufficient in-
take of Pro can promote the synthesis of PA. 
Regular exercise can promote Pro synthesis 
and increase muscle mass, which is the main 
storage area for Pro. Increasing muscle mass 
can increase Pro storage in the body. The 
pro breakdown can lead to a decrease in PA 
and transferrin levels. Regular exercise can 
reduce Pro breakdown, and quantitative nu-
tritional interventions can increase Pro in-

take, thereby maintaining high Pro levels in 
patients.

The effect of regular exercise and 
quantitative nutritional intervention on 
cellular immune indicators in HD mal-
nutrition patients. CD3+ is a cell surface 
marker that refers to lymphocytes carrying 
CD3 antigens. It mainly exists in the expres-
sion of T lymphocytes and is a part of T cell 
receptor complexes. In immunology, cell 
surface markers are identified and classified 
to distinguish different types of immune 
cells, and the number of T cells identified 
by CD3 labelling can be monitored 25. CD4+ 
cells, also known as helper T cells, are criti-
cal immune cells in the immune system and 
influence the regulation and coordination 
of immune responses in the body 26. CD4+ 
are mainly present in the peripheral blood 
and other parts of lymphatic tissue and par-
ticipate mainly in the immune response of 
intracellular and extracellular pathogens, 
as well as the immune regulation of T cells. 
It suppresses the immune response through 
inhibitory cytokines, avoiding excessive im-
mune response and autoimmune reactions 
27. CD8+ are cytotoxic T cells and essential 
immune cells in the immune system. They 
kill infected or mutated cells in the body 
28. When the body is invaded by pathogens 
such as bacteria and viruses, CD8+ cells 
can recognize and kill infected cells to pre-
vent pathogen transmission 29. The activity 
and function of CD8+ play a vital role in the 
immune system, protecting the body from 
pathogen infection and tumor invasion 30. 
The important subpopulations of lympho-
cytes play an essential role in the immune 
response, and malnutrition may impact the 
immune system, leading to impaired im-
mune function and affecting the level of 
lymphocyte subpopulations. Thus, malnu-
trition can lead to a decrease in the num-
ber of T cells or impaired function, leading 
to a decrease in the levels of CD3+, CD4+, 
and CD8+, affecting the normal regulatory 
function of the immune system 31. Table 3 
shows that regular exercise combined with 
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quantitative nutritional support can effec-
tively improve patients’ cellular and humor-
al immune indicator levels. Analyzing the 
reasons, regular exercise combined with 
quantitative nutritional intervention can 
improve immune function and enhance the 
number and activity of T cells, and regular 
exercise can enhance the body’s immune 
activity. Quantitative nutritional interven-
tion can provide T cells with the required 
Pro and micronutrients, thereby increasing 
cellular immune indicators such as CD3+ 
levels, helping to enhance T cell function 
and immune response ability 32.

The effect of regular exercise and 
quantitative nutritional intervention on 
humoral immune indicators in HD malnu-
trition patients. IgA is an immunoglobulin 
mainly present on the surface of mucous 
membranes and body fluids, mainly on the 
surface of mucous membranes such as the 
respiratory and digestive tracts. It is a barri-
er to protect the mucosa from pathogen in-
vasion and the first immune barrier. Abnor-
mal levels of IgA may be related to certain 
immune diseases 33. IgG is an immunoglob-
ulin in bodily fluids and blood, synthesized 
by B lymphocytes and secreted during im-
mune activation during infection, mainly 
involved in humoral immune responses. It 
can bind to pathogens, neutralize toxins, 
and activate the immune system, promot-
ing pathogen clearance and destruction 34. 
IgM is a crucial component of the humoral 
immune system and is the immunoglobulin 
first produced during early infection or ini-
tial exposure to antigens. It participates in 
humoral immunity and can quickly initiate 
immune responses, especially in early infec-
tions. It has a solid ability to agglutinate and 
activate complement, quickly neutralizing 
and clearing pathogens, thereby prevent-
ing the further spread of infection 35. Pro 
is the main component of immunoglobulin 
36. Due to an insufficient supply of Pro, mal-
nutrition patients limit immunoglobulin 

synthesis, decreasing the levels of related 
immunoglobulin indicators. Immunoglobu-
lin plays a crucial role in maintaining the 
body’s immune function, and malnutrition, 
leading to a decrease in immunoglobulin 
synthesis, may increase the risk of infection 
in patients. Therefore, providing reason-
able nutritional support for HD malnutri-
tion patients is crucial for improving their 
immune indicators and preventing infec-
tion 37,38. Regular exercise, combined with 
quantitative nutritional intervention, could 
markedly enhance the immune index levels 
of patients, as shown in Table 4. Regular 
exercise can stimulate immune cell activ-
ity and enhance the body’s ability to clear 
pathogens. Quantitative nutritional sup-
port ensures patients receive sufficient Pro 
supply through reasonable dietary adjust-
ments and nutritional supplementation, an 
important immunoglobulin component. Re-
combinant Pro intake helps to increase the 
synthesis of immunoglobulin.

In conclusion, this study observed a 
significant effect of combining regular ex-
ercise with quantitative nutritional support 
in improving the nutritional indicators of 
HD malnutrition patients and also tested 
the levels of humoral and cellular immune 
indicators. The results show that regular 
exercise combined with quantitative nutri-
tional support can also help improve im-
mune function and have an auxiliary thera-
peutic effect on the immune function of HD 
malnourished patients. Its effect becomes 
more pronounced with the extension of in-
tervention time. However, the sample size 
of this study is relatively small, and the 
specific efficacy needs to be confirmed by 
expanding the sample size. Secondly, the 
causes of malnutrition in dialysis patients 
involve multiple factors and mechanisms. 
This study only observed changes in nutri-
tional indicators and levels of humoral cel-
lular immune indicators, and its specific 
mechanisms require further research in 
animal experiments.
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Abstract. A ketogenic diet (KD), characterized by high fat and low carbo-
hydrate intake, has been proposed as a therapeutic option for Type 2 Diabetes 
Mellitus (T2DM). One hundred individuals with T2DM were selected and divid-
ed into a control group (CG) and an observation (OG) group, with 50 patients 
in each group, to investigate the effects of a KD on the intestinal flora, Gluca-
gon Like Peptide-1 (GLP-1), and HbA1c levels in T2DM patients. Individuals in 
the CG were given standard treatment and diet, while patients in the OG were 
given a KD based on the CG. The blood glucose index, blood lipid index, HbA1c, 
GLP-1 levels, physical examination, and intestinal flora were compared in both 
groups. The FPG, HbA1c, two h PG, HOMA-IR TG, TC, and LDL-C levels in the 
two groups were reduced when compared to those before treatment (p<0.05), 
and the decreases in the OG were more significant than in the CG (p<0.05), 
while the levels of GLP-1 in the two groups were increased compared to those 
before treatment, those in the OG were significantly increased when compared 
to the CG (p<0.05). After treatment, waist circumference, BMI, body mass, 
and the levels of Enterococcus faecalis (E. faecalis) and Escherichia coli (E. 
coli) of the two groups were reduced compared to indicators before treatment 
(p<0.05), and those in the OG were even lower than those in the CG (p<0.05). 
In conclusion, these findings underscore the KD’s potential to act as an effica-
cious dietary strategy in managing T2DM.
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Impacto de una dieta cetogénica en la microbiota intestinal  
y los parámetros de control cardiometabólico y glucémico  
en pacientes con diabetes mellitus tipo 2.
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Palabras clave: dieta cetogénica; diabetes mellitus tipo 2; flora intestinal; péptido-1 
similar al glucagón; hemoglobina glicosilada.

Resumen. Una dieta cetogénica (KD), caracterizada por una ingesta alta 
en grasas y baja en carbohidratos, se ha propuesto como una opción terapéuti-
ca para la diabetes mellitus tipo 2 (DM2). Se seleccionaron cien individuos con 
DM2 y se dividieron en un grupo control (GC) y un grupo de observación (GO), 
con 50 pacientes en cada grupo, para investigar los efectos de una dieta ceto-
génica sobre los niveles de la flora intestinal, el péptido similar al glucagón-1 
(GLP-1) y la HbA1c en pacientes con DM2. Los individuos del GC recibieron tra-
tamiento y dieta estándar, mientras que los pacientes del GO recibieron el tra-
tamiento estándar similar al GC, más una dieta cetogénica. En ambos grupos 
se compararon el índice de glicemia, el índice de lípidos en sangre, la HbA1c, 
los niveles del GLP-1, el examen físico y la flora intestinal. Los niveles de FPG, 
HbA1c, 2h PG, HOMA-IR TG, TC y LDL-C en los dos grupos se redujeron en 
comparación con los de antes del tratamiento (p<0,05), y las disminuciones en 
el GO fueron más significativas que en el grupo GC (p<0,05), mientras que los 
niveles de GLP-1 en los dos grupos aumentaron en comparación con los de an-
tes del tratamiento, los del GO aumentaron significativamente en comparación 
con el GC (p<0,05). Después del tratamiento, la circunferencia de la cintura, 
el IMC, la masa corporal y los niveles de Enterococcus faecalis (E. faecalis) y 
Escherichia coli (E. coli) de los dos grupos se redujeron en comparación con 
los indicadores antes del tratamiento (p<0,05), y los del GO fueron incluso 
más bajos que los del GC. (p<0,05). En conclusión, estos hallazgos subrayan 
el potencial de la KD para actuar como una estrategia dietética eficaz en el 
tratamiento de la DM2.

           Received: 03-03-2024       Accepted: 13-05-2024

INTRODUCTION

Type 2 Diabetes Mellitus (T2DM) is a 
chronic metabolic disorder marked by ele-
vated blood sugar levels 1. T2DM is linked to 
metabolic syndrome and insulin resistance. 
It is influenced by genetics, obesity, inactiv-
ity, and ethnicity 2, 3. The prevalence of T2DM 
varies globally, with a higher incidence in 
developed countries. As per the most re-
cent report from the International Diabetes 

Federation (IDF), the worldwide incidence 
of T2DM among adults stood at 536.6 mil-
lion individuals (10.5%) in 2021. It is pro-
jected that the number of individuals living 
with diabetes will reach 783.2 million people 
(12.2%) globally by the year 2045 4.

From a pathophysiological perspective, 
T2DM is associated with insulin resistance, 
wherein the body’s cells are less responsive 
to insulin, and a gradual failure of pancre-
atic β-cells to compensate for this increased 
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demand 5. This dysfunction is reflected in 
the hallmark signs and symptoms of T2DM, 
which include polyuria, polydipsia, polypha-
gia, and weight loss 6.

Long-term complications of T2DM are 
broad-ranging and include microvascular 
damage leading to retinopathy, neuropathy, 
and nephropathy, as well as macrovascular 
complications such as coronary artery dis-
ease, peripheral arterial disease, and cere-
brovascular disease 7, 8.

Diagnosis of T2DM is typically con-
firmed through several tests, including fast-
ing plasma glucose (FPG), 2-hour plasma 
glucose (2-h PG) during an oral glucose 
tolerance test (OGTT), and hemoglobin 
A1c (HbA1c) levels, which reflect the mean 
blood glucose levels over the previous two to 
three months 9.

Treatment modalities for T2DM include 
lifestyle interventions, oral hypoglycemic 
agents, non-insulin injectables, and insulin 
therapy 10, 11. Among the dietary strategies, 
the KD (a high-fat, adequate-protein, low-
carbohydrate diet) has emerged as a poten-
tial therapeutic option 12, 13. This diet aims to 
induce a state of ketosis, where the body uti-
lizes fat as a primary energy source instead 
of glucose 14.

The KD has been associated with al-
terations in the gut microbiota, which play 
a crucial role in metabolic health 15. A shift 
in intestinal flora could potentially influ-
ence the incretin hormone glucagon-like 
peptide-1 (GLP-1), which promotes insulin 

secretion and improves glycemic control. 
Furthermore, the KD could influence HbA1c 
levels, providing a broader metabolic benefit 
for patients with T2DM 16,17.

However, the literature presents a pau-
city of comprehensive studies that holisti-
cally examine the effects of a KD on both the 
intestinal microbiota and the serum levels 
of GLP-1 and HbA1c in patients with T2DM. 
Therefore, this study aims to explore the ef-
fects of a KD on intestinal flora and serum 
GLP-1 and glycosylated hemoglobin levels in 
T2DM patients.

PATIENTS AND METHODS

This study was conducted as an inter-
ventional study with a randomized controlled 
trial (RCT) design. The study spanned over 
six months, from June 2021 to June 2022, at 
the South of Guang’anmen Hospital.

Based on the random number table 
method, 100 T2DM patients were selected 
and divided into a control group (CG) and 
an observation group (OG), with 50 patients 
in each group. As shown in Table 1, there 
were no significant differences between the 
two groups in general data (P>0.05). 

Our hospital’s Ethics Committee re-
viewed and approved the study, and patients 
signed the informed consent form. 

Inclusion criteria: ① Patients with 
T2DM were initially diagnosed through clini-
cal signs and symptoms (polyuria, polydipsia, 
polyphagia, unexplained weight loss, fatigue, 

Table 1 
Clinical data of patients.

Group n
Sex(n)

Age x̄ ± SD BMI (kg/m2) x̄ ± SD
Male Female

CG 50 31 19 53.11±9.69 27.32±5.23

OG 50 32 18   52.64±10.53 27.06±5.56

t/χ² 0.043 0.232 0.241

p 0.836 0.817 0.810
CG: Control group, OG: Observation group, x̄ ± SD: mean ± standard deviation (SD), BMI: Body mass index, t: 
t-test, χ²: chi-square test.
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and blurred vision), and serological indica-
tors (FPG >7.0 mmol/L or 126 mg/dL; a 
plasma glucose concentration equal to or 
exceeding ≥11.1 mmol/L or 200 mg/dL two 
hours after a 75-g oral glucose tolerance test 
(OGTT); HbA1c >6.5% or higher was also in-
dicative of T2DM) 18, 19, ② Patients with good 
treatment compliance; ③Complete and ac-
curate medical records. 

Exclusion criteria: ① Patients with oth-
er serious diabetic complications such as ke-
toacidosis; ② Patients with other endocrine 
diseases; ③ Heart, liver, and kidney failure 
patients; ④ Patients with drug allergy epi-
sodes in the past.

The patients in the CG were given stan-
dard treatment: patients were instructed to 
control their diet, exercise appropriately, 
quit smoking, and limit alcohol consump-
tion, and blood glucose was closely moni-
tored. Patients in the OG were given a KD 
based on treatment in the CG. High-protein 
and low-carbohydrate KD treatment includ-
ed 1/5-2/5 of fat, 2/5 of protein, 1/5 of car-
bohydrate, keeping regular three meals. This 
diet limits carbohydrate intake to around 
20-50 grams daily and increases fats such as 
meat, fish, eggs, nuts, and healthy oils. On 
the other hand, adjusting protein consump-
tion is also part of this diet; if much protein 
is consumed, it can be converted to glucose 
and may slow the transition to ketosis. The 
intake of fat was rich in ω-3 mainly, such as 
sardines, salmon, tuna, and other sources of 
this fat. The amount of drinking water was 
more than 2000 mL/d, multiple mineral vi-
tamins needed to be supplemented, and the 
amount of exercise remained at the previous 
level. Both groups of patients were treated 
continuously for six months.

Serological indicators
The two groups of patients had 5 mL of 

fasting peripheral venous blood collected in 
the morning before and after treatment, cen-
trifuged at 3000 r/min, and the supernatant 
stored at 4°C. A radioimmunoassay was used 
to measure fasting blood glucose (FPG) and 

postprandial blood glucose (2h PG), ELISA 
was used to detect fasting insulin (FINS), 
and an insulin resistance index was used 
to determine insulin resistance (HOMA-
IR=(FPG×FINS)/22.5. All the kits were pro-
vided by the Shanghai Enzyme Linked Bio-
technology Co., Ltd. and operated strictly 
according to the specifications of the kit 
instructions. The levels of triglycerides (TG) 
and total cholesterol (TC) were detected by 
ELISA, and the levels of low-density lipopro-
tein cholesterol (LDL-C) were detected by 
the surfactant clearance method. ELISA de-
tected serum HbA1c and GLP-1 levels.

Physical examination indicators
Intestinal flora

Before and after treatment, 0.1g of fresh 
feces from the two groups of patients were 
collected, mixed with normal saline, and in-
oculated into the culture medium containing 
aerobic and anaerobic bacteria, respectively. 
The aerobic bacteria mainly refer to bifido-
bacteria and lactobacillus. The culture envi-
ronment was aerobic; the temperature was 
set at 37°C, and the time was 48h. Anaerobic 
bacteria refer to E. faecalis and E. coli. The 
air extraction and ventilation method was 
adopted, and the incubation time was 72h. 
After the culture, the BIOLOG automatic 
microbial identification system detected the 
Bifidobacterium, Lactobacillus, Fecal Entero-
coccus, and E. coli levels.

Statistical methods
IBM SPSS 20.0® was used for statisti-

cal analysis, and the counting data were χ2. 
The measurement data were expressed by 
mean ± standard deviation (Mean±SD) and 
compared by the t-test. The difference was 
statistically significant when p<0.05

RESULTS

Blood glucose indicators in each group
There was no difference (p>0.05) in 

blood glucose between the two groups be-
fore treatment. After treatment, the levels 
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of FPG, 2h PG, and HOMA-IR in both groups 
were reduced compared to those before 
treatment (p<0.05), and those in the OG 
were even more reduced than those in the 
CG (p<0.05), as shown in Table 2.

Blood lipid indexes in each group
Blood lipid indexes between the two 

groups were no different before treatment 
(p>0.05). After treatment, the levels of TG, 
TC, and LDL-C in the two groups were re-
duced compared to those before treatment 
(p<0.05), and the levels in the OG were 
even more reduced than those in the CG 
(p<0.05) (Table 3).

HbA1c and GLP-1 levels in each group
Before treatment, HbA1c and GLP-1 lev-

els between the two groups were no different 
(p>0.05); after treatment, those in the two 
groups were raised compared to those before 

treatment, and the levels of HbA1c in the CG 
were higher than those in the OG (p<0.05). 
The concentration of GLP-1 in the OG was 
higher than in the CG after six months of 
treatment (p<0.05), as shown in Table 4.

Physical examination indexes in each 
group

Before treatment, the two groups’ waist 
circumference, BMI, and body mass were no 
different (p>0.05). After treatment, waist 
circumference, BMI, and body mass of the 
two groups were reduced compared to those 
before treatment, and the indicators of the 
OG were even more reduced than in the CG 
(p<0.05) (Table 5).

Comparison of intestinal flora in each 
group

Before treatment, the intestinal flora 
between the two groups was no different 

Table 2 
Blood glucose indicators in each group before and after six months of treatment.

Group N
FPG (mmol/L) 2h PG (mmol/L) HOMA-IR

Before After Before After Before After

CG 50 8.45±1.24 7.29±0.98* 13.01±1.72 10.22±1.47* 3.86±0.72 2.87±0.55*

OG 50 8.32±1.07 6.57±1.01* 12.83±1.66 8.63±1.25* 3.77±0.67 2.43±0.48*

t 0.561 3.618 0.533 5.827 0.647 4.262

p 0.576 0.000 0.596 0.000 0.519 0.000
CG: Control group, OG: Observation Group, FPG: Fasting Plasma Glucose, 2h PG: 2-hour Postprandial Glucose, 
HOMA-IR: Homeostatic Model Assessment of Insulin Resistance, t: t-test, values are expressed as Mean±SD *: 
p<0.05 compared with the patients in this group before treatment.

Table 3 
Blood lipid indexes in each group before and after six months of treatment.

Group N
TG TC LDL-C

Before After Before Before Before After

CG 50 2.57±0.61 1.97±0.42* 5.23±0.96 4.41±0.91 3.69±1.02 3.01±0.76*

OG 50 2.53±0.57 1.62±0.38* 5.21±1.13 3.94±0.77 3.63±0.95 2.65±0.41*

t 0.339 4.370 0.095 2.788 0.304 2.948

p 0.736 0.000 0.924 0.006 0.762 0.004
CG: Control group, OG: Observation group, TG: triglyceride, TC: total cholesterol, LDL-C: low-density lipoprotein 
cholesterol. Values are expressed as mmol/L. t: t-test, *: p<0.05 compared with the patients in this group before 
treatment, * p<0.05.
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(p>0.05). After treatment, the levels of Bi-
fidobacterium and Lactobacillus in the two 
groups were increased compared to those 
before treatment, and those in the OG were 
higher than in the CG (p<0.05). After treat-
ment, the levels of E. faecalis and E. coli in 
the two groups were reduced to those before 
treatment (P<0.05), and the levels in the 
OG were even lower than those in the CG 
(p<0.05) (Table 6).

DISCUSSION

The ketogenic diet (KD) has been in-
creasingly studied for its potential therapeu-
tic effects in various health conditions, in-
cluding type 2 diabetes mellitus (T2DM) 20. 
T2DM is a chronic condition characterized 
by insulin resistance and impaired glucose 
metabolism 21. This study aimed to investi-
gate the impact of a KD on the intestinal 

Table 4 
HbA1c and GLP-1 levels in each group before and after six months of treatment.

Group N
HbA1c (%) GLP-1 (μ mol/L)

Before After Before After

CG 50 8.41±1.12 7.51±1.09* 6.72±0.88 11.34±1.11*

OG 50 8.53±1.18 6.64±0.87* 6.64±0.52 14.43±2.28*

t 0.522 -4.411 -0.553 8.616

p 0.603 0.000 0.581 0.000
CG: Control group, OG: Observation group, HbA1c: hemoglobin A1c, GLP-1: glucagon-like peptide 1, t: t-test, * 
p<0.05 compared with the patients in this group before treatment.

Table 5 
Physical examination indexes in each group before and after six months of treatment.

Group N
Weight (kg) BMI (kg/m2) Waist circumference (cm)

Before After Before After Before After

CG 50 90.02±10.80 72.14±9.63* 30.58±2.81 25.70±1.42* 98.63±3.41 86.84±3.25*

OG 50 89.12±10.72 67.76±9.58* 30.46±2.92 24.25±1.35* 98.56±3.35 80.62±2.20*

t -0.418 -2.280 -0.209 -5.233 -0.104 -11.207

p 0.677 0.025 0.835 0.000 0.918 0.000
CG: Control group, OG: Observation group, BMI: body mass index, t: t-test, *: p<0.05 compared with the patients 
in this group before treatment.

Table 6 
Intestinal flora in each group before and after six months of treatment.

Group N
Bifidobacterium Lactobacillus E. faecalis E. coli

Before After Before After Before After Before After 

CG 50 7.54±0.95 8.15±0.86* 6.93±0.99 7.58±0.82* 8.22±0.83 7.42±0.72* 9.46±1.15 8.16±1.18*

OG 50 7.62±1.14 8.82±0.76* 6.84±0.92 8.12±0.93* 8.16±0.76 6.56±0.77* 9.64±1.23 7.24±0.87*

t 0.381 4.128 -0.471 3.080 -0.377 -5.769 0.756 -4.437

p 0.704 0.000 0.639 0.003 0.707 0.000 0.452 0.000
CG: Control group, OG: Observation group. Values are expressed as lgCFU/g, t: t-test, *: p<0.05 compared with 
the patients in this group before treatment.
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microbiota and the serum levels of gluca-
gon-like peptide-1 (GLP-1) and glycosylated 
hemoglobin (HbA1c) in patients with T2DM.

The present study’s findings suggest 
that patients with T2DM who followed a KD 
for six months exhibited significant improve-
ments in their serum levels of GLP-1 and 
HbA1c, as well as their blood glucose and 
lipid profiles, compared to the control group 
receiving standard treatment. Additionally, 
there were notable changes in the composi-
tion of the intestinal microbiota, with an in-
crease in beneficial bacteria such as Bifido-
bacterium and Lactobacillus, and a decrease 
in potentially harmful bacteria like E. faeca-
lis and E. coli.

Several studies have investigated the 
impact of a KD on weight, blood glucose lev-
els, and lipid profiles in patients with T2DM. 
In line with the present study, the research 
findings suggest that a KD can induce posi-
tive changes in these parameters, offering 
potential benefits for managing T2DM. Li 
et al.’s study results show that following a 
KD can lead to a decrease in fasting blood 
glucose and glycosylated hemoglobin levels 
in T2DM patients, which indicates an im-
provement in blood glucose management 22. 
Zhou et al.23 also conducted a meta-analysis 
to investigate the role of KD in controlling 
body weight and managing blood sugar in 
overweight patients with T2DM. The results 
show that the KD significantly reduces body 
weight, reduces waist circumference, reduc-
es glycosylated hemoglobin and triglycer-
ides, and increases high-density lipoproteins 
(HDL)23.

Additionally, the improvement in lipid 
profiles, particularly the reduction in triglyc-
eride levels, is corroborated by Yuan et al. 24. 
The KD’s impact on lipid profiles, especially 
triglyceride levels, is likely due to its effects 
on insulin secretion and lipid metabolism. By 
reducing carbohydrate intake and increasing 
fat intake, the diet leads to a decrease in insu-
lin secretion, which in turn reduces the con-
version of excess carbohydrates into triglyc-
erides in the liver 25. Additionally, the diet’s 

high-fat content provides a source of energy 
that is less likely to be stored as triglycerides 
in adipose tissue, further contributing to the 
reduction in triglyceride levels 26.

The efficacy of insulin action is ensured 
through a cellular signalling cascade, which 
encompasses membrane insulin receptors 
(IRS) and intracellular proteins (PI3K and 
AKT). Critical for the uptake of plasma 
glucose into tissues, these interactions be-
tween proteins play a vital role. Conversely, 
deficiencies in cellular signal transduction 
and insulin responses to insulin stimulation 
(IR) can disrupt glucose regulation, conse-
quently contributing to the onset of T2DM 
27. The reduction in carbohydrate intake in 
a KD induces a state of nutritional ketosis, 
which alters the body’s metabolism, leading 
to improved blood glucose levels and insu-
lin sensitivity 28, 29. In line with the present 
study, a systematic study by Huang et al. re-
vealed that the ketogenic diet can improve 
insulin sensitivity in individuals with type 
2 diabetes, with the most significant effect 
resulting from a ketogenic diet paired with 
exercise 30. The study by Paoli et al. also con-
firms these findings and states that a keto-
genic diet can improve blood sugar control 
and insulin sensitivity 31.

The reduction in HbA1c levels in the 
observation group supports the results of 
a study by Rafiullah et al., which concluded 
that very low-carbohydrate ketogenic di-
ets effectively reduce HbA1c in individuals 
with T2DM 32. A recent systematic review 
and meta-analysis conducted by Zaki et al. 33 
found that low carbohydrate (LCD) and KD 
positively impact glucose regulation in indi-
viduals with Type 2 Diabetes. Nevertheless, 
the analysis indicated that ketogenic diets 
demonstrate notably higher effectiveness in 
lowering HbA1c levels (− 1.45%) when com-
pared to LCD (− 0.27%) 33.

The results of the present study showed 
that the ketogenic diet increases the serum 
level of GLP-1 in diabetic patients. GLP-1 is 
a hormone produced by the intestines that 
helps regulate blood sugar levels and stimu-
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lates insulin secretion 34. Widiatmaja et al. 
conducted a study to analyze the long-term 
effect of KD on the serum levels of adipo-
nectin and IGF-1 in rats. The results showed 
that long-term KD increases serum adipo-
nectin levels and does not affect serum IGF-
1 levels 35. This finding is contrary to the 
results of the present study, which could be 
due to the type of participants and the type 
of study. Since human studies on this param-
eter have not been conducted in people with 
a KD diet, it is necessary to investigate this 
matter further.

Finally, the present study showed that 
KD improves intestinal microbiota. KD im-
proves Bifidobacterium and Lactobacillus lev-
els and reduces E. faecalis and E. coli levels 
in the intestine. Previous studies have also 
shown that a very low-calorie ketogenic diet 
(VLCKD) can lead to significant changes in 
gut microbiota composition in drug-naïve 
patients with T2DM and obesity. One study 
compared the effects of VLCKD and a hypo-
caloric Mediterranean diet (MD) on gut mi-
crobiota in patients with T2DM and obesity. 
The results showed that the VLCKD group 
had more significant changes in gut micro-
biota composition 36. The study of Paoli et al. 
also supports this idea and results 37. Since 
the number of studies in this field is limited, 
more studies are recommended.

In conclusion, this study confirms that 
a ketogenic diet significantly outperforms 
standard dietary treatments for type 2 diabe-
tes mellitus over six months. It more effec-
tively lowers blood glucose levels, improves 
lipid profiles, reduces body weight and waist 
circumference, and beneficially alters gut 
microbiota. These findings highlight the ke-
togenic diet’s potential as a superior dietary 
intervention for managing type 2 diabetes.
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Abstract. Non-surgical correction of class II skeletal malocclusions begins 
at an early age, during the growth and development of the jaw. Treatments tend 
to be relatively long and generate financial commitments for the family. Predict-
ing the success and stability of the results can be helpful for parents who wish to 
know about the prognosis and make the right decision to start treatment. This 
work reports the findings of the prediction of the response to treatment of a skel-
etal class II malocclusion and its long-term stability in a thirteen-year-old male 
patient. The individual prediction cephalometric model of Baccetti and Franchi 
was applied. According to this indicator, the treatment of this patient would re-
sult in “a great response”. The patient was treated with a Herbst-type fixed man-
dibular anterior projection appliance, followed by brackets for the final detailing 
of the occlusion. Sixteen years later, after finishing treatment, the correction of 
the Class II malocclusion, the overbite and the harmony in the profile with the 
projection of the mandible forwards are maintained by the increase in the total 
mandibular length (13 mm), and through the opening of the angle between the 
ramus and mandibular body from 122° to 128°. In conclusion, the individual pre-
diction cephalometric model applied, particularly in this case report, allowed us 
to accurately predict the excellent response and stability of the facial, dental and 
skeletal results of the class II skeletal malocclusion treatment. 
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Predicción de la respuesta al tratamiento de las maloclusiones 
Clase II esqueléticas y su estabilidad a largo plazo.  
Presentación de un caso.

Invest Clin 2024; 65 (3): 369 – 377

Palabras clave: cefalometría; aparato de Herbst, Modelo de Baccetti y Franchi.

Resumen. La corrección no quirúrgica de las maloclusiones esqueléticas 
clase II se inicia en las edades tempranas, durante el crecimiento y desarrollo 
de la mandíbula, suelen ser tratamientos relativamente largos y generar com-
promisos financieros para la familia. Predecir el éxito y la estabilidad de los re-
sultados puede resultar útil a los padres que desean saber sobre el pronóstico y 
tomar la decisión para iniciar el tratamiento. Este trabajo reporta los hallazgos 
de la predicción de la respuesta al tratamiento de una maloclusión clase II es-
quelética y su estabilidad a largo plazo, en un paciente masculino, de trece años 
de edad. Se aplicó el modelo cefalométrico de predicción individual de Baccetti 
y Franchi, y según este indicador, el tratamiento tendría “una gran respuesta”. 
El paciente fue tratado con un aparato de proyección anterior mandibular fijo 
tipo Herbst y apliques ortodóncicos para el detallado final de la oclusión. Die-
ciséis años después de finalizado el tratamiento, se mantuvo la corrección de la 
maloclusión Clase II, la sobremordida horizontal y la armonía en el perfil con 
la proyección de la mandíbula hacia adelante, mediante el aumento de la lon-
gitud total mandibular (13 mm), y por medio de la apertura del ángulo entre 
rama y cuerpo mandibular de 122° a 128°. En conclusión, el modelo cefalomé-
trico de predicción individual aplicado particularmente en este reporte de caso 
permitió predecir de manera acertada la buena respuesta y estabilidad de los 
resultados faciales, dentales y esqueletales del tratamiento de la maloclusión 
esquelética clase II.

           Received: 28-01-2024       Accepted: 13-05-2024

INTRODUCTION

Class II malocclusion or skeletal distoc-
clusion significantly impacts function and 
facial aesthetics. The prevalent diagnostic 
finding in this type of malocclusion is man-
dibular skeletal retrusion, which is challeng-
ing to treat and has a high risk of relapse.1

Various functional/orthopedic devices 
for treating this malocclusion, among which 
the Herbst and the Twin-Block, stand out 
and have shown remarkable effectiveness 2. 
In a systematic review, Cozza et al. reported 
substantial variabilities in the results of class 

II treatments attributed to the type of device 
used, duration of treatment, patient cooper-
ation, time of intervention, and the inherent 
characteristics of the patient 3. Similarly, Ca-
nut and Arias report that patients’ response 
to this malocclusion treatment varies signifi-
cantly. Moreover, the nature of the variations 
that induce the resolution of Class II with 
functional devices is still unclear 4. Petrovic 
et al., in addition to other authors, affirm 
that the effects of Class II therapy are much 
more effective when carried out during the 
peak of mandibular growth 5-7. Saadia and 
Valencia report that if the therapy is applied 
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when biological events occur during growth 
and craniofacial development processes, it 
will have a more effective impact and less 
tendency to relapse 8. The success in treat-
ing skeletal malocclusions is determined by 
the extent to which the correction is stable 
in the long term 8,9. Al Yami et al. reported 
variable results between good and moderate 
stability in 10-year post-treatment follow-ups 
10. Likewise, Bondemark et al., in a study on 
the post-treatment stability of Class II ortho-
pedic therapies with Herbst-type appliances 
in patients who received the treatment dur-
ing the pubertal growth peak, reported good 
stability regarding facial characteristics; 
however, they found recurrence regarding 
the molar and canine relationship 11. 

Ruf and Pancherz report that the cor-
rection of skeletal Class II is more effective 
if the Herbst appliance is combined with 
multibracket treatment; in this way, a more 
significant occlusal correction is achieved, 
and they report stability for two years’ post-
treatment 12. Tulloch et al. reported that in 
younger patients treated, less recurrence 
was observed than in those who received 
treatment at an older age 13. Failure can oc-
cur individually to different treatments and 
similar protocols, even in patients who re-
ceive treatment under ideal conditions 8,9. 
The possibility of predicting with greater 
certainty the prognosis of the results of a 
skeletal Class II treatment and its long-term 
stability could be an invaluable tool for the 
clinician.

Previous studies have tried to find spe-
cific predictors to anticipate a successful 
treatment; however, they have yet to be sys-
tematically validated 14-16. Some authors af-
firm that a Class II patient at the peak of 
pubertal growth with a closed gonial angle 
of the mandible will react successfully to 
functional orthopedic treatment 7,17. In this 
regard, Baccetti and Franchi proposed a 
cephalometric model to predict individually 
the response to treatment of a skeletal Class 
II malocclusion with functional jaw orthope-
dics. They analyzed various cephalometric 

parameters, noting that only the angular re-
lationship between the ramus and the man-
dibular body represents the indicator with 
predictive power 18.

This work aimed to report the predic-
tion of the response to treatment of a skel-
etal Class II malocclusion and its long-term 
stability using the Baccetti and Franchi 
cephalometric model 18.

CASE PRESENTATION

This is the case of a 13-year-old male 
patient who attended the orthodontic ser-
vice at the Piezzo Dental Clinic in Zacatecas, 
Mexico. Informed consent to participate in 
the study was obtained from the patient and 
his representatives, and the authorization 
to publish his photograph in this study. He 
presented with no medical history of inter-
est, euryprosopic facial type, a symmetrical, 
slightly enlarged lower facial third, convex 
profile, short chin-neck distance, lip incom-
petence, open nasolabial angle, and closed 
mentolabial angle (Fig. 1a). Permanent den-
tition, Class II molar and bilateral canine, 14 
mm overjet, and 30% overbite. A triangular 
symmetric upper dental arch; square asym-
metric lower arch, upper and lower crowd-
ing; a severe curve of Spee (Fig. 2a); and 
cervical vertebral maturation stage CS3 19.

The cephalometric analysis determined 
a skeletal Class II mandibular hypoplasia20 
(Fig. 3a). The value of the predictive angu-
lar measurement (Co-Go-Me°) was 122°; 
therefore, according to the model, the pa-
tient would have a “great response” to treat-
ment18 (Fig. 4).

The patient was treated with a fixed 
Herbst-type mandibular anterior projec-
tion appliance with bands for one year and 
five months to position the mandible in 
a molar and canine Class I (Fig. 2b) and a 
straight profile until the end of the mandibu-
lar growth peak CS4 and the beginning of 
CS519, at 14 years and eight months of age 
(Fig. 1b). In the second phase, complete 
brackets were placed for one year, and Class 
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Fig. 1. Front and profile photographs: (1a) pre-treatment at 13 years and three months of age; (1b) after Her-
bst therapy at 14 years and eight months of age; (1c) at the end of bracket treatment at 15 years and 
eight months of age; (1d) 16 years after treatment completion at 31 years and nine months of age.

1a 1b 1c 1d

 Fig. 2. Intraoral photographs, Right Lateral, Frontal, and Left Lateral Views: (2a) Pre-treatment at 13 years 
and three months of age; (2b) after Herbst therapy at 14 years and eight months of age; (2c) at the 
end of bracket treatment at 15 years and eight months of age; (2d) 16 years after treatment comple-
tion at 31 years and nine months of age.

2a

2b

2c

2d
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Fig. 3. (3a) Initial Cephalometry; (3b) After treatment; (3c) 16 years post-treatment…

Cephalometric  
Measurements

Norma

Initial pre-
treatment 

measurement
(3a)

End of treatment 
measurement (3b)

16 years post- 
treatment (3c)

Convexity (A/B-Pg) 2mm 9mm 1mm -1mm

Maxillary Deepness (PoOr-NaA) 90° 89° 89° 90°

Facial Deepness (Po-Or/N-Pg) 87° 75° 86° 88°

Mandibular Plane (Go-Me/Po-Or) 26° 30° 27° 29°

Upper Incisor / N-A 22° 25° 25° 23°

Lower Incisor / Mandibular Plane 90° 84° 89° 92°

Mandibular Arch (Dc-XI/XI-Pm) 29° 34° 28° 30°

Mandibular Body Lenght(XI-Pm) 69 mm 67 mm 68mm  70mm

Total Mandibular Length (Co-Gn) 132mm 121mm 131mm 134mm

Favorably Response

    Co-Go-Me       122°

The measure of the prediction was 
122°, 2° below 124°, which means it will 

have a great response to treatment.

Fig. 4. Tracing of the Condylion, Gonion, Menton (Co-Go-Me) planes to form the predictive angle according 
to Baccetti and Franchi’s individual prediction cephalometric model.

3a 3b 3c
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II intermaxillary ligatures were used for four 
months (Fig. 2c). The profile and facial har-
mony were further improved at the end of 
this phase (Fig. 1c). Finally, a containment 
period was carried out for one year with 
Hawley-type removable retainers, worn 24 
hours a day for six months, followed by six 
months of only night use, and the patient 
was discharged. Appointments were held 
every three years to monitor the stability of 
the results.

 Intraorally, the molar and canine 
Class II changed to Class I (Fig. 2c). Post-
treatment cephalometry, in general terms, 
showed a remarkable correction of skeletal 
Class II and harmonization in profile 20. Most 
notable was the 6° increase in angulation be-
tween the ramus and the mandibular body, 
thus increasing the total mandibular length 
by 10 mm (Fig. 3b).

At the age of 31 years, new records were 
taken: extra orally, greater harmony was ob-
served in the facial contour, proportioned 
thirds, and straight and balanced profile 
(Fig. 1d). Intra orally, a Class I molar and ca-
nine occlusion with solid interdigitation on 
both sides, 2 mm overjet, and 30% overbite 
were observed (Fig. 2d).

Cephalometrically, a relevant value was 
the increase in total mandibular length of 
3 mm in these 16 years after finishing the 

Fig. 5. Superimposition of the mandible (Continuous line: 13 years three months of age - Dotted line: 31 
years nine months of age).

Increase in Co-Gn
(16 years Post-treatment)  +13 mm

treatment, thus maintaining a balanced pro-
file 20 (Fig. 3c).

A superimposition shows us that 16 
years after treatment, the total mandibu-
lar length alone increased by 3 mm more, 
reaching a total increase of 13 mm since the 
beginning of treatment (Fig. 5).

 DISCUSSION

This paper reports the prediction of the 
response to treatment and its long-term sta-
bility by applying the Baccetti and Franchi 
18 model in an adolescent with skeletal class 
II malocclusion, treated with a Herbst-type 
fixed appliance and the use of brackets for 
the final detailing of the occlusion.

The study by Baccetti and Franchi 18 
identified the Co-Go-Me angle with a predic-
tive power of 80.4% reliability. According to 
this model, a Co-Go-Me angle between 124° 
and 128.5° will respond favorably to orthope-
dic therapy; a Co-Go-Me angle greater than 
128.5° will react unfavorably to therapy; and 
those patients who initially present a Co-
Go-Me angle of less than 124° will have a 
great response to treatment; however, these 
authors did not present long-term stability 
results. In the present report, this measure 
(122°) correctly predicted the largely favor-
able response to treatment.
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This prediction model determines that 
the shape of the mandible, specifically the 
angular relationship between the ramus and 
the body, plays a more critical role as an indi-
cator of treatment prognosis than the posi-
tion of the mandible in relation to other cra-
niofacial structures. Other authors report 
similar findings 14,15.

Van Limborgh and Enlow 21 described 
that the mandible has growth control with 
a more significant genetic load than the 
maxilla; therefore, there is less possibility 
of changes under environmental influences. 
However, the rotations between the ramus 
and mandibular body and the redirection of 
condylar growth are susceptible to chang-
es determined by environmental factors or 
therapeutic actions 21. In skeletal Class II 
malocclusion due to mandibular hypoplasia, 
the therapeutic solution is the elongation of 
the mandible to bring forward its body and 
the chin, and this can be achieved by gen-
erating, with the treatment, a descending 
intra-matrix rotation between the ramus 
and the mandibular body; that is, opening 
precisely the angle between these two struc-
tures, consequently increasing the distance 
between the condyle and the chin, and there-
fore increasing the total mandibular length2. 
So, if the mandible initially presents an open 
angle between the ramus and the body, the 
prognosis could be unfavorable, since it 
would have less possibility of opening further 
and lengthening the mandible forward (it is 
as if a hinge were opening). Therefore, it is 
necessary that this angle initially be closed 5.

Cozza et al. suggest that a closed man-
dibular angle before treatment correlates 
with evidence of better responsiveness to 
orthopedic treatment to increase total 
mandibular length and vice versa. At the 
start of treatment, a patient with an open 
angle between the ramus and the mandibu-
lar body will be less likely to attain elonga-
tion through orthopedic therapy 3. Likewise, 
Petrovic et al. state that the potential re-
sponsiveness to orthopedic therapy aimed at 
stimulating growth in the mandibular con-

dyle is significantly more significant in the 
presence of anterior growth rotation of the 
mandible than in a posterior growth rotation 
5. In the case of the current study, the patient 
initially presented a significantly closed Co-
Go-Me mandibular angle and a notable ante-
rior rotation of the mandible. On the other 
hand, Proffit and Saadia define a good re-
sponse to orthopedic therapy as one that is 
maintained in the long term 8,9. Canut et al. 
state that there is a high risk of recurrence 
in skeletal Class II treatments; however, in 
some cases, it is possible to maintain stable 
long-term favorable treatment results, free 
of recurrence and containment 4. 

In the case described in this report, 
after completing the comprehensive treat-
ment, the patient only used removable re-
tainers for one year with discontinuous use 
over time. The remaining time, the patient 
remained free of containment and relapse. 

Ruf and Pancherz report good results in 
occlusal correction and stability of the treat-
ment of skeletal Class II; they attribute this 
to the simultaneous application of full brack-
et and Herbst appliances 12. In the patient of 
the present report, occlusal correction and 
excellent stability were achieved by combin-
ing complete brackets and Herbst. Ruf and 
Pancherz12 made the stability evaluation two 
years after treatment, unlike in the case pre-
sented in this report, where the evaluation 
was performed 16 years after finishing the 
treatment.

Bondemark reports post-treatment 
stability in facial characteristics but not 
in occlusion or cephalometric data 11. The 
present report maintained favorable facial, 
dental, and cephalometric changes; more-
over, a better and more detailed occlusal 
interdigitation was achieved with time. This 
refinement was self-formed. Likewise, the fa-
cial profile reached a better balance and har-
mony, so it can be inferred that growth and 
development alone have the capacity for self-
improvement in cases like this when they are 
helped at a specific moment through a treat-
ment that creates a suitable scenario.
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Tulloch et al. state that the earlier the 
age at which treatment is started, the more 
stable it will be, and vice versa 13. This state-
ment sounds somewhat ambiguous since 
they do not mention the specific age. In 
our case, Herbst therapy was started at the 
beginning of the CS3 19 mandibular growth 
peak.

In conclusion, Baccetti and Franchi’s 
prediction model for Class II malocclusion 
correction predicted the response to treat-
ment in this particular patient, which was 
confirmed and resulted in long-term stable 
facial and dental skeleton changes. 
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Abstract. Predicting the outcome of the treatment and its stability over 
time is an invaluable tool for the clinician when initiating therapy for correction 
of class III skeletal malocclusions. This work reports the predicted response to 
treatment of a 5-year-old female patient with skeletal Class III malocclusion and 
its long-term stability. The individual prediction cephalometric model of Baccetti 
and Franchi was applied in this case. As a result of the predictive equation, an in-
dividual value of -0.958 was obtained (norm = -0.4065), which predicted a “very 
good response to treatment”. The Class III malocclusion and anterior crossbite 
were corrected, and the profile was harmonized with rapid maxillary expansion 
(RME) and a facemask projecting the maxilla forward 12 mm, in addition to the 
mandible’s 9° total downward rotation. After 15 years and three months of com-
pleting the treatment, the stability of the results was confirmed. In conclusion, 
the individual prediction cephalometric model used in this case report allowed 
us to accurately predict the results in facial, skeletal and dental changes and the 
long-term stability of the treatment of class III skeletal malocclusion.
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Predicción de la respuesta al tratamiento de las maloclusiones 
clase III esqueléticas y su estabilidad a largo plazo. 
Presentación de un caso.

Invest Clin 2024; 65 (3): 378 – 386

Palabras clave: Clase III; máscara facial; crecimiento craneofacial.

Resumen. Predecir el resultado del tratamiento y su estabilidad en el 
tiempo es una herramienta invaluable para el clínico al iniciar una terapia para 
la corrección de las maloclusiones esqueléticas clase III. Este trabajo reporta 
los hallazgos de la predicción de la respuesta al tratamiento y su estabilidad a 
largo plazo en una paciente femenina de 5 años de edad con maloclusión Clase 
III esquelética. Se aplicó el modelo cefalométrico de predicción individual de 
Baccetti y Franchi y se obtuvo como resultado de la ecuación predictiva un valor 
individual de -0.958 (norma= -0.4065), lo cual predijo una “muy buena res-
puesta al tratamiento”. Se corrigió la maloclusión Clase III, la mordida cruzada 
anterior y se armonizó el perfil con expansión rápida maxilar (ERM) y una más-
cara facial mediante la proyección de la maxila 12 mm hacia adelante, además 
de la rotación descendente total de la mandíbula 9°. Después de 15 años y 3 
meses de finalizado el tratamiento se confirmó la estabilidad de los resultados. 
En conclusión, el modelo cefalométrico de predicción individual utilizado en 
este reporte de caso permitió predecir de manera acertada los resultados en 
los cambios faciales, esqueletales y dentales y la estabilidad a largo plazo del 
tratamiento de la maloclusión esquelética clase III.
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INTRODUCTION

Class III skeletal malocclusion, due to 
its characteristics, gives a hard aspect and 
the appearance of a severe and rigid person. 
In fact, in comics, bad guys are attributed 
a profile of this type. However, these maloc-
clusions are generally easy to diagnose and 
treat in growth-development patients. It is 
common for parents to notice them by their 
appearance alone; that is, class III is evident 
and is also friendly in its therapeutic re-
sponse in most cases 1.

 They can present with alterations in 
various structures 2. however, relapse is a 
phenomenon that develops frequently. To be 
considered a successful therapy, good results 

need to be maintained in the long term. The 
response to treatment and its stability vary 
from patient to patient, so some patients are 
predestined to orthopedic failure and surgi-
cal treatment in adulthood 3-5.

The facemask is one of the most effec-
tive orthopedic therapies. However, failure 
can occur even in correctly applied treat-
ments and with cooperative patients in some 
cases, generating frustration in the patient 
and the clinician 6. This context places the 
dentist at a disadvantage; there is a need to 
know when to start the treatment, which cas-
es will be corrected successfully and which 
will not, the conditions that determine good 
results, and their long-term stability. Saa-
dia M. affirms that if the therapy is applied 
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when the biological events occur during the 
growth and craniofacial development pro-
cess (during the primary and early mixed 
dentitions), it will have a more effective im-
pact and have less tendency to relapse7. The 
authors Zere et al. and Campbell state that 
applying these treatments in the prepuber-
tal stage is necessary 8,9. Tweed described 
two different patterns of Class III malocclu-
sion that predict the outcome of the treat-
ment: a favorable pattern characterized by 
hypodivergent growth and an unfavorable 
pattern characterized by hyperdivergent 
growth 10. Wendl et al. analyzed differences 
between patients with Class III malocclusion 
treated with success or failure, finding that 
an increased maxillary intermolar width has 
a higher risk of recurrence and treatment 
failure 11. Paoloni et al. report that the width 
of the dental arch and the length of the up-
per sagittal arch in primary dentition are 
predictors of prognosis; when the length of 
the arch is decreased and the intermolar di-
mension is increased, there will be a greater 
risk of recurrence 12. Thamira et al. and Zent-
ner et al. reported that the gonial angle, ra-
mus dimensions, and the mandibular body 
were determining factors between those who 
responded well or poorly to Class III treat-
ment. The treatments were done with com-
monly used fixed and removable devices and 
combinations. An evaluation of the retention 
of the results was not provided 13,14. Björk re-
ports that a closed angulation of the skull 
base in patients with class III malocclusion 
is an unfavorable condition in the prognosis 
of long-term treatment 15.

Some cephalometric indicators predict 
treatment prognosis based on different vari-
ables, achieving different confidence levels. 
The most frequently studied variables are 
the gonial angle, Witts assessment, ramus 
length, the inclination of the lower incisors 
with respect to the mandibular plane, and 
the SNB angle 11,16.

Baccetti and Franchi proposed a model 
of cephalometric variables that individually 
predicts the response to treatment of skele-

tal Class III malocclusions treated with rapid 
maxillary expansion (RME) and facemask17. 
This predictive model is based on three 
cephalometric measurements: the vertical 
length of the mandibular ramus (Co-Go), 
the skull base angle (Ba-T and SBL), and the 
angle of the mandibular plane and cranial 
base (PM-SBL). When applying the results 
of these cephalometric measurements to an 
equation generated with the multivariate 
statistical method at the beginning of treat-
ment, an individual value is obtained, which, 
when compared to the established norm 
(-0.4065), can predict the degree of thera-
peutic success or failure 17 (Fig. 1).

The present work describes the findings 
of the prediction of the response to treat-
ment with rapid expansion and facial mask 
of a skeletal Class III malocclusion and its 
long-term stability using the Baccetti and 
Franchi predictive method 17.

CASE PRESENTATION

This is the case report of a 5-year-old 
female patient who attended the orthodon-
tic service at the Piezzo Clinic in Zacatecas, 
Mexico. After explaining the study’s pur-
pose, her parents signed a consent form and 
approved the publication of her photographs 
in this paper.

The patient presented no medical his-
tory of interest, with an euryprosopic, sym-
metrical, and levelled facial type. She had a 
slightly decreased lower third, concave profile 
with an evident anteroposterior deficiency in 
the middle third and an increased chin-neck 
distance (Fig. 2a). The patient had primary 
dentition with the absence of dental organ 
51, physiological spaces present, a -6mm se-
vere anterior crossbite, bilateral edge-to-edge 
posterior occlusion, exaggerated or severe 
mesial step, bilateral class III canine relation-
ship, and 0% overbite. (Fig. 3a).

The cephalometric analysis 18 revealed 
a concave skeletal Class III profile with max-
illary retroposition and mandibular upward 
rotation (Fig. 4a). 
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When calculating the predictive value 
of the Baccetti and Franchi model for Class 
III, the result was –0.958. According to this 
indicator, the patient would have “a great re-
sponse” to the treatment 17 (Fig. 5).

The patient was treated with rapid 
maxillary expansion (RME) using a fixed 
Hyrax-type expander for three weeks, with 
daily activation, and maxillary protraction 
therapy with a facemask, starting at cervi-

Fig. 1. (Procedure): Cephalometric Measurements of the predictive model of Baccetti and Franchi, and pre-
dictive model equation and critical value.

Fig. 2. Front and profile photographs: Initial, five years-seven months old (2a), four months after starting maxil-
lary protraction, five years 11 months old (2b), end of orthopedic treatment, nine years 11 months old 
age (2c), facial characteristics 15 years three months post-treatment, 25 years two months old (2d).
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cal maturation stage SC1 19, at five years and 
seven months of age, with constant use of 16 
hours a day for a year, positive results were 
manifested from the first four months (Figs. 
2b and 3b). She then continued using the 
facemask occasionally for periods of three 
months, with a break of approximately eight 
months to control relapse until the end of 
the maxillary growth peak, cervical matura-
tion stage SC3 19 and ending at nine years 11 
months, with a total treatment time of four 
years and four months. A straight, harmoni-
ous, and proportionate profile was obtained 
(Fig. 2c), achieving a bilateral Class I molar 
and canine relationship and a positive over-
bite of 2 mm (Fig. 3c).

The post-treatment cephalometry 18 
quantified the improvement in the charac-
teristics of the skeletal profile. The most 
notable being the 9° forward relocation of 
the maxilla, as well as the relocation of the 
chin backward, due to the sum of the down-
ward rotations between ramus and body, 4° 
the mandibular arch, and 9° the mandibular 
plane. At the end of this orthopedic phase, 

the patient was nine years and 11 months 
old (Figs. 2c, 3c, and 4b). The parents were 
satisfied with this result and decided not to 
proceed with a second multibracket phase 
for the final correcting details.

New records were taken when the pa-
tient was 25 years old. A symmetrical face was 
observed with properly proportioned thirds, a 
harmonious contour, and a straight and bal-
anced profile (Fig. 2d). Intraorally, the overjet 
and overbite remained stable. Likewise, in an 
anteroposterior direction, the class I molar 
relationship and the bilateral class I canine 
relationship achieved at the end of treatment 
were maintained without recurrence up to 
the end of the follow-up period. The anterior 
lower spaces were maintained, while the up-
per ones were closed (Fig. 3d).

In cephalometry 18, relevant changes 
were the increases in maxillary height and 
AFAI that combined with a stable maxillary 
depth (91°) and the increase in the measure-
ment of the mandibular arch (4°) in the 15 
years after completing the treatment (Fig. 
4c). They further improved the balance and 

Fig. 3. Intraoral photographs: Initial, five years seven months of age (3a), four months after beginning maxillary 
protraction, five years 11 months of age (3b), end of orthopedic treatment, nine years 11 months of 
age (3c), occlusal characteristics, 15 years three months post-treatment, 25 years two months old (3d).

3a

3b

3c

3d
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Cephalometric  
Measurement

Norma / Patient 
pretreatment (4a)

Norma / Patient
 Ends of orthopedic (4b)

Norma / Patient 
15.3 years 

posttreatment(4c)

Convexity 2mm/ -7mm 2mm/ 5mm 2mm/3mm

Maxillary depth 90° / 83° 90° / 92° 90° / 91°

Facial depth 87° / 89° 87° / 86° 87° / 88°

Mandibular body length 61mm / 60 mm 65mm / 64 mm 69 / 70 mm

Mandibular plane 26° / 19° 26° / 28° 26° / 27°

Maxillary height 51° / 44° 53° / 54° 57° / 58°

 Lower Anterior Facial Height (LAFH) 47° / 41° 47° / 48° 47° / 50°

1 upper/ N-A 22° / 21° 22° / 23° 22° / 23 °

1 lower / N-B 25° / 24° 25° / 25° 25° / 25°

Mandibular arch 26° / 31° 26° / 27° 28.5° / 31°

Cranial deflection 27°/ 24° 27°/ 24° 27°/ 24°

Posterior facial height 55mm/ 51mm 56.4mm/ 54mm 58.5mm/ 57mm

4a 4b 4c

Fig. 4. Cephalometric analysis: Initial at five years seven months of age (4a). End phase 1, at nine years 11 
months of age (4b). Measurements at 25 years two months of age (4c).

Fig. 5. Application of the individual prediction model at the beginning of treatment. According to this result, 
it would have a great response and stability.
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symmetry in the profile and the lower third, 
adjusting with the self-consolidation of the 
permanent dentition (Fig. 3d).

DISCUSSION

Skeletal Class III treatments in chil-
dren are very rewarding because they are 
imposing on most patients. However, there 
are some cases that, due to their character-
istics, require surgical treatment when they 
reach adulthood 1.

 The Baccetti and Franchi cephalomet-
ric prediction model for Class III identifies 
three variables with a predictive power of 
83.3% reliability 17. Orthopedic treatment 
will be unfavorable when there is: a) an acute 
angle of the skull base (Ba- T and the SBL), 
b) an open angle between the mandibular 
plane and the cranial base (PM-SBL), and c) 
a long mandibular ramus (Co-Goi) 17, (Fig. 
1). It is worth mentioning that these au-
thors only included the stability results after 
a follow-up of six years post-treatment. In 
the present case report, this model correctly 
predicted the favorable response to treat-
ment after 15 years. 

In skeletal Class III, the therapeutic 
solution is based mainly on the anterior 
repositioning of the maxilla and downward 
mandibular rotation, thus increasing the an-
terior inferior facial height (AFAI) 4. West-
wood et al. states that all orthopedic force is 
more effective when applied in the same di-
rection of displacement due to bone growth 
6. By nature, the direction of displacement 
during the growth of the upper jaw is for-
ward and downward (perpendicular to the 
anterior cranial base) 20. So, if the anterior 
cranial base presents an inclination upwards 
(open skull base angle), we will have a bet-
ter response to the orthopedic maxillary pro-
traction. Furthermore, if the mandible has 
a counterclockwise rotation (closed man-
dibular plane angle) and a vertically short 
ramus, there will be a better response to the 
effect of the facial mask, thus obtaining a 
straighter profile and a more proportionate 

and balanced face and vice versa 6. These 
considerations give meaning to the cephalo-
metric measurements of the predictive mod-
el of Baccetti and Franchi since they evalu-
ate precisely these variables. In addition, 
they include structures governed by genet-
ics, such as the skull base, and others that 
can be modified by the environment, such as 
the maxilla and mandible 21, which makes it 
more systematic and distinguishes it from 
the others. This statement coincides with 
that of Batagel 2 and Björk 15, who report 
that a closed angulation of the skull base is 
an unfavorable condition in the prognosis of 
long-term treatment. The patient presented 
an open cranial base angulation in this re-
port. 

The other two variables analyzed by this 
prediction model are the vertical length of the 
ramus and the mandibular rotation through 
the distance from Co to Goi and the angle 
between the mandibular plane (PM) and the 
skull base (SBL), respectively. A short verti-
cal ramus and a decreased mandibular plane 
angle may indicate a lack of vertical growth 
in the middle and lower third of the face 18. 
So, if these measurements within the pre-
dictive equation result in a figure below the 
critical value or norm, it will be reasonable 
that the response is good since protraction 
therapy will cause downward rotation of the 
jaw, increasing the vertical and generating a 
straighter profile and a better proportion in 
the dimensions of the face.

Tweed and Nardoni et al. report that 
the hypo-divergent facial growth pattern 
predicts success, and the hyper-divergent 
pattern predicts treatment failure 10,16. This 
conclusion is reasonable since one of the ef-
fects generated by the biomechanics of fa-
cial mask therapy is the downward rotation 
of the jaw, thus increasing the facial vertical. 
The patient presented in this work had a hy-
po-divergent facial pattern. The importance 
of vertical skeletal relationships in determin-
ing the prognosis of early treatment of Class 
III malocclusions has also been emphasized 
by Franchi et al. 22, who found that patients 
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with a large angle between the mandibular 
and palatal planes in the primary dentition 
ended up with less favorable long-term re-
sults. Tahmina et al. and Zentner et al. agree 
with this predictive cephalometric model re-
garding the height of the mandibular ramus 
since they also identified the height of the 
ramus and the dimensions of the mandibu-
lar body as discriminating factors between 
those who responded well or poorly to the 
treatment 13,14. The patient in this report had 
decreased posterior facial height and a verti-
cally short ramus.

Some research has reported other types 
of predictive variables based on the dimen-
sions of the dental arches. Paoloni et al. and 
Franchi et al. report that the width of the 
dental arch and the length of the upper sag-
ittal arch in primary dentition are predictors 
of prognosis. When the arch length decreas-
es and the inter-molar dimension increases, 
there will be a greater risk of recurrence 12,22. 
In the present case, the patient had prima-
ry dentition at the beginning of the treat-
ment; the transverse dimension of the upper 
arch was decreased, with an adequate arch 
length. Hence, the excellent treatment re-
sults and long-term stability coincided with 
the findings of these authors 12,22. In the pres-
ent case, the structural characteristics were 
corrected with the treatment and generated 
self-improvement and stability of long-term 
results, which was considered a successful 
treatment. Surprisingly, in this patient, 15 
years and three months after treatment, 
her clinical and cephalometric records still 
showed specific favorable self-regulated 
changes, which allows us to think that in 
some skeletal Class III malocclusions, cra-
niofacial growth and development are capa-
ble of improving on its own. Their conditions 
exceeded our expectations.

In conclusion, the individual prediction 
cephalometric model of the authors Bac-
cetti and Franchi for Class III malocclusion, 
applied in the present report, predicted the 
success of the treatment of this particular 
patient and could be confirmed not only 

with the results in the facial-skeletal and 
dental changes but also with its long-term 
stability within the 15 years post-treatment 
follow-up.
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Resumen. El propósito de esta revisión es brindar un panorama actual de 
la evidencia de los efectos biológicos y terapéuticos de Cibotium barometz y 
su potencial para tratar diversas afecciones. La presente revisión se realizó si-
guiendo las directrices de PRISMA-ScR. La búsqueda se llevó a cabo en las bases 
de datos PubMed, Scopus, Web of Science y Embase así como en Google Acadé-
mico. La información extraída de los estudios se sintetizó de forma cualitativa. 
A través de la búsqueda se encontraron un total de 902 registros, de los cuales, 
después del proceso de selección se evaluaron 17 artículos en texto completo, 
pero sólo 14 artículos cumplieron los criterios de elegibilidad y fueron incluidos 
en esta revisión. Las actividades biológicas y terapéuticas de Cibotium barometz 
reportadas son como antioxidante, antimicrobiano, antiviral, pretratamiento 
anticancerígeno, estimulación de la proliferación de condrocitos, osteoprotec-
tor y hepatoprotector. La evidencia encontrada sugiere que C. barometz posee 
diversos efectos biológicos y terapéuticos tanto in vitro como in vivo, motivo 
por el cual resulta un tópico relevante que podría considerarse para establecer 
una mayor cantidad de estudios de caracterización fitoquímica, así como estu-
dios clínicos que aporten una evidencia sólida y determinen otros posibles usos 
terapéuticos.
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Biological and therapeutic effects of Cibotium barometz, 
traditional medicinal plant: A scoping review.

Invest Clin 2024; 65 (3): 387 – 402

Keywords: cibota; Gou-ji; Penghawar Djambi; woolly fern; complementary medicine.

Abstract. This review aims to provide a current overview of the evidence 
for the biological and therapeutic effects of Cibotium barometz and its poten-
tial to treat various conditions. The present review was performed following 
the PRISMA-ScR guidelines. The search used PubMed, Scopus, Web of Science, 
Embase databases, and Google Scholar. The information extracted from the 
studies was synthesized qualitatively. Through the search, 902 records were 
found, of which, after the selection process, 17 full-text articles were evaluated, 
but only 14 articles met the eligibility criteria and were included in this review. 
The reported biological and therapeutic activities of Cibotium barometz are 
antioxidant, antimicrobial, antiviral, anticancer pretreatment, stimulation of 
chondrocyte proliferation, osteoprotective, and hepatoprotective.The evidence 
found suggests that C. barometz has various biological and therapeutic effects 
both in vitro and in vivo, which is why it is a relevant topic that could be consid-
ered to establish a more significant number of phytochemical characterization 
studies, as well as clinical studies that provide solid evidence and determine 
other possible therapeutic uses.

           Recibido: 10-03-2024       Aceptado: 24-06-2024

INTRODUCCIÓN

Cibotium barometz (Linn.) J. Sm. (C. 
barometz), conocida comúnmente como “ci-
bota”, “helecho lanudo”, “helecho chivo” o 
“Penghawar Djambi” es un helecho arbores-
cente perteneciente a la familia Cibotiaceae, 
que puede alcanzar hasta 3 metros de altura 
y tiene una rizoma denso y leñoso, con raíces 
que asemejan pelos de color dorado amari-
llento formado por tricomas multicelulares 
de tipo lanoso 1. C. barometz es originaria 
de China y se encuentra distribuida en este 
país, así como en Malasia y la India; además, 
se ha adaptado bien al clima subtropical, y 
frecuentemente, dada su configuración esté-
tica, en muchos otros países se utiliza como 
planta de ornato 2.

C. barometz ha sido llamada Planta Tar-
tárica Barometz, formando parte de leyendas 

mitológicas. En este sentido, se creía que 
era mitad animal, mitad vegetal, el fruto era 
un cordero unido al helecho a través de un 
cordón umbilical, y ambos morían cuando la 
oveja comía todas las hojas. El mito surge 
porque si se observa el helecho sin hojas, el 
rizoma al revés se asemejaría a un cordero 
con los tallos de las frondas asemejando las 
patas 1,3. La configuración de C. barometz 
consiste en un rizoma monopodal con un ta-
llo subterráneo, el cual crece en dirección 
horizontal produciendo raíces; y de una par-
te aérea, que consiste en un tallo con hojas 
que crece en cada yema o nudo del rizoma. 
Debido a esta configuración, los rizomas se 
encuentran en crecimiento continuo y la 
propagación de la planta es relativamente 
sencilla 4.

Los pelos de color dorado en el rizoma y 
las partes jóvenes de C. barometz y otras es-
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pecies de Cibotium se han utilizado en China 
por sus propiedades astringentes para dete-
ner el sangrado. Además, en el continente 
asiático se utiliza un extracto del rizoma co-
nocido como “Gou ji”, al cual se le atribuyen 
propiedades antiinflamatorias y analgésicas 
siendo una de las hierbas más utilizadas en 
las fórmulas que se prescriben para el trata-
miento de la osteoporosis en China 1. Tam-
bién se emplea como un antirreumático, 
para fortalecer la columna vertebral, para el 
tratamiento de poliuria y leucorrea, así como 
para tratar heridas y ulceras promoviendo la 
cicatrización. Desde la perspectiva de la Me-
dicina Tradicional China se ha postulado que 
el C. barometz ayuda a fortalecer el riñón, 
fortalecer el hígado, expulsar el viento, eli-
minar la humedad y flema 4.

En la actualidad, la evidencia acerca del 
uso de extractos provenientes de plantas ha 
ido creciendo, así como sus aplicaciones, no 
solo para la búsqueda de nuevas biomolécu-
las sino para aprovechar sus compuestos bio-
activos como agentes reductores y estabili-
zadores en la síntesis de nanoestructuras 5,6. 
Por lo cual, es importante la organización, 
sistematización y síntesis de la evidencia a 
través de los lineamientos de establecidos en 
la medicina basada en evidencia 7. Además, 
la terapéutica a basada en remedios natu-
rales fue reconocida en la Cumbre Mundial 
de la Organización Mundial de la Salud so-
bre Medicina Tradicional, en la que se ana-
lizaron las formas a través de las cuales, las 
medicinas tradicionales, complementarias 
e integradoras ayudan a hacer frente a los 
problemas de salud 8. Por lo tanto, el estu-
dio de los compuestos activos de las plantas 
es relevante para caracterizar y entender los 
mecanismos de acción de los fitocompues-
tos, puede permitir la identificación de nue-
vas moléculas bioactivas, así como proveer 
de evidencia científica al uso de plantas para 
tratar afecciones, o por el contrario, señalar 
su potencial toxicidad si fuera el caso, y cuá-
les son las áreas de oportunidad para su uso 
en la medicina complementaria 9.

Por lo tanto, el objetivo de esta revisión 
exploratoria es proporcionar un panorama 
actual de la evidencia de las actividades bio-
lógicas y terapéuticas reportadas, y adicio-
nalmente, de los fitocompuestos que posee 
C. barometz.

METODOLOGÍA

Diseño del estudio. La presente revisión 
sistemática se realizó siguiendo las reco-
mendaciones para revisiones exploratorias 
(scoping reviews) de la declaración PRISMA-
ScR 7.

Criterios de elegibilidad y característi-
cas de los estudios incluidos. Los criterios de 
elegibilidad fueron artículos con texto com-
pleto en idioma inglés o español, publicados 
en cualquier momento del tiempo. Dichos 
artículos deben tener diseño de estudios 
clínicos, in vivo o in vitro; y deben proveer 
información acerca las actividades biológi-
cas y terapéuticas, y opcionalmente, de los 
fitocompuestos que posee C. barometz. Los 
criterios de exclusión fueron otras revisiones 
de la literatura y C. barometz en formulación 
con otros compuestos.

Estrategia de búsqueda y bases de datos 
usadas. La búsqueda se llevó a cabo en no-
viembre de 2022 y fue actualizada en marzo 
de 2023. Las palabras clave y los algoritmos 
de la estrategia de búsqueda usados se mues-
tran en la Tabla 1. Dos revisores se encar-
garon de la búsqueda en las bases de datos 
PubMed, Scopus, Web of Science y Embase, 
así como en Google Académico. Adicional-
mente, se realizó una búsqueda manual en 
la bibliografía de los estudios incluidos en la 
presente revisión.

Selección de los estudios. Los registros 
identificados en la búsqueda fueron tami-
zados a través de la lectura del título y el 
resumen para determinar si debían de ser 
analizados a texto completo, seleccionado 
aquellos que cumplían con los criterios de 
elegibilidad y se excluyeron los que no satis-
facían dichos criterios.
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Proceso de recolección y síntesis de los 
datos. Los datos relevantes de los artículos 
incluidos fueron registrados, tomando en 
consideración el diseño del estudio, la me-
todología, y los resultados. Dos revisores de 
manera independiente se encargaron de la 
obtención de los datos, así como la organiza-
ción y síntesis de la información. 

RESULTADOS

Al realizar la búsqueda se encontraron 
un total de 902 registros. Después de descar-
tar los duplicados, al revisar el título y el resu-
men de los registros se determinó si parecían 
cumplir los criterios de elegibilidad, en caso 
positivo se descargaron y evaluaron 19 artí-
culos de texto completo, sin embargo, única-
mente 16 artículos satisfacían por completo 
los criterios y fueron incluidos en la presente 
revisión. En la Fig. 1 se muestra el proceso 
de selección y tamizaje de los estudios inclui-
dos. Dichos artículos fueron exclusivamen-

te estudios con diseño in vitro e in vivo, ya 
que no se encontraron estudios clínicos. Tres 
estudios fueron excluidos con razones: dos 
estudios debido a que el texto completo se 
encuentra únicamente en idioma chino 10,11 y 
otro artículo debido a que fue retractado 12. 
En la Tabla 2 se encuentra un resumen de los 
estudios con actividad terapéutica o biológica 
incluidos en el presente trabajo.

Compuestos fitoquímicos de C. barometz
El análisis cualitativo del rizoma de C. 

barometz a través de extractos con diferen-
tes solventes (hexano, cloroformo, acetato 
de etilo, etanol, metanol y agua) mostró que 
los extractos contenían diversos compues-
tos bioactivos tales como antraquinonas, 
flavonoides, fenoles, taninos, fitoesteroles 
y triterpenoides. El extracto de acetato de 
etilo (un éster) exhibió mayor actividad an-
tioxidante y capacidad de absorción de radi-
cales de oxígeno, al parecer esto se debe a 
los polifenoles no flavonoides, además, dicho 

Tabla 1 
Estrategia de búsqueda en las bases de datos.

Base de datos Algoritmo de búsqueda

PubMed (“Cibotium barometz (L.) J. Sm.” OR “Cibotium barometz” OR “barometz”) AND 
(“bioactive compounds” OR “biological effect” OR “phytotherapeutic” OR anti-
bacterial OR anti-inflammatory OR antioxidant OR “wound healing” OR “dres-
sing” OR “osteogenic” OR “hepatoprotective”)

Scopus TITLE-ABS-KEY (“Cibotium barometz L. J. Sm.” OR “Cibotium barometz” OR 
“barometz”) AND (“bioactive compounds” OR “biological effect” OR “phytothera-
peutic” OR “antibacterial” OR “anti-inflammatory” OR “antioxidant” OR “wound 
healing” OR “dressing” OR “osteogenic” OR “hepatoprotective”)

Web of Science (ALL=((“Cibotium barometz L. J. Sm.” OR “Cibotium barometz” OR “barometz”) 
ALL=((“ “bioactive compounds” OR “biological effect” OR “phytotherapeutic” 
OR “antibacterial” OR “anti-inflammatory” OR “antioxidant” OR “wound healing” 
OR “dressing” OR “osteogenic” OR “hepatoprotective”)

Embase (“Cibotium barometz (L.) J. Sm.” OR “Cibotium barometz” OR “barometz”) AND 
(“bioactive compounds” OR “biological effect” OR “phytotherapeutic” OR anti-
bacterial OR anti-inflammatory OR antioxidant OR “wound healing” OR “dres-
sing” OR “osteogenic” OR “hepatoprotective”)

Google académico (“Cibotium barometz (L.) J. Sm.” OR “Cibotium barometz” OR “barometz”) AND 
(“bioactive compounds” OR “biological effect” OR “phytotherapeutic” OR anti-
bacterial OR anti-inflammatory OR antioxidant OR “wound healing” OR “dres-
sing” OR “osteogenic” OR “hepatoprotective”)
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extracto tuvo mayor actividad antifúngica y 
antibacteriana. El análisis cuantitativo, uti-
lizando cromatografía de gases acoplada a 
espectrometría de masas, reveló la presen-
cia de 1-nonadeceno, Z-5-nonadeceno, oc-
tacosanol y 1-tetracosanol/1-heneicosanol, 
los cuales contribuyen parcialmente a los 
efectos antioxidante y antimicrobiano del 
rizoma de C. barometz 13. Por otra parte, 
mediante cromatografía electrocinética mi-
celar se identificaron en C. barometz cinco 
compuestos: ácido protocatequiico, aldehí-
do protocatequiico, ácido cafeico, jeringati-
na y vainillina 14.

En otros estudios, como los del grupo 
de investigación de Xie y col. 11,15,16 se han 
enfocado en la identificación de glucósidos 
a través de extracto etanol:agua 1:1 y una 

posterior hidrólisis ácida, y su potencial apli-
cación terapéutica se describe más adelante. 

En un estudio realizado por Chen y 
col.17 se identificaron los componentes cla-
ves del rizoma de C. barometz a través de 
cromatografía de líquidos acoplada a espec-
trometría de masas, entre los cuales están 
1,3,7-trihidroxi-2-(3-metilbut-2-enil) xanto-
na, cochinchinol a, cochinchinol b, cudrafla-
vanona b, cudraxantona q, aspidinol, kaem-
pferol y 6-desoxijacareubina.

En un estudio llevado a cabo por Kim 
y col. 18 determinaron que los fitocompues-
tos presentes en el rizoma de C. barometz 
en extracto alcohólico fueron ácido protoca-
tequiico, hidrato de (+)-catequina, ácido p-
cumárico, ácido elágico, ácido clorogénico, 
ácido cafeico y ácido ferúlico.

Fig. 1. Diagrama de flujo PRISMA del proceso de selección de los estudios.
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Tabla 2 
Características de los estudios incluidos.

Estudio y diseño Elementos de prueba Extracto Parámetros evaluados

Actividad antioxidante, antibacterial y antiviral

Wen y col. (2011) 
in vitro

Actividad antiviral en 
SARS-CoV en células 
Vero E6

Extracción acuosa 
de C. barometz por 
ultrasonido, filtrado y el 
residuo fue extraído en 
metanol por ultrasonido 
y liofilizado.

Viabilidad celular usando el 
método de MTT
Inhibición de la replicación 
viral
Ensayo de inhibición de la 
proteasa 3CL de SARS-CoV 

Lai y col. (2012) 
in vitro

Actividad antioxidante
Actividad antibacterial 
(probada en 8 cepas 
bacterianas1)

Extracto metanólico de 
hojas de C. barometz, y 
liofilización.

Ensayo antioxidante DPPH•
Poder reductor de Fe3+

Contenido de fenoles totales
Ensayo de blanqueamiento de 
betacaroteno
Actividad de inhibición de la 
tirosinasa 
Halos de inhibición

Mai y col. (2012) 
in vitro

Actividad antioxidante Extracto metanólico 
utilizando el método 
Soxhlet, del rizoma de 
C. barometz

Ensayo antioxidante DPPH•
ABTS•+
•O2
•OH
Poder reductor de Fe3+

Poder reductor de Cu2+ 

Contenido de fenoles totales
Contenido de ácido cafeico

Zarib y col. (2018)
in vitro

Actividad antioxidante Extractos obtenidos 
por maceración 
en ciclohexano, 
diclorometano, acetato 
de etilo, o metanol, del 
rizoma de C. barometz

Ensayo antioxidante DPPH•
ABTS•+
Contenido de fenoles 
flavonoides totales
Poder reductor de Fe3+

Heng y col. (2020) 
in vitro

Actividad antibacterial 
(probada en 11 
microorganismos2)
Actividad antioxidante

Extractos del rizoma de 
C. barometz con hexano, 
cloroformo, acetato de 
etilo, etanol, metanol o 
agua, liofilizado.

Detección cualitativa de 
fitoquímicos
Ensayo antioxidante DPPH•
Poder reductor de Fe3+

Ensayos antibacterianos y 
antifúngicos

Pretratamiento anticancerígeno

Shi y col. (2020) 
in vitro

Efecto sensibilización 
quimioterapéutica 
en células U87 de 
glioblastoma humano

Extracto etanólico 
del rizoma en polvo 
de C. barometz, 
desproteinización por 
el método de Sevag y 
papaína; y liofilización.

 

Contenido de sacáridos
Viabilidad celular
ROS intracelular
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Estudio y diseño Elementos de prueba Extracto Parámetros evaluados

Tratamiento para la atrofia muscular

Kim, y col. (2023)
in vitro

Atrofia muscular 
inducida por 
dexametasona en un 
modelo celular in vitro 
utilizando miotubos 
C2C12

Extracto etanólico del 
rizoma de C. barometz

Viabilidad celular con MTT en 
células C2C12.
Efecto en los miotibos de las 
células C2C12.

Estimulación de la proliferación de condrocitos

Fu, y col. (2017) 
in vitro

Modelo in vitro de 
proliferación de 
condrocitos 

Fracciones de 
polisacáridos obtenidos 
del rizoma de  
C. barometz

Viabilidad celular con MTT
Reacción en cadena de la 
polimerasa cuantitativa con 
transcripción inversa
Western blot

Actividad osteoprotectora

Cuong, y col. 
(2009) 
in vitro

Modelo de inhibición 
de la formación de 
osteoclastos

Fracciones de glucósidos 
obtenidos del rizoma  
de C. barometz

Masa ósea
Recambio óseo
Fuerza del tejido óseo 
Marcadores bioquímicos de 
resorción ósea
Flexión de tres puntos
Microarquitectura del hueso 
trabecular

Zhao, y col. (2011)
in vivo

Actividad 
osteoprotectora  
en ratas  
Sprague-Dawley 

Extracto etanólico 
al 70% del rizoma  
de C. barometz

Densidad mineral ósea total 
en el fémur
Marcadores de recambio óseo 
(osteocalcina, la fosfatasa 
alcalina, desoxipiridinolina y 
niveles en orina de Ca y P)
Resistencia ósea 
Microarquitectura trabecular

Huang, y col. 
(2018a)
in vitro

Actividad 
osteoprotectora en la 
línea celular derivada 
de calvaria de ratón 
MC3T3-E1

Fracciones de 
polisacáridos obtenidos 
del rizoma de C. 
barometz (CBBP-2 y 
CBBP-3) 

Fosfatasa alcalina

Huang, y col. 
(2018b)
in vivo

Actividad 
osteoprotectora  
en ratas  
Sprague-Dawley 

Fracciones de 
polisacáridos obtenidos 
del rizoma de C. 
barometz (CBBP-1) 

Densidad mineral ósea
Contenido mineral óseo
Expresión de ARNm del factor 
de transcripción 2

Huang, y col. 
(2020)
in vitro

Evaluación de 
la proliferación, 
diferenciación y 
mineralización 
de células 
preosteoblásticas

Fracciones de 
polisacáridos obtenidos 
del rizoma de C. 
barometz (CBP70-1-1 y 
CBP70-1-2)

Viabilidad celular
Actividad de fosfatasa alcalina 
Ensayo basado en rojo de 
alizarina

Tabla 2. CONTINUACIÓN
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Li y col. 19 reportaron los compuestos 
de C. barometz encontrados a través de 
ChemMapper, los cuales fueron más de 60 
compuestos, entre los cuales destacan ácido 
esteárico, ácido hexadecanoico, piperitona, 
aldehído protocatequiico, vainillina, glucopi-
ranósido, ácido-9-octadecenoico, éster metí-
lico del ácido linolénico, éster metílico del 
ácido 3-O-cafeoilquínico, isoflavona de soja, 
fenacetina, linalool, 1,3-di-acido O–cafeoil-
quínico, kaempferol, aldehído protocatéqui-
co, quercetina, anetol, glucopiranósido, en-
tre otros; asimismo, a través de un análisis 
farmacológico en red utilizando el software 
Cytoscape para determinar la intersección 

compuesta de enfermedades-objetivos apun-
tando a que el principal compuesto activo de 
C. barometz para la artritis es 3,5-dimetil-
4-hidroxibenzaldehído.

Recientemente se ha reportado por Ji y 
col. 20 que C. barometz produce una variedad 
de triterpenos bioactivos y sus metabolitos, 
así como la vía biosintética de estos triterpe-
nos, encontrando que los genes relacionados 
están altamente expresados en el rizoma. 
Este trabajo es relevante porque los triterpe-
nos y sus metabolitos, como los triterpenoi-
des y las saponinas triterpenoides, desempe-
ñan funciones esenciales en la fisiología de 
las plantas, especialmente en la defensa de 

Estudio y diseño Elementos de prueba Extracto Parámetros evaluados

Prevención de osteoartritis

Chen, y col. (2022)
in vitro e in vivo

Viabilidad celular de 
SW1353.
Modelo de osteoartritis 
de rodilla por el 
método de Hulth en 
ratas Sprague-Dawley 
(n=6/grupo)

Decocción por 1 
hora tres veces, se 
agregó etanol anhidro, 
centrifugación, 
destilación a presión, 
secado por aspersión, 
congelación a -20ºC.

Viabilidad celular con MTS.
Evaluación histológica.
Concentraciones de MMP-1, 
MMP-3. 
MMP-13. 
COX2 y PGE2.
Efecto en la vía NFκB. 

Actividad hepatoprotectora

Xie, y col. (2017) 
in vitro

Modelo in vitro 
de daño hepático 
agudo inducido por 
acetaminofén (APAP)  
en la línea celular 
HepG2

Extracto etanólico al 
50% del rizoma de C. 
barometz e hidrólisis 
ácida

Viabilidad celular usando el 
método de MTT

Li, y col. (2019)
in vitro

Modelo in vitro 
de daño hepático 
agudo inducido por 
acetaminofén (APAP)  
en la línea celular 
HepG2

Extracto etanólico 
al 50% del rizoma de  
C. barometz e
hidrólisis ácida

Viabilidad celular usando el 
método de MTT

1Micrococcus luteus, Bacillus cereus, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Salmo-
nella choleraesuis, Enterobacter aerogenes y Klebsiella pneumoniae, 2Bacillus cereus, Staphylococcus aureus, 
Acinetobacter baumannii, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Candida albicans, 
Candida krusei, Candida arapsilosis, Cryptococcus neoformans y Aspergillus fumigatus. DPPH• (radical 1, 1-difenil-
2-picrilhidrazilo), BCB (Beta-carotene bleaching assay) ABTS•+ (radical de sal diamónica del ácido 3-etilben-
zotiazolina-6-sulfónico), •O2- (radical anión superóxido), •OH (radical hidroxilo), Trolox (± -6 -hidroxil -2,5, 7, 
8-tetramethlychromane-2-carboxyl acid), BHA (butilhidroxianisol), MTT (bromuro de 3-(4,5-dimetiltiazol-2-il)-2,5-
difeniltetrazolio), ROS (especies reactivas de oxígeno), MTS [3-(4,5-dimetiltiazol-2-il)-5-(3-carboximetoxifenil)-
2-(4-sulfofenil)-2H-tetrazolio].

Tabla 2. CONTINUACIÓN
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las plantas contra plagas y fitopatógenos in-
vasores, además de potencialmente ser úti-
les para el desarrollo de nuevos fármacos.

Efectos biológicos y terapéuticos 
reportados

a) Antioxidante, antimicrobiano y anti-
viral

Lai y col. 21 evaluaron la capacidad an-
tioxidante, la inhibición de la tirosinasa y el 
efecto antimicrobiano en bacterias gram-
positivas y gramnegativas del extracto de las 
hojas C. barometz; y encontraron que posee 
actividad antioxidante, probablemente debi-
do a la presencia de compuestos fenólicos, 
pero una débil inhibición de la tirosinasa 
(35%). En la prueba de difusión en disco 
únicamente se formaron halos de inhibición 
con Staphylococcus aureus y Bacillus cereus 
(con altas concentraciones, siendo de 500 
y 1000 µg/mL, respectivamente), mientras 
que Micrococcus luteus, Escherichia coli, 
Pseudomonas aeruginosa, Salmonella cho-
lerasius, Enterobacter aerogenes y Klebsiella 
pnemona fueron resistentes.

Mai y col. 22 determinaron que el rizoma 
de C. barometz posee actividad antioxidante 
in vitro que podría ser atribuible a la pre-
sencia de compuestos fenólicos tales como 
el ácido cafeico, el ácido protocatequiico, el 
kaempferol y la oniquina. 

Zarib y col. 23 determinaron el solvente 
idóneo para obtener el mayor contenido fe-
nólico total y contenido flavonoide total uti-
lizando solventes de diferentes polaridades, 
encontrando que el mayor contenido fenó-
lico total se observó con el extracto de ace-
tato de etilo, seguido de extracto en meta-
nol, extracto en diclorometano y extracto de 
ciclohexano. En ese mismo orden resultó la 
actividad eliminadora de radicales (ABTS+) 
y la capacidad reductora de iones metálicos 
(Fe3+).

Heng y col. 13 obtuvieron extractos de 
los pelos de rizoma con diferentes solventes 
comparando su actividad antioxidante y an-
timicrobiana. La actividad antioxidante de 
captación de radicales DPPH• del extracto 

obtenido en acetato de etilo resultó muy 
similar al estándar utilizado en la prueba 
(ácido ascórbico), seguido de los extractos 
con etanol, metanol y agua; en cambio, los 
obtenidos con cloroformo y hexano tuvieron 
porcentajes antioxidantes significativamen-
te menores. En lo que se refiere a la activi-
dad antimicrobiana, el extracto de acetato 
de etilo fue el único que mostró actividad 
antibacteriana frente a Bacillus cereus, Sta-
phylococcus aureus, Acinetobacter bauman-
nii, Escherichia coli, Klebsiella pneumoniae y 
Pseudomonas aeruginosa, sin embargo, tuvo 
un efecto fue bacteriostático en contacto 
con E. coli y K. pneumoniae; observando que 
las bacterias gramnegativas fueron menos 
susceptibles que las grampositivas. Todos los 
extractos exhibieron actividad antifúngica, 
pero a concentraciones mayores que las uti-
lizadas para la inhibición bacteriana. El ex-
tracto con acetato de etilo también exhibió 
mayor inhibición del crecimiento de las le-
vaduras probadas, pero con A. fumigatus fue 
únicamente fungistático. Potencialmente las 
propiedades antioxidantes y antimicrobianas 
del extracto con acetato de etilo se deben a 
los polifenoles no flavonoides y a los alcoho-
les alifáticos que encontraron 1-heneicosa-
nol, 1-tetracosanol, octacosanol.

En lo que respecta a la actividad antivi-
ral, Wen y col. 24 reportaron que el extracto 
del rizoma de C. barometz inhibe al corona-
virus SARS-CoV sin afectar la viabilidad ce-
lular de las células huésped (Vero E6), mos-
trando una inhibición de la actividad de la 
proteasa 3CL de SARS-CoV.

b) Pretratamiento anticancerígeno 
Shi 25 investigaron el efecto actividad 

de sensibilización quimioterapéutica de los 
polisacáridos de C. barometz en una línea 
celular de glioblastoma (U87). Los extractos 
obtenidos fueron dos tipos de polisacáridos: 
procesados y crudos; en los primeros, utili-
zaron calentamiento a 80°C; y, los segundos 
fueron sin calor. Estos polisacáridos como 
tratamiento previo al fármaco de elección 
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(temozolomida) redujeron significativamen-
te la viabilidad celular de U87; particular-
mente, los polisacáridos crudos mostraron 
una mejor actividad que los polisacáridos 
procesados, lo cual tendría una repercusión 
en la clínica ya que podría reducirse la dosis 
de la temozolomida y por tanto su toxicidad, 
sin disminuir su eficacia.

c) Tratamiento para la atrofia muscular
En un modelo in vitro, Kim y col. 18 pro-

baron el extracto etanólico de C. barometz 
y determinaron que la regulación negativa 
de la proteína de miosina de cadena pesada 
(MyHC) inducida por dexametasona aumentó 
con el extracto, así como la longitud y el an-
cho de los miotubos. Además, el número de 
núcleos teñidos localizados en miotubos po-
sitivos para MyHC aumentaron significativa-
mente. Por lo cual, dicho extracto podría ser 
potencialmente útil para aliviar la sarcopenia.

d) Estimulación de la proliferación  
de condrocitos

Fu 26 realizaron un estudio in vitro, en 
el cual aislaron condrocitos de las rodillas de 
ratas Sprague‑Dawley para probar los polisa-
cáridos obtenidos del rizoma de C. barometz 
a través de un ensayo de viabilidad celular, 
observando un aumento en la proliferación 
de condrocitos de manera dosis-dependien-
te. Además, encontraron que la estimulación 
de la proliferación de los condrocitos ocurre 
mediante la promoción de la transición del 
ciclo celular G1/S.

e) Actividad osteoprotectora
De acuerdo con la medicina tradicional 

china, el riñón es responsable de la nutrición 
de los huesos y también ayuda en las funcio-
nes gonadales 27. De esta forma, C. barometz 
contribuiría en la nutrición de los huesos 
a través de su efecto sobre los riñones, por 
lo que algunos autores buscaron evidencia 
científica que soportara este efecto osteo-
protector. 

Un estudio in vitro realizado por Cuong 
y col. 28 identificó los fitocompuestos de C. 

barometz, algunos de estos no habían sido 
descritos previamente como cibotiumbaro-
sida B, cibotiglicerol B y galactopiranósido 
y se caracterizó un compuesto previamente 
identificado en otros seres vivos, el corcoio-
nósido C. Además, se probó la inhibición de 
la formación de osteoclastos, para lo cual se 
obtuvieron macrófagos primarios derivados 
de la médula ósea del fémur y la tibia de ra-
tones; y también se estimuló la generación 
de osteoclastos, resultado que los compues-
tos antes mencionados tuvieron una alta 
inhibición de la formación de osteoclastos, 
particularmente el cibotiglicerol B (97%).

Adicionalmente se encontraron cuatro 
estudios pertenecientes al mismo grupo de 
investigación. En el primero, Zhao y col. 29 
probaron un extracto etanólico al 70% del 
rizoma de C. barometz en un modelo in vivo 
de pérdida ósea inducida por ovariectomía, 
las hembras fueron asignadas a grupos con 
1) tratamiento con vehículo (control); 2) 
tratamiento con estradiol (25 g/kg/día); 3) 
tratamiento con extracto de C. barometz a 
diferentes dosis (100, 300 ó 500 mg/kg/día) 
y 4) grupo de procedimiento quirúrgico si-
mulado. La administración de estradiol o del 
extracto de C. barometz durante 16 semanas 
comenzó a las 4 semanas posquirúrgicas. El 
extracto de C. barometz evitó la disminución 
de la densidad mineral ósea total, lo que es-
tuvo acompañado por una disminución sig-
nificativa en la remodelación esquelética y 
de los niveles de los marcadores de recambio 
óseo. Asimismo, este estudio mostró que el 
extracto de C. barometz podría mejorar la re-
sistencia ósea previniendo el deterioro de la 
microarquitectura trabecular. Posteriormen-
te, Huang y col. 30 evaluaron la actividad os-
teoprotectora de C. barometz, in vitro. Para 
esto, extrajeron, aislaron y purificaron los 
polisacáridos crudos solubles alcalinos del 
rizoma de C. barometz, obteniendo dos frac-
ciones llamados CBBP-2 y CBBP-3. CBBP-2 
mostró actividad en los niveles de fosfatasa 
alcalina y promovió la mineralización osteo-
génica. En otro estudio subsecuente, Huang 
y col. 31 en un modelo de ratas ovariectomi-
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zadas probaron los efectos osteoprotectores 
del CBBP-1, el cual aumentó significativa-
mente el contenido mineral óseo y la den-
sidad mineral ósea, mejorando las propieda-
des biomecánicas del tejido óseo. Además, 
las células osteoblásticas MC3T3-E1 trata-
das con CBBP-1 aumentaron la expresión de 
ARNm del factor de transcripción 2 relacio-
nado con runt, osterix, osteopontina, osteo-
calcina y sialoproteína ósea, lo que indica 
que CBBP-1 puede estimular la diferencia-
ción osteoblástica. Más adelante, en un es-
tudio in vitro, Huang y col. 32 aislaron polisa-
cáridos crudos de C. barometz, identificando 
dos polisacáridos homogéneos (CBP70-1-1 y 
CBP70-1-2). Los experimentos de los efec-
tos de CBP70-1-1 y CBP70-1-2 revelaron que 
promueven la proliferación, diferenciación y 
mineralización de las células MC3T3-E1, in-
cluso mejor que las células bajo tratamiento 
con estradiol.

f) Prevención de osteoartritis
Chen y col. 17 llevaron a cabo un expe-

rimento en un modelo de osteoartritis con 
ratas utilizando un extracto del rizoma de 
C. barometz. En este estudio, las células 
SW1353 tratadas a concentraciones de 100 
a 500 µg/mL, con o sin IL-1β, no mostraron 
disminución en la viabilidad celular. En la 
evaluación histológica se encontró evidencia 
que sugiere que podría aliviar significativa-
mente el cartílago degeneración en dicho 
modelo de osteoartritis. También encontra-
ron que el extracto puede inhibir significa-
tivamente la alternancia anormal de COX2 
ARNm y PGE2 con efecto dosis dependiente. 
Además, reportaron que dicho extracto pue-
de suprimir notablemente la expresión de 
MMP-1, MMP-3 y MMP-13 en el ARNm. Por úl-
timo, en lo que concierne al efecto en la vía 
de señalización NFκB, se reportó que NFκB 
p65 se translocaba a los núcleos desde el ci-
toplasma después de haber sido pretratado 
con IL-1β, y que una dosis alta del extracto 
puede suprimir en cierta medida la translo-
cación nuclear de NFκB p65.

g) Actividad hepatoprotectora
Xie y col. 15 aislaron del rizoma de C. 

barometz cinco glucósidos de hemiterpeno 
no identificados previamente, cibotiumba-
rósidos E, F, G, H e I; y dos glucósidos de 
hemiterpeno, previamente identificados. 
Los cibotiumbarósidos F e I exhibieron una 
notable actividad hepatoprotectora contra 
el daño hepático agudo inducido por aceta-
minofén (APAP) in vitro, resultando incluso 
más efectivos que el control positivo hepato-
protector, el biciclol. Sin embargo, siete glu-
cósidos de hemiterpeno resultaron inactivos 
en los ensayos de citotoxicidad, neuropro-
tección, antidiabéticos y antiinflamatorios. 

Li y col. 16 probaron in vitro el efecto 
hepatoprotector de algunos glucósidos obte-
nidos de C. barometz, empleando una meto-
dología similar al estudio de Xie y col. 15, e 
informaron que algunos de los compuestos 
aislados de podrían reducir significativamen-
te el daño celular HepG2 inducido por APAP, 
incluso más que el biciclol.

DISCUSIÓN

La evidencia encontrada en los estudios 
incluidos en la presente revisión de C. baro-
metz apunta a múltiples efectos biológicos y 
terapéuticos, uno de los efectos más estudia-
dos es el antioxidante. Una de las considera-
ciones importantes acerca del efecto antio-
xidante reportado es que depende, además 
de las características propias de la planta en 
sí, del método de extracción utilizado 4, por 
lo que aún hace falta establecer cuál es la 
metodología idónea. Los antioxidantes son 
compuestos que inhiben o reducen los efec-
tos provocados por los radicales libres y los 
compuestos oxidantes. Los antioxidantes fe-
nólicos actúan como captadores de radicales 
libres, y a veces, como quelantes de metales, 
tanto en el paso de iniciación como en la 
propagación del proceso oxidativo 33. En este 
trabajo se ha encontrado evidencia de que C. 
barometz posee fitocompuestos con efecto 
antioxidante, lo que proveería de evidencia 
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científica al uso que se le da dado a dicho 
extracto en la medicina tradicional china 34. 
Además, se ha reportado, al menos in vitro, 
como potencial anticancerígeno; este efecto 
protector podría estar relacionado con las 
propiedades antioxidantes de C. barometz, 
pero hace falta más investigación para dicha 
aplicación 35. Plausiblemente, el efecto anti-
oxidante podría promover la cicatrización de 
heridas de forma indirecta.

En la esta revisión se encontró que no 
hay suficiente evidencia para determinar si 
existe o no actividad antimicrobiana de C. 
barometz y para la cicatrización de heridas. 
En el estudio de Lai y col. 21 se reportó la con-
centración en la que se observa un halo de 
inhibición pero no se llevó a cabo la determi-
nación de la concentración mínima inhibito-
ria. La prueba de difusión en disco depende 
por completo de la capacidad para difundirse 
en el agar la sustancia probada, por lo cual no 
es el método más adecuado para afirmar que 
existe actividad antimicrobiana. En cambio, 
en el estudio realizado por Heng y col. 13 se 
encontraron las concentraciones mínimas in-
hibitorias de todos los microorganismos pro-
bados, pero no la concentración mínima letal. 
Dados estos resultados, y la escasa evidencia 
encontrada en esta revisión, es probable que 
el efecto de C. barometz sea la disminución 
del crecimiento microbiano.

Por otro lado, el efecto de la temperatu-
ra para la obtención de extractos es impor-
tante, pero es un parámetro poco estudiado 
en los extractos de C. barometz, consideran-
do que los extractos utilizados en la medici-
na tradicional se llevan a cabo por infusión 
acuosa. En diversos estudios incluidos se 
utilizó metanol, el cual se ha reportado que 
es un solvente adecuado para la extracción 
de polifenoles de plantas frescas debido a su 
capacidad para inhibir la acción de las polife-
noloxidasas que podrían afectar la actividad 
antioxidante, ya que este solvente puede eva-
porarse con facilidad 36.

Al menos en la fase experimental in vi-
tro e in vivo, los resultados de los estudios 
apuntan que el extracto de C. barometz pro-

mueve de manera pronunciada la expresión 
de genes marcadores relacionados con la os-
teogénesis, mediante la activación de la vía 
de señalización de las proteínas morfogené-
ticas óseas, y dicha vía promueve la forma-
ción ósea. Por lo tanto, C. barometz podría 
ser empleado como un potencial tratamien-
to complementario para la prevención y el 
tratamiento de la osteoporosis posmenopáu-
sica 29,31.

Mediante estudios en animales fue re-
portado que C. barometz tiene un efecto he-
patoprotector, lo cual también ha sido sus-
tentado desde la medicina tradicional china. 
En este sentido, plausiblemente se puedan 
desarrollar formulaciones con C. barometz 
que intervengan en el tratamiento integral 
de estas patologías. 

Desde hace varias décadas, aprovechando 
las propiedades de C. barometz, se cuenta una 
preparación comercial para uso profesional 
odontológico. Inicialmente se conoció como 
Alvogyl® (Septodont, Francia) y se usaba 
como apósito postexodoncia por su efecto he-
mostático, analgésico y antimicrobiano, el cual 
contenía pelos de C. barometz y otros agentes 
activos, sin embrago, esta formulación generó 
preocupación acerca de la seguridad del pa-
ciente debido a posibles reacciones alérgicas al 
yodoformo. Debido a esto, actualmente se dis-
tribuye como Alveogyl®, una reformulación de 
este apósito utilizando las fibras provenientes 
de C. barometz y otros compuestos como eu-
genol, lauril sulfato de sodio, carbonato de cal-
cio, aroma de menta y excipientes 37. Reportes 
indican que Alveogyl® se ha utilizado de forma 
tópica para la prevención y tratamiento local 
de la osteítis alveolar con buenos resultados y 
alta tolerabilidad 38,39, por lo que se emplea de 
forma cotidiana gracias a su fácil colocación y 
eficacia. Aunque se buscaron estudios clínicos 
que incluyeran apósitos únicamente formula-
dos con C. barometz no se encontraron, lo cual 
indica que hace falta investigación al respecto.

Aunque la revisión sistemática permi-
te analizar de manera crítica la evidencia 
científica reportada 40, en la presente no se 
encontraron estudios clínicos o ensayos clí-



Efectos biológicos y terapéuticos de Cibotium barometz 399

Vol. 65(3): 387 - 402, 2024

nicos aleatorizados que pudieran proveer de 
la evidencia científica más alta. Casi todos 
extractos encontrados fueron preparados a 
través de métodos que no son semejantes a 
la forma de infusión o decocción como se 
utilizan en la medicina tradicional, por lo 
cual no hay evidencia de que su uso en es-
tos preparados tenga un efecto terapéutico. 
Únicamente se encontraron estudios in vivo 
e in vitro, los cuales son útiles para conocer 
las bases científicas y mecanismos de acción 
de los objetos de estudio, pero que no mues-
tran una evidencia definitiva y robusta sobre 
el efecto terapéutico o la potencial toxicidad 
en humanos 41.

Por tanto, la evidencia apunta a que C. 
barometz exhibe diversos efectos biológicos 
tanto in vitro como in vivo con potencial 
para tratar diversas afecciones. Los efectos 
reportados de C. barometz fueron como an-
tioxidante, antimicrobiano, antiviral, pretra-
tamiento anticancerígeno, estimulación de 
la proliferación de condrocitos, osteoprotec-
tor y hepatoprotector. La investigación ac-
tual deja en manifiesto los amplios usos de 
las plantas que han sido empleadas en la me-
dicina tradicional, por lo que más estudios 
pueden dar pie a ensayos clínicos que deri-
ven en nuevas opciones terapéuticas.
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