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Atencion farmacéuticay servicios profesionales farmacéuti-
cos asistenciales

La atencion farmacéutica (AF) es una tecnologia en salud orientada a contribuir al logro de los mejores
resultados en salud posibles y a mejorar la calidad de vida de las personas, mediante la estructuracion,
implementacion y prestacion de servicios profesionales farmacéuticos asistenciales (SPFA). En esen-
cia, la AF contribuye a la utilizacion efectiva, segura y econdmica de los medicamentos, al igual que a
la promocién de la salud y a la prevencidn la enfermedad. Para ello, la AF se soporta en la prestacion
de servicios profesionales por el farmacéutico (con o sin medicamentos), con el foco del bienestar y
calidad de vida del paciente y con el objetivo de conseguir el maximo beneficio posible en términos
de salud. Por tanto, la dispensacion, el seguimiento farmacoterapéutico (SFT), la revisién de la medi-
cacién, la educacion para la salud y los tamizajes, son ejemplos de SPFA®Y,

En este escenario y de forma maés especifica, los SPFA corresponden a procesos/actividades desem-
pefiados por un farmacéutico, que emplea sus competencias profesionales en la prevencién de la en-
fermedad y la mejora de la salud, desempefiando un papel activo en la optimizacién del proceso de
uso y de los resultados de los tratamientos en salud™”. Desde una perspectiva practica, los SPFA, en el
contexto de la filosofia de la AF, son la via para contribuir a solucionar uno de los retos existentes en la
sociedad: la utilizacién adecuada de los medicamentos y, con ello, la reduccién de la morbimortalidad
y costos evitables atribuidos a estos recursos terapéuticos.

En este sentido, por ejemplo, existe evidencia del efecto del SFT en la contribucién al logro de los
objetivos terapéuticos en ciertos grupos de pacientes, entre ellos con enfermedad cardiovascular® o
con trastorno afectivo bipolar-1©). En el caso de Colombia, se ha evidenciado que el SFT disminuye los
reingresos hospitalarios en pacientes con trastorno afectivo bipolar-1 de forma costo-efectiva®®.

Inteligencia hibrida: articulacion del pensamiento automa-
tizado inteligente con la inteligencia humana

Este momento histdrico se caracteriza por la incursidn de los desarrollos tecnoldgicos, en especial del
aprendizaje automatizado y de la inteligencia artificial (IA), en la forma como se disefian, ejecutan y
evaluan los resultados de los procesos y actividades en diferentes campos, incluyendo el desarrollo de
medicamentos® y la farmacia clinica®®. Lo anterior invita a todas las profesiones a reflexionar sobre el
camino que deben seguir para integrar de manera efectiva las tecnologias avanzadas en su ejercicio
profesional. En particular, es fundamental establecer cdmo el pensamiento automatizado inteligente
puede complementarse con la inteligencia humana, sin sustituirla. Esta cuestion cobra especial rele-
vancia en disciplinas orientadas al bienestar y la calidad de vida de las personas, como las ciencias de
la salud. En este ambito, los profesionales deben aprovechar sus habilidades humanas -como el jui-
cio clinico, la empatia y la toma de decisiones éticas- mientras potencian sus capacidades cognitivas
mediante el uso de la tecnologia. De esta manera, la potenciacién entre ambos tipos de inteligencia
permitira desarrollar intervenciones mas precisas, personalizadas y efectivas en el cumplimiento de
sus propdsitos.

La IA puede contribuir a mejorar de forma notoria la gestion de la medicacion, la atencion al pacientey
los resultados en salud alcanzados, optimizando la prestacion de los SPFA™. Por ejemplo, mediante el
uso de algoritmos de IA y aprendizaje automatico (automatizado), los farmacéuticos pueden analizar
un gran volumen de datos de pacientes, incluidos registros médicos, resultados de laboratorio y perfi-
les de medicamentos, lo que favorece los resultados de los SPFA, debido a una mayor efectividad de®:

« El seguimiento y evaluacion de la efectividad y seguridad de la farmacoterapia.

« La estructuracién de recomendaciones/intervenciones informadas y adaptadas a las caracteristicas
particulares del paciente.
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« La identificacion de interacciones medicamentosas clinicamente relevantes y otros actores asocia-
dos a la variabilidad farmacoldgica.

Por su parte, en el contexto de los avances tecnoldgicos emerge el concepto de “Farmaco-inteligencia®,
como resultado de la integracién/articulacion de la IA, el aprendizaje automatizado y tecnologias avan-
zadas similares, en la practica farmacéutica, incluyendo la prestacion de los SPFA, con el objetivo de
mejorar la atencién, la seguridad y el logro de mejores resultados en salud del paciente®.

Con este referente, en un marco mas amplio, se ha establecido el concepto de FarmaclA™ o, en su ver-
sidn ajustada a la esencia de la quinta revolucién industrial, el de Farmacia 5.0¢. De forma global, la
industria 4.0 proporciona el contexto y soporte para el desarrollo de la Farmacia 5.0, destacando que,
la industria 5.0, se diferencia de la 4.0, en establecer la necesidad de la interaccidn/articulacion esen-
cial de los sistemas automatizados inteligentes con la inteligencia humana.

La Farmacia 5.0 se puede asimilar a un sistema de AF con las siguientes caracteristicas: a) centrado en
el paciente; b) estructurado y ejecutado por equipos interprofesionales; c) utilizacién de los principios
y conceptos de la industria 5.0 y tecnologias avanzadas: Big data, analitica de datos, IA, automatiza-
cién, farmacogendmica, monitores portatiles e impresion 3D de medicamentos y dispositivos médi-
cos; y d) finalidad de favorecer la optimizacién de la farmacoterapia y de aumentar el desarrollo y la
implementacién de tratamientos personalizados'®.

Propdsitos del sistema farmacia 5.0°);

« Maximizar la farmacoseguridad, la calidad y efectividad de la dispensacion, la adherencia terapéuti-
ca, los resultados terapéuticos, las intervenciones claves, la colaboracién intra equipo de atencién y el
cumplimiento normativo.

« Minimizar los errores en la cadena terapéutica (disponibilidad, prescripcidn, transcripcidn, dispensa-
cidén, administracion/uso y evaluacion de resultados alcanzados).

« Reducir la entrada de datos redundantes, las interrupciones no planificadas en la atencion, las tareas
sin valor agregado y las intervenciones menos efectivas.

Componentes relevantes del sistema farmacia 5.0°.

« Funciones claves “5C”: Sistemas ciber-fisicos, conexidon de datos, conversion de informacion de da-
tos, conocimiento y configuracion.

« Fundamentos tecnoldgicos “4T”: Tecnologias (1) de plataforma, (2) de datos, (3) analiticas y (4) ope-
raciones.

« Objetivos de atencidn al paciente (“3S”): (1) Seguridad de la medicacién (farmacoseguridad) inteli-
gente, (2) farmacia inteligente y (3) adherenciay resultados de la medicacion inteligentes (resultado de
la articulacion de las 5C y 4T, para brindar SPFA personalizados y efectivos a quien la necesita).

« Paciente: Centro y esencia del sistema.

Desde esta perspectiva, la inteligencia hibrida juega un papel clave al integrar la capacidad analitica
de la inteligencia artificial con los juicios individuales del profesional farmacéutico. Mientras que las
tecnologias avanzadas fortalecen los procesos cognitivos mediante el procesamiento de grandes vo-
limenes de informacién o la identificacidn de patrones que mejoren la toma de decisiones clinicas, la
inteligencia humana sigue siendo necesaria para la interaccién amable con los pacientesy la colabora-
cién con otros profesionales. Aspectos como la interpretacidn ética ante un caso clinico, la empatia en
la comunicacién con el paciente y la sensibilidad ante la particularidad de cada caso son dimensiones
en las que la inteligencia humana debe seguir siendo preponderante. Es decir, la tecnologia no reem-
plaza la inteligencia humana, sino que la amplifica en el plano légico-cognitivo, manteniendo intactas
las competencias humanas esenciales para una atencion integral y humanizada.

En este sentido, y considerando que los procesos y actividades realizadas por los seres humanos siem-
pre han estado mediadas por las dimensiones multiples de la inteligencia (han sido inteligentes), seria
conveniente adicionar, a los procesos y actividades, el término Inteligencia hibrida y, con ello, sugerir
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su atributo de “ultrainteligentes”. Propiedad resultante de la articulacion efectiva del pensamiento
automatizado inteligente con la inteligencia humana, siempre con el foco del bienestar y calidad de
vida de las personas. Por tanto, ;Sera posible hablar de SPFA-hibridos, con el atributo de ser ultralnte-
ligentes? Reto claro, con un camino con recorridos aun por dibujar.

. . d
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Resumen

Introduccidn: El presente estudio se centra en la mejora de la solubilidad y la velocidad de disolucién del brexpip-
razol con hidroxipropil B-ciclodextrina y acido succinico como solubilizador para la esquizofrenia.

Método: Brexpiprazol se obtuvo como muestra de regalo de CTX Life sciences, Sachin, Surat. La hidroxipropil beta
ciclodextrina fue donada por Good Health Pvt. Limitado. Ltd. Sachin, Surat. Los complejos binarios y ternarios se
prepararon utilizando tres métodos diferentes y se caracterizaron mediante espectroscopia infrarroja por transfor-
mada de Fourier, calorimetria diferencial de barrido, difraccién de rayos X y estudios de disolucién in vitro.

Resultados: Se observd que entre las diferentes proporciones de farmaco y polimero utilizadas, la proporcién 1:5
de farmacoy polimero para el complejo binario resulté ser la optimizada y el método de evaporacién del disolvente
dio los mejores resultados. Luego se preparé el complejo ternario usando esta proporcion en diferentes concentra-
ciones de acido succinico (0,25,0,5y 1 % p/p) y la concentracién éptima de cido succinico como solubilizador fue
del 1 %. Se encontrd que la liberacidn del farmaco era maxima del 92% en comparacién con el complejo binario.
Los resultados de la espectroscopia infrarroja por transformada de Fourier, la calorimetria diferencial de barrido y
la difraccidn de rayos X confirmaron la formacién de un complejo estable.

Conclusiones: Se concluy6 que el complejo ternario tuvo una liberacion maxima del farmaco del 92 % al final de 60
minutos, lo que resulté en una mejora de la solubilidad y la velocidad de disolucién.

Palabras clave: Esquizofrenia; Brexpiprazol; Complejo ternario; solubilidad de fase; tasa de disolucién

Abstract

Introduction: The present study focuses on the solubility and dissolution rate enhancement of Brexpiprazole with
Hydroxy Propyl 3-cyclodextrin and succinic acid as a solubiliser for schizophrenia.

Materials & Method: Brexpiprazole was obtained as a gift sample from CTX Life sciences, Sachin, Surat. Hydroxy-
propyl beta cyclodextrin was gifted by Good Health Pvt. Ltd Sachin, Surat. Binary and ternary complexes were pre-
pared using three different methods and characterized using the fourier transform infrared spectroscopy, differen-
tial scanning calorimetry, X-ray diffraction and invitro dissolution studies.

Results: It was observed that among different ratios of drug and polymer used, 1:5 ratio of drug and polymer for
binary complex was found to be the optimized and solvent evaporation method gave the best results. The ternary
complex was then prepared using this ratio in different concentration of succinic acid (0.25, 0.5 and 1 % w/w) and
optimum concentration of succinic acid as a solubiliser was of 1 %. The drug release was found to be maximum 92
% as compared to binary complex. The fourier transform infrared spectroscopy, differential scanning calorimetry
and X-ray diffraction results confirmed the formation of stable complex.

Conclusions: It was concluded that ternary complex had maximum drug release of 92% at the end of 60 minutes
resulting in solubility and dissolution rate enhancement.

Keywords: Schizophrenia; Brexpiprazole; Ternary complex; Phase solubility; Dissolution rate

Highlights
Solubility enhancement of Biopharmaceutical Classification System (BCS) class Il drugs is a need in

order to have the maximum drug dissolution and quick onset of action for diseases like schizophrenia
where the patients require quick onset of action and faster delivery of drug to brain.

Various polymers and techniques can be used as solubility enhancing agents among which cyclodex-
trin complexation is one of the highly recommended techniques. Using cyclodextrins in combination
with solubilizers like succinic acid are more effective as they give a synergistic effect to solubility en-
hancement.

The result obtained can be used for practically water insoluble drug’s solubility enhancement and can
be used to enhance the dissolution rate which can be used to make fast dissolving dosage forms.
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Introduction

People with schizophrenia experience a serious mental disease in which they interpret reality in an
unusual way. Childhood schizophrenia is an uncommon but dangerous mental disorder. Children with
the disease show poor emotional regulation and reasoning skills, which causes them to lose inter-
est in reality. Delusions include things like hearing or seeing things that aren’t there, hallucinations,
and false beliefs.- Delusions, or irrational, incorrect beliefs, or hallucinations, or misleading sensa-
tions involving any sensory modality, are the most typical characteristics of psychotic conditions®.
The development of new neurotherapeutics is limited by the challenges associated with translocating
molecules across the blood-brain barrier (BBB) and the low water solubility of most of the new medi-
cation candidates. Because non-target regions, particularly those outside the central nervous system,
are exposed to larger drug concentrations, poor solubility increases systemic exposure. This raises
the possibility of adverse outcomes®?.-Solubility can be enhanced by using various techniques like
co-solvency, complexation, hydrotropy, cryogenic method, liquisolid compact, high pressure homoge-
nization, manipulation of solid state, micellar solubilisation, microemulsion & self-emulsifying system,
micronization, nano crystallization, nanosuspension, neutralization, cosolvency, particle size reduc-
tion, pH adjustment, solid dispersion, solubilisation, precipitation, salt formation, solvent deposition,
sonocrystallization, spray drying, supercritical fluid process“®.Cyclodextrins (CDs) have received in-
creasing attention in pharmaceutical field because of their ability to enhance solubility, stability, and
bioavailability through the formation of inclusion complexes%. However, it is imperative that phar-
maceutical dosage form should contain appropriate and approved concentration of CDs, because use
of excess amounts of CDs may lead to potential toxicity and other related side effects, which may im-
pede its use in drug development. Hence, optimization of complexation process and possibility to ex-
plore multicomponent systems to gauge the cyclodextrin concentration within permissible limits and
further improve efficiency in terms of dissolution and bioavailability were mandated. In this context,
the influence of additional (ternary) components in enhancing cyclodextrin solubilization of poorly
water-soluble drug has received research focus and momentum over the years™?.

The current study attempts to improve brexpiprazole’s solubility and dissolution. Atypical antipsychot-
ics like brexpiprazole are prescribed to treat schizophrenia and depression in addition to depression.
It’s practically water-insoluble nature leads to an extended half-life of 91 hours and a protein binding
percentage of >99%. Brexpiprazole was found to be 0.0063 mg/ml soluble in water at pH 7.0. Drug dis-
solving rate is slowed down by low water solubility. In this investigation, hydroxypropyl 8 cyclodextrin
and a solubilizer succinic acid were used to produce a ternary complex, which improved the solubility
and dissolution of brexpiprazole®>*?,

Figure 1. Structure of brexpiprazole

Ars Pharm. 2025;66(2):126-138 128



Neha C, Patel A, Patel R.

Material and Methods

Materials

Brexpiprazole was obtained as a gift sample from CTX Lifesciences Pvt. Ltd. located in Sachin, Surat,
Gujarat, India. A gift sample of hydroxypropyl B cyclodextrin was also provided from Good Health Pvt.
Ltd. in Sachin, Surat, Gujarat, India. All other ingredients were of analytical grade.

Methods

Phase solubility studies

Phase solubility studies were conducted to examine the drug’s solubility in HPBCD solutions at several
concentrations (4-20 mM/L). A saturated solution was generated in a vial by gradually adding excess
medication to each of the various solutions. After being screwed shut and sealed, the vials were agitat-
ed at room temperature for a full day. The samples were taken out and filtered using a 0.22 pm nylon
filter after a 24-hour period. After that, these saturated systems were examined using a UV spectropho-
tometer set at 214.5 nm419,

Buffer solubility studies of the brexpiprazole:

Solutions of various pH values were generated in order to determine the drug’s saturation solubility at
various pH values (pH 2, 3, 5, 6, 8, and 9). The drug was gradually added to each vial of buffer solution
until a saturated solution was achieved. Each buffer solution was taken in its own vial. After that, all of
the solutions were left to agitate for a full day. The samples were taken out and filtered using a 0.22 um
nylon filter after a 24-hour period. After the filtrate was diluted, a UV spectrophotometer was used to
measure the absorbance™,

Preparation of Binary Complex of Drug and Hydroxy propyl beta cyclodextrin

The inclusion complex of drug and HPRCD was prepared by three different methods including physical
mixture, kneading method and solvent evaporation method by taking three different ratios of drug:
HPBCD 1:1, 1:3 & 1:51620),

Physical mixture

The drug powder that had been milled was combined with HP-3-CD in several drug to CD ratios, such
as 1:1, 1:3, and 1:5, to create the physical combinations. After going through sieve mesh #60, the mixes
were kept in a desiccator until more testing was completed.

Kneading method

With precision, various ratios of Brexpiprazole: HP-3-CD were weighed. In order to get a slurry-like con-
sistency, a tiny amount of ethanol: water (1:1 v/v) was added to the mortar along with HP-3-CD. After
that, the medication was gradually added to the slurry, and trituration was carried out for an additional
forty-five minutes. After a 24-hour drying period at 45°C, the slurry was grinded, put through a no. 60#
filter, and kept in desiccators until needed again.

Solvent Evaporation Method

After dissolving the medication in 20-25 ml of ethanol, the mixture was stirred magnetically until a
transparent solution was created. The necessary quantity of cyclodextrin was added to the clear solu-
tion to make it clear, and the mixture was heated intermittently to produce the dry residue. After being
scraped from the beaker, the dried residue was ground into a fine powder and put through a sieve with
a 60# mesh.

Preparation of ternary complex and its characterization

According to the research, the solvent evaporation approach yielded an 80 % drug release in salivary
medium at the conclusion of a 60-minute duration. One to five was the ideal ratio. Thus, the ternary
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complex was prepared using this optimized ratio (1:5) and solvent evaporation method. The medica-
tion was dissolved in the least amount of solvent possible and stirred with a magnetic stirrer until a
transparent solution formed. To create a clear solution, cyclodextrin was combined with the necessary
amount of succinic acid as solubiliser at varied concentrations (0.25 %, 0.5 %, and 1 % w/w) separately.
After that, the mixture were heated sporadically on the magnetic stirrer until the solvent had complete-
ly evaporated. After being scraped from the beaker, the dried residue was ground into a fine powder
and put through a 604 sieve9222),

In vitro dissolution studies

Through the dissolution of the complexes formed in water and salivary buffer, the inclusion complex
was optimized. Using the United States Pharmacopoeia (USP) dissolution tester Lab India Disso Smart
8S, in vitro dissolution tests were carried out under sink conditions for medication cyclodextrin com-
plexes. 900 mL of distilled water kept at 37.0+0.5 °C and rotating at 100 rpm made up the dissolving
media. Weighing precisely, 10 mg of the drug’s equivalent of powder complex was placed into each
vessel. At predetermined intervals of 15, 30, 45, and 60 minutes, 5 mL samples were manually removed
and filtered using a 0.22 um nylon filter. Using a UV spectrophotometer, the drug concentration in the
sample was determined.

Fourier transform infrared spectroscopy

Infrared spectra were recorded on FTIR (Nexus FTIR, J Thermo Nicolet, and USA). In order to create
the sample disk, 1-2 mg of a solid sample was grinded in the mortar and was quickly triturated with
0.10-0.20 g of potassium bromide for infrared spectrophotometry. Care was taken to prevent moisture
absorption. The pellet was then placed in the sample holder of the FTIR spectrometer. And the IR spec-
trum was recorded in the desired range (usually 4000-400 cm™).

Differential scanning calorimetry

The differential scanning calorimetry measurement was performed using a DSC. A sample of 3-10 mg
was weighed in aluminium pans and crimped. The samples were heated over a temperature range of
0 - 350 °C at a constant rate of 10 °C/min under nitrogen flow of 20 mL/min. An empty aluminium pan
was used as a reference.

X-Ray Diffraction (XRD) studies

This study was performed at PW1710 X-ray diffractometer with Cu as anode material and graphite
monochromator, operated at a voltage of 35 kV, current 40 mA in the 28 angle range of 10-70 °C with
scan time of 0.5 s. The X-ray diffractogram showed narrow and broad peaks reflecting the nature of
drugs, excipients and complexes.

Results

Results & Discussion

Phase solubility determination:

Phase solubility tests show that when the molar concentration of hydroxy propyl beta cyclodextrin
increases, the drug’s concentration climbs linearly. The stability constant’s value was ascertained by
applying the Higuchi & Conors method. Based on the Kc value, it was also thought that the medication
and polymer showed a 1:1 stoichiometric ratio. With a stoichiometric ratio of 1:1 between the drug and
polymer, and a better complex formation, the values of Kc were found to be 176 and 133 cm™in water
and buffer, respectively. An A -type graph was also anticipated because the medication concentration
increased linearly with the HPBCD concentration. (Table 1).
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Table 1. Phase solubility of drug in water and buffer

Medium mM/L conc. R? Kc (M?) Graph type
Water 4-20mM/L 0.98 133 A type
Buffer 4-20mM/L 0.97 176 A type

pH solubility studies of brexpiprazole

pH solubility studies are critical in evaluating how a drug’s solubility changes across different pH levels,
which reflect the physiological conditions of the human body, particularly in the gastrointestinal tract.
These studies are especially important for weakly acidic or basic drugs, as their ionization state—and
therefore solubility—can vary significantly with pH. The ionization of a compound affects its dissolu-
tion and absorption in the body, impacting its bioavailability. Understanding solubility at various pH
levels can guide the design of formulations to improve drug solubility and absorption. pH-dependent
solubility profiles can assist in predicting drug absorption and identifying potential challenges in drug
delivery systems, aiding in the development of more effective pharmaceutical formulations. It was
found that the drug has maximum solubility at acidic pH 4. Amongst different pH range it could be pre-
dicted that as it was maximum soluble at 4 pH it would be weakly basic in nature® (Table 2).

Table 2. pH solubility profile of Brexpiprazole

S. No. pH Conc of drug (mg/ml) Drug conc(mg/ml)
1 2 0.0063 0.0063+0.0001
2 3 0.0208 0.0208+0.0001
3 4 0.0346 0.0345+0.0001
4 5 0.0297 0.0297+0.0003
5 6 0.0064 0.0064+0.0001
6 8 0.0060 0.0060+0.0001
7 9 0.0055 0.0055+0.0001

In vitro drug release

Using a USP type Il equipment dissolution device, the drug dissolving tests were conducted in vitro at
37 +0.5 °C. Three distinct approaches were used to conduct drug dissolving tests in water and salivary
buffer pH 6.8 for various drugs and the HPBCD binary complex. The solvent evaporation method was
discovered to be the optimal approach, and the optimized ratio was found to be 1:5. The highest drug
release in the binary complex was discovered to be 86.10 % after 60 minutes. In order to create the
ternary complex, this optimized batch of complex was utilized together with varying concentrations of
succinic acid as a solubilizer (0.25, 0.5, and 1 % w/w). At the end of the 60-minute period, 92 % of the
ternary complex’s medication was released. Therefore, it can be inferred that the addition of a co-sol-
ubiliser, succinic acid at a concentration of 1 % w/w resulted in maximal drug release. Additionally, hy-
droxypropyl beta cyclodextrin and succinic acid demonstrated a synergistic effect that improved drug
release and sped up the beginning of action. (Table 3 and 4).
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Table 3. Drug release profile of binary complex

Method Drug:HPBCD Ratios Maximum percent cumulative drug
release
11 20.56+1.78
Physical mixture 13 34.33+2.0
1:5 35.50+2.45
1:1 39.24+1.54
Kneading method 1:3 56.56+1.45
1:5 61.60+2.04
1:1 53.14+1.65
Solvent evaporation method
1:3 67.09+2.31
1:5 86.10+2.11
Table 4. Drug release profile of ternary complex
Time (min) %Drug Release
Ternary Complex 0.25 Ternary Complex Ternary Complex
% (w/w) 0.5 % (w/w) TC 1 %(w/w)
0 0 0 0
15 54.90£1.11 59.48+2.01 57.00+1.44
30 55.28+1.43 61.50+1.67 59.55+1.23
45 57.75+£1.78 62.10+2.61 89.63+1.99
60 63.68+1.23 70.13+£2.22 91.95+1.56

FTIR Studies

Standard FTIR of the drug shows characteristic peaks of -C-O stretching at 1219.06 cm?, -C=0 ketone
at 1653.73, CH alkane stretch at 2815.89 and secondary NH amine group at 3429.90 cm(lllustrated
in figure 1). In case of binary inclusion complex the physical mixture did not show any change in shift
in peaks as compared to standard drug indicating no complex formation. Comparatively, in case of
inclusion complex the characteristic peaks shifted to 1250, 1600, 2900 and 3300-3400 cm of the re-
spective functional groups in the pure drug. This shift in peaks and also the decrease in peak sharpness
or broadening of peak indicate the formation of complex. When a ternary complex is prepared using
succinic acid it was found that the characteristic drug peaks of -C-O stretching at 1219.06 cm?, -C=0
ketone at 1653.73, CH alkane stretch at 2815.89 and secondary NH amine group at 3429.90 cmshifted
to 1153, 1650.17, 2901.06 and 3047.77 cm™ of the respective functional groups. These shifts of peaks
confirmed the formation of ternary complex. The FTIR graph of binary and ternary complex s illustrat-
edinfigure 2 and 3.
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Differential Scanning Calorimeter

Differential Scanning Calorimetry (DSC) is a thermal analysis technique used to measure the heat flow
associated with material transitions as a function of temperature or time. This method provides critical
insights into the thermal properties of substances, such as melting point, crystallization, glass transi-
tion, and thermal stability, which are crucial for material characterization in fields like pharmaceuti-
cals, polymers, and food science. DSC is particularly valuable in the pharmaceutical industry for study-
ing drug-excipient compatibility, polymorphism, and the solid-state stability of active pharmaceutical
ingredients (APIs). DSC can effectively identify phase transitions in drug substances, which helps op-
timize formulation processes by ensuring the stability and efficacy of the final product. To create the
medication, solubilizer, and cyclodextrin complex, the solvent evaporation method was employed. The
medication cyclodextrin and solubilizer complex’s DSC data verified the complex’s formation. The pure
drug DSC exhibited a prominent endothermic peak in the binary complex, close to its melting point of
184.4 °C. The physical mixing of the binary complex likewise showed no alterations in minor peak as
compared to pure drug. However, at 86.68 °C, the complicated endothermic peak was observed. Along
with the peaks decrease in length, the peak was also seen to be broad in nature. This suggested the
formation of an inclusion complex. When the DSC of the ternary complex was compared to the stan-
dard drug, the ternary complexss endothermic peak was observed at 87.39 °C, nearly parallel to the
base line, suggesting the formation of a more stable complex. Additionally, the ternary complex was
significantly more stable than the binary complex since it had a greater drop in peak area and enthalpy
value®. The DSC curve of pure drug is shown in (figure 4) while the overlay graph of DSC of binary and
ternary complex is shown in (figure 5).
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XRD Studies

The ternary complex, binary complex, and pure drug were all studied using XRD. The pure drug’s dif-
fractograms showed a number of strong peaks, indicating that they were crystalline in nature. On the
other hand, the diffractograms of the binary complexes showed a notable reduction in peak intensity
(@amorphization), and the ternary complex showed an even greater reduction in peak intensity when
compared to the binary complex. This suggested that the drug’s crystalline to amorphous state shifted,
increasing its solubility and dissolution. X-ray Diffraction (XRD) studies are widely employed to analyze
the crystalline structure of materials, providing essential information about the phase composition,
crystallinity, and molecular arrangement within a product. This technique is particularly important in
the pharmaceutical field, where it is used to differentiate between polymorphic forms of a drug, assess
the degree of crystallinity, and ensure batch-to-batch consistency of solid-state products. XRD can also
be used to detect amorphous content, which is critical for understanding solubility and bioavailabil-
ity. XRD analysis plays a vital role in pharmaceutical development by helping identify different solid
forms of a drug substance, which can significantly impact its therapeutic performance and stability.
The results of XRD of pure drug, binary complex and ternary complex are illustrated in an overlay form
in (figure 6).
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Figure 6. XRD graph of pure drug, binary and ternary complex

Conclusion

The studies mentioned above indicated that the ternary complex enhanced the solubility of brexpip-
razole, resulting in a higher rate of dissolution and quicker onset of action. One of the preferred com-
plexation methods was presumed to be solvent evaporation, and succinic acid was thought to be a
promising solubilizer for developing a ternary complex.
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Resumen

Introduccién: El flurbiprofeno actda bloqueando las enzimas ciclooxigenasa (COX) del organismo para que no re-
alicen su funcién normal. El estudio produjo comprimidos de flubiprofeno de larga duracién mediante compresion
directa con polimeros carbopol, HPMC K100M y HPMC K4M. El flubiprofeno es un antiinflamatorio no esteroide.

Método: La investigacién formula y desarrolla comprimidos de liberacién sostenida de flubiprofeno por com-
presion directa con polimeros carbopol, HPMC K100M, y HPMC K4M. La mayor concentracion de flubiprofeno en
etanol, segln las pruebas de preformulacién, fue de 215 nm.

Resultados: Se examing el grosor, el didmetro, el contenido de medicamento y la friabilidad de la tableta compri-
mible. Todos los examenes fueron buenos. El indice de compresibilidad, la densidad aparente, el dngulo de repo-
so y la densidad roscada mostraron buenos resultados para la mezcla de comprimidos. Se realizaron pruebas de
liberacién in vitro utilizando un dispositivo USP tipo Il a 50 RPM, HCl 0,1 N en el medio de disolucién durante dos
horas, y tampén fosfato pH 6,8 durante seis horas a 37 +0,5°C. Un espectrofotémetro UV-visible con un ajuste de
215 nm evalud la liberacién del farmaco en diferentes periodos. Esta investigacién sobre la formulacién indicé una
liberaci6n del 99,25% del farmaco a partir de F2.

Conclusiones: Una de las ventajas de la forma farmacéutica de liberacidn sostenida es que permite administrar
un medicamento de forma gradual durante un periodo de tiempo prolongado para mantener constante el nivel de
concentracién en sangre. Esto puede mejorar el cumplimiento del paciente y aumentar la produccién de farmacos.

Palabras clave: Flubiprofeno, Liberacidn sostenida, Disolucién, Polimero, DOE, Calidad por disefio.

Abstract

Introduction: Flurbiprofen acts by blocking the cyclooxygenase (COX) enzymes in your body from carrying out their
normal function. The study made flubiprofen tablets that last a long time by directly compressing them with car-
bopol, HPMC K100M, and HPMC K4M polymers. An anti-inflammatory non-steroid is flubiprofen.

Method: The research formulates and develops sustained-release flubiprofen tablets by direct compression with
carbopol, HPMC K100M, and HPMC K4M polymers. The highest flubiprofen concentration in ethanol, according to
pre-formulation tests, was 215 nm.

Results: The compressibility tablet was tested for thickness, diameter, medication content, and friability. Every
exam was good. The compressibility index, bulk density, angle of repose, and tapped density showed good results
for the tablet mix. In-vitro release tests were performed utilizing a USP device type Il at 50 RPM, 0.1 N HCl in the dis-
solving media for two hours, and phosphate buffer pH 6.8 for six hours at 37 +0.5°C. A UV-visible spectrophotometer
with a 215 nm setting assessed drug release at different periods. This formulation research indicated 99.25 % drug
release from F2.

Conclusions: One benefit of the sustained release dosage form is that it allows a medication to be administered
gradually over an extended period in order to keep the blood level of concentration constant. This may improve
patient compliance and increase drug output.

Keywords: Flubiprofen, Sustained release, Dissolution, Polymer, DOE, Quality by Design

Highlights
In this study, the flurbiprofen tablet was formulated by using the direct compression method which
includes carbopol, HPMC K100M, and HPMC K4M polymers.

SR formulations were developed to improve drug function by lengthening half-lives, decreasing fre-
quency of administration, minimizing side effects, lowering dose, and delivering the medication in the
shortest time using the least amount through the most effective route.

This study aims to maximize yield percentage and flow quality while reducing moisture. The factorial
design used statistics to find the best formulation parameters and looked at how the spray dryer’s pro-
cess parameters affected the co-excipient’s moisture content, percentage yield, and compressibility in-
dex. It also looked at the effects of these parameters on each other and on a quadratic scale. Quadratic
and linear response surfaces were examined utilizing Design Expert’s 3-factor, 3-level design.
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The study found that in vitro dissolution was successful. Batch F2 had the highest drug release rate of
99.25%, according to the formulation. So batch F2 is optimized.

Introduction

Painful disorders like migraines, sprains and strains, menstruation pain, and arthritis can all be treated
with flurbiprofen. It is also recommended to reduce discomfort following surgery™.

The way that flurbiprofen functions is by preventing your body’s cyclo-oxygenase (COX) enzymes from
doing their job. These enzymes aid in the body’s production of prostaglandins, another type of mole-
cule. At the locations of damage or injury, some prostaglandins are created, which results in pain and
inflammation. Pain and inflammation are reduced because fewer prostaglandins are generated when
COX enzymes are blocked®.

Additionally, flurbiprofen is sold as throat lozenges and eye drops. Two different medication pamphlets
named Flurbiprofen eye drops and Flurbiprofen lozenges have more information about these®.

Most non-steroidal anti-inflammatory drugs (NSAIDs) block cyclooxygenase in a non-selective manner,
thereby inhibiting the enzymes COX-1 and COX-2. Flubiprofen is part of a class of medications known
as propionic acid derivatives. This prescription is a suitable candidate for a controlled or sustained-re-
lease medicine because it requires three to six daily doses and has a plasmatic half-life of one to two
hours, potentially limiting drug release in the upper Gl tract. The kind and amount of polymer utilized
in the preparations has a big impact on how quickly the medication releases from the dosage form®.

We developed a sustained-release formulation specifically for patients who required reasonably con-
sistent blood levels over an extended period, thereby eliminating the need for multiple dosage sched-
ules®.The sustained release drug delivery system (SRDDS) seeks to minimize side effects while releas-
ing medication at a predetermined rate. The main goal of developing SR formulations was to improve
the way drugs functioned by lengthening their half-lives, decreasing the frequency of administration,
minimizing side effects, lowering the required dose, and delivering the medication in the shortest
amount of time using the least amount through the most effective route®®®. Therefore, the current
work aims to develop flubiprofen tablets that gradually release medication through a variety of hydro-
philic polymers. We employ the hydrophilic polymers of HPMC K100M, HPMC K4M, and Carbopol 940
for tablet formulation, and add relevant additives using the direct compression process®.

Methods

Materials*%1%

Flubiprofen, magnesium stearate, and talc are procured from a research lab chem industry in Mumbai,
and HPMC K 100 m, HPMC K 4M, carbopol, avicel, and lactose are the other excipients; they were col-
lected from the Modern Industry C-74, MIDC Malegaon, India.

Pre-formulation study

Characterization of drug

The organoleptic properties of flubiprofen: The organoleptic characteristics of the Flubiprofen drug
sample, such as color and odor.

Melting point determination: The capillary technique was used to determine the drug’s melting point.

Solubility determination: Different solvents, including water, alcohol (ethanol/ ethyl alcohol), ether,
acetone, and chloroform, were used to test the drug’s solubility.

UV spectra (A max): Flubiprofen 100 mg was weighed, transferred into a 100 ml volumetric flask, and
then mixed with alcohol to make 100 ml. It contained 10 mg/ml of the normal stock solution of flubi-
profen. Dilutions were made from this solution, and max was then determined.
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Standard curve of flubiprofen: The flubiprofen is dissolved in ethanol and then prepared the 5 dilu-
tions 10 pg/ml, upto 50 pg/ml) and calculate the absorbance with the help of UV.

Formulation table
Formulation table of sustained release tablet of flubiprofen represents in table 1.

Table 1. Formulation table of sustained release tablet of flubiprofen

Sr. Ingredients (mg) F1 F2 F3 F4 F5 F6 F7 F8
No

1 Flubiprofen 200 200 200 200 200 200 200 200
2 HPMC K100M 10 15 15 10 15 10 10 15
3 Carbopol 15 20 15 20 15 20 15 20
4 HPMC K4M 20 20 20 25 25 20 25 25
5 Avicel 15 15 15 15 15 15 15 15
6 Magnesium Stearate 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
7 Talc 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
8 Lactose QS Qs Qs Qs Qs Qs Qs Qs

Sr. No: Serial Number, QS: Quantity sufficient

Total weight of each tablet =320 mg

Method of preparation

The Various batch formulations of tablets (F1-F8) were made using the direct compression technique.
Flubiprofen, a pure medication, and the polymers, HPMC K4M and K100M Carbapol, were each passed
through #40 sieves separately before being thoroughly combined in a mortar and pestle for ten min-
utes. After going through #40 sieves, lactose and Avicel were added to this mixture and vigorously
mixed for five minutes. After going through #60 sieves, there was adequate talc and magnesium stea-
rate to lubricate this powder blend. Next, using 8 mm circular punches to hardness 4-5 kg/cm?, the
necessary amount of powder was weighed and manually fed into the single punch rotary machine to
manufacture tablets weighing 320 mgt&17,

Experimental design

The experimental design was used to optimize the processing parameters. Developing and improving
medication delivery systems is frequently accomplished through the application of response surface
methodology (RSM). Using a range of experimental designs, polynomial equations are generated, and
the response is mapped throughout the experimental domain to determine the optimal formulation
or formulations, all in accordance with the design of experiments (DOE) principle. The procedure is
substantially more cost-effective and efficient than the conventional methods of producing dose types
since it requires the least amount of effort and experimentation. The current study has chosen to maxi-
mize yield percentage and flow property while lowering moisture content as its objective function. The
formulation parameters were statistically optimized using the factorial design, which also allowed for
the evaluation of the primary, interaction, and quadratic impacts of the spray dryer’s process parame-
ters on the co-excipient’s moisture content, yield percentage, and compressibility index. Using Design
Expert, the quadratic and linear response surfaces were investigated using a 3-factor, 3-level design.
Based on the Design Expert software’s analysis of variance (ANOVA) feature, the polynomials’ statistical
validity was determined. A significant threshold of p &it; 0.05 was used. Formulation and Development
of Flubiprofen Sustained Release Tablet: The mathematical model that fitted the data the best was
chosen through comparison of various statistical parameters, such as the predicted residual sum of
squares (PRESS), the multiple correlation coefficient (R?), the adjusted multiple correlation coefficient
(adjusted R?), and the coefficient of variation (CV)©&29),
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When comparing the selected model to the other models being considered, PRESS—a measure of how
well the model matches the data—should be small. The 2-D contour plots and 3-D response surface
graphs were also generated by the Design Expert® application. To illustrate how the elements, interact
to affect answers, these graphs are helpful. The experimental design was employed to maximize the
processing parameters®Y,

Levels selection of parameters of flubiprofen sustained released tablet:

The trial batch served as the foundation for choosing the level of independent elements. Table 2 shows
the translation of the coded level in actual units. Table 3 shows Factorial design was used in the exper-
imental design to optimise the processing parameters of the flubiprofen sustained-release tablet®?.

Dependent factors (response)
« Friability

« Dissolution

Table 2. Translation of the coded level in actual units

Sr. Independent Factor
No. Coded Level
HPMC K4M HPMC K100M Carbopol
(X1) (X2) (X3)
1 Lower Level (-1) 10 15 20
2 Higher Level (+1) 15 20 25

Table 3. Factorial design was used in the experimental design to optimise the processing parameters of the flubi-
profen sustained-release tablet.

Sr. No. Run Friability Dissolution
(Factor 1) (Factor 2)
1 1 0.518 74.42
2 2 0.515 99.25
3 3 0.520 99.11
4 4 0.520 92.18
5 5 0.518 97.02
6 6 0.512 82.31
7 7 0.520 92.08
8 8 0.526 79.58
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Evaluation Parameters of Flubiprofen Tablet

Pre-formulation evaluation methods**2%

Determine the bulk density

Flubiprofen granules’ bulk density was calculated by measuring the volume of the packing after a
weighed quantity of granules was added.

Formula-

Weight of the powder
Bulk density = g ! P

Volume of the packing

Tapped density

The tapping method was used to determine the tapped density. Once the beginning volume was noted,
a predefined quantity of granules was placed within a measuring cylinder. Next, tapping the cylinder
was done until the granules’ volume stopped changing. The final volume of the tapped packing was
then recorded.

Formula -

weight of the powder

Tapped density =
PP ¥ volume of the tapped package

Carr’s index

The compressibility index of the granules was calculated using Carr’s index. The proportion Carr’s in-
dex can be computed using the process below.

Formula -

TD—BD
Carr's index (%) = —p X 100

Haunser’s ratio

The Hausner ratio is the ratio of the bulk density to the tapped density. The granule flow is judged as
unsatisfactory if the Hausner ratio is greater than 1.25, while flow properties are regarded as excellent
ifitis less than 1.25.

Formula-

Tapped density

Haunsers ratio =
bulk density

Angle of repose

The angle of repose is calculated as the arctangent of the ratio between the height (h) and radius (r) of
aconical powder pile. It can be achieved within the space between the horizontal plane and the surface
of the powder heap that is not supported by anything. The fixed funnel is positioned with its tip set at a
vertical distance h above the graph paper, which is laid out on an even and level surface. The powder is
progressively added to the funnel until the conical heap’s peak is just barely touching the funnel’s tip.
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Formula -

h
Angle of repose = tan — 1—
r

Where,
r = Radius of the base of the pile
h = Height of the pile

8= The angle of repose

Post-compression evaluation methods®?"=%

Hardness

The strength of the pillis indicated by its hardness. By calculating the force required to break the tablet,
you may test it. The force is measured in kg. Calculate the hardness of 5 tablets from the formulation.

Percent friability

Tablet strength is gauged by friability. In this test, many tablets are dropped to a distance of 6 inch-
es during each rotation of a plastic chamber rotating at a speed of 25 rpm, subjecting the tablets to
the combined effects of shock and abrasion. In Roche friability, a sample of pre-weighed tablets was
put, and the device was then turned on and off 100 times. The tablets were afterward cleaned and
reweighed. Generally speaking, a weight decreases of less than 1 % is acceptable. The formula used to
compute percent friability (% F),

Formula -

Initial Weight — Final weight
Percent friability = — - X 100
Initial weight

Dimension (thickness and diameter)

The thickness and diameter of the tablets determined the uniformity of tablet size. The diameter and
thickness of the tablets were measured with a Vernier caliper. For each type of formulation, five tablets
were used to calculate the average values.

Disintegration

To find each formulation’s disintegration time, we used six Tablets. The pH 6.8 phosphate buffer solu-
tion, which served as the disintegration medium, was carefully kept at 37+0.5°C. Using a media capac-
ity of 900 ml, the average disintegration time of six tablets was determined.

In-vitro dissolution studies

The dissolve experiments for the flubiprofen SR tablets were carried out using the USP dissolving test-
ing apparatus Il, namely the paddle type. For the first two hours of the in-vitro dissolving experiment,
an acidic solution (0.1 N HCl) was used. After that, the mixture was spun at 50 revolutions per minute
and 37°C while the 6.8-pH phosphate buffer in 900 mg was utilised as the dissolving medium. Every
six hours, 5 mg of the material were taken out of the dissolving apparatus. An equivalent volume of
medium was utilised in place of the samples. The absorbance of these solutions was measured with
a UV spectrophotometer, and the result was 215 nm. The drug concentration released at various time
intervals was calculated using the traditional graph. To analyze the drug release pattern, plotting the
cumulative proportion of medication release against time was done. The rates of drug release were
established®2.
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Results

Preformulation study

Organoleptic properties of flubiprofen: The sample of flubiprofen was studied for organoleptic such
as color is White, odour is slight and appearance is crystalline power.

Melting point determination result: Flubiprofen melting point was measured by using the capillary
technique. According to IP, the melting point of flubiprofen was found to be between 74 °C to 76 °C.

Solubility determination: The solubility of flubiprofen was checked in different solvents and it is sol-
uble in ethanol and is insoluble or partially soluble in Water.

UV spectrum (A max):

0 Tt ;
200 250 300 350 40
Wavelength[nm]

Figure 1. UV visible Spectrum of flubiprofen in ethanol

Standard curve of Flubiprofen

Table 4. Concentration and absorbance of flubiprofen drug

Sr. No. Concentration (ppm) Absorbance
1 10 0.177
2 20 0.261
3 30 0.295
4 40 0.393
5 50 0.505
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Standard Curve of Flubiprofen
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Figure 2. Calibration curve of flubiprofen

The flubiprofen was scanned and the wavelength (max) was found to be 215 nm in ethanol using a
UV spectrophotometer. It was found that flubiprofen shows absorbance in the UV range of 200 to 350
nm. The equation of the regression line was obtained Y= 0.0079x + 0.0898 and the regression value R*=
0.97. Figure 1 shows UV visible spectrum of flubiprofen in etanol and figure 2 shows calibration curve
of flubiprofen.

Evaluation parameters

Pre-compression parameters

Table 5. Pre-compression Evaluation parameters results

Sr. Batch Bulk density Tapped Angle of repose Haunser s Cl (%)
No (g/ml) density (0) Ratio
(g/ml)
1 F1 0.40 0.48 32.61 1.20 16.66
2 F2 0.40 0.47 32.61 1.17 14.89
3 F3 0.39 0.49 32.52 1.25 20.40
4 F4 0.38 0.52 33.06 1.36 26.92
5 F5 0.40 0.50 31.59 1.25 20.00
6 F6 0.41 0.52 33.22 1.26 21.15
7 F7 0.43 0.47 33.42 1.09 8.51
8 F8 0.41 0.52 32.29 1.21 21.15

Cl: Compressibility Index
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A number of characteristics, including as tapped density, bulk density, Haunser’s ratio, Carr’s com-
pressibility index, and angle of repose, were evaluated for formulating flubiprofen and other excipi-
ents. flubiprofen and the other excipients were also subjected to measurements and analyses of these
parameters. The bulk density ranged from 0.38 to 0.43 g/cm?®, and the tapped density ranged from 0.47
to 0.52 g/cm?®. It was found that both values fell within the required range. These two density mea-
surements were used to calculate Carr’s compressibility index. Hausner’s ratio and the compressibility
index were used to find that all powder mixes had flow characteristics that ranged from good to ac-
ceptable.

The compressibility index ranged from 8.57 % to 26.92 %, and the Hausner’s ratio varied from 1.09 to
1.36. The angle of repose provided the best explanation for the flow characteristic of all powder combi-
nations. It was found that the angle of repose ranged from 32.29° to 33.42°. All powder blends exhibited
well to acceptable flow characteristics, according to the angle of repose test (Table 5).

Post-compression evaluation parameters result

Table 6. Evaluation parameters result of post compression

Sr. Formulation Hardness Thickness Diameter Friability Weight
No n number (kg/cm?) (mm) (%) Variation
1 F1 4.00 5.776 8.00 0.518 315
2 F2 4.00 5.846 8.00 0.515 320
3 F3 5.00 5.798 8.00 0.520 317
4 F4 4.00 5.822 8.00 0.520 319
5 F5 5.00 5.832 8.00 0.518 320
6 F6 4.00 5.832 8.00 0.512 322
7 F7 5.00 5.776 8.00 0.520 321
8 F8 4.00 5.940 8.00 0.526 320

The table displays the post-compression parameters for all formulas. The thickness ranged from 5.766
mm to 5.846 mm, suggesting a consistent thickness across all samples. All formulations had a diameter
of 8mm and there was no statistically significant difference seen. The hardness of all formulations falls
within the range of 4.00 to 5.00 kg/cm?. The friability, which measures the tendency of the tablet to
crumble or break, was found to be less than 1%, showing that the tablets have good integrity (Table 6).

In-vitro dissolution studies result

Table 7. In vitro dissolution studies of different batches.

Sr. Buffer Time F1 F2 F3 F4 F5 F6 F7 F8
No Medium
(pH)

1 0.1 N HCl 00 00 00 00 00 00 00 00 00
2 1 1022 | 401 | 308 | 506 | 387 | 347 | 9432 | 14.86
3 2 2084 | 2017 | 27.57 | 3195 | 1527 | 945 | 1623 | 3347
4 | Phosphate 3 2832 | 5229 | 3870 | 5500 | 1851 | 1834 | 38.14 | 53.96
5 buffer 4 3505 | 6649 | 4948 | 6558 | 33.52 | 1892 | 52.52 | 58.04
6 6.8 pH 5 4640 | 8179 | 6595 | 75.84 | 6213 | 3150 | 67.00 | 59.78
7 6 56.78 | 86.38 | 8841 | 84.75 | 794 | 5037 | 81.80 | 63.76
8 7 6346 | 87.46 | 94.09 | 90.46 | 90.42 | 6383 | 90.89 | 7173
9 8 7442 | 9925 | 9911 | 9278 | 97.02 | 8231 | 9208 | 79.58
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In-vitro Dissolution Study of Sustained Release Flubuprofen Tablet
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Figure 3. In-vitro dissolution study of flubiprofen sustained release tablets

The USP type Il dissolution test apparatus paddle type was used to investigate the dissolution of the
manufactured formulation using 900 ml of phosphate buffer solution (PH 6.8). The medication release
data expressed as a percentage in a table. The F2 formulation in this formulation research demon-
strates 99.25% drug release (Table 7 and Figure 3).

Discussion

We examined the Flubiprofen sample’s white color, mild flavor, and crystalline power look. Flubipro-
fen melts at 74-76°C, according to IP. It dissolves in ethanol, whereas water does not. We used a UV
spectrophotometer to scan Flubprofen in ethanol and discovered the maximum wavelength at 215
nm. We found that flubiprofen absorbs 200-350 nm UV light. When synthesizing flubiprofen and other
excipients, we considered tap density, bulk density, Haunser’s ratio, Carr’s compressibility index, and
angle of repose. We tested and studied flubiprofen and other excitants. The bulk density was 0.38-0.43
g/cm?, while the tapped density was 0.47-0.52. Both values met the criteria. Using these two densities,
we estimated Carr’s compressibility index. According to Hausner’s ratio and compressibility index, all
powder blends had a good to acceptable flow. The compressibility index was 8.57 %-26.92 %, and
Hausner’s ratio was 1.09-1.36. Angle of Repose provided the best explanation for the angle of flow in
all powder combinations. The reposing angle was 32.29°-33.42°. The angle of repose tests showed that
all powder blends had a good flow.

The thickness ranged from 5.766 to 5.846 mm, indicating consistency between samples. All formula-
tions were 8 mm in diameter, and there was no statistical difference. All formulations are 4.00-5.00 kg/
cm? hard. The tablets’ friability was less than 1 %, indicating good integrity. We tested the formulation’s
solubility with 900 ml of phosphate buffer solution (PH 6.8) and the USP type Il paddle-type dissolution
test device. A table presents the data on the percentage of drug release. This investigation shows that
the F2 formulation releases 99.25 % of the medication.

Conclusion

In this study, the sustained release tablets of flubiprofen were formulated and developed, for the for-
mulation development Quality by design was used. The direct compression methods were used to
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formulate sustained-release flubiprofen tablets, the goal of the current work study was established.
Controlled release formulations are designed for achieving plasma drug concentrations for a longer
duration by controlling the rate, time, and site of the drug release. Utilizing a suitable polymer, such as
HPMC K100M, HPMC K4M, and Carbopol, the formulation was prepared. The final product was tested
for friability, hardness, diameter, thickness, and in-vitro release after being crushed into tablets. The
dissolution experiments were conducted using acidic solutions (0.01 N HCl for the initial two hours, fol-
lowed by six hours in the pH of the phosphate buffer is 6.8). The study concluded that the investigation
of in vitro dissolution was carried out successfully. According to the formulation result, batch F2 exhib-
ited the greatest drug release rate of 99.25 %. Therefore, batch F2 is considered the optimized batch
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Resumen

Introduccidn: La presente investigacién evalué una nueva cepa de Bacillus velezensis SNR14-4, aislada de las bran-
quias de tilapia del Nilo con la intencién de considerarla como un contendiente probidtico prometedor.

Métodos: Inicialmente, se llevé a cabo un andlisis extenso del genoma del aislado particular empleando herra-
mientas bioinformaticas para anticipar sus caracteristicas y potenciales atributos probidticos. El genoma total de
SNR14-4, reconocido como B. velezensis mediante ARNr 16S y secuenciacidn del genoma completo y analisis filo-
genético, estd compuesto por un cromosoma circular singular con un tamafio de genoma de 4,1 Mb, una longitud
total de 4.183.910 pb y una longitud media de 4183910 pb. contenido de guanina-citosina (GC) del 46,52 %. Se
adquirieron conocimientos valiosos utilizando AntiSMASH para detectar grupos de genes biosintéticos de metab-
olitos secundarios, y se logré la anotacién de genes funcionales relevantes para los rasgos probidticos utilizando
RASTtk y PROKKA. La ausencia de elementos de virulencia, determinada mediante analisis gendmico, facilité una
exploracién in vitro especifica.

Resultados: SNR14-4 mostrd caracteristicas probidticas notables y demostrd eficacia antimicrobiana contra
patégenos comunes de los peces. El anélisis HR-LCMS QTOF del extracto microbiano reveld varios compuestos anti-
microbianos potentes sintetizados por la cepa.

Conclusiones: B. velezensis SNR14-4 se muestra prometedor como candidato a probiético, ya sea como punto de
fuente Unico o como parte de consorcios de probidticos formados por cepas similares.

Palabras clave: Probidticos; Acuicultura; Antimicrobiano; secuencia del genoma

Abstract

Introduction: The current investigation assessed a novel strain of Bacillus velezensis SNR14-4, isolated from the gills
of Nile tilapia intending to consider it as a promising probiotic contender.

Methods: Initially, an extensive analysis of the genome of the particular isolate was carried out employing bioin-
formatics tools to anticipate its characteristics and potential probiotic attributes. The total genome of SNR14-4,
recognized as B. velezensis via 16S rRNA and whole-genome sequencing and phylogenetic analysis, is composed
of a singular circular chromosome with a genome size of 4.1 Mb, a total length of 4183910 bp, and an average gua-
nine-cytosine (GC) content of 46.52 %. Valuable insights were acquired utilizing AntiSMASH to detect secondary me-
tabolite biosynthetic gene clusters, and functional gene annotation relevant to probiotic traits was accomplished
by utilizing RASTtk and PROKKA. The absence of virulence elements, ascertained via genomic analysis, facilitated a
targeted in vitro exploration.

Results: SNR14-4 displayed notable probiotic characteristics and exhibited antimicrobial efficacy against common
fish pathogens. HR-LCMS QTOF analysis of the microbial extract unveiled several potent antimicrobial compounds
synthesized by the strain.

Conclusions: B. velezensis SNR14-4 showcases promise as a probiotic candidate, either as a single point of source or
as a part of probiotic consortia made of similar strains.

Keywords: Fish immunity; Probiotics; Aquaculture; Antimicrobial; Genome sequence

Highlights

A novel strain of Bacillus velezensis SNR14-4 was identified from Nile tilapia which showed no viru-
lence factors. SNR14-4 showed probiotic features and antimicrobial activity in vitro against prevalent
fish pathogens and also shown to produce many bioactive components. Genetic analysis of SNR14-4
showed that the stain could be a potential probiotic candidate that might play a valuable role if it is
to be incorporated in fish/animal feed or combined with other candidates as a probiotic consortium.

As one of the top ten fishes consumed on a worldwide scale, Tilapia culture requires shielding from
bacterial infections that can lead to economic losses for farmers. The most common bacterial patho-
gens infecting fish, especially tilapia, Vibrio parahaemolyticus, Listeria monocytogenes, and Flavobacte-
rium psychrophilum, are identified and defended by the use of antibiotics when they lead to infection.
Although antibiotics have made it easier to treat these pathogenic diseases in fish, the birth of new
antibiotic-resistant mutants is a serious threat to tilapia aquaculture and worldwide fish production.
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New microbes with potential antibiotic and probiotic characters are required due to the increased re-
sistance of bacteria. This study provides the new strain with all these properties.

This strain has the potential probiotic properties that might play a valuable role if it is to be incorporat-
ed in fish/animal feed or combined with other candidates as a probiotic consortium.

Introduction

As one of the most common species of fish, Oreochromis niloticus, commonly known as Nile tilapia, has
contributed to more than 80 % of the edible fish population in the past few years'. As one of the top ten
fishes consumed on a worldwide scale, Tilapia culture requires shielding from bacterial infections that
can lead to economic losses for farmers'?. The most common bacterial pathogens infecting fish, espe-
cially tilapia, Vibrio parahaemolyticus, Listeria monocytogenes, and Flavobacterium psychrophilum, are
identified and defended by the use of antibiotics when they lead to infection®*. Although antibiotics
have made it easier to treat these pathogenic diseases in fish, the birth of new antibiotic-resistant mu-
tants is a serious threat to tilapia aquaculture and worldwide fish production®.

Probiotics have proven to be a good defense against the rising concern of using antibiotics leading to
antibiotic-resistant mutants®®. The current paper has been successful in revealing the probiotic fea-
tures of a newly discovered strain of B. velezensis. Previously, the strain’s candidacy in xenobiotic deg-
radation was revealed using ‘gene-before-lab’ approach and it also addressed the existence of cryptic
gene clusters". The production of antimicrobial compounds essentially does not guarantee that these
compounds are good candidates for use as probiotic supplements. Bacillus spp., a broad class of or-
ganisms, has long been known to produce many nontoxic compounds that can be effectively used
in probiotics®. Numerous probiotic microbes have been used in aquaculture for many years®, and
Bacillus species are known for their large number of secondary metabolites that can act against fish
pathogens by regulating water quality and the gut microbiota®”. Mining natural sources such as water,
soil, and air, for novel strains, could be strenuous and unpredictable due to the incompatibility of the
isolates with fish in vivo.

Bacillus species, namely, those members of the operational group Bacillus amyloliquefaciens™, with
a keen focus on B. velezensis of this group, have proven to be a treasure house of secondary metabo-
lites that can be applied to numerous industrial sectors". Many researchers have previously explored
the potential of B. velezensis, and their work has contributed to the discovery of many novel bioactive
secondary metabolites that can be used as probiotics in animals, including fish® *1®, The majority of
the probiotics used today are counterproductive, as most are originally obtained from non-fish candi-
dates. The need for more effective, naturally adaptive probiotic candidates of fish origin has to have
opted for prolonged and fully efficient immunity against fish pathogens. The proximity of antimicro-
bial-producing microbes in the mouth, gut, or gills can assure resistance against pathogens. As many
pathogens can enter through the gills or mouth, it is necessary to protect fish of commercial value by
supplementing feeds that contain probiotic isolates”.

Methods

Characterization of the isolate

The sample collection, screening, isolation, and cultural and morphological characterization of the
isolate were done previously™. Three healthy Oreochromis niloticus (Nile tilapia) were procured from
the hatchery of Kerala University of Fisheries and Ocean Studies, located in Kochi, Kerala, India. The
health status of the fish was ascertained to be optimal, devoid of any viral, bacterial, or fungal infec-
tions. Carefully, the gills of the fish were dissected and positioned onto sterile Petri dishes. A quantity
of five grams of gill tissue was precisely measured, followed by rinsing with an equivalent amount of
Phosphate-buffered saline (PBS) to cleanse the gills thoroughly. This rinsing procedure was repeated
thrice to guarantee the elimination of all impurities and potential contaminants. Subsequently, the
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gills were homogenized utilizing a sterile mortar and pestle in 3 ml of PBS. A milliliter of the homoge-
nized specimen was then transferred to a sterile 10 mlscrew cap tube along with 9 ml of distilled water
to achieve a 10-1 dilution. The solution was subjected to further serial dilutions up to 10-4. Following
this, 100 pl of the solution was inoculated onto nutrient agar plates and placed in an incubator at 37 °C
for 24 hours. The predominant bacterial strain was subcultured multiple times to attain a pure culture,
initially identified via microscopic examination and Gram staining.

Biochemical characteristics

The strain was tested for biochemical characteristics, and most of the protocols for the procedure have
been adopted from previously conducted research on other strains of Bacillus genus"*®**2%?Y The bio-
chemical assays involved were the indole test, methyl red test, Voges-Proskauer test, citrate test, ure-
ase test, catalase test, hemolysis, starch hydrolysis, and spore formation. Each test was performed in
triplicate.

DNA isolation and 16S rRNA sequencing

The DNA isolation was carried out using the protocol described by Green and Sambrook, 2107%?. Brief-
ly, cells were lysed using sodium dodecyl sulfate and proteinase K. The DNA was then extracted with
phenol:chloroform, and precipitated with isopropanol. The 16S rRNA gene sequence analysis was car-
ried out to accurately identify the species and the strain that have been isolated**?. PCR amplifica-
tion was performed using a PCR master mix (2X) from Emerald, with purified and spooled-out isolated
DNA. PCR was initiated by denaturation at 94 °C for 5 mins, followed by 35 cycles of denaturation at 94
°C, annealing at 50 °C for 30 s, extension at 72 °C for 2 mins, and a final extension at 72 °C by holding
the reaction mixture for 7 mins. The PCR products were analyzed by 1 % agarose gel electrophore-
sis. The product was subsequently sequenced using the universal bacterial primers forward primer
27F (AGAGTTTGATCCTG GCTCAG) and reverse primer 1492R (GGTTACCTTGTTACGACTT) through poly-
merase chain reaction (PCR). The 16S rRNA sequence homology was compared with 16S rRNA sequenc-
es of other B. velezensis strains available in the National Centre for Biotechnology Information (NCBI)
using the Basic Local Alignment Search Tool (BLAST). Similarity analysis was carried out to specifically
identify the strain isolated. For further clarity, a phylogenetic tree was constructed using MEGA 11 soft-
ware to establish an evolutionary relationship. The initially identified sequence was deposited in NCBI.

Gene-before-lab Approach: Whole-genome sequencing combined with de novo assembly

Whole-genome sequencing of the isolated strains was performed with the aid of Medgenome Labs
Ltd., Bangalore, India. The quality of the raw data was assessed using the fastq-mcf tool (version -
1.04.8030), and a 2.2 GB file was generated. The sample was sequenced using NovaSeq after the re-
moval of all human contaminants using the BWA-MEM tool (version 0.7.12). De novo assembly was
performed using the SPAdes assembler (version. 3.11.1). ORF prediction followed by annotation of the
WGS data was carried out using Prodigal software. Reference guide assembly was carried out, and con-
sensus genome FASTA sequences were developed from the aligned bam files using the SAMtools and
BCFtools versions. The identity of the isolate was evaluated via the genome-based taxonomic classifi-
cation tool: Type Strain Genome Server (TYGS) run against nine other Bacillus members®). The tool was
accessed through (https://tygs.dsmz.de/). Additionally, the strain identity was evaluated by using the
Genome-to-Genome Distance Calculator (GGDC) software®?®. PubMLSt web service accessed through
https://pubmist.org/species-id/ was used to compare multiple housekeeping genes that are conserved
across related species®’. Average Nucleotide Identity (ANI) was calculated using JSpeciesWS accessed
via https://jspecies.ribohost.com/jspeciesws/?® .

Functional gene annotation, genome mining for Probiotic marker genes

The consensus genome FASTA file was also used for gene annotation and gene function prediction
using several different web-based and online gene annotation pipelines, such as Prokka in Proksee
(https://proksee.ca/), BAKTA (https://bakta.computational.bio/)®, and DFAST (https://dfast.ddbj.nig.
ac.jp/dfc/)®. The results were further cross-checked against the comprehensive database of the Bac-
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terial and Viral Bioinformatics Resource Center (BV-BRC) (https://www.bv-brc.org/®Y. The Virulence
Factor Database (VFDB) was used to analyze the presence of any virulence genes in the present isolate.
The non-virulence properties were further evaluated by using Virulence Finder 2.0%?, AntiSMASH 7.0
was employed for the rapid and thorough genome-wide mining for secondary metabolite-synthesizing
gene clusters and gene clusters encoding antibiotics®. The false prediction level was minimized by
manually BLASTing the coding sequences of the biosynthetic gene clusters from AntiSMASH against
Pfam®4.

Many Bacillus strains are known to be good probiotics and are used in feeds and food>*., The probiot-
ic marker genes were manually detected by citing previous studies on probiotic Bacillus spp., and the
specific genes were searched in both BV-BRC/PATRIC, Prokka, and Protein Data Bank (PDB)®"28%), The
sequences were further confirmed using BLASTp against amino acid sequences in the NCBI database.
Functional pathways were confirmed by the Kyoto Encyclopedia of Genes and Genomes (KEGG) data-
base.

Antibiotic susceptibility and safety of the strain

The isolated strain was tested against several commercial antibiotics“**Y purchased from HiMedia. In
silico analysis was centered on the Resistance Geneldentifier (RGI) (https://card.mcmaster.ca/analyze/
rgi)“?. ResFinder 4.5.0 was used to double-check the results of RGI“*#4, ResFinder was accessed through
http://genepi.food.dtu.dk/resfinder. The culture (24 hours) was swabbed using sterile cotton swabs on
Mueller-Hinton agar plates with proper dilution for uniform growth. The antibiotic discs were carefully
placed gently over the swabbed MHA plates and incubated overnight at 37 °C. The results were read by
measuring the zone produced, in mm. Pathogen Finder 1.1 was used to evaluate the pathogenicity of
the isolate towards the human host®“.

Bile tolerance, acid tolerance, and high-temperature resistance of the isolate

Genomic analysis data on stress-tolerant genes of probiotic relevance generated from PATRIC, PROK-
KA, and NCBI BLAST was used as a guiding principle for the in vitro evaluation. The evaluation of bile
tolerance was carried out using a 24-h-old culture of an isolate that was inoculated in Luria Bertani
broth supplemented with 0.30 % (w/v) bile salts at 30 °C and incubated for 0, 1, 2, 3, or 4 h“9 After
each hour of incubation, the viable cell count was calculated by streaking the incubated samples onto
NA plates. Acid tolerance was determined by inoculating the isolate SNR14-4 into Luria Bertani broth
with the pH adjusted to 2, 3, 4, or 569,

Antimicrobial activity

Based on AntiSMASH evaluation, antibacterial activity was evaluated by checking the activities against
L. monocytogenes, Fl. psychrophilum, V. parahaemolyticus. The pathogenic strains were all previous-
ly isolated from infected fish hosts®'5“7). The antibacterial activity was evaluated initially by the well
diffusion method using a cell-free supernatant of the Bacillus isolate SNR14-4. Minimal activity was
observed against Flavobacterium and V. parahaemolyticus, and therefore, the crude cell extract was
subjected to solvent extraction. The inoculum concentration was set to 1 x 102 CFU/ml. The cell-free
extract of SNR14-4 was further subjected to solvent extraction using different solvents, such as hexane,
petroleum ether, and ethyl acetate. 200 ml of CFE were mixed with 200 ml of each solvent in a separat-
ing funnel and kept overnight for mass transfer of antimicrobial compounds. The respective fractions
were then separated and evaporated using a rotary evaporator. The evaporated residue was dissolved
in 0.5 % DMSO. The activity of each fraction was evaluated by the well diffusion method. Fifty micro-
liters of the SNR14-4 sample were added to one well, 50 pl of 0.5 % DMSO was used as a control, and
streptomycin was used as a positive control. To increase the reliability of the results obtained, nutrient
media without the inoculate was subjected to the same treatment as carried out with the inoculated
media. Solvent extraction of the uninoculated media was carried out using hexane, petroleum ether,
and ethyl acetate. The uninoculated media was fractioned and evaporated and used as the negative
control. The antimicrobial activity was seen as clear zones, whose diameter was measured in mm. The
antibacterial activity was evaluated in triplicate.
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Autoaggregation test

The autoaggregation test was carried out using previous reports on similar strains with some modifica-
tions®”, A24-hour-old culture of SNR14-4 in 10 ml of Luria media was incubated at 30°C, and the culture
was centrifuged at 5000 x g for 15 mins. The pellet was washed with PBS, and after two washes, the
pellet was resuspended in PBS at pH 7.2. The absorbance was measured at 620 nm after 1,2, 3,4,and 5
h of incubation. The autoaggregation of B. velezensis SNR14-4 was calculated by the following formula:
autoaggregation % = (1-[A /A ]) x 100, where A denotes the absorbance attimet=0, 1,2,3and 4 hand
A, denotes the absorbance at time =0 h.

Hydrophobicity assay

Hydrophobicity was measured by measuring the adhesion of the strains to organic solvents. For the
determination of cell surface hydrophobicity, a protocol previously carried out for probiotic strains
with slight modifications“®. One ml of 24-hour culture was mixed with 100 pl of xylene. The mixture
was vortexed for 1 min. After the phases were separated, the aqueous part was removed, the optical
density was measured at 480 nm, and the hydrophobicity was calculated using the following equation:
Hydrophobicity % = (H,— H,)/H, > 100 %, where H is the optical density at 630 nm, H_is the initial optical
density and H, is the final optical density.

Hemolytic activity

The activity of the isolated Bacillus strain was determined on agar plates supplemented with 5% hu-
man blood. The isolate was streaked onto agar plates from a 24-hour-old culture. Hemolysis activity
was recorded as the extent of the hemolytic zone. Green zones represent a-hemolysis, and the plates
were incubated at 37°C for 24-36 hours, clear zones represent 3-hemolysis, and no zones represent no
hemolysis.

HR-LCMS/MS-Q-TOF analysis

The ethyl acetate fraction that showed prominent activity was analyzed to detect the active component
that exhibited antimicrobial activity using HR-LCMS-QTOF (Agilent Technologies, USA). Mass Hunter
(Agilent) software was used for data acquisition. A ZORBAX Eclipse Plus - C18 (150 x 2.1 mm, 5 microns,
Agilent) column was used with the following gradient solvent system (A: water; B: methanol 95:5), and
sample profiling was carried out with a flow rate of 0.3 ml/min.

In silico ADME and toxicity analysis

The in silico prediction of the toxicity and ADME parameters, pharmacokinetic properties, druglike na-
ture, and the medicinal chemistry friendliness of the molecules identified through HRLC-MS Qtof was
evaluated using Swiss ADME software (http://www.swissadme.ch/) and protox-3.0 (https://tox.charite.
de/protox3/) software.

Statistical analysis

All the tests were conducted in triplicate. The mean values of the observations taken from each repli-
cate were used for statistical analysis. The mean values were statistically analyzed by the Web Agri Stat
Package 2.0 (ICAR Goa), and the mean differences were compared at 5 % significance.

Results

Identification of the organism

A total of three isolates were recovered from the homogenized gill fraction. Only one of the three iso-
lates showed appreciable and prominent growth. Hence, this strain was chosen as the primary focus of
the present study. After streaking on nutrient agar, the isolated strains formed single colonies that were
white, opaque, wrinkled, and dry. The edges were irregular, and the colony as a whole was flat and
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rough in appearance with a lobate margin. When picked with an inoculating loop, the colony was sticky
and dense. Microscopic observation revealed that the strain was a gram-positive rod, small in cell size,
and showed positive results for endospore formation, exhibiting the ability to sporulate. Observations
of cell morphology and culture characteristics revealed that the strain was a Bacillus species. The iso-
late showed positive results for methyl red, Voges-Proskauer, urease, starch hydrolysis, and catalase.
The citrate utilization test, indole test, and oxidase test were negative. The experiment was carried out
in triplicate and all generated the same result.

Molecular identification of the strain as B. velezensis SNR14-4

The 16S rRNA sequencing results were compared with other 16S rRNA sequences available in NCBI us-
ing BLAST. The isolated strain showed 99% similarity to B. velezensis. The phylogenetic tree construct-
ed using MEGA 11 software (Fig 1) shows the clade distance score, which confirmed that the organism
was a novel strain of B. velezensis.

a1 { FN662485.1 Bacillus amyloliquefaciens partial 165 rRNA gene strain FZB113 isolate QST713

18

MF186594.1 Bacillus velezensis strain MHM3 16S ribosomal RNA gene partial sequence

'— 0Q932827.1 Bacillus velezensis strain MSW 165 ribosomal RNA gene partial sequence
JN083789.1 Bacillus amyloliquefaciens strain 40B 16S ribosomal RNA gene partial sequence
— 0Q255602.1 Bacillus velezensis strain B2 16S ribosomal RNA gene partial sequence

8| 7 { Bacillus velezensis SNR14-4
42 L MK522153.1 Bacillus velezensis strain Wh-1 16S ribosomal RNA gene partial sequence

10 KX863524.1 Bacillus velezensis strain MHNK1 16S ribosomal RNA gene partial sequence
7 67 L MT232963.1 Bacillus velezensis strain strain SMR 16S ribosomal RNA gene partial sequence
0OM761199.1 Bacillus velezensis strain Z01 16S ribosomal RNA gene partial sequence
MH569431.1 Bacillus velezensis strain CHB2 16S ribosomal RNA gene partial sequence
KX898131.1 Bacillus velezensis FZB42 16S ribosomal RNA gene partial sequence
& NR 024570.1 Escherichia coli strain U 5/41 16S ribosomal RNA partial sequence
o ON204527.1 Bacillus velezensis strain FTL7 16S ribosomal RNA gene partial sequence
e MK256210.2 Bacillus velezensis strain RP137 16S ribosomal RNA gene partial sequence

. LC506466.1 Bacillus subtilis ST51 gene for 165 rRNA partial sequence
48 | — LN864508.1 Bacillus amyloliquefaciens partial 16S rRNA gene strain US573
66 L AB192294.2 Bacillus subtilis gene for 16S rRNA partial sequence

KF406338.1 Bacillus amyloliquefaciens strain M1 16S ribosomal RNA gene partial sequence
9 |:

FJ713021.1 Bacillus velezensis strain H3 16S ribosomal RNA gene partial sequence

Figure 1. Phylogeny of the isolated strain. Phylogenetic tree constructed by the neighbor-joining method using
MEGA 11 software, showing the relatedness of B. velezensis SNR14-4 to other B. species (Madhavan et al.,
2024).

A detailed phylogentic analysis was done on the strain previously while exploring the genomic poten-
tial of the strain by the same authors and the obtained 16S rRNA sequence was submitted to GenBank
under the designation B. velezensis SNR14-4 (accession number: OR226766).

Insights into the complete genome assembly of B. velezensis SNR14-4
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De novo assembly was completed using the SPAdes assembler (v3.11.1), and the assembly was exe-
cuted with a k-mer size of 55 using the de-Bruijn graph method, which revealed that the number of
scaffolds (>=0_bp) was 343, the N50 was 166965 bp, the N75 was 117388 bp, the L50 was 8 bp, and the
L75 was 16 bp. The assembly created a 4.1 Mb file with a single circular chromosome and 1 contig with
a genome length of 41,83,910 bp, with an average guanine-cytosine (GC) content of 46.52 %, which
is consistent with the GC ratio of other B. velezensis variants!”. The sample was aligned to the refer-
ence genome using NCBI BLAST, and the closest match was with B. velezensis strain SGAir0473, with an
alignment percentage of 93.64 %. The strain was proposed as a novel. The sequence was then named
B. velezensis strain SNR14-4 and deposited in the SRA-NCBI database with Bioproject accession ID: PR-
JNA994302 (https://www.ncbi.nlm.nih.gov/sra/PRINA994302). 16S rRNA sequencing analysis showed
that the strain was B, velezensis. 16S rRNA sequencing analysis showed that the strain was B. velezensis.
The strain’s identity was confirmed using additional tools such as PubMLST, TYGS, JSpeciesWS and
GGDC. TYGC analysis of the isolate against nine members of Bacillus genus showed that B. velezen-
sis with NRRL B-41580 showed more similarity. GGDC data generated based on TYGC evaluation by
comparing with several sample strains also showed that the strain is B. velezensis (Table 1).

Table 1. Genome-to-Genome Distance Calculation of different reference genome against Sample

Query genome Reference genome ‘ DDH ‘ Model C. | ‘ Distance ‘ Prob.DDH>=70 %
Formula 1 (HSP length/total length)
B. velezensis SNR14-4 B. velezensis F3A 87.20 83.6-90.1 0.0959 96.12
B. velezensis SNR14-4 B. velezensis ATR2 90.8 87.7-93.2 0.0765 97.56
B. velezensis SNR14-4 B. velezensis FZB42 85.6 81.9-88.6 0.1040 95.31
B. velezensis SNR14-4 B. velezensis CYS06 86.1 82.4-89.1 0.1017 95.16
B. velezensis SNR14-4 B. velezensis B8 87.6 84.1-90.4 0.0224 91.2
B. velezensis SNR14-4 B. velezensis R-71003 83.7 79.9-86.9 0.1135 94.15
B. velezensis SNR14-4 B. velezensis LF 01 86 82.3-89 0.1022 95.51
B. velezensis SNR14-4 B. velezensis CPA1-1 87.6 84-90.4 0.0939 96.3
Formula 2 (identities/HSP length)
B. velezensis SNR14-4 B. velezensis F3A 81 78.1-83.6 0.0222 91.33
B. velezensis SNR14-4 B. velezensis ATR2 90.5 88.3-92.4 0.0115 95.97
B. velezensis SNR14-4 B. velezensis FZB42 85 82.3-87.4 0.0176 93.72
B. velezensis SNR14-4 B. velezensis CYS06 80.8 77.9-83.4 0.0224 91.2
B. velezensis SNR14-4 B. velezensis B8 83.4 80.6 - 85.9 0.0194 92.87
B. velezensis SNR14-4 B. velezensis R-71003 83.6 80.8-86.1 0.0192 92.98
B. velezensis SNR14-4 B. velezensis LF 01 80.3 77.4-82.9 0.023 90.82
B. velezensis SNR14-4 B. velezensis CPA1-1 83.4 80.6 - 85.9 0.0194 92.86
Formula 3 (identities/total length)
B. velezensis SNR14-4 B. velezensis F3A 89 86.1-91.3 0.1160 99.27
B. velezensis SNR14-4 B. velezensis ATR2 93.2 90.9 - 95 0.0871 99.73
B. velezensis SNR14-4 B. velezensis FZB42 88.4 85.5-90.8 0.1198 99.16
B. velezensis SNR14-4 B. velezensis CYS06 88.1 85.1-90. 0.1218 99.11
B. velezensis SNR14-4 B. velezensis B8 89.7 86.9-91.9 0.1114 99.38
B. velezensis SNR14-4 B. velezensis R-71003 86.7 83.6-89.2 0.1305 98.79
B. velezensis SNR14-4 B. velezensis LF 01 87.9 84.9-90.4 0.1228 99.07
B. velezensis SNR14-4 B. velezensis CPA1-1 89.7 86.9-91.9 0.1115 99.37

DDH- DNA-DNA Hybridization: HSP - High-Scoring Segment Pair

The process of calculating distances involves two steps: (i) comparing two genomes using the BLAST
program to retrieve HSPs/MUMs, and (i) utilizing three different formulas to estimate the distance from
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the set of HSPs/MUMs. The distances are converted to DDH-analogous values. The likelihoods that DDH
is >=70% and > = 79% are reported using logistic regression (a particular kind of GLM). The primary
purpose of GGDC is to determine the species’ in silico relatedness.

PubMLST, and JSpeciesWS analysis also further confirmed the identity of the species as B. velezensis.
The comparative G+C percentage content of SNR 14-4 with other velenzensis species showed slight
difference (Table 2).

Table 2. Percentage of G+C content difference of reference to B. velezensis SNR14-4

Query genome Reference genome Difference in % G+C
B. velezensis SNR14-4 B. velezensis F3A 0.02
B. velezensis SNR14-4 B. velezensis ATR2 0.18
B. velezensis SNR14-4 B. velezensis FZB42 0.05
B. velezensis SNR14-4 B. velezensis CYS06 0.07
B. velezensis SNR14-4 B. velezensis B8 0.02
B. velezensis SNR14-4 B. velezensis R-71003 0.39
B. velezensis SNR14-4 B. velezensis LF 01 0.04
B. velezensis SNR14-4 B. velezensis CPA1-1 0.03

>1 within a single species; <1 between distinct species; (G+C : Guanine + Cytosine)

Gene annotation and functional gene prediction show the absence of virulence factors

The RASTtk bioinformatic tool in BV-BRC produced more detailed analytical data on the genome of
the isolates, and the resulting contig data showed a total of 4163 CDSs, 205 repeat regions, 84 tRNAs,
and 27 rRNAs. The data were cross-reviewed with other gene annotation pipelines, such as DFAST and
BAKTA". VFDB analysis through PATRIC showed that no potent virulence factors were present in the
isolated strain which was confirmed through Virulence Finder2.0 that showed no hits. The absence of
virulence factors hints at the safety of the strain for use as a probiotic. Moreover, there were 50 drug
targets and 197 transporters in the overall genome of the isolate.

Genome mining revealed several probiotic markers in B. velezensis SNR14-4

Genome analysis using AntiSMASH revealed the presence of different antibiotic-, antifungal-, and bac-
teriocin-encoding gene clusters in SNR14-4. The results are summarized in Table 3.

Table 3. AntiSMASH analysis of SNR14-4 for secondary metabolites and biosynthesis-related gene clusters.

Region Type Nucleotide length Probable similarity to | Similarity (%)
known cluster
From To
Region 1 NRPS, transAT-PKS, 108,443 242,587 Fengycin (NRP) 92
betalactone

Region 2 Terpene 271,311 291,438 -

Region 3 T3PKS 373,617 413,965 -

Region 4 transAT-PKS 542,626 634,999 Diffricidin (Polyketide) 100
Region 5 NRP-metallophore, 1,275,489 1,327,282 Bacillibactin (NRP) 100

NRPS, RIPP-like

Region 6 NRPS 1,607,518 1,673,902 -

Region 7 Other 1,868,903 1,910,321 Bacilysin (Other) 100
Region 8 NRPS 2,522,641 2,587,693 Surfactin (NRP:Lipo- 100

peptide8)
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Region 9 PKS-like 3,157,783 3,199,027 butirosin A/butirosin 7
saccharide
Region 10 Terpene 3,281,765 3,302,505 - -
Region 11 TransAT-PKS 3,606,557 3,694,385 Macrolactin H 100
(Polyketide)
Region 12 TransAT-PKS, 3,914,441 4,017,072 Bacillaene 100
T3PKS, NRPS (Polyketide+NRP)

NRPS: nonribosomal peptide synthetase; T3PKS: Type Il polyketide synthases; AT-PKS: Transacyltransferase
polyketide synthases; RiPP: Ribosomally synthesized and posttranslationally modified peptides.

The presence of difficidin, fengycin, bacillaene, bacilysin, bacillibactin, and macrolactin H biosynthe-
sis-related gene clusters may indicate the probiotic characteristics of the strain. The genes that impart
probiotic characteristics are summarized in Table 4.

Table 4. Marker genes of SNR14-4 exhibiting probiotic properties generated by genomic mining using PATRIC, NCBI

and Prokka
Probiotic Gene Clusters and Functions Coverage percentage Similarity percentage
Antimicrobial Production Genes
Surfactin (srfAA) 99 97
Bacillomycin (bmyD) 100 97.48
Fengycin (fenA) 100 98.61
Iturin (ItuD (ituD), ItuA (ituA), ItuB (ituB), and ItuC 84 97.14
(ituC))
Difficin (dfnF) 100 97.99
Macrolactin (mlnl) 100 98.35
Bacillibactin(dhbE) 95 67.92
Bacilysin (bacA) 100 99.72
Bacillaene (bael) 100 99.6
Bacillaene (baeS) 99 97.84
Stress Resistance Genes
Sigma factor B(sigB) 100 99.13
GroEL/ES 79 78.01
Adhesion and Biofilm Formation
Biofilm matrix protein (tasA) 100 99.24
Immune System Modulation
Spo0A 98 68.01

The genes were curated from previously reported works on Bacillus, and the genes were manually
searched in the annotated assembly using PATRIC, NCBI, and Prokka"®*), All results align with previ-
ously reported research on probiotic strains. The presence of these genes is beneficial for targeting and
confirming the probiotic characteristics and safety of the novel B. velezensis strain. The manual search
for probiotic genes and BLAST analysis of the genome showed that the isolate’s genome contained
genes that encode for Iturin, an antifungal lipopeptide that can disturb the plasma membrane of fungal
pathogens mediated by oxidative stress as well as by interfering with glycolysis, gluconeogenesis and
the tricarboxylic acid cycle??. AntiSMASH analysis does not reveal these antimicrobial genes. These
genes could be inactive or non-functional but their presence in the genome could address the exis-
tence of cryptic genes. They may be activated under the right circumstances.
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SNR14-4 shows antibiotic susceptibility

The isolates were susceptible to the following antibiotics: clarithromycin (CLR), streptomycin (S), chlor-
amphenicol (C), tetracycline (TE), kanamycin (K), vancomycin (VA), doxycycline hydrochloride (DO),
erythromycin (E), levofloxacin (LE), and ampicillin (A/S). Clarithromycin and ampicillin had the greatest
effects on the growth of the isolates. Comparatively, the isolate showed less sensitivity to vancomycin
and tetracycline. The diameter of each disc formed against the isolated strain is summarized in Table 5.

Table 5. Antibiotic susceptibility of the isolate of SNR14-4

Antibiotic used Zone Diameter

Clarithromycin 37+0.2mm
Streptomycin 34+0.2mm
Chloramphenicol 30+£0.1mm
Vancomycin 28+0.1 mm
Doxycycline hydrochloride 30+£0.1mm
Tetracycline 28+0.1 mm
Kanamycin 29+0.1 mm
Erythromycin 30+0.1mm
Levofloxacin 35+0.1mm
Ampicillin 37+0.1mm

The values are the means + SDs of three independent estimations

The genome was evaluated for antibiotic-resistant genes (ARGs) using ResFinder and CARD RGl, which
showed the absence of significant virulence factors. Even though RGI reported the presence of clbA,
tet(45), and Bcl-resistant genes the in vitro analysis showed no resistance, hence these genes could
either be cryptic or non-functional. Pathogen Finder showed that the isolate is not harmful to humans.

SNR14-4 is tolerant to pH, and bile

Strain SNR14-4 showed appreciable resistance to low pH values of 2 and 3, making the isolate valuable
for being incorporated into fish feed to survive acidic conditions within the gut of the fish (Fig 2/,
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Figure 2. Acid tolerance of SNR14-4 in the pH range of 2-5. A: Growth pattern of SNR14-4 at different pH values: pH
2-, pH 3, pH 4, and pH 5 tolerant colonies from the first to fourth hours of incubation to fourth hours of

incubation, M-P: pH 5-tolerant colonies from the first to fourth hours of incubation. The experiment was
conducted in triplicate.

A bile tolerance assay was carried out using varying concentrations of bile salt in Luria Bertani, with a
maximum concentration of 0.3 %. The maximum exposure time was 4 hours, and all plates incubated
showed more than 50 % survivability. The experiment was carried out in triplicate (Fig 3).
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Figure 3. Bile tolerance of SNR14-4 to varying concentrations of 0.1-0.3 % bile for incubation periods of 1 to 4 hrs.
The experiment was conducted in triplicate.

Tolerance to acid and bile has proven to be advantageous to the isolate, as it can effectively colonize
the guts of the fish under in vivo conditions. The results were found to be consistent with the analysis
of PATRIC and NCBI.

SNR14-4 shows promising in vitro antimicrobial activity

The isolated strain could produce antimicrobial activity against the prominent pathogenic Flavobac-
terium spp., Listeria, and Vibrio spp. Among the different solvent fractions, the ethyl acetate fraction
exhibited antimicrobial activity. The control of DMSO (0.5 %) showed no clear zone, and the positive
control of streptomycin was used to compare the diameter of the clear zone produced by the isolate.
The diameters, summarized in Table 6, show that the isolate has good potential for use as a substitute
for synthetic or commonly available antibiotics, with the greatest activity against V. parahaemolyticus
(18 mm zone) and the least activity against Flavobacterium (14 mm zone).

Table 6. Antibacterial activity of the isolate of SNR14-4

Pathogen Control (mm) EA, (mm)
Flavobacterium spp. 33+0.1mm 15+0.1mm
Vibrio parahaemolyticus 26+0.1 mm 18+0.1 mm
Listeria monocytogenes 19+0.1 mm 17+0.1 mm

EA.: Ethyl acetate Fraction; The values are the means + SDs of three independent estimations.
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The uninoculated media that was treated as same as the inoculated media showed no activity. The
analysis of antibiotic isolation and purification from the ethyl acetate fraction is the scope of further
research. The results generated were parallel to those predicted by the gene-before-lab approach.

SNR14-4 showed promising probiotic characteristics; autoaggregation, hydrophobicity,
and hemolytic activity

The autoaggregation assay of the isolated strain SNR14-4 revealed 85.7 % autoaggregation at the first
hour (T,), 84.2 % at the second hour, and 85.3 %, 85.5 %, and 85.9 % at 3 h, 4 h and 5 h, respectively.
The hemolytic assay carried out using 5% human blood showed no hemolytic zones, as observed for
alpha hemolysis. Strains with alpha and gamma hemolytic activity were previously used as probiotic
strains (data not shown). A strain isolated from fish gills has proven to be a good candidate for use as a
probiotic because of its a-hemolysis property®?

Preliminary phytochemical analysis and HR-LCMS-QT reveals several bioactive com-
pounds from SNR14-4

Preliminary phytochemical analysis revealed the presence of several components in the ethyl acetate
fraction of viz. Coumarins, terpenoids, flavonoids, polyphenolic compounds, etc. Although the totalion
chromatogram of the HRLC MS-QTOF analysis of ethyl acetate showed several peaks, a few compounds
were identified. The identified compounds were saponins (cyclopassifloic acid C), alkaloids (guanvo-
line and dihydroaspidospermatine), biosurfactants (surfactin), aliphatic nitro compounds (merisero-
toxin) and aspergillic acid (Table 7).

Table 7. Biologically active compounds identified using HRLCMS-QTOF

SiNo RT Mode Compound Mass Formula

1. 13.803 -ve Cyclopassifloic 536.3691 Cal H207
acid C
2. 23.463 -ve 14,19-Dihydroaspi- 340.2129 CalH28 N2 02
dospermatine

3. 24972 -ve Surfactin 1035.6881 Cs3H93 N7 013
4. 1.629 +ve Miserotoxin 267.0954 CoH17NO8
5. 3.338 +ve Guvacoline 141.0799 CrH11NO2
6. 7.727 +ve Aspergillic acid 224.1527 Cu2 H20 N2 02

RT; Retention time

Compounds showed no toxicity with acceptable ADME properties

The compounds produced by SNR14-4 was found to be non-toxic without any mutagenicity. 14,19-Di-
hydroaspidospermatine and miserotoxin were predicted to be insoluble. Except cyclopassifloic acid C
all other compounds satisfied the Lipinski rule for a potential drug (Table 8).
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Table 8. /In silico ADME and toxicity properties of the compounds produced by SNR14-4

Compound Structure Lipophilicity Water Solubility Gl absorption BBB Druglikeness Mutagenicity; Predicted Toxicity
LogP,, Log S (SILICOS-IT) permeant (Lipinski ) class; LD,
Cyclopassifloic acid C 3.66 Soluble Low No No; 2 violations: MW>500, No;6; 9800mg/kg
NHorOH>5
14,19-Dihydroaspido- 2.88 Moderately soluble High Yes Yes; 0 violation No; 4; 325mg/kg
spermatine DY‘:”'
N g CHs
HiE
N
Surfactin 4.83 Insoluble Low No No; 3 violations: MW>500, No;4; 1190mg/kg
- . b Nor0O>10, NHorOH>5
5 g
b
)\/\/vvxg_! . },_v LT
"‘!/:f-"-‘r_: o
Miserotoxin -2.25 Insoluble Low No Yes; 0 violation No; 6; 23000mg/kg
Guvacoline cH 0.56 Soluble High No Yes; 0 violation No;4; 750mg/kg
3
I
Q (o]
N
Hr
Aspergillic acid o 2.14 Soluble High Yes Yes; 0 violation Noj; 4; 600mg/kg
CH,
HO
e
N
g =
HaC
CH,

ADME : Absorption, Distribution, Metabolism, and Excretion; Gl : Gastrointestinal ; BBB : Brain-blood barrier
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Discussion

With decades of research and scientists stating Bacillus spp. as the most useful and diverse hub of bio-
active secondary metabolites, the present study added a new member to the list. B. velezensis SNR14-4
was isolated from Tilapia gills, and relevant assays that define this bacterium as a probiotic were car-
ried out. The present study aimed to introduce a novel and targeted approach for unlocking various
characteristics of an organism through a “gene-before-lab” approach. When the approach was em-
ployed to analyze the probiotic characteristics of B. velezensis SNR14-4, the in vitro analysis results were
consistent with the bioinformatics predictions. The gene-to-lab approach was beneficial for reducing
the in vitro analysis time, and 100% of the probiotic test results were confirmed. The strain was cultur-
ally, morphologically, and biochemically identified as a member of Bacillus There is a strong genetic
similarity of 99% with members of B. amyloliquefaciens and B. velezensis.®>>?). Several disputes have
been claimed over the identity of specific members of the Operational Group Bacillus amyloliquefa-
ciens (OGBa) (which requires techniques such as 16S rRNA sequencing, phylogenetic tree construction,
genome to genome calculation and DNA-DNA hybridization value®®. All these techniques pointed out
that the current strain shared most similarity with B. velezensis."® Given the close identity morpholog-
ical and biochemical characterization gives limited information about the strain, but interestingly the
strain was urease-positive and amylase-positive. As most B. velezensis strains are urease-negative, the
urease-positive nature denotes the strain similarity to B. velezensis isolated from plant rhizospheres as
well as from other soil sources®®.

Although many B. velezensis strains have been isolated, a complete evaluation of the entire gene pool
has rarely been reported®™*®, This is the first genome-guided study in the B. velezensis strain to explore
the probiotic features. Genome mining and bioinformatics-guided analysis of the whole genome of the
isolate revealed the presence of probiotic markers, and these findings were consistent with previously
reported work in Nile Tilapia®“**. The genetic markers were observed to be functional through in vitro
evaluation, and their products were confirmed through HR-LCMS analysis. Genome-guided evaluation
of strains can also be considered a primary step in building a consortium as a strategic laboratory, and
in vivo protocols can be designed over time. Bacillus velezensis TS5, Bacillus velezensis R-71003*",
Bacillus velezensis LFO1Y, Bacillus velezensis CYS06?, Bacillus velezensis CPA1-1¢) are some of the
strains that has been extensively studied for its probiotic effects, some on fish, with a focus on the
genetic information. Considering the undeniable genetic similarity, it can be argued that the current
strain can also harbour the same capability. This hypothesis has been proven with the progress of the
evaluation.

The work carried out previously on the Bacillus species was anchored around the usefulness of the
Virulence Finder tool in evaluating the safety of isolates®®, The result obtained using this tool showed
that the present strain is safe and free from virulent genetic factors and is not pathogenic to humans,
indicating that if fish supplemented with the strain as probiotic feed probably poses no threat to hu-
mans. The sporulation ability explains the stress tolerance of the isolate at higher temperatures®, bile
tolerance and acid tolerance were vital to determine the ability of the isolate to survive in the gastroin-
testinal tract of Nile tilapia as well as other commercially cultured fish species.

Given the history of using Bacillus species as potentially useful probiotics®), the present strain also
showed hydrophobicity and autoaggregation properties®, which, from the viewpoint of a probiotic
candidate, are essential, as binding to the mucus epithelium may facilitate the proliferation of probi-
otic bacteria and lead to better immunity®”.The research has covered all necessary in vitro assays that
are required to determine the safety of the strain for incorporation into fish, especially into tilapia, as
the strain has no pathogenic traits. Being a-hemolytic as it produces no clear zones but does show a
greenish-brown discoloration, results in incomplete hemolysis. The addition of alpha- and gamma-he-
molytic strains to fish is safe, as shown in previous research, hence the addition of the present strain
along with in vivo-proven probiotic strain could amplify the probiotic effect. The autoaggregation val-
ues were calculated using previously published works on Bacillus as well as probiotics®*® The higher
values of autoaggregation show that the strain has better potential to colonize the fish gut and stim-
ulate immune responses, as well as establish better immunity. Hydrophobicity is an important prop-
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erty of probiotic bacteria, and the current isolate has shown 78 % hydrophobicity®. Hydrophobicity
is predicted based on the MATH formula, which corresponds to van der Waals forces and electrostatic
interactions between microbes and organic solvents and indirectly reflects the efficiency of binding or
adhering to the gut tissue of the fish®".

A potential fish probiotic candidate should show good activity against fish-pathogen by producing an-
tibiotics. The evaluation of the present strain in comparison to other similar strains proposes to be
a substitute for normally available antibiotics and boost aquaculture as never before if incorporated
with feed or as a part of a consortium™7). The in silico analysis has guided the research to be time-effi-
cient and resource-saving. It also addresses the presence of cryptic genes present in the genome. With
further study of the genome characters, it is possible to configure an in vitro condition that can activate
the cryptic gene clusters and possibly generate novel bioactive compounds.

The ethyl acetate fraction actively contains a large number of strong antibacterial and fungicidal chem-
icals, according to the HR-LCMS-QTOF analytical results. These substances could be the cause of the
inhibitory effects on fish pathogenicity. The chemicals of interest identified are alkaloids, dihydroaspi-
dospermatine, which inhibits TNF-a"#7), guvacolinean, which has some cytotoxic activity™, cyclopas-
sifloic acid C, which belongs to the class saponins”, miserotoxin, a nitro compound” with proven
antibacterial activity, and aspergillic acid™, which is most widely used as an antibiotic and an anti-
fungal agent. Surfactin, an extremely potent cyclic lipopeptide biosurfactant made by several Bacillus
strains, shows haemolytic, antiviral, antibacterial, and anticancer effects, particularly on Ehrlich asci-
tes, breast and colon cancers, leukemia and hepatoma®*®¥, The presence of these compounds in the
active fraction explains the effect of the novel strain against the selected pathogens. These fungicidal
compounds, as well as biocontrol agents against plant fungi, also illustrate the immense potential of
SNR14-4 against fungal pathogens in tilapia (data unpublished). Through a comprehensive approach
starting from ’gene-before-lab’, in vitro analysis, and HR-LCMS analysis, B. velezensis SNR14-4 can be
considered a safe, useful, and effective member of the Bacillus genus for use as a probiotic candidate.
The extent of further exploration of the industrial potential of this novel strain remains the scope of
future research.
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Resumen

Introduccion: El melasma es un trastorno de la piel caracterizado por un aumento en la produccién de melanina
que genera molestias al paciente. La alfa-arbutina bloquea la biosintesis de melanina epidérmica al inhibir la oxi-
dacidn enzimatica de la tirosina. La alfa-arbutina es hidréfila y penetra poco a través del estrato cérneo. Los etoso-
mas mejoran la permeabilidad de los farmacos a capas mas profundas y prolongan la liberacién. El objetivo princi-
pal de este estudio fue preparar un gel etosomal que contenga alfa-arbutina para mejorar la permeacion a la piel.

Método: Se prepararon geles de etosomas de alfa arbutina mediante el método de frio utilizando lecitina de soja,
etanol y propilenglicol (PG) y se evaluaron la difusién del farmaco in vitro, el tamafio de las vesiculas, la eficiencia
de atrapamiento y el estudio dermatocinético.

Resultados: Se encontrd que la eficiencia de atrapamiento y la difusion del farmaco del gel etosomal preparado
que contenia alfa arbutina era del 94,99 % y 106,63 %, respectivamente. El tamafio de la vesicula, el indice de po-
lidispersidad y el potencial zeta de los etosomas formulados con 20 % p/p de etanol y 4 % p/p de lecitina de soja
se registraron como 138,1 nm, 0,406 y -48 mV, respectivamente. El estudio de difusién in vitro ilustrd la liberacidn
rafaga, con una liberacidn del farmaco del 97,56 + 0,68 % a los 90 minutos. Al final de 8 horas, aproximadamente el
47,85 % del formaco se habia difundido desde el gel etosomal. El estudio dermatocinético demostré que el tiempo
de retencidn del formaco en la dermis y epidermis era significativamente mayor en el gel etosomal en comparacidn
con la crema comercializada.

Conclusiones: La alfa arbutina se formuld con éxito como una suspensién etosomaly se convirti6 en un gel. Gracias
a la mayor concentracién de etanol, se mejoré significativamente la penetracién del farmaco en la dermis y la epi-
dermis. Los estudios dermatocinéticos demostraron una mejor retencion del farmaco en las capas de la dermisy la
epidermis en comparacién con la formulacién comercializada.

Palabras clave: Alfa arbutina; Hiperpigmentacion; etosomas; Permeacion de la piel; Dermatocinética.

Abstract

Introduction: Melasma is a skin disorder characterized by increase in melanin production causes patient incon-
venience. Alpha-arbutin blocks epidermal melanin biosynthesis by inhibiting enzymatic oxidation of Tyrosine. Al-
pha-arbutin is hydrophilic and poorly permeates through stratum corneaum. Ethosomes enhance permeability of
drugs into deeper layers and extend the release. The main goal of this study was to prepare ethosomal gel contain-
ing alpha-arbutin to enhance permeation to skin.

Method: Ethosomes gel of alpha arbutin were prepared by cold method using soy lecithin, ethanol, and propylene
glycol (PG) and evaluated for in vitro drug diffusion, vesicle size, entrapment efficiency and dermatokinetic study.

Results: The entrapment efficiency and drug diffusion of the prepared ethosomal gel containing alpha arbutin were
found to be 94.99 % and 106.63 %, respectively. The vesicle size, polydispersity index, and zeta potential of the etho-
somes formulated with 20 % w/w ethanol and 4 % w/w soy lecithin were recorded as 138.1 nm, 0.406, and -48 mV,
respectively. The in vitro diffusion study illustrated burst release, with 97.56 + 0.68 % drug released at 90 minutes.
At the end of 8 hours, approximately 47.85% of the drug had diffused from the ethosomal gel. The dermatokinetic
study demonstrated that the retention time of the drug in the dermis and epidermis was significantly higher in the
ethosomal gel compared to the marketed cream.

Conclusions: Alpha arbutin was successfully formulated as an ethosomal suspension and converted into a gel. Due
to the higher concentration of ethanol, drug permeation into the dermis and epidermis was significantly improved.
Dermatokinetic studies demonstrated better retention of the drug in the dermis and epidermis layers compared to
the marketed formulation.

Keywords: Alpha arbutin; Hyperpigmentation; Ethosomes; Skin permeation; Dermatokinetics.

Highlights
Skin pigmentation disorders are common issues linked to melanocytes. Alpha arbutin inhibits mela-

nogenesis by blocking the tyrosinase enzyme. Its hydrophilic nature and log P value of -1.49 hinder its
penetration into the stratum corneum, resulting in less than 1% reaching the melanocytes.

Alpha arbutin can be formulated as ethosomes. Ethanol acts as a permeation enhancer, and the nano-
sized particles further facilitate the drug’s permeation into the dermis and epidermis, with better re-
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tention compared to marketed products. Particle size and zeta potential values indicate the formation
of a stable formulation.

The dermatokinetic study revealed better permeation and retention of alpha arbutin in the dermis and
epidermis compared to the marketed formulation.

Introduction

Melanocyte-related disorders of skin pigmentation (hypopigmentaion and hyperpigmentation) are the
most prevalent conditions. The majority of women have abnormal face pigmentation due to a combi-
nation of external and endogenous causes. Skin discoloration patients suffer from emotional and cog-
nitive issues that affect their psychosocial health®. There are numerous causes of hyperpigmentation
which negatively impacts an individual’s quality of life. Addressing hyperpigmentation can be a chal-
lenging and discouraging process, particularly for women. The primary cause is the increase in melanin
content in the dermis or epidermis®.The process by which melanocytes produce melanin is known as
melanogenesis. One important enzyme in the formation of melanin is tyrosinase. Tyrosine is converted
to melanin by tyrosinase in a few steps. Melanin pigment’s primary function is to absorb ultraviolet
(UV) radiation (UVA and UVB), thereby protecting the skin from UV radiation. Hyperpigmentation is
the result of an excess of melanin produced by UV exposure. Therefore, one of the main strategies for
avoiding skin hyperpigmentation is melanin inhibition ©. The most common treatment for hyperpig-
mentation is skin brightening . The sources of skin-whitening chemicals are both synthetic and nat-
ural. The primary obstacle of whitening chemicals is its poor stability. As a result, encapsulating these
whitening agents can enhance their concentration at specific places and physicochemical stability ©.

Hydroquinone inhibits the tyrosinase enzyme and halts the melanogenesis process, making it a depig-
menting agent. However, it can lead to several negative effects, such as mutagenicity in African popu-
lations and an increased incidence of ochronosis ©".As such, the Food and Drug Administration (FDA)
in the United States (US) and the European Union (EU) has prohibited the use of it in any over-the-
counter preparation. The less cytotoxic derivatives of hydroquinone are utilized to achieve the whit-
ening effects of the original drug. The derivative alpha arbutin is one of them. It is mostly made from
hydroquinone through enzymatic synthesis. Alpha-arbutin is 4-hydroxyphenyl a-D-glucopyranoside
structurally ©. Beta-arbutin, or 4-hydroxyphenyl b-D-glucopyranoside, is another derivative ©. When
alpha-arbutin and its optical isomer, 4-hydroxyphenyl b-D-glucopyranoside, were tested for their abili-
ty to block tyrosinase, alpha-arbutin had a greater inhibitory action than beta-arbutin ®.Alpha-arbutin
is used cosmetically, but it also has medicinal uses, including the treatment of urinary tract infections,
anticancer activity, and antioxidant and anti-inflammatory qualities ©. Bearberry extract naturally
contains arbutin, but it can also be produced by glucosidation from hydroquinone .Alpha arbutin is
hydrophilic and at 20 £ 5 °C, it has a water solubility of 151 g/L. The Scientific Committee on Consumer
Safety (SCCS) recommends using up to 2% w/w and 0.5% w/w of alpha arbutin in face creams and body
lotions, respectively . Arbutin’s high hydrophilicity (log P value of -1.49) and poor penetration through
the stratum corneum restrict its use in topical preparations, despite the fact that it effectively inhibits
tyrosinase to produce whitening effects. As a result, conventional skin formulations like lotions and
creams fail to produce sufficient skin deposition 9.,

These hurdles can be resolved by ethosomes, which effectively deliver drugs of all types (amphiphilic,
lipophilic, and hydrophilic) to the epidermis as well as deeper into the skin by enhancing drug per-
meation'*?, Hence, in the present study, an attempt was made to develop an ethosomal suspension
to encapsulate the drug in soy lecithin and incorporate it into a gel for easier application on the skin.
Through this approach, drug penetration and retention in the deeper layers of the skin are improved.

Materials and Methods

Alpha arbutin was gifted by Barentz (Mumbai, India), Propylene glycol (PG) was obtained from Thomas
Beaker (Mumbai, India), Soy Lecithin was purchased from HiMedia (Mumbai, India), Ethanol was ob-
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tained from SD Fine Chemicals (Mumbai, India) and Sepineo P 600 was gifted by Blue Cross Laborato-
ries (Nashik, India). All chemicals used were pharmaceutical grade.

Preparation of ethosomal suspension

Alpha arbutin ethosomal suspensions were prepared using the cold method, as described by Touitou
etal. ™. An ethanol solution with soy lecithin was made using a magnetic stirrer (REMI, Mumbai, India).
PG was added to this ethanol-lipid mixture, referred to as the organic phase. Separately, a 2 % w/w
drug solution was prepared in water, known as the aqueous phase. The system was maintained at 30
°C. The aqueous phase was added to the organic phase by means of syringe with continuous stirring at
700 rpm for 30 minutes “*, The mixture was then sonicated using probe sonicator (Athena Technology,
Electro lab, India) for 25-30 minutes to reduce particle size, then homiginized and refrigerated overnight
to obtain stable ethosomes *¢. On next day, the mixture was centrifuged using cooling centrifugation at
10 °C, 8000 rpm for 10 minutes. Then, supernatant was collected as final ethosomal suspension. This
suspension stored in refrigerator for further use. Various formulations with different lipid and ethanol
concentrations were tested, as shown in Table 1. The optimal formulation was selected based on size
analysis, zeta potential, polydispersity index (PDI), and % entrapment efficiency (% EE). The optimized
ethosomal formulation was used to create a gel for further characterization.

Table 1: Formulation batches with varied concentration of ethanol and soylecithin

Formulation Drug %w/w Ethanol %w/w PG %w/w Soy Lecithin Water (q.s.)
Batches Y%w/w %w/w
F1 2 20 20 1 100
F2 2 20 20 2 100
F3 2 20 20 4 100
F4 2 30 20 1 100
F5 2 30 20 2 100
F6 2 30 20 4 100
F7 2 40 20 1 100
F8 2 40 20 2 100
F9 2 40 20 4 100

Incorporation of ethosomal suspension into gel

The gel base was prepared using Sepineo P 600, which offers several advantages: it works at room tem-
perature, does not require high shear, and being non-thixotropic allows for flexibility in the processes
and equipment used. The formulation was homogenized at 300 rpm with a measured amount of 5 %
w/w Sepineo P 600 added until a clear gel was obtained. The formulation was then assessed for physi-
cal appearance, pH, and spreadability.

Characterization of ethosomes:

Vesicle size, PDI, zeta potential and entrapment efficiency

Using a Malvern Zetasizer, the dimensions, zeta potential, and PDI of each alpha arbutin ethosomal
suspension were measured at 25 °C after diluting samples with distilled water. The % EE was deter-
mined by ultracentrifugation: suspensions were centrifuged at 8000 rpm for 10 minutes to separate
the supernatant. This was then diluted to pH 5.6 with phosphate buffer and analyzed for absorbance
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using a spectrophotometer. The medication amount in the supernatant was calculated with a linear
equation, and %EE was determined using the provided formula 7.

Total amount of drug in sample — unentrapped drug in sample

%EE =
% Total amount of drug in sample

x 100

In vitro drug diffusion of ethosomal suspensién

A Franz diffusion cell with a 90-m length was used for in vitro drug diffusion studies. Cellophane mem-
brane, activated by immersion in pH 5.5 phosphate buffer for 1 hour, served as the diffusion mem-
brane. The receptor medium, phosphate buffer at pH 5.6, filled the receptor compartment (1.76 cm?
surface area). The membrane was placed between the donor and receptor compartments, with the
temperature maintained at 37 +2 °C. The donor compartment was covered with 1 ml of ethosomal sus-
pension. To maintain sink conditions, 1 ml aliquots were taken from the receptor medium at 0, 10, 20,
30, 40, 50, 60, 70, 80, and 90 min and replaced with fresh buffer. Drug diffusion was measured using a UV
spectrophotometer, and permeation parameters were determined by plotting the total drug amount
absorbed against time.

Fourier Transform Infrared Spectroscopy (FTIR) analysis

FTIR analysis of alpha arbutin, soy lecithin, and the optimized formulation was conducted using an IR
Affinity spectrometer (Shimadzu Co., Japan). The detection range was 400-4000 cm™. Spectra were
produced showing the percentage transmittance of infrared light versus wavenumber, indicating the
functional groups present.

pH measurement of ethosomal gel

The pH of the ethosomal gel was measured using a pH meter. Electrodes were immersed in the formu-
lations, and the pH readings were displayed and recorded. Measurements were taken in triplicate, and
the average pH was recorded.

Spreadability measurement

The gel base should spread easily without excessive drag or increased friction. Spredability was mea-
sured using an apparatus with a wooden board, a scale, and two glass slides with pans mounted on
pulleys. The sample was sandwiched between the slides, compressed to a consistent thickness with
100 g of weight for five meters, and a 250 g weight was added to the pan. Spreadability was determined
by the time (t) in seconds required to separate the slides, calculated using the following formula:

_ MxI
Tt

S

Where, | = length of slide

Physical appearance of ethosomal gel
The prepare gel was further suspected to physical appearance such as color, texture and odour.

Comparative study by in vitro diffusion with marketed formulation

A Franz diffusion cell was used to compare the diffusion of ethosomal gel (alpha arbutin) with a cream
formulation (alpha arbutin 2 % w/w). The donor compartment’s cellophane membrane was coated
with the formulations, and the receptor compartment was filled with phosphate buffer at pH 5.6. At
2,3,4,5,6, 7, and 8-hour intervals, 3 ml samples were withdrawn from the receptor compartment
and replaced with an equal volume of receptor solution. The samples were then analyzed using a UV
spectrophotometer.
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Dermatokinetics study

For the dermatokinetic study, fresh goat skin was used, sourced from a nearby slaughterhouse with
intact ear pinna skin. Hair was clipped, and subcutaneous fat and muscle debris were removed before
cleaning the skin with phosphate buffer (pH 5.6). The dermis side of the skin was mounted in a Franz
diffusion cell with the stratum corneum facing the donor compartment, where the gel was applied.

At designated intervals, the skin was removed from the diffusion cell, cleaned to remove any residual
formulation, and then separated into epidermis and dermis. Both layers were cut into small pieces,
macerated in 5 ml of ethanol for 24 hours, and sonicated for 2 hours to extract the drug. The samples
were filtered through a 0.22 um filter and analyzed using UV spectrophotometry. Results were assessed
using a one-compartment model.

K .cskin
Copi = P MAX o —Kpt _ o—Ket
skin (Kp _ Ke) ( )

Where C,, represents the concentration of drug in the skin at time t, K_ represents the dermal perme-

ation constant, represents the maximum drug concentration achieved, and K_represents elimination
constant in skin (819,

Stability study

The stability study for ethosomal gel formulations was conducted over 12 weeks at two temperatures:
refrigerated (4 + 2 °C) and room temperature (30 + 2 °C). The formulations were stored in borosilicate
containers to prevent interactions. Physical changes, including color, odor, and appearance, were
monitored and % CDR at initial time and after 12 weeks were determined.

Results

Vesicle size, PDI, and %EE:

Alpha arbutin ethosomal formulations exhibited entrapment efficiencies (EE) from 93.14 % to 94.99 %.
The highest EE was achieved with F3, which had 20 % w/w ethanol and 4 % w/w soy lecithin (Table 2).
Arbutin ethosomes ranged in size from 138.1 to 350.1 nm. The vesicle size was significantly influenced
by the proportions of ethanol and soy lecithin. The smallest vesicles (138.1 + 6.85 nm) were obtained
with 20% w/w ethanol and 4 % w/w soy lecithin, while the largest vesicles were with 40 % w/w ethanol
and 1 % w/w soy lecithin. Each formulation had a PDI ranging from 0. 383 to 0.498. Zeta potential, an-
other key stability measure, reflects ethosome stability, with higher values indicating better stability.
Ethanol imparts a negative charge to the vesicles, preventing aggregation. For batch F3, the zeta po-
tential was -48.0 mV.

Table 2: % EE, vesicle size and PDI

Formulation Batches % EE Vesicle size (nm) PDI
F1 93.14+0.03 289.4+10.65 0.498
F2 94.06+0.01 292.6+9.13 0.432
F3 94.99+1.52 138.1+6.85 0.406
F4 94.39+0.03 323.847.27 0.443
F5 94.56+0.03 138.6+8.12 0.476
F6 94.22+0.72 199.0+7.52 0.383
F7 94.36+0.05 350.1+12.63 0.406
F8 94.12+0.03 264+10.34 0.393
F9 93.58+0.84 240.2+9.52 0.420
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In vitro drug diffusion of ethosomal suspension
The % CDR for each batch was evaluated up to 90 minutes, with batch F3 showing the highest % CDR at
106.63+4.23 % (Figure 1).

Cumulative % drug release from ethosomal suspension

120
100
80 Batch F1
==Batch F2
14 -#-Batch F3
S 60 Batch F4
= -e-Batch F5
Batch F6
40 ——Batch F7
Batch F8
—+—Batch F9
20
0
0 20 40 60 80 100

Time (min)

Figure 1: % CDR of ethosomal suspension at the end of 90 m.

FTIR analysis of drug and excipients:

The FTIR spectra of alpha arbutin, soy lecithin, and their mixture were analyzed in the 400-4000 cm™
range (Figure 2). Key peaks for alpha arbutin included 3400-3600 cm™ (OH), 1514.12 cm™* (phenyl ring),
2924.09 cm™* (C-H), and 1217.02 cm™ (C-O). For soy lecithin, significant peaks were observed at 3529.15
cm? (OH), 2827.72 cm (symmetric C-H), 1739.79 cm (ester C=0 stretch), and 721.38 cm™ (C=C bend-
ing). In the mixture, major peaks included 3529.75 cm™ (OH), 2924.09 cm™ (C-H), 1739.79 cm™* (C=0),
1514.12 cm™ (phenyl ring), and 721.38 cm* (C=C).
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Figure 2: IR spectra of A. Alpha arbutin B. Soy lecithin and C. Alpha arbutin + Soy lecithin

FTIR of optimized ethosomal suspension:

FTIR spectrum of optimized formulation is shown in Figure 3. Key features include an -OH stretch at
3338.86 cm, a C-H stretch at 2979 cm™, and an aromatic ring peak at 1508 cm™. Sharp peaks for P-O,
and P-O-C shifted from 1062 cm™ to 1041 cm™.
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Figure 3: IR spectra of optimized batch.

pH measurement of ethosomal gel:

Human skin has a slightly acidic pH ranging from 4.1 to 5.8 . The pH of prepared ethsomal gel was
measure using digital pH meter (Systronic pH Meter) at room temperature and was found to be 5.5 +
0.2.

Spreadability measurement:
Spreadability of gel was measured and found to be 15.27 g.cm/sec.

Physical appearance of ethosomal gel:

The alpha arbutin loaded ethosomal gel was physically observed for colour, texture and odour and
results reported in Table 3.

Table 3: Physical appearance test
Characteristics Results
Colour Yellow transparent
Texture Smooth
Odour Characteristic

Comparative study by in vitro diffusion with marketed formulation:

In vitro drug diffusion study between prepared ethosomal gel and marketed product shown significant
difference at the end of 8 h (Figure 4)
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Figure 4: %CDR of ethosomal gel and marketed cream at 8 h.

Dermatokinetic modeling study:

A dermatokinetic study compared alpha arbutin-loaded ethosomal gel with a marketed cream (alpha
arbutin 2 % w/w). The study evaluated the concentration of alpha arbutin in skin layers (epidermis
and dermis) and retention time. Results indicated that the ethosomal gel achieved higher alpha arbu-
tin concentrations and significantly increased drug retention in both the epidermal and dermal layers
compared to the marketed cream. (Table 4)

Table 4: Dermatokinetic parameters of ethosomal gel and marketed cream

Alpha arbutin loaded ethosomal gel Marketed cream
Parameters (Underated Alpha arbutin 2%)
Epidermis Dermis Epidermis Dermis
(h) 4.9+1.32 3.53£1.10 0.83+0.75 0.68+2.12
(ng/) 60.33+0.98 138.37£1.75 55.10+0.61 53.70+0.04
391.06+1.02 878.28+1.36 236.16+0.91 155.16+0.37
690.49+1.4 1330.15+0.02 242.07+0.35 159.82+0.68
MRT(h) 8.42+0.99 7.07+1.64 2.44+2.5 2.46+0.53
Note: Cm_ skin= the maximum drug concentration achieved, T = time at which maximum concentration

achieved, MRT= mean retention time, mean+SD, n=3

Stability study

Stability study of prepared ethosomal gel was carried out at two different temperatures (4 + 2°C and
30 +2 °C). The formulations were evaluated for qualitative parameters and quantitatively by one way
ANOVA test as shown in (Table 5). The calculated and theoretical F values at 4 °C were found to be
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0.001289 and 4.4139 respectively, while at 30 °C they were found to be 0.00449 and 4.4139, respectively.
As at both temperatures, calculated values where less than theoretical values indicate there was no
significant difference between the stability data at stated temperatures and period.

Table 5: Stability study of ethosomal gel

Temperature Identification test Duration
0 Month 3 Month
Qualitative parameters
Color Yellow Transparent Yellow Transparent
4°C+2°C
Texture Smooth Smooth
Odour Characteristic Characteristic
Color Yellow Transparent Yellow Transparent
30°C+2°C
Texture Smooth Smooth
Odour Characteristic Characteristic
Quantitative parameters
4°C+2°C 30°C+2°C
%CDR
0 Month 3 Months 0 Month 3 months
0.17+0.51 0.21+0.37 0.23+0.15 0.219+0.21
4.76+1.03 5.12+0.75 5.23+0.67 5.43+0.34
9.86+1.26 10.29+1.07 10.51+0.51 10.71+0.77
15.69+1.14 16.31+1.61 16.47+0.86 15.92+0.89
21.3+0.95 20.75+1.28 21.56+1.32 20.57+1.25
23.1541.03 23.3241.73 24.03+£1.53 23.49+1.13
27.51+1.86 26.93+£1.57 27.19+1.78 26.62+1.65
35.63£1.62 34.52+1.78 35.68+1.46 35.12+1.98
42.74+1.43 42.09+1.22 41.98+1.95 40.95+2.16
49.36%2.21 48.08+2.04 48.53+2.77 47.72+2.43

Discussion

Increasing soy lecithin concentration from 1 % to 4 % w/w initially increased EE, but further increases in
lecithin resulted in decreased EE likely due to reduced vesicle deformability. Vesicle size increased with
higher ethanol concentrations up to 40 % w/w but decreased with higher soy lecithin concentration.
A low PDI value implies the formation of bit polydisperse particles. The zeta potential value indicates
that the prepared formulation has sufficient stability. The F3 formulation was selected as the optimized
formulation based on the characterization results. FTIR data demonstrate that the drug and selected
excipients are compatible. The pH of the formulated gel was comparable to that of human skin. The
sufficiently large spreadability value suggests that the prepared gel can be easily applied to the skin
and will reach to greater surface of skin. The in vitro study showed drug release from the prepared
ethosomal gel was slower compared to the marketed product. The dermatokinetic study demonstrat-
ed that ethanol enhances the permeation of the drug, and the small particle size of ethosomes further
facilitates the drug’s penetration and better retention into the epidermis and dermis layers over mar-
keted formulation. In vitro drug release from the prepared ethosomal gel was comparatively slow over
marketed product. The formulation was found to be physically stable, and the in vitro drug release
showed no significant difference after 3 months.
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Conclusion

In present study, ethosomes was successfully prepared and incorporated into a gel using Sepineo P
600. Batch F3 exhibited the smallest vesicle size, acceptable PDI, and zeta potential value for stability;
therefore, it is considered the optimized batch. The release of alpha arbutin from prepared ethoso-
mal gel was a bit slow when compared to marketed product. The dermatokinetic study demonstrates
better retention of the drug, with the MRT of the ethosomal gel increasing 3.45 and 2.87 folds over
the marketed product in the epidermis and dermis layers, respectively. This study demonstrates that
ethosomes have the potential to serve as an effective vehicle for topical delivery of alpha arbutin. In the
current research, an alpha-arbutin-loaded ethosomal gel was successfully developed and evaluated.
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Resumen

Introduccion:Los antibidticos son ampliamente utilizados en medicina humana y veterinaria para el tratamiento
terapéutico de enfermedades infecciosas.Pueden alcanzar el medioambiente acuatico después de ser utilizados en
la cria de animales como promotores del crecimiento y para fines terapéuticos.En este trabajo, se evalué la presen-
cia de bacterias resistentes a antibidticos en el sistema de canales naturales que conecta un feedlot de la Pampa
Ondulada con el Arroyo Burgos, en la Provincia de Buenos Aires.

Método:Se determind la prevalencia de bacilos Gram negativos resistentes a antibidticos de uso veterinario y hu-
mano. La sensibilidad a los antibidticos de bacterias Gram negativas seleccionadas se evalué mediante el método
de difusién en disco. Los aislamientos de bacterias resistentes a ceftazidima o a cefotaxima fueron designados como
sospechosos productores de beta lactamasas de espectro extendido(BLEE). Potenciales aislamientos productores
de BLEE fueron confirmados por el método de difusién en disco con acido clavulénico.

Resultados: Entre las cepas aisladas encontramos: Escherichia coli, Enterobacter cloacae, Pseudomonas fluores-
cens, Cedecea davisae y Pseudomonas oryzihabitans. En el perfil de resistencia podemos observar una alta resisten-
cia a cefalosporinas de tercera generacién de uso clinico como ceftazidima y cefotaxima. De acuerdo a los ensayos
fenotipicos, el 60 % de las cepas resistentes a ceftazidima son productoras de BLEE.

Conclusiones:Se pudo determinar una contaminacién difusa con bacterias resistentes a antibidticos betalacta-
micos tanto de uso veterinario como de uso clinico. Representando estos resultados un problema para la salud
publica.

Palabras clave: Bacterias resistentes; betalactdmicos; aguas superficiales; ganaderia intensiva.

Abstract

Introduction:Antibiotics are widely used in human and veterinary medicine for the therapeutic treatment of infec-
tious diseases. They can reach the aquatic environment after being used in animal husbandry as growth promoters
and for therapeutic purposes. In this work, the presence of antibiotic-resistant bacteria in the natural canal system
that connects a feedlot in the Pampa Ondulada with the Arroyo Burgos, in the Province of Buenos Aires, was eval-
uated.

Method: The prevalence of Gram-negative bacilli resistant to veterinary and human antibiotics was determined.
The antibiotic sensitivity of selected Gram-negative bacteria was evaluated by the disk diffusion method. Bacterial
isolates resistant to ceftazidime or cefotaxime were designated as suspected ESBL producers. Potential ESBL-pro-
ducing isolates were confirmed by the disk diffusion method with clavulanic acid.

Results: Among the isolated strains we find: Escherichia coli, Enterobacter cloacae, Pseudomonas fluorescens, Cede-
cea davisae and Pseudomonas oryzihabitans. In the resistance profile we can observe high resistance to third-gen-
eration cephalosporins for clinical use such as ceftazidime and cefotaxime. According to phenotypic assays, 60% of
ceftazidime-resistant strains are ESBL producers.

Conclusions: Diffuse contamination with bacteria resistant to beta-lactam antibiotics for both veterinary and clini-
cal use could be determined. These results represent a problem for public health.

Keywords: Resistant bacteria; beta-lactams; surface waters; intensive livestock farming.
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Puntos clave

SegUn la Organizacion Mundial de la Salud, “la resistencia a los antibiéticos es hoy una de las mayores
amenazas para la salud mundial”. La cria intensiva de animales para consumo humano se ha converti-
do en un reservorio para la propagacion de la resistencia antimicrobiana principalmente en funcién de
la cantidad de antimicrobianos utilizados en la produccién animal.

Este trabajo resalta la importancia de estudiar la resistencia antimicrobiana desde el enfoque de Una
Salud (OMS).

Con los datos obtenidos observamos cdmo el ambiente acuatico rural disemina la resistencia bacteria-
na, constituyendo una amenaza emergente para la salud publica y medioambiental.

Introduccion

Los antibidticos son ampliamente utilizados en medicina humana y veterinaria para el tratamiento
terapéutico de enfermedades infecciosas, y como promotores del crecimiento animal®?. Se excretan
como compuestos originales o metabolitos debido a una mala absorcidn intestinal o un metabolismo
incompleto®.En el medio acuatico se detectan frecuentemente como consecuencia de su eliminacion
parcial durante el tratamiento de aguas residuales, derivando en una continua liberacién al medioam-
biente®.Una vez en el medioambiente, los residuos de antibidticos pueden tener efectos negativos
sobre la biota de los diferentes niveles tréficos y sobre la salud humana por el consumo de alimen-
tos y agua contaminados. La presencia de antibidticos y sus metabolitos contribuyen al aumento de
la poblacidn bacteriana resistente y al mantenimiento de una presidn selectiva capaz de provocar el
desarrollo y/o la diseminacion de dichas resistencia en los diferentes compartimentos del medioam-
bientel>.

La contaminacidn por antibidticos en agua dulce es ubicua y las concentraciones son sustanciales;
muchos antibidticos son tdxicos para los organismos de agua dulce, desde bacterias hasta organismos
multicelulares; incluso las concentraciones subletales tienen la capacidad de inducir cambios en las
comunidades de agua dulce a través de la resistencia bacteriana™. El uso de antimicrobianos en la
atencidn sanitaria, la agricultura, la horticultura, la acuicultura y los entornos industriales tiene un im-
pacto en la expresidn, seleccidn, persistencia y transferencia de caracteristicas de resistencia en pobla-
ciones bacterianas®®. Esta situacion propicia la transferencia de bacterias resistentes a los antibidticos
y genes de resistencia entre el medio ambiente, los animales y los seres humanos'?,lo que ha llevado
al reconocimiento del papel del medio ambiente en la aparicion y diseminacién de la resistencia a los
antimicrobianos (RAM) desde una perspectiva global de Una Salud (OMS). El enfoque desde Una Salud
ayuda a lograr una comprensién mas completa del problema de la RAM, permite soluciones eficientes,
desarrolla pautas de uso apropiadas y proporciona comunicaciones de riesgos efectivas®'?. La RAM
se aborda como un “tema de Una Salud”, desde las causas, hasta la bisqueda de soluciones que abar-
quen las interacciones entre los seres humanos, los animales y el medioambiente?.

La persistencia de residuos antimicrobianos en los alimentos y los desechos animales que contaminan
el suelo y el agua también afecta a los microbiomas acuaticos y ambientales®”. Segln Taylor et al.*¥,
el medio acuatico se considera un entorno fundamental para la liberaciéon ambiental, transformacion,
mezcla y persistencia de residuos de antibidticos, bacterias resistentes a antibidticos y genes de resis-
tencia a antibidticos.

La RAM tanto en medicina humana como veterinaria ha alcanzado niveles alarmantes en la mayor
parte del mundo y se ha reconocido como una importante amenaza emergente para la salud publicay
la seguridad alimentaria a nivel mundial®.

El sector ganadero es considerado uno de los principales contribuyentes de los problemas ambien-
tales a nivel mundial, incluida la contaminacién del agua. La produccién ganadera genera una gran
cantidad de estiércoly aguas residuales, que suelen contener altas concentraciones de contaminantes,
como nutrientes (nitrogeno y fésforo compuestos), materia organica, metales pesados y productos
farmacéuticos".
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Esta liberacion se da principalmente con la utilizacién de estiércol como fertilizante, cuando dicho
estiércol proviene de animales tratados con antimicrobianos; asimismo, con el riego de cultivos con
aguas contaminadas provenientes de granjas que no cumplen con las normas de utilizacion de aguas
para riego de cultivos. Se estima que del 75 al 90 % de los antimicrobianos utilizados en los alimentos
de los animales son excretados al medio ambiente, a través de la escorrentia agricola®®. El uso de
cefalosporinas de tercera generacion en el ganado se ha asociado con la aparicion y propagacion de
betalactamasas de espectro extendido (BLEE) en bacterias Gram negativas, lo que plantea un grave
riesgo para la salud pablica®.

La Region Pampeana, ubicada en el cono sur de América del Sur, es la mas extensa pradera de Argen-
tina. Se caracteriza por ser una gran llanura de tierras fértiles aptas para la agricultura y la ganaderia.
En respuesta a la creciente intensificacion de la produccidn agricola y la disminucion de tierras dispo-
nibles para la ganaderia en esta region, se han adoptado otras técnicas de produccion ganadera. En
los ultimas décadas, los sistemas de engorde a corral (feedlot) con altas cargas animales por unidad de
superficie, han experimentado un notable aumento en contraposicién a la tradicional cria y engorde
a campo en mayores extensiones de tierral”, Sin embargo, este cambio ha traido nuevas problemati-
cas en relacion al impacto ambiental que generan, ya que representan una fuente de contaminacion
puntual tanto de aguas superficiales como subterraneas en el caso de no contar con un manejo ade-
cuado®,

El objetivo de este trabajo fue evaluar la presencia de bacterias resistentes a antibiéticos presentes en
el sistema de canales naturales que conecta un feedlot de la Pampa Ondulada con el Arroyo Burgos,
en la provincia de Buenos Aires. Para cumplir con este objetivo se determind la prevalencia de bacilos
Gram negativos resistentes a antibidticos de uso veterinario y humano.

Métodos

Zona de estudio

Se evalud un sector de la cuenca del arroyo Burgos. Dicho arroyo es tributario del Rio Arrecifes. La
cuenca del Rio Arrecifes se encuentra ubicada en el norte de la provincia de Buenos Aires, en los parti-
dos de San Pedro y Arrecifes (Argentina) y es tributaria de la Cuenca del Plata. Se encuentra a 180 Km al
noroeste de la ciudad de Buenos Aires.El clima es templado, y la precipitacién media anual oscila entre
800y 1200 mm, con minimas en julio y maximas en diciembre. La zona de estudio es predominante-
mente agricola, con cultivos de soja, maiz y trigo. Existe en la region cria de ganado vacuno de forma
intensiva y extensiva y de aves en menor escala.

Muestreo

Las muestras de agua fueron extraidas en la red de canales que conectan un feedlot ubicado en la loca-
lidad de Santa Lucia, San Pedro (33°54’13,65”S/ 59° 50°12,15”W), con el cauce principal del Arroyo Bur-
gos. Los sitios en los que se llevd adelante el muestreo fueron los siguientes: el punto 1 corresponde al
efluente que sale del feedlot (con una capacidad de 15000 animales). Este canal atraviesa una zona con
cultivos de soja, maiz y ganaderia extensiva. Los puntos 2, 3, 4 se localizan en sitios alejados en forma
creciente del punto 1. Los puntos 2 y 3 ubicados a 2,49 y 3,07 km con respecto al punto 1, correspon-
den a actividades agropecuarias consistentes en cultivos extensivos con predominio de soja y algunas
instalaciones para la produccién avicola intensiva. El punto 4 ubicado a 5,45 km con respecto al punto
1, corresponde a un area de ganaderia extensiva. Los puntos 5y 6 se ubican en el Arroyo Burgos, antes
y después de la descarga del canal, respectivamente (Figura 1).
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Figura 1. Ubicacion de los sitios de muestreo

Ensayos de susceptibilidad antimicrobiana

A cada una de las muestras se les determiné el recuento de bacilos Gram negativos con y sin antibié-
ticos (ampicilina (AMP), cefalotina (CFT), ceftriaxona (CRO), ceftazidima (CAZ), ceftiofur (C), oxitetraci-
clina (OT) y clortetraciclina (CTC) en medio Agar Violeta Rojo Bilis lactosa, con el objeto de calcular la
prevalencia de bacilos Gram negativos resistentes a antibidticos. Los antibidticos fueron seleccionados
considerando las principales clases de antimicrobianos utilizados en el ganado de las areas de estudio
e incluyendo algunos que son de importancia para la medicina humana Las placas fueron incubadas
durante 24 hs a 35°C. Las pruebas de sensibilidad se han realizado por triplicado, siguiendo las normas
del CLSI (Clinical&Laboratory Standards Institute, 2019)*, utilizando los puntos de corte recomenda-
dos para definir la resistencia. La prevalencia de las bacterias resistentes se calculé como el nimero
de bacterias que crecen en un medio con antibidtico dividido el nimero de bacterias que crecen en
un medio sin antibidtico. Colonias morfoldgicas diferentes fueron adecuadamente aisladas de otros
microorganismos para obtener subcolonias puras. La identificacion bacteriana se realizé utilizando
los sistemas de identificacién API 20E y APl 20NE (Biomérieux, France) y se utiliz6 como sistema de
interpretacion el APIWeb.

La sensibilidad a los antibidticos de bacterias Gram negativas seleccionadas se evalué mediante el
método de difusion en disco en agar Mueller-Hinton de acuerdo con el método estandar para pruebas
de susceptibilidad a los antimicrobianos en disco. La densidad del in6culo se ajusté al estandar de
turbidez de McFarland 0,5 y se incubd a 37°C durante 24 hs. Se determiné frente a 12 antibidticos;
cefotaxima (CTX), ceftazidima (CAZ), cefalotina (CEF), cefepime (FEP), ciprofloxacina (CIP), gentamici-
na(GEN), trimetoprima-sulfametoxazol (TMS), imipenem (IMP), meropenem (MEM), amikacina (AKN),
ampicilina-sulbactan (AMS) y piperacilina-tazobactam (TAZ).El didmetro de la zona de inhibicién se mi-
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di6 con precision después de 16 a 18 hs de incubacion a 37°C.El didmetro se compard con el diametro
de los estandares susceptibles, moderados y resistentes enumerados en CLSI 2019.

Los aislamientos resistentes a ceftazidima y a cefotaxima fueron designados como productores sospe-
chosos de BLEE segun lo define el CLSI.

Deteccidn fenotipica de Betalactamasas de espectro extendido

Potenciales aislamientos productores de BLEE fueron confirmados por el método de difusion en disco
de acuerdo con las guias de CLSI. Se utilizaron discos conteniendo cefotaxima (30 pg) frente a discos
de cefotaxima +acido clavulanico (30 +10 pg) y ceftazidima (30 pg) frente a ceftazidima + acido cla-
vulanico (30+10 pg). Se considerd como resultado positivo para la produccién de BLEE, el aumento de
5 mm o mas en la zona inhibitoria de los discos con acido clavulanico con respecto al disco sin acido
clavulanico.

Analisis estadistico
Se transformaron los datos a log10 y se aplicé un ANOVA de un factor en cada punto muestra.

En todos los casos se evalud la normalidad y la homoscedasticidad de los residuos. Al rechazarse la hi-
pétesis de igualdad de medias entre antibidticos se evaluaron las medias de a pares mediante compa-
raciones a posteriori de Tuckey. Teniendo en cuenta que el tamafio de las muestras era chico se aplicé
también la prueba no paramétrica de Kruskal Wallis obteniéndose las mismas conclusiones que con el
test paramétrico. El procesamiento se realizé con el software InfoStat.

Resultados

En la Figura 2, se observan los valores medios de bacilos Gram negativos detectados en las muestras
analizadas en los distintos puntos de muestreo. En todos los puntos de muestreo, se detectaron bacte-
rias resistentes a los antibidticos ensayados.

En el punto 1(P1), no se puede decir que haya diferencia significativa entre los recuentos frente a los
diferentes antibidticos. En el punto 2 (P2), no hay similitud en los recuentos frente a los antibiéticos
ensayados (P valor: 0,012), esto se debe a que hay una diferencia significativa entre cefalotina y ceftazi-
dima (P valor: 0,04). Siendo la menor resistencia frente a ceftazidima y la mayor resistencia a cefalotina.
En el punto 3 (P3) y en el punto 4 (P4), no se puede decir que haya diferencia significativa entre la resis-
tencia a los antibidticos ensayados. En el punto 5 (P5), se observd una resistencia significativa frente
a ampicilina y cefalotina (P valor: 0,001) con respecto a los demas antibidticos. En el punto 6 (P6), se
puede afirmar que las bacterias resistentes a cefalotina presentan una resistencia significativa (P valor:
0,004) con respecto a ceftiofur, oxitetraciclina y clortetraclina.

Dentro de las cefalosporinas, ceftazidima presenta menor resistencia en todos los puntos de muestreo.
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Figura 2. Recuento (UFC/ml) en medio Agar Violeta Rojo Bilis lactosa de bacilos Gram negativos resistentes a dife-
rentes antibidticos. Puntos de muestreo: P1-P6.Antibidticos ensayados: AMP (ampicilina), CFT (cefaloti-
na), CRO (ceftriaxona), CAZ (ceftazidima), C (ceftiofur), OT (oxitetraciclina), CTC (clortetraciclina); S/ATB
(sin antibidtico).

En la Figura 3, se observa la prevalencia de las bacterias resistentes. Entre las cefalosporinas de 3?
generacion, se observa una menor resistencia a ceftazidima, mientras que no hay diferencia entre cef-
triaxonay ceftiofur. Tampoco, se observa diferencia entre las tetraciclinas.
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Figura 3. Prevalencia de bacilos Gram negativos resistentes a diferentes antibiéticos, en medio Agar Violeta Rojo
Bilis lactosa. Puntos de muestreo: P1-P6. Antibidticos ensayados: AMP (ampicilina), CFT (cefalotina), CRO
(ceftriaxona), CAZ (ceftazidima), C (ceftiofur), OT (oxitetraciclina), CTC (clortetraciclina).

Entre las cepas aisladas encontramos: Escherichia coli, Enterobacter cloacae, Pseudomonas fluores-
cens, Cedecea davisae y Pseudomonas oryzihabitans. En el perfil de resistencia, podemos observar una
alta resistencia a cefalosporinas de 32 generacién de uso clinico como ceftazidima y cefotaxima. De los
12 antibidticos ensayados, solo hallamos resistencia a 9antibidticos. No se observé Resistencia frente
a ciprofloxacina, amikacina, piperacilina-tazobactam (Figura 4).

Ars Pharm. 2025;66(2):187-197 193



Tornello C, Mantovano J, Molinari C,, et al.

90 -
80 -
70
60
50
40

. -

30
10
CEF TMS CTX CAZ FEP IMP MEM GEN SAM
Antibiéticos

istentes

ias resi
1 1 1

Porcentaje de bacter

Figura 4. Perfil de resistenciade las diferentes cepas aisladas. Antibiticos de ensayo: CEF (cefalotina),TMS (tri-
metoprima-sulfametoxazol), CTX (cefotaxima), CAZ (ceftazidima), FEP(cefepime), IMP (imipenem),MEM
(meropenem), GEN (gentamicina), SAM (ampicilina-sulbactam).

De acuerdo con los ensayos fenotipicos realizados con las cepas aisladas, el 60 % de las cepas resisten-
tes a ceftazidima son productoras de BLEE.

° o #
Discusion
Este estudio evalud la contribucion de los efluentes rurales a la resistencia antimicrobiana. Se determi-
naron los bacilos Gram negativos resistentes a antibidticos beta-lactamicos y tetraciclinas, calculando
la prevalencia fenotipica de las bacterias resistentes a los diferentes antibidticos ensayados.La ganade-
ria se ha convertido en un foco de propagacién de la RAM,principalmente en funcién de la cantidad de
antimicrobianos utilizados en la produccidon de animales destinados al consumo humano®.

Ceftiofur, una cefalosporina de 32 generacién (3GC), es uno de los tres antibidticos mas utilizados para
tratar y prevenir enfermedades del ganado. La ceftriaxona y la cefotaxima son antibidticos de 3GC
similares que se utilizan para tratar infecciones graves causadas por cepas patdgenas de Enterobac-
terias en humanos. El uso de cefalosporinas de la misma generacion con similar estructura quimica,
ingredientes activos y espectro de accion en la cria de ganado y en entornos de salud humana puede
conducir a una resistencia cruzada que puede transferirse a los humanos o viceversa a través de vias
directas e indirectas®2V. Schmidt et al®” en 2013, demostraron mediante un estudio longitudinal que
los tratamientos del ganado con ceftiofur condujeron a un aumento transitorio de la eliminacién de
Escherichia coli resistente a 3GC después del tratamiento con ceftiofur. Markland et al*®en 2019 deter-
minaron una prevalencia de bacterias resistentes a cefotaxima del 83% en ganado criado en corrales
de engorde. Obtuvimos resultados similares a estos autores, en la resistencia a ceftriaxonay en el perfil
de resistencia con cefotaxima; siendo que ambos antibidticos son de uso clinico.
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Las BLEE pueden hidrolizar cefalosporinas de espectro extendido, incluidas cefotaxima, ceftriaxona,
ceftazidima, o cefepime y antibiéticos monobactamicos. Se han encontrado bacterias productoras de
BLEE en recursos hidricos proximos al entorno de establecimientos de cria de ganado. En un estudio
realizado por Noyes et al.?¥, en 2016, se observé que el agua de los corrales de ganado vacuno de carne
contenia genes de BLEE y carbapenemasas, lo que sugiere que el agua de los establecimientos de cria
de ganado vacuno podria ser otra fuente debacterias productoras de BLEE.Las estrategias de mitiga-
cion eficaces, como la gestion de la granja, la bioseguridad y la higiene, podrian facilitar la reduccién
de las bacterias productoras de BLEE en el ganado'®.

El riesgo de ser colonizados por E. coli productora de betalactamasas aumenta en personas en contac-
to constante con el agua, como los arroyos analizados®?". Entre la poblacion general, los agricultores
expuestos al ganado en contacto directo tienen mayores posibilidades de transmisién de bacterias
resistentes a antimicrobianos?®.

Lepper etal.?®, en 2022, ilustraron el papel potencialmente importante del medio ambiente en la epi-
demiologia de las infecciones bacterianas resistentes en los seres humanos.Destacaron la necesidad
de considerar el papel del medio ambiente en el disefio de estrategias de control de la resistencia a an-
timicrobianos, ya que puede influir en la prevalencia humana de la resistencia, reduciendo la eficacia
de las intervenciones que limitan el consumo de antibidticos en los animales, y puede ser un objetivo
de intervencién eficaz en si mismo a través de una mejor infraestructura de saneamiento.

Conclusiones

Se pudo determinar una contaminacién difusa con bacterias resistentes a antibidticos betalactamicos
tanto de uso veterinario como de uso clinico. Representando estos resultados un problema para la
salud publica y medioambiental.

La cria intensiva de ganado puede contribuir a la diseminacién de bacterias resistentes a antibidticos
y representar un riesgo para la salud puUblica. Estos resultados resaltan la necesidad de centrarse en el
concepto de Una Salud.

. o d
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Resumen

Introduccién: Diversos estudios han puesto de manifiesto que los preparados del fruto de hinojo (Foeniculum vul-
gare Miller) pueden ser (tiles para aliviar los sintomas asociados a la menopausia. El objetivo de este trabajo es
realizar una revision de los articulos publicados sobre la eficacia y la seguridad del hinojo en el tratamiento de los
sintomas menopausicos.

Método: Se realizé una bisqueda de los articulos publicados desde enero de 2011 a julio de 2024 en el buscador
de recursos de la Universidad de La Laguna (ULL), “PuntoQ”. Se seleccionaron los ensayos clinicos aleatorizados y
controlados (con placebo u otra medicacidn), que tuvieran las palabras claves en el resumen, texto o titulo, tanto
en inglés como en espafiol.

Resultados: Se identificaron 11 articulos que incluian los criterios de inclusién. Se encontré que los preparados
de hinojo, especialmente su aceite esencial, pueden resultar Utiles para aliviar la frecuencia e intensidad de los
sintomas de la menopausia, principalmente sintomas vegetativos (sofocos y sudores nocturnos) y sintomas psi-
coldgicos. Ademas, se observé mejoria en el nivel hormonal (aumento de estradiol), en la calidad de vida, en la
funcién sexual, asi como en los sintomas de atrofia vaginal. No se observaron efectos adversos significativos a las
dosis administradas.

Conclusiones: Los preparados de hinojo (especialmente su aceite esencial) mostraron ser eficaces en el tratamien-

to de la sintomatologia menopausica, siendo bien tolerados. No obstante, debido a las limitaciones de los estudios
revisados, se requieren mas ensayos clinicos de calidad para confirmar estos resultados.

Palabras clave: Hinojo; Foeniculum vulgare; menopausia; sintomas menopausicos; revision.

Abstract

Introduction: Several studies have shown that preparations of fennel (Foeniculum vulgare Miller) may be useful
in relieving symptoms associated with the menopause. The aim of this paper is to review published articles on the
efficacy and safety of fennel in the treatment of menopausal symptoms.

Method: Articles published from January 2011 to July 2024 were searched in the University of La Laguna (ULL)
search engine, “PuntoQ”. Randomised and controlled clinical trials (with placebo or other drugs) with the keywords
in the abstract, text or title, both in English and Spanish, were selected.

Results: Eleven articles that met the inclusion criteria were identified. We found that fennel preparations, especially
its essential oil, may be useful in reducing the frequency and intensity of menopausal symptoms, mainly vegeta-
tive symptoms (hot flushes and night sweats) and psychological symptoms. In addition, improvements in hormone
levels (increased levels of estradiol), quality of life, sexual function and symptoms of vaginal atrophy have been
observed. No significant adverse effects were observed at the doses administered.

Conclusions: Fennel preparations (especially its essential oil) have been shown to be effective and well tolerated in
the treatment of menopausal symptoms. However, due to the limitations of the trials reviewed, more high-quality
clinical research is needed to confirm these findings.

Keywords: Fennel; Foeniculum vulgare; menopause; menopausal symptoms; review.
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Puntos clave

En los ultimos afios, diversos ensayos clinicos han demostrado la eficacia de los preparados del fruto
de Foeniculum vulgare Miller, especialmente su aceite esencial, en el tratamiento de los sintomas me-
nopausicos. No obstante, los estudios siguen siendo limitados y no concluyentes.

Se propone realizar en este trabajo una revision de los articulos publicados hasta el momento sobre la
eficacia y seguridad del hinojo en el tratamiento de los sintomas de la menopausia.

Se pretende obtener un mayor conocimiento actualizado de la eficacia y seguridad del hinojo en el
tratamiento de la menopausia y esclarecer si pudiese constituir una alternativa para aquellas mujeres
que no deseen o no puedan ser tratadas con terapia hormonal.

Introduccion

La menopausia se define como el cese natural del ciclo menstrual durante mas de un afio debido a la
deficiencia de estrogenos, lo que suele ocurrir en las mujeres alrededor de los 45 a 55 afios. Este déficit
estrogénico puede ocasionar una serie de sintomas como alteraciones vasomotoras (sofocos, sudora-
cién), cambios en el estado de animo o alteraciones genitourinarias, que pueden causar molestias y
comprometer la calidad de vida®?3#,

Uno de los tratamientos mas habituales para los sintomas vasomotores de la menopausia es la terapia
hormonal sustitutiva. Sin embargo, debido al posible riesgo a largo plazo de este tratamiento (incre-
mento del riesgo de cancer de endometrio, infarto de miocardio), su uso no esta recomendado para to-
das las mujeres, siendo necesario una valoracion individual pormenorizada que considere los riesgos
y beneficios, reduciendo la dosis a la minima eficaz durante el menor tiempo posible®*%. De hecho,
en los Ultimos afios se ha observado un aumento del uso de preparados a base de plantas medicinales
(especialmente las que contienen fitoestrogenos) en aquellas mujeres que no desean el tratamiento
hormonal o que se encuentra contraindicado"®.

Entre estas plantas medicinales con fitoestrégenos, tenemos el hinojo (Foeniculum vulgare Mill., Apia-
ceae), planta herbacea cuyo fruto se ha utilizado como especia y también tradicionalmente para el tra-
tamiento sintomatico de trastornos digestivos espasmddicos leves y de espasmos menores asociados
a la menstruacion, asi como para el tratamiento de catarros de vias respiratorias altas#%1%%,

El principal constituyente de esta drogay al que se le atribuye sus acciones farmacoldgicas es el aceite
esencial, que esta constituido mayoritariamente por anetol, estragol y fenchona (su proporcién varia
segln se trate del fruto de hinojo amargo o dulce). También contiene flavonoides, 4cidos fendlicos,
hidroxicumarinas y furocumarinas, entre otros®!%,

Diversos estudios han puesto de manifiesto que el aceite esencial de hinojo presenta actividad es-
trogénica y puede ser (til para aliviar los sintomas asociados a la menopausia, demostrando en va-
rios ensayos sus efectos terapéuticos en los sofocos, el estrés, los trastornos del suefio y la sequedad
vaginal®7#1:12 Se considera que esta actividad estrogénica es debida principalmente al anetol y sus
polimeros, dianetol y fotoanetol™”. No obstante, los datos siguen siendo limitados y no concluyentes.

El objetivo de este trabajo es realizar una revision de los articulos publicados sobre la eficaciay la se-
guridad del hinojo en el tratamiento de los sintomas menopausicos.

Métodos

Se ha realizado una buisqueda de los articulos publicados desde enero de 2011 a julio de 2024 en el
buscador de recursos de la Universidad de La Laguna (ULL), “PuntoQ”, sobre la eficacia de los pre-
parados de hinojo en los sintomas de la menopausia. PuntoQ es el portal de bisqueda de recursos
electrénicos de informacion con fines académicos de la ULL, el cual permite hacer busquedas desde un
solo punto de acceso a 185 bases de datos, entre las que se puede destacar para este trabajo: EBSCO,
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Biblioteca Cochrane Plus, BioMedCentral, CINAHL, PubMed, ScienceDirect Journals, Scopus, WOS o
Wiley Online Library, entre otras.

Se introdujeron las siguientes palabras claves: (foeniculum OR fennel) en el titulo y (menopaus* OR
climacteric OR perimenopaus* OR postmenopaus* OR vaginal OR vasomotor OR sweat* OR “hot flush*”
OR “hot flash*” OR urogenital OR irritability OR genitourinary) y (trial OR study OR review) en todos los
campos.

Se seleccionaron los ensayos clinicos que cumplieran los siguientes criterios de inclusion: estudios en
mujeres peri-menopausicas, menopausicas o postmenopausicas con edad superior a 45 afios y que
usaran preparados de hinojo para tratar la sintomatologia menopausica. Se incluyeron ensayos cli-
nicos aleatorizados y controlados (con placebo u otra medicacidn), que tuvieran las palabras claves
en el resumen, texto o titulo, tanto en inglés como en espafiol. Se excluyeron los estudios en anima-
les, ensayos clinicos no controlados o no aleatorizados, estudios de casos, resimenes de congreso o
aquellos que estuvieran en otro idioma. La adecuacion de los estudios incluidos fue evaluada de forma
independiente por dos investigadores, resolviendo cualquier discrepancia por consenso.

Los estudios se agruparon en una tabla segln las variables a estudiar, con el fin de sistematizar y fa-
cilitar la compresion de los resultados, considerando los siguientes datos: primer autor y afio de pu-
blicacidn, tipo de estudio, poblacién, duracidn del estudio y dosis, sintomas evaluados y resultados
obtenidos.

La calidad de los estudios incluidos fue evaluada de forma independiente por dos investigadores me-
diante la escala de Jadad, resolviéndose las discrepancias por consenso. Las puntuaciones de esta
escala oscilan entre 0 y 5 puntos, evaluandose tres criterios: aleatorizacion (dos puntos), enmascara-
miento o cegamiento (2 puntos) y el control de las pérdidas en el seguimiento (1 punto). Se considera
que un ensayo clinico es de pobre calidad metodoldgica si su puntacion es inferior a 3 puntos.

La evaluacion del riesgo de sesgo de cada estudio incluido se realizé de forma independiente por dos
investigadores siguiendo la metodologia recomendada por la Colaboracién Cochrane (Manual Co-
chrane de revisiones sisteméticas de intervenciones, versién 5.1.0 marzo de 2011), resolviéndose las
discrepancias por consenso. Se evaluaron los siete dominios propuestos: generacién de la secuencia
aleatoria, ocultacién de la asignacion, cegamiento de los participantesy el personal, cegamiento de los
evaluadores de resultado, datos de resultado incompletos, notificacion selectiva, otros sesgos. Cada
dominio puede tener tres clasificaciones (alto riesgo, bajo riesgo, riesgo dudoso), considerandose que
un estudio tiene un “sesgo bajo” cuando tiene una calificacidn de “bajo riesgo” en todos los dominios
y un “sesgo alto” cuando tiene por lo menos un dominio con una calificacién de “alto riesgo”.

Resultados

Al realizar la busqueda con las palabras clave seleccionadas, se encontraron inicialmente 51 articulos.
Aplicando los criterios de inclusion y exclusion, se excluyeron 27 articulos tras la lectura del titulo y re-
sumen por los motivos reflejados en el diagrama de flujo (Figura 1). De los 24 articulos relevantes iden-
tificados, se excluyeron 13 tras lectura de texto completo (revisiones de articulos, escritos en idioma
distinto al inglés o espafiol, protocolo, estudio piloto, resumen de congreso, articulo no disponible).
Finalmente, quedaron 11 articulos que cumplian los criterios de inclusidn, recogiéndose su informa-
ciénen la Tabla 1422,
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Excluidas tras lectura de

Articulos encontrados en titulo y resumen (N=27)
la busqueda por Punto Q - 5 _ .
(N=51) o Estudios experimentales
(N=7).

e Otras patologias y/o
efectos (N=6).

e Otros estudios (N=1).

e Duplicados (N=12).

e Capitulo de libro (N=1).

Articulos relevantes ﬁm’culos excluidos tras lectura
|de(n,\tllfgi()ios —_ de texto completo (N=13)

o Revisiones (N=4).

Otro idioma (N=5).

o Protocolos de revisién

(N=1).

Estudio piloto (N=1).

e Resumen de congreso
(N=1)

* Ensayo clinico no

\ disponible (N=1). J

Articulos
seleccionados (N=11)

Figura 1. Diagrama de flujo de la bisqueda (elaboracion propia, siguiendo las recomendaciones de la declaracién
PRISMA).

Tabla 1. Ensayos clinicos con el fruto de hinojo en el tratamiento de los sintomas de la menopausia.

Autor, afio, refe- Pacientes Duracién Sintomas Resultados
rencia, Dosis Evaluados
disefio
Ghavi et al., 20233, Mujeres (N=125), Duracion: 8 s. Medida niveles | VFSHy sestradiol en G1
Ensayo clinico edad 45-60 afios, G1 (N =43):2caps/ plasmaticosde | y G2 frente placebo (p<
aleatorizado, triple | postmenopausicas | dia aceite esencialde | hormonas (FSHy | 0.001);> 4 estradiol en
ciego, controlado (=12 meses). fruto hinojo (60 mg/ | estradiol) alinicio | Glfrente G2 (p<0.05).
con placebo. dia). y final tratamien- | Mejoria sintomas me-
G2 (N=42):2 caps/ to. nopausicos en G1y G2,
dia aceite de onagra | Evaluacién desin- | pero sélo significativo
(2000 mg/ dia). tomas menopau- | en sintomas psicolé-
G3 (N =40): 2 caps/ sicos mediante gicos (p<0.05) frente
dia almiddn soja (200 | cuestionario MRS placebo.
mg/dia). alinicioy final
tratamiento.
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Ensayo clinico
aleatorizado, doble
ciego, controlado
con placebo.

postmenopau-sicas

(=12 meses) con bo-

chornosy trastornos
del suefio.

dia extracto alco-
hélico (1:1) hinojo
(86.86% anetol) y
valeriana (1000 mg/
dia).
G2 (N=35):2 caps/
dia placebo (1000
mg/dia almidén).

y frecuencia de
sofocos mediante
Kly de la calidad
del sueiio median-
te PSQI aliinicio,

4y 8 semanas

tratamiento.

Autor, afio, refe- Pacientes Duracién Sintomas Resultados
rencia, Dosis Evaluados
disefio
Jenabietal., Mujeres (N =70), Duracién: 8s. Evaluacion de se- | vfrecuenciay severidad
202314, edad 45-55 afios, G1(N=35):2caps/ | veridad,duracion | de sofocos en G1 frente

G2 (p<0.05) a4%y 8°s.
de tratamiento
Mejoria G1 en calidad
del suefio frente place-
bo (p<0.05) tras 2 m. de
tratamiento.

No E.A.

Mahdavian et al.,
201919,
Ensayo clinico
aleatorizado, triple
ciego, controlado
con placebo.

Mujeres (N = 109),
edad entre 45-65
afios, peri-y post-
menopausicas (=12
meses).

Duracién: 12 s.
G1 (N=26):2 ml/dia
extracto alcohdlico

de: 250 mg/dia flores
manzanilla + 30 mg/
dia fruto hinojo +
15 mg/dia estigma
azafran.

G2 (N=29): 2 ml/
dia extracto (500
mg manzanilla + 60
mg hinojo + 30 mg
azafran).

G3 (N=29): 2 ml/dia
extracto alcohdlico
(1000 mg manzanilla
+120 mg hinojo + 60
mg azafran).

G4 (N =25): placebo
(2 ml/dia agua esteri-
lizada).

Evaluacién de
sintomas me-
nopausicos (neu-
rovegetati-vos,
psicolégicosy
urogenitales)
mediante el cues-
tionario MRS al
inicio, 6y 12s. de
tratamiento.

Mejoria significativa
(p<0.001) sintomas
menopausicos neurove-
getativos, psicoldgicos
y urogenitales G2y G3
frente placeboalas6y
12 s. de tratamiento (>
con G3).

No E.A.

Abedi et al., 20181,
Ensayo clinico
aleatorizado, doble
ciego, controlado
con placebo.

Mujeres (N =60),
edad 45-65 afnos,
postmenopausicas (=
12 meses o FSH>40
Ul) con disfuncién
sexual (puntuacién
<26 en cuestionario
FSFI).

Duracién: 8 s.
G1(N=30):5g/dia
crema vaginal de
fruto hinojo (extracto
seco etandlico
mezclado con crema
base en emulsién
al 5%).

G2 (N=30): placebo.

Evaluacion de
funcién sexual
(excitacion, lubri-
cacion, orgasmo,
dolor, satisfaccién
sexual) mediante
cuestionario FSFI
alinicioy8s.
tratamiento

Mejoria de funcién se-
xual en ambos grupos,
pero significativamente

superior en todas las

areas estudiadas con
hinojo (p <0.001) frente
placebo.
No E.A.

Afiat et at.,
2018a"".
Ensayo clinico
aleatorizado, doble
ciego, controlado
con placebo.

Mujeres (N = 60),
edad media 56 afios,
postmenopausicas
(=12 meses).

Duracién: 3 m.
G1 (N=25): 3 caps/
dia hinojo (cada caps
de 100 mg contiene
30% aceite esencial
de hinojo (21-27
mg anetol) y aceite
girasol).

G2 (N=29): placebo
(aceite de girasol).

Evaluacion del
perfil lipidico (tri-
glicéridos, coleste-
rol total, LDL, HDL)
alinicioyalos3
m. tratamiento.

No se observaron dife-
rencias significativas en
el perfil lipidico entre
ambos grupos, excepto
una mejoria leve para
HDL (p =0.052) en el
hinojo frente valor
inicial.

No E.A.
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Autor, afio, refe- Pacientes Duracién Sintomas Resultados
rencia, Dosis Evaluados
disefio
Afiat et at., Mujeres (N = 50), Duracién: 12 s. Evaluaciondela | No se observé mejoria
2018b1#), edad 45-65 afios, G1(N=25):3caps/ | calidad delsuefio significativa en la

Ensayo clinico
aleatorizado, doble
ciego, controlado
con placebo.

postmenopausicas
(=12 meses).

dia hinojo (cada caps
de 100 mg contiene
30% de aceite esen-
cial hinojo (21-27 mg
de anetol) y aceite de
girasol).
G2 (N=25): placebo
(aceite de girasol).

mediante indice
de PSQl alinicioy
al final del trata-
miento.

puntuacion total de la
calidad del suefio com-
parado con placebo,
excepto una ligera ten-
dencia a la mejoria en
la duracién del suefio (P
=0.059).
No E.A.

Ghazanfarpour et
al., 20184,
Ensayo clinico
aleatorizado, doble
ciego, controlado
con placebo.

Mujeres (N =50),
edad 45-65 afos,
postmenopausicas
(=12 meses).

Duraci6n: 3 m.

G1 (N=25): 3 caps/
dia hinojo (cada caps
de 100 mg contiene
30% de esencia hino-
jo (21-27 mg anetol) y
aceite girasol).

G2 (N=25): placebo.

Evaluacién de
calidad de vida
mediante el
cuestionario
MENQOL al inicio
y alos 3 meses de
tratamiento.

Mejora sintomas
menopausicos (sofocos,
sudores, psicolégicos)
en ambos G (p<0.001)
frente valor inicial; sin
diferencias significati-
vas entre grupos. Efecto
placebo 1. No E.A.

Ghazanfarpour et
al., 2017,
Ensayo clinico
aleatorizado, doble
ciego, controlado
con placebo.

Mujeres (N = 60),
edad media 56 afios,
postmenopausicas
(=12 meses).

Duraci6n: 12 s.
G1 (N=25): 3 caps/
dia hinojo (100
mg por caps.: 30%
esencia hinojo (21-27
mg anetol) y aceite
girasol).

G2 (N=25): placebo.

Medida de densi-
dad mineral 6seay
contenido mineral
6seo mediante ab-

sorciometria con

rayos X de doble
energia al inicioy
al final.

No se observé mejoria
en la densidad y conte-
nido mineral seo (dife-
rencias no significativas

entre ambos grupos).

No E.A. serios.

Rahimi-kian et al.,
201709,
Ensayo clinico
aleatorizado, triple
ciego, controlado

Mujeres (N = 80),
edad 45-60 afios,
postmenopausicas (=
12 mesesy <5 afios).

Duracién: 8s.

G1 (N =40): 2 caps./
dia esencia de hinojo
(100 mg por caps.
con 71-90 mg anetol).

Evaluacién de
calidad de vida
mediante el cues-
tionario MENQOL
alinicioy final de

Mejora de la calidad de
viday disminucién de
sintomas de menopau-
sia de G1 frente placebo
(p<0.001).

con placebo. G2 (N=40): placebo. tratamiento. No E.A. serios.
Saghafi et al., Mujeres (N =47), Duracién: 3 m. Medida del peso, No se observaron
201712, edad media 57 afios, | G1 (N=22):3 caps/ indice de masa | efectos significativos en

Ensayo clinico
aleatorizado, doble

postmenopausicas
con sobrepesoy

dia esencia de hinojo
(100 mg/ caps., 71-90

corporal y distri-
bucién de la grasa

ninguno de los parame-
tros medidos entre los

ciego, controlado obesidad. mg anetol). alinicioy al final grupos.
con placebo. G2 (N=25): placebo. | deltratamiento.
Yaralizadeh et al., Mujeres (N = 60), Duracion: 8 s. MedidadelpHy | +n°células superficia-
2016%), edad 45-65 afios, G1(N=30):5g/dia | delindice de ma- les de la vagina, VpH

Ensayo clinico
aleatorizado, doble
ciego, controlado
con placebo

postmenopausicas
(=12 meses) con
disfuncion sexual.

crema vaginal de
fruto hinojo (extracto
seco etandlico
mezclado con crema
base en emulsién
al 5%).
G2 (N=30): placebo.

duracién vaginal
alinicioy 8s.
Medida de
sintomas atrofia
vaginal al inicio, 2,
4y8s.

vaginal y sintomas de
atrofia vaginal (palidez,
picazén, sequedad,
dispareunia) frente
placebo (p<0.001) a
las 8s.
No E.A.

4: aumento; v: disminucidn; caps: capsula; E.A: efectos adversos; G: grupo; m: mes; s: semana

FSFI: Female Sexual Function Index; KI: Kupperman Menopausal Index; MENQOL: Menopause-Specific Quality of
Life; MRS: Menopause Rating Scale; PSQI: Pittsburg Sleep Quality Index.
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Los 11 estudios incluidos en esta revision fueron ensayos clinicos aleatorizados doble ciego controla-
dos con placebo, excepto tres que fueron triple ciego®1>2Y,

El nimero de pacientes incluidos en los ensayos clinicos oscilaba entre 47 y 80, menos en dos estudios
que fue de 109"y 12503, Se seleccionaron pacientes postmenopdusicas con edades comprendidas
entre 45y 65 afios con presencia de sintomas menopausicos naturales de al menos durante un afio.

La duracidn de los estudios oscild entre 8 y 12 semanas. Se administraron capsulas de aceite esencial
de hinojo en siete ensayos a diferentes dosis: 60 mg/dia®¥, 200 mg/dia® y 300 mg/dial"181%2022) Ade-
mas, en un ensayo'* se administré una combinacion de extractos alcohdlicos de hinojo y valeriana
(1000 mg/dia) en capsulas, mientras que en otro" se administrd via oral una combinacidn de tres
extractos alcohdlicos: flores de manzanilla (250-1000 mg/dia), fruto de hinojo (30-120 mg/dia), estigma
de azafran (15-60 mg/dia). También se aplicd una crema vaginal de extracto seco etandlico de fruto de
hinojo (5 g/dia) en dos ensayos®®23,

Se evaluaron los sintomas menopdusicos mediante diferentes cuestionarios y escalas: indice de Ku-
pperman™?, cuestionario MRS, También se evalud la calidad de vida mediante cuestionario MEN-
QOL"™ |a calidad del suefio mediante el indice PSQI**'®, la funcion sexual mediante cuestionario
FSFI®® y los sintomas de atrofia vaginal®). Ademas, se midié los niveles plasmaticos de las hormonas
FSH y estradiol™, la densidad y el contenido mineral 6se0??, el perfil lipidico™”, asi como el peso y el
indice de masa corporal®,

Tras el analisis de los resultados, se observé que la administracion en capsulas del aceite esencial de
hinojo produjo una reduccidn significativa de los sintomas vegetativos (sofocos, sudores) y los sin-
tomas psicoldgicos comparado con el grupo placebo*?, excepto en un ensayo que se observo un
importante efecto placebo*®. Ademas, se observé una mejoria de la calidad de vida®, asi como una
disminucion de la hormona foliculo estimulante (FSH) y un aumento del estradiol®®. No se encontrd
mejoria significativa en la calidad del suefio™®), el perfil lipidico™”, la densidad y contenido mineral
6se0® ni en el peso e indice de masa corporal®?,

Cuando se administré conjuntamente los extractos alcohdlicos de frutos de hinojo con los de raiz de
valeriana™ o con los extractos de manzanilla y azafran® se encontré también una mejoria significa-
tiva de los sintomas menopausicos comparado con el placebo, observandose ademas una mejoria en
la calidad del suefio™®.

Por otro lado, su administracién por via topica produjo una mejoria de la funcién sexual y los sintomas
de atrofia vaginal*®?,

No se observaron efectos adversos serios durante el tratamiento con los diferentes preparados de hi-
nojo a las dosis usadas en estos estudios.

Con respecto a la evaluacién de la calidad, todos los estudios obtuvieron la puntuacién mas alta posi-
ble (5 puntos) en la escala de Jadad, excepto un ensayo que obtuvo una calificacién de 4?% porque no
menciond las pérdidas por seguimiento, aunque si las menciona en un articulo publicado posterior-
mente”,

Por otro lado, cuatro de los ensayos clinicos***>2) tuvieron un nivel de sesgo bajo en todos los
dominios evaluados segln la metodologia recomendada por la Colaboracién Cochrane, pero 7 de
ellos**?°2223 tyvieron un nivel de riesgo dudoso (poco claro) en el sesgo de notificacion (notificacion
selectiva), ya que se publicaron diferentes resultados de un mismo ensayo clinico en varias revistas
(Tabla 2).

Ars Pharm. 2025;66(2):198-209 205



Garcia-Bienes HM, Sanchez-Mateo CC.

Tabla 2. Evaluacién del riesgo de sesgo de los ensayos clinicos aleatorizados siguiendo la metodologia Cochrane

Risk of bias
Autor, aio, referencia 1 2 3 4 5 6 7
Ghavi et al., 2023% BR BR BR BR BR BR BR
Jenabi et al., 2023 BR BR BR BR BR BR BR
Mahdavian et al., 2019 BR BR BR BR BR BR BR
Abedi et al., 20181 BR BR BR BR BR RD BR
Afiat et al., 2018a"" BR BR BR BR BR RD BR
Afiat et al., 2018b"®) BR BR BR BR BR RD BR
Ghazanfarpour et al., 2018 BR BR BR BR BR RD BR
Ghazanfarpour et al., 20179 BR BR BR BR RD RD BR
Rahimi-kian et al., 2017?% BR BR BR BR BR BR BR
Saghafi et al., 2017 BR BR BR BR BR RD BR
Yaralizadeh et al., 2016% BR BR BR BR BR RD BR

AR: Alto riesgo, BR: Bajo riesgo; RD: Riesgo dudoso (poco claro)

1. Generacion de la secuencia aleatoria; sesgo de seleccion

2. Ocultacién de la asignacion; sesgo de seleccion

3. Cegamiento (enmascaramiento) de los participantes y del personal; sesgo de realizacion
4. Cegamiento (enmascaramiento) de los evaluadores de resultado; sesgo de deteccidn

5. Datos de resultado incompletos; sesgo de desgaste

6. Notificacion selectiva; sesgo de notificacion

7. Otros sesgos

Discusion

Tras el analisis de los resultados obtenidos, podemos afirmar que los preparados de hinojo, especial-
mente su aceite esencial, pueden resultar Utiles para aliviar la frecuencia e intensidad de los sintomas
de la menopausia, principalmente sintomas vegetativos (sofocos y sudores nocturnos) y sintomas psi-
coldgicos™*?, Ademas, se observd una mejoria en el nivel hormonal (aumento de estradiol)™® y en
la calidad de vida®, asi como una mejoria de la funcidn sexual®® y los sintomas de atrofia vaginal®
cuando se administré topicamente en forma de crema. Asimismo, estos preparados fueron bien tole-
rados, no observandose efectos adversos significativos a las dosis administradas.

Cabe mencionar que la combinacidn de un extracto alcohdlico de hinojo con un extracto alcohdlico de
valeriana®™ o con los extractos de manzanillay azafran®® también produjo una mejoria de los sintomas
menopausicos.

Aunque todavia no esta claro el mecanismo por el cual el fruto del hinojo tiene efectos beneficiosos en
los sintomas menopausicos, se ha relacionado con la actividad estrogénica observada para el anetol
y sus polimeros (dianetol, fotonaetol), constituyentes del aceite esencial®. Otras drogas vegetales,
como las semillas de soja (Glycine max (L.) Merr.) o la sumidad florida del trébol rojo (Trifolium pratense
L.) presentan actividad estrogénica por su contenido en isoflavonas, siendo Utiles principalmente en el
tratamiento de los sintomas vegetativos de la menopausia®®.

No obstante, la comparacién e interpretacion de los resultados obtenidos en los estudios resulté di-
ficil debido a varios factores. Asi, si bien el disefio de los ensayos tenia un grado aceptable de calidad
(aleatorizado, doble o triple ciego, controlado con placebo), se observaron diferencias en el niimero de
pacientes incluidos, siendo muy pequefio en algunos casos (47), y los sintomas evaluados, asi como
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en las dosis y los preparados de hinojo usados (aceite esencial, extracto alcohélico), lo cual dificulté la
valoracion correcta de los resultados obtenidos.

Sin embargo, cabe mencionar que en nuestra revisién predominé la administracion del aceite esencial
de hinojo en forma de capsula a una dosis de 60-300 mg/dia“**"??'y estandarizado en su contenido en
anetol"*1"22) constituyente al cual se le atribuye la mayoria de las acciones farmacoldgicas del aceite
esencial®?,

Por otro lado, debe comentarse el bajo nimero de ensayos clinicos encontrados, la corta duracién de
los mismos (8-12 semanas) y el importante efecto placebo observado en alguno de los ensayos**?Y; lo
que supuso una limitacion a la hora de analizar los resultados.

Ademas, encontramos tras la lectura de los 11 articulos incluidos en nuestra revision que, en realidad,
correspondian a 7 ensayos clinicos***#2%, ya que se habian publicado por separado diferentes resulta-
dos del mismo ensayo clinico, presentando un nivel de riesgo dudoso en el sesgo de notificacién (noti-
ficacion selectiva). Asi, los articulos de Abedi et al.'® y Yaralizadeh et al.?® son publicaciones separadas
de diferentes sintomas del mismo ensayo clinico, ocurriendo lo mismo con las publicaciones de Afiat
et al."®y Ghazanfarpour et al.**); asi como los trabajos publicados por Afiat et al.'”, Ghazanfarpour et
al.?9y Saghafi et al.??. Todo esto dificulté ain mas el analisis de los resultados.

Teniendo en cuenta las limitaciones anteriormente expuestas, seria necesario realizar en el futuro mas
ensayos clinicos rigurosos, evitando la notificacion selectiva y la duplicidad de publicaciones, con ma-
yor niumero de pacientes y duracion mas prolongada, asi como con un disefio homogéneo en términos
de preparaciones, dosis, duracion y métodos de evaluacidn, para facilitar las comparaciones y confir-
mar el potencial efecto beneficioso del hinojo en el tratamiento de los sintomas menopausicos.

Asimismo, debemos resaltar que todos los ensayos clinicos encontrados se realizaron en Iran, lo que
introduce un sesgo geografico y cultural significativo que limita la aplicabilidad global de los resul-
tados. Por ello, deberian realizarse ensayos clinicos en otras regiones y poblaciones con caracteristi-
cas genéticas, culturales y alimentarias diferentes para poder generalizar los resultados obtenidos en
nuestra revision.

Conclusion

Los datos obtenidos en los estudios revisados permiten concluir que los preparados de Foeniculum
vulgare Mill., y especialmente su aceite esencial, mostraron ser eficaces en el tratamiento de la sinto-
matologia menopdusica (sintomas vegetativos, sintomas psicoldgicos, funcién sexual, atrofia vaginal),
siendo bien tolerados.

Dado que estos preparados han sido eficaces y seguros a las dosis administradas, podrian constituir
una alternativa para aquellas mujeres que no deseen o no puedan ser tratadas con terapia hormonal.

Sin embargo, debido a las limitaciones encontradas en los estudios revisados, los resultados obtenidos
hasta el momento no son concluyentes. Se precisa realizar mas ensayos clinicos de calidad, en otras
zonas geograficas, con mayor nimero de pacientes y mas extensos, asi como el uso de las mismas pre-
paraciones estandarizadas en cuanto a su composicion, para confirmar la eficacia y seguridad de estos
preparados en el tratamiento de los sintomas menopausicos.

. ° ,
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Resumen

Introduccion: La disponibilidad de informacién estructurada de eventos adversos asociados al cannabis puede
contribuir a la utilizaciéon adecuada del cannabis medicinal.

Objetivo: Sintetizar y caracterizar los eventos adversos asociados a la utilizacién de cannabis.

Método: Revisidn estructurada de eventos adversos asociados a la utilizacién del cannabis en PubMed, utilizando
términos Mesh (“Cannabis” And (“Drug-Related Side Effects or Adverse Reactions”), en humanos, publicados en
inglés o espafiol y acceso a texto completo, hasta noviembre 1 de 2024. Dos investigadores revisaron los articulos
identificados y definieron su inclusién. Adicionalmente, se incluyeron referencias de articulos consideradas de in-
terés.

Resultados: Se identificaron 47 eventos adversos asociados al uso de cannabis, afectando principalmente el siste-
ma nervioso central y cardiovascular, en especial desérdenes mentales, somnolencia y afecciones gastrointestina-
les. No se identificaron eventos adversos mortales relacionados al uso de cannabis.

Conclusiones: La utilizacién de cannabis se asocia con la presentacion de eventos adversos, en especial en los
sistemas nervioso centraly cardiovascular. Es necesario mas estudios orientados a identificar y caracterizar eventos
adversos asociados al cannabis.

Palabras claves: Cannabis medicinal; cannabis recreacional; cannabinoides; eventos adversos; revisidn estructu-
rada.

Abstract

Introduction: Available structured information about adverse events related to cannabis can contribute to appro-
priate use medical cannabis.

Objective: Summarize and characterize the adverse events related to cannabis use.

Method: Comprehensive review regarding to adverse events associated to cannabis use in PubMed. Mesh terms
(“Cannabis” and “Drug-Related Side Effects and Adverse Reactions”) were employed, focusing on human studies
published in English or Spanish with full-text access, up to November 1, 2024. Two researchers reviewed the identi-
fied articles and reached a consensus on their inclusion. Additionally, relevant references from these articles were
considered.

Results: A total of 47 adverse events associated to cannabis use were identified, mainly affecting the central ner-

vous and cardiovascular systems, especially mental disorders, somnolence, and gastrointestinal conditions. No fa-
tal adverse events were identified related to cannabis.

Conclusions: The use of cannabis is associated to adverse events, particularly in the central nervous and cardiovas-
cular systems. More studies are needed to identify and characterize adverse events associated to cannabis.

Keywords: Medical cannabis; recreational cannabis; cannabinoids; adverse drug events; comprehensive review.

Puntos clave

En la actualidad, se reconocen los beneficios terapéuticos del cannabis en ciertos problemas de salud,
caso del dolor crénico y trastornos neuroldgicos; sin embargo, la informacion disponible de sus efectos
adversos es limitada. La variabilidad farmacoldgica, genera mayor complejidad en la evaluacién de
causalidad.

La revision identifica 47 reacciones adversas asociadas a la utilizacién del cannabis. Se presenta una
clasificacidn de estos efectos en los sistemas del cuerpo humano, especialmente en el sistema nervio-
so central y cardiovascular.

Laidentificaciony caracterizacion de 47 eventos adversos asociados al uso de cannabis son un soporte
para programas de farmacovigilancia de los medicamentos y productos a base de cannabis. Ademas,
se muestra la necesidad del seguimiento de resultados alcanzados en los pacientes, en especial en los
sistemas nervioso central y cardiovascular.
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Introduccion

El cannabis es una planta que se ha utilizado durante cinco milenios con fines espirituales, medicinales
y recreativos®. En su composicidn se han identificado aproximadamente 140 cannabinoides, entre los
cuales se destacan el delta-9 -tetrahidrocannabinol (THC), conocido por sus efectos psicoactivos, y el
Cannabidiol (CBD), asociado a efectos benéficos en los sistemas bioldgicos?. A diferencia del THC, el
CBD no acttia como agonista del receptor cannabinoide tipo 1 (CBR1), lo que explica el menor riesgo
de efectos psicoactivos®.

El cannabis pertenece a la familia Cannabaceae y se encuentra disponible en la mayor parte del mun-
do, debido a que puede crecer en diversos climas®. Se reconoce facilmente por la disposicion carac-
teristica de sus hojas; siendo la Cannabis sativa y la Cannabis indica las dos variantes botanicas mas
comunes. Desde la década de 1970, la planta ha sufrido una hibridacidn y cruzamiento selectivos, ge-
nerando una diversidad significativa y la presencia de cepas escasamente caracterizadas. Por tanto,
existe una circulacion amplia de variedades de cannabis®®.

De forma general, cada vez se dispone de mayor informacion de los beneficios terapéuticos de los can-
nabinoides en ciertos problemas de salud®. En este contexto, el cannabis medicinal hace referencia
al uso de productos o medicamentos basados en cannabis en el tratamiento de enfermedades o para
aliviar sintomas, en diversas preparaciones, por ejemplo, en productos vegetales o aceites en extractos
manufacturados, y por diferentes vias de administracion, por ejemplo, inhalada, vaporizada u oral®.
En este contexto, en las ultimas 2-3 décadas se han producido avances cientificos significativos que
avalan el uso de productos derivados del cannabis en el tratamiento de la epilepsia, el dolor crénico y
diversas afecciones neuroldgicas y mentales®. Para el afio 2022, se estimé que unos 192 millones de
personas (3,9% de la poblacién mundial) consumié Cannabis sativa con fines médicos y/o recreati-
vos®. Dato que sefiala la importancia del cannabis como una de las sustancias mas utilizadas global-
mente, tanto con fines medicinal como recreacional®.

Aungque el cannabis se ha utilizado desde la antigiiedad, la regulacidn con fines medicinales data del
siglo XXy puede variar entre regionesy paises. Por ejemplo, en Estados Unidos de América, la Food and
Drugs Administration (FDA, por sus iniciales en inglés) ha aprobado la Nabilona, el CBD y el Dronabinol
para uso médico®. Adicionalmente, para el 2022, Estados Unidos de América, Canada, Reino Unido,
Australia y la mayoria de los paises miembros de la Unidn Europea habian autorizado el acceso a una
gama de productos de CBD sin prescripcion médica®.

De forma general, se dispone de estudios y revisiones de los cannabinoides focalizados en establecer
la eficacia®. Los resultados de la evaluacién de la seguridad de los productos a base de cannabis son
controvertidos, entre otras causas, por la confusion con el uso recreativo, los diferentes disefios de
estudio, al igual que las indicaciones, dosificacién, composicion y vias de administracion®.

La dosis empleada de THC, las limitaciones en el conocimiento de las multiples composiciones qui-
micas del cannabis, los posibles contaminantes quimicos asociados al cultivo y la extraccion-prepa-
racion de productos, son factores de riesgo para la seguridad y salud de los usuarios de productos de
cannabis®. Estos efectos frecuentemente son ignorados, debido a los beneficios como la reduccidn de
ansiedad mejora del suefio, alivio del dolor y disminucién de nauseas®.

Adicionalmente, la legalizacién del uso médico y recreativo también se ha asociado con una disminu-
cién de las percepciones de riesgo del cannabis y un aumento del uso médico en adultos”. Sin em-
bargo, la profesion médica mantiene sus reservas con el uso terapéutico del cannabis, debido a la
probabilidad de eventos adversos asociados a la utilizacion de este tipo de productos®. A lo que se
suma que, en esencia, la informacion disponible de eventos adversos asociados al uso del cannabis!”,
podria ser de mayor utilidad si es sintetizada y organizada por sistemas; por tanto, el objetivo de esta
revisidn fue identificar, sintetizar y caracterizar la informacién disponible sobre los eventos adversos
asociados a la utilizacién del cannabis.

Ars Pharm. 2025;66(2):210-224 212



Rivera VS, Lopera V, Amariles P.

Métodos

Obtencion de los datos.

Se realizd una revisién estructurada de la literatura sobre los eventos adversos asociados a la utiliza-
cion del cannabis en PubMed, utilizando términos Mesh (“Cannabis” y “Drug-Related Side Effects and
Adverse Reactions”).

Criterios de inclusién: Se incluyé todo tipo de articulos con informacién sobre eventos adversos en
humanos, asociados a la utilizacién del cannabis con fines recreativos o medicinales, publicados en
inglés o espafiol, con acceso a texto completo, sin limites en fecha inicial de su publicacién y hasta
noviembre de 2024.

Criterios de exclusion: (a) Estudios sin relacidn con eventos adversos del cannabis; (b) estudios sin
asociacion clara del evento adverso con el cannabis, (c) estudios in-vitro o en animales; (d) estudios
sin informacion especifica de los eventos adversos, (e) estudios con informacidn de eventos adversos
sin el soporte cientifico adecuado (no se puede determinar que los eventos adversos descritos sean
exclusivamente atribuibles al uso de cannabis), (f) estudios relacionados con cannabis sintéticos, (g)
estudios con efectos benéficos del cannabis.

Registro de la informacion.

Siguiendo la metodologia PRISMA®, dos revisores evaluaron de forma independiente todos los titulos
y resumenes basados en los criterios de elegibilidad definidos. Si el resumen cumplia con los criterios
de inclusiodn, se leyd y analizé el texto completo y, con ello, se definié su inclusion o no en la revision.
Las diferencias en las opiniones de los revisores se resolvieron, por consenso con la participacién de un
tercer revisor. Ademas, se incluyeron referencias relevantes de los articulos incluidos. La informacién
se registré en un archivo en Microsoft Excel” con los siguientes items:

« Informacién general: nombre del primer autor, afio de publicacidn, pais, titulo del articulo, tipo de
estudio (reporte de caso, observacional descriptivo, observacional analitico, intervencion -estudio cli-
nico), decision de inclusién (incluido o se excluido) y observaciones.

- Informacién especifica: cantidad de pacientes, caracteristicas del o de los pacientes (sexo, edad,
caracteristicas clinicas), tipo de uso del cannabis (recreativo o medicinal), descripcion de los eventos
adversos, sistemas u érganos afectados y observaciones o comentarios.

Ademas, los eventos adversos identificados se clasificaron acorde con el tipo de estudio en el que
lo soporta (revisiones sistemdticas, estudios clinicos, estudios analiticos, reportes de casos y revisidn
narrativa), acorde con el sistema (6rgano) afectado y la frecuencia reportada.

Presentacion de datos

La informacidn identificada en esta revisién estructurada, relacionada con los eventos adversos aso-
ciados a la utilizacién del cannabis, se presenta con un enfoque sintético y narrativo en texto, tablas y
figuras.

Resultados

Articulos incluidos en la revision

Se identificaron 49 articulos, de los cuales se excluyd uno por no tener texto completo disponible, y
34 por no estar relacionados con el objetivo de la revision o por criterios de exclusion. Ademas, en
las referencias de los 14 articulos incluidos por la basqueda®™*?", se identificaron 22 relacionados y
con informacién objetivo de la revision®#?24D_ de las cuales la referencia 1y 4 se habian utilizado en
la introduccidn. Por tanto, los resultados de esta revision se soportan en 36 publicaciones (figura 1)©.
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En larevision, se identificaron 47 eventos adversos, en la tabla 1 se detallan los sistemas (6rganos) y los
principales eventos adversos identificados; ademas, en la figura 2 se ilustran los sistemas afectados,
los eventos asociados a la utilizacidn de cannabis, acorde con el tipo de estudio que lo soporta. Por su
parte, en la tabla 2 se especifica la frecuencia de aparicion de los eventos adversos por cada sistema
afectado.

£
= PubMed/Medline Registros excluidos antes de la selecciéon (n=1)
:g "Cannabis"[Mesh]) AND "Drug-ReIated Side «Sin acceso a texto completo: 1
© Effects and Adverse Reactions"[Mesh]
i::: Base de datos (n=1)
< Registros (n=49) Registros excluidos (n = 23)
T  Estudios sin asociacion directa con el efecto
adverso del cannabis: 8
T  Estudios sin informacidn especifica de los efectos
() v adversos: 7
 Estudios sin relacion con los efectos adversos del
Records revisados (n = 48) —| cannabis: 2
* Estudios sin apoyo de evidencia cientifica: 3
 Estudios relacionados con el cannabis sintético: 1
l  Estudio in-silico e in-vitro: 2
Registros solicitados para su recuperacion )
:5 (n=0) » Registros no recuperados (n =0)
(=}
3
E Registros excluidos (n=11)
* Registros con efectos benéficos del cannabis: 3
® Registros relacionados con el uso apropiado del
Registros evaluados para la elegibilidad .| cannabis: 2
(n=25) T e Registros sin informacion de efectos adversos
por el uso del cannabis: 1
* Estudios sin asociacion directa con el efecto
— Registros de adverso del cannabis: 5
— referencias de
articulos
incluidos (n =22)
= } Tipo de estudios de los 36 articulos incluidos
% . X A L * Revisiones: 12
c Publicaciones incluidas en la revision (n =36) —» s
= ® Ensayos clinicos: 10
 Estudios analiticos: 7
* Reportes de casos: 7
~—

Figura 1. Diagrama PRISMA (Prefered report for systematic review and meta-analysis)®.
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Tabla 1. Eventos adversos asociados con la utilizacidon de cannabis en diversos sistemas (6rganos).

Sistema
afectado

Eventos adversos

Comentarios

Sistema
nervioso
central

Alteraciones mentales:
Pensamientos disociativos
o trastornos de la percep-

cién, alucinaciones%20),
delirios"*¥), pensamientos
acelerados™?, aislamiento
social'?, sensacion de

euforia®? y esquizofre-
nia(11:22,23.2425)

Estudios epidemioldgicos han demostrado que el uso del cannabis esta
asociado con un aumento en la probabilidad de desarrollar cuadros psicéticos
similares a la esquizofrenia. Este riesgo varia segln la dosis y frecuencia del
uso, asi como la edad y factores genéticos, incluyendo una predisposicion
genética parcialmente relacionada con la esquizofrenial*Y. En relacién con este
aspecto, un estudio retrospectivo de casosy controles realizado en 2010, con el
objetivo de explorar la sensibilidad individual al cannabis en 121 pacientes con
esquizofrenia, encontrd que, 44 de los 121 participantes, eran sensible a los
efectos sicotdgenos del cannabis®. Esta sensibilidad podria estar relacionada
con la vulnerabilidad genética a la esquizofrenia y con la influencia del canna-
bis en la maduracién cerebral?.

Un estudio encontré que, el consumo intenso (una vez por semana durante
un afio) de cannabis en mayores de 18 afios, aumenta en 6 veces el riesgo de
esquizofrenia 15 afios después®. La exposicion de jovenes al cannabis puede
causar alteraciones no reversibles en el funcionamiento del sistema endocan-
nabinoide®).

Una revisidn narrativa del 2005, en pacientes con psicosis inducida por el
cannabis report6 que, a los 3 afios siguientes, un 40-50% de los pacientes con
psicosis asociada cannabis, desarrollara esquizofrenia®?.

En el 2019, un estudio clinico en pacientes con cancer avanzado y evidencia
histolégica de neoplasia maligna incurable con esperanza de vida estimada >3
meses, reportd que las alucinaciones fueron el evento adverso mas notorio,
tanto con dosis de 10 mg (9,5 mg THC y 0,5 mg CBD) como con 5 mg (4,75 mg
THC y 0,25 mg CBD)2),

Pérdida de concentra-
cién"2%21 somnolen-
Cia(4,7,26,27,28)’ Confusion(26,27))
mareo“7:10.29)

En un estudio realizado con 329 pacientes con esclerosis mltiple, la utiliza-
cién diaria de 28 mg/dia de THC por 3 afios, se asoci6 con la presentacion de
pensamientos disociativos, somnolencia y mareos®?”. A su vez, en dos estudios
con pacientes con cancery con esclerosis maltiple, el mareo y la pérdida de
concentracion fueron reportados como eventos adversos“*”. De forma global,
los eventos adversos aparecieron entre 1 a 2 horas después de la ingesta de la
capsula de cannabis, con una duracién entre 2 y 3 horas y causaron incapaci-
dad para realizar actividades fisicas durante estas horas®?.

Convulsiones®

En 4 de 137 pacientes con esclerosis mdltiple incluidos en un estudio clinico, la
utilizacién de un aerosol basado en cannabis (THC 27 mg/mly CBD 25 mg/ml),
se presentd convulsiones por primera vez',

Cefaleas22?7 dificultad
para dormirt*?

En personas de unos 48 afios y con cancer, la utilizacién de cannabis se asocid
con la presentacidn de dolor de cabeza, dificultad para dormiry euforia®?.

Disminucion del volumen
de materia gris®*223031

En un estudio de casos y controles, en personas sin antecedentes de enferme-

dades médicas crénicas o afecciones neuroldgicas ni trastorno psiquiatrico, la

exposicion crénica al cannabis se asoci con alteraciones cerebrales. Ademas,

se identificé disminucién en el volumen de la materia gris, especialmente en

las regiones del cerebro con una alta concentracion de receptores CB1 (hipo-
campo, corteza prefrontal, amigdala y cerebelo)®”

Movimientos involunta-
rios®

Un reporte de caso muestra que la ingesta de aceite de cannabis de forma oral
puede causar movimientos involuntarios®.
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Sistema
afectado

Eventos adversos

Comentarios

Sistema
cardiovascular

Taquicard ja(7:13.14,15,16,20,21,
25,30,31,32,33,34)

Un metaanalisis informé un aumento promedio en la frecuencia cardiaca en
8 latidos por minuto, asociado al consumo agudo de THC, efecto adverso que
es dosis dependiente!”. En este sentido, se report6 que el fumar el cannabis
provoca un aumento inmediato de la frecuencia cardiaca, aproximadamente
durante 1 hora, efecto que se atribuye a un aumento sustancial en la concen-
tracion sérica de la noradrenalina a los 30 minutos®*?.

Hipertensidn arterial®

En un estudio con 1.213 pacientes sin especificar antecedentes clinicos, en
usuarios consumidores de marihuana se identificé un mayor riesgo de hiper-
tension arterial y mortalidad asociada. A mayor duracién de consumo mayor

riesgo de muerte relacionado con la hipertension arterial®.

Vasculopatia®, vasoespas-
mo coronario® y agregacion
plaquetaria®

La utilizacidn del cannabis en un paciente masculino de 30 afios se asocié con
lesiones arteriales segmentarias distales que ocluian la arteria poplitea, lo que
desencadenaron una necrosis digital del dedo del pie derecho de este®®. En
otro reporte de caso, en un paciente de 29 afios, se identificé sindrome corona-
rio agudo, con elevacién dinamica del segmento ST en diferentes derivaciones
y con un aumento notorio de la troponina | de alta sensibilidad®. Ademas, en
otro caso se report6 un aumento en la de agregacion plaquetaria en un pacien-
te de 20 afios, lo que desencadeno un infarto de miocardio. Las concentracio-
nes elevadas de cannabinoides se asocian con un aumento irreversible en la
agregacion plaquetaria®.

Aumento de troponinas
séricas (isquemia)*®

Un reporte de caso, en joven atlético de 17 afios, la utilizacién de cannabis
con fines recreativos se asocié con un aumento en los niveles de troponinas
séricas elevadas, posible isquemia y taquicardia persistente. De forma global,
se acepta que los niveles elevados de THC, pueden causar agitacién y dafios en
los 6rganos diana, mediados por estimulo simpético y serotoninérgico™.

Hemorragia®*”

Hemorragia hepdtica y timal en neonato (11 dias de nacimiento) asociado al
consumo de marihuana en la madre®".
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sensoriales

Sistema Eventos adversos Comentarios
afectado
0OIDOS Un metaanalisis de 7 revisiones identificé la presentacion de tinnitus, zumbido
Tinnitus y vértigo™ en oidos y vértigo, como eventos adversos asociados a la utilizacién de canna-
bis®,
BOCA En un estudio retrospectivo, realizado con pacientes con cancer, la sequedad
Trastorno de la mucosa bu- bucal fue el evento adverso mas notorio'"). De forma similar, en un estudio
cal®21629 y dolor bucal® controlado en pacientes con esclerosis mltiple, los trastornos de la mucosa
bucal y dolor oral fueron los eventos adversos asociados con la utilizacién de
cannabis medicinal®. Por su parte, en un reporte de caso de un hombre de 18
afios de edad, la primera exposicién al cannabis recreativo se asocid efectos
anticolinérgicos, los cuales fueron la explicacion para la presentacién de boca
secay sed excesiva®.
PIEL La utilizacidn de cannabis (fumar, ingerir o inhalar cannabis), al igual que el
Reacciones cutdneas, anafi- | contacto dérmico, se asocid con alergias ocupacionales, tales como las reac-
. laxiay pirexia®.
Sistemas yp

ciones cutaneas y anafilaxias (estas producidas por las semillas de cafiamo)
), Por ello, el cannabis puede provocar reacciones alérgicas tipo 1y tipo 4.

Los alérgenos oficialmente reconocidos incluyen un alérgeno de clase 10
relacionado con la patogénesis, la profilina y una proteina de transferencia de
lipidos no especifica™. En este contexto, un estudio clinico, el grupo expuesto
al cannabidiol, la pirexia fue el evento adverso mas frecuente.

0JOS
Midriasis"?, lagrimeo"®y
conjuntivitis®

Un reporte de caso, en un joven de 16 afios, la utilizacién por primera vez de
cannabis con fines recreativos se asoci6 con midriasis de 5 mm®®, Por su parte,
en otro reporte de caso, en un joven de 16 afios, la utilizacion de cannabis con
fines recreativos se asoci6 con lagrimeo*®. Ademas, las reacciones alérgicas al

cannabis pueden presentarse con sintomas de conjuntivitis®.

NARIZ
Sintomas de purito, conges-
tién nasal*®y rinitis!¥

Un reporte de caso, en un hombre de 29 afios, la utilizacién por primera vez de

cannabis con fines recreativos se asocié con purito nasal y faringeo, congestion

nasal, disnea y sibilancias, los cuales persistieron de 20 a 30 minutos®. Luego,
presentd una recurrencia de los sintomas anteriores después de fumar una
segunda vez'*®., Ademas, la exposicién al cannabis puede causar rinitis®*.

Sistema
respiratorio

N eumon I'a (4,19,36,37,38)

Un estudio longitudinal en pacientes con y sin VIH evidenci6 que hay un mayor
riesgo de enfermedad pulmonar infecciosa (incluida la neumonia) entre los
hombres que fumaban cannabis y que viven con VIH®9,

Disnea>'¥, sintomas de pu-
rito faringeo y sibilancias*®

En un estudio realizado en el 2022, orientado a caracterizar los beneficios del
cannabis medicinal en 163 pacientes, la disnea se reporté como un evento
adverso"?. Por otra parte, en un reporte de caso se identificd purito faringeo
y sibilancias como eventos adversos asociadas a la primera exposicién al

cannabis recreativo™®.

Deterioro funcional de los
macréfagos alveolares!*%26:2?)

La utilizacion del cannabis tiene diversos efectos sobre el sistema inmunitario,

de cannabis, lo cual genera que se aumente la susceptibilidad a la infeccién®,

incluido el deterioro funcional de los macréfagos alveolares en los fumadores

Asma'

La exposicién al cannabis puede provocar reacciones alérgicas de tipo 1y tipo

4. Esta exposicion puede comprender desde fumar, comer, inhalar polen o
humo de cannabisy el contacto con la piel. Ademas, el desarrollo de asma es
uno de los eventos adversos asociado a la exposicion con el cannabis®.

Sistema
gastrointestinal

Na useas(4,11,28,29,40,41)’ vomi-
to (4,11,2&40,41)’ diarrea®72829 @
inapetencia®?®

En estudios clinicos, la utilizacién de cannabis se ha asociado con la presen-
tacion de nduseas, mareos, diarrea e incluso gastroenteritis®®. Por su parte,

en ensayo aleatorizado doble ciego, 74 de 86 pacientes del grupo expuesto

al cannabidiol en comparacién con 59 de 85 pacientes del grupo de placebo,
presentaron diarrea y vémito®.

Sistema renal

Dificultad para orinar®

Un reporte de caso mostrd que la exposicidn por primera vez al cannabis
puede causar sintomas anticolinérgicos, los cuales se pueden manifestar en

dificultad para orinar®*®),
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Esquizofrenia ***

Sensacién de euforia ***

Alucinaciones, delirios,
pensamientos acelerados

Sistema

nervioso central

y aislamiento social **** Alteraciones
mentales

Pensamientos
disociativos o trastornos
de la percepcidn ****

Cefaleas y dificultad para dormir ***

Disminucién del volumen de la materia gris ***

Convulsiones ****

confusién ****

Pérdida de concentracién, somnolencia, mareo y

Movimientos involuntarios**

Asma *

Deterioro funcional de los
macrdfagos alveolares y neumonia *

Sibilancias, sintomas de purito
faringeo y disnea **

Neumonia ****

Diarrea e inapetencia ****

Sistema
respiratorio

Nauseas y vomito*****

Dificultad para orinar **

Sist gastrointestinal

Sistema renal (urinario)

Conjuntivitis *

Midriasis **

Lagrimeo **

Sistemas
sensoriales | - Sintomas de prurito y

Rinitis *

congestidn nasal **

_@——4 Tinnitus y vértigo **** |
Trastorno de la mucosa bucal
y dolor oral ****

T 1T [ T

Reacciones cutaneas y
anafilaxia *

8.0

Pirexia **** |

>| Vasculopatia **

>| Vasoespasmo coronario **

|
|
DI Agregacion plaquetaria ** |

Aumento de troponinas
séricas (Isquemia) **

>| Hipertension arterial *** |

>| Taquicardia ***** |

h| Hemorragia ** |

Tipo de estudio que reporta el evento adverso: Revisiones narrativas*; Reporte de casos **; Estudios analiticos ***; Estudios clinicos ****; Revisiones sistematicas*****

Figura 2. Eventos adversos y sistemas afectados asociados a la utilizacion de cannabis, acorde con el tipo de estu-

dio que lo soporta.

Fuente: Elaboracion propia

Tabla 2. Determinacion cuantitativa de los eventos adversos y frecuencia de aparicion por cada sistema afectado.

Sistema Eventos adversos Frecuencia de aparicion del sistema por articulo
identificados (%), n=55*

Nervioso central 15 15(27,3)
Cardiovascular 16 (29,1)
Respiratorio 9(16,4)
Sensorial 13 8(14,5)
Gastrointestinal 4 6(10,9)
Renal 1 1(1,82)

* La suma de las frecuencias es superior a 36, debido a que algunos eventos adversos pueden ser reportados en un

mismo articulo.
Fuente: Elaboracion propia
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. o #

Discusion

La utilizacidn con fines terapéuticos del cannabis esta asociada al riesgo de la presentacion de eventos
adversos y problemas de seguridad en general. En este sentido, similar al caso de otros medicamen-
tos, en un paciente especifico, se debe analizar los posibles riesgos y beneficios y, con ello, establecer
una relacion adecuada riesgo/beneficio. Evaluacién que requiere establecer el perfil de seguridad y
generar informacién para su uso adecuado, minimizando el riesgo de ocurrencia de problemas rela-
cionados con medicamentos y eventos adversos en general®). Dentro del perfil de seguridad, ademas
de lasinteracciones entre el cannabis (incluyendo la particularidad de las diferentes moléculas) y otros
farmacos“, es clave la identificacidn y caracterizacion de los eventos adversos, lo cual fue el objetivo
de la presente revision.

Esta revision estructurada identifica y caracteriza los eventos adversos que se presentan con el uso del
cannabis recreativo o medicinal. En la tabla 2 se presenta una determinacion cuantitativa de los even-
tos adversos asociados al uso de cannabis, desglosando la frecuencia de aparicidn segun el sistema
afectado. Esta informacion identifica los sistemas mas afectados y los eventos adversos mas comunes
en los mismos (tabla 1). En este sentido, el sistema nervioso central (SNC) es el mas destacado, con
efectos como esquizofrenia®+?2222429 pérdida de concentracion”?5?” somnolencia®?5272%) dolor de
cabeza™2?527 confusién??” mareos“"1%?? pensamientos disociativos” y alucinaciones®'*? entre
otros, los cuales, para pacientes con antecedentes de trastornos mentales, podrian estar en mayor
riesgo (tabla 1). Adicionalmente, en personas sin antecedentes de enfermedades médicas crénicas y
sin afecciones neuroldgicas ni trastornos psiquiatricos, la utilizacion crénica al cannabis se ha aso-
ciado con la disminucién del volumen de la materia gris, especialmente en el hipocampo, la corteza
prefrontal, la amigdala y el cerebelo®?2:%2!; efectos adversos de mayor relevancia en adolescentes,
debido a que sus cerebros pueden estar aun en desarrollo y, por tanto, son mas susceptibles a los im-
pactos negativos del cannabis??),

Por otra parte, el sistema cardiovascular, es el segundo sistema con mayor afectaciéon por even-
tos adversos asociados al uso del cannabis (tabla 2). En el caso del corazdn, se identifico taquicar-
dig("13.1415162021,27,32,33,3435.36) @ hipertension arterial® (tabla 1). En este contexto, es importante destacar
que, la hipertension arterial, se ha convertido en uno de los principales factores de riesgo global para
la mortalidad y discapacidad. Entre 1990 y 2019 el nimero de personas con hipertension aumentd
significativamente, pasando de 650 millones a 1,3 mil millones*. Esta condicidn es el factor de riesgo
mas relevante para prevenir muertes tempranas, responsable de 8,5 millones de muertes anuales por
accidentes cerebrovasculares, enfermedades isquémicas del corazdn, otras enfermedades vasculares
y enfermedades renales en todo el mundo. Adicionalmente, relacionada con los vasos sanguineos,
se identificd vasculopatia, vasoespasmo coronario y mayor agregacion plaquetaria®.

En tercer lugar, la utilizacidon de cannabis también se asocia con afectaciones de 6rganos como los
0jos, los oidos, la nariz, boca, pulmones, estdmago y rifidn (tabla 1). En este sentido, algunos reportes
de casos han descrito midriasis hasta de 5 mm®, lagrimeo"® prurito nasal y faringeo"¥. Ademas, en
un reporte de casos, en un paciente masculino de 18 afios, con su primera exposicion al cannabis de
manera recreativa, present boca seca, sed excesiva y dificultad para orinar, asociados a efectos an-
ticolinérgicos"®. En estudios analiticos se identificé deterioro funcional de los macréfagos alveolares,
sibilancias, disnea®*3% y eventos adversos gastrointestinales, caso de nauseas intensas, vomitos,
diarreay malestar abdominal®"232%; mientras que, en estudios clinicos, se identificé evidencia de tinni-
tusy vértigo™¥. Aunque para este tipo de eventos adversos se identificé una menor frecuencia, de igual
forma podrian afectar la calidad de vida de quienes utilizan el cannabis, ya sea de forma recreativa o
medicinal.

La prevalencia de eventos adversos varia dependiendo del tipo de estudio; en este sentido, los even-
tos adversos de mayor prevalencia reportados por algunos estudios incluidos fueron: desordenes del
sistema nervioso central, incluyendo alteraciones mentales™, somnolencia®, mareo®; afecciones
gastrointestinales”?), caso de la hiperémesis“, diarrea”, nduseas y vomitos®?. Ademas, un resumen
de revisiones sistematicas (revision paraguas) identificé a la diarrea, la somnolencia y disminucién en
el apetito como los eventos adversos mas asociados al tratamiento con cannabis“’. Por su parte, la
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prevalencia de efectos adversos respiratorios relacionados con uso de cannabis (no necesariamente
medicinal) podria ser similar a la reportada para el tabaquismo-7.

Algunas revisiones han reportado que el CBD (aislado) es excepcionalmente seguro, incluso en el ran-
go de dosis consideradas como altas (> 300-400 mg) @. Por ello, el CBD se considera mas seguro que
el THC, en especial en los sistemas nervioso central y cardiovascular®. De forma general, se acepta
que, ambas moléculas, pueden generar efectos opuestos; el CBD tiene cierta evidencia de su potencial
como ansiolitico; mientras que el THC puede generar ansiedad®”. Incluso, se estima que, el THC, a
diferentes dosis, puede generar efectos contrarios. Por ejemplo, a dosis bajas puede ser antiemético;
mientras que, a altas dosis, podria ser pro emético™Y. En otros casos, como las alergias, las reacciones
adversas se asocian a otro tipo de sustancias, siendo las proteinas de alto peso molecular las que pue-
den actuar como alérgenos®.

De forma global, los eventos adversos identificados en la presente revision (tabla 1) estan relacionados
con efectos atribuidos al cannabis. En este contexto, los cannabinoides, caso del THC y el CBD, activan
los receptores cannabinoides tipo 1 (CB1) y tipo 2 (CB2) en el sistema endocannabinoide. En este sen-
tido, el sistema endocannabinoide cumple funciones neuro-moduladoras y homeostaticas“®. En ello,
los endocannabinoides mediante neurotransmision retrégrada, puede causar que una neurona post-
sindptica libere endocannabinoides que se unen principalmente a los receptores CB1 en la neurona
presinaptica®. Esto provoca la inhibicién del canal de calcio presinaptico y, con ello, la liberacién de
neurotransmisores desde la neurona presinaptica®®.

La utilizacién de cannabis con fines medicinales o recreacional puede llevar a la inhibicion de neu-
rotransmisores presinapticos, como la acetilcolina, que estimula los receptores colinérgicos, desem-
pefiando un papel crucial en diversas funciones del organismo“®. Por ello, los cannabinoides, prin-
cipalmente el THC, puede generar eventos adversos anticolinérgicos®, asociados a la inhibicidén de
receptores muscarinicos (M,, M,, M,, M,, M,)y nicotinicos (N_y N )“7. En este sentido, este efecto es la
posible explicacion de la presentacidn de taquicardia, cefalea causada por vasodilatacion, inotropismo
positivo, vémito (por disminucion del vaciamiento gastrico), boca seca, midriasis, aumento de la pre-
sidn intraoculary retencién urinaria,

Por otro lado, el cannabis puede modificar la actividad de otros neurotransmisores, caso de la noradre-
nalina, la cual, al ser inhibida, provocard un efecto anti-adrenérgico en los receptores: a,, B, B, B,*.
Dicho efecto puede verse reflejado en aumento de las secreciones nasales y bronquiales, disminucion
de secrecion salival, broncoconstriccion y relajacion de los esfinteres, asociado por ejemplo a diarrea®®.

Adicionalmente, algunas de las propiedades psicotrépicas de los cannabinoides se explican por mo-
dificaciones del SNC“®), Algunas areas y efectos incluyen: “Hippocampus: deterioro de la memoria a
corto plazo; neocértex: deterioro del juicio y la sensacidn; ganglios basales: tiempo de reaccién y mo-
vimiento alterados; hipotalamo: aumento del apetito; niicleo accumbens: euforia; amigdala: panicoy
paranoia; cerebelo: ataxia; tronco encefalico: anti-emesis y médula espinal: analgesia”“®.

Por tanto, la utilizacién de cannabinoides, como ocurre con cualquier sustancia, conlleva efectos ad-
versos que pueden variar desde leves a letales, dependiendo de los métodos de administracion y los
riesgos asociados*®). Sin embargo, en esta revisién no se identificaron eventos adversos graves o leta-
les. En este contexto, los efectos adversos mas frecuentes de los cannabinoides se evidencian mas con
el uso con fines recreacionales, tanto en el corto como en el largo plazo“®.

« Corto plazo: Euforia, ansiedad, distorsion visual-temporal, amplificacion sensorial, taquicardia, hi-
potensidn postural, conjuntivitis, hambre y sequedad de garganta, boca y 0jos®®.

« Largo plazo: Trastorno por uso de cannabis (incluyendo dependencia), desarrollo cerebral alterado y
deterioro cognitivo en adolescentes. Ademas, el consumo crénico se ha asociado con bronquitis créni-
ca, sindrome de dificultad respiratoria aguda, cancer de pulmén; mayor riesgo de infarto de miocardio,
accidente cerebrovascular y eventos tromboembdlicos, y exacerbacién de trastornos del estado de
animo (ansiedad, depresion) y trastornos psicoticos (esquizofrenia)®®.

Los eventos adversos asociados a la utilizacién de cannabis, identificados en la presente revision, se
fundamentan en resultados de revisiones sistematicas, estudios clinicos, estudios analiticos, reportes
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de casos y revisiones narrativas. Sin embargo, se requiere seguir realizando estudios de seguridad y
farmacovigilancia enfocados en cannabis medicinal, ya que los eventos adversos de su uso recrea-
cional pueden diferir del uso medicinal”. También analizar la seguridad en poblaciones sanas y que
no utilicen otros medicamentos, debido a que ambos factores se consideran confusores de eventos
adversos“?, Por tanto, es clave el apoyo y motivacion para disefiar y realizar investigaciones, orien-
tadas a generar informacion de los resultados generados por la utilizacion de este tipo de productos,
especialmente en poblaciones vulnerables.

De esta manera, se facilitara la definicién de politicas piblicas que equilibren el acceso a sus posibles
ventajas terapéuticas con la necesidad de minimizar los eventos adversos. La generacidn y visibilidad
de informacién relacionada con los riesgos de la utilizacion de cannabis es clave para garantizar la
mejor toma decisiones terapéuticas, contribuyendo a proteger la salud y el bienestar de la sociedad.

En definitiva, el uso del cannabis con fines recreativos y medicinales ha sido objeto de un creciente
interés y debate en la sociedad contemporanea. Si bien esta planta tiene propiedades terapéuticas que
pueden ofrecer diferentes beneficios al paciente con relacién a un contexto médico, también conlleva
riesgos significativos, en especial con el aumento del uso de este tipo de productos. Por ejemplo, en el
caso de los Estados Unidos de América, un 10% de los usuarios de cannabis la utilizan para tratar algun
tipo de afeccion médica®’; por su parte, el 14% de canadienses usaron cannabis para tratar alguna
afeccion médica en 20221,

Limitaciones. Los resultados obtenidos de esta revision pueden presentar algunas limitaciones; por
tanto, los resultados deben interpretarse y utilizarse con precaucion. En este contexto, la principal li-
mitacion es la restriccion de la bisqueda a una sola base de datos, asociado al riesgo de no identifi-
car completamente los eventos adversos que se presentan tras el uso del cannabis. No obstante, esta
situacion se puede minimizar con la inclusién de publicaciones identificadas como relevantes en las
referencias de los articulos incluidos. Ademas, en algunos estudios no se detallé las dosis o concentra-
cién de CBD o THC utilizada por las personas incluidas en el respectivo estudio.

Conclusiones

La utilizacién de cannabis con fines medicinales se puede acompafiar de la presentacion de eventos
adversos, por ello, su utilizacién clinica se debe fundamentar en un andlisis detallado de relacidn ries-
go/beneficio, por parte del personal médico, idealmente con la contribucién de otros profesionales de
la salud. Los sistemas con mas afectacion son, el sistema nervioso central (esquizofrenia, pérdida de
concentracidn, somnolencia cefalea, confusién, mareos, pensamientos disociativos y alucinaciones) el
sistema cardiovascular (hipertensién arterial), respiratorio (broncoespasmo) y érganos de los sentidos
(ojos, nariz, oidos y piel).

Se requiere mas informacién y evidencia de los resultados alcanzados con el uso de cannabis en los
problemas de salud en los que se les utiliza; lo que requiere del disefio y realizacion de estudios focali-
zados en generar una mayor comprension de los riesgos y beneficios asociados con el uso del cannabis.

. . 4
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Resumen

Introduccion: La viruela del mono (mpox) es una enfermedad infecciosa causada por el virus mpox que es motivo
de preocupacién sanitaria mundial porque el brote, a mayo de 2023, ha afectado a mas de 80.000 personas en
cientos de paises. Actualmente, no existe un tratamiento especifico, incluidos los antivirales, para los pacientes
con mpox. Continda la exploracion de compuestos activos para mpox, uno de los cuales es la curcumina y sus
derivados. La curcumina es un compuesto polifendlico que se encuentra predominantemente en la circumay que
se ha documentado que tiene efectos antivirales. Por lo tanto, este estudio tiene como objetivo explorar estudios
que investiguen el potencial de la curcuminay sus derivados como candidatos antivirales para atacar a la mpox.

Método: Se buscd literatura publicada desde su inicio hasta 2024 en ScienceDirect, PubMed, Scopus y Google
Scholar. Las palabras clave utilizadas en esta bisqueda incluyeron clircuma, curcumina, tetrahidrocurcumina, de-
metoxicurcumina, bisdemetoxicurcumina, clircuma, viruela del mono y mpox.

Resultados: Los resultados de la bisqueda bibliografica encontraron cinco estudios computacionales que involu-
cran el compuesto curcuminay sus derivados, incluida la tetrahidroxicurcumina y la demetoxicurcumina. Todos los
estudios demostraron que la curcuminay sus derivados tienen una mejor afinidad de unién con proteinas de mpox
en comparacion con el control de varios antivirales. La curcumina y sus derivados tienen un gran potencial para
inhibir la replicacién del virus mpox y modular el sistema inmunolégico.

Conclusiones: Esta revision concluye que la curcumina y sus derivados tienen potencial como candidatos antivi-
rales para el mpox. Sin embargo, los estudios relacionados siguen siendo limitados y se limitan a estudios computa-
cionales. Se necesitan mas estudios preclinicos, experimentales y clinicos para confirmar su eficacia y mecanismos
de accién.

Palabras clave: Antiviral; Curcumina; Viruela del mono; Mpox; Cdrcuma

Abstract

Introduction: Monkeypox (mpox) is an infectious disease caused by the mpox virus that is of global health concern
because the outbreak, as of May 2023, has affected more than 80,000 people in hundreds of countries. Currently,
there is no specific treatment, including antivirals, for mpox patients. Exploration of active compounds for mpox
continues, one of which is curcumin and its derivatives. Curcumin is a polyphenol compound predominantly found
in turmeric which has been documented to have antiviral effects. Therefore, this study aims to explore studies inves-
tigating the potential of curcumin and its derivatives as antiviral candidates in targeting mpox.

Method: Literature published from inception to 2024 in ScienceDirect, PubMed, Scopus, and Google Scholar was
searched. Keywords used in this search included curcuma, curcumin, tetrahydrocurcumin, demethoxycurcumin,
bisdemethoxycurcumin, turmeric, monkeypox, and mpox.

Results: The literature search results found five computational studies involving the compound curcumin and its
derivatives, including tetrahydroxycurcumin and demethoxycurcumin. All studies showed that curcumin and its
derivatives have better binding affinity with mpox proteins compared to control of several antivirals. Curcumin and
its derivatives have strong potential in inhibiting mpox virus replication and modulating the immune system.

Conclusions: This review concludes that curcumin and its derivatives have potential as antiviral candidates for
mpox. However, related studies remain limited and confined to computational studies. Further preclinical experi-
mental and clinical studies are needed to confirm their effectiveness and mechanisms of action.

Keywords: Antiviral; Curcumin; Monkeypox; Mpox; Turmeric

Highlights
Curcumin and its derivatives have documented antiviral effects through mechanisms such as viral

replication inhibition and immune system modulation, but their potential against monkeypox (mpox)
remains largely unexplored.

This review highlights curcumin and its derivatives as promising antiviral candidates against mpox
based on computational evidence, with superior binding affinities to the virus proteins compared to
existing antiviral drugs.
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The findings support the potential of curcumin and its derivatives as antiviral candidates for mpox,
encouraging further preclinical and clinical studies to validate their efficacy and mechanisms for ther-
apeutic development.

Introduction

Mpox, formerly called monkeypox, is a viral infection caused by a type of zoonotic virus from the genus
Orthopoxvirus that has a similar clinical presentation to smallpox™. Mpox was first discovered in 1958
and the first human case of mpox infection was identified in the Democratic Republic of Congo in 1970.
This infection is transmitted through transmission from infected animals or human to human through
body fluids, lesions, droplets, and sexual contact®®. The clinical presentation of mpox infection is sys-
temic symptoms caused by the viremia phase that occurs before the skin rash, including fever, myalgia,
sore throat, and lymphadenopathy. Following systemic symptoms, a skin rash appears on the face, oral
mucosa and lips, perioral, genital, perianal, and anorectal®®. As of May 2023, data from 111 countries
reported 87,704 confirmed cases of mpox with 140 deaths globally®. As a result, the World Health Or-
ganization (WHO) declared the mpox outbreak a global health emergency of concern*.

As of the writing of this study, there is no specific treatment for patients with mpox, including specific
antivirals; however, supportive care can be given because the clinical progression of mpox is usually
mild and self-limiting!*. Because mpox and smallpox share similarities, antiviral drugs may be benefi-
cial for monkeypox, such as tecovirimat, cidofovir, and brincidofovir®>**), However, studies on the effec-
tiveness of these antivirals remain very limited. Tecovirimat is considered promising and safe, but con-
trolled clinical trials are not yet available!*®. Meanwhile, cidofovir is reported to be highly nephrotoxic,
and brincidofovir has no significant effectiveness in mpox patients*®. Therefore, antivirus exploration
continues to be conducted. One method that is currently being widely used to analyze drug candidates
is computational techniques or in silico methods, which can overcome the problems of cost, time, and
large resources™®.

Curcumin, one of the most important compounds derived from turmeric (Curcuma longa), is a tradi-
tional herbal medicine that is widely used and studied. To date, curcumin and its derivatives have been
reported to be effective for various diseases’2%. Furthermore, studies reported the antiviral effects of
curcumin and its derivatives which are promising for treating a number of infectious diseases caused
by both RNA and DNA viruses®?%, Furthermore, curcumin is considered effective in inhibiting poxvirus
infections®.

Evidence suggests that curcumin, in general, is effective against viruses by mechanisms in which viral
replication and/or cellular signaling pathways related to viral replication, such as phosphatidylinositol
3-kinase (PI3K)/AKT and nuclear factor-kappa B (NF-kB), are inhibited®. Therefore, they suggest that
curcumin and its derivatives may have good efficacy as antiviral candidates for mpox infection.

Exploration of curcumin against mpox is still rare and limited to computational methods. In addition,
to the best of our knowledge, as of this writing, no study has summarized and reviewed studies on the
potential of curcumin and its derivatives on mpox. Therefore, we attempted to review and summarize
the published studies. This study is expected to be used as a reference for future studies related to the
development of curcumin and its derivatives as an antiviral for mpox.

Methods

This study is a literature review on the exploration of the potential of curcumin and its derivatives as
an antiviral against mpox. A literature search for computational studies published in ScienceDirect,
PubMed, Scopus, and Google Scholar was performed. In the literature search, we used the following

” o«

keyword combinations: “curcuma”, “curcumin”, “tetrahydrocurcumin”, “demethoxycurcumin”, “bisde-
” o«

methoxycurcumin”, “turmeric”, “monkeypox”, and “mpox”. All studies discussing the analysis of the
effects of curcumin on mpox published from inception to 2024 were considered for inclusion.
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We included all articles if they met the inclusion criteria such as computational studies discussing the
potential of curcumin and its derivatives for mpox, written in English, peer-reviewed, and full-text. Re-
view articles, editorials, commentaries, letters to editors, short communications, written in languages
other than English, and unavailable full-text were exclusion criteria in the study selection. No restric-
tion on the year of publication was applied. Data extraction was performed using a table containing
references/authors, curcumin and/or its derivatives compounds, mpox targets, controls (if any), and
results. Finally, all results from the included computational studies were reviewed qualitatively.

Results

We finally included five computational studies that analyzed the effects of curcumin and its derivatives
on mpox. Compounds analyzed in eligible studies include curcumin®Y, tetrahydroxycurcumin®, and
demethoxycurcumin®?. Four studies compared the potency of curcumin and/or its derivatives with the
antiviral controls acyclovir®, tecovirimat®?®?, and cidofovir®®. A summary of the included studies is
presented in Table 1.

Table 1. Summary of effects of curcumin and its derivatives on mpox targets.

Reference Compounds Mpox Targets Control Results

Akash et al.%” Curcumin 4QWO Acyclovir Curcumin had a binding

energy of -7.7 kcal/mol to -8.9

kcal/mol with 4QWO. Acyclovir

demonstrated a binding ener-
gy of -6.4 kcal/mol.

Alagarsamy et Curcumin, tetrahy- VarTMPK Tecovirimat Tetrahydroxy-curcumin had
al.® droxy-curcumin the strongest binding energy,
which is -9.7 kcal/mol, and
curcumin showed a binding
energy of -7.2 kcal/mol. Teco-
virimat had a binding energy
of -7.2 kcal/mol.
Banik et al.? Curcumin 4QWO Tecovirimat Curcumin showed the lowest
binding energy with 4QWO
which was -37.43 kcal/mol.
Tecovirimat had a binding
energy of -20.41 kcal/mol.

Maurya et al.t? Curcumin 4E90, 4QWO, Cidofovir Curcumin showed a strong
8HG1, 8CEQ binding affinity with 8HG1,
-8.5 kcal/mol, compared to
cidofovir with a binding affini-
ty of -7.2 kcal/mol.

Rout et al.®¥ Curcumin, deme- F13 Not available Demethoxy-curcumin
thoxy-curcumin showed the strongest binding
energy with F13, which was
-64.86+1.30 kJ/mol, while
curcumin was -48.53+1.80 kJ/
mol.

Discussion

Computational methods were performed to determine the binding affinity between curcumin and its
derivatives with mpox-related molecular targets, which in this study, included A42R profilin-like pro-
tein (4QWO), thymidylate kinase from Variola virus (VarTMPK), envelope protein (F13), DNA polymerase
holoenzyme (8HG1), methyltransferase VP39 (8CEQ), and envelope protein E8 (4E90). The smaller or
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lower the binding energy/affinity, the higher the potential of the compound to be a drug candidate.
There is agreement that a docking score of less than -6.0 kcal/mol is considered as standard drug®?.

Curcumin is the most abundant component found in turmeric. Curcumin docked with 4QWO showed
stronger and better binding affinity (-7.7 to -8.9 kcal/mol) compared to acyclovir (-6.4 kcal/mol)@". A
similar study exploring several potential compounds for mpox also reported that curcumin had the
strongest binding affinity (-37.43 kcal/mol) with 4QWO compared to other compounds such as gedun-
in, piperine, and coumadin which had binding affinity values of -34.89, -34.58, and -34.14 kcal/mol,
respectively. Surprisingly, tecovirimat, which is considered the most promising for use as an antiviral
in mpox patients, had a binding energy of -20.41 kcal/mol®. In line with previous studies, the findings
of this study reported that curcumin has a strong binding affinity when docked with, in order of the
strongest, 8HG1, 8CEQ, 4QWO, and 4E90 with docking scores of -8.5, -8.4, -7.9, and -7.3 kcal/mol, re-
spectively. Interestingly, cidofovir as a control showed a binding affinity of -7.2 kcal/mol when docked
with 8HG1¢%, The findings concluded that curcumin showed strong binding affinity with the mpox virus
protein compared to the antiviral control and other compounds.

There are two studies that tested not only curcumin, but also curcumin derivatives. Alagarsamy and
colleagues docked various compounds with the VarTMPK protein and found that tetrahydroxycurcum-
in, a curcumin derivative, had the lowest binding energy (-9.7 kcal/mol). In this study, curcumin showed
a binding energy of -7.2 kcal/mol. Interestingly, the control in this study, tecovirimat, had a binding en-
ergy of -7.2 kcal/mol®. Another study also reported that demethoxycurcumin, a curcumin derivative,
docked with F13 and showed the strongest binding energy (-64.86+1.30 kJ/mol or -15.50+0.31 kcal/
mol) followed by curcumin (-48.53+1.80 kJ/mol or -11.60+0.43 kcal/mol)®". It can be concluded that
both curcumin and its derivatives showed strong binding energy when docked with mpox protein.

The mechanism of action by which antiviral effect of curcumin on mpox remains unclear. However, evi-
dence proposed a mechanism of action of curcumin against mpox, where curcumin blocks the process
of attachment and entry of the virus into the host cell. In addition, curcumin inhibits the transcription
and translation processes required for viral genome replication.

Three included studies? 29 using the target 4QWO, the A42R profilin-like protein of mpox that plays a
critical role in virus replication and assembly, corroborate the statement where curcumin inhibiting the
profilin-like protein resulted in inhibition of mpox virus replication. Additionally, one study®” docked
curcumin with DNA polymerase holoenzyme, an enzyme that plays a role in DNA synthesis during viral
replication, and methyltransferase VP39, an enzyme that plays a role in the stabilization of viral mRNA
and the efficiency of protein translation during mpox infection, resulting in strong binding affinity. The
study, again, found that curcumin was more effective at inhibiting DNA polymerase holoenzyme than
the antiviral cidofovir, which is currently considered effective against mpox©3. Based on these findings,
curcumin is believed to be effective in inhibiting mpox virus replication and the process of viral infec-
tion; as has been described for other viruses®’3%.

Furthermore, curcumin, in general, has the capacity to modulate host cell signaling pathways, includ-
ing the PI3K/AKT pathway, NF-kB, Jun activation domain-binding protein 1 (Jab-1), and virus-related
inflammatory processes®??. This evidence is supported by one of the included computational study re-
sults, in which curcumin regulated the inflammatory pathway associated with mpox infection, includ-
ing mitogen-activated protein kinase (MAPK) signaling, tumor necrosis factor (TNF), NF-kB, prostaglan-
din-endoperoxide synthase 2 (PTGS2), and Toll-like receptor 4 (TLR4), as indicated by strong binding
affinity©?. The MAPK signaling pathway is a promising therapeutic target in combating mpox because
MAPK signaling plays a critical role in the response to mpox©°. In addition, a study also stated that ther-
apy targeting immune responses, such as NF-kB, cytokines, and chemokines, demonstrates inhibited
mpox virus replication and systemic inflammation®®. Overall, these proposed mechanisms suggest the
potential of curcumin as an antiviral candidate for the treatment of mpox, not only by inhibiting viral
function, but also by supporting modulation of the immune system.

Several computational studies have reported that curcumin and its derivatives, tetrahydroxycurcumin
and demethoxycurcumin, have good potential as active compounds that can inhibit mpox virus. The
limitations of this review are the lack of studies testing the potential of curcumin and its derivatives
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against mpox virus and limited to computational studies. Additionally, the exact mechanism of cur-
cumin and its derivatives in inhibiting the mpox virus remains unclear; therefore, preclinical in vivo
and in vitro studies are needed to prove the effectiveness of curcumin and its derivatives against the
mpox virus along with the underlying mechanisms. Furthermore, no clinical studies testing the efficacy
of curcumin in humans with mpox infection have been conducted; thus, the findings of this literature
review may serve as a consideration for further exploration and clinical testing as an antiviral against
MPpOX.

Conclusion

This study underlines the antiviral effects of curcumin and its derivatives, tetrahydroxycurcumin and
demethoxycurcumin, against mpox virus. However, no preclinical or clinical trials have been report-
ed so far. Therefore, this study provides an overview and proposal of curcumin and its derivatives as
candidates for active compounds that have the potential to be antiviral for mpox in further preclinical
and clinical investigations. In addition, computational studies to explore other active compounds to
determine potential candidates as antivirals for mpox may be needed.
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Resumen

Objetivo: Sintetizar la evidencia disponible sobre la reduccidn gradual de la dosis de antipsicdticos o su deprescrip-
cién abrupta en personas mayores con demencia.

Métodos: Revisidn sistematica de estudios de intervencién. Se consultaron las bases de datos PubMed, Embase,
Web of Science-Core Collection, Cochrane Library, Scopus, MEDLINE (Ovid) y PsycINFO. Se incluyeron estudios (ensay-
os aleatorios o cuasiexperimentales) que evaluaban la efectividad de estrategias de deprescripcién de antipsicoti-
cos de reduccién de dosis o abstinencia completa. Dos revisores independientes, triangulando por un tercer revisor
realizaron el proceso de seleccién, extraccidn y analisis de datos, y evaluacidn del riesgo de sesgo.

Resultados: Se incluyeron 8 ensayos clinicos en la revisidn sistematica, dos de los cuales fueron cuasi experimen-
tales. Mas del 60% de los participantes procedian de residencias de personas ancianas. Existe evidencia de varias
estrategias para deprescribir antipsicéticos. Cinco estudios utilizaron un calendario de retiro abrupto y tres estudios
utilizaron una reduccién gradual de la dosis. La deprescripcidn mediante esquemas de retiro abrupto y gradual no
mostrd diferencias significativas en el manejo de los sintomas conductuales, y mostraron tasas significativamente
mas altas de recaida y/o eventos adversos.

Conclusion: La deprescripcién de antipsicéticos es factible en personas con demencia, y se asocia a beneficios
en términos de supervivencia y con posibles mejoras en el manejo y la recaida de los sintomas conductuales y
psicoldgicos de la demencia. Parece razonable que la reduccién gradual de la medicacidn antipsicética se evalle
después de 12 semanas de tratamiento o cuando los sintomas conductuales estén bajo control.

Palabras clave: Demencia; Antipsicéticos; Prescripcion inadecuada; Deprescribir; Sintomas conductuales

Abstract

Objective: To synthesize the available evidence on antipsychotic gradual dose reduction or abrupt deprescription
in the older people population with dementia.

Methods: A systematic review of intervention studies. PubMed, Embase, Web of Science-Core Collection, Cochrane
Library, Scopus, MEDLINE(Ovid), and Psyc/NFO databases were consulted. Articles were eligible for inclusion if they
were intervention studies (randomized or quasi-experimental trials) evaluating the effectiveness of dose reduction
or complete withdrawal antipsychotic deprescribing strategies in people with dementia. The screening process,
data extraction, data analysis and bias risk assessment were performed by two independent reviewers and any
discrepancies were triangulated with a third reviewer.

Results: Eight clinical trials were ultimately included in the systematic review, two of which were quasi experimen-
tal. Over 60% of participants came from nursing or care homes. There is evidence of several strategies for depre-
scribing antipsychotics. Five studies used an abrupt withdrawal schedule and three studies used a gradual dose
reduction. Deprescription through abrupt and gradual withdrawal schedules showed no significant differences in
the management of behavioral symptoms, although abrupt withdrawals showed significantly higher rates of re-
lapse and/or adverse events.

Conclusion: Deprescribing antipsychotics is feasible in those people with dementia, and it is associated with ben-
efits in terms of survival, and with potential improved outcomes in the management and relapse of behavioral and
psychological symptoms of dementia. It seems reasonable that tapering off antipsychotic medication should be
assessed after 12 weeks of treatment or when behavioural symptoms are under control.

Keywords: Dementia; Antipsychotic Agents; Inappropriate prescribing; Behavioral Symptoms.

Highlight
This systematic review shows that deprescription of antipsychotic medicines in patients with dementia

is feasible.

The results of the review, together with the principle of prudence, show that gradual deprescription is
a better alternative than abrupt deprescription.

Further research is needed to examine the effectiveness of other deprescribing strategies in terms of
different variables.
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Introduction

Around the world, populations are ageing, and this demographic transition will affect almost all as-
pects of society; today, there are more than 1 billion people aged 60 years or older. One condition, in
particular, could well challenge World Health Organization (WHO) and the United Nations (UN) ambi-
tions: dementia*.

Dementia is a major cause of dependence and disability among older people worldwide. It is estimated
that around 57 million (2019) people suffer from some type of dementia globally and is expected to
increase to 153 million in 2050%4. Alzheimer’s disease (AD) is the most common form of dementia and
may contribute to 60-70 % of cases®* . The global cost of dementia is estimated to be US$ 818 billion,
16 % of which is associated with direct health care costs® . Dementia is currently the seventh leading
cause of death and one of the major causes of disability and women are disproportionately affected
by dementia, both directly and indirectly. Women experience higher disability-adjusted life years and
mortality due to dementia, but they also provide 70% of care hours for people living with dementia®.

Dementia is characterised by deterioration in memory and in at least one other higher cognitive func-
tion that is severe enough to cause significant limitations in social or occupational functioning and is
not explained by delirium or another axis | disorder® These limitations present themselves as cognitive
and non-cognitive or behavioral and psychological symptoms of dementia (BPSD). BPSD are defined
as disturbances in perception, thought content, mood or behaviour that frequently occur in patients
with dementia”, and account for greater functional disruptions along with higher family burden®,

Given the high prevalence of neuropsychiatric symptoms (NPS), the commonly used treatment is
based on psychotropic medications. Atypical antipsychotics have greater recommendations in clin-
ical guidelines for the management of agitation, aggression, and psychosis®® .While these have been
proven effective®'V, the use of antipsychotics is associated with increased risk of mortality, stroke and
other adverse events such as falls, sedation and cognitive decline?. This increase in adverse events
confirms that antipsychotics (in generic form) should not be used routinely to treat patients with de-
mentia with aggression or psychosis, unless there is serious distress or risk of physical harm to those
who live and work with them™*, A meta-analysis published by Schneider et al. (2005) estimated a
similarly increased risk in mortality (OR =1.54, 95 % CI 1.06 to 2.23, p=0.02) for atypical neuroleptics"®.

The available evidence, including clinical consensus, indicates that given the potential adverse effects,
the first line of treatment for behavioral symptoms in dementia should be a non-pharmacological in-
tervention. In addition, withdrawal of the medication must be contemplated. Prolonged use is indicat-
ed in patients with a history of severe episodes of psychosis or concomitant schizophrenia®®.

According to Reeve et al.'”; deprescribing can be defined as the process of ceasing inappropriate
medication, supervised by a healthcare professional, with the aim of managing polypharmacy and
improving clinical outcomes. Strategies described to promote deprescribing practices include compre-
hensive medication reviews, educational interventions and auditing of prescribing practices. These in-
terventions have shown a number of benefits such as reducing polypharmacy, potential drug-to-drug
interactions (pDDI) and the costs related to the use of medications. Thus, the objective of this article is
to conduct a systematic review to synthesize the evidence about the withdrawal of antipsychotics in
people with dementia that should be tapered or abrupt.

Methods

A systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) guideline®™®. For this purpose, we designed a literature search strategy with
both controlled terms (Medical Subject Heading) and free-text terms and adapted them to each of the
databases used: PubMed, Embase, Web of Science-Core Collection, Cochrane Library, Scopus, MEDLINE
(Ovid), and PsycINFO (Appendix A).
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Inclusion/exclusion criteria

We included intervention studies (randomized or quasi-experimental trials), published between year
2000 and 2023 in Spanish or English, evaluating the effectiveness of antipsychotic deprescribing strat-
egies (dose reduction or complete withdrawal) in people with dementia. The outcome measures un-
der consideration were mortality, relapses of behavioral symptoms, quality of life and cardiovascular
events. We excluded articles that examined deprescription of both antipsychotics and benzodiaze-
pines together.

Data extraction and synthesis of results After removing duplicates, we screened by title and abstract all
references identified in the different databases consulted to verify they potentially met the inclusion
criteria. The full text of the selected articles was then reviewed and evaluated (AOC and AOL or EMR)
by two independent reviewers. Any disagreement between reviewers throughout the screening and
selection process was resolved by consensus by another reviewer (AOL or EMR). The Rayyan QCRI™
program was used for this purpose.

A data extraction form was designed and piloted to gather information on the methodology of the
study, characteristics of the target population, interventions developed, main outcomes, follow-up
time and study design. This work was performed independently by the three authors to reduce the risk
of potential biases or errors.

Risk of bias

For assessment of risk of bias in the clinical trials, we used the check list prepared by Higgins et al.**
for the Cochrane Collaboration, covering six domains. A parallel independent assessment was carried
out by the two authors and discrepancies were resolved by the third investigator. In the case of qua-
si-experimental studies, an ad hoc modification of the tool was made for the items linked to random
generation and sequence generation, since these criteria are not applicable in the included studies.
The evaluation has focused on assessing aspects related to selection bias and its minimization strate-
gies through the selection and number of participants included, the control of confounding variables
and the types of analysis performed.

The authors carried out a qualitative synthesis of results from the included studies and classified the
articles according to type of intervention. Given the considerable heterogeneity observed among stud-
ies, in terms of type of intervention and outcome measures, a quantitative synthesis was not consid-
ered appropriate.

Results

The search returned a total of 2248 references, of which 1158 duplicate references were removed, leav-
ing a total of 1090 references (Figure 1). After the first reading of titles and abstract, a total of 127 arti-
cles were selected for full-text review. Finally, eight articles were included in this revision. Four reviews
were used only to identify relevant articles from their reference lists and for background information
or discussion®23),
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With regard to the characteristics of the included studies (a total of 789 patients included), it is worth
noting that six of them were clinical trials?2® and two were a quasi-experimental design®® . With
regard to the study site, two were conducted in the United Kingdom, the others were conducted in the
United States (n=2), Norway (n= 1), Australia (n= 1), Spain (n= 1) and Canada (n= 1) (Table 1). 25% of
the studies had sample sizes involving less than 40 participants, most of them (62.5%) living in nursing
or residential care homes for the older people, 12.5% were users of geriatric day hospitals, and 25%
had non-institutional nursing care. As for the intervention, three studies used an abrupt withdrawal
schedule®?", four used a gradual dose reduction as stipulated in a protocol?#?*22)and one compared
abrupt withdrawal with gradual reduction®® (Table 1).
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Table 1. Characteristics and outcomes of studies included.

Author Methods

Participants

Description of the Intervention and follow up

Participants description

Outcomes

Intervention: abrupt withdrawal schedule

Ballard, 2004% | Double-blind ran-

domized clinical

Senior residents with BPSD
from United Kingdom

Abrupt discontinuation of treatment (12-week follow-up).
CG was treated with placebo and IG, received active treat-

100 patients (IG= 46 and CG= 54) were stud-
ied, who were randomized to 2 groups. The

The I1G had a mean score NP1 =16.0 and the CG NPI = 14.0. When the APS was
interrupted abruptly, the IG (mean NPI score <14 (p=0.46)) shows statistically

clinical trial with
4-week follow-up

in residences (=3 months)
being treated with antipsy-
chotic for BPSD.

Following: (=3 months). CG maintained with antipsychotic
treatment for four-week intervention. |G was antipsychot-
ic discontinuation.

ed, mean age 84.1 + 7.1 years, and 43 women.

trial residences. ment with antipsychotic. CG the mean age was 83.6 + 9.3 years for the | non-significant changes in agitation (p=0.89), mood (p=0.85) and psychosis (p=
IG and 83.1 + 7.1 years for the CG. 0.41). In patients with low doses of APS and NPI <14, the change in agitation reach-
es statistical significance (p=0.018).
Ruths, 2008% | Randomized Older people with dementia | Abrupt discontinuation of antipsychotics for 4 weeks. 55 patients (IG=27 and CG=28) were includ- | In |G, 22 participants were maintained without requiring antipsychotic treatment.

The BPSD (evaluated with NPI) remained stable or even improved in 42 patients
(IG = 18 and CG = 24; p=0.18). Patients with greater behavioral impairment required
higher doses of antipsychotics at baseline compared to those with better NPI
scores (p=0.42).

USA with Alzheimer’s who
present agitation, aggres-
siveness or psychosis

events).

Phase B (32 weeks): those who responded were ran-
domized to: (Group 1) continue risperidone. (Group 2)
risperidone 16 weeks and placebo 16 weeks) and (Group
3) placebo. Phase A: equal treatment.

Phase B: CG received placebo for 32 weeks.

Ballard, 2009“” | Randomized Institutionalized older Abrupt discontinuation of antipsychotics.104 weeks fol- | 165 patients were randomized (CG=83 and 12-month mortality: The cumulative probability of survival during the 12 months
clinical trial people with a diagnosis low-up. CG was maintained with placebo and IG treated 1G=82), Baseline SIB and NPI scores for IG was 89.7 % (95 % Cl: 71.3 %-96.5 %) and 97.1% (95 %Cl: 80.9-99.6 %), for CG and
of dementia and BPSD (=3 | with their antipsychotic treatment for 12 months. were 73.8 +20.7 and 15.8 + 11.3 and for CG IG respectively. Among those who received at least one dose, survival (ITTm) was
months) in residences in 71.1+22.7and 17.4 + 14.6 for CG. 128 (78 %) | 70.3% (95 %CI 57.5-79.9 %) and 76.6% (95 %Cl 64.2 % -85.2 %), while it was 74.7%
the UK. started the study, 64 of them in each group. | (95 %Cl 63.9-82.7 %) and 79.3 % (95 %CI 68.8-86.6 %) according to randomization
(TT).
54-month mortality: CG showed higher mortality than IG (p=0.03, HR 0.58 [95 %Cl:
0.35-0.95]; ITT according to randomization p=0.02, HR 0.58 [95 %Cl 0.36-0.92]), the
difference in mortality was more pronounced after the first year.
Devanand, Randomized Alzheimer’s outpatients Two phases (with follow-up of 44 weeks): Phase A: aftera | 78 patients with a mean age of 75+8.0 years | Phase A: target symptoms (agitation and psychosis) and BPRS score decreased (p
201108 clinical trial in two | with agitation, aggression, | washout period of one week washing of antipsychotics,a | were studied, 57 % of which were women. <0.001), but extrapyramidal symptoms increased (p <0.01). At the end, 22 people
phases. or psychosis flexible dose of haloperidol was prescribed (according to responded to the treatment, of which 20 completed the follow-up
response and EA). Phase B: the proportion of patients was higher (40 % vs 80 %; p=0.07) and less
Phase B: those who responded favorably were ran- time to relapse in the discontinuation group compared to the haloperidol group
domized to carry out the intervention: discontinuation (p=0.04). Neither baseline nor residual severity of target symptoms predicted
or continue with haloperidol. CG, there was a 2-week relapse in phase B.
double-blind sequential placebo substitution tapering
period: patients on 4 mg daily at end-Phase A switched
to 2 mg daily for 1 week, 1 mg daily for the next week
and then switched completely to placebo; patients on
2 or 3 mg daily switched to 1 mg daily for 2 weeks and
then switched to placebo, and patients who received 0.5
mg or 1 mg were switched directly to placebo without a
tapering period.
Devanand, Randomized Patients from veteran med- | Two phases (48-week follow-up): Phase A (16 weeks): 180 patients initiated the study with a mean | Phase A: The severity of psychosis and agitation symptoms was reduced (p
201229 clinical trial in two | ical centers, memory clinics | after one week of washout, a flexible dose of risperidone | age of 79.6 + 7.6 and 59 % women. 80 % had | <0.001), although extrapyramidal symptoms increased (p=0.009). General physical
phases and geriatric clinicsinthe | was prescribed (according to response and adverse psychosis and 81 % agitation-aggressiveness. | symptoms decreased, and physical self-maintenance worsened (p <0.001). The

relapse or recurrence rate of BPSD was higher among those on placebo than with
risperidone (60 % [24 of 40 patients in G3] v/ s 33% [23 of 70 patients in G1 and
G2], p=0.004

Phase B: of the 112 patients who responded, 110 were randomized. The group that
received placebo (Group 3), compared to those that continued with risperidone
(mean dose 0.97 + 0.74 mg) (Group 1 and 2) showed a higher risk of relapse (HR
1.94; 95 % Cl 1.09-3.45; p=0.02). During the next 16 weeks, the group that stopped
risperidone and switched to placebo (Group 2) showed a higher risk of relapse HR
4.88;95 % Cl: 1.08-21.98 (p=0.02), than the group that continued with risperidone
(Group 1). No significant differences were found in adverse events between the 3
groups.
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study Prospective
cohort)

nursing homes and receiv-
ing antipsychotic treatment
(>3 months)

1) Training for health workers.

2) Deprescription protocol based on dose reduction to
50% every 2 weeks and complete withdrawal after 2
weeks in minimum dose.

criteria, with 93 residents completing the
follow-up. The mean age of 84.3 + 7.3 years,
65.6 % were women and 66.9 % completed
the follow-up.

Author Methods Participants Description of the Intervention and follow up Participants description Outcomes
Intervention: gradual dose reduction
Brodaty, 2018°Y | Longitudinal Older adults living in 23 Two components (follow-up of 52 weeks): Atotal of 139 residents met the inclusion The most common cognitive symptom was agitation/ aggressiveness (89%);

risperidone was the most widely used antipsychotic (n=62.4 %). Withdrawal from
antipsychotics was achieved in 86.2 %, 79.1%, 81.7 % of patients at 3, 6 and 12
months, respectively. There was no significant change in the NPI-NH score.

Bravo, 2019¢%

Quasi-experimen-
tal trial without a
control group

Older people with dementia
and treated with =1 antipsy-
chotics from a care center
in Spain

Reduction and / or suspension of antipsychotic treat-
ment, according to symptoms with a follow-up of 52
weeks.

Dose reduction to 50 % every 2 weeks and completely
withdrawn after two weeks in minimal dose.

The study began with 38 residents, of whom
3 withdrew due to deterioration. The mean
age was 82.31 +5.81 and 60 % were women.

The patients had severe Barthel dependence = 33.29 + 28.62 and a previous NPI-
NH score of 12.91 + 12.80. At 6 months of evaluation, there was no statistically
significant difference in the NPI-NH score = 13.76 + 16.68 (p=0.124). At the end of
the follow-up period, 2 residents required a return to the prescription of antipsy-
chotics.

Van Reekum,
200224

Randomized dou-
ble-blind clinical
trial

Patients with dementia
under treatment with
antipsychotics (> 6 months)
from 2 nursing homes and a
geriatric ward in Canada.

Antipsychotic dose reduction of 50 % in the first week and
half of the remaining dose in the second week (26-week
follow-up). CG, received placebo during pretrial phase
and dose reduction phase.

Atotal of 34 residents (IG= 16 and CG=17)
were studied, the mean age of the IG was
84.4 +4.6 and 82.9 £ 6.9 years for CG.

Daily doses (chlorpromazine equivalents) were 24.9 mg for |G and 34.3 mg for CG.
23.5 % of the IG subjects were withdrawn from the study early due to behavioral
worsening, compared with 18.8 % of the CG (RR=1.33; 95 %Cl 0.25-7.17). When
evaluating the intervention, the CG showed a tendency to worsen behavioral prob-
lems (p=0.06), self-harm (p=0.08), especially in the persistence initiation subscale
(p=0.05). In IG, the antipsychotic dose was higher among those who worsened
than in those who were stable (p=0.06).

APS: antipsychotics IG: intervention group; CG: control group; SIB: Severe Impairment battery; BPSD: Behavioural and Psychological Symptoms of Dementia; NPI: Neuropsychiatric Inventory; NPI- NH: Neuropsychiatric Inventory - Nursing Home Version; RR: Rel-
ative Risk; 95% Cl: 95% confidence Interval; ITT: Intention to treat: ITTm: Intention to treat-modified; HR: Hazard ratio; BPRS: Brief Psychiatric Rating Scale.
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Risk of Bias

The results of the risk of bias assessment are shown in figures appendix A1, A2 and A3. The risk of bias
intheincluded clinical randomized trials is low in general. It should be stressed that the blinding of par-
ticipants and personnel was clearly described in all the trials. The domain regarding selective reporting
scored to be at high risk of bias in one trial®/. Regarding quasi-experimental studies, Bravo®” scored at
high risk of bias in three of the domains.

Abrupt withdrawal schedule

Regarding the effectiveness of the interventions (Table 1), only Ballard (2009)%” assessed survival, us-
ing Cox regression. Findings revealed that patients who followed an abrupt withdrawal from antipsy-
chotic medication showed a statistically significant lower risk of mortality at 24 months (HR=0.58; 95 %
Cl: 0.36-0.92) than patients who continued with treatment.

Two cross-over clinical trials examined relapse rates following abrupt withdrawal from haloperidol®®
and risperidone,?® with follow-ups of 24 and 48 weeks respectively, including 442 and 110 patients,
who remained stable (responders) the last month. Devanand®® observed a higher rate of relapse of
BPSD (p=0.07) and a shorter time to a relapse (p=0.04) in the group that received placebo compared to
the group that continued to receive antipsychotic medication. Later, in 2012, Devanand® showed that
after 16 weeks of follow-up, the relapse rate of BPSD was higher in patients who received placebo than
in those who continued with risperidone (HR=1.94, 95 % ClI: 1.09-3.45). This result was maintained for
32 weeks (HR=4.88, 95 % Cl: 1.08-21.98).

Ballard® evaluated the abrupt discontinuation of antipsychotic medication, performing cluster analy-
ses according to the Neuropsychiatric Inventory (NPI) score. He found that patients with NPI score <14
(mild) who were discontinued from antipsychotics showed no significant difference in the baseline NPI
(p=0.46) (intragroup difference). In contrast, patients with NPl >14 (moderate to severe) showed a sig-
nificant difference in the management and relapse of BPSD variables compared with the control group
(p=0.018) (intergroup difference). Ruths’ review showed that, regarding the abrupt withdrawal of an-
tipsychotics (risperidone, haloperidol, or olanzapine), there are no differences in relation to improve-
ment or harm in BPSD (p= 0.18)?%. It is important to underline that patients who received previously
high doses showed greater levels of behavioral deterioration after withdrawal (p=0.042).

Gradual dose reduction

Three studies evaluated the effectiveness of the gradual withdrawal of antipsychotics, by tapering to
half of the daily dose in the first week and removing the dose over the following two weeks. Bravo
(2019)¢% included 35 patients, and at 6 months achieved total withdrawal in 80% of patients and dose
reduction in the rest of patients; whereas Brodaty®" achieved withdrawal from antipsychoticsin 79.1 %
and 81.7 % (95 % Cl: 72.4 %-89 %) of patients at 6 and 12 months, respectively. Both studies showed no
statistically significant differences in BPSD (p>0.005), compared to baseline values. It should be noted
that Brodaty®" found statistically lower rates of relapse of BPSD among patients who were withdrawn
from antipsychotics compared to patients who continued with treatment (p= 0.005). Finally, the Van
Reekum study®® involving 34 patients, found that those who were withdrawn from medication had a
non-significant increased likelihood of exacerbation of behavioral symptoms (RR 1.33; 95 % ClI: 0.25-
7.14). Bravo®? used a strategy of reduction and/or discontinuation of antipsychotic medication, and at
6 months of follow-up no significant differences were found in the Neuropsychiatric Inventory-Nursing
Home version (NPI-NH) score.

Discussion

This review shows that deprescribing antipsychotics is feasible among people with dementia, but fur-
ther research is needed to reconfirm these findings®2** . The review also shows that deprescribing is
associated with benefits in terms of survival, and with potential improved outcomes in the manage-
ment and relapse of BPSD"¥. These results are similar to those described in the review by Van Leeuwen
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(2018)¢3) which worked on a similar objective to the present review, but presents different inclusion
criteria.

When reviewing the selected articles and comparing the clinical results, no major difference is ob-
served in the management of BPSD through abrupt or gradual withdrawal schemes. In contrast, abrupt
withdrawals showed significantly higher rates of relapse and/or adverse events?®?), In this regard, a
systematic review that included four clinical trials comparing abrupt versus gradual antipsychotic
discontinuation in patients with schizophrenia® found no significant differences in clinical outcomes
(extrapyramidal signs, adverse events, etc.). In summary, there are no differences between reducing or
continuing antipsychotic doses in terms of quality of life and functionality. However, with dose reduc-
tion there was a higher risk for relapses and dropouts, and potentially for rehospitalisations*.

Thus, itis concluded that it is preferable to withdraw gradually, because of the principle of prudence®®.
On the other hand, the systematic review conducted by Sheehan (2017)¢%, including 21 studies, failed
to draw firm conclusions on the best way to approach deprescription in patients with intellectual dis-
ability, since it was found that patients did not tolerate discontinuation and required that the antipsy-
chotic medication be re-prescribed.®”

These findings are consistent with the review conducted by Page (2016)*”, which included a total of
132 articles (34,143 participants) that evaluated deprescribing one or more medications in older peo-
ple. In non-randomized studies, deprescribing was shown to significantly reduce mortality (OR 0.32;
95 % Cl: 0.17-0.60). However, deprescribing did not significantly modify mortality in the randomized
studies (OR 0.82; 95 % Cl: 0.61-1.11).

Two factors found in the literature are associated with higher probabilities of successful deprescribing.
One is a lower dose of antipsychotics®*¥ |, since in patients requiring low doses (even without reach-
ing therapeutic threshold), the need for the use of antipsychotic medication may not be justified. It is
important to pay special attention to the narrow dose-time relationship; according to evidence some
doses of antipsychotics greater than 62-74 mg chlorpromazine equivalents are associated with a lower
probability of achieving sustained deprescription over time'?Y The other factor is related with the fact
that patients with lower levels of functional impairment (NPI lower than 14) show better outcomes in
the management of the BPSD (though with no statistical significance in relation to total NPI) and lower
rates of relapse.® This could indicate that measurements of BPSD (using the NPI rating scale) could
be interfered by other symptoms or contexts®**® and this issue has important clinical relevance. This
result has also been observed in patients with a diagnosis of schizophrenia®.

It should be noted that evidence and clinical practice guidelines recommend antipsychotic treat-
ment with risperidone, which is the neuroleptic that offers the biggest benefits in the management of
BPSDU“#*) | On the other hand, typical antipsychotics, olanzapine injection (atypical antipsychotic) or
haloperidol (as a second line), are recommended in emergency situations where there is severe psy-
chomotor agitation®#V In addition, typical antipsychotics show a higher incidence of known adverse
events than their more modern congeners (atypical)“? .

The potential benefits of the use of antipsychotics may be diminished when the treatment is longer
than required“®?. In this sense, there is a greater likelihood of adverse events linked to the use of
antipsychotic medication (extrapyramidal signs, metabolic disorders, cardiovascular risk, death) after
four months of treatment, and an increased risk of mortality after 12 months of treatment. Based on
the above and taking into account the results yielded by this review, it seems reasonable that tapering
off antipsychotic medication should be assessed after 12 weeks of treatment or once BPSD are under
control*®*%)., This assessment should take into account the risk of occurrence of adverse events and the
loss of effectiveness of treatment.” Follow-up of the patient is required after medication withdrawal.
In this regard, it is important to take a holistic and integrated approach to assessment, considering not
only patients’ BPSD but also their family or supportive situation, etc.®**. The evidence suggests that
deprescription is necessary, and when it is guided by ad-hoc professionals, it shows better results“?.
Ballard (2002)“® showed that liaison psychiatry turns out to be a powerful strategy when it comes to
reducing the inappropriate use of antipsychotics in people with dementia.
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This review has several limitations that should be considered when interpreting the results. First, the
low number of subjects included in the different studies, followed by the fact that most studies in-
volved institutionalized patients, 5 trials involving nursing homes out of 8 included. These aspects may
limit the external validity of the results, since pharmacotherapeutic monitoring and control may differ
at community levels. The heterogeneity in terms of proximity and accessibility to health services of
some residences should be taken into account. Other factors and contexts that could lead to different
results should also be take into consideration. These issues make the extrapolation of the results to the
community setting somewhat limited.

Finally, the authors consider that an optimal deprescription of antipsychotics, in accordance with the
de-implementation of low-value clinical activities“**® must include training that allows clinical teams
to evaluate and compare performance between professionals and health centers, based on a body of
evidence, under a multisectoral approach, and taking into account the principle of patient autono-
my“"#8 It is also worth noting that a systematic review found that physicians frequently overestimated
benefit and underestimated harm when evaluating treatments®“”. Further research is needed in this
area, with studies involving a larger number of participants, other contexts and different sociodemo-
graphic characteristics.
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Resumen

Introduccién: La impresidn en 3D es una tecnologia vanguardista que puede emplearse para formular compuestos
farmacéuticos de baja solubilidad, como lo son los flavonoides, que son compuestos de origen vegetal a los cuales
se les ha atribuido diversos efectos farmacoldgicos. Esta revision describe los estudios en los que se ha aplicado
esta tecnologia para formular flavonoides en distintas formas farmacéuticas.

Método: Se realizd una revisién bibliografica buscando en la base de datos Google Scholar y el motor de blsqueda
Pubmed hasta el mes de enero del afio 2025 empleando las palabras clave “3D printing”, “flavonoids” y “formula-
tion”. Se seleccionaron articulos originales publicados en idioma inglés.

Resultados: Se encontraron 5 articulos. En ellos, se formularon los flavonoides puerarin, catequina, apigenina y
quercetina. La puerarin, un flavonoide con efectos cardiovasculares se formuld en tabletas flotantes géstricas que
extendieron su tiempo de permanencia en el estdmago y mejoraron su liberacién en comparacién con tabletas
convencionales. Para la catequina y apigenina, (flavonoides con propiedades antioxidantes y anticancerigenas,
respectivamente) se disefiaron peliculas orales mucoadhesivas que permiten una absorcién local rapida para el
tratamiento de Ulceras orales y leucoplasia, respectivamente. La quercetina, con actividad antimicrobiana contra
Mycobacterium tuberculosis, se formuld en parches dérmicos que lograron liberar el firmaco de forma sostenida
durante 70 h en estudios in vitro y mantuvieron niveles plasmaticos estables por hasta 18 dias en modelos animales.

Conclusién: La impresién en 3D se ha empleado para formular exitosamente flavonoides en diferentes formas
farmacéuticas, lo cual ha mejorado notablemente sus caracteristicas biofarmacéuticas. Sin embargo, se trata de
investigacion basica, por lo que es importante llevar a cabo ensayos preclinicos de manera formal para que estos
productos beneficien a pacientes reales, incluyendo pacientes veterinarios.

Palabras clave: Flavonoides; Impresion tridimensional; Manufactura de Farmacos.

Abstract

Introduction: 3D printing is an advanced technology that can be used to formulate pharmaceutical compounds
with low solubility, such as flavonoids—plant-derived compounds to which various pharmacological effects have
been attributed. This review describes studies in which this technology has been applied to formulate flavonoids
into different pharmaceutical forms.

Methodology: A bibliographic review was conducted by searching databases such as Google Scholar and PubMed
search engine up to January 2025, using the keywords “3D printing,” “flavonoids,” and “formulation.” Original arti-
cles published in English were selected.

Results: Five articles were found. In these studies, the flavonoids puerarin, catechin, apigenin, and quercetin were
formulated. Puerarin, a flavonoid with cardiovascular effects, was used in gastric floating tablets that extended its
stomach retention time and improved its release compared to conventional tablets. For catechin and apigenin (fla-
vonoids with antioxidant and anticancer properties, respectively), oral mucoadhesive films were designed, allowing
rapid local absorption for the treatment of oral ulcers and leukoplakia, respectively. Quercetin, known for its anti-
microbial activity against Mycobacterium tuberculosis, was formulated into dermal patches that achieved sustained
drug release for 70 hours in in vitro studies and maintained stable plasma levels for up to 18 days in animal models.

Conclusion: 3D printing has been successfully used to formulate flavonoids into different pharmaceutical forms,
significantly improving their biopharmaceutical properties. However, this is basic research, therefore, it is import-
ant to conduct formal preclinical trials to benefit real patients, including veterinary patients.

Keywords: Flavonoids; Three-Dimensional Printing; Drug Compounding.

Puntos clave

Los flavonoides son compuestos fitoquimicos de amplio interés farmacéutico, pero, debido a sus ca-
racteristicas fisicoquimicas, pueden ser dificiles de formular, por lo que el empleo de la tecnologia de
impresion en 3D puede ser util.

Esta revision recopila estudios recientes sobre el uso de dicha tecnologia para el desarrollo de formas
farmacéuticas que contienen flavonoides y describe los métodos empleados y la evaluacion de los
productos elaborados.
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La tecnologia de impresion en 3D es una herramienta versatil capaz de generar diferentes formas far-
macéuticas que mejoran la solubilidad y biodisponibilidad de los flavonoides, ademas de ofrecer gran
margen de personalizacién. Sin embargo, se cuenta con pocos estudios y, sélo se han evaluado unos
cuantos flavonoides.

Introduccion

Los flavonoides son el grupo de metabolitos secundarios mas diversos producidos por plantas'¥; en el
afio 1930 el, cientifico hingaro Albert Szent-Gyorgyino descubri6 en la naranja el primer flavonoide,
la rutina (inicialmente nombrado como “vitamina P”)?, y desde entonces, se tienen identificados mas
de 10,000 flavonoides diferentes®. Estructuralmente, los flavonoides son polifenoles que cuentan con
tres anillos (C6-C3-C6; A, By C), incluyendo un anillo heterociclo central. De acuerdo con el grado de
oxidacion del heterociclo central, se clasifican en diferentes grupos: flavonoles, flavonas, isoflavonoi-
des, flavanonas, antocianinas flavanoles y chalconas®.

Los flavonoides se encuentran ampliamente distribuidos en el reino vegetal y son abundantes en flo-
res, hojas, frutos y semillas. Tienen diferentes funciones, incluyendo la de dar color a los vegetales
para atraer a polinizadores y proteger a la planta de la radiacién ultravioleta, atrapar radicales libres
para proteger al vegetal del estrés oxidativo, y proteger a la planta de herbivoros, hongos y bacterias,
entre otras®. Es posible encontrarlos en una gran variedad de plantas y productos vegetales comes-
tibles comunes® asi como en diversas plantas medicinales, siendo los compuestos responsables de
sus actividades terapéuticas®. Su diversidad estructural es proporcional a la diversidad de actividades
bioldgicas que poseen, pues existe evidencia cientifica de muchos efectos terapéuticos que ejercen los
flavonoides, incluyendo actividad antioxidante, anticancerigena, antiinflamatoria, antibacteriana, car-
dioprotectora, e inmunomoduladora™, entre muchas otras, por lo cual son compuestos prometedores
para ser formulados en productos medicinales.

Sin embargo, una de las grandes limitantes es que los flavonoides son compuestos poco solubles en
agua, y por lo tanto su absorcidn y biodisponibilidad es baja cuando se administran por via entérica®.
Esto es una gran desventaja ya que las tabletas son la forma farmacéutica mas utilizada debido a su
gran practicidad, estabilidad y aceptacion por parte de los pacientes, razén por la cual ya se han
hecho esfuerzos en investigacion en quimica y tecnologia farmacéutica para aumentar la biodisponibi-
lidad de estos compuestos cuando se administran por via oral® o en otras formas farmacéuticas como
aquellas que involucran una administracion por via topica*.

Uno de los avances tecnolégicos mas vanguardistas es el de la de impresién en 3D, la cual consiste en
un proceso de adicion sucesiva de un material, capa por capa, para generar un objeto tridimensional
con formas complejas de manera precisa a partir de un disefio generado por computadora. Esta tec-
nologia tiene gran potencial en diferentes areas e industrias, y es de gran interés en el campo de la
medicina, pues ya incluso se ha empleado para la construccién personalizada de implantes y tejidos
con fdrmacos incorporados para su liberacidn local*?. Ademds, una de las aplicaciones médicas mas
estudiadas de esta tecnologia es la impresion en 3D de formas farmacéuticas, siendo muy Util para ela-
borar tabletas con excelentes propiedades mecanicas y fisicoquimicas, con perfiles de liberacidn per-
sonalizables™ y con caracteristicas innovadoras, como las tabletas flotantes géstricas que son Utiles
para mejorar la biodisponibilidad de farmacos poco solubles®?. Asimismo, también es posible elaborar
otras formas farmacéuticas como peliculas adhesivas bucales de liberacidn controlada?.

Esta tecnologia es joven y alin hace falta mucha investigacion para estandarizar procesos y aplicarlos
a nivel industrial, sin embargo, ya se estan obteniendo frutos; en 2015 la FDA aprobd el primer medica-
mento impreso en 3D, el Spritam®®),

La presente revision narrativa tiene como objetivo recopilar, organizary analizar los avances cientificos
sobre la aplicacién de la tecnologia de impresion en 3D para la formulacién farmacéutica de flavonoi-
des.
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Métodos

Se realiz6 una revision bibliografica narrativa basada en lo encontrado en la literatura cientifica. Para
ello, se seleccionaron articulos cientificos en idioma inglés buscando en bases de datos como Google
Scholar y el motor de bisqueda Pubmed hasta el mes de enero del afio 2025 empleando las palabras
clave “3D printing”, “flavonoids” y “formulation”. Se incluyeron todos los estudios originales en idioma
inglés que estuvieran enfocados en el uso de la tecnologia de impresion en 3D aplicada a la formula-
cién de flavonoides puros para la obtencion de cualquier forma farmacéutica. Se excluyeron aquellos
articulos que emplearon esta tecnologia para la formulacion de extractos complejos en los que no sélo
habia flavonoides, asi como los que se enfocaron en otros usos médicos como la ingenieria de tejidos
o aplicaciones diferentes como agropecuarios, alimenticios o procedimientos analiticos y de sintesis
quimica.

Se encontraron 6 articulos, los cuales se clasificaron de acuerdo con la forma farmacéutica que estu-
diaron: tabletas (2 articulos), peliculas mucoadhesivas orales (2 articulos), parches (1 articulo) y cap-
sulas (1 articulo). Asimismo, se emplearon algunos articulos sobre los fundamentos de las técnicas
generales de impresion en 3Dy los excipientes empleados para complementar la discusion y el anélisis
de los estudios.

Resultados y discusion

Fundamentos y aplicaciones de la tecnologia de impresion en 3D para la elaboracién ge-
neral de formas farmacéuticas

La tecnologia de impresion en 3D para la formulacion farmacéutica ofrece muchas ventajas con res-
pecto a las manufacturas convencionales, ya que permite la personalizacion total del producto elabo-
rado. Técnicamente, consiste en proceso aditivo en el que un material previamente elaborado que con-
tiene el farmaco se deposita en capas secuenciales para dar lugar a una forma tridimensional disefiada
por computadora. Gracias a ello, se pueden obtener diferentes perfiles de liberacion al elaborar un
producto con materiales de diferentes tamafios de poro o con capas de distinto grosor o solubilidad.
Por ello, esta tecnologia es ideal para obtener productos farmacéuticos especiales para poblaciones
o personas especificas. La gran desventaja es que el proceso es lento, por lo que no es viable para
llevarlo a cabo a gran escala. Ademas, la elaboracién del material a imprimir es compleja y costosa,
y requiere de personal altamente capacitado, por lo que no es una tecnologia costo-efectiva para la
industria farmacéutica™.

Existen diferentes técnicas para llevar a cabo el proceso de impresion en 3D. Una de las mas impor-
tantes para la obtencion de formas farmacéuticas es el método basado en extrusion, el cual se puede
llevar a cabo a temperatura ambiente o en caliente. Este método requiere de la elaboracion previa
de una pasta semisdlida del farmaco y los excipientes para depositar capa por capa a temperatura
ambiente"®. La viscosidad adecuada de la pasta para una impresion dptima se obtiene empleando ex-
cipientes como microcelulosa (MC), hidroxipropilcelulosa (HPC) o hidroxipropilmetilcelulosa (HPMC),
entre otros, con los cuales se generan estructuras porosas internas complejas que consiguen perfiles
de liberacion controlada™”.

La impresidn en 3D basada en extrusion permite la elaboracién de tabletas flotantes gastricas de libe-
racién inmediata o controlada. Estas tabletas, como el nombre lo indica, son capaces de mantenerse
flotando en los fluidos del tracto gastrointestinal, reteniendo la tableta por mas tiempo. Con ello, au-
menta la biodisponibilidad de farmacos de baja solubilidad y, si son de liberacién controlada, pueden
mejorar la adherencia terapéutica del paciente, ya que requeriran de menos administraciones al dia*’.

Ademas, la impresidn en 3D basada en extrusién también permite la elaboracion de otras formas far-
macéuticas y productos medicinales tales como implantes, parches transdérmicos™® o incluso peli-
culas mucoadhesivas orales con excelentes caracteristicas fisicoquimicas para la absorcién local de
farmacos™.
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Asimismo, la impresion en 3D por extrusién también puede llevarse a cabo en caliente para obtener
diferentes formas farmacéuticas o productos medicinales, lo cual presenta las ventajas de requerir
menos pasos Yy no requiere de secado del producto fabricado, pero presenta la desventaja de que no es
posible emplear este método con compuestos termolabiles®”. Uno de estos métodos es el modelado
de deposicidn fundida (FDM), el cual es el método de impresion en 3D mas empleado. Este método uti-
liza filamentos termoplasticos cargados de farmaco como material de partida, los cuales son extruidos
por encima de su punto de fusidn y son depositados secuencialmente en una placa, creando el objeto
tridimensional como en cualquier método de impresidn en 3D. Los filamentos empleados como mate-
rial de partida en el FDM pueden elaborarse mediante un proceso conocido como extrusion de fusion
en caliente (HME), el cual es un proceso continuo en el que se aplica calor y presién a un material o
mezcla de materiales para fundirlos o ablandarlos, los cuales se extruyen a través de un orificio para
producir nuevos productos de forma, contenido y densidad uniformes y homogéneas, como lo son los
filamentos cargados de farmacos®. Cabe dejar en claro que a pesar de que la HME es Util para elaborar
formas farmacéuticas®, y que incluso ya se han obtenido formulaciones farmacéuticas de flavonoides
con el objetivo de aumentar su biodisponibilidad?>?¥, la HME por si sola no es una técnica de impresion
en 3D, sino un procedimiento diferente, pero que se ha empleado con frecuencia para la obtencion del
material de partida que se emplea en la impresién por FDM en 3D1202%,

Actualidad de la tecnologia de impresion en 3D para la for-
mulacion farmacéutica de flavonoides

En nuestro conocimiento, esta es la primera revision que aborda el tema de la aplicacién de la tecnolo-
gia de impresidn en 3D para la formulacion farmacéutica de flavonoides. Asimismo, en nuestro conoci-
miento, s6lo se cuenta con 6 estudios originales al respecto. Los flavonoides que han sido estudiados
con estos enfoques son sélo 4; puerarin, catequina, apigenina y quercetina. El resumen de los estudios
sobre la aplicacion de la tecnologia de impresidn en 3D para la formulacién medicinal de flavonoides
se encuentran en la Tabla 1.

Tabla 1. Caracteristicas de los estudios incluidos

Flavonoide Forma farmacéutica Técnica de Propésito del pro- Referencia
elaborada impresionen 3D | ducto elaborado
empleada
Puerarin Tabletas flotantes gastricas HME Sin especificar (6)
Tabletas con excipiente @)
acarreador
Catequina Peliculas mucoadhesivas HME Tratamiento de @9)
orales Ulceras orales
Apigenina Peliculas mucoadhesivas HME Tratamiento de @
orales FDM leucoplasia @8)
Capsulas Mdltiples
Quercetina Parches dérmicos HME acoplado a Mitigar la tuber- @9)
FDM culosis pulmonar
destructiva

Tabletas flotantes gastricas de puerarin

Las enfermedades cardiovasculares son una de las principales causas de incapacitacion y muerte alre-
dedor del mundo. A pesar de que existe farmacoterapia efectiva para tratar estas enfermedades, ain
existen lagunas importantes en estos tratamientos®?, por lo cual es necesario seguir buscando y desa-
rrollando opciones farmacoterapéuticas.

El compuesto puerarin es un isoflavonoide C-glicosilado que se encuentra como componente principal
de las raices de Pueraria lobata; una planta medicinal muy utilizada en China para diferentes pade-
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cimientos, sus principales actividades terapéuticas estan relacionadas a efectos a nivel cardiovascu-
lar®Y, Este flavonoide esta presente en las tabletas de Yufeng Ningxin, que es un preparado herbolario
patentadoy utilizado en China para aliviar la presion arterial y mejorar el flujo sanguineo®?. Sin embar-
go, estos preparados presentan el inconveniente de tener baja biodisponibilidad*®.

Como se menciond anteriormente, las tabletas flotantes gastricas pueden mejorar la biodisponibili-
dad de farmacos poco solubles. Sin embargo, estas formas farmacéuticas presentan algunos incon-
venientes, incluyendo un retraso no intencional en la liberacidon del farmaco, altas proporciones de
excipientes en la tableta, excipientes no biocompatibles y procedimientos complicados. La tecnologia
de impresion en 3D puede superar estos obstaculos®?. Este enfoque ya se ha empleado para formular
puerarin.

En un estudio, se empled la impresidn en 3D basada en extrusion para preparar tabletas flotantes gas-
tricas de puerarin de liberacidn sostenida con patrén interno anular concéntrico. Para ello, se empled
una solucién de etanol al 75 % como aglutinante para formar la pasta de puerarin al 24 %, HPC (11
%), celulosa microcristalina (16 %), HPMC (11 %) y lactosa como diluyente. Esta pasta se empled para
imprimir las tabletas. Las tabletas obtenidas presentaron buenas propiedades fisicas in vitro, con una
flotabilidad de 10-12 h y un buen perfil de disolucién. Posteriormente, se seleccionaron dos volunta-
rios sanos de edad media de 24 afos y se les administraron tabletas radiomarcadas con tecnecio para
monitorear su flotabilidad in vivo. Las tabletas impresas en 3D se mantuvieron flotando en el estomago
por 6 h mientras que tabletas de puerarin con los mismos excipientes, pero elaboradas con un método
de tableteo por compresidn convencional se mantuvieron en el estdmago sélo por 2 h. Si bien no se
evalud la biodisponibilidad, se sabe que las tabletas flotantes prolongan la retencién de la forma far-
macéutica en el tracto gastrointestinal y mejoran este parametro farmacocinético*®.

Otra estrategia para aumentar la solubilidad de farmacos poco solubles formulados en tabletas es me-
diante el uso de vehiculos, los cuales son compuestos solubles en agua que mejoran la solubilidad y
difusion en el medio del farmaco. Para ello, el farmaco de interés se dispersa en el excipiente mediante
diferentes métodos; uno de los méas estudiados y efectivos consiste en fusionar el farmaco con polieti-
lenglicol (PEG)®*3%,

Esta estrategia se puede llevar a cabo mediante impresion en 3D por HME y ya se ha empleado para for-
mular tabletas de puerarin de liberacién inmediata de puerarin utilizando polietilenglicol (PEG 4000)
como Unico excipiente, el cual fungié como acarreador. Para elaborar la pasta, se mezclaron 50 mg de
puerarin con una cantidad variable de PEG 4000, se mezclé manualmente con mortero y pistilo por 10
miny posteriormente se calentd a 70 °C en una parrilla con agitacion magnética hasta obtener una pas-
ta semisélida homogénea, la cual se empled para imprimir las tabletas. Las tabletas obtenidas tenian
una estructura interna de anillo concéntrico y de resorte serpentino analogo. Apoyandose de calorime-
tria diferencial de barrido y test de disolucion, se encontré que la puerarin se disperso efectivamente
en todo el PEG 4000 y que la proporcion adecuada de puerarin : PEG 4000 fue de 1:5. Asimismo, se
observo que las tasas de liberacidn del farmaco aumentaron conforme se aumenté el ancho de relleno
y elancho del contorno de la tableta, probablemente debido a que al aumentar el area superficial de la
tableta aumenta también la permeacion del medio, la disolucion de la matriz y la difusion del farmaco,
logrando una liberacion total del farmaco de 7,5 min como minimo. Este estudio demuestra que la
impresion en 3D por HME empleando PEG 4000 como excipiente acarreador es un buen procedimiento
para aumentar la solubilidad de peurarina. Sin embargo, en el estudio no se llevaron a cabo ensayos
bioldgicos, por lo que aln hace falta mas investigacion al respecto®.

Peliculas mucoadhesivas orales de catequina y apigenina

Como se menciond anteriormente, la tecnologia de impresidn en 3D se puede emplear para elaborar
peliculas mucoadhesivas orales para la absorcion local de farmacos, lo cual da a lugar a un inicio te-
rapéutico rapido a partir de dosis mas pequefias comparado con las formulaciones entéricas ya que
evitan la degradacidn gastrica y el metabolismo del primer paso*®. Este enfoque se ha aplicado para
formular los flavonoides catequina y apigenina.
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La catequina es un flavan-3-ol presente en hojas de té, vino tinto, habas, uvas negras, albaricoques,
fresas y chocolate, entre otras fuentes. A este flavonoide se le han atribuido varias actividades biold-
gicas, como antidiabética, antihiperlipidémica, antihipertensiva, anticoagulante y antiulcerosa, entre
otras®®,

En un estudio, se realizaron formulaciones de hidrogel cargadas con catequina a base de HPMC para
elaborar peliculas orales mucoadhesivas obtenidas con tecnologia de impresién en 3D basada en ex-
trusion. Para ello, 50 mg de catequina se disolvieron en 3 ml de una mezcla de etanol/agua (2/1 v/v), se
calentd a 80 °C y se adicionaron 0,04 ml de Tween 80 y glicerol y diferentes concentraciones de HPMC
(100 - 500 mg). Las formulaciones con 100 mg de HPMC eran poco viscosas y se fugaron por la boquilla
de la impresora, mientras que las de 500 mg eran tan viscosas que eran dificiles de extruir, por lo que
s6lo se estudiaron las preparaciones de HPMC de 200 - 400 mg. Posteriormente, se observé in vitro que
a mayor concentracién de HPMC (400 mg) se obtenia un mayor retraso en la disolucion del farmaco,
dando lugar a una cinética de liberacion controlada. Asimismo, se evaluaron dos métodos de secado
para elaborar las peliculas; secado con aire y liofilizado. Las peliculas preparadas por secado al aire no
presentaron microestructuras porosas mientras que las liofilizadas si; a mayor HPMC menor tamafio
de poro y menor tiempo de disolucién. Ademas, las peliculas elaboradas por liofilizado son mas faci-
les de manejar y presentan mejores caracteristicas visuales, por lo cual son ventajosas. El objetivo de
estas formulaciones de catequina era tratar Glceras orales, e incluso se lograron obtener peliculas de
diferentes formas y tamafios y un gran potencial de personalizacién terapéutica. Sin embargo, sélo
se evaluaron en estudios in vitro®, por lo cual, aunque muy prometedoras, ain hace falta evaluar la
funcionalidad de estas formulaciones en sistemas bioldgicos.

Por otro lado, la apigenina es una flavona muy abundante presente en plantas de las familias Astera-
ceae, Artemisia, Achillea, Matricaria y Tanacetum, entre otras. Este flavonoide tiene diferentes activida-
des terapéuticas, tales como antidiabética, antidepresiva antioxidante, antimicrobiana y anticanceri-
gena. Ademas, se ha demostrado que tiene potencial quimiopreventivo en carcinogénesis bucal®, la
cual es una de sus propiedades terapéuticas de mayor interés actualmente®”,

En un estudio, se empled la tecnologia de impresidn en 3D basada en extrusion para elaborar peliculas
orales mucoadhesivas de apigenina con el objetivo de tratar leucoplasia y prevenir la carcinogénesis
oral. Para ello, se elaboraron diferentes formulaciones, encontrando que la mas adecuada contenia
2,5 mg de apigenina, 4,7 ml de etanol, 4,7 ml de agua 200 mg de carbopol, 200 mg de poloxamer y 200
mg de HPMC. Esta pelicula se aplicé en lenguas de ratas que habian sido expuestas a 4-nitroquinolo-
na 1-6xido para inducir carcinogénesis. La aplicacion de la pelicula se realizé dos veces a la semana
durante 22 dias. La tasa de supervivencia de los animales que recibieron este tratamiento fue del 100
%, mientras que la del grupo control fue de 83,3 %. Posteriormente, mediante una técnica inmuno-
histoquimica, se observo que los marcadores tumorales Ki-67(MIB-1) y 8-hidroxi-2-desoxiguanosina
(8-OHdG) se redujeron significativamente comparados con los del grupo control, pero no los del mar-
cador inflamatorio factor nuclear kappa B (NF-kB). Ademas, se determiné que hubo una reduccién del
50 % en laincidencia de tumores en los ratones sometidos a este tratamiento comparado con un 100 %
del grupo control. Los autores discuten que estos resultados, aunque prometedores, podrian mejorar-
se si la frecuencia de aplicacion de la pelicula se aumenta en futuras investigaciones®”.

Capsulas de apigenina

Como se menciond anteriormente, la apigenina es un flavonoide al cual se le atribuyen diversas ac-
tividades bioldgicas. En un estudio, se obtuvieron capsulas mediante FDM con filamentos de alcohol
polivinilico. Estas se rellenaron con dispersiones de apigenina en una matriz de quitosano, el cual le
confirié propiedades mucoadhesivas y para lograr una liberacién sostenida. La relacion apigenina:qui-
tosano 1:1.5 fue la de mayor rendimiento (94,2 %) y de mayor eficiencia de encapsulacién (99,5 %), por
lo que fue la que se estudié a profundidad. Este producto logré efectivamente una liberacidn sostenida
(86,73 % en 24 h) y presentdé mayor actividad antioxidante (92.32 %) comparado con apigenina sola
(61,6%) en la prueba 2,2-difenil-1-picrilhidracilo (DPPH). También fue efectiva contra bacterias Gram-
positivas (Staphylococcus aureus, 19 mm de inhibicién) y hongos (Candida albicans, 22 mm), aunque
no tanto para Escherichia coli (13 mm). Finalmente, se demostré que el producto presenta actividad
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citotdxica contra la linea celular de cancer pulmonar A549, presentando un IC_ mas bajo (3,77 g/
mL) en comparacidn con apigenina pura (5,39 pg/mL). Los autores discuten que el quitosano no sélo
mejora la solubilidad y liberacidn del flavonoide, sino que también aporta a la actividad bioldgica, por
ejemplo, alterando membranas celulares bacterianas, haciendo de este un producto prometedor para
posteriores pruebas in vivo®®,

Parches dérmicos de quercetina

Mycobacterium tuberculosis es una bacteria patégena agente causal de la tuberculosis, la cual puede
presentarse en diferentes variantes, incluyendo la tuberculosis pulmonar. A pesar de que existe trata-
miento, algunos de los farmacos empelados estan asociados a hepatotoxicidad®® y existen muchos
casos de resistencia bacteriana por lo que en muchas ocasiones, es necesario un procedimiento qui-
rargico®. Por esa razon, es necesario buscar nuevos farmacos antimicobacterianos. Ademas, muchos
farmacos antimicobacterianos administrados por via oral presentan problemas de biodisponibilidad,
por lo que también es necesario buscar formas farmacéuticas alternativas como lo son las formulacio-
nes de liberacién transdérmica para absorcion sistémica“.

Por otro lado, la quercetina es uno de los flavonoides mas estudiados. Se trata de un flavonol de baja
solubilidad y biodisponibilidad que se encuentra ampliamente distribuido en vegetales comestibles
comunes como cebollas, manzanas, cocoa, mora azul, mango, té, entre otros“Y. Este compuesto pre-
senta varias actividades bioldgicas, incluyendo actividad antioxidante, anticancerigena, antiinflama-
toria, antiviral, anticancerigena, entre otras“?. Una de sus actividades biolégicas mas prometedoras es
la antimicrobiana, especificamente contra diferentes cepas de M. tuberculosis***?, y ya incluso se ha
observado que la quercetina formulada con polivinilpirrolidona (PVP) por via intravenosa y combinada
con quimioterapia puede reducir la tuberculosis pulmonar en pacientes reales“).

El PVP es un polimero hidrofilico empleado como excipiente para preparar una matriz polimérica en
la que el formaco esta disperso en un arreglo amorfo y estable. A estos preparados se les conoce como
dispersiones sélidas amorfas y su objetivo es aumentar la solubilidad y biodisponibilidad de formacos
poco solubles. Ademas, los preparados con arreglos amorfos de los farmacos tienen mayor nivel de
energia que los arreglos cristalinos, por lo cual son mas solubles también®“®, Otros polimeros impor-
tantes son los polimetacrilatos Eudragit®, que son determinantes para establecer el perfil de liberacién
del producto; para preparados de liberacion sostenida obtenidos mediante HME suele emplearse el
Eudragit® RS“"

Una de las técnicas mas estudiadas con la que se pueden realizar dispersiones de farmaco en PVP y
Eudragit® es mediante HME®“®, la cual, como se menciond anteriormente, puede acoplarse con FDM
para obtener formas farmacéuticas®>.

Este enfoque ya se ha empleado para la formulacion de parches de quercetina-PVP de liberacion soste-
nida con el propdsito de mitigar la tuberculosis pulmonar destructiva. Para ello, se realizaron diferen-
tes formulaciones y se determiné que la dptima consistid en 1 % p/p de quercetina, 49 % p/p de PVP
40, 38 % p/p del polimero Eudragit® RS PO y 12 % p/p del plastificante trietil citrato (TEC). Esta mezcla
se sometid a un proceso de HME (40 rpm y temperatura de 120°C) para obtener filamentos, los cuales
se emplearon para elaborar diferentes parches mediante el uso de la tecnologia de impresion en 3D
por FDM. Cada parche tardé 20 minutos en imprimirse. Estas formulaciones presentaron buenas carac-
teristicas fisicoquimicas. Asimismo, mediante diferentes técnicas analiticas se confirmé la conversidn
de la quercetina cristalina a su forma amorfa, lo cual explica por qué los parches presentaron un buen
perfil de disolucién in vitro; el porcentaje de liberacidon de quercetina en estado estacionario (liberacion
sostenida) se mantuvo por mas de 70 h a pH 7,4. Posteriormente, los productos se evaluaron in vivo.
Para ello, se aplico el parche a tres ratas Sprague Dawley adultos. Se aplicé el parche a cada rata una
sola vez y se fueron tomando muestras sanguineas a diferentes intervalos de tiempo. Como resultado,
se encontrd que el parche efectivamente logrd sostener concentraciones plasmaticas de quercetina
por hasta 18 dias sin fluctuacion alguna®.

Ars Pharm. 2025;66(2):247-259 254



Heyerdahl-Viau I.

Perspectivas a futuro

En general, la tecnologia de impresion en 3D es ampliamente estudiada para la elaboracion de tabletas
que mejoren la biodisponibilidad de farmacos poco solubles?, como seria el caso de los flavonoides. A
pesar de ello, s6lo existen dos estudios con este enfoque, ambos enfocados en la puerarin®?%, Sin em-
bargo, aunque las formas farmacéuticas sélidas orales como las tabletas son los medicamentos mas
frecuentemente empleados, es importante reconocer que en la practica, la tecnologia de impresion
en 3D para la elaboracidn de tabletas presenta una serie de desventajas, incluyendo dificultades en el
escalado y, en muchas ocasiones, alto costo y tiempos muy largos de produccién® Por ello, también
esimportante reconocer el empleo de esta tecnologia para la obtencién de otras formas farmacéuticas
que, por sus caracteristicas, presentan menos limitaciones de biodisponibilidad, como lo son las peli-
culas mucoadhesivas orales® y los parches®".

A pesar de las dificultades de su escalado a nivel industrial, la impresion en 3D se puede emplear para
elaborar productos farmacéuticos que tendrian mucho impacto a baja escala, como lo son los farma-
cos huérfanos, empelados para tratar enfermedades raras e infrecuentes®®?., Anteriormente, ya se han
identificado flavonoides con potencial para tratar enfermedades raras®*? y se ha empleado la tecno-
logia de impresidn en 3D para mejorar los perfiles de disolucion de farmacos huérfanos liposolubles®.
Ademas, en 2017, las compafiias Aprecia Pharmaceuticals, la empresa que produce Spritam®, firmé un
acuerdo de colaboracién con Cycle Pharmaceuticals para desarrollar medicamentos huérfanos em-
pleando la tecnologia de impresion en 3D", por lo que es probable que se adopte este enfoque en los
préximos afios para formular este tipo de farmacos.

Otro enfoque provechoso puede ser la medicina veterinaria debido a que los productos farmacéuticos
disponibles para esta poblacién son limitados, por lo que se suelen emplear medicamentos disefiados
para humanos®®*". Sin embargo, es evidente que las dosis y las caracteristicas fisicoquimicas de esos
medicamentos no son compatibles con esta poblacidn, por lo cual con la tecnologia de impresion en
3D se pueden elaborar formas farmacéuticas adecuadas para animales como lo son tabletas mastica-
bles®® o peliculas orodispensables con contenido de farmaco adecuado®’. Ademas, en ocasiones, el
paciente veterinario no sélo requiere de ajuste de dosis y de forma farmacéutica, sino de un farmaco
especifico para uso veterinario®. En ese sentido, ya se ha planteado el uso de flavonoides para tratar
enfermedades que afectan a animales como cerdos y aves de corral®, por lo que la complementarie-
dad de estas disciplinas pueden ser explotadas con este enfoque en un futuro.

La poblacidn pediatrica también podria verse beneficiada por esta tecnologia, ya que debido a las
diferencias fisioldgicas que tienen con el adulto, los farmacos no presentan las mismas caracteristicas
farmacocinéticas en ellos. Existen pocas formulaciones de uso pediatrico y en ocasiones, es necesario
ajustar las dosis de los medicamentos disefiados para adultos cuando se aplican a esta poblacion®,
Por ello, se ha planteado que con la tecnologia de impresion en 3D se pueden obtener formas farma-
céuticas con dosis y perfiles de liberacién adecuados para la poblacién pediatrica. Ademas, con esta
tecnologia es posible mejorar las caracteristicas organolépticas de los medicamentos, por ejemplo,
con diferentes texturas, o incluso colores y formas llamativas imposibles de obtener con técnicas con-
vencionales, mejorando la aceptabilidad del medicamento®?.

Por ultimo, es necesario resaltar que a pesar de que la tecnologia de impresion en 3D aplicada a la
formulacion farmacéutica de flavonoides es una linea de investigacion prometedora, alin es incipiente
y hace falta llevar a cabo mas estudios con otros flavonoides y otras formas farmacéuticas que ya se
han desarrollado con esta tecnologia como lo son capsulas®, supositorios®), y gomas masticables®,
entre otras. Ademas, hacen falta méas pruebas clinicas para demostrar la eficacia de las formas farma-
céuticas elaboradas.

Conclusiones

La tecnologia de impresion en 3D aplicada a la formulacién de flavonoides se alza como una herra-
mienta prometedora ya que todos los productos farmacéuticos de flavonoides que hasta ahora se han
obtenido a partir de ella han demostrado tener calidad y potenciales aplicaciones farmacoldgicas. Se
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trata de una herramienta versatil capaz de generar diferentes formas farmacéuticas que mejoran la
solubilidad y biodisponibilidad de los flavonoides, ademas de ofrecer gran margen de personalizacion.
Sin embargo, estas metodologias todavia son incipientes, pues se cuenta con muy pocos estudios to-
davia. Para futuras investigaciones, es necesario estudiar la formulacién de otros flavonoides y otras
formas farmacéuticas, asi como mayores estudios a nivel clinico para establecer su eficacia en huma-
nos.

. . rd
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