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Fernandez-Varela AM, et al.

Resumen

Introduccion: Tras declararse la pandemia mundial por el coronavirus COVID-19, se instauraron medidas para com-
batirlo, destacando la existencia de vacunas frente a la COVID-19: dos de ARN mensajero [ARNm] y dos de vector
viral no replicante [VVNR].

Nuestro objetivo fue contribuir a la ampliacién del perfil de seguridad de dichas vacunas mediante la deteccién y
notificacién de reacciones adversas (RAs) en un area sanitaria con 174.398 tarjetas sanitarias durante el afio 2021.

Método: Estudio observacional descriptivo retrospectivo realizado en un hospital de segundo nivel. Las fuentes de
deteccién de las RAs fueron: Sistema de Codificacion del Centro al Alta del Paciente Ingresado [SIAC] y notificacidn
espontanea. Los datos empleados fueron extraidos de la historia clinica electrénica y recogidos en un documento
de Microsoft Excell.

Resultados: De las 654 RAs detectadas, 36 pertenecieron a vacunas frente a la COVID-19, detectandose el 72 %
mediante notificacién espontanea y siendo el 91,67 % graves. Se produjeron en 29 pacientes (mediana de edad: 61
afios; 51,72 % mujeres), dos de ellos con infeccidn previa por COVID-19. El 50 % de las RAs sucedieron tras la segun-
da dosis. Destacaron: trombosis venosa profunda (TVP), tromboembolismo pulmonar (TEP) y miopericarditis con
vacunas de ARNm; y vasculitis y miocarditis en VVNR.

Conclusiones: Aunque la bibliografia disponible sefiala que la frecuencia de RAs graves con dichas vacunas suele
ser rara, resulta importante su seguimiento. El alto porcentaje de RAs detectadas por notificacién espontanea refle-
jalaimplicacién de los profesionales sanitarios en la ampliacién del perfil de seguridad.

Palabras clave: vacunas; COVID-19; seguridad; farmacovigilancia.

Abstract

Introduction: After declaring the global pandemic due to the coronavirus COVID-19, measures were established to
combat it, highlighting the existence of COVID-19 vaccines: two messenger RNA [mRNA] and two non-replicating
viral vector [VVNR].

Our objective was to contribute to expanding the safety profile of these vaccines through the detection and notifica-
tion of adverse reactions (ARs) in a health area with 174,398 health cards during the year 2021.

Method: Retrospective descriptive observational study carried out in a second level hospital. The sources of detec-
tion of the ADRs were: Coding System of the Center at the Discharge of the Admitted Patient [SIAC] and spontaneous
notification. The data used were extracted from the electronic medical record and collected in a Microsoft Excell
document.

Results: Of the 654 ARs detected, 36 belonged to COVID-19 vaccines, 72 % being detected by spontaneous noti-
fication and 91.67 % being serious. They occurred in 29 patients (median age: 61 years; 51.72 % women), two of
them with previous COVID-19 infection. 50 % of the ARs occurred after the second dose. They highlighted: deep vein
thrombosis (DVT), pulmonary thromboembolism (PTE) and myopericarditis with mRNA vaccines; and vasculitis and
myocarditis in VVNR.

Conclusions: Although the available bibliography indicates that the frequency of serious ARs with these vaccines
is usually rare, their follow-up is important. The high percentage of ADRs detected by spontaneous notification
reflects the involvement of healthcare professionals to expanding the safety profile.

Keywords: vaccines; COVID-19; safety; pharmacovigilance.
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Puntos clave

Las vacunas frente a la COVID-19 constituyeron una medida imprescindible para hacer frente a la pan-
demia mundial por coronavirus. Dada su reciente comercializacidn, la evidencia cientifica disponible
acerca de su perfil de seguridad no es muy amplia.

Con este estudio se pretende ampliar el perfil de seguridad de las vacunas frente a la COVID-19, asi
como incidir en la importancia de la notificacion de RAs por parte de los profesionales sanitarios con-
tribuyendo asi a la primera de las premisas.

Los resultados obtenidos en el estudio contribuyen a la ampliacidn de la evidencia cientifica disponi-
ble sobre el tema. Con su publicacion, otros profesionales sanitarios podrian consultarlos y profundi-
zar en el perfil de seguridad de las vacunas frente a la COVID-19.

Introduccion

En diciembre de 2019, un brote de coronavirus tipo 2 causante del Sindrome Respiratorio Agudo Se-
vero (SARS-CoV-2) precipitd una crisis mundial. Ya en 2002, la regién de Guangdong en China fue con-
siderada zona de alto riesgo de brote por coronavirus tras la epidemia de SARS-CoV-1 ese mismo afio.
En este caso, fue el mercado mayorista de mariscos de la ciudad de Wuhan el epicentro de la actual
pandemia por COVID-19%.

Dicho virus produce infecciones respiratorias en humanos tras su transmision a través de gotas respi-
ratorias. Entre las medidas instauradas para impedir su propagacion se aplicaron acciones inmediatas
destinadas a la prevencidon de infecciones respiratorias (distanciamiento social y cuarentena, desinfec-
cién de manosy uso de mascarillas protectoras) y la adquisicion de la inmunidad de grupo a través de
la administracion de vacunas especificas®.

El desarrollo de vacunas frente al coronavirus COVID-19 (2 de ARN mensajero [ARNm] y 2 de vector viral
no replicante [VVNR]) resultd imprescindible para hacerle frente. Las administradas en nuestro hospi-
tal durante el afio 2021 fueron comercializadas entre diciembre de 2020 y marzo de 2021¢7,

EL27 de diciembre de 2020 se inicié en Espafia la estrategia nacional de vacunacion contra la COVID-19.
La administracién de dichas vacunas no estuvo exenta de reacciones adversas (RAs) que fue necesario
notificar al Sistema Espafiol de Farmacovigilancia de Medicamentos de Uso Humano (SEFV-H) al tratar-
se de farmacos sujetos a seguimiento adicional®*>%, Segln la Organizacion Mundial de la Salud (OMS),
a 9 de noviembre de 2022 se habian administrado a nivel mundial un total de 12.885.748.541 dosis de
vacunas frente a la COVID-19®,

El objetivo de nuestro trabajo fue describir el perfil de RAs de vacunas frente a la COVID-19 notificadas
durante el afio 2021 en un hospital de segundo nivel, ampliando asi su perfil de seguridad. Los datos
de Farmacovigilancia de vacunas frente a la COVID-19 son necesarios para la posterior actualizaciony
publicacidn de los Informes de Farmacovigilancia de la Agencia Espafiola de Medicamentos y Produc-
tos Sanitarios (AEMPS)®.

Métodos

Se llevé a cabo un estudio observacional descriptivo retrospectivo, desde enero a diciembre de 2021,
de las RAs por vacunas frente a la COVID-19 detectadas en nuestra drea sanitaria, que atendid a 174.398
tarjetas sanitarias. Dicha deteccion se efectud a través del SIAC o mediante notificacion espontanea. En
el primer caso, es el facultativo médico del Servicio de Documentaciéon Clinica del hospital quien envia
al Servicio de Farmacia (SF) un listado de pacientes dados de alta, en cuyo informe de alta figura algin
cbdigo diagndstico relacionado con RAs al ingreso o durante la estancia hospitalaria. En el segundo
supuesto es el profesional sanitario quien detecta la RA 'y la comunica al responsable de Farmacovigi-
lancia del SF para que proceda a su valoracion y posterior notificacion.

Ars Pharm. 2024:65(1):6-12 8
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El estudio cuenta con la aprobacién del Comité de Etica de la Investigacién con medicamentos de Gali-
cia (CEIm-G). Los datos se han obtenido de la historia clinica electronicay fueron recogidos en una hoja
de Microsoft Excell para su posterior explotacién, siendo previamente seudonimizados. Se recogieron
los siguientes: datos demograficos (edad, sexo); existencia o no de infeccién por COVID-19 confirma-
da mediante estudio microbioldgico de muestra de exudado nasofaringeo; gravedad de las RAs (leve,
moderada, grave, mortal); tipo de vacuna administrada (ARNm, VVNR); nimero de dosis responsable
de laRAy tiempo transcurrido desde la administracion de la vacuna hasta la aparicidn de los sintomas.

Resultados

Enelafio 2021, en nuestra poblacion de pacientes se detectaron 654 RAs a medicamentos: 600 a través
de SIAC y 54 mediante notificacion espontanea. De ellas, fueron 36 las RAs frente a vacunas contra la
COVID-19 notificadas. El 72% de estas RAs se detectaron mediante notificacion espontanea. En cuanto
a su gravedad, 2 fueron moderadas, 33 graves y 1 mortal. Sucedieron en 29 pacientes. La mediana de
edad de la poblacidn a estudio fue de 61 afios [Rango: 21-93] y el 51,72 % eran mujeres.

Dos pacientes tuvieron infeccidn previa por coronavirus confirmada mediante estudio microbioldgico,
experimentando ambos RAs graves: uno de ellos tras la primera dosis [RA: anemia hemolitica severa] y
el otro paciente tras la tercera dosis [RA: Accidente cerebrovascular (ACV) isquémico].

Veintidds pacientes recibieron vacunas de ARNm y 7 pacientes de VVNR. En total, con la primera dosis
administrada se produjeron 8 RAs (4 ARNm, 4 VVNR), 18 con la segunda (15 ARNm, 3 VVNR) y 10 con la
tercera (7 ARNm, 3 VVNR). La mediana de dias desde la administracion de la vacuna hasta la aparicién
de las RAs fue de 4,50 (RIQ: 3-20) dias con la primera dosis, 4 (RIQ: 2-11) dias con la segunday 5,50 (RIQ:
3-11) dias con la tercera dosis.

En nuestro estudio, ninguna de las RAs detectadas fue de caracter leve, siendo en su mayoria de carac-
ter grave, como aparece reflejado en las Tablas 1y 2. Entre las RAs méas informadas por vacunas ARNm
estarian trombosis venosa profunda (TVP), tromboembolismo pulmonar (TEP) y miopericarditis. Esta
Ultima se dio en nuestro estudio en dos pacientes de sexo masculino: uno de ellos con edad de 21 afios
tras la administracion de la primera dosis, y otro con 47 afios tras la administracion de la segunda dosis.
Referente a las vacunas de VVNR serian vasculitis y miocarditis las RAs que presentaron mayor incidencia.

Tabla 1. Descripcién del perfil de RAs notificadas tras la administracion de vacunas frente a la COVID-19: deteccién
mediante SIAC.

ARNM Moderadas Dolor epigastrico (1)
(9 RAS) Graves Cefalea (1), debilidad generalizada (1), fiebre (1), sincope (1), mioperi-
(1?2& ) carditis (1), parestesias (1), herpes zéster (1), hemiparesia derecha (1)
s
Q/IVSIS Graves Oligoartritis (1)

Tabla 2. Descripcidn del perfil de RAs notificadas tras la administracion de vacunas frente a la COVID-19: deteccién
mediante notificacién espontéanea.

Notificacién ARNmM Graves Anemia hemolitica (1), hiperpotasemia toxica (1), PCR no mortal
espontanea (17 RAs) (1), TVP (2), ACV isquémico (1), herpes zdster (1), miocarditis (1),
(26 RAS) IC (1), IAMCEST (1), adenopatia (1), cefalea (1), TEP (4)
Mortales TEP (1)
VVNR Moderadas Exantema cutdneo cervical (1)
(9 RAs) ; — . — X —

Graves Sindrome de Guillain Barré (1), nefritis (1), miocarditis (2), IAM-

CEST (1), vasculitis (2), TEP (1)

Significado de las abreviaturas contenidas en la Tabla 2. ACV: Accidente cerebrovascular; IAMCEST: Infarto agudo de
miocardio con elevacién de ST; IC: Insuficiencia Cardiaca; PCR: Parada cardiorrespiratoria; TEP: Tromboembolismo
Pulmonar; TVP: Trombosis Venosa Profunda

Ars Pharm. 2024:65(1):6-12 9
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. 4
Discusion
Como consecuencia de la pandemia mundial por COVID-19, fue necesario el desarrollo, fabricacién y
comercializacion de vacunas para combatirla, ademas de medidas fisicas que contribuyesen a frenar

la propagacidn del virus. Poco a poco, se han ido publicando datos acerca del perfil de eficacia y segu-
ridad de estas vacunas frente a la COVID-191%),

Con la realizacion de este estudio descriptivo se busca contribuir a la ampliacion del perfil de seguri-
dad de dichas vacunas.

Segun el 19° Informe de Farmacovigilancia de la AEMPS, hasta el 31 de diciembre de 2022, se han ad-
ministrado en Espafia un total de 111.293.866 dosis de vacunas frente a la COVID-19, registrandose
84.650 notificaciones de acontecimientos adversos. En el mismo, se sefiala que los eventos adversos
mas frecuentemente notificados contindan siendo trastornos generales (fiebre y malestar), trastornos
del sistema nervioso (cefalea y mareos) y del sistema musculoesquelético (mialgia y artralgia)®®. Como
aparece reflejado en los resultados, algunos de estos eventos adversos han sido notificados también
en nuestra poblacién de pacientes.

SegUn la informacidn facilitada por los Centros para el Control y Prevencidn de Enfermedades (CDC),
las RAs producidas por la vacunacion contra la COVID-19 son poco frecuentes, leves, temporales y se-
mejantes a las de cualquier vacuna rutinaria: dolor, enrojecimiento e hinchazén en el lugar de la inyec-
cidn, asi como fatiga, dolor de cabeza, dolor muscular, escalofrios, fiebre y nduseas™.

En cuanto a la gravedad de las RAs en nuestra poblacién de pacientes no se ha notificado ninguna RA
leve. Todas han sido RAs de caracter moderado, grave o incluso mortal en un caso, siendo las graves las
que se produjeron mayoritariamente (Tablas 1y 2). Segun el RD 573/2013, las RAs graves son las que
pueden poner en peligro la vida, exigen hospitalizacidn del paciente o prolongacién de la hospitaliza-
ci6én u ocasionan una discapacidad o invalidez significativa o persistente"?. Existe mas bibliografia que
respalda que las vacunas frente al SARS-CoV-2 son seguras, a pesar de que puedan aparecer RAs poco
frecuentes y potencialmente graves, como puede ser la aparicién de miocarditis o adenopatias, como
ha sucedido en nuestro estudio®*!%.

En cuanto al riesgo de RAs cardiovasculares, como son miocarditis y pericarditis, presentes en nuestra
poblacién de pacientes, la AEMPS ha emitido una Nota de seguridad, aclarando que tras una evalua-
cion de la incidencia global de dichas afecciones tras la administracién de vacunas de ARNm, los datos
disponibles confirman que se trata de RAs de frecuencia muy rara'y que la evolucién de estos cuadros
se da sobre todo en varones jévenes, como se muestra en nuestro estudio, después de recibir la se-
gunda dosis"*®.Por otra parte, se ha detectado un mayor nimero de RAs tras la administracion de la
segunda dosis de la vacuna frente a la COVID-19 en comparacion con la administracion de la primera
dosis, lo que concuerda con lo reflejado en el estudio ZOE COVID Symptom“®. Dicho estudio sefiala tam-
bién que las personas con infeccion previa por COVID-19 notificaron una mayor reactogenicidad tras la
administracion de vacunas frente al SARS-CoV-2 en comparacién con el resto. En nuestra poblacién, los
dos pacientes que tuvieron infeccién previa por coronavirus experimentaron ambos RAs graves, uno
de ellos tras la primera dosis y el otro paciente tras la tercera dosis.

Seglin el metaanalisis de Sharif et al.'”, las vacunas de ARNm son las que provocan mas RAs. Sin em-
bargo, en nuestro estudio resulta mayoritaria la proporcion de RAs experimentadas con vacunas VVNR.
Por otra parte, el estudio ZOE COVID Symptom sefala que el 13 % de los hombres vacunadosy el 19 %
de las mujeres vacunadas informaron al menos un efecto sistémico posterior dentro de los siete dias*.
En nuestra poblacidn, la mediana de dias desde la administracion de la vacuna hasta la aparicidén de
RAs fue de aproximadamente 5 dias, similar a lo indicado en dicho estudio.

Por otra parte, la mayor deteccién de RAs mediante notificacion espontanea en comparacién con la
obtencién de las mismas a través de SIAC refleja el compromiso de los profesionales sanitarios para
contribuir en la ampliacion del perfil de seguridad de dichas vacunas, que parece que han llegado para
quedarse, aunque con sus posibles modificaciones posteriores debido a las diferentes cepas del virus
que pueden aparecer como consecuencia de las mutaciones que se puedan ir desarrollando®.
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Conclusion

En conclusidn, se puede decir que a pesar de que la bibliografia disponible apoya que la frecuencia
de reacciones adversas graves con las vacunas frente a la COVID-19 suele ser rara, estas RAs suceden
y resulta importante la realizacion de su seguimiento. Nuestro estudio indica una mayor deteccion de
RAs graves a vacunas frente a la COVID tras la administracion de la 2° dosis de vacunas de ARNm. Apro-
ximadamente, la mitad de las RAs detectadas por notificacion espontanea pertenecen a vacunas frente
al SARS-Cov-2, lo que refleja la alta implicacion del profesional sanitario en la ampliacion de su perfil
de seguridad, ademas de mostrar laimportancia de continuar con la contribucién a la investigacién en
este novedoso campo que ha surgido como consecuencia de la pandemia mundial por coronavirus.

. . 4
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Resumen

Introduccion: En los Gltimos afios ha habido un incremento de la participacién de farmacias comunitarias en
proyectos de investigacion. El reclutamiento de pacientes juega un papel clave en el éxito de las investigaciones.
Se han identificado barreras y facilitadores que promueven dicho reclutamiento por parte de los farmacéuticos,
pero poco es sabido sobre la influencia de factores relacionados con los proyectos de investigacion. El objetivo de
este trabajo es observar la participacion en diferentes investigaciones llevadas a cabo en farmacias comunitarias e
identificar las variables propias de los estudios que puedan estar asociadas con la participacion.

Método: Se realiz6 un estudio multicéntrico experimental en 12 farmacias comunitarias que formaron parte de 4
proyectos de investigacidn. Se registré el nimero de pacientes que aceptaron/rechazaron participar. Se recogieron
variables relacionadas con el estudio ofrecido y las farmacias. Se realizé un anélisis bivariante mediante la prueba
Chi-Cuadrado de Pearson y un analisis de los riesgos.

Resultados: La participacion total fue del 90,44 % (n=558). El tipo de estudio (OR=2,64; 95 %IC=1,47-4,75; trans-
versal vs pragmatico), el tipo de medida aplicada (OR=2,47; 95 %IC=1,43-4,36), la aplicacién de zona de atenci6n
personalizada (ZAP) (OR=2,49; 95 %IC=1,44-4,39), y la solicitud de datos personales (OR=2,53; 95 %Cl=1,47-4,42)
mostraron asociacion con la participacion en los Pl (p<0,05).

Conclusiones: La participacion por parte de los pacientes en proyectos de investigacion es elevado y parece de-
pender de factores propios del estudio aplicado.

Palabras clave: Participacion del paciente; Farmacia Comunitaria; Sujetos de investigacion.

Abstract

Introduction: Over the last years there has been an increase in community pharmacy participation in research
projects. Patient recruitment plays a key role in the research project success. Pharmacists’ barriers and enablers
of recruitment have been identified, but little is known about the influence of research project-related factors. The
aim of this paper is to explore patient participation in different studies conducted in community pharmacies and to
identify study-specific factors that may be associated with it.

Method: An experimental multicenter study was performed in 12 community pharmacies participating in 4 research
projects. The number of patients who accepted/refused to participate was recorded. Variables related to each of-
fered study and the project were collected. A bivariate analysis using Pearson’s Chi-Square test and a risk analysis
were performed.

Results: Participation rate was 90.44 % (n=558). Study type (OR=2.64; 95 % CI=1.47-4.75; cross-sectional vs prag-
matic), the type of measurement applied (OR=2.47; 95 % Cl=1.43-4.36), the use of a personalized care area (PCA)
(OR=2.49; 95 % CI=1.44-4.39), and personal data request (OR=2.53; 95 %Cl|=1.47-4.42) showed association with par-
ticipation in the RP (p<0.05).

Conclusions: Patient participation in research projects is high and appears to rely on study-specific factors.

Keywords: Patient participation; Community pharmacy; Research subjects.
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Highlights

Due to the high number of clinical trials and research projects in the hospital and clinical settings, the
variables affecting subjects’ willingness to participate in these research projects have been studied.
Until now, the focus has been on investigating the factors influencing patient and professional recruit-
ment more than participation based on study factors. Unfortunately, the number of research studies
in community pharmacies is not as high. There is very limited information regarding research and the
conduct of research projects in community pharmacies in Spain.

This study identifies the characteristics of research projects that seem to be associated with patient
participation in community pharmacies. Based on the results obtained, variables inherent to the stud-
ies are identified that should be considered when designing research in community pharmacies, as
well as aspects to be taken into account for the design of future research.

Introduction

Research in community pharmacies has experienced a surge in recent years, evidenced by a marked
increase in participation in research projects (RPs)*?-

Community pharmacy emerges as an ideal setting for the implementation of pharmaceutical care ser-
vices and for conducting research studies®*. Community pharmacists are healthcare professionals
who are accessible to the public, regularly interact with patients to whom they dispense medications,
and are often the first or, in many cases, the only health professional consulted by the patient®. How-
ever, various barriers impede the development of pharmaceutical care services and RPs in community
pharmacies as a routine practice®?®. Key barriers identified in previous studies include lack of time,
remuneration, or training in research”. Sometimes, fear of patient rejection plays a crucial role in RPs
conducted in community pharmacies. Previous studies assessing pharmacists’ perspectives towards
their regular practice have identified a negative perception of the patients’ willingness to spend more
time than usual in the pharmacy. Pharmacists believe that patients do not want to waste time in the
establishment®®-

A low participation rate in RPs increases the risk of biases and raises the likelihood that the sample
is not representative of the general population, thereby increasing the incidence of Type Il errors®.

Within this conceptual framework, it seems pertinent to explore patients’ willingness to participate in
RPs in pharmacies and to identify potential factors involved in patient participation in projects carried
out in community pharmacies. This will help to elucidate possible reasons that may lead to patient re-
fusal to participate. With this information, studies can be designed with more favorable characteristics
to enhance participation rates.

The aim of this study is to observe participation in various RPs conducted in community pharmacies
and to identify study-specific variables that may be related to participation.

Methods

Desing and participants

A multicenter observational study was conducted, which included data collected from 4 RPs carried
out in 12 community pharmacies that agreed to participate, between January 2018 and April 2021 in
Salamanca (Spain).

Measurements

The total number of patients who were offered participation in the studies was counted and catego-
rized as “Participates” and “Does Not Participate”.
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We collected the type of location (setting) of the pharmacy offering participation (rural or urban), the
study being offered, the design of the research, the estimated average time required from the patient
to complete the study, and the location within the pharmacy where it was conducted (PCA or non-PCA)
were collected. The method of measurements (instrumental or questionnaire) was also recorded. ‘In-
strumental’ was defined as all measurements that required the use of a device in addition to a ques-
tionnaire (blood pressure monitor, scale, height measure, caliper, etc.). Additionally, it was recorded
whether the study required the signing of personal data protection forms.

Analysis
A descriptive analysis of frequencies and percentages was carried out for qualitative variables.

Subsequently, the groups of Participating and Non-Participating patients were compared using a bivar-
iate analysis with Pearson’s Chi-square test and a risk analysis, with a 95% confidence interval.

Results

The characteristics of the included studies are shown in Table 1. Of the total participating pharmacies,
6 (50%) were located in an urban setting.

Table 1. Description of the Included Research Projects.

Project #1 #2 #3 #4
Estimated time required >10 min 10 min >10 min £10 min
Measurements Instrumental Questionnaire Questionnaire Instrumental
Design Cross-Sectional Cross-Sectional Pragmatic Longitudinal
Location PCA No PCA No PCA PCA
Personal data collection No No Yes Yes
No. of Pharmacies 12 3 2 3
Sample size 293 85 178 61
Participates/ Does Not Partic- 279 (95,2) / 14 75 (88,2) /10 151(84,8) / 27 53(86,9) /8 (13,1)
ipate (%) (4,8) (11,8) (15,2)
Duration 6 months 3 months 6 months 3 months

PCA: Personalized Care Area

Atotal of 617 patients were included, of whom 558 (90.44 %) agreed to participate, and 59 (9.56%) de-
clined participation. The results of the bivariate analysis are presented in Table 2.

A significant association was found between the application of instrumental measures (OR=2.47; 95
% Cl=1.43-4.36; p=0.001), PCA (OR=2.49; 95 % Cl=1.44-4.39; p=0.001), cross-sectional study design
(OR=2.64; 95 % CI=1.47-4.75; vs. pragmatic) and not requesting personal data (OR=2.53; 95 % CI=1.47-
4.42; p=0.001) in relation to patient participation.

The time required to conduct the study (p=0.193) and the location of the pharmacy (p=0.675) were not
statistically significant factors.
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Table 2. Bivariate Analysis.

Participatin DL
Sample pating Participate | p-value* OR (CI=95%)
N (%)
N (%)
Total 617 558(90,44) 59(9,56) - ;
Sgriygii;fn 178 151(84,8) 27(15,2) 1 (147-4.75)
Cross—%ectional 378 354(93,7) 24(6,3) 0,003 2,64 (0/53.2.94)
>ect 61 53(85,9) 8(13,1) 1,18 234
Longitudinal
Questiomane | 263 | 226859 ;
354 332(93,8) 37(14,1) 0,001 (1,43-4,36)
Instrumental 2,47
22(6,2)
TLTS fﬁgﬁt’:d 146 128(87,7) 18(12,3) 0193 )
= Hmi 471 430(91,3) 41(8,7) ’
>10 minutes
ie:;;”f 379 341(90,0) 38(10,0) 0675 )
238 217(91,2) 21(8,8) g
Rural
Location 262 225(85,9) 37(14,1) 1
No PCA 355 333(93,8) 22(6,2) 0,001 2,49 (1,44-4,39)
PCA
Perso\'(‘:; Data 239 204(85,4) 35(14,6) 0.001 1 (147-4,42)
No 378 354(93,7) 24(6,3) g 2,53 AR

SD: Standard Deviation; PCA: Personalized Care Zone; OR: Odd Ratio; Cl: Confidence Interval. *Chi-Squared test.
a=0,05

Discussion

To the best of our knowledge, this is the first compilation of data from different RPs to analyze partici-
pation in community pharmacies from Spain. The participation rate in the RPs was 90.44 %, reflecting
a high willingness to participate among patients.

Cross-sectional studies have shown higher participation rates (p-value=0.003). This might be due to
their requirement of only a single visit, unlike other designs. Additionally, this visit often occurs when
the patient goes to their regular dispensing service at the community pharmacy. Contrary to what was
suggested by Arfken et al."V, patient follow-ups has led to decreased participation. This could be be-
cause the measurements in the included cross-sectional studies were taken advantage of the patient’s
visit to the community pharmacy, whereas follow-up involves more active participation from the pa-
tient, requiring them to return to the community pharmacy (Study #2) or respond to telephone calls
(Study #3). This aligns with other authors’ propositions that when a study demands more from the pa-
tient, participation decreases'?. It’s important to note that half of the RPs included in our study (n=4),
were cross-sectional studies, accounting for 61.3 % (n=378) of the total patient sample, which could
have influenced the results obtained.

We found that RPs employing instrumental measurements have higher participation rates than those
using only questionnaires (OR=2.47; 95 % CI=1.43-4.36; p=0.001). Other authors have also noted that
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the use of the terms ‘survey’ or ‘questionnaire’ reduces both participation and the proportion of par-
ticipants®?. Utilizing instruments beyond questionnaires may be perceived as a reward by the patient.
This approach has been shown to increase participation in previous studies*,

Conducting RPs in the PCA appears to increase participation (OR=2.49; 95 % CI=1.44-4.39; p=0.001). In
Spain, many tasks in the community pharmacy are carried out at the counter. Among these tasks can
be the administration of questionnaires for RPs. However, conducting these RPs in the PCA may pro-
vide a more private environment and, therefore, be more suitable for data collection.

RPs that did not require the signing of a document for personal data collection showed higher par-
ticipation than those that did (OR=2.53; 95 % CI=1.47-4.42; p=0.001). This could be due to patient re-
luctance, firstly, to provide personal data, and secondly, to sign a document. This situation has been
previously documented®?. This potential barrier could be better addressed by improving the explana-
tion of the RPs and the importance of the Personal Data Protection Form to patients. The pharmacist’s
behavior during interactions with patients is one of the factors that predisposes to active participation,
both in RPs and in daily community pharmacies activities (medication dispensing and monitoring)“.

The time required from the patient to conduct the RP was not associated with the observed participa-
tion rate (p-value=0.193), even though this variable was one of the main barriers perceived by pharma-
cists when recruiting patients®®®. According to the data obtained, it seems that this claim is more of a
perception from the pharmacist’s perspective rather than an accurate reflection of the patients’ actual
willingness to participate. As previously seen, patient recruitment for RPs in community pharmacies
depends more on the pharmacist’s disposition than on the patients themselves'*®.

The primary limitation of our study is that we have focused only on the study design as an influencing
factor in patient participation in RPs. There are other variables related to the pharmacist and the pa-
tient that should be considered'”. Another point to note is that this study did not record the presence
or absence of a minimum recruitment requirement, a characteristic of studies that can generate a high-
er patient recruitment rate 7).,

Conclusion

Patient participation in RPs conducted in community pharmacies is high. We can affirm that communi-
ty pharmacies are a good place for the collection of RPs data.

Participation seems to depend on specific factors of the study such as the design, the use of mea-
surement instruments, the area in which it is carried out, and the documentation requested from the
patient. Apparently, the time required from the patient to participate in the study is not a factor that
influences participation.

It would be interesting for future work to conduct a comprehensive analysis that also considers factors
specific to the pharmacist and the patients.
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Resumen

Objetivo: Este estudio tuvo como objetivo analizar y relacionar el interés de la poblacidn, a través de tendencias de
busqueda de informacién, sobre el Sindrome Metabdlico (MS) con la Salud Laboral (OH).

Método: Estudio ecoldgico y correlacional del Volumen Relativo de Blsqueda (RSV) obtenido de la consulta de
Google Trends, segmentado en 3 periodos buscados relacionados con la antigliedad; fecha de consulta: 30 de sep-
tiembre de 2023.

Resultados: La media mas baja del RSV fue para el tema MS (2,23 + 0,87), aunque hubo una correlacién positiva en
el RSV entre MS y OH (R = 0,56; p < 0,05). Se observd asociacién (p < 0,05) entre los 3 periodos estudiados, excepto
para los temas Hipertensidn y Obesidad Central, pero significativamente menor en el periodo actual para los Temas
MSy OH. Se encontré una estacionalidad moderada en el tema MS (KPSS =0,14; p > 0,05), y se demostraron diferen-
cias significativas en la busqueda de informacién entre paises desarrollados y no desarrollados (p > 0,05).

Conclusiones: A través de sus blsquedas de informacidn, toda la poblacién demostré tener un menor conocimien-
to sobre la MS que sobre las enfermedades que la componen. Se encontré relacién entre las bisquedas de infor-
macidn realizadas sobre MS y OH. El estudio de las tendencias de bisqueda de informacién puede proporcionar
informacidn Util sobre el interés de la poblacién por los datos de enfermedades, asi como permitiria gradualmente
analizar diferencias en popularidad, o interés incluso entre distintos paises.

Palabras clave: Salud Laboral; Sindrome metabélico; Infodemiologia; Tendencias de Google.

Abstract

Objective: This study aimed to analyse and relate the population interest through information search trends, on
Metabolic Syndrome (MS) with the Occupational Health (OH).

Method: Ecological and correlational study of the Relative Search Volume (RSV) obtained from Google Trends que-
ry, segmented into 3 searched periods concerning antiquity; date of query: September 30, 2023.

Results: The lowest mean of the RSV was for the MS Topic (2.23 + 0.87), albeit there was a positive correlation in the
RSV amid MS and OH (R = 0.56; p < 0.05). Association (p < 0.05) was observed between the 3 periods under study,
except for the Hypertension and Central Obesity topics, but significantly lower in the current period for the MS and
OH Topics. Moderate seasonality was found in the MS topic (KPSS = 0.14; p > 0.05), and significant differences were
demonstrated in the information search between developed and undeveloped countries (p > 0.05).

Conclusions: Through their information searches, the whole population showed to have a dearth of knowledge of
MS than of its component diseases. A relationship was found between the information searches carried out on MS
and OH. The study of information search trends may provide useful information on the population’s interest in the
disease data, as well as would gradually allow the analysis of differences in popularity, or interest even between
different countries.

Keywords: Occupational Health; Metabolic Syndrome; Infodemiology; Google Trends.
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Highlight
Numerous studies have demonstrated the validity of Infodemiology (a methodology that combines
information theory with the study of epidemiology) applied to topics such as flu outbreaks or venereal

diseases, which allows us to infer that it can be used successfully in the field of public health for other
topics of interest.

In this case, a technique for extracting information from the general interests of the population is ap-
plied to a disease, Metabolic Syndrome, never used before.

Thanks to the results obtained, public health researchers will have an added monitoring tool for active
surveillance within the Metabolic Syndrome disease. This tool is of special interest for prevention cam-
paigns developed by Public Health centres.

Introduction

Since 1988, when Reaven! first systematically described it, an abundance of research has advanced an
understanding of the pathophysiology, epidemiology, prognostic implications, and therapeutic strate-
gies related to the Metabolic Syndrome (MS).

The MS is a clinical entity with metabolic and hormonal alterations, characterized by a set of risk fac-
tors: abdominal obesity, insulin resistance, hypertension, and dyslipidemia. It is a complex disorder re-
lated to the endocrine system that, along with a sedentary lifestyle and unhealthy eating habits, affects
many people around the world and greatly interferes with the quality of life and in the employment of
this population®?.

Thus, Niazi et al."’ assessed the MS frequency and its associated risk factors in health workers, finding
that, in addition, age, shiftwork and inactivity were associated to MS which was an important risk factor
to be considered for employees’ public health. Furthermore, Yamaguchi et al.®) pointed out the work
stress impact on workers’ health, giving that the increase requirements in work throughout time was
associated with a higher risk of MS.

A current publication shows that the number of people suffering from MS is gradually and constant-
ly increasing. In this paper, it is claimed that this growth is occurring because of the campaigns that
promote eating healthy and do the required exercise are not enough or not accomplish their purpose.
Therefore, the authors request to carry out campaigns aimed at the public considering their language
and concerns®.

Facing this situation, the idea that the population provides data on their tastes, searching services in-
cluding the search on their disease athwart the search information behaviour on Web has already been
explored in recent years'”.

Google is an engine search that provides information to whatever person, which by means of the pro-
cured outcomes may readily access to the existed documents on the Network. Google, which does
not need presentation, was founded in 1997, and it is considered the most search engine in the world
with a market share that thoroughly overflows other search engines as Baidu o Yandex (the most used
engines in China and Russia respectively)®. Although, Google Trends (GT) is not Google’s best-known
implement, is a freely accessible tool that reports the volume of searches conducted by the users
worldwide to expound on how frequently a term is searched and in what places. The search data on
the Internet may provide helpful information on the demeanour population patterns®:?,

In the health field, Eysenbach®-*? coined the term “infodemiology” (information + epidemiology) as
an emerging set of public health information methods in order to analyse search behaviour, commu-
nication, and publication on the Internet. That is, observing and analysing the behaviour based on the
Web to know the human demeanour with the purpose of foretelling, assessing, and even preventing
the health-related problems that constantly arise in the quotidian life®.

Nowadays, in a marked scenario by the growing usage of social networks and interactivity resources,
its inclusion in digital spaces for health communication becomes a relevant issue. Over the past de-
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cade, using Web-based data on health publicissues in which infodemiology has shown to be useful for
assessing various human demeanour features.

As Ordufia-Malea™ pointed out, it may be used in newscasting tasks (forecasting the present, that is,
foretelling values that are occurring at the same time data is generating and it may be used as well in
forecasting tasks (predicting future trends). Thus, this tool may facilitate to know many issues i.e., the
most searched services, which are the new trends, and what needs are users demanding. GT is the
indicated tool for gathering information and it has already been used in a wide range of topics hitherto,
with studies in the field of diabetes™, obesity™®, hypertension®”, diet'® and occupational health®?
among others.

Consequently, the aim of this paper was to study and relate the population interest athwart informa-
tion search trends on Metabolic Syndrome (including Abdominal Obesity, Hypertension, Diabetes,
Cholesterol and Triglycerides) with the Occupational Health (OH).

Methods

Design
An ecological and correlational study of information search trends using Google.

Data collection search

The information search data was procured by means of direct search, online access, and Google Trends
(GT): https://trends.google.es/.

The scope was worldwide and in all categories. The study period was from 1 January 2004 to 30 Sep-
tember 2020. Searching and compiled data date were 10 October 2023.

To examine the evolution of the Relative Search Volume (RSV), the period to study was segmented into
three periods: The first was from January 2004 (when GT provided the first data) to December 2009,
the second from January 2010 to December 2016, and the third period was from January 2017 to Sep-
tember 2023.

Tool

Google Trends (GT) is free and open access that provides standardized statistics of Google Trends for
different searches since January 1, 2004. It analyses the inquiries to delimit how many searches were
carried out on a specific term in comparison with the total quantity of the conducted searches by users
on Google for the same term and in the same period.

GT rules out terms with low volume search or duplicated searches performed by the same user in a
short while.

Search topic

Searches were conducted on the following topics: ““Metabolic Syndrome”, “Hypertension”, “Diabetes”,
“Central Obesity”, “Cholesterol”, “Triglycerides” and “Occupational Health”. The outcomes were taken
from over the World and in all categories.

The results of the terms sharing the same concept in any language were obtained considering the use
of the word as a “Topic” in this tool. (For example: if it is searched “Occupational Health”, the search
includes results of the following topics “Job Security”, “Safety Committee” o “Health at Work”, among
others).

Data collection and storage

The procured outcomes were downloaded in a standardized “CSV” (comma-separated values) format,
which allowed them to be stored in a spreadsheet file. The quality control of this information was per-
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formed through double tables, amending the possible inconsistencies by consulting the original down-
loaded table.

Variables

Relative Search Volume (RSV): Result provided by Google Trends whose values are normalized on a
scale from 0 (relative search volume less than 1% of the maximum volume) to 100 (relative search vol-
ume reaches its maximum). For instance, an RSV = 25 represents 25% of the highest observed search
proportion during the period under study.

« Trend: temporal behaviour and evolution of the searches carried out in a specific topic, long term.

« Seasonality: periodic and foreseeable variation in a time series with a period less than or equal to
one year.

« Unfolding level by country: an indicator created by the “United Nations Development Programme”
that measure the breakthrough degree of each country dealing with variables such as life expectancy,
education, and per capita income. For its classification, the United Nations Statistics Division Website
(http://data.un.org/) was consulted, which determines the three levels of development: developed,
developing and least developed.

Data analysis

For quantitative data, its mean, and standard deviation (SD), median, maximum, and minimum were
calculated. The Kolmogorov-Smirnov test (with Lilliefors correction) was used to verify the normality
of the variables. The Kruskal Wallis test was employed to compare the medians amid groups, and the
Wilcox test with Benjamini & Hochberg adjustment was used to study the association between groups.

The temporal evolution of search trends was analysed by means of regression analysis calculating the
coefficient of determination (R2). Pearson correlation coefficient was employed to procure the relation
amid quantitative variables.

The Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test (tests the void hypothesis that an observable time
series is seasonality against the alternative of a unit root) was used to verify seasonality.

The level of significance used in all the hypothesis tests was a < 0.05, using asterisks to represent
the strength of the association: * p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001 for Kolmogor-
ov-Smirnov test, Kruskal Wallis test and Wilcox test. * p-value > 0.05 for Kwiatkowski-Phillips-Schmidt-
Shin (KPSS) test.

The R software version 4.2.2 with the Rstudio work suite version 2023.09.0 build 463 was used for data
analysis.

Results

Relative Search Volume (RSV)

From the study of the procured data from GT it was verified that the Kolmogorov-Smirnov test dis-
carded normality for all the subjects under study (“Metabolic Syndrome”, “Hypertension”, “Diabetes”,
“Central Obesity”, “Cholesterol”, “Triglycerides” and “Occupational Health”: p <0.05) (Table 2), thus, we
worked with nonparametric population comparison tests. The RSV values for each topic can be found
in Table 1 and the trends can be seen in Figure 1.
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Figure 1. Search trends procured from Google Trends according to the 3 periods.

Table 1. Median and Pearson Determination Coefficient for RSV.

Topics M Global PDC Global M1 PDC1 M2 PDC2 M3  PDC3
Occupational Health 21 -0.76 *** 26 -0.79** 20 -0.26" 19 -0.67*
Metabolic Syndrome 2 -0.71 " 3 03~ 2 -0.44 =+ 2 0
Hypertension 46 0.77 *** 43 -0.57*** 44 041 64 091"
Central Obesity 14 0.72 *** 5 0.87 ™ 15 058 15 -0.39*
Diabetes 14 0.82 11 -0.38 ** 13 048 17 0.04
Cholesterol 41 0.52 = 41 -0.69** 38 0.35" 45 0.82
Triglycerides 12 0.84 = 11 -0.2 12 072" 15 077

M = Median; PDC = Pearson Determination Coefficient
Statistical results correspond to Pearson Correlation Coefficient with his corresponding p-values:
*p-value < 0.05; ** p~value < 0.01; *** p—value < 0.001
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Table 2. Statistical results and normality test.

Topics Min Mean SD Max KS

Occupational Health 14 2158 475 38 0.19 ***

Metabolic Syndrome 1 2.23 0.87 5 0.33 =**

Hypertension 35 5159 1461 100 0.22 ***
Central Obesity 3 12.25 5.03 21 0.17 ***
Diabetes Mellitus 11 8 13.84 268 20 0.13 ***
Cholesterol 29 4293 7.76 71 0.16 ***
Triglycerides 8 12.71 2.65 20 017 *=**

Min = Minimum; SD = Standard Deviation; Max = Maximum;
KS = Kolmogorov-Smirnov normality test

Statistical results correspond to Kolmogorov-Smirnov test with his
corresponding p—values:

* p-value < 0.05; ** p-value < 0.01; *** p-value < 0.001

The relationship between MS and OH demonstrated a positive correlation (R = 0.56; p < 0.001). The
correlation observed between MS and its related topics featured the following outcomes: regarding
Hypertension (R=-0.37; p<0.001), Diabetes (R=-0.36; p <0.001), Central Obesity (R=-0.70; p <0.001),
Cholesterol (R=-0.08; p > 0.05), Triglycerides (R =-0.40; p <0.001).

Trends

From the RSV data searches, the search trend was obtained for the studied Topics (Figure 1), showing
the median and the evolution (established by the coefficient of determination) for the time series, as
well as for each of the three analysed periods. Specifically, for MS and OH, a linear decreasing pattern
was observed in both cases.

Having segregated the data according to the studied period, it was possible to calculate using the Kru-
skal-Wallis test, whether the RSV demonstrated the same distribution (Figure 2). It has been noted that
in all the analysed Topics and for all periods, significant differences were found, of lesser or greater
intensity, except for two comparisons: the Hypertension, where the was no relationship between the
first and second period, and the Central Obesity, where there was no relationship between the second
and third period.
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Figure 2. Box plots of the Relative Search Volume results of the analysed Topics according to the different time

periods.

Seasonality

Throughout the years, the study seasonality in the searches was annually performed for the study peri-
od. Using the specific and non-parametric test for seasonality search (KPSS), it was observed that only
the Topic Metabolic Syndrome featured seasonality. The situation was not observed in the searches

with the other Topics (Figure 3).
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Figure 3. Box plots of the seasonality of each Topic grouped by month.

Interest according to country

The interest in searches for the topics studied by country can be seen in Figure 4, which highlights the
topic that featured the most searched topic. Neither of them the MS was the most searched topic.
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Figure 4. Most searched topic by country.

To determine the possible differences in population interest, procured from RSV, according to the
level of development of the country, following the classification of the United Nations Development
Program, a group comparison analysis was carried out for each topic. For the OH topic no significant
differences were found in the RSV, albeit there were meaningful differences on the SM Topic between
developed and developing countries versus underdeveloped countries, see Figure 5.
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Figure 5. Box plots of the Relative Search Volume outcomes of the classified Topics according to the development
level of the different countries.

Discussion

In this work, it has been verified that GT provides information on the population’s interest in disease
data and permits the analysis of differences in the popularity of certain Topics and even between dif-
ferent countries over time. In this infodemiological ecological study, the global popularity of searches
on MS and OH related topics was ranked among Google users. The analysis disclosed some results that
deserve a detailed discussion.

Nevertheless, it should take into consideration that this is an ecological data analysis, and the findings
might not be representative at the individual level®?Y, For instance, RSV trends are at the population
level and may not deduce that only the individuals who suffer from metabolic syndrome are those who
indeed create all the search volume concerning this pathology.
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Relative Search Volume (RSV) and Trends

The good correlation observed between the MS and OH Topics demonstrates a similar trend in both
searches for this information, albeit there is a disparity in the correspondences amid MS and its com-
ponent pathologies (Hypertension, Abdominal Obesity, Diabetes, Cholesterol and Triglycerides). This
situation can also be seen in the RSV medians, which in all cases are higher than that calculated for MS.
To these data, it should be added that while the ailments that make up the MS feature increasing trends
in the search of information, both MS and OH demonstrated diminishing results (significantly lower in
the current period).

Although the relationship between MS and OH is not coincidental??, these observations might be be-
cause the general population are acquainted with the diseases that make up MS, while the ailments
that compound MS and OH are not, or at least not to the degree of the other search Topics. This would
justify the relation amid these two Topics with each other, but the different demeanour with the others.
Thus, the low correlation observed between some terms might have been due to their different social
awareness.

This assessment is according to Santacruz-Salazar et al work®, on MS knowledge in overweight or
obese patients, in which they concluded that these people had a dearth of knowledge of MS aspects
in comparison with those who were overweight, and the participants recognized SM as symptomatic
pathology, but not as a set of risk factors. Lo et al.?*¥, carried out similar research on the knowledge of
MS in Chinese adults, in which study participants showed a poor understanding of this pathology. By
the same token, another study demonstrated that education level has an impact on MS knowledge in
elderly people, and, thus, the development of health education programs would enhance the preven-
tion and self-control of SM®),

Ayala-Aguirre et al.”, in a recent study, pointed out that searching by using technical words as in the
case of MS is not common in GT. The vast majority of the population does not search using technical
terms; they tend to perform this type of search using general topics or frequently common words. That
is to say, the diseases that make up MS are better known in isolation, and therefore, it is not startling
that these diseases are more searched by the general population as well as they associate them with
MS.

Seasonality

In most of the tests for searching seasonality, the null hypothesis is the existence of a unit root that
would discard seasonality, notwithstanding, in the KPSS test we use the analysis of moving median
over the time period of study to straightway test for seasonality, allowing the detection of time trends,
even if we do not have constant mean signals over the entire time period of the study. In this way, this
test is more robust when finding seasonality in a signal in which the trend is not gradually constant
(recallthe trends in figure 1). Moreover, it is the non-parametric version of the moving median study, so
it is appropriate for our variables under study.

Occasionally, MS has been featured as an epidemic disease?” as well as related to healthy lifestyles®.
Seasonal change in the incidence of the epidemiological disease is a common phenomenon. Although
sometimes the mechanisms responsible for this incidence and the epidemiological aftermath of sea-
sonality are not well understood®.

On this matter, the possible variations in the search information were studied and was verified whether
it demonstrated a temporal evolution (according to seasonality) in the form of sawtooth, as pointed
out in a previous study"?. On the other hand, it was not possible to observe any milestone, as the spe-
cial interest that responded to specific events (i.e., significant increase in the incidence of the disease,
specific prevention campaigns and so on) since they generally result in a heightened interest of the
population in the subject and thus, a considerable number of information searches®?. The detection
of milestones (peaks of searches) is relevant information to demonstrate epidemiological behaviour as
well as to verify the relationship with certain moments of increasing disease data®*2.
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In this study, it was not observed that any Topic features an evolution in its RSV in the form of sawtooth
nor it was possible to corroborate the existence of any notable milestone, even so moderate seasonali-
ty was found for the MS and Diabetes topics, however, it was not conclusive for the rest of the analysed
topics.

Interest according to country

The RSV data obtained with GT facilitate to have an insight into the interest of the public, from different
countries, in the topic under study. As it has been proved and according to previous work®, search
engine trends are a tool that may integrate into real-time the monitoring of the population’s health
information needs.

From the procured outcomes, which were shown visually on the world map, it was found that in none
of them was the MS the most searched topic. However, it should be noted that there were significant
differences regarding information search on MS between developed and developing countries in con-
trast with the less developed countries. These results would be consistent with what we have seen
previously when studying RSV and search trends in which it was observed that the education level
influences knowledge about MS®? and consequently, in the information searching interest.

Although the onset of MS was in the Western world, however, it has become a truly global problem®".
The main causes were increased urbanization, nutritional transition and reduced physical activity,
these conditions gave rise to the prevalence of MS to increase swiftly in developing countries, leading
to rising morbidity and derived mortality® which would justify the increased interest in information
search on MS.

However, when analysing RSV s, it should be taken into consideration that it is difficult to know the re-
sponsible relationship of outcomes by region regarding Google access (or any search engine) and these
may be due to different reasons (appearance of news in the main media of a certain country, regional
health campaigns focused on a certain disease and so on), and, remember that GT only provides results
of searches that have high traffic®®.

On the other hand, no country was found where the RSV of the Topics under study was not reported.
This circumstance, if it was found, is mainly due to two motives: the digital divide or the filtering of
social content.

Regarding the digital divide, it is not only a technological problem, but also the differences that appear
in having or not an Internet connection, or in the type of connection. Digital health services depend on
sociodemographic and socioeconomic factors. The filtering of social content (censorship) befalls in
countries for which Internet blocking is observed, censoring topics that contradict the accepted social
rules of a country (pornography, gambling, alcohol, and drugs, LGTBI content and so on). These coun-
tries that are characterized by censoring online news and information are known as “enemies of the
Internet”e:7:38),

Limitations of this study

According to Johnson & Mehta®’), given that Google Trends does not provide real usage data and more
accurate time intervals, decreases the forecasting capability. Besides, greater transparency is lacking,
since there is no information on the specific methods and models that Google uses to calculate the RSV,
and as it has been suggested in several publications**?29, the outcomes procured using this tool might
be swayed by media interest, mainly advertising campaigns, which may not exactly correspond to the
interest of the general population.

Conclusion

Through their information searches, the whole population showed to have a dearth of knowledge of
MS than of its component diseases. A relationship was found between the information searches carried
outon MS and OH.
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The study of information search trends may provide useful information on the population’s interest in
the disease data, as well as would gradually allow the analysis of differences in popularity, or interest
even between different countries.
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Resumen

Objetivo: Evaluar la actividad antiinflamatoria de una formulacién semisélida que contiene Aceite de Arbol de Té
(AAT), a dos concentraciones (2 %y 2,5 %), para futuro tratamiento de enfermedad periodontal.

Método: Prueba preclinica de edema auricular por aceite de crotén, con una muestra de 30 ratones, para ser com-
parados con Indometacina y Diclofenaco.

Resultados: La concentracidn al 2 % mostrd un 51,21 % de inhibicién de la actividad inflamatoria, mientras que
para la concentracién del 2,5 %, fue de 54,74 %. Las pruebas estadisticas para conocer la eficacia de los tratamien-
tos demostraron que no existen diferencias significativas entre las combinaciones de tratamientos, indicando que
todos tratamientos son similares (p>0,05).

Conclusiones: Los resultados de este estudio demuestran que la forma semi solida de AAT, en los estudios preclini-
cos en la fase de ensayos in vivo con animales no humanos demostrd poseer una actividad antiinflamatoria.

Palabras clave: Agente antinflamatorio; enfermedad periodontal; fitoterapia; aceite de arbol de té; evaluacion pre-
clinica de farmacos.

Abstract
Objective: To evaluate the anti-inflammatory activity of a semi-solid Tea Tree Qil (TTO) form at 2 % and 2,5% con-
centrations for treating periodontal disease.

Method: A preclinical test in a sample of 30 mice with ear edema induced by croton oil was divided into two groups
to compare treatment with Indomethacin and Diclofenac.

Results: TTO at 2,5 % concentration showed a higher inhibition activity of inflammation (54,74 %) than TTO at 2 %
(51,21 %). Statistical analysis showed no significative differences between treatment combinations (p>0,05).
Conclusions: The tea tree oil in semi-solid form, applied in 2 - 2,5 % concentration in this preclinical study, showed
consistent anti-inflammatory activity.

Keywords: Anti-inflammatory agents; periodontal disease; phytotherapy; tea tree oil; preclinical drug evaluation.
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Puntos clave

El aceite del arbol de té tiene distintas propiedades entre las que destacan la actividad antinflamato-
ria, lo que lo convierte en un agente con amplio potencial para su uso como alternativa a los farmacos
sintéticos en el tratamiento de las enfermedades periodontales.

Se evallio la actividad antinflamatoria del aceite del arbol de té contenido en una pre-formulacion
en gely se comparé con indometacina y diclofenaco obteniendo resultados similares en la actividad.

Se demostré en el modelo de edema auricular inducido por aceite de crotén la actividad antinflamato-
ria por via topica del aceite del arbol de té contenido en un gel, esto permite el empleo de este aceite
en el desarrollo de formas farmacéuticas semisélidas que puedan ser destinadas para esta via de ad-
ministracion.

Introduccion

Las Enfermedades Periodontales (EP) se pueden iniciar por la disbiosis que ocasionan las bacterias en
la biopelicula de la placa dental, provocando una respuesta inmune por lo cual el proceso inflamatorio
es un mecanismo de defensa del organismo que se produce por diferentes estimulos, la cronicidad de
la inflamacion puede conducir a la destruccidn de los tejidos periodontales, debido al incremento de
mediadores inflamatorios y alteraciones en la resolucién de la inflamacién®2?, Actualmente existen
dos tipos de antibioterapia con fairmacos sintéticos ya sea de forma sistémica o de forma local, los cua-
les presentan desventajas como son: uso limitado de 7 a 14 dias, reacciones adversas (vomito, dolor de
cabeza, nauseas), tincion de dientes, disgeusia, formacion de calculos supragingivales, entre otros®.
Por lo cual se esta en la busqueda constante de principios activos que sean eficaces y seguros para su
uso por periodos prolongados, siendo una alternativa el uso de fitoterapia®.

La Organizacién Mundial de la Salud (OMS), recomienda el uso de la fitoterapia® la cual se define
como: “la ciencia que estudia el uso de los productos de origen vegetal con finalidad terapéutica”®”,
como una alternativa al uso de farmacos sintéticos. Se estima que alrededor del 80 % de la poblacién
mundial recurre a este tipo de terapia, mientras que en México se considera que el 60 % de la poblacidn
la utiliza®®. En México existe la Farmacopea Herbolaria de los Estados Unidos Mexicanos, publicada en
el afio 2001, que incluye monografias de plantas que se usan en los medicamentos herbolarios, pero
Unicamente incluyen a las de mayor uso en el pais, por lo cual hacen falta estudios para corroborar la
eficacia del AAT en México. Los estudios preclinicos en aceites se realizan para demostrar eficacia y
seguridad, asi como para conocer sus posibles efectos adversos antes de ser utilizados en humanos,
estos estudios se realizan en animales o modelos fisioldgicos, en los cuales se analizan las propiedades
fisicoquimicas y fisioldgicas del principio activo in vitro o in vivo, basados en los resultados obtenidos
en esta primera etapa, se puede proponer o desechar estudios mas extensos®.

Actualmente se conocen unos 3,000 aceites esenciales"?, los cuales se clasifican por su uso seguroy
poseen aprobacion por diferentes organismos a nivel mundial, dentro de éstos se encuentra el Aceite
de Arbol de Té (AAT), del cual en las Gltimas tres décadas se han descrito sus diferentes propiedades
terapéuticas como son: antimicrobiana, antiviral, antiinflamatoria, analgésica y antimicética. Su apli-
cacién en estomatologia esta siendo validado por la investigacion cientifica, con datos in vitro e in vivo,
los cuales estan respaldando las propiedades terapéuticas.

El Arbol del Té (Melaleuca alternifolia), es una planta de origen australiano, con crecimiento rapido (6
meses), cuyo aceite se obtiene de las hojas, se ha demostrado que posee mas de 100 componentes,
entre los que destacan dos: el terpinen-4 y el 1,8-cineol, los cuales son los implicados en poseer las
actividades terapéuticas. Data su utilizacién en las tribus aborigenes australianas de la Costa Norte de
Nueva Gales del Sur, definido como “el sanador mas versatil de la naturaleza”, utilizaban las hojas de la
planta para aliviar cortaduras, quemaduras, picaduras de insectos e infecciones de la piel, su reconoci-
miento oficial es a partir del afio 1949, por el departamento de Sanidad Australiano®"1112),

Se han realizado algunos estudios para verificar la accidn antiinflamatoria del AAT como: Hart et al.,
en el afio 2000, evalua las propiedades antiinflamatorias in vitro del AAT, mediante la reduccién de in-
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terleucinas (IL) TNF-a IL-1B, IL-8 y IL-10 y prostaglandina E2 (PGE2), por monocitos humanos activados
por lipopolisacaridos (LPS), reportando que existié una supresion de LPS de TNF-a, IL-1B e IL-10 en
un 50 %y de PGE2 en un 30 % después de 40 horas, indicando que el componente terpinen-4-ol fue el
responsable de esta accion®?.

Nogueira et al., en 2014, utilizo macréfagos estimulados por lipopolisacaridos bacterianos, reportando
una reduccién en la produccion de IL-1B, IL-6 e IL-10, mientras que en el TNF-a no hubo cambios sig-
nificativos, por lo cual concluye que el terpinen-4-ol y alfa-terpinol, componentes principales del AAT,
pueden suprimir la produccién de mediadores inflamatorios en macréfagos humanos estimulados con
lipopolisacéridos, ademas informa que esta inhibicién estuvo mediada por la interferencia con las ru-
tas NF-kB, p38 0 ERK MAPK!%,

No obstante, el AAT puede no solo actuar como un mediador inflamatorio a través de su actividad
antioxidante, también puede proteger eficientemente el organismo al reducir la proliferacion de célu-
las inflamatorias sin afectar su capacidad de secretar citosinas antiinflamatorias®®. Estas respuestas
inmunoinflamatorias se reducen por una cascada de diferentes reacciones producidas por el organis-
mo. Aunque poco explicado, estas propiedades podrian considerablemente cambiar la reaccidn del
huésped contra bacterias periodontopatdgenas®.

Este estudio preclinico tiene como finalidad la aplicacidén de una forma semi solida con principio activo
de AAT, para ser utilizada en la enfermedad periodontal, debido a que es una patologia que ocasiona
una respuesta inflamatoria, por lo cual se necesitan pruebas preclinicas para determinar si la prefor-
mulacion semisélida conteniendo AAT, presenta actividad antiinflamatoria, por esta razon se eligi6 el
modelo in vivo de “edema auricular inducido por aceite de crotén” que ocasiona un edema de forma
localizada por via tdpica, este método es el mas utilizado para evaluar la actividad antiinflamatoria en
extractos, aceites esenciales, de farmacos esteroideos y no esteroideos"'’*¥), Esta prueba desencadena
todos los eventos propios del proceso inflamatorio: vasodilatacion, eritema, extravasacion y edema,
a nivel histoldgico se produce agregacion plaquetaria y adherencia a compuestos polimorfonuclea-
res (neutrdfilos y eosindfilos)'”. Esta respuesta inflamatoria se cuantifica midiendo la diferencia de
peso de ambas orejas (discos de 6 mm), en un intervalo de tiempo (4 a 8 h), en este lapso de tiempo
se demuestra que existe infiltracion de granulocitos y se puede aplicar el tratamiento para reducir la
inflamacidn(&),

Métodos

Los estudios de preformulacion para el disefio del gel con AAT y el estudio preclinico antinflamatorio
se llevé a cabo en los laboratorios de: Farmacia Molecular y Liberacién Controlada y el Laboratorio de
Sintesis de Polimeros, de la Universidad Auténoma Metropolitana, Unidad Xochimilco. Se disefié un
estudio experimental, transversal, comparativo y prospectivo, el cual se llevo a cabo de noviembre del
2019 a abril del 2020.

Preparacién de Soluciones

Se realizaron ocho formulaciones preliminares de AAT (Farmacia Paris. Lote 1901730, certificado de ca-
lidad no. GPC058) en gel a partir de la informacion farmacotecnia y farmacopeica de las cuales se eligid
una para realizar la formulacion con las dos concentraciones de AAT (tabla 1). Las pruebas de control
que permitieron seleccionar el gel dptimo fueron: pruebas organolépticas, pH (6,9), viscosidad (25,754
cP) y la cuantificacion del AAT (terpinen-4-ol) por método espectrofotométrico a una longitud de onda
de 240 nm con un intervalo de recobro de 97 - 103 %. Una vez seleccionada la formulacién a las con-
centraciones adecuadas se elaboraron las formulaciones con ambas concentraciones de AAT (2'y 2,5
%) y se sometieron a prueba de estabilidad en refrigeracion por tres meses y al termino de esta se ob-
servé que conserva sus caracteristicas organolépticas, pH, viscosidad y el contenido de AAT (98,045 %).
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Tabla 1. Componentes de la formulacion semisélida que contiene AAT

Componente Concentracion
%
AAT 2y2,5
Mentol 0,40
Carboximetilcelulosa 3-6
Sacarina 0,12-3
Propilenglicol 10 25
Sorbitol 20-60
Grenetina 0,2-1
Agua destilada c.b.p. 100
c.b.p.= cantidad bastante para

Se realiz6 una dilucion de aceite de crotdn (Sigma-Aldrich) al 5 % en acetona RA (JT Baker), asi como
soluciones de principios activos indometacina y diclofenaco a concentraciones de 0,5 g/mL en acetona
RA.

Evaluacion del efecto antiinflamatorio

Para la evaluacion de la actividad antinflamatoria se utilizé una solucién de aceite de crotén al 5 % (v/v)
en acetona debido a su ausencia de efecto antiinflamatorio en el modelo. Asi mismo, de acuerdo con lo
reportado® las concentraciones de AAT en la preformulacién no deben presentar riesgo de toxicidad
por contacto con la piel.

Se emplearon 30 ratones macho de la cepa CD-1 con un peso promedio de 25 g proporcionados por la
Unidad de Produccién y Experimentacion de Animales de Laboratorio (UPEAL-Bioterio) de la Universi-
dad Auténoma Metropolitana, Unidad Xochimilco, los cuales se mantuvieron en el laboratorio durante
24 horas para adaptarse a las condiciones con cama de viruta limpia y alimento y agua ad-libitum.

Se formaron 5 grupos de 6 ratones cada uno a los cuales se les administré 20 pL de la solucion de aceite
de crotdn Gnicamente en la oreja derecha (10 uL en la parte interior y 10 UL en la parte exterior) para
ocasionar el edema. Después de 30 minutos se aplicaron 20 pL de cada uno de los tratamientos (tabla
2) en la oreja derecha y se dejé actuar durante 4 horas, al cabo de las cuales se sacrificaron los ratones
mediante dislocacion cervical y se extrajeron discos de 6 mm de didmetro de cada oreja empleando
una pinza sacabocado y se pesaron en una balanza analitica.

Tabla 2. Grupos de tratamiento

Grupo Tratamiento

Grupo 1 AAT 2%

Grupo 2 AAT 2,5 %

Grupo 3 Indometacina en acetona 0,5 mg/mL (control positivo)
Grupo 4 Diclofenaco en acetona 0,5 mg/mL (control positivo)
Grupo 5 Acetona (control negativo)

La actividad antiinflamatoria se calculé como porcentaje de reduccion del edema en los ratones trata-
dos respecto al grupo control negativo. La magnitud del edema se cuantificd por la diferencia de peso.
El porcentaje de inhibicion se calculd segln la siguiente formula:

% de Inhibicion del edema = [(APc - APt) / APc] x 100
Donde:
APc= Media aritmética de la variacidn de peso en el grupo control negativo

APt= Media aritmética de la variacién de peso en el grupo tratado
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Analisis de datos

Los datos obtenidos de la prueba de edema auricular inducido por aceite de crotdn se analizaron em-
pleando el software GraphPad Prism 6 (GraphPad Software Inc.) realizando un analisis de varianza (AN-
DEVA) para comparar los grupos de AAT con cada control positivo.

Consideraciones éticas

Este protocolo se realizd bajo los principios de la Norma Oficial Mexicana NOM-062-Z00-1999 de es-
pecificaciones técnicas para la produccion cuidado y uso de los animales de laboratorio, para evitar
el sufrimiento de los animales, asi como la NOM-087-SEMARNAT-SSA1-2002, de protecciéon ambiental,
salud ambiental, residuos peligrosos bioldgico-infecciosos, clasificacion y especificaciones de manejo.

Resultados

El AAT en ambas concentraciones (2 %y 2,5 %) fue capaz de reducir la inflamacién inducida mediante
la prueba de edema auricular inducido por aceite de crotdn, obteniendo valores de % de inhibicion
(promedio + DE) de 51,21 + 12,6 %y 54,74 + 12,8 %, respectivamente; mientras que los controles posi-
tivos de indometacina y diclofenaco obtuvieron valores de 41,3 + 3,65 % y 45,51+ 2,43 %, respectiva-
mente, ver Figura 1.
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Figura 1. Resultados de la evaluacién de efecto antiinflamatorio (promedio + DE). a) Comparacion del peso del
edema de los dos grupos de AAT con el control positivo de indometacina. b) Comparacion del peso del
edema de los dos grupos de AAT con el control positivo de diclofenaco. c) Comparacién del porcentaje de
inhibicidn de los dos grupos de AAT con el control positivo de indometacina. d) Comparacién del porcen-
taje de inhibicidn de los dos grupos de AAT con el control positivo de diclofenaco.

Se realizaron pruebas estadisticas para conocer la eficacia de los tratamientos. Se realizaron los ana-
lisis de varianza (ANDEVA) comparando los resultados del peso del edema auricular y el porcentaje de
inhibicion de la inflamacidn de los dos grupos de AAT con cada control positivo y en todos los casos se
obtuvo un valor de p>0,05, lo cual indica que estadisticamente no hay diferencia entre los tratamientos
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con AAT y los controles de indometacina y diclofenaco en la actividad antiinflamatoria determinada
mediante el modelo de enema auricular inducido con aceite de crotén.

. o #

Discusion

En los Ultimos afios se han incrementado las investigaciones en fitoterapia, no obstante, ain no se
cuentan con suficientes estudios que avalen la eficacia terapéutica de las plantas empleadas para el
tratamiento de padecimientos de origen oral pero actualmente se estan haciendo esfuerzos para ofre-
cer otras alternativas que muestren alguna ventaja sobre tratamientos con farmacos sintéticos, que
en algunos casos no se recomienda su uso prolongado®®®®, Con base en lo anterior se seleccioné al
AAT que ha mostrado eficacia antinflamatoria para proponer el desarrollo de un dentifrico en gel que
permita su aplicacion(1:1321.2223.24)

Se han realizado diferentes estudios para evaluar la respuesta inflamatoria, sin embargo, no existe si-
militud de los estudios ya que cada uno es diferente en cuanto a metodologia y técnicas utilizadas, no
obstante, concluyen que el AAT, presenta una accién antiinflamatoria. Nogueira et al., en 2014 indica-
ron que la accién antiinflamatoria es a través de la supresidn de las citocinas: IL-1B, IL-6 y la IL-10%%.
Por otra parte, Ninomiya et al., en 2013 indicaron que la accién del AAT, disminuye la produccién de
citoquinas, que conduce a una supresion de las reacciones inflamatorias®.

Maruyama et al., en el 2005, realizaron un estudio induciendo inflamacién en la cavidad peritoneal
de ratones, por inyeccién de curdldn por via cutanea, el AAT se utilizé para suprimir la inflamacion
celular (neutrdfilos) ocasionada por el curdldn obteniendo una disminucién de la actividad de MPO
(mieloperoxidasa) en un 68 + 32 %%, este estudio comparte ciertas similitudes con el realizado en esta
investigacion, aunque se presenta una diferencia en cuanto al porcentaje de inhibicién inflamatoria
obtenido que fue de 51 % para la concentracién del 2 % y del 54 % para la concentracion del 2,5 %, en
ambos estudios se podrian considerar con una actividad antiinflamatoria significativa.

Saxer et al., en 2003, demostraron mediante un estudio clinico que el AAT, reduce la inflamacion me-
diante el empleo de un enjuague, atribuyéndolo a la presencia de 1,8-cineol y terpinen-4-ol®?. En tanto
que Brand et al., en 2002, indicaron mediante citometria de flujo, la supresion de E-selectina inducida
por TNF-a en células humanas, reportando que el AAT, puede regular el edema® y en otro estudio
realizado por el mismo autor reporta que mediante un modelo animal con edema auricular en ratones
inducido por histamina el AAT es eficaz para controlar el edema®”.

Conclusion

El uso de la fitoterapia puede ser una ventaja en la practica estomatoldgica, sin embargo, se deben
realizar mayores estudios para comprobar su eficacia y ser validada. Los resultados de este estudio
demuestran que el AAT, en los estudios preclinicos en la fase de ensayos in vivo con animales no hu-
manos demostré poseer una actividad antiinflamatoria. Con base en los resultados obtenidos en esta
investigacion pudiera considerarse como una alternativa terapéutica en el tratamiento de la enferme-
dad periodontal y podria emplearse por periodos largos de tiempo, aunque se requiere completar con
estudios clinicos para evaluar su eficacia y posibles eventos adversos.

. . ’
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Introduccién:Se presenta un enfoque novedoso y preciso para la estimacién del dcido mefendmico (MEF) en for-
mulaciones farmacéuticas y soluciones acuosas, utilizando espectrofotometria de inyeccién de flujo. Del mismo
modo, este método demuestra un alto nivel de sensibilidad y precision

Método: Se basa en la reduccién del complejo Cu (11)-2,9DMP a complejo Cu (1)-2,9DMP coloreado, mediante dos
pasos de reaccidn. Sin embargo, en el primer paso se produce la reaccién entre la neocuproinay el Cu (11) para for-
mar un complejo incoloro de Cu (I1) -2,9DMP, y en el segundo paso el acido mefendmico redujo el complejo incoloro
formado a Cu (I) - 2,9DMP con color amarillo anaranjado, se desarrolld y validé el método de inyeccidon de flujo.

Resultados: La medicién de la densidad 6ptica de las sustancias amarillo-naranja se realizé a una longitud de onda
de 454 nm. Los graficos de calibracién muestran linealidad dentro de los rangos de concentracién especificados
de 1,00-80,00 pg / ml. El limite de deteccién (LOD) se determina en 0,360 pg/ml, mientras que el limite de cuantifi-
cacién (LOQ) se encuentra en 1.093 ug/ml.

Conclusiones: la metodologia propuesta exhibié atributos notables como rapidez, sensibilidad y confiabilidad, lo

que la hace adecuada para la cuantificacién precisa de (MEF) en formulaciones farmacéuticas y soluciones acuosas
en diversas formulaciones disponibles comercialmente.

Palabras clave: Analisis de inyeccion de flujo continuo; acido mefenamico; neocuproina;

Abstract

Introduction: A novel and precise approach is presented for the mefenamic acid (MEF) estimation in pharmaceuti-
cal formulations and aqueous solutions, utilizing flow injection spectrophotometry. Similarly, this method demon-
strates a high level of sensitivity and accuracy.

Method: The suggested method is based on the reducing of Cu(l1)-2,9DMP complex to coloured Cu(l)- 2,9DMP com-
plex ,by two step of reaction. However, in the first step the reaction is occur between neocuproine and Cu(ll) to form
colorless complex of Cu(l1)-2,9DMP, then in second step mefenamic acid reduced the formed colorless complex to
Cu(l)- 2,9DMP with yellow orange colour, Flow Injection Method were developed and validated.

Results: The measurement of the optical density of the yellow-orange substances was conducted at a wavelength
of 454 nm. The calibration graphs exhibit linearity within the specified concentration ranges of 1.00-80.00 pg/mL.
The detection limit (LOD) is determined to be 0.360 g/ mL, while the limit of quantification (LOQ) is found to be
1.093 ug/ mL.

Conclusions: the proposed methodology exhibited notable attributes such as rapidity, sensitivity, and reliability,
rendering it suitable for the accurate quantification of (MEF) in pharmaceutical formulations and aqueous solutions
in various commercially available formulations.

Keywords: Continues Flow injection Analysis; Mefenamic Acid; Neocuproine
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Highlight

Mefenamic acid has the capacity to convert Cu* ions into Cu'*ions, so the development of an analytical
approach based on Neocuproine reagent by flow injection method for mefenamic acid measurement
in agueous solution and tablets is extremely promising [8]. Furthermore, the suggested technique was
applied to the quantitative evaluation of mefenamic acid in the actual samples (aqueous and phar-
maceutical). The suggested method’s quick reaction time, straightforward chemical and equipment
requirements. The drugs industry has a significant challenge today in the form of the development of
quicker, cheaper, and more precise methods. novel analytical techniques to ensure drug content and
detect substances in medications that pose health hazards. and eliminate (or swap out) any materi-
als dangerous to the environment and public health. Flow systems are great instruments for handling
solutions in wet chemical analysis for these reasons. since one of the main requirements for analytical
chemistry is automation.

In this proposed flow injection method, we used uncommon reagents and were not tuned to achieve
the lowest possible waste production, Limit of Detection (LOD), Limit of Quantification (LOQ), standard
deviation (SD), maximum sensitivity and wide ranges of concentration 1.00-80.00 pg/mL.

Fundamental benefits of the suggested flow injection method for measuring mefenamic acid in phar-
maceutical and aqueous solutions include speed, ease of use, precision in findings, and low cost of
equipment determination samples in very low concentrations 1.00-80.00 pg/mL. Accordingly, they are
easier to use as well as quicker than the majority of the documented ways. Since common excipients
included in commercial preparations do not interfere with the measurement of mefenamic acid, the
proposed procedures can be effectively used for routine pharmaceutical quality control and research
purposes.

Introduction

Mefenamic acid consider as a class of a nonsteroidal anti-inflammatory medicine (NSAID), and owing
to the powerful analgesic and anti-inflammatory qualities it has, it has garnered a large amount of
interest in recent years. As a consequence of this, it is used extensively in the therapy of a wide variety
of unpleasant diseases, including menstrual cramps, rheumatoid arthritis, and osteoarthritis, amongst
others®. It contains numbing, anti-pyretic, and anti-inflammatory characteristics, at higher concen-
trations, this molecule reduces inflammation?. The chemical formula of mefenamic acid (MEF) is
2-,[(2,3,-Dimethylphenyl)amino] benzoic acid (C15H15N0Q2). It is a weak organic acid that also includes
the related (3-hydroxyanthranilic acids), a tryptophan (a standard amino acid) natural metabolite®.

Neocuproine is a chelating substance and heterocyclic chemical molecule C H N.. The derivatives
substituted at the location 2 and 9 positions are among the most researched of the substituted phenan-
throlines, having beeninitially published in the late 19th century®. Similarly, In chemistry of copper(l),
Neocuproine as a (NN ligands) with somewhat large substituents crucial. Because of its selectivity for
copper(l) and potent visual absorbance of the Cu(DMP)* adduct, 2,9-dimethyl-1,10-phenanthroline

(NC) is typically the reagent chosen for the colorimetric measurement of copper(l)**

Water-insoluble mefenamic acid is somewhat soluble in (chloroform) and (ethers), faintly soluble in
ethanol (4.6 mg/mL) and water (1:9), and more soluble in dimethylformamidee (38.5 mg/mL)“ Me-
fenamic acid reduces inflammation and pain by inhibiting COX and prostaglandin synthesis since it
provides cerebral and peripheral analgesia. Its nonselective COX inhibitors inhibit both COX-1 and COX-
2 enzymes®

Mefenamic Acid (MFA) operates in the same way as other nonsteroidal anti-inflammatory medicines
by which blocking the enzymatic prostaglandin synthase® There are several known and reported an-
alytical methods for measuring MEF acid in biological and pharmacological products” Spectropho-
tometry® Gas Chromatography® Extraction method of Micro-electrodriven Membranes in 2 Phases?
capillary electrophoresis with two channels®™ RP-HPLC"? Fluorometric method*®’ Hyphenated Tech-
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niques™ Electrospray lonization Mass Spectrometry® Turbidity Measurement®® flow injection meth-
0d(17)

MEF is determined by different flow injection technique, it has been estimated in pharmaceuticals
by flow-injection® and estimation of Mefenamic Acid in Aqueous Solutions Using Reverse - Continu-
ous Flow Injection Analysis® determination of MEF in pharmaceuticals formulation by flow-injection
Fluorometry®)-However, in recent years there has been a growing interest in the use of Neocuproine
(2,9-dimethyl-1,10-phenanthroline) as a complexing agent in analytical chemistry. Neocuproine exhib-
its strong and selective chelation with various metal ions, including copper (I)*® This property has
been effectively utilized in the development of novel analytical methods, particularly in flow injection
analysis (FIA)® Similarly, in terms of mefenamic acid analysis, the creation of a sensitive flow injection
technique that uses neocuproine as a complexing agent is a breakthrough®

Materials and methods

All materials were of the analytical reagent grade; and the solutions were prepared with deionized
water.

Preparation of standard solutions
Preparation of 2,9-dimethyl 1-10 phenanthroline solution 500 pg/mL
A stock solution that prepared freshly by solvation accurate amount of 0.0500g Neocuproine from (Sig-

ma-Aldrich) in 100 mL of used solvent (ethyl alcohol+ deionized water) in ratio 1:9 and then diluting to
the other concentrations.

Preparation of Sodium hydroxide 0.03 M

0.1200 g of standardized sodium hydroxide from (Merck, Germany) were newly prepared by dissolveing
them in 25 mL of (deionized water), then adding the same solvent (0.03 M NaOH) to fill a volumetric
flask to a capacity of 100 mL.

Preparation of Cupper Nitrate 0.005M Solution

0.1900 g of salt from (BDH) dissolve in 30 mL of deionized water and diluting to 100mL in volumetric
flask with same solvent to prepare A standard solution and then diluting to the other concentrations.

Preparation of Standard MFA (100 pg/mL)

A standard drug obtained from the state drug industry company samara-lraq (S.D.l), and for prepa-
ration of MFA solutions, dissolve 0.0100g MFA in 25 mL of 0.03 M standardized NaOH and complete
volume up to 100 mL with standardized NaOH, working solutions were freshly prepared by various
subsequent dilutions.

Preparation of mefenamic acid working solutions

The powdered and combined ten capsules, an exact weighted amount of powder dissolved in 25 mL
0.03 M standardized NaOH, stirred, allowed to stand for 7 min, and then diluted to 100 mL in a volu-
metric flask with the same solvent 0.03 M standardized NaOH. This yielded the equivalent of 250 mg
capsules. Before use, the obtained solution was filtered with Whatman filler paper no. 41 to remove
any undissolved or suspended materials. Working solutions were daily made through consecutive di-
lutions with deionized distilled water, and they were then tested according to the proposed method.

Instrumental Condition

Flow Injection System

We used in this flow injection system double beam Shimadzuu UVa-1700 Japan for absorption mea-
surements result, x-y Recorder type Siemens C 1032, Germany, and we used Ismatic, Germany peristal-
tic pump. To provide the solution fluid, the flow injection analysis system (FIA) employed in this project
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consists of peristaltic pump and injection valve with 6-way port that are connected to one another by a
single low-load connection, as illustrated in Figure 1.

(Drug)

2 )

Peristaltic pump

Recorder

in
\ &
Carrier Valve Detector
(Cu +NC)

Figure 1. The model of flow injection system that we designed in our laboratory.

Results and discussion

The current work employs as a novel method for determination of MEF. However, when the Cu(ll) react-
ed with Neocuproine reagent, the colorless complex will form Cu(ll)-Neocuproine, this formed complex
will react with mefenamic acid (reduced form) to produce yellow-orange products Cu (I)-Neocupro-

ine?? As showed in Figure 2.

7
Cu(ll) + N >
cupric ion \

2,9-dimethyl 1-10 phenanthroline

........ G.1)

Neocuproine-cupric complex

0
HO_ ..
‘¢ g CH,
N CH,
FIPES 0 s T (U IR U (32)
Cj ) + MFA
oxidized form
MFA
Neocuproine-cupric complex reduced form Neocuproine-Cu(l) colour complex

Figure 2. Schematic diagram for proposed method
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Determination of maximum wavelength (Amax)

Absorbance of coloured products was measured in the 190-1100 nm range against a reagent blank.
However, we conclude that Mefenamic acid absorption has a maximum wavelength of 454 nm. Under
the testing circumstances, each reagent blank had a negligible absorbance at the relevantA__ .

X

Experimental Conditions for Optimization

To estimate the better potential experimental condietions, we monitored many parameters and its in-
fluences on absorbance of coloured species.

The rate flow effect

flow rate’s impact on the creation of coloured products was investigated by changing flow rate (10 - 70)
mL/min and calculating the absorption of the coloured product generated, this study revealed that
first broad peack from the base have the highest peak, but we discard here because incomplete mixing.
However, the optimal flow rate, which results in the nicest beak shape and the maximum absorption,
was 2.3 mL/min with a peack height of 4.3 cm. Due to the greater amount of time that speed required,
two were selected above the other options.

The Influence of Neocuproine Reagent Concentration

The impact of adjusting the reagent concentrations on the reaction was investigated in this study. Sim-
ilarly, these data have been collected using a variety of Neocuproine reagent concentration (50-500)
pg/mL, and high concentrations cause a decrease in absorbance. However, this was possibly caused
by an increase in particle density, which could have resulted in the buildup of precipitate particles in
front of the detector.

The findings indicated that the optimal absorption occurs when the reagent concentration is 50 ug/mL.

The influence of pH changes

To investigate the effect of pH (1.0-9.0) on peak Hight (cm) and coloured complexes, various amounts
0-2 mL of 0.004 M standardized hydrochloric acid solution were added to an aliquot of solution contain-
ing 50 pg/mL of MFA as shown in Figure 3.

PEACK HIGHT(CM)
o [ d MW B o,

PH

Figure 3. The Effect of pH changes, Amax=454nm, NC.Conc. = 50 ug/mL, Cu(ll)Conc.=350 pg/mL ,Flow rate =2.3 mL/
min , MEF Conc.=50 pg/mL

As shown above the optimum pH with higher absorption intensity at peack Hight 5.6 cm at pH 4.0 due
to good intensity.

Ars Pharm. 2024;65(1):45-55 50



Nayef AN, Hussain AF, Taha DN

Cu(ll) Concentration effect on absorbance

Effects of copper (Il) concentration (50-500) ug/mL on complex’s absorbance was studied. It was ob-
served that 350 pg/mL of Cu(ll) gave the highest absorption with peack Hight 6 cm, which is strongly
suggested for experimental procedures as we showed in Figure 4.
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Figure 4. The Effect of Cu(ll) concentration , Amax= 454nm,NC.Conc. = 50 pg/mL , pH=4.0, Flow rate =2.3 mL/min,
MEF Conc.=50 pg/mL

As shown above the optimum Cu(ll) Conc ug/mL with higher absorption intensity at peack Hight 6.0
c¢m due to good intensity.

Standard Calibration Curve for Mefenamic Acid in Aqueous Solution

This is done by preparation a series of solutions containing the concentrations in the range from (1.0
to 80.0) pg/mL and by using the optimum conditions which is used in this project. The results we are
getting shown in Figure 5.
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Figure 5. standard Calibration curve of Mefenamic acid, Amax= 454nm, NC.Conc. = 50 pg/ ml pH=4.0, Cu(ll)Conc.
350 pg/ ml, Flow rate =2.3 ml /min, MEF Conc.=50 pg/ ml
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The statistical properties for our proposed method and Optimum conditions illustrated in Table 1.

Table 1. The Optimum conditions and statistical features for the proposed method

parameter value
Ao 454 nm
flow rate 2.3 mL/min
pH of carrier solution 4.00
Neocuproine Conc. 50 pg/ ml
Cu(ll) Conc. 350 pg/ ml
Linearity range 1.00-80.00 pg/ ml
Regression equation y=0.0711x +0.0275
Regression coefficient (R?) R?=0.9998
Standard Deviation (SD) 0.0078
Standard Error 0.0074
Standard Error for Intercept 0.0103
LOD 0.360 pg/ ml
LOQ 1.08ug/ ml

Repeatability

We discovered the reproducibility of the suggested method by taking 6 samples solution having 50
pg/ ml of mefenamic acid, the result which gotten was highly degree of repeatability and extremely
excellent as shown in Table 2.

Table 2. Repeatability of Mefenamic acid

Drug Conc. Peak Height (Cm) Mean Y! SD RSD%
(ng/ ml)
50 37 | 38 3737 ] 38 | 371 3.73 0.0471 1.2638

Dispersion of Mefenamic Acid

By conducting two studies to determine the dispersion value of MEF contained in (50pg/mL and 70 pg/
ml), we evaluated the dispersion of mefenamic acid. Mefenamic acid at a concentration of 50 ug/mL
comes first. The current experiment depicts the intensity response of the sample that enters the anal-
ysis (H,__ ). Mefenamic acid and Neocuproine were combined before being introduced into a manifold
unit; the outcome demonstrates no convection or diffusion-related dispersion impact. This illustration
depicts (HO). It is possible to compute dispersion (D) by applying dispersions equation as shown: ((D ° =
H°/H )),D=1.057 and by doing the same procedure for the second mefenamic acid concentration (70
pg/ml) we get dispersion value equal to D= 1.081 as shown below in Table 3.

Table 3. Disperssions of mefenamic acid

Drug Conc. (ng/ml) Peak Height (cm) Dispersion(D)
Ho H max
70 pg/ml 53 4.9 1.081
50 pg/ml 3.7 3.5 1.057
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LOD and LOQ

The sensitivity of the technique utilized in this method to identify mefenamic acid by the presentation
limit of detection (L.0.D) and limit of quantification (L.0.Q) was highlighted. The fact that this FIA meth-
od could estimate the lowest concentration of mefenamic acid to be (1 pg/mL).

The limits of detection (LOD) and limit of quantitation (LOQ) were assessed as equation 3.3 and 3.4

LOD=3.3S. /b ........... 3.3

LOQ=3L0OD..............3.4
Where:

b: Slope

So: Standard deviation of the regression line.

Application of Mefenamic Acid in Aqueous Solutions

We can determine unknown concentrations of aqueous solutions of mefenamic acid, three unknown
aqueous solutions where prepared to determine concentrations. Then, we measured the absorbance
according to the optimum conditions that we used in our project, as shown in Table 4.

Table 4. Application of Mefenamic Acid in aqueous Solutions

Conc. pg/ml Error % Rec % RSD %
present found
10 10.1 0.0333 101.00 0.5716
20 19.94 0.0208 99.700 0.1808
30 29.95 0.0173 99.833 0.0578

Pharmaceutical Application of Mefenamic Acid Use in Pharmacological Dosage Forms

The applicability of the proposed flow injection procedure was tested by commercial dosage form from
different brands.in addition, the result shows that finding where to be constant as showed in label of
pharmaceutical dosage form, as shown in Table 5.

Table 5. Analysis of mefenamic acid in capsule formulations

pharmaceutical application
Mefenamic acid Conc. pg/mL Error % Rec % RSD %
present found
Ponstidin Capsule 50 49.98 0.005 99.96 0.0200
(250 mg) 40 39.97 0.008 99.93 0.0382
30 29.95 0.005 99.83 0.0333
20 20.03 0.035 100.15 0.3036
Mefril (250 mg) 50 49.97 0.011 99.94 0.0400
40 39.98 0.005 99.95 0.0250
30 29.94 0.003 99.82 0.0192
20 19.91 0.017 99.55 0.1506
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Discussion

This novel injection technique, characterized by its simplicity, accuracy, inexpensive and speed and
time reducing was developed to determine mefenamic acid in aqueous solutions and pharmaceutical
dosage form by using flow injection technique, the proposed method involved a direct redox reaction
between Cu(ll) and NC reagent, followed by an instantaneous reaction of Cu(ll)-NC with mefenamic
acid. However, this method has the potential to detect drugs at extremely at low concentrations (1pg/
ml) in aqueous solutions and pharmaceutical dosage form. On the other hand, based on the findings,
statistical analysis revealed a standard deviation was equal to (SD) 0.0078 and This Fl unit’s data re-
peatability was accurate at low RSD levels. Additionally, the (LOD) was 0.360 pg/ mL, while the limit of
quantification (LOQ) was 1.08 pg/ mL. The standard error was calculated to be 0.0074 pg/ml. Further-
more, the relationship between drug concentration in aqueous solutions and peak height (cm) was
represented by the straight-line equation y = 0.0711x + 0.0275. The correlation equation for the stan-
dard specification yielded a value of 0.9998, indicating a strong linear relationship. Lastly, the linearity
of this method was confirmed within the 1.00-80.00 pg/mL. The results of the calibration curve demon-
strated a strong correlation coefficient, indicating a high degree of linearity. This suggests a robust
relationship between the peak height (measured in centimeters) and the concentration (measured in
micrograms per milliliter.

Conclusions

Based on the redox reaction, an effective, selective and precise flow injection technique for the mea-
surement of mefenamic acid in aqueous solutions and pharmaceutical formulations was developed.
The suggested approach, which has an excellent analytical performance, sensitive enough to enable
estimation of lower amounts of (mefenamic acid), highly degree of repeatability, so can be used as a
substitute method for the regular analysis of mefenamic acid in aqueous solutions and pharmaceuti-
cal raw and forms of medication. In conclusion, these flow injection techniques offer the benefits of
increased selectivity, quick, straightforward performance, and low cost.
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Resumen

Introduccion: La adherencia al tratamiento antidiabético oral (ADO) en pacientes con Diabetes mellitus tipo 2
(DM2) se encuentra lejos de alcanzar las cifras deseables. Hay publicados multitud de trabajos que sefialan factores
que disminuyen la adherencia pero emplean distintas poblaciones y metodologias. Por tanto, el objetivo de esta
revision sistematica fue identificar y recopilar los factores que afectan a la falta de adherencia al tratamiento ADO
en pacientes con DM2.

Método: Las bases de datos utilizadas en la bisqueda bibliogréfica fueron Medline (PubMed), Scopus, CINAHL y
PsycINFO. Se consideraron estudios de casos-control, cohortes y ensayos clinicos aleatorizados realizados en per-
sonas con DM2 y tratamiento ADO, donde se evaluaran factores determinantes de adherencia. El proceso de revi-
sién fue realizado por dos investigadores de manera independiente en base a las recomendaciones Prisma.

Resultados: De 11 publicaciones seleccionadas, dos fueron estudios de casos-control y nueve estudios de cohortes
(siete retrospectivos). Las cifras de falta de adherencia oscilaron entre el 20,3-48 %. Resultaron factores asociados
a la falta de adherencia a los ADOs: copago del paciente, dosis diaria de ADO, tipo de ADO prescrito, nimero de me-
dicamentos prescritos, menor frecuencia de citas con el personal sanitario, niveles altos de HbA1C, depresidn, sexo
femenino, raza/etnia (distinta de la blanca), estado civil (distinto del matrimonio) y edad.

Conclusiones: Desde un punto de vista clinico, es importante identificar qué factores de riesgo son modificables
y asi, los profesionales sanitarios podran disefiar acciones para que los pacientes mejoren su adherencia al trata-
miento ADO y el control de la DM2.

Palabras clave: Diabetes Mellitus, Type 2; Hypoglycemic Agents; Medication Adherence; Risk Factors; Systematic
review.

Abstract

Introduction: Adherence to oral antidiabetic treatment (OAHA) in patients with type 2 Diabetes mellitus (T2DM) is
far from reaching the desirable figures. A multitude of studies have been published on factors that influence non-ad-
herence, although with different populations and methodologies. Therefore, the aim of this systematic review was
identify and collect those factors that may influence non-adherence to OAHAs treatment in patients with T2DM.

Method: The databases used in the literature search were Medline (PubMed), Scopus, CINAHL and PsycINFO. We
considered case-control studies, cohorts and randomised clinical trials conducted in people with T2DM and OAHA
treatment, where determinants of adherence were evaluated. The review process was conducted independently by
two investigators based on Prisma recommendations.

Results: Of 11 publications selected, two were case-control studies and nine were cohort studies (seven retrospec-
tive). Non-adherence figures ranged from 20.3 to 48 %. Factors associated with non-adherence to OAHAs were found
to be: patient co-payment, daily OAHA dose, type of OAHA prescribed, number of medications prescribed, less fre-
quent appointments with healthcare staff, high HbA1C levels, depression, female sex, race/ethnicity (other than
white), marital status (other than married) and age.

Conclusions: From a clinical point of view, it is important to identify which risk factors are modifiable and thus,
healthcare professionals will be able to design actions for patients to improve their adherence to OAHAs treatment
as well as improve T2DM control.

Key words: Diabetes Mellitus, Type 2; Hypoglycemic Agents; Medication Adherence; Risk Factors; Systematic review.
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Puntos clave

La falta de adherencia al tratamiento antidiabético oral en pacientes con diabetes mellitus tipo 2 es
elevada, situandose entre el 20 y el 48 %. Existen estudios publicados que evallan los factores que
afectan a la falta de adherencia. Sin embargo, debido a las distintas metodologias y poblaciones que
emplean, los resultados son muy variados, incluso en algunos casos contradictorios.

Se ha obtenido una recopilacién de factores que afectan a la falta de adherencia y en los que se ha
observado una asociacion significativa con la adherencia. El tipo de antidiabético oral prescrito, la
dosis diaria o el bajo nimero de citas con los profesionales sanitarios, son algunos de los factores que
aumentan la falta de adherencia.

En la practica clinica diaria los profesionales de la salud que hacen seguimiento a los pacientes con
DM2, trabajan para que los pacientes tengan una adecuada adherencia a su tratamiento oral y un buen
control de su DM2. Conocer qué factores pueden afectar negativamente a la adherencia de los pacien-
tes, facilita que estos profesionales sanitarios puedan disefiar intervenciones especificas cuyo fin sea
modificar o eliminar aquellas barreras que afectan a los pacientes.

Introduccion

La Diabetes Mellitus (DM) es una de las enfermedades crénicas que mas rdpidamente esta creciendo
en los Ultimos tiempos. La DM tipo 2 (DM2) es la mas comun y representa el 90 % de los casos de DM en
todo el mundo. Seguin el informe de la International Diabetes Federation (IDF), se estim6 que de los 463
millones de personas entre 20 y79 afios que tienen DM a nivel mundial en 2019 se pasara a 700 millones
en el 2045 (un incremento del 51 %). En Europa, de los 59 millones de personas con DM en 2019, se
prevé que aumentara un 15 % para 2045, llegando a ser 68 millones de personas con la enfermedad®.

En Espafia hay 6 millones de personas con DM y podria llegar a ser 7,5 millones en el 2035%. El mayor
estudio de prevalencia realizado en Espafia, Di@betes.es?, mostrd que el 13,8 % de la poblacion es-
pafiola (aproximadamente 5,3 millones de personas) presentaba DM2. En la dltima fase del estudio
publicada en 2020 se presentd que la incidencia de diabetes fue 11,6 casos/1.000 personas-afio (IC95 %
=11,1- 12,1) ajustada por edad, sexo y forma de deteccién de la diabetes. Por lo que cada afio aparecen
alrededor de 386.000 nuevos casos de diabetes en la poblacién adulta®.

A nivel econdmico, el sistema de salud espafiol tiene un gasto en medicamentos a través de las pres-
cripciones médicas de 10.620 millones de euros, de los cuales 1588 millones de euros van destinados
a los medicamentos para la DM (12,8 %)". Esta es una de las razones por las que el sistema de salud
realiza grandes esfuerzos para que los pacientes estén dentro de los valores deseados de glucosa en
sangre. Ademas, con ello se evitarian costes generados por hospitalizaciones o por el uso de centros
de atencién primaria. Segln el informe publicado por el Ministerio de Sanidad Espafiol®, las personas
con DM generaron 70,2 millones de visitas a estos centros en 2018, lo que supone un 17,5 % del total
de consultas realizadas y una tasa de 22,9 visitas por persona/afio. Las hospitalizaciones por DM ascen-
dieron a 8,5/ 10.000 habitantes en ese afio, siendo la tasa de hospitalizacion ajustada por edad cercana
a4/10.000 habitantes.

En Europa, segln el estudio CODE-2 llevado a cabo en el afio 1999, sélo alrededor del 30 % de los pa-
cientes tratados en la T2DM logré tener un buen control de la glucemia sin presentar complicaciones
asociadas a la T2DM®.Unos afios méas tarde en el estudio Panorama®®, se estimé que el 37,5 % no tenia
la hemoglobina glicosilada (HbA1C) en los valores deseados y, por tanto, no se consideraba que esos
pacientes tuviesen un buen control de la enfermedad. Para el paciente, estar dentro de las cifras desea-
bles de glucemia puede suponer el retraso o la disminucidn del riesgo de aparicién de complicaciones
asociadas a la enfermedad (retinopatia, neuropatia, nefropatia diabética, eventos cardiovasculares...)
™. Si el paciente lo consigue podria tener una calidad de vida relacionada con la DM2 adecuada. Para
mantener dichas cifras de glucemia es recomendable llevar una dieta saludable, realizar ejercicio fisico
frecuentemente con una intensidad adecuada y ser adherente al tratamiento farmacoldgico prescrito
por el médico®?,
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La adherencia en la DM2, seglin la revisidn sistematica publicada por Krass, et al.*?, oscila entre el 38,5
%y 93,1 %. En el meta-analisis llevado a cabo por Iglay, et al."* la adherencia a los ADO resulté ser del
67,9 %. En ambas revisiones mas de la mitad de los estudios incluidos se llevaron a cabo en poblacidn
estadounidense aunque también incluyeron algunos estudios realizados en Europa (Holanda, Austria,
Alemania, Francia, Inglaterra y Suecia) y, en menor medida, en Asia y Africa. Ademas, en otros estu-
dios realizados en poblacién europea se obtuvieron unos resultados que iban en consonancia a esos
datos!»12141519 En Espafia, la falta de adherencia a los ADO en pacientes con DM2 se sitta en torno al
50- 56 %1217,

A la luz de estos datos, se hace necesario estudiar cuales son las causas de la falta de adherencia a
ADO. Existen estudios publicados enumerando dichas causas!*>'*'* pero debido al empleo de diferen-
tes métodos de medida, poblaciones, tiempos de estudio y distintas metodologias, es dificil compa-
rarlos y determinar de qué manera afectan o no a la adherencia dichas causas®. En la Gltima década
se han publicado algunas revisiones sistematicas que engloban factores que afectan a la adherencia a
los ADO!%13222) Sin embargo, alin no queda totalmente claro de qué manera afectan o no a la falta de
adherencia. Por tanto, el objetivo de esta revision sistematica fue identificar y recopilar los factores que
pueden influir en la falta de adherencia a ADO en los pacientes con DM2.

Métodos

Fuentes de informacion

Se realizé una blsqueda en las bases de datos Medline (Pubmed), Scopus, CINAHL y PsyINFO. En la
Tabla 1 se muestran las estrategias de busqueda que se utilizaron en cada base de datos. La ultima
actualizacion de la blsqueda se realizé el 29 de enero de 2022. Para el proceso de revision se adoptaron
las recomendaciones dadas por Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)® | La revision fue registrada en la base de datos PROSPERO.

Seleccién de estudios y extraccion de datos

Los criterios de inclusion fueron: 1) ser publicados en inglés, espafiol, portugués, francés, italiano o ale-
man; 2) incluir pacientes con diagndstico de DM2 y tratamiento ADO; 3) estudiar la falta de adherencia
al tratamiento con ADO; 4) estudiar factores determinantes de falta de adherencia al tratamiento ADO;
y 5) utilizar un disefio de casos-control, cohorte o ensayo clinico aleatorizado.

El proceso de revision y extraccion de datos fue llevado a cabo por dos revisores de forma independien-
te (EP,E y RB,H). En caso de desacuerdo, un tercer revisor (GC,JP) medié para llegar a un consenso. El
grado de acuerdo entre los autores se midié mediante el estadistico Kappa.

Se eliminaron los articulos duplicados y se realizé la seleccion por titulo y abstract. En caso de duda,
se procedid a la lectura del texto completo para la inclusion o eliminacidén. Ademas, se revisd la biblio-
grafia de los articulos incluidos con el fin de localizar otros que pudieran formar parte de ésta revision.

Para la extraccion de datos se cred un formulario que contenia: titulo, afio de publicacién, pais del
estudio, disefio, objetivo, criterios de inclusion, duracion del estudio, tamafio de muestra, edad me-
dia, sexo, analisis estadistico, método de medida de adherencia, porcentaje de adherencia, resultados
del andlisis, factores que afectan a la falta de adherencia, sesgos y limitaciones del estudio segln los
autores.

Ars Pharm. 2024;65(1):56-72 59



Esquivel-Prados E, et al.

Tabla 1. Estrategias de bisqueda en las bases de datos

BASE DE DATOS

ESTRATEGIA

Medline

147

Search ((((“Diabetes Mellitus, Type 2”[Mesh]) AND “Medication Adherence”[-
Mesh]) AND ((((“Risk Factors”[Mesh]) OR “Epidemiologic Factors”[Mesh]) OR
“Protective Factors”[Mesh]))) AND ( ( Journal Article[ptyp] NOT Review[ptyp]
) AND ( English[lang] OR French[lang] OR German([lang] OR Italian[lang] OR
Portuguese[lang] OR Spanish([lang] ) )) Filters: Journal Article; English; French;
German; Italian; Portuguese; Spanish

Scopus

175

(( TITLE-ABS-KEY ( “Adherence,Medication” ) OR TITLE-ABS-KEY ( “Medica-
tion Nonadherence” ) OR TITLE-ABS-KEY ( “Nonadherence,Medication” ) OR
TITLE-ABS-KEY ( “Medication Noncompliance” ) OR TITLE-ABS-KEY ( “Noncom-
pliance,Medication” ) OR TITLE-ABS-KEY ( “Medication Non-Adherence” ) OR
TITLE-ABS-KEY ( “Medication Non Adherence” ) OR TITLE-ABS-KEY ( “Non-Ad-
herence,Medication” ) OR TITLE-ABS-KEY ( “Medication Persistence” ) OR
TITLE-ABS-KEY ( “Persistence,Medication” ) OR TITLE-ABS-KEY ( “Medication
Compliance” ) OR TITLE-ABS-KEY ( “Compliance,Medication” ) OR TITLE-ABS-
KEY ( “Medication Non-Compliance” ) OR TITLE-ABS-KEY ( “Medication Non
Compliance”) OR TITLE-ABS-KEY ( “Non-Compliance,Medication”) ) ) AND ( (
TITLE-ABS-KEY ( “Diabetes Mellitus, Type 2”)) OR ( TITLE-ABS-KEY ( “Diabetes
Mellitus, Type II”) ) OR ( TITLE-ABS-KEY ( “Diabetes Mellitus Type 2”)) OR (
TITLE-ABS-KEY ( “Type 2 Diabetes Mellitus” ) ) OR ( TITLE-ABS-KEY ( “Diabetes,
Type2”)))AND ( ( TITLE-ABS-KEY ( “protective factor”) ) OR ( TITLE-ABS-KEY (
“RISK factor”) ) OR ( TITLE-ABS-KEY ( “epidemiologic factor”))) AND ( LIMIT-TO
(DOCTYPE, “ar”) ) AND ( LIMIT-TO ( LANGUAGE , “English”) OR LIMIT-TO (
LANGUAGE , “Spanish” ) OR LIMIT-TO ( LANGUAGE , “French” ) OR LIMIT-TO (
LANGUAGE , “Italian” ) OR LIMIT-TO ( LANGUAGE , “Portuguese” ) )

CINAHL

166

http://search.ebscohost.com/login.aspx?direct=true&db=ccm&bquery=((ris-
k+factors)+OR+(Epidemiologic+Factors)+OR+(Protective+Factors))+AND+(dia-
betes+mellitus+type+2+OR+diabetes+2+OR+diabetes+type+2)+AND+(medica-
tion+compliance+OR+medication+adherence)&lang=es&type=1&searchMo-
de=Standard&site=ehost-live&scope=site

PsyINFO

MAINSUBJECT.EXACT (“Type 2 Diabetes”) AND MAINSUBJECT.EXACT(“Treat-
ment Compliance”) AND (MAINSUBJECT.EXACT(“Risk Factors”) OR “EPIDEMIO-
LOGIC FACTORS” OR MAINSUBJECT.EXACT (“Protective Factors”))
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Resultados

De los 460 articulos potenciales localizados 11 fueron incluidos en la revisidn: dos fueron estudios ca-
so-controly nueve estudios de cohortes, siendo siete de ellos retrospectivos. El coeficiente de acuerdo
en la seleccién de los articulos por parte de los autores fue de Kappa= 94,5 % (p<0,005) (Figura 1).
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Figura 1. Flujo de informacidn a través de las distintas fases de una revision sistematica.

De los 11 articulos, cuatro se llevaron a cabo en Europa®®#252% cuatro en EEUU?"2¢%) y tres en Ca-
nada®:12), El porcentaje de falta de adherencia a los ADO oscilé entre 20,3 % Flory, et al.?® y el 48 %
encontrado en los estudios de Kreyenbuh, et al.?” y Lunghi, et al.®**Y. Los métodos de medida de la
falta de adherencia empleados fueron variados: “Proportion of Days Covered” o proporcion de dias cu-
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biertos (PDC)!*62303L33) “Medication Posesion Ratio” o tasa de posesion de la medicacion (MPR)?232 y
Prescription Records o registros de prescripcion electronica?+??® (Tabla 2).

Tabla 2. Caracteristicas de la poblacién de los estudios incluidos.

Autor,Afo Pais Disefio N Edad; Sexo Afos Medida NO-
estudio (DE) (%) estudio ADH ADH
(%)
Kostev, et Alemania cc 12898 63,7(11,8) 42,8’ 3 PE 32,52
al.?*,2018
Kreyenbuh, EEUU cc 22540 55,7(10,7)" 95’ 1 MPR 48
etal.?,2010
McGovern, | Reino Unido CR 60327 66,1(13,8) 58,7 6° PE 68,52
etal.*,2018
Flory, et EEUU CR 1259 60,87(13,0) ' 30 6 PE 20,3?
al.?®2018
Lunghi, et Canada CR 3106 64(14,3) 42,5 6 PDC 48
al.1,2017
Lunghi, et Canada CR 73739 66,01(12,5) 50,9 7 PDC 48
al.*,2017
Tunceli, et EEUU CR 133449 60,7(12,6) 51 5 PDC 41
al.®®2015
Tunceli, et | Reino Unido CR 6276 65(51,5) 57 1 PDC 40
al.%,2015
Kivimaki, et | Finlandia CR 412 62 43.4 7 PDC 7,54
al.?®,2013
Axon, et EEUU CcpP 740197 61,66(11,3)" 96’ 4 MPR 33,3
al.”,2016
Simard, et Canada cpP 160231 67(10) 49 10 MPR 33
al.2,2016

CC: estudio casos-control; CR: estudio de cohortes retrospectivo; CP: estudio de cohortes prospectivo; MPR= Medi-
cation Possession Ratio; PDC= Proporcidn de Dias Cubiertos; PE=prescripciones electrdnicas; 1:datos referentes a
la poblacion expuesta o seleccionados como casos; 2: midieron persistencia; 3: media de los afios de permanencia
en el estudio; 4: tasa de prevalencia.

Factores asociados a una mayor falta de adherencia

Entre los factores relacionados con los ADO, la dosis o el grupo de medicamento mostraron asociacion
con la falta de adherencia. Pacientes que tenian pautada mayor dosis de ADO tuvieron mayor riesgo de
falta de adherencia. Asi una dosis de metformina >1500mg/dia presento el doble de riesgo de falta de
adherencia que una dosis < 500 mg/dia (OR= 2,24; IC95 %: 1,02-4,73)®., En cuanto al grupo farmaco-
l6gico de ADO, tener prescrito inhibidores de la alfa-glucosidasa en lugar de biguanidas supuso casi el
triple de riesgo de tener falta de adherencia (OR=2,90; 1C95 %: 2,42-3,47)? (OR=2,45; 1C95 %:1,98-3,02)
@9 En los grupos de meglitidinas, sulfonilureas y de inhibidores de la dipeptidil peptidasa 4 (DPP-4),
también aumentd el riesgo. Sin embargo, en el grupo de las tiazolidindionas se mostraron resultados
contradictorios®3?. El perfil de adherencia del paciente también mostro una fuerte asociacién. Aque-
llos pacientes con un perfil de falta de adherencia al inicio del estudio tuvieron mayor riesgo de no ser
adherentes al final del mismo (OR=7,86; 1C95 %: 6,63-9,33)".

Respecto a las enfermedades concomitantes de los pacientes, aquellos que tenian una o mas comor-
bilidades presentaron mayor riesgo de falta de adherencia?"?). La depresi6n fue una de las comorbili-
dades mas estudiadas y se asocid a mayor falta de adherencia®@272-31,
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Dentro de los factores sociodemograficos, las razas diferentes a la blanca estuvieron relacionadas con
mayor falta de adherencia®?"%°), Sin embargo, en el estudio de Flory, et al.?® |a raza negra y la raza
asiatica mostraron menor riesgo de falta de adherencia que la raza blanca (OR=0,53; 1C95 %: 0,32 -0,86)
y (OR=0,41; 1C95 %: 0,17- 0,9) respectivamente. El estado civil del paciente también fue factor de riesgo
de mayor falta de adherencia®; cualquier estado civil distinto de “estar casado” supuso un mayor ries-
go de no ser adherente. En cuanto al copago, varios autores coincidieron en que a mayor aportacion
econdémica por parte del paciente mayor era el riesgo de falta de adherencia®"*>3, Por Gltimo, el uso de
sustancias de abuso como el alcohol también mostré ser un factor de riesgo?*?" . Tabla 3.

Factores asociados a una menor falta de adherencia

La edad fue uno de los factores mas estudiados. En cinco de los estudios incluidos la asociacidn fue
estadisticamente significativa y todos coincidieron en que el riesgo de falta de adherencia disminuia
cuando la edad aumentaba. Asi mismo, vivir en medio rural®??, tener un nivel socioeconémico bajo®?
y ser del género masculino®2>33 también fueron factores predictores de menor falta de adherencia.

Por otro lado, cuantos mas medicamentos prescritos tenia un paciente menor fue su falta de adheren-
ciat2731-%3), El diagndstico de esquizofrenia fue un factor protector de la falta de adherencia (OR=0,75
;1C95 %: 0,70-0,80)". Asimismo sucedi6 con otros desérdenes mentales (OR=0,62; IC95 %:0,57-0.67)

(32)

Respecto a las complicaciones relacionadas con la DM2 (neuropatia, nefropatia y retinopatia) hubo
controversia. En dos de los estudios analizados la presencia de estas complicaciones fue un factor pro-
tector de la falta de adherencia (OR=0,52; 1C95 %: 0,33- 0,79)%® y (OR= 0,83; 1C95 %: 0,72-0,95)¢". Sin
embargo, en otros estudios la presencia de neuropatia se mostro relacionada con mayor falta de adhe-
rencia (OR= 1,08; 1C95 %:1,04-1,12)? y (OR= 1,05; 1C95 %: 1,01-1,08)¢2.

Mantener la HbA1C en los valores recomendados fue un factor que disminuyd la falta de adherencia,
como mostré el estudio de Flory, et al.?® en pacientes con valores de A1C < 6,5 (OR=0,73; 1C95 %: 0,59
-0,88).

Por Gltimo, cuanto mayor fue el nimero de consultas del paciente con DM2 al profesional sanitario
mejor fue la adherencia®*+3? y el envio de prescripciones por correo electronico también mostré una
disminucion del riesgo de falta de adherencia (OR= 0,89; 1C95 %: 0,83-0,95)?" Tabla 3.

Tabla 3. Riesgo de tener falta de adherencia

FACTORES ASOCIADOS FAL- COHORTES RETROSPECTIVOS
TA ADHERENCIA
Flory, etal.® Lunghi, et al.3%3 Kivimaki, et al.»
Edad® 50-65:1,02 (0,66 1,57) 265 | 45-54:0,57 (0,40-0,81 1,66 (0,84 - 3,29)
:1,06 (0,65 1,72) ) 55-64: 0,40 (0,28-0,56)

65-74: 0,35 (0,24-0,50 )
75-84: 0,41 (0,24-0,50 )
>85: 0,31 (0,18-0,53 )

Sexo® - 0,89 (0,77-1,02) -
Raza’ 0,53(0,32 -0,86) 0,41(0,17- - -
0,9)
0,78 (0,531,16)
Situacion laboral - - 2,4(1,37-4,2) 1,11
(0,62-1,98)
Vivir medio ruralé - no publicados -
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Nivel socioecomomico”

0,62(0,50- 0,78)

Comorbilidades

3,15(0,92-10,8)

Esquizofrenia/ desorden

0,63 (0,46-0,87)

mental
Depresion* 0,7 (0,44 1,11) <90 % 1,24 (1,13-137) 2,22 (1,03-4,78)
<85 % 1,16(1,25-1,18)
<80 % 1,17 (1,05-1,30)
Dosis ADO 2,24 (1,02-4,73) - -

1,66 (1,13 -2,44)

>n° medicamentos prescritos

0,64 (0,49-0,84)

Cambio de terapia inicial

0,61 (0,51-0,73)

Complicaciones de dm2

0,52 (0,33-0,79)

(
1,76 (1,03-3,07)
0,83 (0,72-0,95)

HbHbA1C <6,5

0,73 (0,59 - 0,88)

Adherente al inicio

7,86 (6,63-9,33)

Obesidad

0,58 (0,41-0,83)

n° consultas®

1,03 (1,01-1,03)

Cohortes retrospectivos

Tunceli, et al.* USA

Tunceli, et al.**UK

McGovern, et al. % ?

Edad® <450,33 (0,31-0,33) 45-65 | <45 0,54 (0,44-0,67) 45- | 30-50 1,00 [ref] <30 HZ
0,60 (0,58-0,61) 65 0,81 (0,72-0,90) 1,66 (1,46-1,87) 51-60
0,83 (0,80-0,86) 61-75
0,76 (0,73-0,78) >75 0,75
(0,71-0,78)
Sexo® 1,14 (1,11,1,17) 0,98 (0,88-1,09) 0,93 (0,91-0,95)
Raza® - - 1,53 (1,47-1,59) 1,83
(1,73-1,93)
1,29 (1,15-1,45)
1,58 (1,41-1,77)
Copagos' 0,72 (0,69-0,75) - -
Esquizofrenia/ desorden - - 1,07 (1,01-1,14)
mental
Sustancias abuso - - 1,09 (1,02-1,16)
Depresion* - - 1,08 (1,05-1,12)
Complejidad regimen - - 1,08 (1,04-1,12)
0,93 (0,90-0,97)
Dosis ADO 0,82 (0,80-0,84) 1,02 (0,89-1,17) -
Ado prescrito™ - - 1,20 (1,16-1,24) 1,71
(1,64-1,77)
1,43 (1,38-1,49) 1,04
(0,93-1,17)

2,25 (1,97-2,58)
2,45 (1,98-3,02)

>n° medicamentos prescritos

0,42 (0,41-0,44)
0,67 (0,65-0,70) 0,87(0,84-
0,89)

0,70 (0,57-0,87)
0,86 (0,76-0,97)
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Terapia inicial 0,83 (0,81-0,85) 1,07 (0,94-1,22) -
Complicaciones de dm2 - - 1,08 (1,04-1,12)
HbHbA1C <6,5 42<x<50 1,00 [ref]
- - X<42:1,13 (1,04-1,22)
50= x<60: 0,95 (0,92-
1,00)
60=< x<70: 0,99 (0,95-1,03)
70<x<1001,10
(1,06-1,15)
2100 1,16 (1,10-1,23)
Cohortes retrospectivos
Axon, et al.® Simard, et al.®
Edad® 18-49 1,00 45-64:1,00
50-64: 0,78 (0,78-0,79) 65-74:0,88 (0,85-0,90)
65-74: 0,91 (0,90- 0,92) 75-85: 0,90(0,87-0,94)
75+:1,09 (1,08-1,10)
Sexo*® 1,04 (1,02- 1,06) 1,02 (1,00-1,03)
Raza® 1,58 (1,57- 1,59 -
1,34 (1,32-1,35
1,37(1,36-1,38
Estado civil® -

1,15(1,13-1,16
1,16 (1,15-1,17

( )
( )
( )
1,15 (1,14- 1,16)
( )
( )
1,50 (1,38- 1,63)

Vivir en medio Rural

0,91(0,90, 0,92)

0,89(0,86-0,91)

Copagos

<195:1,58 (1,48-1,68)
>195-612: 1,80 (1,70-1,92)
612-992:1,87 (1,77-1,97)

Comorbilidades

0,86 (0,85, 0,87)
0,91 (0,90, 0,92)
1,09 (1,08-1,10)

1,06 (0,90-1,24)
1,05(1,01-1,08)
1,09 (1,03-1,14)
1,21 (1,05-1,39)

Esquizofrenia/ desorden mental®

0,62 (0,57-0,67)

Depresion

1,12 (1,11-1,13)

ADO prescrito
Sulfonylureas
Hiazolidinediones
Meglitinides
Alpha-glucosidase inhibitors

1,29 (1,25-1,34
0,65 (0,51-0,82
1,25 (1,04-1,51
2,90 (2,42-3,47

n°® medicamentos prescritos

0,80 (0,78-0,82)

n° consultas®

1,10(1,07-1,13)
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Casos-control
Kostev K, Jacob L, ? Kreyenbuh, et al,?’
Edad® <60: 1,06 (0,92-1,23) 1,00 (0,99-1,00)
61-70: 1,05 (0,96-1,14)
71-80: 1,00 (0,93-1,09)
>80:1,03 (0,97-1,09)
Sexo® 1,00 (0,95-1,07) 0,87 (0,74-1,02)
Raza® - 1,37 (1,27-1,48)
Estado civil® - 0,99 (0,93-1,06)
Copagos! - 0,87 (0,81-0,93)
Comorbilidades - 1,09 (1,03-1,16)
Esquizofrenia/ desorden mental® - 0,75 ( 0,70-0,80)
Sustancias abuso - 1,45 (1,28-1,64)
Depresién* 1,06 (0,99-1,07) 1,25(1,12-1,38)
Complejidad regimen 0,98 (0,97-0,99)
>n° medicamentos prescritos - 0,12 (0,10-0,14)
Prescripcion via mail - 0,89 (0,83-0,95)
n° consultas® - 0,996 (0,995-0,997)

2 Hazard Ratio 1C95 %; "OR Mayor Edad/menor edad; “OR Masculino/femenino; “OR Otras Razas /raza blanca; *OR
Otras situaciones/ Casado ;' OR Estar Jubilado/No jubilado, valor por separado grupo de hombres (2,4) y mujeres
(1,11);#0R Vivir medio rural/medio urbano; "OR Nivel socioecomico bajo/alto ; 'OR Tener copago /sin copago en
délares;’ OR tener comorbilidades/no tener; ¥ OR tener esquizofrenia -desorden mental/no tener; - OR Tener depre-
sién/no tener; MOR respecto a biguanidas ; °OR Mayor nimero de visitas al médico/ no visitas ; 'OR Tener complica-
ciones DM2/no tener (1,05 neuropatia, 1,09 Gota, Infeccidn viral 1,21),

° o #

Discusion

El objetivo de este trabajo fue identificar y recopilar los factores que influyen en la falta de adherencia
alos ADO en pacientes con DM2. Ademas se han podido revisar las cifras de adherencia al tratamiento
con ADOy los porcentajes de adherencia que se han obtenido van desde el 31 % al 80 %. Se encontra-
ron diferencias en los métodos de medida (PCD o MPR en registros de recetas, métodos de recuento
electrénico o cuestionarios), en los puntos de corte y en los tamafios de muestra. Esto hizo dificil es-
tablecer cual podria ser el punto de corte para determinar cuando un paciente es adherente o no. A
pesar de ello los resultados obtenidos van en la misma direccién que los anteriormente publicados en
la revision de Krass, et al (38,5 - 93,1 %),

Se ha podido comprobar que hay factores asociados a la disminucién de la falta de adherencia (mayor
adherencia del paciente) y factores asociados al aumento de la falta de adherencia (menor adherencia
del paciente). En ambos casos se puede hablar de factores modificables y no modificables, siendo los
primeros los de mayor interés desde la practica clinica.

Factores asociados a una mayor falta de adherencia

Copago. Este trabajo mostré que una menor aportacién econémica por parte del paciente en la reti-
rada de medicamentos fue un factor que favorecia la adherencia al tratamiento®’*2%), En esta misma
direccién van algunas revisiones publicadas como es la de Polonsky, et al.??, la realizada por Gourzou-
lidis, et al.®* o la realizada por Capoccia, et al."?, en la que se concluyé que pacientes con un copago
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alto tenfan menores tasas de adherencia y que pacientes adheridos al “Medical Part D” (programa de
seguro sanitario abonado por el gobierno) mejoraban su adherencia cuando mejoraban sus coberturas
asistenciales. De la misma manera la asociacion entre el copago y la falta de adherencia a la medica-
cién quedd establecida en el meta analisis realizado por Sinnott, et al.* Por tanto, se podria conside-
rar que la aportacién econdmica por parte del paciente con DM2, es un factor negativo que influye en la
adherencia a su tratamiento ADO. Esto deberia ser tenido en cuenta por las administraciones sanitarias
puesto que podria aumentar el gasto sanitario, como ya se comenté en la introduccion.

Depresion. Generalmente se ha considerado como un factor de riesgo asociado a la falta de adherencia
en pacientes con DM211%%), En esta revisidn hay estudios que aparecen con ideas contradictorias. Los
estudios realizados por Lunghi, et al.®” ( n=3106 en Canada), Kreyenbuh, et al.?” (n=73739 en EEUU) y
McGovern, et al.?® (n=60327 en UK) concluyeron que la depresidn era un factor de riesgo de la falta de
adherencia. Por el contrario, el estudio de Kivimaki, et al,?® (n= 3880 en Finlandia) concluyé que los
pacientes que no tenian diagnosticada depresién tenian mayor falta de adherencia. Por tanto, si se
tienen en cuenta los tamafios de muestra de los estudios y el nimero de paises donde se han llevado
a cabo, el diagndstico de depresién en el paciente con DM2 parece ser un factor de riesgo de falta de
adherencia.

Numero de comorbilidades. En el estudio de Axon, et al.?? si las enfermedades concomitantes eran =3
existia mayor falta de adherencia (OR =1,09; 1C95 %:1,08-1,10). En el estudio de Kreyenbuh, et al.*" el
resultado fue similar (OR=1,09; IC95 %: 1,03-1,16). Sin embargo, en el estudio de Simard, et al.®? sélo
destacd tener infeccidn viral crénica como factor de riesgo de falta de adherencia (OR=1,21; 1C95: 1,05-
1,39). Estos resultados, aunque son estadisticamente significativos, muestran que no es un factor de
riesgo muy importante desde el punto de vista clinico. Quizas por esto, otros autores no han podido
encontrar una relacidn entre el nimero de comorbilidades y la falta de adherencia*.

Complejidad del régimen. En el estudio de McGovern, et al.?® se observd que aquellos pacientes con
regimenes terapéuticos mas complejos tuvieron mayor falta de adherencia a los ADO (HR=1,08; 1C95 %:
1,04-1,12).Sin embargo, los datos del estudio de Kreyenbuh, et al.?” mostraron lo contrario (OR=0,98;
IC95 %: 0,97-0,99). Atendiendo a estos resultados, se podria decir que en esta revision la complejidad
del régimen parece tener poca importancia como factor de riesgo de falta de adherencia del paciente.
Sin embargo, si se tiene en cuenta la dosis de ADO y el nimero de tomas diaria, esta interpretacion
puede variar. Asi en el estudio de Tunceli, et al.®¥ los pacientes que tomaban una vez al dia su ADO
tuvieron mayor adherencia respecto aquellos que la tomaban dos veces al dia. Y, por otro lado, en el
estudio de Flory, et al.?® se determind que la falta de adherencia aumentaba cuanto mayor era la dosis
de metformina. De manera que al simplificar el régimen mediante el uso de medicamentos con varios
principios activos y menor dosis diaria, estos pacientes tendrian mayor probabilidad de adherencia a
sus tratamientos. En la revision de Claxon, et al.®” hace mas de veinte afios, ya se comprobé que si se
simplificaba el régimen de tratamiento disminuia la falta de adherencia. Mas recientemente, la revision
de Lavernia, et al.*® concluyé que el uso de formas combinadas de ADO aumentaba la adherencia en
los pacientes con DM2, ayudandoles a conseguir las cifras de HbA1C deseables y retrasando o evitando
las complicaciones asociadas a la DM2. De manera que, teniendo en cuenta los resultados obtenidos
en esta revision y yendo en la misma linea que otras revisiones consultadas®*?? si que se podria deter-
minar que la complejidad del régimen es un factor de riesgo de la falta de adherencia.

Clase de ADO. En esta revision se pudo observar que la probabilidad de tener falta de adherencia era
mayor cuando la prescripcion era distinta de metformina®-2. Sin embargo, en la revision sistematica
de McGovern, et al.®” la adherencia al tratamiento con sulfonilureas, tiazolidinedionas o inhibidores
DDP4 era mayor que con metfomina. Este resultado se midié mediante PDC o MPR y no se pudo de-
terminar que un grupo tuviese mas riesgo que otro mediante alguna medida de asociacién (OR, RR
o HR). Por tanto, podriamos concluir que tomar metformina parece estar relacionado con una mejor
adherencia del paciente al tratamiento.

HbAIC. En esta revision se ha encontrado asociacién entre pacientes que presentaban HbA1C <7 con
una menor falta de adherencia®?®, Segun la literatura consultada, hay una relacion entre la falta de
adherenciay el control de la DM2®214%, En el trabajo de Diaz-Garcia, et al.*V se observé que los pacien-
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tes que al iniciar el estudio no eran adherentes y tenian HbA1C elevada, al finalizarlo se convirtieron
en pacientes adherentes. Ademas, la reduccion de la HbA1C fue mayor que en aquellos pacientes que
si fueron adherentes desde el principio. En la revision de Garcia-Pérez, et al.'® se comprobd que la
relacion de la adherencia a los ADO y la HbAlc era inversamente proporcional, donde se veia como
aumentaba la adherencia al ir reduciendo los valores de HbA1C. Por tanto, podemos decir que el tener
la HbA1C en valores deseables hace que el paciente sea mas adherente a su terapia antidiabética. Es
importante que el paciente perciba que su tratamiento es eficaz y necesario, para asi mantener una
mayor adherencia que aquellos pacientes que no tienen esa percepcion’?,

Factores asociados a una menor falta de adherencia

De este grupo los factores como la edad, el sexo, el nivel socio-econémico, la zona de residencia y
las complicaciones asociadas a DM2 tienen poca importancia desde el punto de vista clinico por ser
factores no modificables. El resto de factores incluidos en este grupo si son modificables y, por tanto,
susceptibles de intervencion por parte del equipo sanitario: enviar las prescripciones por email, el nd-
mero de prescripcionesy el nimero de visitas a los profesionales sanitarios.

La edad. En esta revision se observé una tendencia a una menor falta de adherencia seglin aumenta la
edad1626293233) Esto va en consonancia con otros trabajos publicados®®*. Es posible que la causa de
esto se deba a la costumbre que tienen las personas de edad avanzada de gestionar sus enfermedades
crénicas.

Sexo. En los estudios de Tunceli k, et al.®¥, Axon, et al.*®)y McGovern, et al.?® se asocid el sexo mas-
culino con una mejor adherencia, No obstante, hay que tomarlos con precaucién porque, aunque los
resultados fueron estadisticamente significativos, las diferencia entre ambos sexos fueron muy peque-
fias. Ademas, en uno de los estudios aparecié un sesgo de seleccion ya que el 96 % de los pacientes
incluidos en el grupo de expuestos fueron hombres®, La revision de Krass, et al.” contradice nuestros
resultados ya que el sexo masculino se asocié en tres de los estudios con una mayor falta de adheren-
cia aunque en otros ocho no se pudo obtener asociacién entre el sexo y la adherencia.

Residencia. Vivir en zonas rurales estuvo asociado a la menor falta de adherencia. Asi en el estudio de
Axon, et al.”? el riesgo de falta de adherencia en zonas rurales respecto al medio urbano fue de (OR
=0,91; 195 %:0,90-0,92) para todas las razas estudiadas a excepcidn de la hispana. En el estudio llevado
a cabo por Simard, et al.®? el riesgo fue muy similar (OR=0,89; IC 95 %: 0,86-0,91). Estos resultados van
en la misma linea que el estudio de cohortes de Egede, et al,*?, donde se concluyé que la adherencia
(medida a través de MPR) era mayor en pacientes que vivian en zonas rurales respecto aquellos que
vivian en zonas urbanas. Esto podria deberse a que el estrés tanto a nivel laboral como personal al que
se suele estar sometido en las areas urbanas, hace que haya olvidos o no se priorice la toma de los
medicamentos.

Correo electrénico. Su uso para el envio de prescripciones médicas también se asocié a una menor falta
de adherencia (OR=0,89; 1C95 %: 0,83-0,95)", La revision de Capoccia et al.** llegd a las mismas con-
clusiones que en este trabajo. Cuando el paciente tiene los niveles de glucosa estables y esta familiari-
zado con su tratamiento, el envio de prescripciones médicas electronicas puede suponer un ahorro de
tiempo para el paciente y un menor gasto de recursos para el sistema sanitario. En Espafia por ejemplo,
el uso de las prescripciones electronicas ha aumentado la adherencia en tratamientos crénicos!*9,

Obesidad. A pesar de estar muy relacionado con la DM2 solo aparece reflejado en el estudio Flory, et
al.®. En él se mostr6 que la obesidad fue un factor protector de falta de adherencia (persistencia) a
los ADO en pacientes con diagndstico de obesidad (OR=0,58; IC95 %:0,41-0,83) Un estudio publicado
por Grandy, et al,*” mostrd que los pacientes que tenian tratamientos que conllevaban la pérdida de
peso eran mas adherentes que los que no tenian éste tipo de tratamientos. Por tanto, esto podria ser
una diana sobre la cudl actuar en pacientes con sobrepeso u obesidad favoreciendo asi su adherencia.

Ndmero de prescripciones médicas. El nGmero de prescripciones parece estar relacionado de forma
directamente proporcional con la adherencia a los ADO. A mayor nimero de medicamentos menor fue
la probabilidad de tener falta de adherencia. Quizas algunas de las razones por las que esto ocurre es
porque estos pacientes pueden contar con mayor informacién sobre el proceso de la toma de medica-
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mentos, por los afios que llevan tomando el tratamiento o por ser conscientes de la importancia que
tiene la adherencia para la mejora de la enfermedad®’*-3.

Ndmero de visitas. En el estudio de Simard, et al.®? se determind que tener mas de seis visitas al médico
durante el afio previo al estudio fue factor de riesgo falta de persistencia. Sin embargo, seglin los datos
aportados por Kreyenbuh et al.?”, tener mayor nimero de visitas al médico disminuy? la falta de adhe-
rencia. En esta misma linea van las revisiones de Jaam, et al.*Y y Polonsky, et al.?? en las que se asoci6
la adherenciay las visitas regulares. Ademas, también se relacioné de manera positiva la confianza del
paciente en su médico, que suele ser mayor cuanto mayor es el contacto médico-paciente. De hecho
hacer participe al paciente en la toma de decisiones de su tratamiento y realizar educacion sanitaria
de manera individualizada hace que la falta de adherencia al tratamiento farmacolégico y al resto de
recomendaciones sea menor“, Por lo tanto, se puede decir que aumentar el nimero de visitas del
paciente al endocrino, al médico de atencién primaria y resto de personal sanitario especializado en
DM2, podria ser un factor crucial para mejorar la adherencia a los ADO"¢),

Esta revision cuenta con algunas limitaciones por lo que sus resultados hay que tomarlos con cautela.
Con el fin de buscar la mejor evidencia posible, los estudios transversales no fueron incluidos en esta
revision porque en ellos no se puede establecer una relacién causal. Por esta razdn, factores como
el conocimiento del paciente sobre su medicacién, sobre su enfermedad, la percepcidn del paciente
sobre la necesidad de controlar la enfermedad y de la importancia del tratamiento, tener miedo a los
efectos secundarios de los medicamentos o el olvido en la toma de los medicamentos no se ha visto re-
flejado en este trabajo. Ademas, se descartaron dos ensayos clinicos controlados aleatorizados (ECAs)
debido a la falta de datos publicados o por no mostrar medidas de asociacién o riesgo"*®. Esto pudo
haber generado sesgos de publicacidn.

Debido a la escasa cantidad de articulos que cumplieron los criterios no se considerd necesario so-
meterlos una valoracion de la calidad. Esto hace que las conclusiones que fueron obtenidas también
deban interpretarse con cautela.

Conclusion

Los principales factores de falta de adherencia al tratamiento con ADO que mostraron una relacion
causal con la falta de adherencia fueron: la aportacién econémica por parte del paciente, dosis diaria
de ADO, tipo de ADO prescrito, mayor complejidad del régimen, nimero de visitas a los profesionales
sanitarios, no tener la HbA1C en cifras deseables, tener diagndstico de depresién, ser mujer, ser de raza
diferente a la blanca, no estar casado y ser joven. Desde el punto de vista clinico, lo mas importante es
tener identificados aquellos factores de riesgo que si puedan ser modificados y sobre los que se pue-
da actuar. De este modo, los profesionales sanitarios pueden dirigir sus esfuerzos a realizar acciones
y programas de seguimiento que disminuyan o eliminen el riesgo de la falta de adherencia debido a
dichos factores. Todo ello con el fin de ayudar a los pacientes con DM2 a mantener la adherencia al
tratamiento farmacoldgico para alcanzar asi unos valores de glucemia deseables, mantener una buena
calidad de viday retrasar o evitar las complicaciones de la DM2.

No obstante, seria interesante para confirmar estos resultados realizar estudios con menor posibilidad
de sesgos que los incluidos en este estudio, como son los ECAs.

. ° é
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Resumen

Introduccién: La familia de las Solanéceas es una de las familias de angiospermas mds importantes desde el punto
de vista econédmico. Con cerca de 100 géneros y 3.000 especies, incluye importantes plantas alimenticias, condi-
mentarias y medicinales. Uno de los tres géneros mas variados y extensos de las solanaceas es Lycianthes. Lycian-
thes sanctaeclarae (Greenm.) D’Arcy, es una especie nativa de Costa Rica, Nicaragua y Panama. que se encuentra en
la selva tropical a una altitud de 0 a 600 metros sobre el nivel del mar.

Objetivo: E| propdsito de esta investigacion es obtener informacion sobre la especie Lychianthes sanctaeclarae
para la determinacién del potencial etnobotanico de dicha especie, mediante una revisién bibliogréafica de bases
de datos.

Método: Se realizd unarevisién bibliograficay un andlisis de las posibles aplicaciones etnoboténicas, las actividades
bioldgicas y la constitucidén quimica de la familia de las solanaceas, concretamente de Lycianthes sanctaeclarae.

Resultados: Las solandceas tienen importancia floristica, etnobotanica, ornamental, ritual, econémica y médica.
Incluyen una gran variedad de fitoquimicos entre los que destacan los alcaloides, con propiedades bioldgicas inte-
resantes, siendo la actividad anticolinérgica la mas investigada.

Conclusiones: Se determind la falta de informacidn que existe sobre la especie Lycianthes sanctaeclarae. Aun asi,
por su relacién con la familia de las solanaceas, es posible considerar que esta especie podria ser una opcién lla-
mativa para el desarrollo de nuevos farmacos; sin embargo, es necesario en un futuro identificar, aislar, purificar y
caracterizar los compuestos bioactivos que posee esta especie mediante la construccion de su perfil fitoquimico.

Palabras clave: Etnobotanica; Lycianthes sanctaeclarae; Plantas medicinales; Solanaceae.

Abstract

Introduction: The Solanaceae family is one of the most important families of angiosperms from an economic point
of view. With nearly 100 genera and 3,000 species, it includes important food, condiment, and medicinal plants.
One of the three most varied and extensive genera of Solanaceae is Lycianthes. Lycianthes sanctaeclarae (Greenm.)
D’Arcy, is a species native to Costa Rica, Nicaragua, and Panama. which is found in the rainforest at an altitude of 0
to 600 meters above sea level.

Objective: The purpose of this research is to obtain information about the species Lychianthes sanctaeclarae for the
determination of the ethnobotanical potential of said species, through a bibliographic database review.

Method: A bibliographic review and an analysis of the possible ethnobotanical applications, biological activities,
and chemical constitution of the Solanaceae family, specifically Lycianthes sanctaeclarae, were conducted.

Results: Solanaceae has floristic, ethnobotanical, ornamental, ritual, economic, and medical importance. They in-
clude a wide variety of phytochemicals, among which alkaloids stand out, with interesting biological properties,
with anticholinergic activity being the most investigated.

Conclusions: The lack of information that exists on the species Lycianthes sanctaeclarae was determined. Even
so, due to its relationship with the Solanaceae family, it is possible to consider that this species could be a striking
option for the development of new drugs; However, it is necessary in the future to identify, isolate, purify, and char-
acterize the bioactive compounds that this species has by constructing its phytochemical profile.

Keywords: Ethnobotany; Lycianthes sanctaeclarae; Medicinal plants; Solanaceae.
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Highlights

The Solanaceae family is one of the most economically important families of angiosperms. One of the
three most varied and largest genera of the Solanaceae is Lycianthes, also commonly known as “Ajicil-
lo,” “Barba de Tigre,” “Childa,” “Huevo de Sapo,” and “Nicua”. Lycianthes sanctaeclarae (Grenm.) D" Ar-
cy, is a native species of Costa Rica, Nicaragua and Panama, found in the rainforest, which could have
ethnobotany potential.

The main contribution of this review has been to determine the lack of information and research that
exists on the species Lycianthes sanctaeclarae.

Therefore, this review could be the basis for future research, guided by phytochemical tests, to identify
different bioactive compounds this species possesses. So, it can be a striking option for the develop-
ment of new drugs.

Introduction

The Solanaceae family, known informally as the “bewitching herbs,” is one of the most economically
important families of angiosperms, after Poaceae and Fabaceae. The Solanaceae family is also one of
the largest in the plant kingdom, with nearly 100 genera and 3,000 species, and includes important
food, spice, and medicinal plants. Approximately 50% of the species can be included in the genus So-
lanum, which is considered very diverse morphologically, including species such as potato (S. tubero-
sum), tomato (Solanum lycopersicum), eggplant (S. melongena), pepper (Capsicum annuum), among
others. In addition, other plants such as tobacco (Nicotiana sp.), Withania somnifera, Petunia sp., Datu-
ra inoxia, Atropa belladonna, and Lycianthes sp. have well-known medicinal properties®>4,

It is usually distributed in tropical and temperate districts; it is concentrated in regions such as Latin
America, Mexico, Europe, and Australia. In Europe, for example, they have been characterized by their
anticholinergic properties; that is, they block cholinergic action in the central and peripheral nervous
system by binding the alkaloids to muscarinic receptors. Among the best-known alkaloids are scopol-
amine, hyoscyamine, and atropine, and they play a significant role in health by influencing the cardio-
vascular, nervous, and respiratory systems and have been used over centuries as intoxicants, poisons,
medicines, rituals, and cultural inspirations, among others?.

In regions like Mexico, the Solanaceae family ranks fourteen among the most diverse angiosperms in
the country; it is estimated that approximately 34 genera and 407 of the total species grow. One of the
three most varied and largest genera of the Solanaceae is Lycianthes, after Solanum and L. and Cestrum
L. Its greatest diversity is centered in America; for example, 39 species grow in Mexico. The genus Lyci-
anthes, also commonly known as “Ajicillo,” “Barba de Tigre,” “Childa,” “Huevo de Sapo,” and “Nicua.”
Was (separated from Solanum by Hassler in 1917), then in 1919 Bitter made the first monograph of the
genus, and about 150 species were included, to date about 200 species distributed in tropical regions
of Asia and America have been recorded®%"9,

This genus is of Neotropical affinity, distinguished by its 0-10 toothed calyx (five calyx lobes are trun-
cated into a sleeve-shaped rim and protrude below the calyx rim) and its anthers with apical poricidal
dehiscence. In addition, it has calculus cells in the fruits, axillary inflorescences. Some authors affirm
that there is a morphological affinity between Lycianthes and Capsicum due to the calyx. Of Lycianthes,
187 taxa have been identified, including 152 species, ten subspecies, and 25 varieties native to Asia-Pa-
cific and America 91013,

Lycianthes life forms include vines, trees, shrubs, lianas, and herbs. Most of the species are vines or
shrubs, and a minor part is herbs; some examples are L. acapulcensis, L. hintonii, L. moziniana, L. pe-
duncularis, L. ciliolata, L. rzedowskii, L. starbuckii and L. dejecta, which are true herbs, which annually
arise and die back to tuberous roots. Other species have green primary stems when young but become
shrubs or trees with time, eg Lycianthes heteroclita, L. geminiflora, and L. ceratocalycia. Others, like
L. stephanocalyx, depending on the climate, can remain grassy or become woody. Other species are
considered short shrubs, for example, Lycianthes amatitlanensis, L. glabripetala, and L. inconspicua ™.
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Some species are often confused, for example, L. heteroclita, L. nitida and L. sanctaeclarae are often
confused with L. synanthera. But they can be delimited, Lycianthes sanctaeclarae is the only one that
presents sinuous anticline walls on the adaxial surface, while the others have curved walls. In addition,
L. nitida and L. sanctaeclarae have flat-convex petioles, while L. synanthera has a winged petiole. On
the other hand, L. heteroclita has a biconvex petiole with projections towards the adaxial surface. And
the only one that has two central vascular bundles in the petiole is L. heteroclite!*?.

Lycianthes sanctaeclarae, a native species of Costa Rica, Nicaragua y Panamad, is found in the rainforest
at an elevation of 0 to 600 meters above sea level. This shrub has alternate, simple leaves with pubes-
cence; it has asymmetric petioles at the base of the leaf, a light green underside with pubescence, and
a soft green upper surface with little pubescence. In addition, it has flowers that are pollinated by bees
at the base of the purple petioles, with lanceolate-shaped petals with a white margin, light green calyx,
and white stamens. It can be seen in Image 14319,

In relation to taxonomy, it can be said that this species belongs to:
Kingdom: Plantae
Phylum: Tracheophyta
Class: Magnoliopsida
Order: Solanales
Family: Solanaceae
Genus: Lycianthes (Dunal) Hassl.
Species: Lycianthes sanctaeclarae (Greenm.) D’Arcy
In addition, this species is native to Costa Rica, Nicaragua and Panama. And a record of its presence

has been found in other American countries, such as Brazil, Argentina, Paraguay, and Uruguay. In the
following image you can see its distribution map".

Image 1. Distribution map of L. sanctaeclarae.®®

In the following photograph taken on November 22, 2022, you can clearly see the green leaves, yellow
fruits and purple flowers of the species L. sanctaeclarae. It was found in San Carlos, in the province of
Alajuela, Costa Rica. At an altitude of 343.4 meters above sea level.
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Image 2. Lycianthes sanctaeclarae located in San Carlos, Alajuela Province. Original photo, taked November 22,
2022.

Methods

Abibliographical review and an analysis of the potential ethnobotanical applications, biological activ-
ities, and chemical constitution of the Solanaceae family, specifically Lycianthes sanctaeclarae, were
conducted. The main objective was to obtain information on this species. The databases consulted in
the search process were SIBDI, ScienceDirect, SpringerLink, and Google Scholar, and the languages
consulted were English and Spanish using the following terms and keywords: Solanaceae, nightmare,
ethnobotany, Lycianthes sanctaeclarae, biological activities, chemical constitution. The eligibility cri-
teria for the consulted material included original and review articles that described information on the
different characteristics of the Solanaceae family. In the Google Scholar database, using the keywords
“Solanaceae” and “biological activities”, 12 results and only 5 articles were used. Likewise, using the
keywords “lycianthes” and “chemical constitution”, 15 results and only 6 were found. Furthermore,
with the keywords “nightmare” and “ethnobotany”, 7 results were found, and only 3 articles were used.
Also, with the keyword “Lycianthes sanctaeclarae”, 3 results were found, but only 1 article was used.

In the ScienceDirect database, using the keywords “Lychiantes” and “chemical constitution” were
found 10 results and only 5 were used. In the SpringerLink database, using the keywords “Solanaceae”
and “ethnobotanical applications” 7 results were found and only 3 were used. In SIBDI database, using
the keywords “biological activities” and “Lycianthes”, 8 results were found and only 2 articles were
used.
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Results and Discussion

Ethnobotanical applications

Ethnobotany corresponds to the study of the relationship between plants and man; it is usually de-
fined as the scientific study of the knowledge and traditional customs of peoples concerning plants
and their medical, religious, history, and beliefs. Normally all this knowledge is acquired to satisfy the
needs of human beings, such as hunger, cure ailments, heal wounds, using forests as a source of food,
medicines, etc. Solanaceae, also known as ‘Nightshades’, are associated with floristic, ethnobotanical,
ornamental, ritual, and economic importance. Humans widely use its different species as a source of
food, spices, and medicines"®17,

Regarding food, potatoes, tomatoes, peppers and eggplants are part of the mostimportant commercial
crops, along with other species of the Solanaceae genera such as Withania, Capsicum ad Hyoscyamus.

On the other hand, Atropa, and Nicotiana, are some of those that helped in the early stages of the dis-
covery of various drugs that are based on medicinal plants and that are still considered very important
in herbal practice®.

Some assert that this family grows on almost every continent except Antarctica. They are rich in alka-
loids, often used in traditional medicinal systems, and homeopathy. They stand out for their use as
insecticides, anti-infectives, antimicrobials, and poisons. Some secondary metabolites associated with
its ethnobotanical properties are alkaloids, flavonoids, AMP, glycosides, lignans, phenols, lactones, ste-
roids, terpenoids, and sugars. For example, AMPs in plants help protect them from pests so that they
could be used in the future for their anti-infective potential‘®.

Some pharmacological studies have been carried out to validate and verify the applications of tradi-
tional medicines of plants belonging to the Lycianthes genus. Activities such as antiplasmodial, anti-
protozoal, anthelmintic, antianemic, antiallergic, antihistamine, antihypertensive, analgesic, antibac-
terial, anticonvulsant, antiasthmatic, antidiabetic, antiurolithiatic, anticarcinogenic, antileishmanial,
antimelanogenetic, antidepressant, antidiabetic, antifungal, hepatoprotective, antimolluscicidal, an-
tinociceptive, anti-psoriatic, antitrypanosomal, antiviral, cardiovascular, diuretic, anti-inflammatory,
hypolipidemic, mosquito larvicidal, nephrotoxic, spasmolytic, schistosomicidal and vasorelaxant ac-
tivities?,

Lycianthes species have different ethnopharmacological uses, the fruits of L. ciliolata, L. moziniana and
L. peduncularis have been associated with religious ceremonies; for example, they are offered to the
spirits on the day of the dead. In addition, the use of L. moziniana as food, medicine, and offering has
been recorded. On the other hand, known for their traditional applications are the fruits of L. acapul-
censis and L. rzedowskii®.

Other species, such as Lycianthes synanthera, are used in traditional cooking for dishes of ethnic
groups. For example, in Guatemala, the Q’eqchi ethnic group living in Alta Verapaz prepares the tradi-
tional dish “Chomte” with L. synanthera as an ingredient, with tomato, onion, salt and vegetable 0il®?.

Biological activities

Of the 405 families of angiosperms, the Solanaceae corresponds to a diversified family of plants that
includes a great variety of healthy chemical components and a wide range of alkaloids, with anticholin-
ergics being the most investigated. Likewise, nightshades, in addition to having an important medici-
nal value, also have great economic value and have provided important ornamental and food plants to
humanity. Some species of certain genera that belong to the Solanaceae family have anticancer prop-
erties; among these are: Solanum, Capsicum, Atropa, Nicotiana, Datura, and Withania, among others. In
addition, nightshades are a source of a wide range of phytochemicals responsible for some pharmaco-
logical properties such as anti-inflammatory, antiasthmatic, anticancer, antihyperglycemic, antiaging,
antimicrobial, antispasmodic, antitussive, antidiabetic, and hepatoprotective. Another property of the
different species of Solanaceae is their anti-malarial activity, for which abundant steroidal compounds
such as alkaloids, sapogenins, saponins, and steroidal lactones were identified as responsible. In ad-
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dition, other compounds such as phenolics, terpenes, and lipids have also been involved in medicinal
purposes(1,9,22,23,z4,25)

Likewise, these same species of some genera, such as Datura, are also used as an antiepileptic, antipar-
kinsonian, antitussive, antifungal, antirheumatic, anthelmintic, an antidote in cases of cholinesterase
poisoning, and as a medicine against facial neuralgia, earaches, and headaches. In addition, regarding
the antibacterial activity of this genus, some in vitro studies indicate that the extracts of D. innoxia
and D. stramonium may have an action against some Gram+ bacteria, Staphylococcus aureus, Klebsi-
ella pneumoniae, and some strains of Vibrio cholera and V. parahaemolyticus. Anticancer effects of the
Datura metel species against human epidermal carcinoma have also been reported, and the presence
of with anolides in D. metel seeds has been shown to have potential immunosuppressive effects and
antiproliferative activity against human gastric adenocarcinoma. In addition, the cytotoxic activity of
Datura lanose on carcinomas such as breast, colon, and lung has been studied®.

On the other hand, there is the genus Solanum, which is the richest in edible species, including to-
matoes (Solanum lycopersicum), eggplants (Solanum melongena), and potatoes (Solanum tuberosum).
In this species, a glycoalkaloid called solanine has been found, which has demonstrated in vitro an-
titumor activity against stomach carcinoma (SGC-7901, hepatocellular carcinoma (HepG2, the most
sensitive culture) and colon cell culture (LS174) by stimulating apoptosis in a dose-dependent manner.
In addition, the antimetastatic potential of saline by inhibiting MMP-2 has been studied. And MMP-9
was associated with the suppression of migration and invasion of the A2058 human melanoma cell
line. Solanidine derivatives are able to arrest the GO/G1 and G2/M phases of the cell cycle. On the other
hand, synthetic solanidine analogs prepared from pregnenolone acetate have been shown to have an-
tiproliferative activity against cultured HL-60 human leukemia cells. In addition, other species of Sola-
naceae have also shown antitumor activity against various types of cancer, including breast, prostate,
and colon cancer®-29),

Table 1: Summary of biological activities studied for Lycianthes species.

Species Studied biological activities Reference
L. rantonnetii Antioxidant (2)
L. synanthera Antibacterial, antifungal and cytotoxic. Also has antinutritional factors (28,29)

(hemagglutinin activity), trypsin and a-amylase inhibiting activity.

L. lycioides (L.) Hassl. Antinociceptive and antibacterial (17,30)

As previously mentioned, the Solanaceae family groups a great variety of genera that are of medicinal
interest due to their properties; among these, some of the species that comprise the genus Lycianthes
will be studied in detail in table 1. Like L. rantonnetii, which has been shown to have a high content of
antioxidant vitamins and a significant amount of total phenol and flavonoids, it was determined that
the plant has a high free radical scavenging activity. Thanks to this property, its use as an additive in
food products has been evaluated in various sectors with appropriate antioxidant activities?.

The leaves of the species Lycianthes panthera, a vegetable known as home, have a high content of Ca,
Zn, K, Cu, Fe, ascorbic acid, crude protein, carbohydrates, riboflavin, and energy. Therefore, being a
rich source of nutrients, it will have a high potential to reduce nutrient and energy deficiencies. It has
been proposed that pregnant or lactating women could benefit from eating L. synanthera leaves due to
their high Ca, Fe and riboflavin content. However, this nutritional value is reduced due to the presence
of hemagglutinins (lectins) and a-amylase and trypsin inhibitors, which can limit the optimal use of
some of the nutrients by the body. This limitation can be treated and even eliminated by employing
treatments such as traditional 15-min boiling, resulting in a decrease in lectins and a-amylase inhibi-
tory activity®@?.

Likewise, in an investigation where several Solanaceae species were studied, it was found that the
strongest antimicrobial activity of all the examined species was obtained with Solanum deflexiflorum,
followed by L. synanthera and Solanum leucocarpun. This study showed that the Solanaceae plant spe-
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cies tested possess antifungal, antibacterial, and cytotoxic activities against the organisms examined.
Another species of the genus Lycianthes that has been studied is L. lycioides (L.) Hassl, it has antinoci-
ceptive and antibacterial activity due to its alkaloid content®-262°),

Chemical constitution

Solanaceae plants produce abundant secondary metabolites with interesting biological properties, of
which its high alkaloid content stands out. These alkaloids can influence the cardiovascular, nervous,
and respiratory systems; for this reason, they have been invaluable for humans over time. In addi-
tion, they possess other compounds that can benefit human health, such as phenolic compounds,
saponins, lipids, and terpenes. In particular, toxic alkaloids such as glycoalkaloids or tropane alkaloids
are particularly interesting for their antioxidant, antimicrobial, and antirheumatic activities. Likewise,
numerous studies have shown that the Solanaceae family contains alkaloids such as tomatine, solaso-
dine, solanine, desacetoxy-solafilidine, f-solamarin, and 2a-hydroxysoladulcidin, which have antino-
ciceptive and antibacterial properties against gram-negative and gram-positive bacteria!:?222%),

The chemical components of different species of Solanaceae and Lycianthes are detailed in two tables
(Table 2 and 3). It is also important to clarify that phytochemical information on the species Lycianthes
sanctaeclarae is not included because no national or international information on this species was
found.

For this reason, it is considered relevant to carry out the corresponding phytochemical studies of this
species.

Table 2: Summary of some species of Solanaceae and their chemical constituents.

Species Chemical constituents Reference
Acnistus arborescens | Alkaloids (withanolide, with physalis, aconitine), glycosides, organic (21)
(L.) Schltdl acids, tannins, and saponins.
Hyoscyamus albus Saponins, flavonoids, terpenes, alkaloids, tannins, cardiac glyco- (21)

sides, and alkaloids (tropinone, hygrine, tropine, pseudotropine,
3[B-acetoxytropane, 3a-acetoxytropane, cuscohygrine, apoatropine,
littorine, scopolamine, hyoscyamine, and 6R-hydroxyhyoscyamine.
Nicotiana glauca Alkaloids, diterpenes, flavonoids, cardiac glycosides, and metals. (21,27)

Nicotiana tabacum Contains glycosides (tabacinin, tabacin), 2-methylquinone, 2-naph- (21,27)
thylamine, propionic acid, nicothelin, nicotianine, 2, 3, 6-trimeth-
yl-1, 4-naphthoquinone, cembrene, antalin, choline, pyrene, and
anethole
Datura innoxia Essential oils, flavonoids saponins, phenols, (+)-catechin and (21)
(-)-epicatechin, heneicosanoic acid, cardiac glycosides, atropine,
scopolamine, methyl (2)-5, 11, 14, 17-eicosatetraenoate, 11, 14,
17-eicosatrienoic acid.
Datura metel Dmetelins A-D, withafastuosins A-C, and E, withanolides, withame- (21)
telin and baimantuoluoline A-C

Datura stramonium | Alkaloids (atropine, apoatropine, tigloidin, hyoscyamine, aposcopol- (21)

amine, scopolamine N-oxide, 6aditiglioyloxytropane, hyoscyamine

N-oxide, and 7-hydroxyhyoscyamine), saponins, flavonoids, tannins,
steroids, glycosides, phenols, and terpenoids.

Lycium barbarum Flavonoids, minerals, vitamins, alkaloids, polyphenols, polysac- (21,31,32)
charides (LBP), phenolic compounds, and di caffeoyl spermine/
spermidines
Lycium shawii Roem. Alkaloids (piperidine, nortropane, spermine, tropane, imidazole, (21)
and Schult. cyclopentapyrrolidine, pyrrole), flavonoids, ceramides, peptides,

anthraquinones, coumarins, terpenoids (mono, di, and triterpenes),
cinnamic acid amides, lignans, carotenoids, lignanamides, and
neolignanamides
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Table 3: Summary of some Lycianthes species and their chemical constituents

Species Chemical constituents Reference

Lycianthes rantonnetii Contains: Cu, Mg, Zn, Co, P, Fe, Mn, Sr, Cr, Ti, V, Mo, Pb, (2)
Cd, As, Li,Tl, and Be.

Also has significant content of vitamins A, C, and E
retinol, additionally it contains ascorbic acid, tocoph-
erol, flavonoids and phenols, these last two would be
responsible for their compounds were responsible for

the highest rates of antioxidant activity.

Lycianthes synanthera Contains: Fe and Cu and high levels of oxalates. (20,33)

Conclusion

This review has determined the lack of information that exists regarding Costa Rican, Nicaragua and
Panama native species Lycianthes sanctaeclarae. However, due to its relationship with the Solanaceae
family and to the ethnobotanical properties described in this article, it is possible to consider these
findings can be the basis for future research, guided by phytochemical tests, that allow identifying
the different bioactive compounds that these species possess, and thus associate them to potential
biological activities.

These species could be a striking option for the development of new drugs. However, it is necessary in
the future to identify, isolate, purify, and characterize the bioactive compounds these species possess
by constructing their phytochemical profile.
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Resumen

Introduccion: Las flavononas muestran una aplicacién potencial en el tratamiento de trastornos de la piel, cuyo
rendimiento puede mejorarse mediante el uso de nanoportadores lipidicos y poliméricos. En esta revision, se anal-
iza un enfoque reciente con respecto a los nano-portadores que contienen naringina, naringenina, hesperidian o
hesperitina para aplicacion cutanea.

Método: Esta revision aborda las publicaciones de los Ultimos 6 afios sobre nanosistemas que contienen flavo-
nonas citricas para aplicaciones cutaneas. Los articulos se seleccionaron mediante la bisqueda en base de datos
Scopus de nanosistemas que contienen hesperidina, hesperitina, naringina o naringenina para aplicacién cutanea,
articulos de investigacién escritos en inglés y publicados entre 2018 y 2023, y abordando la penetracién de la piel
o evaluacién bioldgica.

Resultados: La mayoria de los articulos emplearon sistemas lipidicos como nano-portadores. La naringenina fue
la flavonona mas utilizada. En relacién con los beneficios para la piel, se destacan la mejora de la cicatrizacién de
heridas, el tratamiento de la dermatitis atépica y las enfermedades relacionadas con el estrés oxidativo. A pesar de
los probables beneficios, el desarrollo de nanomedicinas de origen vegetal es complejo, lo que impone limitaciones
al desarrollo de nuevos productos farmacéuticos. Ademas, se han demostrado el potencial de las flavononas en el
tratamiento del cancer de piel.

Conclusiones: Se emplean portadores lipidicos, poliméricos y nanohibridos para administrar flavanonas. Debido a
sus actividades antioxidantes y antiinflamatorias, las flavanonas tienen aplicaciones potenciales en el tratamiento
de diferentes trastornos de la piel. Por lo tanto, existe una aplicaciéon prometedora de las flavanonas para mejorar la
salud humana, principalmente con su carga en nanoportadores.

Palabras clave: sistemas de liberacion de farmacos; nanoparticulas; flavonoides; Citrus

Abstract

Introduction: Flavonones show potential application in the treatment of skin disorders, whose performance may
be improved by using lipid and polymeric nanocarriers. In this review, a recent approach regarding nanocarriers
containing either naringin, naringenin, hesperidin or hesperitin for skin application are discussed.

Method: This review approaches the publications from the last 6 years about nanosystems containing Citrus fla-
vonones for cutaneous applications. The articles were selected by searching in Scopus database for nanosystem
containing either hesperidin, hesperitin, naringin or naringenin for cutaneous application, research articles written
in English and published between 2018 and 2023, and reporting about skin penetration or biological evaluation.

Results: Majority of reports employed lipid systems as nanocarriers. Naringenin was the most used flavonone. In re-
lation to skin benefits, improved wound healing, atopic dermatitis treatment and stress oxidative-related diseases
are highlighted. Despite the probable benefits, the development of plant-based nanomedicines is complex, which
imposes limitations on the development of new pharmaceutical products. Further, the potential of flavonoids in the
treatment of skin cancer has been shown.

Conclusions: Lipid, polymeric and nanohybrid carriers are employed to deliver flavanones. Due to their antioxidant
and anti-inflammatory activities, flavanones bear potential applications in the treatment of different skin disorders.
Therefore, there is a promising application of flavanones to the improvement of human health, mainly with their
loading into nanocarriers.

Keywords: drug delivery systems; nanoparticles; flavonoids; Citrus
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Highlights
Although flavonones have beneficial effects in both cosmetic and medicinal treatments, they have low

bioavailability and solubility. In that regard, nanotechnological formulations have been proposed to
improve their efficacy.

This report is an overview of the most recent contributions on flavanones into nanosystems since there
are few reports addressing these compounds into drug delivery systems for skin delivery.

This report could be useful in directing further research. Mainly to chronic skin diseases, more effective
treatments are important to improve patients quality of life.

Introduction

Citrus fruits are a rich source of flavonoids, which are found in all parts of the plant body. In plant
metabolism, these compounds provide protection against ultraviolet radiation, defense against patho-
gens. Also, flavonoids play a role as signaling molecules'”. More than a hundred flavonoids have been
identified in citrus fruits, mainly flavonones. Glycosylated flavonones are more abundant than agly-
cone forms. The three most common aglycones are hesperetin, naringenin and eriodictyol. Glycoside
flavonones are classified into rutinoside flavonones and neohesperidoside flavonones. Rutinoside
flavanones include hesperidin (hesperitin rutinoside), narirutin (naringenin rutinoside), and eriocitrin
(eriodictyol rutinoside) while neohesperidoside flavonones include neohesperidin (hesperitin neohes-
peridoside), naringin (narigenin neohesperidoside) and neoeriocitrin (eriodictyol neohesperidoside).
Hesperidin and narutin are found in higher contents in sweet oranges, mandarins, tangors and lemons.
Neohesperidoside flavones are related to bitter taste in some citrus species of which neohesperidin
and neoeriocitrin highlights. Both are mostly found in grapefruit and sour oranges. On the other hand,
hesperidin is the most abundant flavonoid in orange juice and its concentration can vary between 31
and 122 mg L* depending on the cultivar®=.

Plant phytochemicals are increasingly employed in the development of skin care products®, includ-
ing flavonoids, with several health benefits, where antioxidant activity is one of the most important
properties®. In Citrus species, flavonones are a valuable class of flavonoids due to anti-inflammato-
ry and anti-tumor activity. Therefore, these compounds may be applied in the treatment of various
skin disorders®. As nanotechnology improves formulations performance, plant compounds have been
loaded into nanosystems!” to increase their solubility®® and their skin penetration“?. Hence, this re-
view aims to arrange the current knowledge and state of the art of flavanones loaded in nanocarriers
for cutaneous application, with an approach about limitations and challenges to be overcome in the
development of phyto-nanomedicines.

Methods

The selection of articles was performed on a search for original articles covering flavanones in nano-
systems for topical application, in the Scopus database. The articles were selected by searching for
the terms: flavonoids AND nano™ AND skin. A total of 300 articles were retrieved. Then, a second search
was conducted for each flavanone by “searching within results” option of Scopus database, as shown
in Figure 1.
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Flavonoids and nano*
] and skin and
hesperidin

|| Flavonoids and nano*
and skin and hesperitin

Flavonoids and nano*
and skin

| | Flavonoids and nano*
and skin and naringin

Flavonoids and nano*
- and skin and
naringenin

Figure 1. Schematic representation of the search for articles in the Scopus database.

The following inclusion criteria were employed:

1) a nanosystem containing either hesperidin, hesperitin, naringin or naringenin for cutaneous appli-
cation; 2) articles written in english and published between 2018 and 2023; 3) reports approaching skin
penetration or biological evaluation, 4) research articles.

The exclusion criteria included:1) articles prior to 2013; B) review articles, books, conference reviews,
book chapters and conference papers reports; C) reports that do not address the use of flavanones in
nanosystems, D) reports articles approaching solely with physicochemical characterization or optimi-
zation of nanoformulations.

Results

A total of 15 articles were selected after applying the inclusion criteria. Table 1 summarizes the flavo-
nones loaded-nanocarriers for skin delivery, with emphasis to wound healing!**¢. Naringenin%1217-20
and hesperidin®>1°2 were the most encapsulated flavanones. Regard to nanocarrier, lipid carri-
ersl217.19.2224 are the most important ones.

Table 1. Flavonones in nanoformulations for skin delivery.

Flavonones Nanocarrier Application Reference
Naringenin Solid lipid nanoparticles Atopic dermatitis w
Polymeric nanoparticles Sunscreen (18)
Nanofiber Wound healing a
Microemulsion Skin anti-aging (1)
Nanoemulsion Wound healing 12
Nanohybrid hydrogel Skin cancer @0)
Naringin Elastic Liposomes Sunscreen @)
Skin inflammatory diseases @)
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Flavonones Nanocarrier Application Reference
Hesperitin Elastic Liposomes Topical antioxidant @49
Hesperidin Nanocrystal Skin anti-aging @y

Nanofiber Wound healing 3)
Hybrid nanoparticles )
Silver nanoparticles (13)

Dendrimer (6)

Flavonones were applied for cosmetic or therapeutic purposes. In cosmetics, naringenin is the most im-
portant one. In this sense, association of physical sunscreens nanoparticles and naringenin nanopar-
ticles improved photoprotection®® due to the ultraviolet scattering ability of lipid nanoparticles. Sun-
screen use is essential for preventing skin diseases such as skin cancer®). Besides, both hesperidin
and naringenin had anti-aging activity. Hesperidin nanocrystals were able to chelate copper and zinc,
important cofactors of enzymes related to skin aging®". In other report, sericin gel bearing naringenin
microemulsions reduced ultraviolet radiation-induced wrinkles"9.

About therapeutic purpose, flavonones in nanosystems are used for atopic dermatitis*” and for wound
healing:-13151629_|n the treatment of inflammatory skin diseases, naringenin may be employed to
reduce inflammatory markers® ¥, Thereby, solid lipid nanoparticles containing linoleic acid, cyclo-
sporine and naringenin were able to reduce inflammation due to the anti-inflammatory synergistic
of these compounds®”. Likewise, naringenin loaded in liposomes reduced skin edema indicating its
anti-inflammatory activity®. Beyond that, liposomes improved hesperitin ability to scavenge reactive
oxygen radicals. As several skin diseases increase free radicals, an antioxidant approach would be very
useful®,

Besides, both naringenin®'? and hesperidin***® are designed for wound healing, mainly hesperi-
din®*19_ In that regard, nanoemulsions"?, dendrimers"®, silver nanoparticles®® and nanofibers®*)
promoted wound contraction®*19 and reduction of inflammatory cells*>*>%), Further, a greater cell
migration and a greater expression of beta Fibroblastic Growth Factor (bFGF) was detected for hydro-
gels containing silver nanoparticles in which hesperidin was employed as a reducing agent. A greater
cell migration and expression of bFGF are indicative of a better healing and improved re-epithelializa-
tion, respectively®.

Furthermore, a nanohybrid hydrogel bearing metallic nanoparticles, cysteine complexed with chi-
tosan, naringenin, and cellulose, improved anti-cancer ability over skin cancer cell line regarding na-
ringenin. Although naringenin itself had cytotoxic effect, it was lower than nanohybrid®. Then, the
naringenin loaded into nanotechnological formulations may be interesting in the treatment of cancer.

Discussion

Nanocarriers employed for flavanones encapsulation include inorganic and organic ones%. Although
the most employed nanocarriers are organic17181921.2229 sjlyer nanoparticles stand as an inorganic
nanocarrier employed mainly due to their antibacterial activity on wound healing®- Among organ-
ic nanoparticles, elastic liposomes®?%, solid lipid nanoparticles”, nanoemulsions®?, microemul-
sions™, polymeric nanoparticles™®, nanocrystals®?, hybrid systems*?% were employed to load either
hesperidin, hesperitin, naringenin or naringin. Lipid carriers are widely used due to their biocompati-
bility with biological tissues. Among them, elastic liposomes improve drug penetration into skin®. In
that regard, hesperitin loaded in proposomal gels had a higher in vitro release regarding to non-nano-
technological hesperidin gels. Proposomes are liposomes containing polyethylene glycol, as an agent
promoting skin permeation®’. Moreover, ethosomes emulsions bearing ethanol and naringin had an
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improved skin deposition. The increased in vitro release and increased skin retention of nanotechno-
logical formulations is a desired effect that directly correlates to formulation efficacy??.

Flavanones would bring benefits in the treatment of several skin disorders such as atopic dermati-
tis skin aging because of its antioxidant ability. In addition, skin health maintenance could also be
achieved as well as the prevention of aging-related diseases®*?. Beyond that, use of sunscreen goes
beyond an aesthetic purpose, as it prevents the development of skin cancer®. Moreover, the improved
wound healing is of importance mainly in diabetic patients whose healing ability is compromised®©*.
For wound healing purposes, nanofibers are worthed, nanometric-sized structures® resembling bio-
logical tissues®®.

Hybrid systems are obtained by a mixture of different types of particles. Then, a hybrid may be a
nanoparticle system formed by both polymers and lipids®**. Also, a nanohybrid may be a mixture of
inorganic and organic nanoparticles®. Hybrid systems are a trend in nanotechnology systems as they
can present better performance than non-hybrid nanotechnology systems®#2°,

As previously mentioned, naringenin shows cytotoxic effect. However, this effect is concentration-de-
pendent. In the development of formulations designed for cancer treatment, the use of naringenin in
higher concentrations is desirable as changes in cell viability were shown naringenin in higher con-
centrations is desirable as changes in cell viability were shown®". In this sense, nanofibers bearing
higher naringenin contents reduced cell viability of human carcinoma-derived cell culture*”. On the
other hand, the antioxidant® and wound contraction ability"® of hesperidin loaded in nanocarriers
also relies on hesperidin content. Unlike cancer, in both cases, it is important to maintain cell viability.
Therefore, flavonones may be used for cancer or not-cancer disorders. Nevertheless, it is required to
better establish the ideal dose in for each skin disorder treatment.

Current limitation and challenges on development of plant-based nanomedicines

The majority of flavonones have been applied to cosmetics, as their development and regulatory is-
sues are less complex than pharmaceuticals products. For pharmaceuticals based on plants, aspects
related to the environmental factors must be considered as they have influence on the phytochemi-
cals composition. The development of nanotechnology products is challenging because there is still
a lack of international standards regarding quality, safety, and efficacy. Beyond that, characterization
may require several different assays which may have an impact on the consumer price. Furthermore,
conventional toxicity tests may be not suitable for nanoproducts. Therefore, new safety tests would
be important. With regard to nano phytomedicine, the challenge is even greater as there is the com-
bination of challenges in the development of phytomedicines with the challenges of nanomedicines
development®.

In addition, plant ingredients are often employed as extracts and therefore have a complex compo-
sition, which also hinders product development. Use of isolated and synthetic flavonones partially
reduces this difficulty, mainly about analytical aspects®. As to flavonones in nanodelivery systems,
most studies employed synthetic bioactives!!1224131517202223 " However, synthetic compounds may
have different chemical composition than natural ones which may impact the therapeutic effect. Also,
another relevantissue is the flavonoid content. Because they are used as alternative therapies, there is
no standardization in relation to the dose.

Lastly, other citrus flavonoids show potential skin health benefits®. There is a trend to evaluate flavo-
noids for the treatment of other skin disorders. Since there is a growing number of skin cancer cases®,
itis desirable the development of topical treatments designed to treat actinic keratosis and superficial
basal cell carcinoma®. Flavonoids activity over melanoma has been investigated mainly in cell cul-
ture. Thus, there is a need for further investigations on new treatments for this type of cancer. Also,
reports are also directed for non-dermatological applications including treatment of cardiovascular
and neurological diseases®®. These potential drugs may be loaded in drug delivery systems aiming to
develop more effective treatments. Nevertheless, there is still a need to overcome the highlighted chal-
lenges in order to more effective drugs become available worldwide.
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Conclusions

Flavanones have been loaded in different nanocarriers, with emphasis to lipids, polymeric and hybrid
ones. The majority of applications are aimed at treating skin diseases. However, anti-aging activity and
sunscreen properties has been reported for naringenin and naringin. Furthermore, anti-inflammato-
ry, antitumoral and wound healing effects must be highlighted which makes flavanones interesting
to inflammatory skin diseases, cancer and wound healing treatments. Therefore, there is a promising
application of flavanones to the improvement of human health, despite their low solubility and low
skin permeability. Hence, their loading into nanocarriers may enable an improved efficacy treatment.
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